WO 2013/ 022079PCT/ JP2012/ 070411 1 DESCRI PTI ON-METHOD FOR TREATI NG

SCHI ZOPHRENI A TECHNI CAL FI ELD ~The present invention relates to a
nmet hod f OWORPBARRITY schi zophreni a. BACKGROUND PCTSEMI12/0THIeni a i s
a chronic, severe, and disabling brain disorder that has affected people

t hroughout history. 10About 1 percent OE Anericans have this illness.
People with the disorder may hear voices ot her people don't hear. They may
bel i eve ot her people are reading their mnds, controlling their thoughts,
or plotting to harmthem This can terrify people with the 15ill ness and

make them wi t hdrawn or extrenely I People with
schi zophreni a may not nake sense 3%%%€%ﬁg919%|k. They may sit for hours
wi t hout novi ng or talking. Sonetines‘ﬁﬁﬁﬁéeﬁmﬁth schizoghrenia seem

t

perfectly fine until t AP K EbolRE ey arBAREN fy t hi nki ng.

20Fam lies and society are affected by schizophrenia too. Many people with
schi zophreni a have difficulty holding a job or caring for thenselves, so
they rely on others for hel p. Treatnenthel psrelievemanysynpt onsof
25schi zophrEAINRICAHutE Hpls?  peopl e who have the disorder cope WO
2013/ 022079PCT/ JP2012/ 070411 2 ‘

5 The present invention relates to a method for

treating schiZophrénia.‘
BACKGROUND

Schizophrenia is a chronic, severe, énd disabling
brain disorder that has affected people throughout history.

10 . About 1 percent of Americans have this illness.

People with the disorder .may hear voices other
people don't hear. They may believe othef people are
reading their minds, controlling their thoughts, or
plotting to harmvthém. This can terrify people witﬁ the

15 illness and make them withdrawn or extremely agitated.

People with schizophrenia may not make sense when
they télk. They may sit for hours without moving or talking.
Sometimes people ‘with. schizophrenia seem perfectly fine
until théy talk about what they are really thinking.

20 Families and society are affectedvby schizophrenia
too. Many people with schizophrenia have difficulty
holding a Jjob or caring for themselves, so they rely on
others for help.

Treatment helps ' relieve  many symptoms of

25 schizophrenia, but most people who have the disorder’cope




with synptons throughout their lives. However, many people with

schi zophreni a can | ead rewardi ng and nmeani ngful lives in their comunities.
Resear cheV® 28Rd2¢8%el oping nore effective -medi cati ons EREIEEIHYAEW
research tools to 5 understand the causes of schizophrenia. In the years
to cone, this work may hel p prevent andjybetter treat the illness.

The synptons of schizophrenia fall into three broad categories: positive
synpt onms, negative synptons, and 10 cognitive synptons. Positive synptons
are psychotic behaviors not seen in healthy people. People with positive
symptons Qf &N s{BSEohOUERroUbhButeahkly- 1TRRSE SYIRLAIE, Camncope.aad go.
Sonetimes they are severe and at other tinmes hardly noticeabl®e, dependi ng
on whet her .t ] o vi | .LS F i vin : : ' u
haIIucinafpgﬂg,S%ﬁ}%é?ﬁ%%gyghgéghggéﬁs§% ef%ﬁgldqﬁg%éﬁégfyﬁégg#dgggés
Negat i ve synptoms are assaetated with. disrupt]ons Lo noraml enotigns and
behavi ors.” 'These synp?ons are harder" 10 r'ecogni ze as part o t1¥e Grs6r der
20 and canjgf q%staken or d%Pressio or .ot her conditions TheSﬁ synpt ons
i ncl ude " fiatCArfect (H BErsi s e UF3¥ noE v ESERIRE o °SHE t &Pks i n
a dull ore npnotonous voice), |lack of pleasure in everyday life, |ack of
abi lity t SMBEGST gt SPHSFRared® Het FoPRF 812 and §ée§ﬁ¥%gy??¥§I§9 even
25when forced to interact. .Cognitive synptons are subtle. WO

2013/ 0220 7FFCH JPPGE2/ 07041 1®Y LiNed tneFAET 8 tsydBE orke Hcignitfiafed s{Rft ons
may be difficult to recognize as part of the disorder. Oten, they are
det ect ed onlhnsffen other tests are perfornmed. Cognitive synptons include
poor "executive functioning"” (the ability to understand information and use
it to make deci siToms)symatouts ecf f 8cbskaghornpayifeg latirer i Oareandrprdbl ems
with "working nmenory" (the ability to use information i mredi ately after

| ear ni ng iddteBeciase thestalses efmpthimzophredat iare styhptdOs unkaown,
treatnments focus on elimnating the synptons of the disease. Treatnents

i nclide antdgrsitcihat | csyedt cas i ons andivarveousypgychesociad t pegthents
(Schi zophrenia, NI H Publication No. 09-3517, revised 2009, National

I nstitutemfhdverdad dieal s6gn bt hesathsf ipedbdireat mesh1 hasi net pbeenive
15est abl i shed. Fatty acid derivatives are nmenbers of class organic
car boxyl i Gyagdtdsins WE€Bnare ant abned"i K itdssUes1 0t yor gans Of shuprbmer

ot her mammal s, and exhibit a w de range of physiol ogical activity. Sone
fatty aci dgdertbyaki wes 206 ourdrich jRalurengeneanal | ye have anpr ost apeheraci d
skel eton as shown in the fornula (A): WD 2013/022079PCT/JP2012/ 070411

times hardly - noticeable, depending on whether the
15 individual is receiving treatment. They include 
hallucinations, delusions, thought disorders and movement
disorders. Negative symptoms are associated with
disruptions to normal emotions and Dbehaviors. These
symptoms are harder to recognize as part of the disorder
20 and can be mistaken for depresSion. or other conditions.
These syﬁptoms include “flat affect” (a person’s face does
not mové or he or she talks in a dull ore monotonous voice),
lack of pleasure in everyday life, lack of ability to begin
and sﬁstain'planned.activities, and speaking littlé, even

25 when forced to interact. . Cognitive symptoms are subtle. |



4 ( a chain) On the other hand, sone of synthetic prost agl andi n

(PG anal ogues have nodified skel etons. The primary PGs ar'e classified
into PGASWORHEE22B0Cs, PGDs, PGEs, PGFs, PGGs, PGHs, PGPSTARYIpEIdII

according to the structure of the five- nenbered ring noiety, and further

classified into the followng three types by the nunber and position of the

unsaturated bond at the carbon chain nojety: Subscript 1:

13, 14- unsat ur at ed- 15- OH 10Subscript 2: 5,6- and 13, 14-di unsat ur at ed- 15- OH

Subscript 3. 5,6-, 13,14-,and 17, 18-tri unsatur at ed- 15 OH. Furt her,
the PGFs arg.classifiad. s @Goo5dng.d tttevgo]%ﬁg%ﬁ 8,0bet Be Ry dLOLY!
group at the 9-position, |nto 15a ty (the oxy up is of ,
a-configurati 3 p d yl is fig tion).
PGs are kntggvmgt%oﬁg@e)eva%igo ﬁar %cg )égi %g%g phsésfl% ogi cgt%ﬁ)actgl&\%l ties,
for exanpl sodi | atat i of nflannat te
aggregatléﬁﬁxaqtﬁglg }Hb 5 uterlne nusc e Sekit %ﬁ%ﬁf#ﬁ1 eskoﬁgﬁthﬁgcle

anti - ul cer eff&%ﬁsaygc hgelbggr '@Qé%% %k%?z15%55&!JPZOlZ/Qgg4%%lllty

5 to understand information and use it td make decisions),
trouble. focueing or paying attention and problems with
"working memory" (the ability to use information
immediately after learning it).

Because the causes o0of schizophrenia are still

10 " unknown, treatments focus on eliminating the symptoms of
the diseaseef Treatments include antipsychetic medications
and various peychosocial tfeatments (Schizophrenia, NIH
Publication No.v09—3517, revised 2009, National Institute
of Mental Health), but satisfied treatment has not been
15 " established.

Fatty acid derivatives are members of class of
organic carbokylic acids, which are contained in tissues or
organs of human or other mammals, and exhibit a wide range.
of physioclogical activity. Some fatty acid derivatives

20 found in nature generally have a prostanoic acid skeleton

as shown in the formula (A):




5 Prost ones, having an oxo group at position 15 of prostanoic acid
skel eton (15-keto type) and having a single bond between positions 13 and
14 and arVEBI¥RYUP at position 15 (13, 14-di hydro- 15- kePETHYHRY 0704k e fatty
aci d 5derivatives known as substances naturally Produced by enzymatic
actions during netabolismof the primary PGs and have sone therapeutic

ef fect. Prostones have been disclosed in USP Nos. 5,073,569, 5, 534, 547,
5,225,439, 5,166,174,5, 428, 0625, 380, 7095, 886, 0346, 265, 440, 10 5, 106, 869,
5,221,763, 5,591,887, 5,770,759 and 5, 739, 161, the contents of these

references are here|n i ncor porated by reference. However it is not
known how fatty acid derivatives act on schlzophrenléx‘%@BF%CLCSURE OF THE
| NVENTI ON The present invention selates to a nmethod for treating

schi zophrenia in a'naﬁnalian ubj £CY, h s adnm nistering to the

subject in need therg eff i veNgmounth/of a fatty acid derivative
represent ed by 20t tog

a (19: WD'2013/922079PCT/ JP2012/ 070441 6
wherein L, Mand N a

Egg;gk%ggg%ﬁ<ég)ﬁ§£f§;?(ﬁ@mer al kyl ,
hydroxy (| ower)al kyl, jjower "l kanoy| ey ~Qr ox erein the five-nenbered
ring may have at Ieast one dgubl e Bond; HA is pCH3, or -CH2OH, - COCH2CH,
-COCH or a functional' derivative thereof; (o jchagp gl e bond,
-0H2- CH2-, -CH=CH, -CC, -CH2- CH2-CH2-, -CH-CH CH2-, -CH2-CH=CH,
-CC-CH2- or -CH0ucthe other hand, some of synthetic prostaglandin
(PG)'analogues have modified skeietons. The primary PBGs
are classified into PGAs, PGBs, PGCs, PGDs,‘ PGEs, PGFs,

5 PGGs, PGHs, PGIs and PGJs according to the structure of the
five-membered ring moiety, and further classified into the
following three types by the number and position of th’e
unsaturated bond at the carbon chain moiety:

Subscript 1: 13,l4-unsaturated-15-OH
10 SubScript 2: 5,6- and 13,14-diunsaturated-15-0OH
Subscript 3: 5,6-, 13,14-,and 17,18—triunsaterated-15—
OH.
‘Further, the PGFS are classified, according te the
configuration of the hydroxyl group at the 9—positioh, into
15 a type (the hydroxyl group is of an a -configuration) and
B type (the hydroxyl group 'is of a B -configuration).
PGs are knowne to have. various pharmacologieal and
'physiological activities, for example, vasodilatation,
inducing of iﬁflammation, platelet aggregation, stimulating

20 uterine muscle, stimulating intestinal muscle, anti-ulcer

effect and the like.



Zis | -~ wherein R4 and R5 are hydrogen, hydroxy, hal ogen, | ower

al kyl, I ower al koxy or hydroxy(lower)al kyl, wherein R4 and R5 are not
hydroxy amo 20m/2e07al koxy at the sane tinme; ZI' and Z2 ar @Coxy2a)70ait r ogen
or sulfur; R6 and R7 15are optionally substituted | ower alkyl, which is
optionally l'inked together to forn1|ome§ al kyl ene; Rl is a
saturated or unsaturated bivalent | ower or nmedium aliphatic hydrocarbon
resi due, which is unsubstituted or substituted wi th hal ogen, |ower alkyl,
20 hydroxy, oxo, aryl or heterocyclic group, and at |east one of carbon

atomin the aliphatic hydrocarbon is optionally substituted b ygen,
nitrogen or sulf F?Saﬂ?jgﬁa i KAt GPat ¥ o TiiEat 8@ at%%sﬁtojv%%/ gé n%gi um

WD 2013/ 022079PCT/ JP2012/ 070411 7 al i phati c hydrocarban residue,,mhich is
unsubst i t BEEF tEROdGhSCLAUCEE WGHR HAIPOGETC P hy DAV Hehe? 2RI+ | ower
al koxy, |ower al kanoyl oxy, cyclo(lower)al kyl, cyclo(lower)al kyl oxy, aryl,
aryl oxy, ReheroegeveengriRpl btoBhetlrbcpeld cléxy2df o P&FRer IAPKBXY2T| ower
al kanoyl oxy; cyclo(lower)al kyl; cycl o(l ower)al kyl oxy; aryl; aryl oxy;
heterocycpbsigd@npiShetéﬁacyéFﬁ¢hgﬁyoqﬂ6u¢§t@n¢yﬂeNeagﬂemﬁﬁtﬁycamb@n at om
in the aliphatic hydrocarbon is optionally substituted by oxygen, nitrogen
or sbl fur deri@aTheepr ekewwn nvent isobhdlacae| atazutal by f adtgdaceéd by
~derivative represented by the fornula (I) as described above. DETAI LED
DESCRI PTI eNz@raTHE IaNYENHsONiuring metabdhesmoménchat wreinefryt eG4 athg aci d
derivative used _ ‘

have some therapeutic effect. Prostones have Dbeen

disclosed.  1in USP Nos. 5,073,569, 5,534,547, 5,225,439,

5,166,174, 5,428,062 5,380,709 5,886,034 6,265,440,
10 5,106,869, 5,221,763, 5,591,887, 5,770,759 and 5,739,161,

the contents of these references are herein iﬁcorporated by

reference.

However it 1is not known how fatty acid derivatives

act on schizophrenia.

15 DISCLOSURE OF THE INVENTION
The .present = invention relates to a method for
treating schizophrenia in a mammalian subject, which
comprises administering to the subject in need thereof an

effective amount of a fatty acid derivative represented by

20 the formula (I):




15herein is based on the nunbering system of the prostanoic acid
represented in the above fornula (A). The formula (A) shows a basic
skel et on WO 201800200720 fatty acid derivative, but the pre@ERIPXNYETHION iS
not limted to those having the sane nunber of carbon atons. 20 In the
formula (A), the nunbering of the carbop atons which constitute the basic
skel eton of the fatty acid derivatives Starts at the carboxylic acid
(nunbered 1), and carbon atons in the a-chain are nunbered 2 to 7 towards
the five-menbered ring, those in the ring are 8 to 12, and those in 25the
co-chain are 13 to 20. en er of_carbon at VO

2013/ 022079PCTSE26 2] roats 850 Mosreouicoahe. QVRRarT (halREer | s
deleted in the order rtln fron1 03|t|on 2; and when the nunber of
carbon at &R¥Sts FH5Y ea ﬁé’wﬁ 5 5, L i OrfPbtin g SR RO kR /% OXC»
substitution conpounds haV|ng respective 5 substituents at position 2 in
place of EAEBSRY FIGup i TFMESHA] &iRF Wl a e HumasSofoarBerPatons is
decreased in the co-chain, the nunber is deleted in the order starting from
posi tion 20nddnd when the nunber of carbon atons is increased in the
co-chain, the carbon atons at the position 10 21 or later are naned as a
substi t uent “at pdsiti ofii20. o6t eFBsthen &¢R. G, tHEPbmpoundsunstideatanme as
that of the above formula (A) unless otherw se specified. In
general , eachveftiF@DthREEcEnNd PCGF represents a fatty acid derivative having
hydroxy groups at positions 9 15 and/or 11, but in the present _
specification they iad seihgtkuderidosechavimg ,substituent ss@ider than-the
hydroxy groups at positions 9 and/or 11. Such conpounds are referred to as
9- deoxy- 9csiybstiit utetif@t tonAci d (@grcMathves -eec-CH,~ or -CH,-C=C-;
11-deoxy-11-substituted-fatty acid derivatives. A fatty 20 acid derivative
havi ng hydrogen gnipl ace of the hydroxy group is sinply naned as 9- or
11-deoxy-fatty acid derivative. - As stated above, the nonencl ature of
a fatty acid derivative is based on the prostanofc acid skeleton.In 25the
case the congpund has SIﬁ]lﬁJ partial st@ucture/as the WO

2013/ 022079PCN JP2012/ 070?/1 \9 ?l'.1 %2

/ AY

7 AY

Ry Rs , Ry Rs o) R¢ R

10 or single bond

wherein R4‘and Rs are hydrogen, hydroxy, halogen,‘
lower alkyl, lower alkoxy or hydroxy(lowér)alkyl, wherein
Ry and Rs are not hydroxy and lower alkoxy at the same
time; Z1 and Z; are oxygen, nitrogen or sulfur; Rg and Ry

15 are optionally substituted lower alkyl, which is optionélly
linked together to form lower alkylene;

R; is a saturated or unsaturated bivalent lower or
medium aliphatic hydrocarbon residue, which is
unsubstituted ‘or substituted with halogen, lower alkyl,

20 ‘ hydroxy, oxo} aryl or heterocyclic groub, and at least one
of carbon atom in the aliphaﬁic hydrocarbon is optionally
substituted by oxygen, nitrogen or sulfur; and

Ra 1is a saturated or unsaturated lower or medium



primary PG the abbreviation of "PG' may be used. Thus, -a fatty acid
derivative whose a-chain is extended by two carbon atons, that is, having 9
carbon atWRABVIAN2RHE a-chain is naned as 2-decar boxy- 2- ( ZCEAPHIXYEHRY | ) - PG
conmpound. Simlarly, a fatty acid derivative having 11 carbon atons in the
a-chain is named as 2-decarboxy- 2-(4-carboxybutyl)- PG conpound. Further, a
fatty acid derivative whose co-chain is extended by two carbon atons, that
is, having 10 carbon atons in the co-chain is nanmed as 20-ethyl - PG
10conpound. These conpounds, however, nay al so be naned according to the
| UPAC no | gtur.es.. I 0 he | ogues | I stitution
mencl gl ures hgdroc?agﬁgp lﬁ suﬁu , w?ﬂ%ckju fggt )}Jn%%b&"de ncgltse'“!{) Er -

conpounds or “derivatives o above  descri be aci erivative
include a fatty .acid, derivative whose carboxy 1b5graoup at the end.of the

o pha chaiti et PR Y Gt 0 aeiaer oo anno St i Ry Soxt BHaGd.
physi ol ogi cal | y acceptable salt thereof, a fatty acid derjvative_haying a
doubl e boﬁ@ﬁﬁﬁ%ﬂeen posi-titdns 2 aﬁngHBVlaxyriple bﬁﬁﬂgﬁékﬁﬁgﬁ)ﬁégV¥?0ns 5
and 6; a fatty acid 20 derivative having substituent(s) aon carbon aton(s)
at positi GV Gowsrigligg oy 3ByL192KHdPEY 26 WP Y Tkt yIBRYE ©OF
derivative having a | ower alkyl or _a hydroxy (lower) alkyl group at
posi t9 on 9 eEFPVCLEL 1K Y| & VST tH@Wﬁ¥dré%§O§W6upl025Acc®¥gﬁﬁ@Y@QXVhe
presentinvention, preferred WO 2013/022079PCT/ JP2012/ 070411 10

subst i t uerstys lon e arldon 7at oavatoposveroal sy18xy17, ag/land/ ervigxincl ude
al kyl having 1-4 carbon atons, especially nmethyl and ethyl. Preferred :
subst i t uemtes- g atre icar boaupt oredte posye i oAby | molouge | amer adl kyksssuch as
met hyl and 5et hyl, hydroxy, hal ogen atom such as chlorine and fluorine, and
aryl oxy sucke asof riddtimsonedhyihphénoxyhePr eflergledt isubst yd ueod sbon t he
carbon atomat position 17 include |ower alkyl such as nmethyl and ethyl,
hydr oxy, haltdgerldtyorasisth s ehloy icweyend, fhitordéden andsaryhoxy such as

10 trifluoronethyl phenoxy. Preferred substituents on the carbon atom at

posiitad on 20 i ncl ude gAtds=atredi OFennsat usaked.rdilowess atkyla stcht@sa01g4
al kyl, I ower al koxy such as 01-4 al koxy, and | ower al koxy al kyl such as

G_4 9'kO%MnQ%g&ﬁﬁk%VEeFE%%%%E%@d Bybsihd uer snioms t he)capBongat e pkg
position 5 15i ncl ude hal ogen atonms such as chlorine and fluorine.
Preferred jgjkstituents on the carbon atom at position include an oxo

groupf orm ng acar bonyl gr oup.
DETAILED DESCRIPTION OF THE INVENTION

The nomenclature of the fatty acid derivative used
15 herein is based on thé numbéring system of the prostanoic
acld represented in the above formula (A).

