EP 0 463162 B1 Description TECHNI CAL FI ELD 5 This invention relates to
a manufacturing process of [err] derivatives having m phenyl ene structure,
i.e., a conpound represented by the ErRo48aMe2BNI1]: [err] 10 15 (wherein R2
represents nethyl or ethyl; [err] represent ‘hydrogen atom or nethyl) which
is ugeful apedbriptfdn anti -t hr ombus agent. BACKGROUND ART As a process for
manuf acturi ng m phenyl ene type Pd 2 derivatives which have an a-side chain
cont ai ni ng 2ECANICAL bigpp at ons, processes shown in Charts 1 and 2 (discl osed
in Japanese Laid QOpen PatentApplication (Ko- kai) Nos. 36477/81 and
124778/ 83, r esTraGhvientidh yelateditdla méniattuiing ptobess bi Gy dafivativas havihg waphe®ené structure, i.e.,
Pr ost agl andiarcomidundreiresented byathelfotrmuld@llly i ene Research', vol .15, p.279) are
known. 30 35 40 45 50 55 2 EP 0 463 162 Bl [err] 10 20

[err] [err] 25 35 COOR,
[err] 40 [er] 45(err] 55 3 EP 0 463162 Bl1 5
[err] 10 0 .
o R [W]
( ¢ ~R;
: z
15 HO
HO -
‘\_/ {wherein R, represents methyl or ethyl; R; and R, represent hydrogen atom or methyl) whlch is useful as an

20 anti-thrombus agent.
BACKGROUND ART

As a process for manufacturing m-phenylene type PG, derivatives which have an a-side chain containing

25 4 carbon atoms, processes shown in Charts 1 and 2 (disciosed in Japanese Lgjd Open Patent Application (Ko-

: kai) Nos. 36477/81 and 124778/83, respectively) and shown in the literature ("Advances in Prostaglandm.
Thromboxane and Leukotriene Research®, vol.15, p.279) are known



10 15 [err] 20 [err] 25

[err]_30 [err] 35 45 50 55 4 EP0463162B1 [err] 50

2,5,6,7-tetranor-4, 8-inter-mphenyl cER0olEx162B1 deri vati ves are disclosed in
EP- A-O 274 064. The synthesis is starting froma conpound of formula 55 5
EP 0463162 Bl [err] 5 10 which again is produced via the follow ng
reaction schene 15 20 [err] 25 30

[err] [err] The afore nentioned di bronp-conpou is already known from

EP- A-0 060 640. However, the conventional nmanuffacturing processes descri bed
above have a variety of drawbacks which are di gadvantageous in the

i ndustrial production in large scale, i.&., in that the reproducibility Is
poor, a large 45 nunber @f steps need t@ enploy columm chronatography, the
stereosel ectivity and the|regi ospecificipy e posr, reactions which are

carried out at |ow tenperfture are neces openats on |I's troubl esone,
yield is®ow and sp on. D} SCLOSURE OF THE I'WVENTI$N©
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50 Accordingly, the object of the present invention is to provide a novel
manuf acturi ng process of [err] der- ivatives having m phenyl ene structure
which Is excellent in the stereosel eBRG4681162B1 he r egi ospecificity, ease of
operation and reproducibility. The present i'nventors investigated
Intepsively to find a novel process for synthesizing mphenyl ene PG 2 55
derivatives to acconpli sh this invention. The present invention relates to
a process for manufaftung 5,6, 7-trinor-4, 8- i nter-mphenyl ene [err] der-
i vatives represente% ormula [VII] as shown in Step A [err]

deri vaties obtai ned >t hod of the present invention are nanmed based
on the rules of no-'% 463 162 Bl nencl ature for ost agl andi ns and
prostacycl i ne anal ogues is defined by N. A Nelson€t al. [N A

Nel son, J. Med. Chem, 1 d R A Johson, 20 Morton, N.

111( 197 )
A. Nel son, Prostaglanding, 15. 787 (&9 The fundanenyal ound whi ch
has i ntef m phenyl ene stfucture in @eq enol et of
[err] is represented by §he follow ng f Ee position Le
assi gned as shown in thelfollowing 5 fo gd the conpo s NEned

5,6, 7-trinor-4,8-inter-mphenyl ene PG 2. ¥0 X [ x

[err] 20,15 In acco.Ldaﬁbe V\gtth this nonmenclature, the conpound,represented
by the followi ng fd® i sGnaned 16-ne- 2@ thyl-18,1 :
9tetradehydr0563 ,8-inter-mphenylene [err] 25 [erqd] 30 If this
conpound is naned in agc nce wwth the fprmal rule of nomencllature, It Is
naf dasabgyric aci ¥ative. .In this case. the noletyof |the

condensegh ri Ngs i s naneg baséd on tge él—l—cycl opent a[ b] @nzofuran 35 of

the fornula: &0 [err] 4% Thus, it i8 0
4-[ 2- endo- hy® oxy- 1- exo{( 3- hydr oxy-$4:

net hyl - 6, 7-t & r adehydr 0o{1- oct nyl ) - 3a, Sbﬂ\ 13, 3a, 8b-
H 5- cycl opent a[ b] benzofuranyl] butyric 3 2 he prese i catl on
the struetural fornul & of the corrpound | shown to represedion yb.n

t he optical isoners. , it is intended that these strpc g:a? forrrul ae
include the d-, 1-§ tical isonmersfTand indication of the" absolute
configuration, so ¥ indication of fR- and S- Is omitted in the

naki ng. BEST MODE FOR RYI NG OQUT THE | NVENTI ON The net hod off the present

| nvent i off may be carri O in accordancé with the follow ng|process shown
55 in Step A 7 o< '
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EP O 463162 Bl [err] [err] 10 [err] [err] 20 [err] 25 [err]
30 [err] 35 Each of the steps will now be described in detail. 45 Step
A-1 i's a process in which the di brorepdst68 G&2Bjound 1) is converted to
transdi acetate by so-called Prins reaction and then the reaction product is
hydrpol yzed to give a diol (Conmpound 2). Usually, Prins reaction is carried
out by heating the di brom de and formalin org conpound equi val ent to
formalin in acetic acid solvent in the presegce of an acid. Exanples of the
conmpound equi val ent t.o for,malin include para®ornal dehyde and 1
,3,5-trigxane. As a catalsst, sulfuric acid,Mchlorosul fonic acid,
trichloroacetic acid, tri g.l uoroacetic acid, fribro- 50 noaceticgacid,
perchloric acid, Ephosphorl;c acid and the |i k& may be enpl oyed. ual ly,

sul furic acid maf be prefarably enployed. Thigs reaction may be ®arried out
at a tenperatureSranging & omroomtenperatufe to 200 C. Usual L'_'}/
preferred® reactiQOn be obtaiped at ajtenperature ranging from®60 to
90 C After re ' ol vent ar®dl soli _ﬁori gi nated from f orfral dehyde,
the reaction productYmay—¥e hydrol y&ed wt n al kali w thout pg&ification:
The hydrol ysis nmay e&si i PV ng the obtai n&l product
in a solvent 55 such a&s netanol oryet jd by adding theretjo not |ess
than 8 edflival ents of an ag¥eous so o- di um lgydr oxi g:gx pot assi um
hydr oxi de, sodi um carbpnate or potassi urf cArfonate. Th§ reactio
may be purified by coljum chromat-ogr aphy Pica gel© Stgp A-
process in which the diol di brom de (Corrpo:’c'lnd 2% reactgd \ a Qgignard
reggént Lp ex- 8 EH0463162B1 change th§ bronine onlé ~

of Conpound 2 for magnesi um halide, then this organonetalli
reacted with nmethyl fornylpropionate, and{the resulting pro 4
hydrol yzed so as to Introzjce an a%de clain. As the Gign®&d re§gent,

et hyl magnesi um Qr om de, propyl nesi um brom de, isoprogyl nmagnesi um
brom de, 2£ycl ohegl magnesy um brom g, et hyl gagnesi um chl offi de, n-propyl
magnesi um chl or - i de, .§ sopropyl i ungchl ori de and ¢ycla@hexyl
magnesi um chl ori gk be ©enpl oyed. Mede, 1so- propyl nesi um
brom de, cycl oheXxyl um brom de and | ohexyl magnesifumhl ori de may
prefer- ably be €np Preferred exa eb the sol vent enﬁj’oyed in the
G i gnar d 3%xchange r e; i ncl ude x ot €
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50 2,5,8,7-tetranor-4,8-inter-m-phenylene PGl derivatives are disclosed in EP-A-0 274 084. The synthesis is
starting from a compound of formula .



et hereal solvents such as ether, tetrahydrofuran (THF), 1,2-di nethoxyethane
(DME) and di oxane. Anong these, THIF is especially preferred. The reaction
may be carried out at a tenperature EP0M$BneRET om -40 to 300C, 10

preferably -20 to [err] After renoval of the solvent, the conpound obtai ned
by this reaction is dissolved in me- thanol.and is subjected to

hydr ogenol ysis in the presenceée of pall adigm Ca S a catal yst and an
acid, Ex- anples of the acid may includelm neral acids such as hydrochloric
acid, hydrobromc acid, sulfuric acjd apd~hosphoric add, or organic acids
such as exalic acid and acetic aci d¥ l"@ preferred results are
obt ai ned by using hydrochloric aci ReUgh the reaction maybe carried
outata tenperature ranging from -¢ [err] 15 preferred results are
obtai ned at roomtenperature. The fic.,&Pn may be conducted by silica
gel colum chromat ography. The stgp ANASs a process of conducting the
follow n® three processes in oRQpot. 1) selective protection of the

pri mary hydroxyl group, 2) esterification of the secondary hydroxyl group
and 20 3).re ener i on. of the droxyl group The reagent

enpl oyed for")"'lﬁ ceskvia;thfolipwin ?”H%F%&yl group may i nclude .

t - butyl di met hyl si | yl chlorlde trityl chloride, triphenylsilyl chloride,

di -t-di blftyl silyl chloride, di®henyl nethylsilyl chl ofCH® and the |ike.
Anong these, trityl chloride nRy be nost preferably efpl oyed. As a sol vent,
et hereal solvents such P-a , ~qnd aprotic solvents

such;as N, N-di net hyl f or @ ) and the Ii bref erably 25
enptoyedy Anong t heseg ' pmted, @20 : br ef er abl y enpl oyed
for silylation, and ’ g prably e ﬁ ‘ ptyrarton. This
reacti on may be pref ed-s carried out in thg prgsence of” 5 base. Preferred

exanpl es of the ba Si ncl .
Al t hough not [imte®d imgazole may. be pr@@rabl Y enpl oyed for silylation
and trieehyl am ne may beo?{ef erably enpl oyed for I&ri tylation. The reagents
enpl oyed for protection of the secondary hydr dxﬂ group may Include acetic
anhydride, o-toluoyl 30 .chloride, p-totuoyl chloride, benzoyl chloride,
mt ol uoyl chloride, p-t-but = chI ori de, p-phenyl bepaQyl chloride,

3, &-di ni trobenzoyl, N-phenyljcar bdaBdMe[ err] - napht hoyl
[err]-naffht hoyl chloride and_the i ke. Among t hese,
be nost preferably erm) 1, Nie renoval of the pr e group of the
prinmary al cohol nay o by using an acid Exanpl es of the
acid may include such _as hydrochl ogf .ulfuric acid and
nitric agid;, sulfo uch as p-tol uene @

sul fonic acid and ¢ D- canphor sul fbnl ¢ aci d; chl oroacetic

aci d, bromaceticsacid,\Ntrifluoroacetic acid agd=t®e |i ke. In general, | -
6N\hydroch| ori ¢ HO d- nt hanol may be pref em_t&,\/ enphoyed. The renoval of
the silyl group may bdHttai ned by using tetrabut n| umfluoride In

addi ti ongt 0o the above-described acids. These reac 2) and 3) nmay be
carried out at a tenperature ranging from-20 to [err] Hovvever, t he

trityl at i on Thesforb eeqtioeéditadroycompounidi s talpskdpknown tramERAD060 8400f 50 to [err] In
the ot her reactaweyes thexufiventional manufasturingiprocasses dascribed aboveehavezevaity efidrawbacks whichom
t enper at ur e afe'niﬁed‘;pﬂwe'@tm b indystriabpresipction idaras scple; i-eh i thahihe eeprodugibilitydnecor, 8 lsrge
pot) may%*be npober peed teemalaytcalumg ohsematagraphy; the ste #y anethe maigwa ?'%c'tb?'
short colu mﬁ°?f'H‘P96H?i‘P U&F‘h‘iﬁh‘fﬂ"&ﬂd Opfat low temparpture areHATPSIAFH HQ'F Hpskipsome, yield is fow
Especi al | y, 34% %Bonpound represented by the fornula [1] in which [err] is

brocess of SbePRoBFHERRENFORIICI ' 0 an al dehyde (Compound 4): The
reagent errpl Oyl?cgorb g;e o{)&g&tgf tﬁee&gsteht(?lﬁréllgﬂiﬁq?ﬂdi%VIdglatn \%H%]nu Ln '@pmcésggf PGI, der-

?RC%’SL??? X:: ﬁav tnd SterebserREHY, iodpecificity, ease of

di met hyl sul fl dﬁ/ehkebangmaurs%&tmmﬁmnsﬂwﬁtfm b kod@s(sfob&yafnwﬁr{gbﬁphea eneFai;
obt ai nedssal deuifles BRYcoRBlish BN iMé@dn] N t he next reactl on without furt
purification. Yhepisehtiivehondeldésds£5iScesd forRGiaddsing 86,V ifhod, SinlapslPhaiy@nd mz der-
| it hi um sal tivatifes telp@sehtedBy thy Fapfids IMIDR3havnliestecA. sented by the fol [ ow ng

formul a PG, derivatives obtained by the method of the present invention are named based on the rules of no-
6



50 [err] 55 (wherein R2 represents nethyl or ethyl; and R4 represents

hydr qgen atom or nethyl) so as to obtain an [err] unsaturated ketone
(Conpound [1111]. The sol vent enpl oy&RD 46a 161331 reaction may include- et hereal
sol vents such 9 EP 0 463 162 Bl as ether,” THF, DME and the I|ike.