The formula (A) shows a basic skeleton of the C-20
fatty acid derivative, but the present invention is not
limited to those having the same number of carbon atoms.

20 In the formula (A), the numbering of the carbon atoms which
constitute'the basic skeleton of the fatty acid derivatives
starts at the carboxylic acid (numbered 1), and carbon
atoms in the a;chaiﬂ are numbered 2 to 7 towards the fi&e—
membered ring, those in the ring are 8 to 12, and those iﬁ

25 - the w-chain are 13 to 20. When the number of carbon atoms



Stereochehistry of PGs havi ng hydroxy,

substituent on the carbon atom at 20positions 9 and 11 nay be a, p o

m.xture tW@R&KY022079 Further, the above described anafé GE@”HF”4“
derivatives nmay have a a chain shorter than that of the primary PG and a
substituent such as al koxy, cycloal kyi, g cycl oal kyl oxy, phenoxy and phenyl

at the end of the truncated a-chain.

present

| over al kylg @é@fé’éyé&‘)%r)&'eky&—vcﬂ&%r ahka

five-menbered ring may have at |east one dou

PO e A e ey oepeniphi Pl ©

or CHZOH,O

bond, -
--C:C—CHZ

10

15

20

25

25A fatty acid derivative used in

a

| ower al kyl or hydroxy(lomer)alkyl

t he

W2013/ 022079PCT/ JP2012/ 070411 11 invention is represented by the
formula (1): wherein L, Mand N are hydrogen, hydroxy, hal ogen,

égrﬁon aggms %Asslncreased in the o-chain, compounds are

named as‘ substitution compounds having respective
subétitueﬁts at position 2 in place of carboxy group (C-1).
Similafly, when the number of éarbon atoms is decreased in
the w-chain, the number is deleted in the order starting
from position 20; and when the number of carbon atoms 1is
increased in the w-chain, the carbon atomé at the position
21 or later are named as a substituent at poéition 20.
Stereochemistry of the compounds is the same as that of the
above formula (A) unless'otherwise specified.

In general, each of PGD, PGE and PGF represents a
fatty acid derivative having hydroxy groups at positions 9
and/or 11, but in the present specification fhey also
include those having substituents other»than the hydroxy
groups at positions 9 and/or 11. Such compounds are
referred to as 9¥deoxy—9—substituted*fatty aéid_derivatives
or ll-deoxy-ll-substituted-fatty acid derivatives. A fatty
acid derivative having hydrogen in place of the hydroxy
group ié simply named _as 9- or 1ll-deoxy-fatty acid
derivative.

As stated above, tﬁe nomenclature éf a‘ fatty acid
derivative is based on the prostanoic acid skeleton. In

the case the compound has similar partial structure as the

EQ%E% (fE &B%étéMMEBe%% the




mherein R4 and R5 are hydrogen, hydroxy, hal ogen, |ower alkyl, |ower alkoxy
hydro‘%glomer)alkyl Wherein 15 R4 and R5 are not hydroxy and | ower

alkoxy atWPREI3AME 9t i me; Z1 and Z2 are oxygen, nitrogenPSTISHIPAIHIRG and

R7 are optionally substituted | ower alkyl, which is optionally Iinked

together to formlower alkylene;, RL is a saturated or unsaturated bival ent

| ower or WO 2013/022079PCT/ JP2012/ 070411 12

medi umal i phati chydrocar bonr esi due, whi chi s unsubstituted or substituted with

hal ogen, Iomer al kyl', hydroxy, oxo, aryl or heterocyclic group, and at

| east one of nﬁﬂyb% at%'&bﬂ?@vﬁgc%ﬁt ¢ hﬁi‘:‘”?ﬂ;}’%‘eit?%@&“ opabky

5substi t ut d‘ y “oxygen, nifrogen is a saturated

or unsat urat d | qwer medium aliphatic hy rocarbon resid 4 |ch |s
unsubst i t ute oragﬁgst??uteﬁglv?h afﬁﬁeﬁ g&o hy arox goeq I%me Vk\g?ikyl | ower
al koxy, Iomer aIk cyclo( ower 10 cyclo(lo aIk

aryl, aryl6apThet ?%%y‘ﬁt £ groug b 1 t%o%@%??% a§9maraa“¥5% B Roxy:

| ower al kanoyl ox cyclo( k Io ower) a | ox aryloxy
het erocycli%t gt : r%)%gﬁg %§¥' S Rgx ?tkﬁiéfpéne %pEQPﬁon at om
in the aI| hat|c hydrocarbon IS 150pt|onally substituted by oxy

nitroy imiigqly, @ fattyasist efeelveohpduhdvised Jn "E&h%b%l’rleééﬁt“s

|nvent|on is represented by the fornula éll)
in the o-chain is named as ecarboxy-2-(4-carboxybutyl) -

PG compound. Fgrther,.a fatty acid derivative whose w-
chain 1is éxtended by two carbon atoms, that is, having 10
carbon atoms in the ‘m—chain is naméd as 20-ethyl-PG

10 compound.  These compounds, however, may also be named
according to the IUPAC nomenélatures.

Examples _of the analogues including substitution
compounds or derivatives of the above described fatty acid
derivative include a fatty acid derivative whose carboxy

15 group at the end of the alpha chain is esterified; a fatty
acid derivati&e whose o chain isv extended, a
physiologically acceptable salt thereof, a fatty acid
derivative having a double bond between pdsitions 2 and 3
or a triple bond between positions 5 and 6; a fatty acid

20 dérivative having substituent (s) on carbon atom(s) at
position(s) 3, 5, 6, 16, 17, 18, 19 and/or 20; and a fatty
acid derivative having a lower aikyl or a hydroxy (lowef)
alkyl group at position 9 and/or 11 in place of the hydroxy
group. | |

25 According to the present invention, preferred




wherein L and M are hydrogen atom hydroxy, hal ogen, WO

2013/ 022079PCT/ JP2012/ 070411 13 wherein the five-nmenbered ring nay have one
or nore ANOBPB/BYNES; Ais -CH3, or -CH2OH, -COBHZQOPRO12/CO@H or a
functional derivative thereof; 5B is single bond, -CH2-CH2-, -CH=CH,6 -CC,
- CH2- CH2- CH2-, - CH=CH CH2-, -COH2-CH=CHh, -GG CH2- or -CH2-CC-; Z is
wherein R4 and Rs are hydrogen, hydroxy, hal ogen, 10l ower al kyl, | ower

al koxy or hydroxy(l ower)al kyl, wherein R4 and R5 are not hydroxy and | ower
al koxy at the sanme tine; Z1 and Z2 are oxygen, nitrogen or sulfur; R6 and

Coget her CHTAARSUGE S kyTenc K RGOS by e hyEr BLR] Fouet ol k31, or

t oget her to formlower yl'ene:
hal ogen; unsat urated bival ent | ower  or_nmedium

a1 1 phat | ¢ K Ge b AT e e AV 85 Ushbgt TRR edf UPS sUBSPREAE el th
aast one TB0SH et bbn SHGH 1 n' UHE 11 THiat PEORYOLBERLBOrT & (O | SRAPPY.
substituted by oxygen, nitrogen or sulfur; R2 is a single bond or |ower
al kyl ene; 3% RE iBO91GMAT al kyInchusiert A %ox3: kY bt u el kahope bRyl and
5 ethyl, hydroxy, halogen afom'such as chldrine and fluorine,
and aryloxy such as trifluoromethylphenoxy. Preferred
substituents on the carbon atom at position 17 include
lower Alkyl such as methyl and ethyl, hydroxy, halogen atom
such as chlorine and fluorine, and aryloxy such as
10 ,trifiuoromethylphenoxy. Preferred substituents on the
carbon atom at position 20 iﬁclude saturatéd or unsaturated
lower alkyl such as Cj;.4 alkyl, lower alkoxy such as Cqi-4
alkoxy, and lower alkoxy alkyl such as Ci, alkdxy—cl4 alkyl.
Preferred substituents on the carbon atom at position 5
15 include .halogen atoms such as chlorine " and fluorine.
Preferred éubstituents  on the carbon atom at position >6
inélude an | oxé group forming a. carbonyl k group.
Stereochemistry of PGs having hydroxy, lower alkyl or
hydroxy (lower)alkyl éubstituent on the carbon atom at
20 positions 9 and 11 may be o, B or a mixture thereof.
Further, the above described analogues or derivatives
may have a o chain shorter than that of the primary PGs and
o a substituent such as alkoxy, cycloalkyl, ‘cycldalkyloxy,
phenoxy and phenyl at the end of the truncated w-chain.

25 A fatty acid derivative used in ~ the present
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cycl o(l ower) al , cycl o(l ower) al kyl oxy, aryl , aryl oxy, heterocyclic group or
het er ocyc¥VPe? 5%% GPoup, and at | east one of carbon at onPCHIPHI2/ATMPhat i ¢
hydrocarbon is optionally substituted by oxygen, nitrogen or sulfur.

The present invention further relates tg;a novel conpound

7-[2- (4, 4-di fl uor o- 3- oxooct y1) - 5- oxocycl opentyl ] nept-2-enoic acid or a
functional derivative thereof. The conpound may be present as a
m xture of 10stereoisoners, or the conmpound nay be present as a single

stereoi so : - qg%%@ e L.hven n provides 7-
[2-(4,4- dﬁ?ﬁﬁ%#gyg?gygoct f%gg%g?%c P%%%n?é?#%ggtR£9en0|c acid or
an ether, an ester, an am de, ;tautomer, enantioner 15or pharnaceutically
acceptable salt thereof. In ar®ther enbodinent,the present invention

provi des(E)-7-[ (1R 2R)-2-(4, 4-di f| uor og3=ax@oct yl) - 5- .

oxocycl opentyl ] hept - 2- enoi ¢ acyt~ar_&nh ether, an ester, an am de, tautoner
-or pharmaceutically acce tabl- thereof. 20 |In the above formula, the
term"unsaturated” int gns for Rl and Ra id)intended to include
at | east one or nore double boxd ,-~d/or triple bonds that are isolatedly,
separately or serially present dbetwee Gfon tons of the main and/or side
chai ns. According to the 25usuatf nonen fl unsaturated bond between
two serial WD 2013/022079PCTN®P2012/070411

whefein L, M and N are hydrogen, hydroxy, halogen,

lower alkyl, hydro%y(lower)alkyl, lower alkanoyloxy or oxo,

5 wherein the five—membered ring may have at least one double
bond;

A is —-CHs;, or -CH;0H, ;COCHZOH, -COOH or a functional

derivative thereof;

B is single bond, -CH,;-CH;-, -CH=CH-, -C=C-, -CH,-
10 CH,-CH,-, —CH=CH—CH2—, -CH;-CH=CH-, -C=C-CHy- or =-CH,-C=C-;
Z is
C C C )Q\
VAN
R, Rs , Ry Ry , O RgRy

or single bond

wherein . R4‘and Rs are hydrogen, hydroxy, halogen,

lower alkyl, lower alkoxy or hydroxy(lowef)alkyl, wherein

15 R4 and. Rs are not hydroxy ‘and .lower alkoxy at the same

time; Z; and Z, are oxygen, nitrégen or sulfur; Rg and Ry

are optionaily substituted‘lower alkyl, which is optionally
linked t§gether to form lower alkylene} |

R; is a saturated or unsaturated bivalent lower or



15 positions is represented by denoting the | ower nunber of the two
positions, and an unsaturated bond between two distal positions is
T epr esent o 2018/0d2070t i ng bot h of the positions. The term PCH@R2012P70dEIdI UM

al i phatic hydrocarbon” 5 refers to a straight or branched chain hydrocarbon
group having 1 to 14 carbon atons (for a side chain, --1 to 3 carbon atons
are preferable) and preferably 1 to 10, %specially 1 to 8 carbon atons.
The term "hal ogen aton' covers fluorine, chlorine, 10brom ne and iodine.
The term "Il owner™ throughout t he specification is intended to include a
group having .1 to 6 on ato Iess othermnse speci fied ggg term

"I ower al RGP Uef er & tB atéFral %Qci% B ancHed n sat'tr

hydr ocarbon group containing 1 to 6 carbon atons and incl udes, for exanple
net hyl , ePﬁbesﬁﬂ6§¢@d~|§6pr%%®$tl%%t?¢ Wi gbutEL o9 Ut yP¥epent y kY and
hexyl. The term "l ower al kylene" refers to a straight or 20 branched chain
bi val ent $atFcatved dRdr cear bott ghetpresrEAlfi A§OLPy o BT @tbokratbneénand
includes, for exanple, nethylene, ethylene, propylene, isopropylene,
" but yl ene, cifsciutiydrenatom- bot yhenea 1 pelm yl enbydndchakyhenes optionally
The term "l ower al koxy" refers to a group of |ower 25al kyl-O, wherein
| oners al kyplubiss ids:teef inedxatgere. NG REEB/@2 2070RCGTY JR2012/ 070411 16
- The term "hydroxy(lower)al kyl" refers to a | ower alkyl as defined above -
which is substitBhediav th sdtiheas¢done hydsexyrgtedp ksucdr asrhydedxymet hyl
1 hydr oxyet hyl , 2- hydroxyethyl and 1-nethyl-1|-hydroxyethyl. 5The term

"1 owner alhaﬂ@mb_ " rheflesSatboA Geripiuepr @denhed Hy unkebisarirutadRCox0-,
wherein ROO is an acyl group forned by oxidation of a | ower alkyl group as
defined abewetisuelas agetyilodde, texs) " eyelethonargwdl Ky I'kyef erswee a
cyclic 10 group formed by cyclization of a | ower al kyl group as defined

above but ,gqutai,ns thregyer nore gakbepyabeys, and ¢y@t@d§§wefp51$%@nple,
cycl opropyl, cyclobutyl cycl opentyl and cycfohexy e term

"CYQkP('OtE&h%JHX%Q%M ﬂ%?fafyﬁcbfy@,QEQQQoxy, heterocyclic group or
hetrocyclic—oxy group; lower alkoxy; lower alkanoyloxy;
cyclo(lower)alkyl; cyclo(lower)alkyloxy; aryl; aryloxy;
heterocyclic‘ group; heterocyclic—oxy group, and at least
one of <carbon atom " in the aliphatic hydrocarbon 1is

15 optionally substituted by oxygeh, nitrogen or sulfur.

A preferred compound used in the present invention

is represented by the formula (II):

L
IQ1""I\
. (I1)
X1 Xz
| \/
|3"'Z:_—(:"1Q2‘4Q3
M

wherein L and M are hydrogen atom, hydroxy, halogen,

20 lower alkyl, hydroxy(ldwer)alkyl, lower alkanoyloxy or oxo,



150f cycl o(l ower)al ky1-0-, wherein cyclo(lower)al kyl is as defined above.
.The term"aryl" may include unsubstituted or substituted aromatic

hydr ocar bwo 20i31gg070pr ef er abl y nonocyclic groups), for eraxpbPmi2ptrienyl ,
tolyl, xylyl. 20 Exanples of the substituents are hal ogen atom and

hal o(| ower) al kyl , wherei n hal ogen aton1ﬁgd | ower al kyl are as defined
above. The term "aryloxy" refers to a group represented by the formul a
Ar0-, wherein Ar is aryl as defined above. 25The term "heterocyclic group"
may. i ncl ude nono- to WD 2013/022079PCT/JP2012/070411 17 tri-cyclic,
preferably nonacyclic heterocyclic group which is 5 to 14, preferaply 5.to
10 menber &¢SSSHG HAWA ngl 6pTT ?JF?/dsEb%Bi Pi¥edadar BT £ o ahd %OPgEﬁ, .
preferably 1 to 3 of 1 or 2 type of hetero atons sel ected from nitrogen
atom oxy %t‘om and sul fur atom Exanples of the furyl,thienyl,pyrrolyl,
thiazolyl, isothiazolyl, imdazolyl, pyran wayridyl,pyridazinylt

pyrim dY1, pyrazi AyRs2-F BroPFnyPﬁg9¥roT¢@¢%y1,2-‘@Qp$n¢ﬁa§ofﬂﬁ9t%onal

i m dazolidinyl, 2-pyrazolinyl, pyrazolidinyl, piperidino, piperazinyl,

mor phol i naledinddlipe tyerastthi enyl, quinolyl, isoquinolyl, purinyl

qui nazol i nyl, carbazolyl, acridinyl, phenanthridinyl, benzimdazolyl,
benzigm dazol i nyl B. benzeti higazol ydnd phenet, hcaz+ Ny -CHECHRP! escdAb- pf -tdmg-
substituent in this case include hal ogen, and hal ogen substituted | ower

al kyl groum,-vhet ei rchat wgen, -at omumndH=oner, alded-cgr,ouprareqdascaesgcri bed
above. The term "heterocyclic-oxy group” means a group
represented by theitornula HcO-, wherein Hc is a 20heterocyclic group as
descri bed above. .

- C
C C C /\
S/ ‘\ Z, Z
‘ \ / \ T2
R4 Rs R4 Rs O , Re¢ Ry or single bond

wherein R, and Rs are hydrogen, hydroxy; halogen,
10 lower alkyl, lower alkoxy or hydroxy(lower)alkyl; wherein
R; and Rs are nbt hydroxy and lower alkoxy at the same
time; Z; and Z, are oxygen, nitrogen or sulfur; Rg and Ry
are optionally substituted lower alkyl, which is. optionally
linked together to form lower aikylene;
15 4 X; and X; are hydrogen, lower élkyl, or halogen;

R; is a saturated or unsaturated bivalent lower or
medium »aliphatic hydrocérbon residue, which is
unsubstituted or substituted with halogen, - lower alkyl,
hydroxy, oxo, aryl or heterocyclic group; and at leaét one

20 of carbon atom in the aiiphatic hydrocarbon is Optional;y
éubstituted by oxygen, nitrogen or sulfur;

R, is a single bond or lowér alkylene} and

R; is lower alkyl, lower alkoxy, lower alkanoyloxy,



The term "functional derivative" of A includes salts (preferably

phar maceutical ly acceptable salts), ethers, esters and am des.