Further, solmneaddtire fof frsdtaglahdiis ahdYosBle iR affseubd vhﬁ:q is%&ln&%}thA NG8orGhal. 3. R, KeBon,
ployed in Wil MédycHeRaat,io®f\1974 knd AlIBhsn, DL &Y PrbtagiERBhS 05 78R Ya7Bf
preferably anpfunystntaildompslind@hict kg Imvémm.bw& Qtrlf&lee |h %Ia&é’tff”ek@&iolz&ﬁ'e_r tructure of
accor dance Gl depresehiali bythe followingderinula) The positibn nGrabieRyaredssighed ad shofiin théRiBwing
Soc., 885 S&srhulg, @Gk rompouridds mened 6,6,7-arinbl-4,8-mteH-i pheryRAckE&ION MRy be carried
out at a tenperature ranging from-78 to [err] preferably -20 to [err] The
product (Conpound [I11]) obtained byzthl S reaction may be purified easily
by recrystallization after renovap b@d,,eagent by col umm chr omat ogr aphy
on silica gel, or by a colum chrjopt ography usually enployed in the art.
Especi al foy, Corrpound [I11] havipg tol uoyl group as [err] nmay easily be
purified by recrystallization. StepA-6 is a process of reduction of
the [err] -unsaturatedket-oneHdeS al cohol . The preferred exanpl es of
t he reduci ng agent enpl oyedid fact | cm n'al,a i ncl ude, al though not
limted, Jerr] binaphthol, diisef A 628i met hyl phenoxi de) ,
alum numtrii sopropoxi de, and NlaB, GY fgde. When this reaction is
carried out using [err] -bi néﬁ?ﬂ hol or ddHsopropyl al um num (2, 6-

di met hyl phenoxi de), ethereal solvents such as ether, THF, DME, dioxane and

the_J i ke mayh dosorfone athai dordiata, thedoRyaiid Adfresbn @by KB Tollow NSk RS5fRed ThE. | S
especi al oy phylefecionarhdehlydis-58FtrinoldlSnter-fkpherdyRAEPEIRN 1S carried out by using
alum numtriisopropoxi de, aromatic hydrocarbons such as benzene, t.ol uene,

xyl ene and the |like may be preferably enployed as a solvent. Anong these,
benzene may be npst preferably enp > O0hen the re- action is carried out
usi ng sodi um bor ohydri de-ceri um ride, although not limted, alcoholic
sol vent s¥such as net hanol, et ggf hnd the |ike nmay be preferably enpl oyed.
Al t hough t he al cohol obtaln i is reaction 30 is_ the mxture of [err]
and [err] epiners, only [err/} Hier havie@g hi gap at macol ogi cal activity
may be errpl oyed in next step R Th ure 15a i%oner may be obtai ned by
sildca col utm chr omat ogr aphy. p i ébrocess of renoving [err]
group of Corrpound [1V] by hyBOolysis Ol‘bﬁt hanol ysis. In cases where the

nmet hanol ysis i s conducted, [err] group of Conpound [VII] i's converted to

met hyl  gr oUphisQBmbdifid QBMd i %fnf RS Bl e (léobn% (?t S ic aci
condUct ed, bistdebe BB SR L B .é.ﬁff ljyﬁ e é{q‘ 5?%2 Srd i
case 35 sef SretdiamlayS! S, -t he reactl on nay . Q

di ssol ution of Conpound [IV] in nethanol and foI | owed by treatnent with a
base such as anhydrous potassium carbonate, anhydrous sodi um carbonate or
soM\i um net hoxi de. In the case of hydrol y&i &, the reaction may be carried
out easily by dissolution of Conmpound || an al coholic solvent such as
met hanol4 et hanol or the |ike and folsl treatment with a base such

~

Thus, it is named 4-[2-endo-hydroxy-1-exo-(3-hydroxy-4-methyl-6,7-tetradehydro-1-octenyl)-3a,8b-cis-

2,3,3a,8b-tetrahydro-1H-5-cyclopenta[b]benzofuranyl] butyric acid. In the present specification, the structural

formula of the compound is shown to represent only one of the optical isomers. However, it is intended that

these structural formulae include the d-, I- and di-optical isomers and indication of the absolute configuration,
8 ie.,the mdlcatlon of R- and S- is omitted in the naming.

BEST MODE FOR CARRYING OUT THE INVENTION

The method of the present invention may be carried out in accordance with the following process shown
55 inStepA.



as sodi um hydr oxi de, potassi um hydroxi de, sodi um carbonate, potassium
carbgnate or the |ike. However, the 40 exanples of solvent or base in the
case of hydrolysis are by no neans |EPM468d62Bicreto. This reaction may be
carried out at a tenperature of ranging fromO to [err], preferably 20 to
60 C Usually, this reaction may be carried outeasily at roomtenperature.
Furt her, when hydrolysis is ¢ rrled out, water-containigsg THF, water-
cont ai ni ng di oxane. water-cQn EI ni ng DIVE wat er - cont g _@3 DMSO or the like

may be enpl oyed In addition @yabove-descri bed sbl Br 45 In the
present invention, the [er ~TSonmer edquced as a Foduct in the
above-described Step A-6 h poor pharmaco®ogi cal ag Hies. In view of

i mprovenent of the yield of the 15a isoner and red@ti on of the production
cost, it Is advantageous to efficiently convert the [ejr] isoner to the
15a one. In the present invention, [err] I|somer nay be converted to 15a one

efficientfy by using the Mtsunobu re- agent. 50 That is, this nethod
conprises the two steps shown In Step B. In Step B, [err] represent the
same neani ngs as nenti oned above. 55 EP O 463 162 Bl [err] 10 [err] 15
20 Stop B 25 Step B-1 the Mtsuno ©00MeON | N whi loooRer] -
hydroxyl s converted to the [err] Ong; Terr] reacti® ing a carboxylic
acid (0. Mtsunobu, M Yam%ja,, BuII Sog . 3]pn 0 (1967)). The
preferred ex- anples of t Q aci d—-eﬁﬂp-l—eyed th| S reaction may

i ncl ude, although not limted, a GWi d. propionl butyric acid,

I sQbutyric acid, valeric aci d, n0|c acid, nona ?gld decanoi c aC|d
benzoi c scid, p- methyl benzoic aC| d ahd p- phenyl benzmé cid. Anong these,

benzoic acid, valeric acid and butyric acid are 30 especially preferred.
The reaction may be carried out at a tenperature of ranging from-40 to

[err]. Usually, this reaction CPOMsarried out s \cCOMMey at room

tenperature. As a solvent, uﬁzal sol vent s su@&e- t hyl et her,

t et r ahyd#of uran, gi get hoxy here and gi.ogane A e piRef er abl gy, enpl oyed

Armong t hese, e'#y—?'?r nd THF are—espeti Mr@d’ As the reagent
9) hi

enpl oyed in thls reactla a%gr al kyl ortriaryl e and a

di al kyl azodi car boxyl at e r’r&y enpl oyed. Usu&IlIC&/ t r® phenyl phosphine and
dl*el/hyl azodi carboxyl ate may 35, be preferably enployegly The reagent is used
in an anBunt of | - 10 equi val énts and satisfactory results may be
~obtained by using 1.2 equivalents of the reagent. The obtai ned conpound
(Conpound [VI]) may be em pl oyed%dél the next step vvithout purification. In

the formula [VI], [err] repr {<OP¥fr1 acyl group o 1CQP8B3I group.
Stop B-25is a process of > si on of Conpound [ VI ]0 npound [VI1] by

hydr ol ysis or sol vol yS| S he case where [er em,er ep B-2

may be conducte %I onRef _ I] | #t and by
ushog a base. Exanpl es of t fay |ncI ude hydriox bf/fkall net al s

and al kaline earth net@i@ s_ucl‘?/ S potassi um hydr O’élode Qg{ um hydr oxi de,
bari um h#dr oxi de and cal ci um hydroxi de; carbonates of al

(v) _ (ve)

Each of the steps will now be described in detail.

45 Step A-1 is a process in which the dibromide (Compound 1) is converted to transdiacetate by so-called
Prins reaction and then the reaction product is hydrolyzed to give a diol (Compound 2). Usually, Prins reaction
is carried out by heating the dibromide and formalin or a compound equivalent to formalin in acetic acid solvent
in the presence of an acid. Examples of the compound equivalent to formalin include paraformaldehyde and
1,3,5-trioxane. As a catalyst, sulfuric acid, chlorosuifonic acid, trichloroacetic acid, trifluoroacetic acid, tribro-

s  moacetic acid, perchloric acid, phosphoric acid and the like may be employed. Usually, sulfuric acid may be
preferably employed. This reaction may be carried out at a temperature ranging from room temperature to 200
° C. Usually, preferred reaction rate may be obtained at a temperature ranging from 60 to 90 ° C. After removing
the solvent and solids originated from formaldehyde, the reaction product may be hydrolyzed with an alkali
without purification: The hydrolysis may easily be conducted by dissolving the obtained product in a solvent

§5  such as methano! or ethanol and by adding thereto not less than 8 equivalents of an aqueous solution of so-
dium hydroxide, potassium hydroxide, sodium carbonate or potassium carbonate. The reaction product may
be purified by column chromatography on silica gel.

Step A-2 is a process in which the dioldibromide (Compound 2) reacted with a Grignard reagent to ex-



metals and al kaline earth metals such as cal ci um carbonate, barium
carbonate, sodium carbonate and potas- sium carbonate; and [err]al koxi des
such as sodi um al koxi de and pot assi ERP 483%46%Bte. - As the sol vent, aqu- 45
eous or anhydrous al coholic solvents such as nethanol, ethanol and the |ike
may -be enpl ke thel bronideconly @A €he\SthositidnaF Cdmpolril 2Fbrinytghdsiulhalie, thenythis orbaHomesiliaip,
af t er conduedgesitiesaied hiemethy foemyhgrSpichats cid fhe eesalting prathictisHyyrslyzed s& asta introdhde anit
by use of amsidecchdinoks the Gugnaadreagent, eiifinnagnestans brioinide, v pedpgirmag desinnehmgrhides isoropyh e
acid enpl oyreaynesiun trorside, eyslohexgnmagespiumibrimiddcetiad mednesiune ¢hibrides p-aropyd Irlagnesium ghiard,
sul furi o5 aciel jsoproryt magnesium ahioridechnd eygidhexil enapierium ciiteridd may kecpmplogadpiraang dese, fse-
quat er nary R{PRYUTRSNeAUTremiges zYCPhR’,‘V' inggnesium pramige gt cylehendmaanasiym eilarideypay prefer-
tet ra- n- but 3piv:herpBwioyad Refeesed examples et the solvantiernplayed) i thsr Grignard exchange reaption inciude
Wien acet i ce“éﬁf?"bls” rs'c'ft','r?F G?“P%“HE'TVMF’"{[”F? Li'rq"ﬂm%tﬂ?"éf’q"é‘e@@ and,dipxape. Among

cont ai ni ng f 'P?Vi carfjed %H {amPpetaiyre FaNgjag from -40 to 30°C,

di net hy!8 °"i° S *Br¥% §P° ﬁﬁ?‘\‘ '8”8’!‘%‘['@'%

tazt'lt‘ge ?]OLV aci ﬁgT‘P §I ; égﬂ ly Ol ic id f‘?&rl a %hnd
S rc%rc :{%Z h

! et
&'er optained
anhydr ous usin. ﬂthoﬁHﬁ %ﬂmﬁ %rﬂe& ?ataarn g’&ﬂl%ra(ﬁ&i &%‘! §0°an
be enpl gye r&&vﬂf}f’é‘s agi'é/ Sitdined 2{ GV f:@%hrff ioh fay/bd condlRiéd f&%&b&hﬁﬂ\
S5 using agfinaf wat er THF soI vent system The obtai ned rrpound VI |
hardl y contai mﬁee%abmﬂdusrocéwemmctﬂagErafdnmhreaﬂdoahésenddnkaot and may be
purified easi hyselastive protetion efth@prmiaptHyddXygrouphe above-descri bed net hod for
cqnverti ng t he)dsefifidatichne sécondadihydroxylgicup@ady be applied generally to inver-
si on of 20 he hg)xiegexgrhtionotth@prinrary Hydrodyl rodp positi on in the conpound
r epr esent edTheyeagént ehpidyledfar profedtion oftlieaprimary hydroxiiigradp héBind@ia t-Bitvidimethyisil§i@hloride,
(wherein [ mchhfeﬁ?mwﬁwmggwnﬁtwmw:ng? ;menﬂmtwlaylﬂt;l;@ﬂ:k gnd ht@prllbtg meyiF
r epr esent s thesey titybghlpridegpay bg moftarefdrably gmploy veqtr abprpal golvents sueh RS ether)
group or [egl ;oé ¥apg;|a0q apgptip G"tRSWEﬁ%é?meﬁ"Y' 3 hp'ae 'lf'f@ le'ﬁfe"@ﬂlh I
gr oup; zér rqm %’Nt‘ se.@fthoughynot imited DMEmay pe g{P’G@ Ye'ﬁP'% forilyatfon, afS'T 'r’a'i"?y]
g‘* é‘?’ 'V' "Jé‘ 'Q"W@VR)? l"gfa'ﬁ "r'eéé?g'é'h S e
soI vol ysi s e’ H‘V'Sml"ﬁ '"Fh? @H 0 Ited imida; %e

r epr esent ed"PPeiPrPLe C e& f 4 fg " E’" P:g NHV@H
the sa rre% ori ﬂé %gy f ?éa holuo Iorur{g ?@? on -
preferred ,@E 8. e % on PEE
limted, nd ged E:\d ofthe
groups. Al U et et seeéftaram s& uresa %r craaeqr? miTAeh
may i ncl UdesuE?él%MohloL@chd suifiiie Q&M rtric la&idi; rsr]rlfoﬁ\ B as p- Qru sHifo¥ic acid, methane
0-t ol UOWE, giidnfelati@Nhd d-10-daMBHdY suRGHZai] aceticlaBid AXiBaR) eﬁ&aeﬂrrﬁo cdli@ alE &fffiorbacaiid €d
thereto. Aldchandihe Feehabrers 128 RjdRRortacid-methaloBiy be\puferblyi emplofdl The Sémoyal of
group may itAediM@pup inbyBaiatigined by using tetratutitayindhitin tilvyiliesin ddltion to the above-described acids.
t-Yaut yI di pHEnesd reactiyris, 1), @) 40 )iy bercairiby dus atlajtbmpetiituré rabygirigyfhosi -2ydo,100°C. However, the
t ri phenyl si tritylaticomshytbl ereferably cortdhatedest a tapiparstumrof 5oty 907C. Imtt@iuthel renctibrsc suffivienas-0.
By thi s 4retdutiehrate nay Heobtaihed atroore tembexatuneJh@ productobtained lygondagtingtbe theer veactioaslone
ef fi ci ent | ypoh)enay beputifigtbysereystaliatipmafter removing the reagents by short column chromatography or by
a usual column chromatography. Especially, the compound represented by the formula [I] in which Ry is p-
toluoyl group may be easily purified by recrystallization.
Step A-4 is a process of oxidation of the alcohol to an aldehyde (Compound 4). The reagent employed in
45  this reaction include, although not limited, anhydrous chromic acid-pyridine complex (Collins’ reagent), dime-
thylsulfoxide/dicyclohexylcarbodiimides, dimethylsuifide/N-bromosuccinimides, dimethylsulfide/chlorine/ba-
se. The obtained aldehyde may be employed in the next reaction without further purification.
Step A-5 is a process of condensing the aldehyde and the lithium salt of the dimethylphosphonate repre-
sented by the following formula

i
(MeO) oP-CHoCCHR4CHoCEC-Ry  [II]