Sui t abl e WERA¥B2®At i cal | y acceptable salts" include 256HhJBHH2Z/B6MW4Il y used
non-toxic salts, for exanple a salt WD 2013/022079PCT/JP2012/070411 18

wi th an inorganic base such as an al kali ,metal salt (such as sodium salt
and potassiumsalt), an alkaline earth nmetal salt (such as calciumsalt and
magnesium salt), an ammoniumsalt; or a salt with an organic base, for
exanple, an amne 5 salt '(such as nethylam ne salt, dinethylamne salt,

cycl Ohexyl ami.ne .sal t nzyl am_ne, sal t i i dine salt, .ethyl enediam ne
T e T R A TS 8T hueBLRERVEORE, pa v s EREERT
tri s(hydroxynet hyl ani no) et hane salt, nonopet hyl - nonoet hanol ani ne sal t,
SIS A e R R O TS TR e LS A o i L BV A

arginine salt and lysine salt), tetraal kyl ammonium salt and the |ike.
These sal P&Smay e %ﬁ‘%kb%r? ed®byma eBnvéRE ofdit PR oG s 1Y R CRRRRPI el fr om

t he correspondi ng acid and base or by salt interchange. 15Exanples of the
et hers i n@PderA st U st Rk I EEn A gwer TRy et HigkSuBuch as net hyl
ether, ethyl ether, propyl ether, isopropyl ether, butyl ether, isobutyl
ethed, t-butyl efher,ppepeyt atrtEntEimn | Leychepgr opylatehylt et hernodnd
medi.um or hi gher al kyl ethers such as octyl 20 ether, diethyl hexYl ether,
| auryl et ls@mpandiccet yl et el ; + unsat ut-at&d( et hedt 5t buehoas-okeyttel heb-and

| inol enyl ether; |ower alkenyl ethers such as vinyl ether, .allyl ether;

| ower al kymylc yetllvgres tsudhegs -ettymyyilc etdiet @ande pfopynydnal héerivative
hydroxy(l ower)al kyl ethers such as hydroxyethyl 25ether and

hydr oxyi sapreapylf .et her; | ower al koxy (lower)al kyl WO

2013/ 022079PCT/ JP2012/ 070411 19 et hers such as net hoxynet hyl ether and

1- met hoxyet hyl etrher; copiioonal | yn8ubsté t upedsany! ekherss suchase phenyl

et her, tosyl ether, t-butylphenyl ether, salicyl ether,

3, 41di - metsh@paNenyle &t hesr apde bepzarudepheny| r&t peeseand Bary! £t gyer) al kyl
et hers such as benzyl ether, trityl ether and benzhydryl ether. :
Exanpl es af-theesheis include aliphatic esters, for exanple, |ower alky
esters such as nmethyl ester, ethyl ester, propyl ester, isopropyl ester,

but yl ester1 i sobyt yle embodiment, the present invention provides 7-
[2—(4,4—difluoro—3—oxooctyl)—5—oxocyclopentyl]heptf2—enoic

acid or an ether, an ester, an amide, tautomer, enantiomer

15 or pharmaceutically acceptable salt thereof.
In another embodiment, the present invention
provides (E)—7—[(1R,2R)—2—(4,4—difluoro—3—oxooctyl)—5—

oxocyclopentyl]lhept-2-enoic acid or an ether, an ester, an
ahide, tautomer or pharmaceutically acéeptable salt thereof.
20 In the above formula, the term "unsaturated" in the
definitions for R; and Ra is ihtended to(include at least
one or more dbuble Eonds and/or tripié bonas that are
isolatedly, separately or serially present between carbon
atoms of the main and/or sidé chains. According to the

-

25 usual nomenclature, an unsaturated bond between two serial



10 ester, t-butyl ester, pentyl ester and 1-cycl opropyl ethyl ester; | ower

al kenyl esters such as vinyl ester and allyl ester; |ower alkynyl esters
such as evbyngozesver and propynyl ester; hydroxy(l ower palrky2oizgtoert such as
hydr oxyet hyl ester; |ower al koxy (lower) alkyl esters such 15 as ’
met hoxynet hyl ester and 1-net hoxyet hyl fgter and optionally substituted
aryl esters such as, for exanple, phenylf“ester, tolyl ester, t-butyl phenyl
ester, salicyl ester, 3,4-di-nethoxyphenyl ester and benzam dophenyl ester;
and aryl(lomer)alkyl ester such as benzyl ester, 20trityl ester and :
benzhydryl r epresen the
or o o Y BoRRERonS et of FPBBSRTBF O Ve e 8 R B St bt Byl
al kyl - or aryI sul fonyl, |ower al kenyl and | ower aIkynyI and incl'ude for
“exanpl e | 508 BYRyIPISiUEY sGER. a%“rm&qﬁﬂEEH%ﬁ?deﬂHQHQanPGEWGSPne?%9Ianlde
and WO 2013/ 022079PCT/ JP2012/ 070411 20 di et hyl am de; aryl am des such as
ani | i de afdsteluikPUesiamy alSkyFePbesaryeds ¥ ofignaniaes iidh &8 the

met hyl sul f onyl am de, ethyl sul fonyl -am de and tol yl sul fonyl am de-.

Pref er r edresgaplas -dhel tafah Midiet uder hypdrégan alhiyrdveddyr arHoxer raer”
especially, L and Mare both hydroxy, or L is oxo and Mis hydrogen or

hydr 6xy. Peékesretb exaiplaeghal se CODHaNch eghatnate uhivdalclog ridccepy ablie sal t,

ester or am de thereof. Preferred exanple of X1 and X2 are
bot h bei ngalGhydrbgen or4 halaagpem aiooss  nider peefserabl ghafihuerl necatom s,
so called 16, 16-difluoro type. ~ Preferred RL is a hydrocarbon

resi due ceataoni ngtdmslOacar bppeatoaslepr ebrdabbyebet@bar bon abonso,
Further, at |east one carbon atomin the-aliphatic hydrocarbon is

150pt|onabg$e@ga§uytqte@ By coxy@en.atirdg.ogen or sul fur. Exanples of Rl

i nclude, for exanple, the follow ng groups: = CH2- OH2- CH2- CH2- CH2- OH2-,

CH2- CH=CH CH2- CH2p e OK2rim "halogen atom" covers fluorine, chlorine,
10 bromine and iodine.

The term "lower" throughout the specification is
intended to include a group having 1 to 6 carbon atoms
unless otherwise specified.

The term "lower alkyl"‘ refers to a‘ straight or

15 branched chain saturated h?drocarbon group containing 1 to
.6 carbon atoms and includes, for example, methyl, ethyl,
propyl, isopropyl, butyl, 1isobutyl, t-butyl, pentyl and
hexyl.

The term "lower alkylene"” reféré to a straight or

20 branched chain bivalent saturated hydrocarbon group
containiﬁg 1 to 6 carbon atoms ahd includes, fqr example,
methylene, éthylene, propylene, 1sopropylene, butylene,
isobutylene, t-butylene, pentylene and hexylene.

The term "lower aikoxy" refers to a groué of lower

25 alkyl-0O-, wherein lower alkyl is as defined above.



CH2- CH2- CH2- CH2- CH=CH-, 20- CH2- CC- CH2- CH2- CH2-r - CH2- CH2- OH2- CH2- O- CH2-
OH2- CH=CH CH2- 0- CH2-, CH2- CC- CH2- 0- CH2-

CH2- CH2- OVMO-201 322499 - CH2- CH2- 25- OH2- CHECH- OH2- CH2- CH2- CRET/IP20\gH 70411
2013/ 022079PCT/ JP2012/ 070411 21 - OH2- OH2- OH2- OH2- OH2- CH=CH-,

- CH2- C=C- CH2- CH2- CH2- CH2-.  OH2- OH2- OH24@H2- CH2- CH( CH3) - CHo- ,

OH2- OH2- 01- 12- OH2- CH( CH3) - CH2-, 5- OH2- CH2- CH2- CH2- CH2- CH2- OH2- CH2- ,

CH2- CH=CH- CH2- OH2- CH2- OH2- CH2- ,

CH2- OH2- OH2- CH2- CH2- CH2- CH=CH- ,

CH2- CE- C- CH2- CH2 2- CH2- "
CH2- CH2- CH2- CHZ Eﬁ? %@I&H( &?é?ﬁgdq& LoySh At &V fed RLFE%a Wdfoca
containin - car Jmre \or erab arbon ,ato
have one gar]’i s?dggg g%%s *RAvin woln} cé?bgébgfl‘&r%n 5 urtvh G %€ I1 sS
carbon atom i e ali hat| c dr oc nis o nal | ubstl

oxygen, an}Oggﬁpépis g ah g roxyme y?, &—Xyaroxye B

PBs
Ra,
ed
d

I ""rig DH

hydroxyethyl and 1—methyl—l—hydroxyethyl.

5 7 The term "lower alkanoyloxy" refers to a group
represented by the formula RCO—O—, wherein RCO- is an acyl
group formed by oxidation of a lower alkyl group.as defined
above, such as acetyl.

The term "cyclo(lower)alkyl" refers to a cyclic

10 group formed by cyclization of a lower alkyl group as
defined above but contains three or more carbon atoms, and
includes, for example, cyclopropyl, cyclobutyl, cyclopentyl
andicyclohexyl.

| The term "cyclo(lower)alkyloxy" refers to the groﬁp
15 of cyclo(lower)alkyl-0-, wherein cyclo(lower)alkyl is bas
defined above.

The term "aryl" may inclﬁde unsubstituted or
substituted aromatic hydrocarbon rings (preferably
ﬁonocyclicb Qroups), for example, phenyl, tolyl} xylyl.

20 Examples of the sﬁbstituents are haiogen atom and
halo(léwer)alkyl,,wherein haiogen'atom and lower alkyl are
as defined above.

The term "aryloxy" refers to a group represented by
the formula ArO-, wherein Ar is aryl as defined above.

25 " The term "heterocyclic group" may include mono- to

ne



15 I n enbodi nents of the present invention, representative conpounds of the
formula (1) or (11) include conmpounds of the formula (1) wherein Ra is
subst i t ut\¥@ 2B13/3A078gen and/or Z is 0=0; conpound&CHAIPRHY0TdTIUI a
(FI') wherein one of X1 and X2 is 20substituted by hal ogen and/or Z is 0=0;
conpounds of the formula (11) wherein ngs =0 or -OH, Mis Hor OH Ais
COOH or a functional derivative thereof, Bis -CH2-CH2-, Zis 0=0, X1 is
hal ogen (e.g. X1 is 01, Br, | or F) or hydrogen, X2 is halogen (e.g. X2 is
01, Br, | or P mo 2013/ 022079PCT/ JP2012/ 070411 22 strai ght 06 aliphatic

hyd b t ht hed
o ccar ban L EEliE, et ELISE hand: and 8 e el o Yot RPErBoe

gen or
sul fur; 5conp unds of the fo 1) wherein . s =0, M is OH A is COOH
or a functi‘onal 8r|L%t|vQF? %ﬁ%§;§ E§|:$O cHe- Oﬁ?mkefeﬁs 6169 XﬁaVénﬂalogen
(e.g. X1l is Q , Br, 1 or F) or hydrogen, X2 is hal ogen (e X2 is d, Br

| or F) oPPhy&rGdery, SRSt tes ol Gt UnsHidirht el %4V%¥%ﬁ?ribl¥tﬂa|ght
06 aliphatic hydrocarbon reS|due R2 is a single bond, and R3 is straight
or branché® 10wt k%Yl 2 opyPenakl esenst iatwmsd %%ﬂ@ﬁ@%génfr®mt@b§éﬁg@ﬁ

sul fur; conpounds of the formula (I1) wherein L is =0, Mis OH A is COMH
or a uncitemal denioeat | wéorheradf, SBLEST- OMROTH2-, EBaZples0=0f Xthand X2
are hal ogen atons (e.g. X1 and X2 are C, Br, | or F), RL is a saturated or
unsat ur at é@ teirvalyenticst rarghp 06 nalliggleat | Cuhydr ocatbemylesi doerr&2yls a
single bond, and R3 is straight or branched | ower alkyl (e.g. 04 alkyl or
Cs al kyl) ox2@edmpounidsosadza el f ot hmibao(lyl) wvisertiimdolivel ,=0imMiagsoOHL, A 1S
COOH or a functional derivative thereof, Bis -CH2-CH2-, Z is C=0, X1 and
X2 are fl goran®13tlons, fRtaizeanglsat upgredy0r, unsatudaled bpyaleatisyLai ght
06 aliphatic hydrocarbon residue, R2 is a single bond, and R3 is straight
or 25branghediouer, al kykatengl,04 akbkykreniGsial kKybyrroWiinyl, 2-
2013/022079PCT/JP2012/070411 23

10 imidazolinyl, imidazolidinyl, 2—pyrazoliny1, pyrazolidinyl,
piperidino, piperazinyl, morpholino, indolyl, benzothienyl,

quinolyl, isoquinolyl, purinyl, quinazolinyl, carbazolyl,

acridinyl, phenanthridinyl, benzimidazolyl,
benzimidaiolinyl, benzothiazolyl, phenothiazinyl. Examples
15 of the substituent in this case include halogen, and

halogen substituted lower alkyl group, wherein halogen atom
and lower alkyl group are as described above.

The term "heterocyclic-oxy group"' means a group
represented by‘ the formula HcO-, wherein Hc 1s a

20 heterocyclic group as described above.

The term "functional derivative" of A includes salts
(preferabiy pharmaceutically acceptable salts), ethers,
esters and amides.

Suitable "pharmabeutically acceptable salts"™ ‘include

25 conventionally used non-toxic salts, for éxample a salt



conmpounds of the fornmula (I1l) wherein L is =0, Mis Hor OH Ais COOH or a
functional derivative thereof, Bis -CH2- CH2-, .Zis 0=0, X1 and X2 are
hal ogen aWOB1}@24J9 -X1 and X2 are 01, Br, | or F), Rl i $CAIBZXIYPHHEC or
unsat urated bival ent straight 06 aliphatic hydrocarbon residue, R2 is a
single bond, and R3 is -0H2-O0H 2-0H2-0H3zor -O0H2- CH(CH3) - CH2- CH3;

7-12-(4, 4-di fl uoro- 3- oxooctyl) - 5- oxocycl opentyl | hept anoi ¢ aci d;

10i sopropyl-7-[ 3, 5-di hydr oxy- 2- ( 3- oxodecyl ) cycl opentyl ] hept- 5-enoat e;
7-[2--(4,4-difluoro-3-oxooctyl)-5-oxocycl opentyl ] hept-2- enoic acid and

an et her est er n anl tautoner,_enanti ner or t|c Iy
acceptabl§%§g1ta?h%?§5?anl baSFnE?H%%h%? 8hbé ﬁﬁ&ﬁtnl%éﬁ%eiﬁ F98%
(C‘{”*l)og{‘?f@gsfgsgoéf{‘ the prese&g '“Vses“l‘dn?”sé ¢f ude (aikaﬂSéReé‘%ﬁhE’ﬁeZ%@ 2

oxooct ahydr aoc cIo nt b] pyr an- 5 ]heptan0|ca0|d
20( | ubi pr ot an %A % %ﬁé.73;@ zangﬁﬁlqmlsalt an ammonium

di fl uoro- 3- nethylpentyl] 2- hydroxy 6-
oxooct ahy dPddyciFpentH ] pyirtdh-51 v dept @i eaci Bor example, an amine
(cobi prostone), (+)-isopropyl (2)-7-[(1R 2R, 3R, 5S) -3, 5-

di hydr oxy-s'zﬂ(t3- okddely| peyclmsiert yanhept - 5adhoat eilzf&(‘quolpﬁ@py& salt,
unoprostone) (-)-7-[ (1R, 2R) - 2- (4, 4-di fl uor o- 3-

2013/ 0220 79RCTNERROE2II0R04 52 124 0&©@cyyam15eOXﬁtMulope@@ﬁﬂdmmﬂaaaﬂt aci d,
(B)-7-1(1R 2R) - 2-(4, 4-difluoro-3-oxooctyl)-5-oxocycl opentyl]hept-2-enoic
acid, a tauthonemediizgaimer tdwereof artthreofamote onsdklder i dadétenthemeot. 5The
conflguratlon of the ring and the a- and/or co chains in the above fornula
(1) and (lslgltayt beethensaaeias ealdi,fferenthfdoo yhathof akbeopetnany PGs.
However, the present invention also includes a mixture of a compound having
a primary stype citdrgeiiatl-omaende 8nenoParNde0fkadt, procaine salt and

10 caffeine salt), a basic amino acid salt (such as arginine
salt and lysine salt), tetraalle ammonium salt and the
like. These salts may be prepared by a conventional
process, for example from the corresponding acid and base
or by salt interchange.

15 Examples of the ethers include alkyl ethers, for
example, lower alkyl ethers sﬁch as methyl ether, ethyl
ether, propyl ether, isopropyl ether, butyl ether, isobutyl
ether, t-butyl ether, pentyl ether and l—cycldpropyl'ethyl
ether; and medium or higher alkyl ethers such as octyl

20 ether, diethylhexyl ether, lauryl ether and cetyl ether;
unsaturated ethers such as oleyl ether and linolenyl ether;
lower alkenyl ethers such as vinyl ether, allyl ether;
lower alkynyl ethers such as ethynyl ether and propynyl

ether; hydroXy(lower)alkyl ethers such as hydroxyethyl

- 25 ether and hydroxyisopropyl ether; lower alkoxy (lower)alkyl



10non-prinary type configuration. . In the present invention, the
fatty acid derivative which is di hydro between 13 and 14, and keto$ =0) at

15 posi t %A 2M302HE% n the keto- hem acetal equilibrium by CEIPHRPBAILE a
hem acet al between hydroxy at position 11 15and keto at position 15.

For exanple, it has been reveal ed that whken both of X1 and X2 are hal ogen
atons, especially, fluorine atons, the conpound contains a tautoneric

i soner, bicyclic conmpound. 20If such tautoneric isoners as above are
present, the proportion of both tautomeric isoners varies with the

structure of, the rgsty of ¢ h%é@rﬁ&?%ﬂn dﬁﬂ hee 59 of \he, 5{&9%5&;&8%-1

present. Sonetinmes one isoner be presen npa i'son
vent i on S Zo13 Boo0 St SIS OTGRL I 55 | et a8 Bbth |songrey!
bicydh 6 ﬁ?ﬂ&‘}hé g%&'lingfé'a%aé'rv Ger VR oRel (B ST Broy ERPET
anPgﬁgd resqued Sé the fornula &III) RW%%%pWﬁQMRmﬁFQ%rrﬂeégé? A_

10Xi vand X2 are hydro en, Iomer aIkyI or hal ogen; .
5 aryl(lower) kyl ethers stch as benzyl ether, trityl ether

and benzhydryl ether.

Examples of the esters include aliphatic esters, for
examplé, lower alkyl esters such as-n@thyl ester, ethyl
‘ester, propyl ester, isopropyl ester, butyl ester, isobutyl

10 ester, t-butyl ester, pentyl ester and l-cyclopropylethyl
ester; lower alkenyl esters such as vinyl ester and allyl
ester; lower alkynyl esters such as ethynyl ester and
propynyl ester; 'hydroxy(iower)alkyl | ester | such aé
hydroxyethyl ester; lower alkoxy (lower) alkylvestérs such

15 as methoxymethyl ester and 1l-methoxyethyl ester; and
optionally substituted aryl esters such as, for example,
phenyl ester, tolyl ester, t-butylphenyl éster,vbsalicyl
ester, 3,4-di-methoxyphenyl esﬁer and behzamidophenyl
ester; and arylklower)alkyl ester such. as benzyl ester,

20 trityl ester and benzhydryl ester.