{wherein R, represents methyl or ethyl; and R, represents hydrogen atom or methyl) so as to obtain an a,p-
unsaturated ketone (Compound [llI]). The solvent employed in the reaction may include ethereal solvents such



hi gh activity in high yield. Further, when conpared with the conventi onal
nmet hod i n which hydroxyl group on the 15th position is oxidized by using an
oxi dant such as nmanganese di oxi de, @EROM3 6283id or the like to form40 a
ketone and then the ketone on the 15th position is reduced by using a
reduct ant s ueeétheSTHFCOME aRd!iRe IIREYFFtheil Solvénbiotih e the 8Bdve-dssibe B BINAME, Witiich are em-
excel | ent i ployedatWittky reatiiud) for@Rarhpis BMSO B didikyRmaidbs iay BSpréterathedmplby &,

the use of thyllmphonatemay bewyrithelizdalin dacdandzaith thafollbwihrsdctiondE. deaA?le&muoin Chem.

di sposi ti onSecs 88/56M (N886Pd. The starting nmateri al

3a, 8b-ci &-di hydro-3H 5, 7-di bronocycl opent al b] benzof uran (Conpound 1) nmay be
prepared by the process shown in Step C. 45 50 55 12 EP 0 463162 Bl1 5
[err] ~~~~~~~ - [err] 1% Step C 20 FiRgtly, stop CG1 is a process of
reacting 3, 5- CIS d|br g% tene (Conpound 5) (W G Young. et al., J.
Am Chem)  Soc. CP% gpaﬂd R xAHCGHACOOMEa| t —of—o—hatephnol in
the presence of a pha e transfer catalyst to obtain

3, 5-ci s- bi s(2- halopheg entene (Conpound 6). Preferred exanpl es of

oxy) c

“al kali net al o] S m and the |ike. Armng t hese, potassium
I's especially pﬂé#@?? gk n‘#"e? %F%Zhe ha- | ophenol i nclude

2-chl oro,ghenol 2- brom)phenol and 2-i odophenol. Preferred exanpl es of t he
sol vent mmay i Mhis Afactiof HEEbedalHRl Btlat SBhYdRdlre mﬁb&ﬁ&’fﬁ-ﬁ'bz@’ brfet3il -20 I Hoec. NE
and di oxaneprodcq0Brhpotind THIf) bRAIRADY Fhifs réaefich niky bb PUriEd Gasi rﬁ@gﬁﬁi& c?n B! tBhoval of
sol vent s suthl reagentlbyrealiily tHraMiabaRREbK{con 3Nsh ga; 6rby B kdilinkr cBiro Rmpib{da id the
especi al |y @t EsmciallydiConipoeridiny radngpimil §roupQis R ey siSLe phﬁfﬁ@ﬁi n@ér datkationSt My
i ncl ude 22 hos e SthpAdiis dpeabessiof reduetidniof the (aﬁ-umseturaﬂamcmtoraaal&iaraﬁhowﬁe#él&ied ¥nplBs
Weber and (3f thiy reflisioglagent pmpleyed incttis Ibaaction rfagyfinckiié, aAlvaighl not Ninkddli Z’(BH,),, DAIRDS o'
Ka- gakudoj birephthalndiiseprapilcaliinuine(@.6 slimet hylphemaxide) i alumiromctrisabenpoxidd; andoNVaBI-d#hum be
pref er abl y dVegtesWaen thiprepdtionis casriedd0t usingZn(Eiita)z, LidHuleraebinaphthel oedisapiby slurdihurt 2¢8-
phase t rans‘F'@PthY!%lP%H"V@t ethareal spjvepts syeh amether, THF..DME, dipranecand the Tike mayrbe aeferably ey

be carri®d Rigyed %&a spivept “HF%T'EW Is sgpgcially poferred: Fuq#weﬂ@wetblsyeact@ﬂ is-cagigd @it by
Usual Iy, s ‘Esf"EF B‘F‘ny"'ﬁ" “‘b@"’f?ﬁ‘i’%ﬂ"ﬁ 8iigh B3 bengane,tpiugpeoyleng and thedike maon
at roomte d zﬂ@ “‘fy be mest preferally emplayed. Whenthe re4 0
hour s. The 'éF é’"'i"g' I“ ' °BQ§‘(!‘3U'§E“*‘[ Rleohaliq sgients qugh

t hereo f hanol el ld) egln reactlon
3a, 8b- Ci S- 'é—“ﬂ; &% ? ed Mggn 9e employed

I nt ranol ecu agteg 9 sa% s9bFre %\4 ﬁlﬁrﬁd& Iyslsorm anolys:ﬁ l&f
represents g&inehandfsis i E&Hﬁdﬂﬁ IQ, «.li r{eﬁ'to nt n::[ 0
dry magnesiiygasedPitte thd hydrofSd |¥€d?|ﬁu %f ean'ﬂ) d'[ ] ls 5k n at %
Conpounds 6 df Methbibiysis, the rRacBiérind) b CRRGEINSLY EHJ}‘BS‘mpound [|v1 in methanol and fol-

3, 5- bi s( 2- ableabppbdrient WitaKabofeias shBdRu sslum carbonate anhydrous sodium eerbonate or so-
3, 5- bi s( 2- i dhotopéthoxidu.\ly) thy cdse prAdrelys, thE¥eadtioh May talcartibfo HisdoliBibr @ompound
ether eal sdWisab sicahtitisolast slickas rhétyanel] diiginol oﬂ'ﬁlFllke%oWd mm withAGase such
aromat i ¢ hyassodian iydmsde padssiorn hysieaxide, sediuni @ltiofad; pétasdiuin\chrbdhate of ROING. Hdhevdrlimse, .
et her eal® s ixampsof salventios bask imthecaapd af Zwitblyais @re Blylno msans fipitsdlitizdrdtey This Rb&ibA fhdy be
Magnesi um i%8rrigd eui af atemperaiyre ofrengind from O 5150 () Gi referabiy 20, to H0 ©F.disadly, yhiPreactian Bay
equi val ent PerrTied outegrily plappmismperature Byritiern whephydrolysis i cangedrut, weter-containing THF, water-
containing dioxane. water-containing DME, water-containing DMSO or the like may be employed in addition
to the above-described solvents.

45 In the present invention, the 15 isomer produced as a byproduct in the above-described Step A-6 has
poor pharmacological activities. In view of improvement of the yield of the 15a isomer and reduction of the
production cost, it is advantageous to efficiently convert the 15B i isomer to the 15a one.

In the present invention, 158 isomer may be converted to 15a one efflciently by using the Mitsunobu re-
agent,

50 That is, this method comprises the two steps shown in Step B. In Step B, Ry, R; and R, represent the
same meanings as mentioned above.
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of ranging from-20 to 100 C, preferably 20 - 60 0O C. Acatal ytic anount of
a nmetal conpound is then added to the solution of di-Gignard reagentso as
to attain the intranol ecul ar cycli z&EPi0d88 t168Bgi ve

3a, 8b-ci s-di hydro- 3H cycl opent a[ b] benzof uran (Conpound 7). As the 45 netal
catal yst, nickel chloride, cuprous 2}2* ri de, cuprous brom de, cuprous

| odi de, cuprous cyani de, pall adifumC ide or the Iike may be enpl oyed.

Anong these, cuprous conpounds pecial |y CEE_Lgus i odi de, may be
preferably enployed. However 3z (it ®enpiRs catal yst are by no

nmeans listed thereto. This@%}\\h}m}ay preferably be carried out at a
tenperature of ranging froms~20"tq@ 100 C, nore preferably 30 to 50 C
Conpound 7 may be isol at ®k@®y dispgd !l ation or sili'ca gel colum

chromat ograyhy. In case of treating a |arge 50 amount of the conpound,
isolation by distillation is prefgyred. In step G2, the reaction can be
carried But at roomtenperature using cheap and easy to handl e nmagnesi umin
conmparison with the conventional nethod which neces |tcadsﬁ t he use of
expensi ve and troubl esone nABmLOO:M. a | ow tenperat ufe SO that synt hetic

op- eration is easy and ost is low_ Stop C—Q% a process of
convertlgg Conmpound 7 to. abrom g(e} b erJ ha}/ Conmpound 8

55 may be prepared byﬁ-’ssoliﬁn,g/ npound 7 | and addi ng
bromine to this solutio Sol vent enploy&d Tnithis reaction,

hal ogenat ed sol vents _suth as ¥j chl or onet hane, H&hl or ofgm car bon

tetrachl oride; carboR'@. sulfl%’ acetic acid; and cycl ohexane may be
enpt'oyeds Anong t hese, dichl met hane and chl or o- fe@] m may be preferably
enpl oyed. The amount of br on(1 to be used varies depending on whether a
Friedel - 13 EP0463162B1 Crafts catalyst is enployed or not. That is, In
case of useswpBno catalyst, 3 - 10 equivalents, preferably 4 - 6

equi val ents of the brom ne nmay be enployed. In case of use of the catalyst,
3 - 6 eqai val étapB-1the Mitsynolni reaction in hich they{fib\Jdrexyk is;casyerted t9ihe1ba 9pg bytsin2 reaction
enpl oyed. Pu@ﬂg@rqa@mmm -Sditsyroby, NMeYameps u. Clgms fecs JRBeA052353Q {19670, *@;@Eﬁfﬁeﬂe"-
this react i 8npierefthe prshopylieagidemployedds this peactiap ey "Eﬂé'devf"@Pthdm ?Pé"c

chloride, aPgtrbuiieasiidsabutaric asid alegiqAcid, hexanoic aF" é;°"a§ﬂf W‘ﬁ

pethyhenz °'E‘1'%‘8 p"’f‘?"é'ﬁe"é?f‘da%q fReng ic a"'
prefePree“}ffI k?’l‘?@"‘ﬂ p q "g ﬁAsa"fQ:e 9?; gso %jg% ¥ 'fa" it
i ed:

por e pr oo o dﬁ#s,%ff:;ﬁér e el 20
reaction ma ?:ns % i &L | ed%gf&b f '%Br. Pt
pref er abl y d ﬁ&lly,'t% LRosphitdGnd &&ﬁy‘dz%%%ate may
pr ef er ablyy é’TBﬁ{U&@J i hivdrfoutof P- 103 i\?afeﬁas ant Qatﬁﬁ@t@r? redifnfdy
the catal ySBe iﬁalﬁb‘a oy 50 ﬁ Wé‘dir albrESof HRAAge R THERKta&Y compéun@ CoRigbuni BVI]) iy be em-
mnutes to }ayddirnd\eéxkstep withBid pirifisatlomin théoRmuI VR R reprosértd 6, - @, dofl QFLPSr ;S Cyy
uséd; the r gﬁgfgbqg time may be 12 hours to one day, and when not |ess than
5 equi val ent s s¥p B¢ R pictedsof tunedilsion di Corfgaad [VI) o Compoynt VIR byliydiplyieorcalvalysisoin
out for #0 Hervasedshete®R, ditet)iSEp Bl2mayds esndudiet esilybe dissiutivn/af Compouadiivl] inecsblverithe
reacti on maygndiy using a basel Ezanplds of thd base may iaclude hysimaidescaf kikalimetaisandiiikaline3@rthinglgls e s
to one day. sutha$ potassitre hydroide sedinm hydroxidet hagum hydeekide aad gaiciymphydioxids; serhonates of alkpli
re- action mefpisised gialifecseribmetale sch pealciymcarbenatephariuh eashongte, gpdiym h%te and potas-
Conpoun d 8 ﬁ'ﬁl}' cgrbonpteinnd Cerriplkoxidas sych ea sqdjumaikpie and potgssium F'l‘?i‘!?egé eSgveNtngau-
chr omat offr aBeHp or aabydeeus P'°°'§’|'°r’?@h‘°'ttﬁ%'°'i' #4pathase). 'i"’(ﬂﬁ'éé‘ﬂg'e yibp apl f’;’ the gase
obt ai ned pr Uﬂe"e B’c'? al V' Bearys] %Gﬂ?’ﬁ‘“ldH gtion, "lb%" \R[‘}‘ roly :'s “;'t"ed
purificati oﬁ“tb § rﬁp é’e d%‘# T:Sflj’rzf:,?\jd Vil d
and with go @Gﬂt’:’laﬁ' y nﬁag r% E%se‘[&%ﬁﬂm
doubl e b nd r| |u Edrygfge:g rfp ri'l r&cﬂlo ef&glﬁf'rl vﬁkE
noi ety o a o e e Ay
one of thr e {' b&?wm drdgen ﬂ:)oan Qﬁa-n-gjxtylﬁﬂlqu fluoride, tetra-
thiosulfate n(B ty éhi&.ééi 38 iHitYR hydifofIBorkiE 18 BrRBIGYBA. -anl'w&%ﬁbﬂ#%etomtnle methylene chlor-

ide. dioxane or the like may be employed as the solvent. Among these, desired results may be obtained by
55  using acetic acid water THF solvent system. The obtained Compound VIl hardly contains byproduct such as

158 isomer and the like, and may be purified easily by column chromatography.

The above-described method for converting the 15pisomer to 15a one can be applied generally to inver-
sion of the hydroxyl group on the 15th position in the compound represented by the following formula:

"




is used, this reaction may be conducted in accordance with the follow ng
conditions: That is, tetrabronocy- clopenta[b]benzofuran is dissolved In a
solvént and zinc is added thereto s&Pad631828bt ai'n 3a, 8b- ci s- di hydro-

- 3H 5, 7-di bronocycl opent al b] benzof uran (Conpound 1). Usual ly, zinc may be
used, in an anmount of | - 10 equivalents, preferably 1 - 4 equivalents.
Preferred exanpl es of the solvent et Mni n the reaction include 25

nmet hanol , ethanol, acetic acig¢y @iE , di net hyl etherand di gl yne, as well
as m xed solvents such as acetiy aTEF, acetic acid-diethylether. Anong

these, agetic acid and the m «@u 7eny3 of acetic acid-THF may be
preferably enployed. This rea : ﬁ_p@ﬁ;ied=@g§4at a tenperature of
ranging fromO to [err] for -RaOni Mt yE to one day, nore preferably at a
tenperature of ranging from20 to 60 tHC for 10 mnutes to 3 hours. In cases
where the method using sodi umt hi osuP ate |Is enployed, the reaction may be
conductet® in ac- 30 cordance vmth the rret hod descri bed in éqlteratlure Q;I7<
M | bne- Ras &vhersin Rerepressrt H’ﬂ"’ ?\/ % mzf'
reaction, |-C1sz'ev'@ W Fat ‘énf‘@"s“lﬂp@ ?" & E'V's"y arbyp; Rarefresgpts hysiroagn gipmy fethyl or
t hi osul fateetr'?ﬂ FPEF |PURATeRITBEP ar aprotic sol vents such
as DMF, DMBSO Xe may be enpl oyed. Anong t hese, DMSO nay be nore
preferabTy e =i s reaction may be carried out at a tenperature of
ranging frog e%ﬂh ﬁ{s{nlo III%E %oﬂw@&’l‘éﬁﬁlv%is%rlﬂ%l§snst@5ﬂ|ﬂ SidleXmpheriene PGI, der-
t enper at ur e ; Qe hr[pﬂ, Tor mnutes 35 to 2 hours. In
cases where the mMet usi ng sodiumsul fide is enployed, the reaction nmay
be condugted in accor- dance with the process described in a literature (K
Fukunaga, H. Yanmaguchi, Synthesis, 1\9_8§8W, D. Landini, L. Mlesi, M L.
Quardri, and F. Rolla, J. Og. m 157 (1984), J. Nakayama, H.