The amide of ‘A mean a group represented by the -
formula -CONR'R", wherein each of R' and R" is hydrogen,
lower alkyl, aryl, alkyl- or aryl-sulfonyl, lower alkenyl
and lower alkynyl, and include for example iower alkyl

25 . amides such ‘as methylamide, ethylamide, dimethylamide and




Yiss. or R11 R5't ,0 wherein R4'and R5' are hydrogen, hydroxy,
hal ogen, | ower al kyl, |ower al koxy or hydroxy(lower)al kyl, wherein 15R4' and
-R5lare nowohytwmzoyr9and | ower al koxy at the same time. PCT/JP201BR470481 a
saturated or unsaturated divalent |ower or nedium aliphatic hydrocarbon

resi due, which is unsubstituted or subs btuted wi t h hal ogen, al kyl,

hydr oxy, oxo, aryl or heterocyclic grou%, and at | east one of carbon 20atom
in the aliphatic hydrocarbon is optionally substituted WO

2013/ 022079PCT/ JP2012/ 070411 26 by oxygen, nitrogen or sulfur; and

R2 7 is a saturated or unsaturated | ower or nedi hat | drocar bon
resi due, Eﬁ %§m69§ub§ﬁ or %HHQHQﬁlﬁQ&ﬂﬁé%F?Wétg gb@% ﬁ? r oxy,

| ower al ky I | ower al koxy, | ower_al kanoy ong cyclo(lome aIkyI
cyclo(Iomé%%&PKyFH&yar%&y$u Se5Y b3y dpet 6HERY AT RYrivupS f?%%%%@%%?rc oXy
group; |ower al koxy; | ower alkanoyloxy, cycl o(l ower) al kyl ;

cycl o( | oneEhallRyléepvarpristey ame t Hatlerddyra v lamyrdsup:  het er ocycl i c- oxy
group, and at |east 10one of carbon atomin the aliphatic hydrocarbon is
optionally substPrefedrdd oxyzemleniteylogén endsuMfurnclude hydR3gens
hydr ogen, |ower alkyl, cyclo(lower)al kyl, aryl or heterocyclic group.
5 hydroxy and oxo, and especially, L and M are both hydroxy,
or L is oxo and M ié hydrogen or hydroxy.
Preferred - example of A is —-CQOH, ité
pharmaceutically acceptable salt, ester or amidé thereof.
| ‘Preferred examplé of X; and X, are both being
10 hydrogen or halogen atoms, more preferably, fluorine atoms,
so called 16,1l6-difluoro type.
Preferred R; is a.hydrocarbon residue containing 1-
10 carbon atoms, breferably 6-10 éarbon atoms. Furthér, at
least one carbon atom in the aliphatic hydrocarbon 1is
15 optionally substituted by oxygen, nitrogen or sqlfur.
Examples of Rl‘include, for example, the following groups:
~CH,;-CH,~-CH,-CH,-CHy-CHy -
~CHy~CH=CH-CHy-CH,~CH,-
=CHz—-CH-CHp-CH-CH=CH-,
20  ~CHy-C=C-CH,~CH,-CH,~-
~CH,—-CHy~CH,~CH,~O—-CHa -,
-CH,-CH=CH-CH,-0-CH;-
—CHz—CEC—Cﬁg—O—CHz—,
~CHy-CHp-CHjy~CHp-CHy-CHp-CHp—

25 -CH,~CH=CH-CH,~CH,-CH,-CH,-



Furthernore, while the conpounds used in the 15 invention may be
represented by a fornmula or nane based on keto-type regardl ess of the
presence WO 2834208 of the isonmers, it is to be noted tRET/JIBAINOEMIIUCE Ur e
or nane does not intend to exclude the hem acetal type compound. In the
present invention, any of isoners such the 20 individual tautoneric
i soners, the mxture thereof, or optical isonmers, the m xture thereof, a
racem ¢ m xture, and other steric isomers nay be used in the sanme purpose.
Sone of the conpounds used in the present invention nmay be prepared by the

met hod di scl osed in U 5,073,569, 5,166,174, 5,221,763, 5,212, 324,
5,739, 161 R i AL TR e oo LA o
and6, 242, 485(theseC|tedreferencesarehereln i ncorporated by reference).

The mammal i an subf-8etC ey Be @ity CHanmatTan subj ect including a human. The
conpound nmay be agglled 5s stenlcalﬂ¥ or topically.Usually, the conpound
may be adni ni st ered2byar St RilstGat¢on, -~ GHarr anasal admi ni strati on,

inhal ational admnistration, intravenous injection (including infusion),
‘subcut aneous |nje@ﬁeo%Hfﬁﬁbr§Hze@ﬂéCHaHﬁﬁhrstrat|on intra vagi na

adm ni stration, 10transdernal adm nistration and the Iike. The dose
may \hary dependin@HoﬂCMhéﬁétﬁanani Gthe Céni- @85, age, body wei ght, synptom
to be treated, desired therapeutic effect, adm nistration route, term of
treat ment and theCHpk@H=0PHs@lii-sftaeClpyCBif@&€tt-,can be obtai ned by 15
system c admnistration 1-4 tinmes per day or continuous adm nistration at

t he amount of 0.0608HCHIOFKY, peH,-day,-Ccrmeicelpr ef erably 0. 0001-100ng/ kg.
The conpound may preferably be formulated in a pharmaceutical conposition
suitabl e for adm-gHstcat+om-0H,ac20conyerti-Qnaindranner. The conposition nay
be those suitable for oral adm nistration, intranasal adm nistration,

i nhal ati onal adnmigiste@t-icen-cupegiican-on perfusion as well as it nay be an
external agent, suppository or pessary. :

10 - = 77 Preferred Ra 1s a hydrocarbon containing 1-10 carbon
atoms, more preferably, 1-8 carbon atoms. Ra may have one
or two side chains having one carbon atom. Further, at

least one carbon atbm, in the aliphatic hydrocarbon 1is
optionally substituted by oxygen, nitrogen or sulfur.

15 . In embodiments of the present invention,
representative cdmpounds of the formula (I) or (iI) include
compounds of the formula (I) wherein Ra is substituted by
halogen and/or 7 is C=0;
compounds of the formula (II) wherein one of X; and X; 1is

20 substituted by hélogen and/or Z is C=0;
compounds of the formula (II) wherein L is =0 or -OH, M is
H or OH, A is COCH'or a functional derivative thereof, B is
—CHZ—CHZ—,.Z is C=0, X; 1s halogen (e.g. X; is Cl, Br, I or
F) or hydrogen, X, is halogen (e.g. X» is Cl, Br, I or E)

25 or hydrogen, R; 1s a saturated or unsaturated bivalent



The conposition of the present invention may further 25contain

physi ol ogically acceptable additives.Said W?2013/022079PCT/ JP2012/070411
28 addlt%W9§0HﬂV”Vﬂclude the ingredients used with the BFEJBHN2EWAPounds
such as excipient, diluent, filler, resolvent, lubricant, adjuvant, binder,
di sintegrator, coating agent, cupsulatng agent, ointnent base, suppository
base, aerozoling agent, enulsifier, dispersing agent, suspending 'agent,.

t hi ckener, tonicity agent, buffering agent, soothing agent, preservative,
antioxi dant, corrigent, flavor, colorant, a functional material such as

cycl odextrd %pl @%gg%gggglcecp gﬁ%ﬁg&p' #ge& The{ aq%| ti VS% ne well

10known to the art e sel rom t hose descritbed it gen ra

ref erence .books of arnaceutl unt of. th bove- eflned
conpound |nr¥§e conpoﬁl%lo ?l?%t OﬁvgﬁFPS#- (ﬁé?y Helpe d?ﬁg Jon ﬁﬁe

formul ati on of. the co ion, aII

150. 0000015{11]@/]@% P e JIrﬁébl §Bgégéga ¥§g0% ﬁﬁ)stg}ﬁf%(?re'r abP Y- B°8801- 2%
Exanplesofsol|dconp05|t|onsfororal adm ni stration include tablets, troches,
subl'i ngualS4dBi®et s, capsul es, pills, powders, granules and the like. The
solid 20conposition nmay be prepared by m xi ng one or nore active

i ngr edi entCORRAIH R Q%a%@eoﬁ@rmﬁéétlﬁé JdiTheriThe é6npdsi ™ obs ne§: f rt her
contain additives other than the_ inactivediluents,forexanple,al ubricant,a

di si nt egr &tsorCQHH @r st aﬁUWEe@naTaﬁﬁeﬂ§aénérep|tlme§em£y e 25cddiediarth an

enteric or gastroenteric film if necessary. ,
Z 1s C=0, X; is halogen (e.g. X; 1is Cl, Br, I or F) or

hydrogen, X; 1s halogen (e.g. ‘Xé is Cl, Br, I or F) or
hydrogen, R; 13 a saturated or unsaturated bivalent
10 straight C¢ aliphatic hydfocarbon residue, R; 1s a single
bond, and R; is straight or branched lower alkyl optionally
substituted by oxygen, nitrogen or sulfur;
compounds of the formula (II) wherein L is =0, M is OH, A
is COOH or a functional derivative thereof, B is -CH,;-CH,-
15 Z 1s C=0, Xl and X, ere halogen atoms (e.g. X; and X; are cl,
| Br, I or F), R; 1is a safurated or unsatureted, bivalent
straight Cg aliphatic hydrocarbon fesidue, R, 1s a single
bond, and R3; 1s straight or branched lower alkyl‘(e.g. Cq
alkyl or Cs alkyl); |
20 compounds of the formula (II) wherein L is =0, M is OH, A
is COOH or a functional derivative thereof, B is -CH,-CH,-
Z is~C=O, X1 and Xz are fluorine atoms, R; is a eaturated or
unsaturated ‘bivalent straight Cgs aliphatic hydrocarbon
residue, Rz is a single bondﬁl and Rs; 1s straight or

25 + Dbranched lower alkyl (e.g. C4 alkyl or Cs alkyl);



WO 2013/ 022079PCT/ JP2012/ 070411 29 They may be covered with two or nore

- layers. They may al so be adsorbed to a sustained release material, or

m cr ocapsWP2OBP22H8i ti onal | y, the conpositions may be cZpIUIPHIZA’MIA neans
of an easily degradabl-e material such 5 gelatin. They may be further

di ssolved in an appropriate solvent suchias fatty acid or its nono, di or
triglyceride to be a soft capsule. Subllngual tabl et may be used in need of
fast-acting property. Exanpl esofliqui dconpositionsfororal 10adm nistration
i ncl ude enul si ons, sol utions, suspensions syrups and elixirs and the Iike.

Sai d CO”poédr&E!o% Yo b “{ﬁ%‘efoﬁ&!i‘i £ CO%P{J%T‘EE" Ly_gseq nagtiyeqy,

diluents e.g.” puri |ed e conpr|t|on nay contaln
addi ti ves .ot her n the_inactive d|Iu nts_such a 15ad u tting
agent s anéxsuspeﬁgﬁng ag%n?gncghﬁﬁﬁﬁl %rlY?Eﬁ%? hffgﬁké éﬁd CHy®
preservatiy The_co sition of resent i nvention be-in
the form spré&:ﬁb %d%poéﬁf%g L th 23 ?%? saBHQSorenﬁrexacﬁpyg

i ngredi ents and may_ be prepared accordlng to a 20known neth

Exanpl e offfitthe‘int r¥hasdl PFeparat Fons Srag b EefRbR 6FTOPP§3§BFGF?6ns
suspensi ons or_ emul si ons coqgr|5|n one or nore active |ngred|ent. For the
adm i st r &6 VIt afF BrIVe tngrledifeaitt byhydrararPon, TeRéd8coRposPt Ron of
the present invention may be in the formof WD

2013/ 0220 FIPCH/S) PR/ 02041 Rs is -CHp-CHp-CHp-CH; or -CH;-CH(CHs)-CHp-

CHs;
7—[2—(4,4—difluoro—3—oxooctyl)—5—oxocyclopentyl]heptanoic
acid; |
10 | isopropyl-7-[3,5-dihydroxy-2-(3-oxodecyl)cyclopentyl]hept-
5-enocate; |
7—[2—(4,4—difluoro—3~oxooctyl)—5—oxocyclepentyl]hept—2—
enoic acid; and
an ‘ether, an ester, an amide, tautomer, ‘enantiomer or
15 pharmaceutically acceptable salt thereof.

In further embodiment, representative compoundsvused
in the present invention include (—)—7—U2R,4aR,5R,7aR)—2—
(1,1-difluoropentyl)-2-hydroxy-6-
oxooctahydrocyclopentaﬂﬂpYran—5—yl]heptanoic - acid

20 (Tubiprostone),  (=)-7-{(2R, 4aR, 5R, TaR] -2-[ (35) -1, 1-
diflnoro—B—methylpentyl]—2—hydroxy—6—
‘oxooctahydrocyclopentaﬁﬂpyran—5—yl}heptanoic. | acid
(cobiprostone), (+);isopropyl (Z)—7—[(1R,2R,3R,58)j3,5—
dihydroxy-2-(3-oxodecyl)cyclopentyl]hept-5-enoate

25 (isopropyl unoprostone) (=)-7-[(1R,2R) -2- (4, 4-difluoro-3-



30 suspension, solution or emnul sion which can provide aerosol or in the
form of powder suitable for dry powder inhalation. The conposition for

i nhal at i oNI20BdREHPstrati on may further conprise a convE&RTIBHAMPIP4lsed
propel | ant. Exanpl es of the injectable conpositions of the present
invention for parenteral adnministrationsignclude sterile aqueous or

non- agueous sol uti ons, suspensions and enul sions. Diluents for the agueous
sol ution or suspension nmay include, for exanple, distilled water for

i njection, 10physiol ogical saline and Ri nger's sol ution.

Non- aqueous, di l.uents. for solution and suspension may include, far anpl e,
pr opyl ene %ﬁ/%%iifﬂpo? yoe %@Y%%%p%ﬁlg/%gﬁep\%eagleotlacbl &0i’s ggéhqaé (&i&i'\%gﬁoi |,

al cohol s ch, as_et hanol d polysorbate. The conposition may further
conprise I ag%ﬁfﬁ%%@@ﬁ?ﬁ%ggr%g%?%§¥i5es,%%??YﬁgaggﬂfggﬁgﬁﬁF§¥F§Pﬁécagents,
di spersing agents _and the like. They may sterilized by filtration
througn 2o bact SAMROMEEah M AT TE or CESRBbUNdIRG v t h IHNGRePTRLer
or by nmeans of gas or radioisotope irradiation sterilization. 20The :
i nj ect abl SonfOs 1§ o575 Al so be provided as a sterilized powder

conposi tionbe dissolved in a sterilized solvent for injection before use.
~ The ptesent exterh& eRfehtIvRet beres o4l | thitherérBeraiyl b#@péﬁat@%%éoﬁséh in
the fields of dermatol ogy and 25ot ol aryngol ogy, which includes ointnent,
cream | ot§lorihdin D@37 022079PCT2 JP2012107041) Bavsprayhe same as
Anot her form of the present invention is suppository or pessary, which may
be prepar exr bgihfiagtadtiove iyt edfetts iptonarroRent i ohavepase sbeh as
cacao butter that softens at body tenperature, and nonionic surfactants
havi ng suigmddentsofiherntidonenpksat unesd utieys be wsied ume i pPpr avecompound

absorbability. According to the present invention, the fatty
aci d deri vatvires af grhiengreseppel nwentiquoratrsonusehd 4 ocohPoreat iaf a
schi zophr eni a. The term"treating” or "treatnment" used herein

i ncluwles piophytacdde ansk thetapgutdeiéreat ment, and any neans of control

such as prevention, care, relief of the condition, attenuation of the

condi tion, arrestinoftrlOpsPgELSSI OAveBt€on, the fatty acid derivative
which 1is dihydro between 13 and 14; and keto(=0) at 15
position may be in the keto-hemiacetal equilibrium by
formation of a hemiacetal between hydroxy at position 11

15 and keto at position 15.

For exémple, it has been revealed that»when both of
X; and X; are halogen atoms, especially,_fluoriné atoms,
the compound contains a tautomeric isomer, bicyclic
compoﬁnd.

20 If such tautomeric isomers as above are present, the
proportion - of both tautomeric isomefs varies with the
structure of the rest of the molecule or the kind of the
substituent present. Sometimes one isomer/ may

predominantly be present 1in comparison with the other.

25 However, it is to be appreciated that the present invention




The pharnmaceutical conposition of the present invention nmay contain a

single active ingredient or a conbination of two or nore active

i ngredi erwe,20m28@P as they are not contrary to the obj ectrgpzfizntoeiipr esent

20i nvent i on. In a conmbination of plural active ingredients, their

~respective contents nay be suitably inc&gased or decreased in consideration
of their therapeutic effects and safety”"The term "conbi nati on" used herein

means two or Mdre 25active -ingredientareadm nisteredtoapatient WO

2013/ 022079PCT/ JP2012/ 070411 32 sinmultaneously in the formof a single

entity or ,dosage, or .are both adm nistered to a patient as separate

entities éPFEE%e§i%ﬁF%aﬁ§8m§Ff'or sequentially with no specific tinme

limts, wherein such adm nistration provides 5therapeutically effective

|l evel s of the twbUEBHBBNnentei nfatiey bahiid prerdvapily et tResakB tFhe.

I n one enbodiment, the fatty acid derivatives of the present invention

i nhibit réavenitéenof 1pEEPUrsethahidbicyDhi swhicemgaingl ngasur anafo§ense¥ i not or

gating, a pre-conscious 10regul ator of attention. The present '

i nvent i ondgirliivase vées chicsedfi-n detail with reference to the follow ng
~exanpl e, which, however, is not intended to linit the scope of the present

i nvention. ExanpTeelbibFfflect safpcConpoundrépandeBted $yhitZophfennal avde

(PCP- disrupted PPl response in rats) Method Mal e Wstar rats (n =
135) (200-(3Q0@)g) were used. Aninals are housed at a standard tenperature

(22 1C) and in a .

| 4 R¢-A

X1' X2'
wherein, A is -CH;, or -CH,OH, -COCH,0OH, -COOH or a

functional derivative'thereof;

10 Xi'and X;'are hydrogen, lower alkyl, or halogen;
Y is
4 \\\, : l(ﬂx . or
Ry Rs' > Ry Rs O

wherein Ry'and R5'.are hydrogen, hydroxy, halogen,

lower alkyl, lower alkoxy or-hydrgxy(lower)alkyl, wherein
15 Rg'and Rs'are not hydroxy and lower alkoxy at the same time.
R, is a saturated or unsaturated divalent lower or

medium aliphatic hydrocarbon residue, which is
unsubstituted or sﬁbstituted with halogen, alkyl, hydroxy,

oxo, aryl or heterocyclic group, and at least one of carbon

20 atom in the aliphatic hydrocarbon is optionally substituted



20l ight-controll ed environnment (lights on from7 amto 8 pm with ad

I'i bi tum access to food and water. Animals are treated with Phencycli di ne
(PCP) at W9 2ityRg07s.c., and tested in Pre-Pul se |nhibi PCHAPFREPI04LI5 i n
| ater. Intravenous adm-nistration of Conpound A ((-)-7-[(1R 2R)-2- 25(4,
4-di f | uor o- 3- oxooct yl) - 5- oxocycl opentylblheptanoi c acid), WO :
2013/ 022079PCT/ JP2012/ 070411 33

CompoundB( (+) -i sopropyl (2)-7-[ (1R, 2R, 3R, 55) - 3, 5-

di hydr oxy- 2- ( 3- oxodecyl ) cycl opentyl ] hept - 5- enoat e) and correspondi ng
vehi cl e s done 15 m.n before PP ich ans each compound or vehicle
was adm \rll\,?)syt ered T e |nc ate Pyn bef osruel i%rj?%

in standard startle chanbers (SR-L Staftl e Response_system San Di ego

| nst rument s, USA'?eBéFOﬂ% Fﬁégﬁ L& s?Fné?“Fﬁ&%#%%il%OéEFe‘HébW?QéP@d to
handling. On the day of PPl testing, the animals were 10 placed in the
chanmber arfd *RN0ved” PEIRABREGS e For i@ iper WOd BF 390 WISURIEt Hedsi t Gati on

period, the rats received 12 startle trials, 12 no-stimulus trials, and 12
trials of SYSTreliad sellsh apeleIeri aPEO( 3 hWEX agdiral K9wemhal sy ar t Feweri al s
consists of single 110 dB white noi se burst lasting 15 20 ns. The PP
trials comsiktxof a préopgitse (20akkabavsexef whitecrolsélaweh) phkgnsiti es
of 60 dB) followed 100 ns later by a startle stinmulus (110 dB, 20 ns white
noi se). Duidly tlevarw-stinds tearal, noysvawt | éeaicige sl ipr esentedorThe
resulting novenent of the rat in the startle chanber is 20 measured during
100 ns af thert tardlliec-stxiynwubusupnset loBasal askaxy} e lamad t atleahsydeker m ned
as the nmean anplitude of the 12 startle trials. %Pl is calcul ated

accor di ng dyx e dwermd 1k 1100 - c 0080 XowPP) 21kQ) poxiyn W ehl PP syt Beyrean of
the 12 pre-pulse inhibition trials (i.e., for each 25indi vidual pre-pul se

i ntensityhetabRALG d sgtbaphasad t e W 20134 02207 YRPCTpI P204d/ GA0412 234
startle anplitude. The animals are treated with PCP s.c. and then tested in

PPl 135 nmindateis Resthds atomConpouRtcA and 43,4 aiF oviegyt hes FSFn di ssupt ed
PPl response. , |
optionally substituted by oxygen, nitrogen or sulfur.
R;' 1s hydrogen, lower alkyl, cyélo(lower)alkyl,
aryl or heterocyclic‘group.
Furthermore, while the compounds'~used in the
15 invention may be represented by a formula or name based on
keto-type regardless of the presence or absence of the
isomers, it is to be noted that such structure or name does
not intend to exclude the hemiacetal type compound.
Iﬁ the present invention, any of isomers such.as the
20 individual tautomeric isomers, the mixture thereof, or
optical isomers; the mixture thereof, a racemic mixture,
and ofher steric isomers may be used in the same purpose.
Some of the.Compounds used in the present invention

may be prepared by the method disclosed in UsP

25 Nés.5,073,569, 5,166,174, 5,221,763, 5,212,324, 5,739,161

ction. PPl tests were conducted



[ Tabl e 1] Conpound 'Dose (my/ kg) PCP- treatnent %Pl (Mean SEM Vehicle O

42.2 +4.3 Vehicle 0 X
WO 2013/022079 ‘ PCT/JP2012/070411
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and 6,242,485 (these cited references are herein

incorporated by reference).
. . .
The mammalian subject may be any mammalian subject

including a  human. The compound may be applied
5 systemically or topically. Usually, the compound may be
administered by oral administration, intranasal

administration, inhalational administration, intravenous

injection (including infusion), subcutaneous injecfion,

intra rectal administration, intra vaginal administration,
10 transdermal administration and the like.

The dose may vary depending on the strain of the
animal, age, body weight, symptom to be treated, desired
therapeutic effect, administration route, term of treatment
and the like  A satisfactory effect can be obtained by

15 systemic administration .1—4 times per' day or continuous
administration at the amount of 0.00001-500mg/kg per day,
more preferably 0.0001-100mg/kg.

The compound may preferably be formulated in a
pharmaceutical compqsition suitable for administration in a

20 conventional manner. The composition may be those suitable
for oral administration, intrahasal administration,
inhalational administration, injection or perfusion as well
as 1t may be an external agent, suppository or pessary.

The composition of the’present invention may further

25 contain phySiologically acceptable additives. Said



19.8 5.6 Conpound A 0.5 X 34.2 3.9 Conmpound B 0.5 X 40.5 4.2 The
above result indicates that the present conpounds are 10Quseful for the

t r eat mentWORVBRRY8phr eni-a. Exanple 2 Effects of Conpouﬁ@TBP%(Hél’O'@bln
PCP-di srupted PPl response in rats Method

28

additives méy include the ingredients used with the present
compounds such as excipient, diluent, filler, resolvent,
lubricant, adjuvént, binder, disintegrator, coating agent,
cupsulating | agent, ointment base, suppository base,

5 aerdzoling agent, emulsifier, dispersing agent, suspending
agent, thickener, tonicity agent, buffering agent,‘soothing
agent, preservative, antioxidant, corrigent, flavor,
colorant, a functional material such as cyclodextrin and.
biodegradable polymer, stabilizer. The additives are well

10 known to the art and may be selected from those described
in general reference books of pharmaceutics.

The émount of the above—defined compound in the
composition of the invehtion may vary depending on ‘the
formulation of the composition, and may generally be

15 0.000001-10.0%, more preferably 0.00001-5.0%, most
preferably 0.0001-1%.

Examples of solid compositions for oral
administration include tablets, troches, sublingual tablets,
capsules, pills, ?owders, granules and the like. The’solid

20 composition may be prepared by mixing one or more active
ingredients with at least one 1inactive diluent. The
composition may further contain additives other than the
inactive diluents, for example, a  lubricant, a
disintégrator and a stabilizer. Tableté and'pilis may be

25 coated with an enteric or gastroenteric film, if necessary.




15Mal e Wstar rats (n = 135) (200-300 g) were used. Aninmals are housed at a
standard tenperature (22 1C) and in a light-controlled environnent (lights
on from MAMPBP2B78m) with ad |ibitumaccess to food an§CRAPEN20MAImal s ar
treated with Phencyclidine (PCP) at 1.5 ng/kg, s.c.,,and 20tested in '
Pre-Pul se Inhibition (PPl) 15 mn |ater ,q al ‘
admi ni strati onof ConmpoundB( (+)-isopropyl (2)-7- WO
2013/ 022079PCT/ JP2012/ 070411 35 [ (1R 2R, 3R, 5S) -3, 5-di hydr oxy- 2- ( 3-
oxodecyl ) cycl opentyl ] hept - 5- enoate) and Conpound C ((E)-7-
[ (1R 2R) - 2: - di f,l uor o- 3- 1) - 5- 0x0 o] ] hept 2- enai c i.d) and
corresponczi‘l;}g]% é%% c%éé %éﬁﬁﬁyﬁgp{]n}é%(?Sgéf%%ggP ??E\%Fchmﬁé nglg agﬁgo »
conmpound qr ve@dcslo%bVéads a rcr)i ni gter'sedj tSa(l) rrpe(ﬁ] bef re PCP in'teect.ia n. Pglr tests
wer e condutt ed 3547 Standar d st art | € chambers (SrF?- AB St ar't erl"«l'esp’onse :
system San, Di ego | nstrunents SA).. Before e PPl testin the ani mal s
et e habi CUHT AR A0 Fel | nASOaR LG 1dgy of FPPICTBATS Hot e THH mis. ver e
pl aced in the chanber and all owed to habituate for a period of 300 s. After
habi t uat i STERBHiDEItRE TFANS (YcefVelE2 ¥t AR €T T2 99T ol sEUMM us
trials, and 12 trials of the pre-pulse/startle trials (3 x12 trials). The
start? e 152¥3@l%: conbpyt $%0f 2§ n§retaes dBsSwRILVE€Chois e BupBPIPRSERSG 20
ms. The PPl trials consist of a pre-pulse (20 nms burst of white noise with
intensitiexlbfeE3 By f of | HAEEY100 16 dratidrs BPRP st@kt PE SEEAUVEGSTLHE0 dB,
20 ms white noise). During the no-stinulus trial, no startle noise is ‘
present ed.t@20bFhe resitt cagsmdeenenbuldl inpeatattdml athemayabte exsddnber is
nmeasured during 100 ns after startle stinulus onset. Basal startle
anpl i t ude nes=dleterfm etk asitheoneparanpl i tude of the 12 startle trials:
%Pl is calculated according to the fornmula 100 - 100% x (PP/2110), in
which PP is the meampdfes?25t hef12 drierpid se tcohpbstiannkri ali{d . e. ofral each
36 individual pre-pulse intensity), and P110 is the basal startle :
anplid ude.adhnen iant 1ed Sorar e nicf @aleedentt I Hi P, s.sw 1l wdnidbridenstiepead ioAsPPl 15
mn later. Results

‘ syrups and elixirs and the 1like. Said composition may

further contain a conventionally used inactive diiuents e.qg.
purified water or ethyl alcohol. The composition may
contain additives other than the inactive diluents such as
15  adjuvant e.g. wetting agents and suspending agents,
swéeteners, flavors, fragrance and preservatives.

The composition of the present invéntion may be in
the fdrm_ of spraying composition, ‘which contains one or
more aﬁtive ingfédients and may be prepared according to a

20 known'ﬁééhoa.

- Example of the intranasal ' preparations may be
aqueous or oily solutions, suspensions or emulsions
comprising one or more aétive ingredient. . For the
administration of an active ingredient by inhalation, the

25 composition of the present invention may be in the form of




Conpound B and C i nproved the PCP-disrupted PPl response. [Table 2]
Compound Dose (ngy/kg) PCP- treatnment %Pl (Mean SEM Vehicle 0 - 46.75.2
Vehi cl e WOX0B/@%75 o PCT/JP2012/070411
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suspension, solution or emulsion which can provide aerosol
or in the form of powder suitable for dry powder inhalation.
The composition for inhalational administrarion may further
comprise a conventionally used propellant.

5 - Examples of the injectable compositions of the
present invention for parenteral administration include
sterile aqueous or non—aqueous solutions, suspensions and
emulsions. ‘Diluents for the aqueous solution or suspension
may.include, for example, distilled water for injecrion,

10 physiological saline and Ringer's solution.
Non-aqueous diluents for solution and suspension may
include, for example, propylene giycol, polyethylene lecol,

vegetable oils such as olive o0il, alcohols such as ethanol

and polysorbate. The composition may further comprise
15 additives such as preservatives, ‘wetting agents,
emulsifying agents, dispersing agents and the 1like. They

may be sterilized by filtration through, e.g. a bacteria-

retaining filter, coﬁpounding with a steriiizer, or by

means of gas or radioisotope irradiation sterilization.

20 The 1injectable composition may also be provided as a

sterilized powder composition to be dissolved in a
sterilized solvent for injection before use.

The present external agent includes all the external

preparations ‘used in the fields of dermatology and

25 otolaryngology, which includes ointment, cream, lotion and



Conpound B 0.3 X 24.05.3 Conpound C 0.3 X 24.75.0 Synt hesi s Exanpl e
of (E)-7-[(1R 2R)-27(4, 4-difl uoro- 3-

10oxooct yWp-26t3meearycl opent yl | hept - 2- enoi ¢ aci d WO  PCT/JP2012/070411

2013/ 022079PCT/ JP2012/ 070411 38 '
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‘'spray.

Another form of the present invention is suppository

or pessary, which may be prepared by mixing active

ingredients into a conventional base such as cacao butter

5 - that softens at body temperature, and nonionic surféctants

havingb suitable softening temperatures may be used to
"improve absorbability.

According to the present invention, the fatty acid
derivatives of the ©present invention are‘ useful for

10 treating schizophrenia.

The term “treating” or "treatment" used herein
includes prophylactic and .therapeutic treatment, and any
means of control such as prevention, caré, relief of the
condition, attenuation of the condition, arrest of

15 progression, etc;

The pharmaceutical composition of the present
invention may contain a single active ingredient or a
combination of two or more active ingredienfs, és far as
they are not  contrary to the objects of the present

20 ' invention.

In a combination of plural active ingredients, their
respective contents may be suitably increased or decreased
in consideration of their therapeutic effects and safety.

The term “combination"‘used herein means two or more

25 active " ingredient are administered to a .patient



1151t 772% 9al 36. 907%El Conpound [2] To a sol ution of

(3aR 4S, 5R, 6aS) - (-) - hexahydr o-4-(tertbutyl di net hyl sil oxymet hyl)-5-(tetrahyd
ro- 2H pyr\0-22130029879) - 2H- cycl opent a[ b] furan-2-one 1 (0. @6TARYNZ/MO1ILE n dry
THE (142 nlL) under a argon atnosphere at room was added ntetrabutyl amoni um
fluoride in THF (1.0 M. A reaction,pgi xture was stirred at room
.tenperature for 18 10hours, and then evaporated. The residue was purified
by flash chromat ography (Fuji Silysia silicagel BW300SP, WO

2013/ 022079PCT/ JP2012/ 070411 39 60:40 to 100: 0 Et OAc/ Hexanes) to give

conpound g%hdf%é%%é%@fg‘%éjthe form of a single entity or dosage, or
afe both adminietered to a patient as separate entities
either simultaneously or sequentially with no specific time
limits, wherein such administration provides
5 - therapeutically effective levels of the two components in

the body, preferably at the same time. |
In one embodiment, the fatty acid derivatives of the
pfesent invention inhibit reduction of prepulse inhibition
which ie a measure of sensorimotor gating, a pre-conscious

10 regulator of attention.

The present invention will be described in detail with
reference to the following example, which, however, is hot.
intended to limit the scope of the present invention.
Example 1

15 Effects of Compound A and E on schizophrenia model (PCP-
| disrupted PPI response in rats)
Method
Male Wistar rats (n = 135) (200-300 g) were used. Animals
are housed at a standard temperature (22 = 1°Cf and 1in a
20 light-controlled environment (lights on from 7 am to 8 pm)
with ad 1libitum access to food and water. Animals are
treated with Phencyclidine (PCP) atl.5 vﬁg/kg, s.c., and
tested 1in Pre—Puise Inhibition (PPI) 15 min later.
Intravenous administration of Compound A‘((—)—7—[(1R,2R)—2—

25 v(4,4—difluoro—3—oxooctyl)—5—oxocyclopentyl]heptanoic acid),



Compound [3] 5To a solution of oxalyl chloride (0.26 nol) in dry CH2C12
(250 mM) at -78C under a argon atnosphere, anhydrous DVSO 36.28 mi

(0. 511nmolYovas/ayéd anhydrous DMSO (0.511nol). The rea®CirgR20m/Qtdtle was
stirred at -78C for. 10 min. solution of Compound [2] (0.128 nol) in dry
CH2C12 (100 nlL) 10was added to the m xt We and stirred at -78C for |h

foll owed by addition of dry triethylamne (89nml). The reaction m xture was
warmed to roomtenperature, poured into agNH4CL (500 m) and extracted with
CH2C12. The organic |ayer was then washed with agNH4Cl and brine, dried

over 15|vgs$4 filtered, and concentrated.. The c¢rude I&%e% d used for
the next st&PPWthout FurtHer pariRRilon. ‘f‘g)aqséﬁ i’ %,ﬁﬁ%%)—%,% |
3, 3-di fl uor p- 2- oxo- hexyl di net hyl ospzonate 0,192nmpl dry THF (100 m) at OC
under ar go%l}éY%%}ﬁ%"ef_ey ‘_%X%ﬁﬁééj?gw‘é SPEM &d 1 EBGE OX A3 1. OM 20i%8THF ) .
The reaction mxture was stirred and warnmed to roomtenperature for 30 mn
anhydr ous GPHECERPRFLEE (Gl YeRasAfied Ot diihe PPEREET ORF Fi xtiiri€hand
stirred at roomtenperature for 3h. The reactions were then mxed with a
sol uti on orcame addehgeerapddecr nvaRyCTRFves08 MmNl sird cebweresitdtaled at
45C for 18 h. The nmixture was poured into W?2013/022079PCT/JP2012/070411
40 agNH4Clb¢a00e nPPand)extiacted with ethyl acetate three tines. The
conbi ned organic | ayer was washed wi th 1IN-HC1, agNaHCG3 and brine then
dried overPROSOdsthi Weerped cand ccaacent rst @ddadthescantdéer ebrdbbe nwas(JRH i fi ed
by flash chromatography (Fuji Silysia silicagel BW300SP, 30:70 to 60: 40
Et OAc/ HexaneR) Stargilee Reamponed $§33tem, 7623 MWided dIndHrhVMBN(400M3) .
CDC13)5 6.98 ( 1H m ), 6.60 ( 1H m ), 5.03 10 :
Before the PPI testing, the animals were habituated to
handling. On the day of PPI testing, the animals were
10 placed in thé chamber and allowed to habituate for a period
of 300 s. After habituation period, the rats received 12
startle trials,'l2'no—stimulus trials, and 12 trials of the
pre-pulse/startle trials (3 x12 trials). =~ The startle
trials consists of single 110 dB white noise burst lasting
15 ,20 ms. The PPi trials consist of a pre-pulse (20 ms burst
of white noise with intensities of 60 dB) followed 100 ms
later by a startle stimulus (110 dB, 20 ms white noise).
During the no-stimulus trial, no startle noise is presented.
The resulting movement of the rat in the startle chamber is
20 measured during 100 ms after startle stimulus onset. Basal
startle amplitude'is determined as the mean amplitude of
the 12 startle trials. %PPI is caléulated‘according to the
formula.lOO - 100% x (PP/P110), in which PP is the mean of

the 12 pre-pulse inhibition <trials (i.e., for each

25 individual pre-pulse intensity), and P110 is the Dbasal



(m J 1Hm), ),3.50( =7.2Hz, 4.65 1H, ) ( m 1H, ), m 2.92),4.25

-1.35 -4.05 (184, ( m 1H, ), m), 0.92
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startle amplitude. The animals are treated with PCP s.c.

and then tested in PPI 15 min later.