Machi da and ‘M Hoshi no, Tetrahtd tt., 1983, 3001). As the sol vent,

di pol ar aprotic solvents such > EMVF and the |ike may 40 be used

al one orzsa m xed sol vent of di® oHorretEane he benzene

ortol uene/ wat erl a phase t r aner - s”t%y é?nénﬁl‘oyed. Anong t hese,
di pol araproticsol vents such as DMSO @yF and the |like nmay preferably be
enpl oyed i ndi VI dual | y Preferred exanples of the phase transfer catalyst

i ngl pde tetra-n-but ammnl um brom de, hexad I tri butyI phosphom um
br oni de, 3°tr|(‘m?f a“ okihe ﬁ?"EFr d'"gs h|s Ehe i m@m@g
these, tri oct%fsn‘%fhﬁ pove; "7 sex

reaction mﬁh ; m'“l’ "t "° 39 J luj}
Crorone m ”‘gn%l:i y ﬁ{ﬁrﬁtﬁdt SA h g
pr e‘f er abLsy ‘iij‘ ibr?@ 9! & QITyI et Isil ?W&l I&Hn rryem %Qutm %E&lsnﬁ é.ﬁh@nypne
1 silyP) |Im t |ké 56 by R6 M¥drls Amitdd2Rbrdta?N OF

5 ' ' ' C a ge' C of &b qgﬁ having %éd?e&mwrﬁay% oérh&tdaehrcenﬂym 1At Sl e BGMY1
uséd,) Conpoyif adtiv h@yﬁda FirtHel Rhdi BRENSd with YiRIEbAveRtioRd math6d in WhichIgydioiy Groupaun
may be synt heSisaadsith idnakbsy usin drRkiasHsush a8andhed driide).chibidic hdid or thefiRe © fofH3
162 Bl [ @ r JakBtoddand thén the ikitbn®britRe 18th position is reduced by using a reductant such as sodium borohydride,
the above-described method is excellent in that it produces less impurities and gives higher yield, and the use
of a heavy metal which brings about an industrial problem of disposition is eliminated.

The starting material 3a,8b-cis-dihydro-3H-5,7-dibromocyclopenta[b]benzofuran (Compound 1) may be
prepared by the process shown in Step C.

56
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Step D1 Is a process of preparing

3-(2, 4-dl br ono- 6-i odophenoxy) cycl opent ene (Conpound 11) by react- ing

3-chl orocycl opent ene (Conpound 9) viERG463 1628 br ono- 6- | odophenol ( Conpound
10) (in the fornmulae, M 25 represents sodi umor potassiun). Conmpound 9 is
easy to prepare (R B. Mffett, Og. Syny oll. vol. IV, 238). Preferred
exanpl es of a solvent enployed in this re €)J on include ethereal solvents
such as diethylether, Byt and 1, 2-di net h@xyet hane di oxaneg Qrat i ¢

hydr ocar bon sol vents suc s toluene and %‘uzene di pol ar? arotlcsol vent s

such as sdi meny! f or mami de\adld acefmltsil ¢ 2t hy| f or mami de
|s especially pre- fer®sd. Preferred exa of - the pha transf ercat al yst
i ncl ude those described lp the literature P. Weber 30 and G W Kokel,

transl ated by twao TABUSH' and Takako NI SHLTANI, "Phase Transfer Catalyst",
p309, Ka- gakudojin). Anpng thes ¥ tetrabutyl ammoni u®fbrom de, 18-crown-6

and the’q | ke are espeC| ally pk : Hovvever t he C I S of phase
transfer catalyst ar no neap reto X187 edcti on nay
preferably be carri ﬁterrper at angi from-78 to 500 C,
nore preferably ranglngfro Oto[err]. Usually, the satisfactory

results jmy be obtained by &1y !/l ng out the reaction at, roomtenperature.
This reaction may 35 be carried8out for 1 - 80 hours, lusuaIIy 2 - 40
hours. Conpound 11 may be purified by recrystal lization, dis- tillation or
col um chr gigtegr aphy on silica gel to a pure conpound. Step D-2 is a
p@ess of preparing cyclopenta[b]benzofuran derivative (Conpound 1) by
reacti nge Com rigaay) 8edp -3 isi prdtess oprehdting’s, mm-mmb@mpam&enbmmhwwm Bl wangletian,

t he pr esendgeAam.iCham|sa86.c78, 4338 {10563) and Ikl metal saltoitrhajophiend inltfle prasesds Spephasiransfera
sol vent t ogetalgg ta/abtan 3 5as-tis(2-halcbhentxydcydidestene (Stvompinis). P3eférrag @rainpivs df aiali metal
appr opr i at dncliige sncliom, potedsitninang thelike. Amengltbess, pbtssiumdsespaciatiy preferead. Examples df thedhk ow
t he react i dopheri@kinainde 2ghlerbpheinh 2<romephenol end[ﬂ-logoeh#ncerrefbrM exampies pihe solverit meboin-
anm nes &cleludeetherabsclypnts srich as diefhviethep Ug e dioxanepdrereatic bydrasarbers such ey olyens
such as et [fad benzene; aprotic solveots pyph andingth Weaﬁmpﬂ'tf"eh ngdhese JHE isieoresialy
such as t olPfAiaRe@d.Rieferprs pxamples %F'ﬁ@h% trangfes cotelyst ey, iadlyde tagse desgdbed in the literature
di met hyl forﬁ'ﬁﬁ?ﬂ%ﬂsfah‘ataéve'é%m Weher gnd GaMp K ¥H%f§'ét°da!é'efa6‘ﬁf“tﬂ"1‘ Fé“'ﬁ"ﬁa"ég B Kar |y

pref erred. °"€9f‘h‘tsﬁ'é°t£?£‘l‘tY'éﬂ‘ pjyre 'F"é)?a'f"i‘?lﬁ'; EB‘QV? "ﬁ'sﬁe't he
literat ff’re %’e"ﬁ'—"t ﬂ-ﬁ‘gﬂp ?5 F;{fﬂ .
Press: re.of - |a ral Q. Hally. satis ctory resul‘ts may
astetr aki Stzr '49 IS e Haepa%ggt ARE AR LePie 6°ET"'sd"s"a"’
and Pd(I1) @? gpﬁ, % qgf %L m&) w&cg&ﬁy
be enpl gy e%ur}dsrsl t)@mol%@dld .iéﬂ&rﬁﬂ?aftﬁ &nip&m@% %?éimulk@é’\ﬁbéﬁ‘sremsk Stiné. €s
of the pal lARLiNTdEeIVB: R4Savedt 18 althid BQUryTRgsidn mathi i JoR&Ht RifSm aldiBrigharireigsrRd
exanmpl es ofexghisesRfCdnpourdieititde m&m.%ﬂ.omn&@wobms |3%[b|d(!§36hlo\'d$ﬁénﬁiﬁyclopen-
mongdent at Qendlakid/d, PhiS2bbpheTox/eibpentend. Exatiplebdfithe soident iRtks Bihbredl sévits such as die-

tri et hyl phamtier) THF, DMEGHE Bifihe® and A dniitio BydlocdtBohs Suth s Behizdnk, B YWhdIBAY) AMEIR
and tri s 0-thdsa|ethpreakglveme are iswhinn éradlayed AraiSTHF is) espadialij preferred. Magnesium is used in an
asbi s(di phempunbidisSlequivalentst preferebly 2~ 22 dnuisaléntis Thisaeactignivaay bl cardedeutsha @maereture

1, 3-bis- (di%hmﬁwl;gho%{gﬁ)%&&p@bﬂo aﬁm" Qj?q%smpthl te? sotf,lggnas

t ri met hyl phosheataiwtic amatintof 4 metal perpriotnstis thena heselutier] of ditGrignardreggens dtiain | s
enpl oyed. Ake intfinolegulzs cygiization o give Aa.BpissdibysepciH qyplopepialblhenzofytap KP%W{"F‘ i7e AR {hea-
m ne anéf d.nrwgw%ch'eﬂdewagw chleridequprousbpmideccuprousiodide, cHprayspyanide l'aé&'g'l um

acetate and@ ng thesg Uetﬁa?f"é%?“g‘l? ?fpavsa“ssﬁs'a

carbonat e & bg g& ng@?’%f’g{ é?g
er Ievgr Car @ﬁmj’ g&?’ norsn T-%ngc é&? s 0 reatn a argease
Yy BP E l n | ‘tfs\ﬂ %e out P 0
tenper at ur ?oo‘nﬁglg 93 ga étnf 9Jnv ntional meth
463162B1 1t QupibhRec thésth dx ¥e4. iy &ﬁe n-5iLt &% I&R&Qdé&ftdré‘!&o Esyhthétic bp-ON
pal | adi um |e§,t,§‘ﬁgg;s§5m P&fs! dlwation and t
Step C-3 is a process of converting Compound 7 to tetrabromide by bromination. That Is, Compound 8
85 may be prepared by dissolving Compound 7 in a solvent and adding bromine to this solution. As the solvent
employed in this reaction, halogenated solvents such as dichloromethane, chloroform, carbon tetrachloride;

carbon disulfide; acetic acid; and cyclohexane may be employed. Among these, dichloromethane and chioro-
form may be preferably employed. The amount of bromine to be used varies depending on whether a Friedel-
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the filtrate is subjected to col um chronatography on silica gel to obtain
t he Conpound 1. The above-descri bed nethod may be applied nore generally to
the preparation of cyclopentalb] benEB046as6aR1derivative of the formula: 5Y
10 15 (wherein X and Y represent hydrogen 6r hal ogen) by reacting
3- phenoxy pecietseatdier is ungloys@ordiot. Tieis] IR 6481 bftise btolchtal tﬁ : %%&lﬁdaﬂné pdtetably 4 - 3
represent té&yivaleiiEof iR iy bél 8mBiyelh BlcaBdErEs of e e BreroraB £X
i n the preskaegivaibnts bidrapiiresialp 66 eifipldybd) Rratbriad ékainpies &aﬁe-'ned'Eh&af@s RRABDNployed in
derivati ve fthis rqactiop aagidcilals irorefaorc iclidyida feziid beonidey ahlnouavchieiie, akindidemaraaii [ ¥iHc chior-
deri vat i &e idé, antiraony (H)rehibide ag@thp éiker AmS1g tifeah doeand akiminogl bidmide @recss patially gieferfed Te
- nmeani ng as thesetelysiady bosedin aylameynt of A1 $0.§ eqlivalantonore prefambly 0.097. - 0485 equivaleldy
thi's met hodWhangiesataie) isjuseri {hetseaciisn ey be carsdtott é a dsmpriatatechf eanging fragh-20 to 100 C,
repr oduci bi Preferbly 28 p 837G Whenthe catalystisused; theeasetion may praferabipbp catried out ahaittemperativse s
not necessi%4 §h H’Fi"’ H‘Ef’ﬂ@'yﬁ‘ 8 aejemployed fhe ’W'?Wéle&?fﬂ?@"bfehm minuges 4o
Still fdfth®e ‘”°§ﬁ g’ whenRapivajents ghbfomjpe 'E)P’@F-ltH'F rpactiontimeimey Ble 12-hours & one day,
practical | %\9%19 :'h'g" oefr%t a'b%%‘l‘""ﬂ?"t %ﬁbrorql ‘E‘Q" s ’?’gg‘?g a?[?g"éa"!yrﬂe "&e‘t%% BPF
amount  of p If"lluiagﬁ, ml.rtes Tei ! ?] o
_excel | ent JEL ﬁ EQ?!? Inth o ali oun
I nvent | QB Ve lsii Wo fnn hﬁ % ntl e heob’came proq"f
However, thgt Rayss enfpldjed il Rkt drlmaf 2
Exanpl e | 3ea5nyqr'| mgrpvehmmwgaom%h&mm n-nexane,
(32.19 nol) obtep X i9 APRIcEE ioPidGen¥idfingl oo ¥ bf‘FHMctlmly Q%oﬁ{ghﬁ@%m%@ﬁ t d
theret o, f ahdnwberd rikymbigy aghé:eeéb%hdgqbﬂnﬁoenc{zﬁwhls rekldfin mie ée of
br om ne zmasmeitide dact bwich 8@ploysayding, 2) SodidifthiBaultits! 6r3) édamm%ulﬁdefhe d Pe'iu i Wﬂén bike
resul ting ris uded/this veagtios iniay bebnduicted intalEoRRARG I EheTbllowiA§ condifiche Thatli&) ketrdbrivAedyS
t he preci pidopensaibloenyafora is dissived hial sbivent ardl zino theidderithdrét®so dsQo GUMIMR3BbRRL dhydro-
yel | ow or ciemgdibromgayeicrentalblbéraof@i@n (Compbund 1) E8uabyR Bihc may berssed Intahiamecht 6 yy-stoal s
wer e st ockeaguivgients, preferably i - 4iequivilerits. Prefesredenainplgsea thesolventemployed in tha cabtion inclidec| d
2299. 55 % (mephanolethepeh apeticagid, FHF; DMF dimethyiethgranddigiBne,-psjwell 45 nied soh@ni@ Such Ad-4oetin)
5.10 (2H, cfcrd:j’l:lf @cetis apid- )jlethgetgg I(rgqqg these, geetic acid gnd the mixed solvent of acetic acid-THF may
be preferably employed. This reaction may be carried out ata temperature of ranging from 0 to 150 ° C for 10
minutes to one day, more preferably at a temperature of ranging from 20 to 60 ° C for 10 minutes to 3 hours.
\_/ In cases where the methed using sodium thiosulfate is employed, the reaction may be conducted in ac-
30  cordance with the method described in a literature (K. M. Ibne-Rasa, A. R. Tahir, ARahman, Chem. Ind., 1973,
232). In this reaction, 1 - 10 equivalents, preferably 2 - 4 equivalents of sodium thiosulfate may be employed.
As the solvent, dipolar aprotic solvents such as DMF, DMSO and the like may be employed. Among these,
DMSO may be more preferably employed. This reaction may be carried out at a temperature of ranging from
0 to 150 ° C for 10 minutes to 3 days, preferably at a temperature of ranging from 80 to 100 ° C for 30 minutes
3 to2hours. _ _ _
In cases where the method using sodium sulfide is employed, the reaction may be conducted in accor-
;o dance with the process described in a literature (K. Fukunaga, H. Yamaguchi, Synthesis, 1981, 897, D. Landini,
v/ L. Milesi, M. L. Ouardri, and F. Rolla, J. Org. Chem., 49. 157 (1984), J. Nakayama, H. Machida and M. Hoshino,
Tetrahedron Lett., 1983, 3001). As the solvent, dipolar aprotic solvents such as DMSO, DMF and the like may
40  be used alone or a mixed solvent of dichioromethane, hexane, benzene or toluene/water/a phase transfer cat-
alystmay be employed. Among these, dipolar aprotic solvents such as DMSO, DMF and the like may preferably
be employed individually. Preferred examples of the phase transfer catalyst include tetra-n-butyl ammonium
bromide, hexadecyltnbutylphosphomum bromide, trioctylmethyl ammonium chioride, 15-crown-5 and the like.
Among these, trioctylmethyl ammonium chioride is especially preferred This reaction may be carried out at
45 atemperature of ranging from 20 to 150 ° C for one minute to 3 days. When DMSO or DMF is used, this reaction
may be preferably carried out at a temperature of ranging from 20 to 40 © C for one minute to one hour. Com-
pound 1 may be isolated by recrystallization or silica gel column chromatography irrespective of the debro-
minating agent used.
Compound 1 employed in the present invention as a starting material may be synthesized by another
8  method shown in Step D.

85
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5 Exanmple | 3, 5-cis-bis(2-bronmophenoxy)cycl opentene 10 In 6.1 1 of

met hanol , 610.5 g (9.248 nol) of KOH (85% was dissolved and this solution
was cooled in iced water and then 180463 1$28%. 248 nol ) of o-bronophenol in
Il of nethanol was added thereto for an hour. After evaporation of the

sol vent, the residue was subjected to azeotrqpjc distillation with 800 ni

of THF to give an- hydrous re&sidue and the resul ggnt was dried by using a

vacuum punp. The yield of pgtassiumsalt 0O onophengl yas 2067.0 g
(105.9% . 15 The t hus i ned4pot assi u It of d-—g'r-m'm'phenol was
dissolved in 2.6 1 of THF 14.90 g (46.2 ) of n-Bu4NBr was added

thereto, followed by being cooled in iced vva? Then 1096.9 g (4.855 nol)
of 3,5-cis- dibronocycl openigene was dissolved In 1.1 | of THF and this
solution was cooled In Iced water. This solutfPon was added tothe previously
obtained m xture atone tine and the resulting mxture

wasst i rr'@dover ni ght unger cagl i ngrl niced water. To th 8Yt hus obt ai ned
reaction mxture, 1.21 o frwas added and the resul ipg m xture 20 was
stirred. After evapor i pi rystals wer e
washed with I N aqueou s d 2 rm) 31 of

met hanol . 21 of cycl xandg and n-hexane (500 m 2).-.- s obtai ned
crystals were dried SI dg a vacuum punp to o t he capti oned
conmpound. Yield: 13%%.9 g (71.3% m p. :138.0 - r] 25 NWR [err]: 2.21
(I'H, dd, J=14.0, 5.0 Hz), 3.08 (I'H, dd, J=14. 0, 7. 0 Hz), 5.20 (IH, dd,
J=7.0, 5.0 Hz), 6.30 (2H, s) 6.80 - 7.50 (8H, m IR (I{Br) [err]

1585, 1579, 1165, 992, 790 30 Elenmentary Analysis Calcd: C; 49.86 H; 3.68
Found: C, 49stépbl, 3. 56 35 The sane procedure as in Exanple 1 .was

repeat ed expect that o-chlorophenol or o-iodophenol was em ployed In place
of 0- br onpbphe$tEp DDis @ rbeessof Breparing 3-(2k-diliréincedriodapbeniaxvinysigpectons (Cprenvumid) hyreact- '
3, 5- ci s- bi sih@ 3ickjerocyciprentens@ponaundP aith 84dibrameSredoplionel (Gompund il (i the faghulae, M

3a, 8b- ciX- dfen annt;ssww@w -Sfompavad? ispeny iapreapgre [R.B. y°f e$13018. Fye o)l vok IVeR3Be d
magnesi um Rielefrpd expmplesiof e{amplaxed b thisrpeptioniegpda etheredl ﬂﬂ)@t‘tés'&f‘ agdiefeylether. OHF of
10 g (24.4 #fdidigethaxysshanp diexane @ mvw e'F“B mue'r?é"ﬁ’ PP“me'rﬂ'meapTHF

was added t@t'?ﬁ?vem%‘F'lﬁsu"HP?"'ym"‘a"A‘F%ﬁ@i’ gng ;’f"(r)
repar e

gn\gpt he ‘?es dt k @":%;{g%mlf' L’g
obt ai ned re ev ) xa ] ? &}rﬁ um
g“g 8| 5(1201;3!) at | a7s n 4 aIIy,

t her et 0. 3 Af L@éarﬂe %ut 1-@f r4eﬁ ﬂpawh%fy b%tfﬂf afﬁv.e y@au.f Rh[
for an hourt.uai.aidremmﬂwmh%'@ snsﬂ.& euwa . To the 50

obt ai ned r eacigtepb-21s 4lpkbosbs Bjmizafu.aﬁ thwuvafanadded) tgradacmaebom-
reSulting npouhdivawithaalk@Rin @6k ahaewolsphme lighRd I e/ presbrizh b Re. Mthib Alatt@n e ed
i n i ced wat pdund Tids suspendeb ina schainftogethdr with &felpalladiuitoniplék,phosPhdpuslligantl artien appropriate

40  base and this mixture is sufficiently stirred so as to allow the reaction.

Examples of the solvent employed in this reaction include amines such as triethylamine, diisopropylethy-
lamine; ethereal solvents such as ether, THF and 1,2-dimethoxyethane; aromatic hydrocarbonsolvents such
as toluene and benzene; dipolar aprotic solvents such as dimethylformamide and acetonitrile. Among these,
acetonitrile is especially preferred. Examples of the palladium complex include those described in the literature

45 (R, F. Heck, "Paliadium Reagents in Organic Synthesis"; Acad. Press; New York (1985)). Among these. Pd{0)
complex such as tetrakistriphenylphosphine palladium, bisdibenzylideneaceto palladium; and Pd(ll) complexes
such as palladium acetate and palladium chloride may be employed. Usually, palladium acetate is employed.
However, the examples of the palladium complexes are by no means limited thereto. The preferred examples
of phosphorus ligand employed in this reaction may include monodentate alkylphosphines such as trimethyl-

s5¢  phosphine and triethylphosphine; monodentate arylphosphines such as triphenylphosphine and tris-o-
toluphosphine; bidentate phosphines such as bis(diphenylphosphino)methane, 1,2-bis-(diphenylphosphino)ethane
and 1,3-bis-(diphenylphosphino)propane; and phosphites such as trimethylphosphite and triethylphosphite.
In general, triphenylphosphine is employed. As the base employed in this reaction, amines such as triethyla-
mine and diisopropylamine; basic acetates such as sodium acetate, potassium acetate and silver acetate; basic

85  carbonates such as sodium hydrogen carbonate and silver carbonate may be preferably employed. Among
these, silver carbonate is especially preferred. However, the examples of the base are by no means limited
thereto.

The reaction may be carried out at a temperature ranging from -78 to 150°C, usually -30 to 120°C for 1
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aqueous sol ution of NaOH was added and the resulting m xture was filtered

t hrough Hyfl o Super-Cel. The thus obtained solid was washed with 2.51 of
THF and the filtrate was concentratfBd@463t@Bdoncentrate was ex- tracted four
times with | liter of cyclohexane, washed with 2N aqueous sol ution of NaOH
(0.251 X 2jo 100Wbut] isballpHto 50AéuFEAfted condukting tR9 redNich, plilladheh i9sepErateMbyfitratiotSand then
magnesi um the ffift@ateds subjbetdd e clurinehiomategriily et gél Godbtal the@aipoardd. aqu- eous

| ayer was not Toé etiveldestribgd inbtbodmayr bacpplied mene deneeatiioniip sépaation df aylopentafhleazora s
filtered tfuepdglivatiheiof the ®opda:- Cel . Then magnesi um sul fate was renoved by
filtratfon and the obtained organic |ayer was concentrated. The sane
procedure was repeated exceptto enploy &16 g (1.99 nol) of

3, 5-ci s-bi s(2- bronmophenoxy) cycl opent ene,\ 17 EP 0 463 162 Bl and the

obt ai ned concentrat ewas conbi ned wlthth Vi ousl y obtai ned concentrate,
foIIowed by distillation of the contﬁ’ z ) entrates. Yield: 377.0 ¢
(73.7%™b. p.: 77.8 - 78.8 [err] O, Y XMVR [err]: 2.80 (1H, dd,
J=2.2, 0.5 Hz), 2.82 (IH dd, J=5 .5 Hz), 4.35 (IH, d, J=7.8 Hz), 5.43
(1H, ddd, J=7.8, 5.2, 2.2 Hz), 5. 2H, s), 6.95 (4H m IR (neat) [err]
3060, 1602, 1582 10 Mass: 158 [err] In the procedure of Exanple 2, the

capti 0%3 mgﬁﬂmd‘(ﬁpﬂlﬁ@f%ﬁ{&ﬁg ¥, Using’ 3, 5-cis-bis(2-chloro-

phenoxy) cy by BRERS £Menciypedte -t,bugf Té,ggl,gphenoxy) cycl opentene in place of
3, 5-ci s- bi's(2- bronmophenoxy) cy- cl opentene. Further, in the procedure of

Exanpl e 2, the captioned conpound is obtalned hy using cuprous chloride,
cuprous bronlde cuprous cyani de, palls oride or nickel chloride in
pl ace ad cuprous |odide. 15 Exanple 3 3§ , 34,

1,2,5, 7-tetrabronocycl openal b] benzof @@=\’ n 20 mM of dichl oronet hane,
2.0158 g (12.7 mol ) of 3a, 8b-ci s-di
di ssolved and this solution was cqd

ingiced water and then 3.9 m (76.2

mol ) of brom ne was added slowy effeto. After stirring the m xture at
roomteﬁﬁper ature for an hour t he thus obtained reaction m xture was added
to 100 of sa ted a ggésmérsrgéjahugmas eglerro en car bonat e sol uti on which was
cooledln ul fate i.n 10
o herer O Waotes iy ﬁn, s P%‘E%;gf g@ei%ﬁwmﬂae
that t 'SIP'E?P"?) yﬁ? H'?gne SPLUSER ¥ 2prene %"V?H extracted tw ce

with 50°m of ethyl acetate. The organic Iayers were washed with 50 m of
brine and dried over anhydrous sodi um sipf ate. After renoving sodium .
sulfate by filtration, the resultant,wad caopcentrated and dried under
reduced pressure to ob- tain brown sti lquid. Yield: 6.2725 9 (103.8%
30 sen point one mlligrans of th s obtained sticky liquid was
subjected to thin |layer chromatography fo separate diastereoner to obtain
6,4 nmg of 4Afrom | ow polar fractions an¥ 3.9 ng of 48 from high polar frac-
t S. _

{wherein X and Y represent the same meaning as described above, M represents sodium or potassium).

40 By this method, Compound 1 may be prepared with high yield and high reproducibility. Further, unlike
the conventional method, this method does not necessitates an organic metal reagent and low temperature
conditions. Still further, since the isomerization of olefin is attained in the practical level and the cost of pal-
ladium is low because only a catalytic amount of palladium is required in this reaction, so that this method is
excellent in preparing Compound 1 industrially.

45
[Examples]
The present invention will now be described in more detail by way of examples thereof. However, the pres-
ent invention Is not limited thereto.
50
Comparative Example 1
3,5-cis-dibromocyclopentene
85 In 400 ml of n;hexane, 2128 g (32.19 mol) of cyclopentadiene was dissolved and 4 ml of ethanol was added

thereto, followed by being cooled down to -78°C. Then 1616 mi (31.55 mol) of bromine was added dropwise
slowly to the mixture for 3.5 hours. After the resulting mixture was stirred at a temperature of -40 - -65°C for
3 hours, the precipitated crystals were filtrated under suction to obtain pale yellow or orange crystals. The
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(4A) Wite Crystals m p.: 117.0 - [err] 35 NWR [err]: 2.69 - 2.78 (IH,

m, 3.11 - 3.22 (IH m, 4.37 - 4.43 (1H, m, 4.43 - 4.51 (1H, m, 4.55 -
4.62 (IH m, 5.52 - 5.60 (IH m), EPBM3I6ZBU] (IH n), 7.49 (1H, d, J=1.95
Hz) IR (KBr) [err] 2970, 1452, 1258, 1187, 1135, 1058, 992, 804, 714 40
Mass (Bl nehlis@biaingd @ystalsivers dtatkdd]in dfrébaeriufth Riwds érfployBdin the PR Edattion) Cal cd.

[err]: 471.vied22eamsnd3d. 26y ] 471.7323 (4B) white crystals 45 m p.: 110.0
- [err] NVANRCDL)&.59 - 2.70 (1H, m, 2.97 (1H, ddd, J=15.13, 5.37, 3.42
Hz), 4.35 (1H, 278 (1H-d,.J818.78Hz), 287 4B0G (14 m)15.10J2t5 361612 Hz), 8,28 2H, d,4=BW Hzl H, m),
5.46 - .53 (IH m), 7.34 (IH a), 7.50 (IH d, J=1.95 Hz) IR (KBr) [err]

50 Eygmple 1455, 1263, 1161, 1013, 867, 812 Mass (El nethod, nme)
472 [err] resol uti on mass spectrum Calcd. [err] :471.7309 Found [err]
471. 7349 SQ%F?‘”S(ZM loppntene [err]

[err] 10 Exa

4 15 8b-
1 if was d d
1,2, 5 71 ‘Eetr @Pd 6} b EPEEP% g8 rss%we dé Q%"’?Egved
e| n

(0. 632 nol )

and 353 r&ﬁo °:l i al}?:ﬁ):f" a Tﬁhﬁ&% 88Med

in iced wat bm f brom nevvas added

sl owl ya t heﬂ{e -H& p%&dr”s%n%% bl{eh&i a 9& ) & ISPRRRE R %Rs 2 rh ﬁl

hour's. e o?ﬁ‘-éGMBﬂFas%&%‘tﬂe?etd’%ﬁouﬁ lebbldd G d\oate?rrnmdsalm4 sdrio 1)oF3, 58

of sodi Um nidpértdn Qaﬁilﬁoﬁé?idn 1.1 |on'f|F WAL tRIE soRioR wasida18d ih 84 R4ter: This solution

Understirr lmaddzd 3 tH pteViokdR botain®t nixter atoAEtint Bnd thi RSN AlbEUre VRS sirebd B cbriight dndér
reagti on Mcsbiing M ice@waG B it Kus SBtaiRedUSaclicn Yibituré) 1 2 | STWEIBIWas addRY Srid.thekBRitiAgivRIIES

| ayer was ewss stiresid dtereviporaling the Soh@ht| thib prédipithtad & ystanverd veasedviith M aquedug adhitidn of

| ayer was weN=id5! wi2), watbr (31 x Y, 3 lufihetharat2ll afibyclohekark and n-baxaner (310w x 2)qThedhus obtaickdu m

chl ori de sorystalswereadriel yrusiegla vagaum umip yckbtaind henaagtivned compaintlf at e. Af t er

renovi ng maGaEIBRA &@1.8% e byfiltration, 25 the filtrate was concentrated

to obtain &$olB0at#8S5t°"Ge solid was dri.ed under reduced pressure.
25 NMR(CDCly)3:

2.21 (1H, dd, J=14.0, 5.0 Hz), 3.08 (1H, dd, J=14.0, 7.0 Hz), 5.20 (1H, dd, J=7.0, 5.0 Hz), 6.30 (2H, s),
6.80 - 7.50 (8H, m)
IR (KBr) vemr1 :
W, “ 1685, 1570, 1165, 992, 790
Elementary Analysis

Cealcd: C;49.66H;3.68
Found: C;49.76H; 3.56

35 _ The same procedure as in Example 1 was repeated expect that o-chlorophenol or o-iodophenol was em-
ployed in place of o-bromophenol to obtain 3,5-cis-bis{2-chlorophenoxy)cyclopentene or 3,5-cis-bis(2-iodo-
phenoxy)cyclopentens, respectively.