Results
5 Compéund A and B improved the vPéb—disrupted PPI
response.
[Table 1]
Compound Dose PCP~ 3PPI
(mg/kg) | treatment (Mean * SEM)
Vehicle 0 - 42.2 + 4.3
Vehicle 0 X 19.8 + 5.6
Compound A 0.5 X 34.2 £ 3.9
Compound B 0.5 X 40.5 £ 4.2

The above result indicates that the present éompounds are
10 useful for the treatment of schizophrenia.
Example 2
Effects of Compound B and C on PCP-disrupted PPI résponse
in rats
Method
15 Male Wistar-raté (n = 135) (200-300 g) were used. Animals
are hqused at a standard temperature (22 = 1°C) and in a
light-controlled environmeﬁt (lights on from 7 am to 8 pm)
with ad libitum access to food and water. Animals are
treated with Phencyclidine (PCP) at 1.5 mg/kg, s;c;,‘and
20 tested in Pre-Pulse Inhibition (PPI) 15 min later. Oral

édministratibn» of Compound B ((+)-isopropyl (Z2)=-7-



3.78( (3H, 1H, t, Conpound [4] Toa solution of conpound [3] (0.0959nD1)
in ethyl acetate 15was added 5%°d/C 3.70 g (I Om9% . The m xture was stirred
for 20 h w0 ommrRd7enper at ure under H2 at nosphere. The reatuPzn2/mioiure was
filtrated, washed with ethyl acetate and concentrated to give. The
sanme reaction was repeated 2 tinmes, the %i | trate was 20concentrated and

gi ve conpound [4] in 97.4%vyield Corrpou% [5] To a solution of conpound [ 4]
(0.0934npl) In dry nmethanol was added solid NaBH4 (0.0467npl) at -40C under
argon 25at rmsphere The reaction mxture was stirred at -30 C/ - 41 40C

for 30 m a s added to the reaction, poured into H20
and extra té& %{Rt*% gﬁs %aéeldé%“é( d2t {fes. The conbi ned organi c |ayer
was t hen washed with aci NaHCO3 and br| ne, dried over MgSO4, flltered and
Sconcent r 8¥8ESCY LgicVE LogRpGYHd NESIE 97 ST age )y Y. C%ﬁﬁéﬁﬁ‘dc[d Fo~ &~

solution of alcohol [5] (0.0932nol) in dry CH2Cl2 (255 m) was added
dr opwi se AnRPdE&Us Zpyidir dirdé fLo o3 P3o PR oaTd VIO acketap o et sy aret bl N8shD 1)

under argon atnosphere at 0 C _
2-enoic acid) and corresponding vehicle was done 45 min

5 before PPI, which means each compound or Vvehicle was
administered 30 min before PCP injection. | |
PPi tests were conducted in standard startle chembers (SR-
LAB Startle Response system, San Diego Instruments, USA) .
Before the PPI teSting, the animals were habituated to
10 handling. On the day of PPI testing, the animals were
placed in the chamber and allowed to habituate for a pefiod
of 300 s. After habituation period, thevrats received 12
etartle triais, 12 no-stimulus trials, and 12 trials of the
pre-pulse/startle trials (3 x12 triale). - The startle
15 trials consists of single 110 dB white noise burst lasting
20 ﬁs. The PPI trials consist of‘a pre-pulse (20 ms burst
of white noise with intensiﬁies of 63 dB) followed 100 ms
later by a startle stimulus (110 dB, 20 ms white noise).
During the no-stimulus trial, no startle noise is presented.
20 The resuiting movemenf of the rat in the startle chamber is
measured during 100 ms after startle stimulus onset. Basal
etartle amplitude is determined as the mean amplitude of
the 12 startle trials. %PPI is calculeted according to the
formula 100 - 100% x (PP/PllO),‘in whieh PP 1is the mean of

25 the 12 pre-pulse 1inhibition trials (i.e., for each



The reaction mxture was stirred for 1.5 h at roomtenperature, and poured
into H20. The m xture was extracted with CH2Cl2. The organic | ayer was
washed wiwb'281¥/d2879 aci NaHCO3 and brine, dried over MyS@é¢r/prdir/eroad, and
15concentrated. The crude residue was purified by flash chronmat ography
(Fuji Silysia silicagel BTA17300SP, SS/Rgg to 45: 65 Et OAc/ Hexanes) to give
conpound [6]in 96.3 %yield. 20 1HN 00MHz, CDC13) 3.78(2H, m), 3.51
(24H,m),0.90( Conpound[7] 6 ( 3H, 5.09( 1H m t,J 2H m), ),2.81( =7.2Hz,
4. 66( ' ' ,

individual pre-pulse intensity), and P110 1is the basal
startle amplitude. The animals are treated with PCP s.c.

and then tested in PPI 15 min later.

‘5 Results

Compound B and C improved the PCP—disrupted PPI response.

[Table 2]
Compound Dose PCP- 3PPI
(mg/kg) | treatment (Mean * SEM)
Vehicle 0 - 46.7 £ 5.2
Vehicle ' 0 X 6.8 + 6.5
Compound B 0.3 X 24.0 = 5.3
Compound C 0.3 X 24.7 £ 5.0

Synthesis Example of (E)-7-[(1R,2R)-2-(4,4-difluoro-3-

10 oxooctyl)-5-oxocyclopentyllhept-2-encic acid



1Hm 1H, ), ni' 4.10 2.65-1.20 To a solution of conpound [ 6]
(88.8mml ) in dry nmethanol 25(307 ml) was added solid pyridinium
p- t ol uenasol2hmaeeEe WO 2013/ 022079PCT/ JP2012/ 070411 42 pCPRPD1¢/87088nmol )
under argon atnosphere at roomtenperature. The reaction m xture was
stirred for 5 h at 45 C. The m xture was_ poured into brine and extracted
with ethyl acetate. The organic |ayer was washed with aci NaHCOB and bri ne
then dried over MgSO4, filtered, and concentrated:. The crude residue was
purified by flash chromatography (Fuji Silysia silicagel BW300SP) of the
crude residue using hexane and ethyl acetate (50:50 to 70:30 EtOAc/ Hexanes)
to give corrpourlg [7] in 98.6 %ield. 40 Conpeunghsé 8]/\'1:Q/g'a,ﬁ@fee£r}(%§gzsol ution
of conpound [ 7]_*(88. 4nmlpusicn dry dichl or oethane (246 mF) was ‘S8dEF: sol i d
t hi ocar bonyl di$ 'dd{aiol e (0. 133monl) der argon at mosphere T5af room '
tenper at ureo_dhe reaction" Mt ure wgs st'i rr e@°fF 2 h at “60 '€ The mixture
was concent+at Qs e The crudest esi dug was purified by flash chromatography
(Fuji Silysia si m cagel BW300S9, 60:40 to 70: 30 Et OAc/ Hexanes) to give
conmpound [8] in 98.4 %yield. 20
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~ 1H NVR(400MHz, CDC13) 5 8.36( 1H,s, ),

7.56( 1H m ),

7.04 (1H,s,),5.69(1H,

m ),5.10
WO 2013/022079 PCT/JP2012/070411
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Compound . [2]

To a solution of
5 butyldimethylsiloxymethyl)-5-
2H-cyclopenta[b]furan-2-one }

(142 mL)

tetrabutylammonium fluoride in THF

(3aR, 4S, 5R, 6aS) -

(0.95 mmol/mL)

(=) -hexahydro-4- (tert-

(tetrahydro-2H-pyran-2-yloxy) -

in dry THF

under a argon atmosphere at room was added n-

(1.0 M).

A reaction mixture was stirred at room temperature for 18

10 hours, and then evaporated.

flash chromatography

- The residue was purified by

(Fuji Silysia silicagel BW-300SP,



(2H, m ),2.96 (1H, dd, J = 18.4,10.4Hz),2.72( 1H, m), 2.52( 3H m),
2.25( 1H, m ), 2.15 - 2.13 ( 34, m ), 1.95 - 1.30 ( 10H m ),
0.92 25( W8H2013/02307¢ 7.2 Hz, ) WD 2013/ 022079PCT/ JP2012POTORAM2/070411
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60:40 to 100:0 EtOAc/Hexanes) to give compound [2] in 94.6%

yield

Compound [3]
5 To a solution of oxalyl chloride (0.26 mol) in dry CHyCl,

(250 ml) at —785C under a argon atmosphere, anhydrous DMSO
36.28 ml (0.511mecl) was added anhydrous DMSO (0.511mol) .
The reaction mixture was stirred at -78°C for 10 min. A
solution of Compound [2] (0.128 mol) in dry CH,Cl, (100 mL)

10 was added to the mixture and stirred at -78°C for 1h
followed by addition of dry triethylamine (89ml). The
reaction mixture was warmed to room temperature, poured
into agNH.Cl (500 ml)‘and extracted with CH;Cl,. The o;ganic
layer was then washed with agNH,Cl and brine, driedvover

15 MgSO0y, filtered and concentrated. The crude aldehyde was
used’forvthe next step without further purification.
To a solution of 3,3—difluofo—2—oxo—hexyl-
dimethylphosphonate (O.192ﬁoldry THF (100 ml) at O°C under
argon atmosphere was added potassium tert-butoxide ( 1.0M

20 in THF ). The reaction mixture was sfirred and warmed to
room temperature for 30 min anhydrous zinc chloride
(O!l92mol) was added to the reaction mixture and stirred at
room temperature for 3h. Theireactions wé&e then mixed with

a solution of the aldehyde above in dry THF (100 ml), and

25 were stirred at 45°C for 18 h. The mixture was poured into



43 Compound [9] To a m xture of tributyltin hydride (0.113nol) and Al BN
(azobi si sobutyronitrile ) (4.35mmol) in dry toluene (200 m) was added a
sol uti on wb 20omearad [ 8] (87.0mmol) in dry tol uene (300PgiriyrPemelero4ar gon

at nosphere at 100 C, and the reaction was stirred for 30 mn at 100 C.
Tributyltin hydride 15.0 m (0.0558nm01) was added to the reaction m xture
solution, and was stirred further for 3 6 mn at 100 10C. The mixture was
concentrated and diluted with hexane ( 350nl ) and extracted with
acetonitrile. The acetonitrile Iayer mas concentrated and crude residue was

ggr%BIE?okgﬁﬁé%g§320%hr qatggbapE§§ d s;%;gg t§W¥h3008P30 70t o
times. The combined organiq layer was washed w1th 1N—HCl,
agNaHCO3; and brine then dried oﬁer MgSQ4, filtered and
coﬁcentrated. The crude residue was purified by flash

5 chromatography (Fuji Silysia silicagel_BW—BOOSP, 30:70 to

60:40 EtOAc/Hexanes) to give compound [3] in 76.3 % yield.

.1H—NMR (4OOMHZ, cbcl;) & 6.98 ( 1H, m, ), 6.60 ( 1H, m, ), 5.03
i( 14, m, ), 4.6 ( 1H, m, ), 4.25 - 4.05 ( 1H, m, ), 3.78 ( 1H,

10 m, ), 3.50 ( 1H, m, ), 2.92 - 1.35 ( 18H, m, ), 0.92 ( 3H, t,
J = 7.2 Hz, )‘ |

Compound [4]

Toa Solution of compound [3] (0.0959mol).in ethyl acetate
15 was addedIB%Pd/C 3.70 g (10wt%)i The mixture was stirred

for 20 h at room temperature under Hp atmosphere. The

reaction mixture was filtrated, washed with éthyl acetate

and conceﬁtréted to give.

The same reaction was repeated 2 times, the filtrate was

20 concentrated and give compound (4] in 97.4% yield

Compound [5)
To a solution of compoﬁnd [41] (0.0934mol) in dry methanol
was added solid NaBHs (0.0467mol) at -40°C under argon

25 étmosphere. The reaction mixture was stirred at -30 °C / -



1H NVR (400MHz, CDC13)5 5.11 (1H, m ), 4.94(1H m), 2.79 (1H,
m),2.36(2H,m ), 2.15( 3H s, ),2.17-1.16(

10

15

20

25
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40°C.for 30 min. Acetic acid (5.6ml) was added to the
reaction, poured into Hy;O and extracted with éthyl acetate
three times. The combined organic layer was then washed
with agNaHCO; and brine, dried over MgSOQy, filfered,,and

concentrated to give compound [5] 1in 99.8% yield.

Compound [6]

To a solution of alcohol [5]>(0.0932mol) in dry CHpCl, (255
ml) was added dropwise anhydroué pyridine (d.373mol) and
acetyl chloride (0.186mol) under argon atmosphere at 0 °C.
The reaction mixture was stirred for 1.5 h at room
temperature, and poured into H;0. The mixture was extracted
with CH,Cl,. The organic layer was washed with "1IN-HC1,
agNaHCOs3 and brine, dried over MgSO4, filtered, and
concentrated. The crude residue was pﬁrified by flash
chromatography (Fuji Silysia silicagel BWf3OOSP,k30:7O to

Q

45:65 EtOAc/Hexanes) to give compound [6]in 96.3 % yield.

'H-NMR (400MHz, CDCls;) & 5.09 ( 2H, m, ), 4.66 ( 1H, m, ), 4.10 -
3.78 ( 24, m, ), 3.51 ( 1H, m, ), 2.81 ( 1H, m, ), 2.65 - 1.20

( 244, m, ), 0.90 ( 3H, t, J = 7.2 Hz, )

Compound [7]
To a solution'of comﬁound [6] (88.8mmol) in dry methanol

(307 ml) was added solid pyridinium p-toluenesulfonate



" 15H, 20 m), 0.92(3H,t,J = 7.2 Hz,) Conpound [11] To a stirred
sol ution of conpound [9] (0.0837npl) in dry toluene (195 m ) was added
di i sobut WaIR20WHAPhydri de 25(DI BAL, 1.5Min tol uene) (GCZIBI2Y70di1 - 78C
under argon WD 2013/022079PCT/JP2012/ 070411 44 at nosphere. The reaction
m xture was stirred at -78C for 30 m n. 4B'Ethanol ( 195 nm ) was added to
the m xutre and

(PPTS (8.88mmol) uﬂder argon atmosphere at room temperature.
The reaction mixture was sfirred for 5 h at 45 °C. The
mixture was poured into brine and extragted with ethyl
acetate. The organic layer was washed with anaHCO? and

5 brine then dried over MgSO,, filtered, and concentrated.
The crude residue was purified by flash chromatographyv
(Fuji Silysia silicagel BW-300SP) of the crude residue
using hexane and ethyl acetate (50:50 to 70:30
EtOAc/Hexanes) to give compound [7] in 98.6 %yield.

10
Compound [8]
Té a stirred solution of compound [7] (88.4mmol) in dry
dichloroethane (246 ml) was added solid
thiocarbonyldiimidazole (0.133mol) under argon atmosphere

15 at room'temperature. The reaction mixture was stirred for 2
h at 60 °C. The mixture was concentrated. The crude
residue was purified by flash.chromatograpﬁy (Fuji Silysid;
silicagel BW-300SP, 60:40 to 70:30 EtOAc/Hexanes) to give
éompound (8] in 98.4 % yield.

20
'H-NMR (400MHz, CDCl;) & 8.36 ( 1H, s, ), 7.56 ( 1H, m, ), 7.04
( 1H,.s, ), 5.69 ( 1H, m, ), 5.10 { 2H, m, ), 2.96 ( 1H, dd, J =
18.4,10.4 Hz ), 2.72 ( 1, m, ), 2.52 ( 3H, m, ), 2.25 ( 1H,
m, ), 2.15 - 2.13 ( 3, m, ), 1.95‘— 1.30 ( 10H, m, ), 0.92

25 ( 34, t, J = 7.2 Hz, )



warmed to roomtenperature. Then aqg potassiumsodiumtartrate ( 500 m )
was added to the reaction and stirred at roomtenperature for 1 h. The

m xture WO 20x¥220Wed Wi th ethyl ether. The organic | ay@ecTdamivasked with
brine, dried over MgSO4, filtered, and concentrated to give crude conpound
[10]. 10To a suspension of 2-(1, 3-di oxa\r%g- 2-y1)- ethyltriphenyl phosphoni um
brom de (0.243nmpl) in dry THE (450 m) s added solid potassiumt-butoxide
(0.243np1) at OC under argon atonosphere. The suspension was stirred at
roomtenperature for 40 mn. 15A solution of conpound [10] in dry 'THF (80
m ) was added to the suspension, and stirred at roomtenperature for 2 h.
The m xture poured into ice/H20 and extracted with ethyl acetate. The
organi c | ayer was washed with H20O and brine then dried over MgSOH4,
filtered, LoHtehty at ed. The 20crude residue was purified by flash
chromat ography (Fuji Silysia silicagel BW300SP 40:60 to 60: 40

Et 0Ac/ Hexdlfes) tTol i Wee ot 1 17 nhodr 7des yP el 43RPdin eBAPOLRY [ 9] .
Conpound [12] 25To a solution of conmpound [11] (0.0759nmp1l) in dry CH2Cl12
WO 2013/ 022079PCT SPR0U2Y @704111 €5 (B500mh9 1 wabh adtedt di epe sé28hhydr ous
pyridine (0.607n0l) and acetyl chloride (0.304npl) under argon atnosphere
at 0 X Thel)r eact iaoddad xd wsel wasostof rednpound. 58h @8 7r dompt énper dicyre, and
poured into H20. The m xture was extracted with CH2C12. The-organic | ayer
was washed ol ddnd N-HTL, mAci INadX B2 agnon be tmesphenedatedoovec, Mg the
filtered, and concentrated. The crude residue was purified by flash

chr omat ogriapwr {dujwa Sidyst Be s focagel mBW 30080 20:. 800 puB801¥0h to. give
‘conmpound [12] in 87.2 %yield. 10 1H NVR (400MHz, CDC13)6 5.43 ( 2H m ),
5.10 ( 2HhyAridde 4 5P (milH 005980 b) bwkk) 24408 fo2bheMrelct3oR5 ( 2H, m
), 2.40 - 1.05 ( 28H, ni 0.92 ( 3H, t, J = 7.2 Hz, )

mixture solution, and was stirred further for 30 min at 100
10 °C.
The mixture was concentrated and diluted with hexane
{ 350ml ) and extracted with acetonitrile. The acefonitrile
layer was concentrated and crude residue was purified
byflash chromatography (Fuji Silysia silicagel BW-
15 300SP30:70to 40:60 EtOAc/Hexanes) to give compound [9] in

96.3 % yield.

'H-NMR (400MHz, CDCl;) & 5.11 ( 1H, m, ), 4.94 ( 1H, m, ), 2.79
( 1H, m, ), 2.36 { 2H, m, ), 2.15 ( 34, s, ), 2.17 - 1.16 ( 15H,

20 m, ), 0.92 ( 3H, t, J = 7.2 Hz, )

Compound [11]
To a stirred solution of compound [9] (0.0837mol) in dry
toluene (195 ml) was added diisobutylaluminum hydride

25 , (DIBAL, 1.5M in toluene) (0.293mol) at -78°C under argdn



15 Conpound [13] To a solution of compound [12] (0.0661nol) in ethyl
acetate (310 m) was added 5%d/C 3.14 g (IOM% . The reaction m xture was
stirred fWo208/2@® room tenperature under H2 20at nosph@CEJPIN0OTHKE ur e was
filtrated with Celite-pad and washed with ethyl acetate. the organic |ayer
was filtrate was concentrated to give cQ ound [13] in 99.6 %yield. 46
‘Conmpound [14] to a solution of conpound ?’23] (0.0658n01) in ethanol (165

m ) was added 2N-aq NaOH (0. 329npl) at 0 C. The reaction m xture was
stirred for 17 h at roomtenperature. The 5m xture was neutralized with

2N-aq HC1 and extract with ethyl acetate. The organic | ayer, washed
Gt h D0 TS SR IR A TWGSORS 1171 &5 i Toh P b anebatr SPbd.  The
crude residue was purified by flash chromat ography (Fuji Silysia silicagel
BW 300S2, 50™5@ -/ F%G:@G*ﬁlo Give eompthdPdded T 8% 6M 9y ER d2ndH NVR
(400MHz, CDC13) 4.52 ( 1H, t, J = 5.6 Hz) 4.22 ( 1H bs, ), 4.10 (
2H m ) 3. 783CTEq, bty rooms tempergiunf- )Then 133 -patpvs{umesPdiyy, 0.93 ( 3H,
t, J = 7.2 Hz,, 15 Conpound [16] To a stirred solution of conpound [ 14]
(0. 0590nDItpritragleaci #0Cagdt ilc W dRqdeBX aithe wesa elddenl andtstiededater for
15 mn at 70 C. The reaction m xture was stirred for 20, 45 mn at 70 C
The M xt ure warc drogsnatet fThe criude Thesimduet wes pas | ¢xedabyedl| ash
chromat ography (Fuji Silysia silicagel BW300S2, 50:50 to 60: 40
Et OAc/ Hexanes) ettdiydi e heonpouiie: [dsjanic layer was washed with brine,

dried over MgSOy, filtered( and concentrated to give crude

compound [10].