Example 2

3a,8b-cis~dihydro-3H-cyclopentafblbenzofuran

To 1.3 g (53.5 mmol) of dried magnesium, 10 ml of dry THF was added and then an aliquote of a solution
of 10 g (24.4 mmol) of 3,5-cis-bis(2-bromophenoxy)cyclopentene in 70 mi of THF was added to this solution,
45  After the resulting mixture was heated to prepare a Grignard reagent, the remaining THF solution was added
thereto and the resulting mixture was stirred at room temperature. Then the thus obtained reaction mixture
was added to 65.2 g (2.68 mol) of dried magnesium and 0.5 | of dry THF was added thereto, and then 500 g
(1.22 mol) of 3,5-bis(2-bromophenoxy)cyclopentene in 3.51 of THF was gradually added thereto. After the ad-
dition, the resulting mixture was heated at 50 °C for an hour, followed by being coocled in iced water. To the

50  thus obtained reaction mixture, 11.6 g (60.9 mmol) of Cul was added and the resulting mixture was heated at
40 °C for an hour, followed by being colled in iced water. To the thus obtained reaction mixture, 0.9 | of 3N
aqueous solution of NaOH was added and the resulting mixture was filtered through Hyflo Super-Cel. The
thus obtained solid was washed with 2.5 | of THF and the filtrate was concentrated. The concentrate was ex-
tracted four times with 1 liter of cyclohexane, washed with 2N aqueous solution of NaOH (0.25 | x 2) and with
55  brine (0.1 | x 3) and dried over anhydrous magnesium sulfate. If the interface between organic layer and aqu-
eous |ayer was not clear during the extraction and washing steps, the mixture was filtered through Hyflo Super-
Cel. Then magnesium sulfate was removed by filtration and the obtained organic layer was concentrated. The
same procedure was repeated except to employ 816 g (1.99 mol) of 3,5-cis-bis(2-bromophenoxy)cyclopentene,
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Yield: 298.7 g (99.7% GC purity: 93% Exanple 5 30

3a, 8b-cl s-di hydro-3H 5, 7-di br onocycl opent a[ b] benzofuran In 10 mM of DVBO
687.3 ny (1.372 mol, purity :95.0 ER04G3162B1.

3a, 8b-cis-2,3,3a,8b-tetrahydro-1H 1, 2,5, 7-

t et ¥ abr onogxthORited bdrbifrae Whs dombindBfith thepredlovaRbbRned chnéeritaté) fdicved By d@tiation Of
pul ver i zed oapéltombinéddoncadirdtés. € 35 was added thereto, followed by being
heat ed at |viendr Br7faay (7arehour. After allowing the solution to cool at room
t enper at ur é,p. 30.8¥788FC/® tyrhHEcet ate and 30 nl of waterwere added to the
reacti osa mMNMRUERCHH)8r extraction. Then the obtai ned aqueous | ayer was
extracted w t h2.8@(1H ddol=2.2:0:5Hiz). 288 {14k dd, IF8@. Q-FlEz).H3F4tH, d. JF 7P &Hie)s 541, deeh et
with 20 m 53f22Ha (2 shéBredtenlsodi um chl ori de sol ution and dried over
anhydrous ¥o@eameslffate. After re- noving sodiumsulfate by filtration,
the filtrate wa%0c§PRad%2r ated to dryness. 40 Yield: 447.0 ny GC purity:
96.3 o fh ass:

."?"15%(."% - [err Lerrl: 42,90 (2H rr%E 4. 48 (1'5"; Sg piogs 0
n ocedure ple2, tionpd is &l ined by psing 3,5-cisPig(2-
i R Sy mrans ol
Sagbe] g'li idr%w ‘ﬁ-t ° ’§| ?o&%@cl%pen. a @ é’n@% Iu"rh Igrrildelinnp@gofrﬁu PoYe iﬁ{ﬁg-

3a, 8b- cj,s- di hydro- :

5.00 g (10 ghjngg®! ) oOf

3a, 8b-cis-273,3q, 8b-tetrahydro-1H 1, 2,5, 7-t et rabr onocycl open-

t a[ b] benzobalsiRds-2/8,3a,8b-t5Edhyore-H- 28, 72etRBrofodyddpeRafbibeiidriraf sodi um sul fide was
addgd theréfo and the resulting mxture was stirred at roomtenperature for
4 hour sz To tiheo midbtdidhiommethiaid, 2O5H g P12. Mhmol)fof 3aBb-@ls-dikpdio-ald-eyeid pentaib]imnzofurdrawas
resul t ant dissivedindiis sobhtion viaa cdolbd inliced vatert dny themE SinHT6:2 midiufbragjnewasadded sipowly Wa s
extract ed theretoe Aflertstirri@gtherinixbive girdop teppredture for amibut, khe tins whieinedbreantigramixiure| veag er
was washedagded ko 190 mhdf satiirated aqueoyssodiyrh hydfogeradarboretesplution whinhvas cadled in icdd|water. de
sol uti on whiadenghiteng, & ¢ af edium jthiosylfaterin 49 inkof walarwas @tded sloyly tathel repftiom mistiraq Aftas
sat ur at#d aefieegthatiden coler efibraminecnes gisanneares the mixtyre wasextrgalad tyise yith #Arg! of ethyl

magnesi um 3efate e orggniciayers wasgwasied Wii$Q mhotbring anddried oves gnhydiays sodiumysgiiates Affes >
Bl trati onfmoMps ”T:F’_'P’P gulfete by tliratjon, {Respsujtant was cppceirted afd dried ypdergedusgd pregsurefo oty
CC yiel d: : 75

3.80- cls- ARy RS Sl WTREYELORRAL MIRGIILRD ek bbb 2"
3a. 8b- gi S?‘g‘eepg}a%al %lg]:fmé?r;,t';g% rd-. w.Pglarfrgctions and 3.9 mg of 4B from high polar frac-

t et r abr ono gl Q’E}%ﬁﬂl@] benzof uran was di ssol ved and 0. 8657 9 (13.2 mmol) of
zinc was a 'é_fh_ 198 §cand 10 the resulting mxture was stirred at room

t enper ajsur AMRYEDGEYYshour. The thus obtained reaction mixture was filtered

and the solve n§.6M7ﬁYl@,m,rﬁ¢1e@.-22 I‘ﬁ‘l, Inf} Q.37 e$.h3141ﬁ; m),2Q4:!‘d 4.53f(1 HVa) 552 B@2 ?1@1. m of
et hyl acet ak2- 580 @H,a8)0E3h - 7.41 (1H, m), 7.49 (1H, d, J=1.95 Hz)
\/ IR (KBr) vem-1 ;
2970, 1452, 1258, 1187, 1135, 1058, 992, 804, 714
40  Mass (El method, mie) : 472 (MY)
High resolution mass spectrum
Caled. (C41HgOBry, M*) : 471.7309
Found (M*) : 471.7323
(4B) white crystals
4 m.p.:110.0- 112.0°C
NMR (CDCl;) 5 :
2.59- 2,70 (1H, m), 2.97 (1H, ddd, J=15.13, 5.37, 3.42 Hz), 4.35 (1H, t, J=7.82 Hz), 4.40 (1H, t, J=5.86
Hz), 4.57 - 4.64 (1H, m), 5.46 - 5.53 (1H, m), 7.34 (1H, s), 7.50 (1H, d, J=1.95 Hz)
IR (KBr) vemr1:
50 2970, 1455, 1263, 1161, 1013, 867, 812
Mass (El method, m/e) : 472 (M%)
High resolution mass spectrum
Caled. (C1yHgOBry, MY) : 471.7309
Found (M*) : 471.7349
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forextraction. Further, aqueous |ayerwas extracted twice with 20 m of

ethyl acetate and the conbi ned organic |ayer was washed with 20 m of water

and with 20 mM of saturated agueou&P9d83 18hBIhl ori de sol uti on, and dried

over anhydrous magnesi um sul fate. After renoving nmagnesi um sul fate by

filtration, the filtrate was concen- 15 trated to obtain a solid. Yield:

1.95 g (97.5 %9 CC purity 96.6 %" p.: 108. 0 -B[rerr] NVR [err]: 20

2.90 (2H, m, 4.48 (1H, 5 60 (1H m, 5 m, 7.25 (1H, d, J=2.0

Hz), 7.40 (1H, d, J=2.0 Hz) ) [err] 387 80, 2920, 1595, 1570,

865, 836, 740, 720 Mass: 38 [err 2) %y[err] +4) 25 Exanpl e

8 3-(2,4-dibronn-6-iodophe )cyclophente In 100 m of ethanol

48.5 g (128 mml) of 2, 4-di®Tyno- 6-i odophe swas di ssolved and this

sol ution was cool ed down tBy[eB¥] under cogkingrln iced water. To this

solution, 115 m (128 mmol) of 1.12 M potassium hy- droxide in ethanol was

added dV’opvm se to obtain potaggignsalt therepgf BYhe solvent was evaporated.

and t he residue was dried under heating and under reduced pressure (0.5
nHg, [errg ég qurs) In 150 m of dine- thylformam de, 53.2 g (128 nmol)

of the res was di ssolved and 0.68 g (2.6 mmol) of 18-crown-6 was 35

added t gt hs800d13 § Sab-tditthitiro-1183 9 6.7 1@ bidMnddylbgantartiberBhufad 1> MOl ) Of
3-chl orocy t funnel and the
resul ting m g ¢f & ditSrombthdrie S0 g Q6.652 mul) DD SY, bRl diHy S8 BH cFiIREHt Al 1SEnEorbes Wds dis] NE
t hus obt ai Bs\dd bRFEBE ing (6.3%Immkok) lBronAas dABeH tRéletd, follwed P Beirblcbolal if iddt Wker, 08 the b0 N
300 M of Qid)¥l0 nR@ARE MbIPor BIOMING. WA addied SIbwil arldtiRUSSGINALEMIR G WaB BNV B¥dniiémperature
uti os. ToRPI hotirg.Thée RadtilyikioRwas\EboBeid iced wefer 4l 60 (190 md!) dReclimAinydrddaly chirtdrate | de
, and Wi t h 1586l 1Tof vister warb addadl thereOUreien stirring) di8\g170.a314 mol) af Sodiue thibsulfite Waschddbditettle
over sodi ureasioh mixtues to sepérete aqueays-layd@nd ganiciape. Thequemis lagerivas dxhvacted ivitls 2 l@bdthyl ned
solid was aestateand thie combingd froaniniayeivan whshedwithid 1 efwaterkihd ithyl | pfis@BratadehueogEso@um -
(2, 4- di br ofhtoride sotutiersnd drisd gYergnbydmve magnasiumsuifate. Afterremovingimagnesinm sgifate Hydijtrafion, R
(KBr) [%r r {he fitiaty was congentratpdito obtgig @ solid agrthe saljd was dyedundgagiuced press80, 810,
780, 710 4'e'dNRﬂQ7 UBH Nz, [err]: 2.1 -2.8 (4H m),5A -5.6 (IH m,
5.7-6.0(1 B€ H'j‘v %-6.3(1 H n), 7.68(1 H, d, J=2.3 Hz), 7.87(1 H, d,

J=2.3 Hz) Cl) 459 [err]) The sanme procedure as in Exanple 8 except that
Z\bronn 6- nol is enployed I'n place of 2,4-di- 50 bronp-6-iodophenol
y|elds (g Q>? "?&b D ene. The sanme procedure as in

Exanpl e 8 “i‘*“-‘i—ié-bronn 4-chl or o- 6-i odophenol ,

4-bromo- 2- Ch'rP{ i Q&Htﬁwé é: &rﬁd) b@(g? G EH-ci §3§‘ ﬁg%mﬂﬂ'z%% of
2, 4- di brong QHU% é’aﬁ& E thibSlfate
3-(2-brg rmwé]s dh&e 'fdllmm 0 B4 HEREY 4t HEURE ok ST¥Rur. 41[0 an{m ution to cool at room
chl or o- 6- | RRARELEROYM GR6EHURELE B0 A of Ratbrivefb didddlid thORARBRNRIING SRtBIRANTHBRE
respecti vetng obiaiRed aqueous layer was extracted with 10 ml of ethyl acetate and the organic layers were washed
\J with 20 ml of saturated aqueous sodium chloride solution and dried over anhydrous sodium sulfate. After re-
moving sodium sulfate by filtration, the filtrate was concentrated to dryness.
40 Yield:447.0 mg GC purity : 96.3 %
m. p.: 108.0 - 109.0 °C
NMR (CDCl3) 5 :
2.90 (2H, m), 4.48 (1H, m), 5.60 (1H, m), 5.80 (2H, m), 7.25 (1H, d, J=2.0 Hz), 7.40 (1H, d, J=2.0 Hz)
IR (KBr) veny1:
45 3070, 2980, 2920, 1595, 1570, 865, 830, 740, 720
Mass : 314 (M%), 316 (M* +2), 318 (M* +4)

Example 6

5  3a,8b-cis-dihydro-3H-5,7-dibromocyclopentalblbenzofuran

In 50 ml of DMF, 5.00 g (10.51 mmol} of 3a,8b-cis-2,3,3a,8b-tetrahydro-1H-1,2,5,7-tetrabromocyclopen-
ta[b]benzofuran was dissolved and 5.05 g (21.02 mmol) of sodium suifide was added thereto and the resulting
mixture was stirred at room temperature for 4 hours. To the reaction mixture, 50 ml of water was added and

§5 the resultant was extracted with 50 ml of ethyl acetate. Then aqueous layer was extracted twice with 30 ml of
ethyl acetate and the combined organic layer was washed with 50 mi of water (10 ml of saturated aqueous
sodium chioride solution was added because the separation was not easy) and with 50 mi of saturated aqueous
sodium chioride solution and dried over anhydrous magnesium sulfate. After removing sodium sulfate by fil-
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20 EP 0 463 162 Bl Conparative Exanple 2

3-(2, 4-di chl oro- 6-i odophenoxy) cycl opentene 5 In 20 M of nethanol, 6.3
g (21.8 mmol) of 2,4-dlchloro-6-| oERAedse2B¥as di ssol ved and this sol ution
was cooled to [err] under cooling in iced water. To this solution, 6.5 m
(21.8 Mol }ratith, tBe figtatlWBPdonShiratéd b yslsivxsig | N met hanol was added dropw se to
f orm pot asyieldis2agt t Ise @ed 8788 sol ventwas evaporated and the resultant
was dried by heating under reduced pressure (0.5 mtHg, [err] 16h). The thus
obt ai ned s&kanthlavas di ssolved in 30 m of dinethylformam de and 0.12 g (0.45 -
mmol ) ok 18-crown-6 was added thereto. In 7.5 mM of DWW, 10 2.2 g (19.6
nol ) of 33ehli-de-dydot ABrdioamoayeiopentalblberizefemdn and t hi s sol ution was added
dropwi se to the previ- ously obtained m xture using a drop E— g funnel,

fol | owed by Uemﬂj°§T|1Frq"éép@MW@&P&GK%1WI)P@3§-GFQﬁ3!-& fptraityaro- 1hiHe2.5.7-
reacti on mitetebrpmocygiepepfalblpengofurgn Ha%‘&’ﬁﬂh"’&taf‘% 845¢) X2 remaiyof 7ifg wag added therels and

et her alfd %9 ’?ﬁ““‘ﬂq '“'l‘t”N d‘“" ??S'x'PHeT'?d\“!?t“P'GHed "?ﬂé'mi prlure was
Ob][ ai ned (()rf E{% Nl %g ﬂ{l [%h added
sol ution ﬁi&

. d w of
Zgl:lut Ihcem t hove a n9 \ééle%’:jx@sul}’aotgr:n r‘gem vin : ;% b:ygfcfft ﬁ ror’ra %rfc%? ed
of S|I|ca 54g(153mm| 70% of

3-(2,4-di c henoxy) cycl opentene. IR (KBr) [err] 2910, 1525,
1435, 13604, glqgho.lﬁgepclooo 995, 930, 925, 890, 800, 780, 715 NWR (400
I\/@zj [err] nmM&Qcbelys: 2.2- 2.8 (4H, m, 5.4 - 5.6 (IH m, 59 - 6.1 (1H,

6. lao- 8.3 RAbY2H, M) 4.48(1K, m)( 560 (118 .m), 560.(2H, 1§,)7.25 (1H( 4, JEA.bHz)(7. 40174, dpu=Lio Hz)VE
(C1) 371 [ KBr)¥em1same procedure as in Conparative Exanple 2 except that
2-i odophenol , 2e70/4980,2920; 1508|dpt10:885| 830;74d,-72€ hl or o- 2- i odophenol is enpl oyed
I n place oMa&:4- di chl or o- 6-i odophenol vyields 3-(2-iodophenoxy)cycl opent ene,
25 3-(2- chl or 314aMNc16 MicBh R18)(Mytdpent ene or
3- (4- ch#or o- 2-i odophenoxy) cycl opent ene, respectively. Exanple 9 3a,
8b- ci s- di hieepleR4 5 7- di br onocycl ophent a[ b] benzofuran 30 In Schlenk's type
reactor, 300.5 e (0 67 mml) of 3-(2,4-di brono-6-1odophenoxy) cycl opent en,
7.8 my (0. &d&4d Jeyclophentsl  at e, 222ng(0089mm|)of

| o N

suspend@d in % "L

e (R a:ﬁ%? iy "?‘% B
(124

roxi
After evapgy, Jnm Hg&ﬁé t d‘é@ ed X‘\rrg fS18-c wn-6 was
chromat ggr Mm‘iﬁé&ﬂ.ti . Tdth £&84dd drébwise
obtai n chegifgd dripfRg flinfdi aridd¥a n% ing mixitid \ﬁ'asQ ir 2“5% rb Q164 BBB@QH@ ®05)rhe
ol ef i n i SORRE obitkifidPétttidAmbdtle Was pbl¥ed fo@Sbkring @ fnePdohtaining SO0 ol d¥Btate and 100
cALBITat Ogr APSFYN afuesislsbdiiin K@loxieNoMaoh, The GHEAIOIBRK WG NasHdE With 100 FE6raN SodfuntHYdrdy t O
obt ai n 3a, id8landwith-160 Ml sduratbt dqudous! sdafumEGHdR isaliition Biiddribd dverssdium bulete/ Afterédap-| R
(KBr) [err prabfdibe soRent(ihe (AOLdbtaink® gdlid diderBorysialliddn fiomidithandl iddbtainldd B(@, (105 mOnol) 360,
830, 805, PM(ibreiidI6-iodophenoxy)cyclopentene with 82% yeild.
m.p. 57 - 58°C
IR {(KBr) vermr1:
2900, 1520, 1425, 1360, 1105, 1020, 990, 930, 910, 880, 810, 780, 710
45  NMR (400 MHz, CDCl3) & :
2.1-2.8(4H, m), 5.4 - 5.6 (1H, m), 5.7 - 6.0 (1H, m), 6.0 - 6.3 (1H, m), 7.68 (1H, d, J=2.3 Hz), 7.87 (1H,
d, J=2.3 Hz) ' '
MS (CI) 459 (M* +NH,)
The same procedure as in Example 8 except that 2-bromo-6-iodophenol is employed in place of 2,4-di-
50  bromo-6-iodophenol yields 3-(2-bromo-6-iodophenoxy)cyclopentene.

The same procedure as in Example 8 except that 4-bromo-2-iodophenol, 2-bromo-4-chloro-6-iodophenol,
4-bromo-2-chloro-6-iodophenol or 2,4,6-triicdophenol is employed in place of 2,4-dibromo-6-iodophenol yields
3-(4-bromo-2-iodophenoxy)cyclopentene, 3-(2-bromo-4-chloro-6-iodophenoxy)cyclopentene, 3-(4-bromo-2-
chloro-6-iodophenoxy)cyclopentene or 3-(2,4,6-triiodophenoxy)cyclopentene, respectively.
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NVR (400 MHz, [err]: 2.85 - 2.95 (2H, m, 4.46 (IH d, J=7.3 Hz), 5.53 -
5.60 (IH m, 5.69 - 5.73 (1H, m 5.80 - 5.85 (IH m, 7.23 (1H, dd, J=2.1,
0.6 Hz), 7.38 (1H, d, J=1.8 Hz) 45EPOM63182B1314 [err] The sanme procedure as
in Exanple 9 except that 3-(2-brono-6-iodophenoxy)cydopentene is enployed

I n -pl ace otompakativé'B@dinpre 2M0- 6- 1 odophenoxy) cycl opent ene yi el ds

3a, 8b-ci s-drhydro-3H 5-Dbronocycl open- ta[b] benzofuran. The sane procedure
as i n Exanpi{au-dichioieseptophéraky)dyelbpbniaiieconD- 2- | odophenoxy) cycl opent ene,
3-(2-bronp- 50 4-chloro-6-iodophenoxy)cycl opent ene,

3- ( 4- br &np- 2-e2(l rdiotmehdnadbpd@h8 ryriplt 9f@ldadinblatocisiedophend wagdissolBed ani thisdhglution was
phenoxy) cy edoled éa{°G Hedef @ol@gp'q n@ey vgter. To this aelgtion 6.5 mi (21.8 mmol) of 3.33 M potassium hydroxide

3- (2, 4- di bingneihagal wwsméi BtRasiup gait thereof. Jhe sgiyentwasavaporated and the resultant
di hyd r o- 3Hw dsied, Pepling mg@mﬁ Ialan, 60°C, 16h) The thus obtained solid was dissolved
3a, 80-of s o Pfdh dg'g'éhi‘ij’ed ?hﬁr,eg Inle,estom:hf:rgvf.

3a, 8b- c1’s- &4RH H’rsd“ ° "
gi 8b- (é ::> sog'i' ?B’% re-jus 'B‘?fgraefi;g fur@f% T,ylasm,, taming ﬂ} r% ofether??%gt(i%ah q1l:55

jm a ic layer was washed with. 1N aqueous sodium hy-
gghﬁgnﬁl :' ‘ﬁ e ohditi 3?1. “FHM’GQ ution, and'jl

1 i Iv n oilyp punfle y column chroma-
3 (2,481 c e siﬁcQ anﬁ&m?&g& msmmﬁm - Rofod J’ ot m’”a di um
acetate, 3r#sHlent-t: trip enyposphlne an

mol ) of SIlvef915a|simmeuawmosmmme§bslysoizsrhsoqﬁooammltrlIe Thls
s\_/pensmnnmaqmelmﬁvmrb@@ react at [err] for 20 hours under argon

atnosphsgr e andz.phes 4hs), R0156 (B.An) 8.6 (H, w),B.1-i6l (e, gl 7i4h (101,16 0=2H4) (774 (1H,

fol | oned by, Jo2sHg washed with ethyl acetate. Afterevaporating the sol vent,

t he resi duMade) 3mguiznid) by [er] (400 MHz) using fo di-n-propyl phthal ate
as an | nt er ndhe sanmipehaediretas itStomparative Exampiel 2 ex¢eet that @foderteght, 2ichiorodtiodoptisnol or 4-
captioned ehiorp@indophaneliis emrigyed in placafid¢-dichiese-Giodophsnopyiplds B-(2rjgdephenoxy)cyclopentene,

chr onat Bgr akshlomGrlogaphenoxyryeloneatsnedin & (4nehiprgs2rioigphengxyifycionstanraregnpetively.

rﬂd over so-

mat ography (silica gel, eluant cycl ohexane: ethyl acetate = 30:1) to obtain
3a, 8b-ci sEXMRE® 0- 3H- 5, 7- di chl of - ocycl ophent a[ b] benzofuran. | R (KBr)

[err] 15 2 4 { 240 1235, 1220, 1140, 1050, 985
940, 855 h3.r4 T G- —err] : 288- 292(2H : 443
(IH,d, ‘] 7 hkst ge g( 6 @Qu-a ) o e

(IH, ”) 7 Ia m ce E{( @é )erﬂ‘r]
20 E ,z;{e ﬂ, & trf Cfor20

3 (2-i odop § o Hﬂa M} @mﬂm Eelife

ﬂl&@% by bein"
3- (4- chjsor as%em eées mép ﬁ&mssamn@meeaa@edwas aa}zad:@ gfda cRromatography
(2, 4-di chl gdifydbn- M&IE'}RQM Rt MernRIRBRARAIS obtiPehEdical yield of 70% and a ratio of the captioned
3a, 8b- Ci S- ginkpyeHa@ MYsomeriRudondrad: nang Réilieaas puifiedfy cBlifin chromatography of silica gel
d Mw dr 0- 3H¢ehmfitidycibHRRANG] cttyPatbiate 2]60:2) 13 Gdtaik 3 8t¢is-dihydro-3H-5,7-dibromocyclophentafblbenzo-
3a, 8b- ci s- flirdmydr 0- 3H 7- chl or ocycl opent a[ b] benzof uran, re- spectively. 25
40 IR (KBr) vemr:
3070, 2970, 2920, 1570, 1450, 1245, 1220, 1150, 1000, 950, 860, 830, 805, 740, 710
NMR (400 MHz, CDCl;) 3:
2.85 - 2,95 (2H, m), 4.46 (1H, d, J=7.3 Hz), 5.53 - 5.60 (1H, m), 5.69 - 5.73 (1H, m), 5.80 - 5.85 (1H,
m), 7.23 (1H, dd, J=2.1, 0.6 Hz), 7.38 (1H, d, J=1.8 H2)
45  MS(El) 314 (MY
The same procedure as in Example 9 except that 3-(2-bromo-6-lodophenoxy)cyclopentene Is employed
in place of 3-(2, 4-dlbromo-s-lodophenoxy)cyclopentene ylelds 3a,8b-cis-dihydro-3H-5-bromocyclopen-
ta[b]benzofuran.
The same procedure as in Example 8 except that 3-(4-bromo-2-iodophenaoxy)cyclopentene, 3-(2-bromo-
80 4-chloro-6-lodophenoxy)cyclopentene. 3-(4-bromo-2-chloro-6-iodophenoxy)cyclopentene or 3-(2,4,6-trilodo-
phenoxy)cyclopentene is employed in place of 3-(2,4-dlbromo-6-iodophenoxy)cyclopentene yields 3a,8b-cis-
dihydro-3H-7-bromocyclopenta[blbenzofuran, 3a,8b-cis-dihydro-3H-5-bromo-7-chloracyclopentafblbenzo-
furan, 3a 8b-c|s-d|hydro-3H-7-bromo-5—chlorocyclopenta[b]benzofuran or 3a,8b-~cis-dihydro-3H-5,7-diiodocy-
clopentafblbenzofuran, respectively.
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Exanpl e 10 ) '

5, 7-di br ono- 2- endo- hydr oxy- 1- exo- hydr oxynet hyl - 3a, 8b-ci s- 2, 3, 3a, 8b-tetrahyd
ro-1 H-cycl opent al b] benzo- furan 3GPIO#63EBH of acetic acid, 33 g of

3a, 8b-ci s-di hydro-5, 7-di bronocycl opent a[ b] benzof uran and 66 g of s-triox-
ane- wer e dcemgdtiesieamgle30 M of concentrated sul furic acid was added
thereto under stirring at [err] followed by being stirred for 15 hours.
Af t er cool B&8p-diddihyd®adtits, Bdichivrocydtpentaisieatdf@raraci d was evaporated and 1000 mi
of ethyl acetate was added thereto, followed by being washed with 500 m of
wat er amd wi tiinSehienkls tybedacior 228.5 :ngJ868 mwod) of $r(2.4-dloldore-B-dodenhiennixy)cysiopen®0, 76 mg
5). The wa@38 mmeb of palladium gcetate, 3p.4 g OG5 minolpdf triphénylphagphine and102:3angd@. B3 mmol) of
acet at e | agitvercarhenate weshayispaaded itiF inkof aqeienitrie; i suspansienivas gliqwed ki reactiat 267Cdar 28 n
oi ly produ ?“"s W@WUS‘"@&“&‘PI@E‘H‘“&N’ °HS?'WGUH“’%\)&%‘ fﬁFP’S%@M'@bcq"ﬁ f&'l?l‘le y bging

nmet hanol aW@shedwt ¥Anh %Y@sg'?ﬂyﬁ‘t b 1 Hising
thereto f@r ')}E%Véﬂ’hﬁy'atﬂé? '?W'@H%?PWBB gigound
After cencé?gt- i t 1 ya ‘-%gjéﬂ” gggﬁ %‘gm"m'
reaction '%“ ?‘g@ "?'gscﬁ‘f'? S’H’f' ? e 880 40
m, 1100 o EXtT At es wer e conbl ned, washed with water (200 m, 100
m ) and,gwi 31 A 459880t gBs b i 4%, 864, i P, I o0
and concenm‘ MHQ an ol ly produnct. hus obtal'ned oily

product was r eﬁésl-sztsil(él-l a&h&gm &ﬂm%%sa@é)@ﬁ hM'ss%C%t?Qfﬁ hpEadlss2 &R, 1, )
to 16 g (4296 yHeddl)=20Hz); ehokegI=omgtals (m p - [err] Further,
th)ner | i gmsiEy®s (¢pncentrated and was purified by colum chroma- tography
of silima gelThé eamioprbcedty 64 inlCDMpdrative ER4nipid 3 exet #Hat 3-12-iddophdndtyjclcidpbityhe, 3-(2-
acet at e) t chiddo-g-iogopharkiy)sycieperilenedr 3-(@-ehidib-2-iaiaptishapjetiopatsne isnahplofddin [plate ¢f:3-
2.05 (2H, (§)4-dichlotpd6-ibddphencyy)cySopeer(ellididsBia,8b-dis-0ilydr@3H-cyaippentalblénzofurdn, SkRb-cis-
J=9.5, 7. 2dihysircasH-G=hiorgtycsbentalblbendofurdn-2r 8,8Hzc)s dipdre-3H(7chiptocydiopentab]t@ndefuyan R-
(KBr) v: bGepectively. 3300, 2970, 2925, 2870, 1600, 1575, 750, 730 [err] Mass
(me): 836 [err] 364 (Mr2), 362 [err] The sane procedure as in Exanple 10
except thaExamgledPor mal dehyde is enployed in place of trioxane yields the
capti oned corrpound 55 22 EP 0 463 16281 ‘Exangl e 11