10 To a suspension of 2-(1,3-dioxane-2-yl)-
ethyltriphenylphosphonium bromide (0.243mol) in dry THF
(450'ml) was added solid potassium t-butoxide (O.243mol) at
0°C under argon atomosphere. The suspension was stirred at
room temperature for 40 min.

15 | A solution of compound [10] in dry THF (80 ml) was added to
the suspension, and stirred at room temperature for 2 h.
The mixture poured into ice/H,0 and extracted with’ethyl
acetate. The organic layer was washed with H,O. and brine
then dried over MgSO,, filtered, and concentrated. The

T 20 crude residue was purified by flash chromatography (Fuji
Silysia silicagel BW-300SP 40:60 to 60:40 EtOAc/Hexanes)to

give compound [11] in 90.7 % yield from compound [9];-

Compound [12]

25 To a solution of compound [11l] (0.0759mcl) in dry CH,Cl,



25To a solution of tert-butyldiphenylsilyl WD 2013/022079PCT/JP2012/ 070411
47 di et hyl phosphonoacetate (0.0767nol) in dry THF (77 m) was added |ithium
bi s(tri mawbybsidayd’pam de ( 1.OMin THF ) (0.0767nol) at peEesnden7oargon
at nosphere. The reaction m xture was stirred at roomtenperature for 1 h. a
sol ution 5o0f conpound [15] 22.50g in dry THF (70 m) was added At -40 C and
then the reaction m xture was stirred at*0C for 17 h. The mi xture was
acidified with acetic acid (0.153npl) and poured into H20. The m xture was
extracted with ethyl acetate. The organic | ayer was washed with H20,
aci NaHCO3 10and brine then dried over MgSH, filtered, and concentrated.
The crude r&zd dik) wEds pRAieT edr YW FasANEHEBAEE oFY apRYEFULi- 08i'Mpdila
silicagel BW300SP, 30:70 to 35:65) to give conpound [16] in 67.3 %yield
from conpaaird §a4}yl 1GhAGE MR (1P ; I04mps) ) undeg3pr F200RHRCERREIR5RL7 O
15.6,6.8Hz),5.93( 3.66(1H m),2.25( 3H t,J =7.2Hz,) -7.36-(10H m),

°C. The reaction mixture was stirred for 1.5 h at room

temperature, and poured into HO.  The mixture was

5 extracted with CH,Cl,. The organic layer was washed with
1N—HC1, agNaHCO3 and brine then dried over MgSO,, filtered,
and concentratéd. The crude residue was purified by flash
chromatography (Fuji Silysia silicagel BW-300SP, 20:800 to

Q.

30:70) to give compound [12] in 87.2 % yield.

10
'"H-NMR (400MHz, CDCl;) & 5.43 ( 2H, m, ), 5.10 ( 2H, m, ), 4.50
( 1H, t, 5 = 5.6 Hz)
4.09 ( 2H, m, ), 3.75 ( 2H, m, ), 2.40 - 1.05 ( 28H, m, ), 0.92
( 3H, t, J = 7.2 Hz, ) |
15
Compound [13]
To a solution of compound [12] (0.0661mol) in‘ethyl acetate
(310 ml) was added 5%Pd/C 3.14 g (10wt%). Tﬁe reaction
mixture was stiired for 16 h at room temperature under H;
20 atmosphere.

The mixture was filtrated with Celite—pad and washed with
“ethyl acetate.

the organic layer was filtrate was concentrated to give
compound [13] in 99.6 % yield.

25



1H,d,J =15.6 Hz), 2H,m),2.05-1.02 7.07( 4.22 (31H, 1H, (1H m),
20Conpound [17] To a solution of conmpound [16] (0.0625n01) in toluene (577
m) was awdedi3pme@ssi um brom de (0. 125n01), 2, 2,6, 6- tetrcamerhybpuperi di ne
1-oxyl (TEMPO, 0.0125np1), and 3% aqg NaHCO3 (0.125nmpl) and then cooled to
0 C. 25After addition of ca 0.9M aq sogéan1hypochlor|te the WO

2013/ 022079PCT/ JP2012/ 070411 48 m xture s stirred at OC for 45 nin. ag
Sodi um t hi osul fate (400 m) was added, and extracted with ethyl ether. The
organi c | ayer was washed with 1N-HC1 (200nl), aci NaHCO3 (400mL) and brine
(400m), then dried over MySO4, Sfiltered and concentrated. The crude

resi due waS™BEHPFi ed®dy flash chromat ogr aphy (Fuji Silysia silicagel

BW 300SP, 10:90 to 20:80) to give conmpound [17] in 93.1 % Yield.
to a solution of compound [13] (0.0658mol) - in ethanol (165

ml) was added 2N-ag NaOH (0.32%mol) at 0 °C. The reaction
mixture Was stirred for 17 h at room temperature. The

5 bmixture was neutralized with 2N-agq HCl and extracted with
ethyl acetate.'The organic layer was washed'wiﬁh H,O and
brine then dried over MgSO,, filtered, and concentrated.
The crﬁdé residue was purified by flash chromatography
(Fuji Silysia silicagel BW-300SP, 50:50 / ©60:40)to give

10 compound [14] in 89.6 % yield.

'H-NMR (400MHz, CDCls) & 4.52 ( 1H, t, J = 5.6 Hz) 4.22 ( 1H,
bs, ), 4.10 ( 2H,m,)3.76 ( 24, m, ), 3.71 ( 1H, m, ), 2.18 -

1.09 ( 26H, m,), 0.93 ( 3H, t, §J = 7.2 Hz, )

15
Compound [16]
To a stirred‘solution of compound [14] (0.0590mol) in
glacial acetic acid ( 232 ml ) wés added distilled water
for 15 min at 70 °C. The reaction mixture was stirred for
204 45 min at‘7O °C. The mixture\was(concentrated. Thé crude

residue was purified by flash chromatography (Fuji Silysia
silicagel BW-300SP, 50:50 .to 60:40'EtOAc/Hexahes) to give

compound'[15].

25 To a solution of tert—butyldiphenylsilyi




Compound [18] 10(E)-7-[(1R 2R)-2-(4, 4-difl uoro-3-oxooctyl)-5-
oxocycl opentyl ] hept-2-enoic acid (

7-[ (1R, 2RYO2013422078j f | uor 0- 3- 0x0- oct y1) - 5- oxocycl opent y PLTHRYH2/2T0B)}L enoi c
acid ) 15To a solution of conmpound [17] (0.0582np1l) in acetonitrile (356
m) was added 46% aq hydrogen fluoride ,(0.582np1l) at O C. The reaction

m xture was stirred at O Cfor 1 h. The m xture was added wth Water
(300mL) and brine (200m) were added to the reaction and extracted with

et hyl ether The 20organic | ayer was washed with waterand brine, then dried

f1'ash ohr o %t%f? r}ggs% B FSEr atarh el L‘éd‘ésrsesgﬂﬁd%sal‘i%' fa'desgy

30:70 to 35 /Fb ane und [18]1i % yi
1H NMVR (4 O} E‘zflfi?gh}ﬂfsgg%?ﬁ%ég ? : %‘ 8§( 1H, d J
=15.6 Ft’)(§:g$é%$glnlag 48née§0a ég# atmosphere. The reaction

mixtu:e was stirred at room temperature for 1 h. a solution

5 of compound [15] 22.50g in dry THE (70 ml) was added At —4O
°C and then the reactioh mixture was stirred at 0°C for 17
h. The‘mixture.was acidified with acetic acid (0.153mol) .
and poured into H,0. The mixture was extracfed with ethyl
acetate. The organic layer was washed with H;O, agNaHCO;

10 and brine then'dried over MgSQ4, filtered, and concentrated.
The crude residue was purified by flash chromatography
(Fuji Silysia silicagel BW—BOCSP, 30:70 to 35565) to give

Q.

‘compound [16] in 67.3 % yield from compound [14].

15 '"H-NMR  (400MHz, CDCls) & 7.70 - 7.36 + 10H, m, ), 7.07 ( 1H,
dt,J = 15.6, 6.8 Hz ),5.93 ( 1H, d, J = 15.6 Hz ), 4.22 ( 1H,
bs, ), 3.66 ( 1H,m,), 2.25 ( 2H, m, ),2.05 - 1.02 ( 31H, m,),

0.93 ( 3H, t, Jd = 7.2 Hz, )

20 cémpduhé [17]
To a solution of compound [16] (0.0625mol) in toluene.(577
ml) was added potassium bromide (0.125mol), 2,2,6,6-
tetramethylpiperidine l-oxyl (TEMPO, 0.0125mol), and 3%- ag
NaHCOs; (0.125mol) and then qooled to 0 °C.

25 After addition of ca 0.9M- ag sodium hypochlorite, the



m),0.93( 3H t,J =6.8Hz, ) C- NMR ( 100MHz, CDC13) 6 220.1,201.0( t,

32Hz),

10

15

20

25

171.58, 151.95, 120.71,118.39 ( t,J = 251Hz),

WO 2013/022079 PCT/JP2012/070411
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mixture was stirred at 0°C for 45 min. ag Sodium
thiosulfate (400 ml) was added and extracted with ethyl
-ether. The organic layer was washed with 1IN-HCl1 (20Q0ml),
agNaHCO; (400ml) and brine (400ml), then dried over MgSO&-
filteredvaﬁd conceﬁt?étéd; ‘&he crude residue was purified
by flash.chromatography (Fuji Silysia silicagei BW-300SP,

10:90 to 20:80) to give compound [17] in 93.1 % Yield.

Compound [18]
(E)-7-[(1R,2R)-2-(4,4-difluoro-3-oxooctyl)~-5-

oxocyclopentyllhept-2-enoic acid

({ 7—[(1R,5R)—2—(4,4—difluoro—3—oxo—octyl)—5~oxo—
cyclopentyl]l-hept-2(E)-enoic acid )
To a solution of compound [17] (0.0582mol) in acetonitrile
(356 ml) was added 46%- ag hydrogen fluoride (O.582moi) at
0 °C. The reaction mixture was stirred at 0 °C for 1 h. The
mixture was added with Water (300ml) and.brine (ZOOml)_wére
added to the reaction and‘extracﬁed with ethyl ether. The
organic layer was washed with waterand brine, then dried
over MgSO4, filtered, aﬁd concentrated. The crude residue
was purified by flash chromatography (Fuji Silysia
silicagel FL-60D, 0:100, 10:80,. 20:80, 30:70 to 35:65

EtOAc/Hexanes) to give Compound [18]in 90.7 % yield.

J



‘54.84, 40.69, 37.72, 33.85, 32.18(t,J = 22 Hz), 32.12, 28. 13,
27.53,27.32,26.75, 26.31, 23.31(t, .J =5 Hz),22.41,13.76
| R(neat ) 29620B0820791740, 1697, 1649, 1285, 1213, 1165, 1028, PCT/JP2012/070411

49

'H-NMR (400MHz, CDCl;) & 7.06 ( 1H, dt, J = 15.6, 7.2 Hz, ),

5.83 ( 1H, d, J = 15.6 Hz, ), 2.76 ( 2H, m, ), 2.40-1.20

( 224, m, ), 0.93 ( 3H, t, J = 6.8 Hz, ) |

C-NMR (100MHz, CDCls) & 220.1, 2oi.o (t, J =32 Hz); 171.58,
5 151.95, 120.71, 118.39 {’g, j = 2511ﬁ25/~54.84;740.é9: 35372,

33.85) 32.18 ( t, J = 22 Hz), 32.12, 28.13, 27.53, 27.32,26.75,

26.31, 23.31( t,.J = 5 Hz), 22.41, 13.76 |

IR (neat) 2959, 2934, 1740, 1697, 1649, 1285, 1213, 1165, 1028,

984, 914 cmt

10



984, 914 cm1 WD 2013/022079PCT/JP2012/070411 50 CLAI M5
phramaceuti cal conposition for treating schizophrenia in a manmal i an
subj ect, WOPIIRRHY an effective anount of a fatty aci dPEEIPAAR/PINd11

represented by 5the formula (1):

hydr oxy,

ox0, wherein the five-nenbered ring may

A

Ais -CH3, or -CH2OH, -COCH20H, -COCH or a functional derivative thereof;
is single bond, -CH2-CH2-, -CH=CH,-CH2- CH2-CH2-, -CH=CH CH2-,
-CH2-CH=CH-, -Ca--C-CH2- or 'CHZ'C:CbiA%Qé is

5

10

15

1. A phramaceutical composition for treating
schizophrenia in a mammalian subjeét, comprising an

effective amount of a fatty acid derivative represented by

the formula (I):

R1—'—A

B—Z—Ra
M

wherein 1L, M _and. N are hydrogen, hydroxy, halogen,
lower alkyl, hydroxy(lower)alkyl, lower. alkanoyloxy or oxo,
wherein the five—membered.ring may have at least one double

bond;
A is -CHi;, or -CH,OH, -COCH,OH, —COOH or a functional

derivative thereof;

B is single bond, -CH;-CH,-, ‘—CH=CH—, —C=C-, -CH,-
CHZ—CH24, ~CH=CH-CH,~, -CH,-CH=CH-, -C=C-CHp-~ or -CH,~C=C-;
Z is
C c C /C\
ANAR
R/4 Rs ’ Rv4“ \R5 ’ O R6 R7‘ or single bond

wherein Ry and Rs are hydrogen, hydroxy, halogen,
lower alkyl, lower alkoxy-or‘hydroxy(lower)alkyl, wherein

Ry and Rs are not hydroxy and lower alkoxy at the same

wherein L, Mand N are hydrogen,
hal ogen, | ower al kyl, hydroxy(gﬁmer)alkyl, | ower al kanoyl oxy or
ave at | east one doubl e 10bond;

B



wherein R4 and R5 are hydrogen, hydroxy, hal ogen, |ower alkyl, |ower alkoxy
or hydroxy(lower)al kyl, wherein R4 and R5 are not hydroxy and | ower al koxy
at the saWwe 2014022023/ 022079PCT/ JP2012/ 070411 51 tinme; ZPCAAB2Z20HWHE oxygen,
nitrogen or sulfur; R6 and R7 are optionally substituted | ower alkyl, which
is optionally linked together to formlawer alkylene; : Rl is a
saturated or unsaturated bivalent | ower or nmedium aliphatic hydrocarbon
resi due, which is unsubstituted or substituted wi th hal ogen, |ower alkyl,
hydr oxy, oxo, aryl or heterocyclic group, and at |east one of carbon atom
in the a'HPQ%QiC hydrgc%rbon S thionalLé substi tuted ?% (0)'¢ gen,cgiérogen
or sul fur:-and 16Ra° 1S &2 & atedlor uhdatraratedt OBl LBF 7 madi | Tphati c
hydr ocar bon resi due, ich is unsubstituted ubstituted wi th hal agen,
oxo, hydr gk TRwerial kY1 =P her LEPRok e FoRbiY 1y kaRd§Foxy, SPttonally
cyclo(lower)al kyl, cycl o(l ower)al kyl oxy, aryl, aryloxy, heterocyclic group
or 15hetr oc}RfFE- oI rotptOl BWER aPRBXy2LkBhwereal kanoyl oxy:
cycl-o(l ower)al kyl ; cycl o(l ower) al kyl oxy; ar¥l; aryl oxy; heterocyclic group;
het er ocycl i c- oxy Fgr dutp, @ afd tat altedstonendptEarbEA dtioMmiant heCHrrpleati c
hydr ocarbon is optionally substituted by oxygen, nitrogen or sulfur.
202. The phesddeut | calirderiposi ti Biidascdebeon bedreaidhraim 1,wwherein iz i s
C=0. 3. The pharmaceutical conposition as described in daim1l, wherein B
i s -CH2- CHZ:subdt i Thiee pharmaeebtitddiutednpesihi oma hsgdescridrezr | m1Gyai,m 251,
wherein Bis -CH2-CH2- and Z is C=0. ' _

hydroxy, oxo, aryl or heterocyclic group, and at least one

of carbon atom in the aliphatic hydrocarbon is optionally
substituted by oxXygen, nitrogen or sulfur} and
10 Ra 1s a saturated or unsaturated lower or medium
aliphatic hydrocarbon residue, which is unsubstituted or
substituted with halogen,‘oxo, hydroxyﬁ'lower alkyl, loWer
alkoxry, lower alkanoyloxy, cyclo(lowér)alkyl,
‘cyclo(l;wer)alkyloxy, aryl, aryloxy, heterocyclic group or
15 hetrocyclic-oxy group; lower alkoxy; lower - alkanoyloxy;
cyclo(lower)alkyl; cyclo(lower)alkyloxy; aryl; aryloxy;
heterocyclic group; heterocyclic—oxy group, and at least
one of «carbon atom in the aiiphatic hydrocarbon 1is
optionally substituted by oxygen, nitrogen or sulfur.
20 2. The pharmaceutical composiﬁion as describedAin Claim
1, wherein Z is C=0.
3. The pharmaceutical composition as described in Claim
1, wherein B is -CH,-CH,-.
4. The pharmaceutical composition as described in Claim

25 1, wherein B is -CH,-CH;- and Z is C=0.



WO 2013/ 022079PCT/ JP2012/ 070411 52 5. The pharmaceutical conposition as
described in Caiml, wherein L is hydroxy or oxo, Mis hydrogen or

hydr oxy, Woi2813mn2ee7egen, B is -CH2-CH2- and Z is C=0O 6. PTmgPphanTaatieut i cal
conposition as described in daim1l, wherein the fatty acid derivative is
(-)-7-[(1R 2R)-2- (4 , 4-dif|uoro-3-oxo%%tyl) - 5- oxocycl opent yl | hept anoi c
acid, (+)-isopropyl(2)-7-[(1R 2R, 3R, 5S) -3, 5-di hydr oxy- 2-( 3-

oxodecyl ) cycl opentyl ] hept - 5- enoat eor (E)- 7-[ (1R, 2R) - 2-

(4, 4-di fl uoro- 3-oxooctyl)-5-oxocycl opentyl ] hept - 2- enoic 10acid. 7.

A dof 7-[ 2- fl h
acid or fuhet on&hed@ﬂw%%%teﬁ@ﬁé’gﬁ%%ﬂ%%% PEFyPaE] aPaorrvl | ve

represented by the 15formula (1): wherein L, M and N are hydro en,
hydr oxy, Hald@%%Fe%%Wkrl%l@&@roﬁyd96x9§Pomﬁr}élRYﬂrogﬁﬁePraPW§ﬁ8¢W0x9]or
0XO0, wherein the five-nenbered rln% nay have at | east one double
20bond; is hydrogen, B is -CH»-CH;- and :
| 6. The pharmaceutical compdsition as described in Claim
5 1, wherein the fatty acid derivative is (-)-7-[(1R,2R)-2-

(4;4—difluoro—3—oxooctyl)—5—oxocyclopentyl]heptanoic acid,
(+)-isopropyl (Z5f7—[(1R,2R)3R,58)—3,5—dihydroxy—2—(3—
oxodecyl)cyclopentyl]hethS—enbate or (E)—7—[(1R,2R)—2—
(4,4—difluoro—3—oxooctyl)—5—oxocyclo§entyl]hept—Z—enoic

10 acid.
7. A compound .of 7-[2-(4,4-difluoro-3-oxooctyl)-5-

oxocyclopentyl]lhept-2-enoic acid or functional derivative

thereof.
8. Use of a fatty acid derivative represented by the
15 formula (I):
L
R1_—A
N (1)
B—Z—Ra
M

wherein L, M and N aré hydrogen, hydroxy, halogen,
lower alkyl, hydroxy(lower)alkyl, lower alkanoyloxy -or ogo,
wherein the five-membered ring may have at least one double

20 bond;

A is —-CHjz, or —-CH,;0H, -COCH,CH, -COOH or a functional



WO 2013/ 022079PCT/ JP2012/ 070411 53 derivative thereof; Bis
single bond, -CH2-CH2-, -CH=CH, -CC-, -CH2- CH2-CH2-, -CH=CH CH2-,

- CH2- CH=QMO 20130822Q@M2- or -CH2-CC-; Z is wher ECHIRPIZAWIRS are
hydr ogen, hydroxy, hal ogen, |ower al kyl, |ower al koxy or v

hydroxy(l ower)al kyl, wherein R4 and R5 are not hydroxy and | ower al koxy at
the sanme tine; Z1 and Z2 are oxygen, nitrogen or sulfur; R6 and R7 10Oare
optionally substituted | ower alkyl, which is optionally |inked together to
form | ower alkyl ene; Rl is a saturated or unsaturated bival ent

| ower or [ | i drocarbon residue, which is unsubstituted or
-substitu?%%?%g%q?jhgpgg%%? ‘ower al kyl, 15 hydroxy, oxo, aryl or

het erocyclic group,. and . at | east one of carbon atom|jn the aliphatic
hydrocarbon is optibhalfy9dEbst?idt ed By 6%y gen,” At ogen 67 sul firiz and

Ra is a saturated or _unsaturated | ower or nedium aliphatic hydrocarbon

resi due, WhizchHes, urStBSET it ed drizddimsstit i"aF-Wien R4l 6§8AT CBxo!

hydr oxy, |ower al kyl, |ower al koxy, | oweral kanoyl oxy, cycl o(l ower) al kyl ,
.cyclo(loMer)aIkon%@ﬂ‘hryl, aryl oxy, heterocyclic group or hetrocyclic-oxy
group; | ower al koxy; |ower al kanoyl oxy; C ‘

C /\

C . C
/, ‘\‘ “ 21 22
SN L 1
(@)

Re Rs , Rs Rs Re

2

R .
7 or single bond

wherein Ry and. Rs are ‘hydrogen, hydroxy, halogen,
lower‘alkyl,.lower alkoxy or hydroxy{(lower)alkyl, wherein
R; and Rs are not hydroxy and lower alkoxy at thevsame
time; 2, and.Zz are oxygen, nitrogen or sulfur; Re¢ and Ry

10 are optionally substituted lower alkyl, which is optionally
linked together to form lower alkylene;

R; is a saturated or unsaturated bivalent lower or
medium aliphatic hydrocarbon residue, which is
unsubstituted or substituted with halogen,‘ lower alkyl,

15 ~hydroxy, oxo, aryl or heterocyclic group, and at least one
éf carbon atom in the aliphatic hydrocarbon is optiocnally
substituted by oxygen, nitrogen or sulfur; and

Ra 1s a saturated or unsaturated lower or medium
aliphatic hydrocarbon residue, which is unsubstituted or

20 ~ substituted with halogen, oxo, hydroxy, lower alkyl, lower
alkoxy, . lower alkanoyloxy, cyclo(lower)alkyl,
'.cyclo(lower)alkyloxy, aryl, aryloxy, heteroéyclic group Or

hetrocyclic-oxy group; lower alkoxy; lower alkanoyloxy;




- WD 2013/ 022079PCT/ JP2012/ 070411 54 cycl o(l ower) al kyl ; cycl o(| ower) al kyl oxy;
aryl ; aryl oxy; heterocyclic group; heterocyclic-oxy group, and at |east one
of carborwetomvizeohe al i phati c hydrocarbon is optional lpgrgebatHtied by
oxygen, nitrogen or sulfur, in treating schizophrenia in a mammalian
subject in need thereof. 9. Use as described in Claim8, wherein Z is C=0.
10. Use as described in Caim8, wherei ‘Bis -CH2-CH2-. 11. Use as
described in Caim8, wherein Bis -CH2-CH2- 10and Z is C=0. 12. Use as
described in CaimS8, wherei n L is hydroxy or oxo, Mis hydrogen or
hydroxy, Nis h)idro gen, is - CH2- and.Z is C=0. 13. Use as descri bed
in Cai m8YSWRELEME Tt ﬁéW&ty %&‘:(FHO tbeeet vat kyeorys aryl; aryloxy;
(-)-7-[(1R 2R) - 2- (4, 4-di f | uor o- 3- oxoocty1) - 5- v '
oxocycl op&stpirPkestldsoi ¢aevd; (Hetissopnpyl ¢ Hxy- group, and at least
[ (IR 2R, 3R, 5S) -3, 5-di hydr oxy- 2- ( 3-
oxodecyl ) opel opﬂefnt yddHept - 52evwat eor ( ERe7- pliRN2R)L2- hydrocarbon is
(4, 4-di fl uor o- 3- oxooct y1) - 5- oxocycl opent yl ] hept - 2- enoi ¢ 20aci d.

optionally substltuted by oxygen, nitrogen or sulfur,

f5, in treating schizophrenia in a nmmmalian‘subject in need
" thereof.
9. Use as described in Claim 8, wherein Z is C=O0.
10. Use as described in Claim 8, wherein B is -CH,;-CHj,-
11. Use as described in Claim 8, wherein B.is -CH,~CHy-
10 and Z is C=0.
12. Use as described in Claim 8, wherein L is hydroxy Qr

oxo, M 1s hydrogen or hydroxy, N is hydrogen, B 1is =-CH;-

CH,- and Z is C=0.

13. Use as described in Claim 8, wherein the fatty acid
15 derivative is (-)-7-[(1R,2R)-2-(4,4~difluoro-3-oxooctyl)-5-
oxocyclopentyl]heptanoic acid, (+)-isopropyl (Z2)-7-

[ (1R, 2R,3R,58)-3,5-dihydroxy~-2-(3-
oxédecyl)cyglopentyljhept—S—enoate or. (E)=7-[(1R,2R) -2~
(4,4—difluoro—3—oxooctyl)—5—oxocyclopentyl]hépt—Z—enoic
20 acid.
| 14. Use of a fatty acid derivative repfesented by the

formula (I):



14. Use of a fatty acid derivative represented by the formula (1): WO
2013/ 022079PCT/ JP2012/ 070411 55 . wherein L, Mand N are hydrogen,
hydr oxy, Wweal2otpen20bower al kyl, hydroxy(l ower)al kyl, | owRCTAPRAOYHOIXY OF
oxo, wherein the five-nenbered ring may have at | east one doubl e 5bond,;
Ais -CH3, or -CH20H, -COCH20OH, -COOH or, functional derivative thereof;

B is single bond, -0H2-CH2-, -CH=CH, -CC, -CH2- 'CH2-CH2-, -CH=CH CH2-,
-CH2-CH=CH, -CC-CH2- or -CH2-CC-; 10Z is wherein R4 and RS are
hydr ogen, hydroxy, hal ogen, |ower alkyl, |ower al koxy or

hydr oxy(l ower)al kyl, wherein R4 and R5 are not hydroxy and | ower al koxy at
the sanme 15 tine; ZI and Z2 are oxygen, nitrogen or sulfur; R6 and R7 are
optionally substituted | ower aIkyI,.thfh_L optionally linked together to
form| ower alkyl ene; RY~~s_3 urafed or unsaturated bival ent

| ower or nediunaliphaticnydrOr esi due, whi chi s

(I)

B—Z—Ra

M

. wherein L, M and N are hydrogen, hydroxy, halogen,
lower alkyl, hydroxy(lower)alkyl, lower alkanoyloxY'or oxXo,
.wherein the fivefmemberéd ring may have at least one double

5 bond;
A is -CHs;, or -CH,OH, -COCH,0H, -COOH or a functional
derivative thereof;
B is single bond, —CHQ—CHZ—, -CH=CH-, -C=C-, -CH,-

CHy-CHy3-, -CH=CH-CH;-, -CH;-CH=CH-, -C=C-CH;- or -CH;-C=C-;

10 Z 1is
C
S N Z, Z
' \ / \ W
R4 Rs , R4 Rs O ; Re R7 or single ‘b'Ond

wherein Rs and Rs . are hydrogen,l hydroxy, halogen,
lower alkyl, lower alkoxy or hydroxy(lower)alkyl, wherein
Ry and Rs afe not hydroxy and lbwer alkoxy at the same
15 time; Z} and Z, are oxygen, nitrogen or sulfur; Rg and R{'
vare optionally substituted lower alkyl,_which is optionally
linked together to form lower alkylene;
R1 1s a saturated or unsaturated bivalent'lower or

medium aliphatic hydrocarbon residue, which is



WD 2013/ 022079PCT/ JP2012/ 070411 56 unsubstituted or substituted with
hal ogen, |ower al kyl, hydroxy, oxo, aryl or heterocyclic group, and at
| east oneWOR0BAZRBYA atom in the aliphatic hydrocarbon i #CEEPLIANATHIA

substituted by oxygen, nitrogen or sulfur; and Ra is a saturated or
unsaturated | ower or nedium aliphatic hygéocarbon resi due, which is
unsubstituted or substituted with hal ogen, oxo, hydroxy, |ower alkyl, |ower

al koxy, | ower al kanoyl oxy, cyclo(l ower)al kyl, cyclo(lower)al kyl oxy, aryl,
aryl oxy, heterocyclic group or 10 hetrocyclic-oxy group; |ower alkoxy;

| ower al kanoyl oxy;. .cyclo(lower)al kyl f_ cycl o(l ower)al kyl oxy; aryl;. aryl oxy;

het er ocycl PEngﬁﬁb;tuﬁgfierBEycﬁ“%k%S-to{vtg?%uﬁfl(%h\é\géﬁolgg 3t }t;ﬂ‘ée& %Ja]F%%h at om

in the alighatic hydrocarbon is o tionall¥ substituted by oxygen, nitrogen
or sul fur, RYSEBRYr h@Fran@Fact e 0F & Medf tarefEOFBr erfatitng thi zophrenia

in a manmal i an subject in need thereof. 15. Use as described in Caim 14,

wherein Z P§ C20Pore.a2t®e a8 d&€scrilbedanl € BYAF242rRABr éiSn BT OnTHRY CHe- .

17. Use as-described in Claim14, wherein B is -CH2-CH2- 20and Z is C=0.

18. Use assdbstiicb&@di RYCR&#YRED4, Mittecgieon 101 $SUldIoxy2T sk oxo, Mi's ,

hydrogen or hydroxy, N is hydrogen, Bis -CH2- CH2- and Z is C=0. 19. Use

as described in QRai msl4a weesrwiargde ofrat tlysacihdaRsderlioretyd veri stedium

(-)-7-1(1R 2R) - 2- (4, 4-di fl uor o- 3-oxooctyl)-5- WO ‘

2013/ 022079PCPhaP201 2 @I0AdArEIn residue, which is unsubstituted or
substituted with halogen, oxo, hydroxy, lower alkyl, lower
alkoxy, . lower alkanoyloxy, cyclo(lower)alkyl,
cyclo(lower)alkyloxy, aryl, aryloxy, heterocyclic group or

10 hetrocyclic-oxy group; lower alkoxy; lower alkanoyloxy;
cyclo{lower)alkyl; cyclo(lower)alkyloxy; aryl; aryloxy;
heterocyclic group; heterocyclic-oxy group,  and at léast
one of carbon atom in the aliphatic hydrocarbon is
optionally substituted by oxygen, nitrogen or sulfur,

15 for the manufacture of a medicament for treating

schizophrenia in a mammalian subject in need thereof.

15. Use as described in Claimll4, wherein Z is C=0.

lo. Use as described in Claim 14, wherein B is -CH,;-CH;-.

17. Use as-described in Claim 14, wherein B is -CH,;-CH;-
20 and Z 1s C=0.

18. Use as described in Claim 14, wherein L 1is hydroxy

or oxo, M is hydrogen or hydroxy, N is hydrogen, B is -CH;-
CHy,- and 7 is C=0.
19. Use as described in Claim 14, wherein the fatty acid

25 derivative is (-)-7-[(1R,2R)-2~(4,4-difluoro-3-oxooctyl)-5-



oxocycl opentyl i hept anoi caci d, (+)-i sopropyl (2)-7-
[ (1R 2R, 3R, 5S) - 3, 5-di hydr oxy- 2- ( 3-
oxodecy! )wpchmprmizy| | hept - 5- enoateor(E)-?-[(lR,2R)e2- PCT/JP2012/070411
(4, 4-di fluoro-3-oxooctyl)-5-oxocycl opentyl | hept-2-enoic 5acid. 20. A nmet hod
for treating schizophrenia in a nannalig$7subject, whi ch conpri ses
adm nistering to the subject in need thet'eof an effective anount of a fatty
~acid derivative represented by the forrmula (I): 10 wherein L, Mand N
are hydrogen, hydroxy, halogen, |ower alkyl, hydroxy(lower)alkyl, |ower
al kanoyl oxy or oxo, wherein the five- member ed rlng may have at | east one
doubl e bon@XOaBALpren THBh et AarCHIDH, ACBCH20H, OO B @@ lunct i Gnal 7
derivative thereof; - B is single bond, -CH2-CH2-, 7CH=CH, -CC,
- CH2- CH2- CHPR, 2R GRRCPE DFD. S-dEhpdePigrR 3C—--C—CHZ or -CH2-CG; WD
2013/022079PCT/JP2012/070411 L 58
oxodecyl)cyclopentyllhept-5-enoate or (E)=-7-[ (1R, 2R) -2~
(4, 4-difluoro-3-oxooctyl)-5-oxocyclopentyl]lhept-2-enoic
5 acid.
20. A method for treating schizophrenia in a mammalian
subjedt, which comprises administering to the subject in
need thereof an effective amount of a fatty acid derivative
represented by the formula (I):
L

R1__A

_ | B———Z—f—Ra
10 | M
wherein L, M and N are hydrogen, hydroxy,‘ halogen,
lower alkyl, hydroxy(lower)alkyl, lower alkanoyloxy or oxo,
wherein the five-membered ring may have at leaét one double
bond;
15 A is —~CHz, or -CHy,OH, -COCH,O0H, -COOH or a functional
derivative thereof;
B is single bond, -CHy-CHy-, -CH=CH-, -C=C-, -CH;-
CH,-CHp-, -CH=CH-CH,-, -CH,~CH=CH-, -C=C-CH,- or -CH,-C=C-;

Z 1s



wherein R4 and R5 are'hydrogen, h&droxy, hal ogen, | ower al kyl, |ower al koxy
or hydroxy(l ower)al kyl, wherein R4 and R5 are not. hydroxy and | ower al koxy
at’ the sawe2013/2ove; Z1 and Z2 are oxygen, nitrogen or. artfiezei2/Re4and R7

are optionally substituted | ower aIkyI which is optionally. linked
together to form | ower alkyl ene; iﬂ.ls a saturated or unsaturated
bi val ent | ower or nedi unaliphatic. hydroé% bonr esi due, whi chis 10

unsubstituted or substituted with hal ogen, |ower alkyl, hydroxy, oxo, aryl
or heterocyclic group, and at |east one of carbon atomin the aliphatic
‘hydrocarbon is optionally substituted by oxygen,~nitrogen or sulfur; and Ra

is a saturate unsaturate& | ower or i um 1p4al i phatic hydrocarbon
resi due, mhlc |s unsubst i ed or substifjut edzwi hal ogen, oxo, hydroxy,
| over al kyl ,, r alkoxy omer aIkanoyI*xy, &clé{lomer)alkyl
cyclo(lome aIk oxy, ary Wboxy, het erocy roup or hetrocycllc oxy
group; bowe 4alk néyl oxy; 2 cycl@( Ir) alikyllie bond

cyclo(lomer)alkyloxy aryl; aryloxy; heterocyclic group; heterocyclic-oxy"
group, and at Ieaﬁmexﬂmsloﬁ4canbbnRatGﬂxﬂnhwdeoabmphamY@rhyﬁrcxkﬁlﬁgﬁns
optionally substituted by oxygen, nitrogen or sulfur.
VW2013/022D3®§ETBJR3012/Dﬁ@ﬁﬂlaEQolechhbydEDhgdlasedeaékyhedwheﬁﬁfnrn20
wherein Z is C=0. 22. The method as described in Caim?20, wherein Bis -
CH2- CH2-. B23ahhbe M£tﬁﬁd asmtdesgdirbeg iand aome20, a Waex gl mtB tRe- LHZ= CH2-
and Z is C=0.
5 tlme;izl and Z, are oxygen, nitrogen or sulfur; R and R7
are optionally substituted lower alkyl, which is dptionally
linked together to form lower alkylene;
R; 1is a saturated or unsaturated bivalent lower or
medium aliphatic hydrocarbon residue, which is
10 unsubstituted or substituted with halogen, lower valkyl,
hydroxy, oxo, aryl or heterocyclic group, and at least one
of carbon atom in the aliphatic hydrocarbon is optionally
substituted by oxygen, nitrogen or sulfur; and
"Ra 1s a saturated or unsaturated lower or medium
15 aliphatic hydrocarbon residue, which 1s unsubstituted or
substituted with halogen, oxo, hydroxy, lower alkyl, lower
>alkoxy, lower alkanoyloxy, cyclo(lower)alkyl,
cyclo(lower)alkyloxy, aryl, aryloxy, heterocyclic group or
hetrocyclic-oxy group; lower alkoxy; lower alkanoyloxy;
20 cyclo(lower)alkyl; <cyclo(lower)alkyloxy; aryl; aryloxy;
heterocyclic group; heterocyclic-oxy group, and at least

one of carbdn atom 1in the aliphatic hydrocarbon 1is

optionally substituted by oxygen, nitrogen or sulfur.



24. The nethod as described in Claim20, wherein L is hydroxy or oxo, Mis
hydrogen or hydroxy, N is hydrogen, Bis -CH2-CH2- and Z is C=0. 1025. The
met hod asW@e8EY28 in C ai m 20, wherein the fatty aci dPEEIPIARPINEL] s
(-)-7-1 (1R 2R)-2- (4, 4-di fl uoro- 3-

oxooct yl) - 5- oxocycl opentyl | hept anoi caci d,q( +) - i sopr opy!|

(2)-7-1 (1R 2R, 3R, 5S) - 3, 5-di hydr oxy- 2- ( 3-

oxodecyl ) cycl opentyl ] hept -5-enoateor (E)-7-[ (1R, 2R) - 2-

15(4, 4-di f 1 uor o- 3- oxooct yl) - 5- oxocycl opent yl | hept - 2- enoi ¢ aci d.

21. The method as described in Claim 20, wherein 7 1is
C=0. |
22. - The method as described in Claim 20, wherein B is -
CH,-CH,-.

5 23. The method as describéd in Claim 20, wherein B is -

CH,-CH,- and 7Z i1s C=0.
24, The method as described in Claim 20, wherein L is
hydroxy or éXo, M is hydrogen or hydroxy, N is hydrogen, B

is -CH,-CH;- and Z is C=0.

10 25. The method as described in Claim 20, wherein the
fatty acid derivative is (-)-7-[(1R,2R)-2-(4,4-difluoro-3-
oxooctyl)—5—oxocyclopéntyl]beptanoic‘ acid, (+)~isopropyl

(Z2)-7-[ (1R, 2R, 3R, 58)-3,5-dihydroxy-2-(3-
'oxodecyl)cyclopentyl]hept—S—enoate or (E)=-7-[(1R,2R)-2-
15 (4,4-difluoro-3-oxooctyl)-5-oxocyclopentyl]lhept-2-enoic

acid.