4- (2 endo-, dib 'u_,v 21" ¥1}-exochydros yimet 3 : Bc2,3,38 iz »»v-

ester 5 Under argon

l\apent aJ b] | zofuran 5- vyl )butr ric add et hyI
gt r7m 3}3[1) re, 7Fof ggdeQ GF’:%% %#s- I é ?—dﬂro%ocyclopenta[b]benzofuran and 66 g of s-tnox-

I bromg ?ar%v% i :’ Qnt saddedtf derstir at80°C
yiet hyl - 3! g iy 5 eﬁé& il
of 1.82 M gy sammwmr by B¢ Ew’aé’he 4081 ecPdquacas ' ]
for 40 gz néﬂdﬁﬁ: lufu&ﬁ(%ddml'?&) Fhe Wakhbs WS extradtéd vifh 586 ml RQH%/Ita%&&te Bid élﬁ}h” €

for 30 m nydeRe laybRs weRCeoinBirsd, BtldBhd8fcdn@a6d fo @Btai u¥ b Uf & oily frodillct. Pike thusobtalied
cycl ohexy! oilypgaaes waddissBiearin 81 mi of methanol and 160 mi of 3N aqueous sodium hydroxrde solution was
(% added thereto, followed by being stirred at room temperature for 30 minutes. After concentration, 50 ml of 6N
hydrochloric acid was added to the reaction mixture and the resultant was extracted with ethyl acetate (300
40 ml, 1100 ml x 2). The extrates were combined, washed with water (200 ml, 100 mf) and with 100 ml of saturated
aqueous sodium chioride solution, dried and concentrated to 30 g of an oily produnct. The thus obtained oily
product was recrystallized from n-hexane and ethyl acetate (50 ml : 25 ml} to 16 g (42% yield) of colorless
crystals {m. p. : 126 - 128°C). Further, mother liquor was concentrated and was purified by column chroma-
tography of silica gel (eluant; cyclohexane.: ethyl acetate = 2:1 — ethy acetate) to 8.1 g (21% yield) of the
45  captioned compound. '
NMR (CDCl5) 3 :
2,05 (2H, m), 2.54 (1H, m), 3.68 (3H, m), 4.04 (3H, m), 5.24 (1H, ddd, J=9.5, 7.2, 5.0 Hz), 7.22 (1H, d,
J=2.0 Hz), 7.39 (1H, d, J=2.0 H2)
IR(KBr)v:
50 3300, 2970, 2925, 2870, 1800, 1575, 750, 730 cm™1
Mass (m/e) :
336 (M*+4), 364 (M+2). 362 (M")
The same procedure as in Example 10 except that paraformaldehyde is employed in place of trioxane
yields the captioned compound.
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10 was added and the resulting m xture was stirred at 400C for 3 hours.
Under argon atnosphere, 190 ml of THF containing 3-fornyl propionic acid
met hyl ester was stirred at -200C &rd46ht62B1evi ously obtai ned Grignard
reagent was added thereto for 15 mnutes, followed by being stirred at -5
[err] for Empleytes. To the thus obtained reaction mxture, 25 m of
concentratedhydrochloric acid (about 35% was added and the resulting

- M Xt ur e Wag-(£eHae-Ajtrdxih Rko-Midfbxyketiyda)ebQis2(3,32 80 tetfhyaio- 1Ry iepafth[blbdrfacfurbhe- pH of
t hi s sol ut iptiteacid aeihmebed (0 2 - 3 by adding concentrated hydrochloric
acid ang 3.0 g of 10% pal- | adiumcharcoal was added thereto and the
resul ting m Xinder@rgamatmosphers,dai 76 mbs THEiedintgining 85 glof 5, dibromot2rerida-hydrpxy- texoghgdrox-
at nospher e ymékhy-34,8hucis-2 8abrtetehhydeca tH-ryslopeniaiiihenasfurans10P ml of &2 cyalabbxyl megneplum f
the filtrathiorideis THAjwasaddefl drapwise at 08C bwwmtqqgnetae repuiting tixiise was stirredad fogimtem-

hydr ogen c asratuvedar 80 mipyten: Tashe thysebtaipedraaction mieiracp4 adei 2 82M cypiobexyl mpgnesiym chloride
resi due’® 19es ‘?ﬂde‘iﬁ“d 1"°I‘(Fﬂ'=I¥r‘EH eHIe e Et“’ﬁe 2 °a91f6" UEs  of s atur at ed aqu
sodi um chl or IF‘?TC ta:l ml ofJ 3{{’ Eg“%\'ﬂ g ¥l geopip 'H?W k@gﬁ%
extracted @ t er
t
?"{’ Z%sré’élv ﬁ‘f %ﬁ%

hlssotlnwa ﬁ'ﬂpd %ﬁoﬁ/o |ed
by col umm h\g{jg Yded$ gg,l 3 sﬂr
acetate = n a més sﬁlté?éd Jﬁﬁﬁfs pVI optll\E ﬁltrﬁ@
compound. ramqn&,% yo%m n e e oy aae&@otd;mkm@soﬁwrae& 12
15 m) 1§ @ne Fbgﬁlé’d ook ofANChydraehidhie/Ack drd 50%MI of ﬁiur&&d’a‘&b&h§sodﬁwbﬁl&ﬁ5 solitieh W6
I I uor WAS aldel GAIthe Biuftfrg MRELIN\AR olticiel wradethwa&a{euma eftFHitdd WR e QO BRAYwdsRed@lith ai N
7 g (33%witerdndgatitbted dyBecusigtidiumoRéelhide SoImon) Bibd ahd\dondentidtdd:to about 56 g at anfoilly prbict.
n‘) , 3.40 ( Irid thebbbtaihad/oilp profuchvasipirifie@by@élutidétrontajography (silica del 200(g3dthantidyclobaxdrs :
(1H, ), 6. éthyl(abdthte & 1:1 Isathybadeiz)e) to@biaid 30 g bf nearly paf@ caftihedi¢Bnyound. 3350 (3600 -
3000), 1735, ThBGGmpourstwas rectysthllized frérmi-bxaneBBiyl foetate |12 Thet 5o ioblaind6.2d (286 vield) i n
Exanpl e2511 ofotystyst Furthas, methéryiquanwes s éentratést andiweepurifieiryoiolpnn chwemetegraphy g objain
m de, |sopPd y$3%w)e§huwmnmmounéycl ohexyl magnesi um broni de, et hyl

oL sfg Mé“s'g? mi ﬁ?*i%%m

magnesi um HM d¢PPClo: n-p 35 ma nesi um chl oride or i soprg‘g?/ nesi um
chloride is en%[’o%éd"ﬁ-ﬂ“ -I%?k“%ﬁe@?tﬁ?@ﬁ}@? va@gﬁ?l(@-ds
the captlo arrpl e 12 40

4-12-end o-

-1 exQ t hyl si |yl oxynet hyl - 3a, 8b-ci s- 2,3, 3a, 8b-t
86)’ {?'g Qge%r%(??'uranyl ] butiric acid nethyl ester I n

et r ahydr o- &'ﬁH_ sé
6.8 nl of tofe
PR e.v by PEX@"% Tt o fg@ i

r ahydr ogl Hy ﬂfe& Lﬂnﬁléygd Iﬂgfa xyl% sm%hlonde636

di ssol ved ﬁg&g nw‘gm. | m dazol e and
(1.3 eq) o¥ t - butyl di net "lyl S|IyI chI or| de Were added thereto fol | oned

b ei Ng SEkdnpRdizat roomtenperature for 3 hours. To the reaction m xture,

et her/pentane (I:1) was added and then saturated aqueous sodi um hydrogen

car bonawe 2qd-eHdb-Bytrosdi3-eRdlckelidirhstiiyiiiyoxyrhahyl-Ga\sbekisnys, cabreraydrd- 16 5-@tlogert | MES

Wit h et her tajtehzoheanyi] butific acliinetigtegteni ¢ | ayer s were conbi ned, washed with

sat urat ed aqueous sodi um chloride solution, dried and concentrated to

obtain 1.2 9 luf.8mhof@nhyyirops DMK, 860 maefed-I2-Bndahydeory-bpxoshydrpxyrhetbyl-Sadis cie-A:3,.38,8b-tet-

pl oyed in tamedrgrihkb-cysiopentaftibenafuranyll busitie acidmetiyhester wagdissejypcand gnder cooling in iced wa-

4- [ 2- enfoates B39 of iidezole apd A30 mgi(hded) ¢f toptylg 'F'B H'M‘ﬁ Fd"?tf“iﬁﬁ‘d?ﬁt@@ Jollgweddyy_ ¢ o

trahydro- Peiogstired te%eratvra B%‘ﬁ%d'? thes nwﬁ'efp herlpgafage (1) eq sdded af |
20 i of alfien petiraRd netg Ay et dollowed 3y bengrexiractad

1 orgamc ayerswe oom med saturate aqueous sodium
4- [ 2-endoh qwngﬁ( olu on %ned anz)oonil rated to obtain 1.2 g of an oily product The obtamed oily product was em-

50 ployed in the next process without purification.
Example 13

4-[2-endoacetoxy-1-exo-t-butyldi methylsiIyloxymethyl-3a,8b-cis-2,3,3a,8b-tetrahydro—1 H-5-cyclopen-
55  tafb]benzofuranyl] butiric acid methyl ester ' ,

In 20 ml of acetic anhydride and 10 ml of anhydrous pyridine, 1.2 g of 4-[2-endohydroxy-1-exo-t-butyldi-
methylsilyloxymethyl-3a,8b-cis-2,3,3a,8b-tetrahydro-1 H-&-cyclopentab]benzofuranyl] butiric acid methyl es-
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met hyl si | yl oxynet hyl - 3a, 8b-ci s-2, 3, 3a, 8b-tetrahydro-1

H 5-cycl opent a[ b] benzofuranyl] butiric acid nmethyl es- 23 EP 0 463 162
Bl ter in the formof an oily prodeRe468162B1 ssol ved and the resultant was
stirred at roomtenperature for 14 hours. After renoving acetic anhydride
acicd and i teé f6n df 06y blouct v Gissdvad &Ad ¥ieliéstitantivas stirked gt réomiBitiptirdlur® fod)hourk.ne
resi due wadtesraipvirgisestic antiytiie acid andyidirie Tomitie réactibn hiktalei(Brusvg & tactnoh puenpy; theThe
obt ai ned oedidue pasmibjedted Betinee typzenjropic distillstie wikthanluenp. The alsainediollylpanduct was employed
puri fi cat ilothe néxt pro¢dsdwifheutipprificgtiop2 (6H, s), 1.70 (3H, s), 1.80- 2.70 (9H),
3.67 (3H, NMRERCE®:(1H, n), 5.02 (1H n), 5.25 (1H m, 6.80 (1H, t, J=8.0
Hz), 6.95 éZH0 6HVRs 57Q (Bl ¢s), 1.80.6277 (Bil) 3.671(3H, sEﬁaﬁﬁﬁemn@”ﬁH m), 6.25 (1H, m), 6.80

4- [ 2- endoddtdttox80 HZ)BI.EY M oxy et hyl - 3a, 8b-ci s- 2, 3, 3a, 8b-t et rahydr o- 1H- 5-cy
cl opent a[ BfaseYAF 492dMY1 | bu- tiric acid methyl ester 15 In 10 M of

acetic am_ggi agd145 m of THF, 1.3 g of
4- [ 2- efftio 1-exo-t- butyl di met hyl si | yl oxynet hyl -
A b

3a, 8b-ci s- Sh a, 3b- aet rhyQ
ITEt hyl est elc }t xye-ét;¥ol-r| O v X/ Ve 3 s
wat er was eteto, fol I owed by being sti rred at 50C for 14 hours The

reactigp mx Ulb‘?nl YRetho RBE SR € AP FHIPY. 3‘5%? AdOLREAY MR Ruty et hyif léﬁrﬁétﬁwe
was subj e%% 23',33,%54&%&%15&9% ]S&iz ﬁﬁﬂ]%tnﬁt‘!‘ dold rheéthyt 8446 in tHeSori S

obt ai ned Qirdd oflf MeHGtwaY BiSsoRbl dnkil4 ¢ BiBedthértbBaliowdd by baiEY Sy at(sb@er
col urm (' Siv4inGits.0Ré JeatOR MBI vills Icuncaﬂtrateh aﬂsmgsmwrﬁd@n@me resldDEwasBubjédtdd;3

gt hyl acettiiegtocaredtdpic bisthiation with tolubje. TEb thitobtaledSy proGucOvas/pulified GREIuNMItRdma-
conpouid (tygraphyl(Laliae tohavn (silidaglp cbnimetcfally dveilabls rbiniMeesk AL [at.| ehlant; sthybscetytd/aycld-2
was 649%) . Hekgna @atl)to obtnl 5B mgbiplids chbidbed chdddind (Fiél0 when chic@dted fidviRh¢ sartijg materi8l?
(3H, a), InB@mplea2@a@s64¥), 3.66 (3H, s), 3.70 (3H, m, 5.00 - 5.35 (2H, m,
6.80 (3H, IR(neg-v¥: 0 Hz) Mass.(mle): 348 (M+) Exanple 15 30

4-[ 2- endoacet 3450 174@'><1§9519¥j'1°d%§ﬁ@“t‘hyl 3a, 8b-ci s- 2, 3, 3a, 8b-t etrahydro- 1H 5-cy
cl openta[ BYMRERER)Fan 4 bu- tyric acid nethyl ester In 50 m_ of anhydrous
THE, 5 g (0. 01&26H ).%;q 2.80 (1H), 3.66 (3H, ), 3.70 (3H, m), 5.00 - 5.35 (2H, m), 6.80 (3H, t, J=7.0 H2)

4- [2 endotNPdf@%? : J484M3. hydr oxynet hyl - 3a, 8b-ci s-2, 3,3a,8b- 35 tetrahydro-1
H 5-cycl oqg 3! E! benzofuranyl] butiric acid net hyI ester was dissol ved and

.5 m 3‘i)f us tr| et hyI anine (obtained by distillati ng over cal cium
hydri dé 150 gﬂ b
'gb- |s-9 3%L8 {e{é hm‘iﬂ n%j grg ].hu t he

t her et o,
reaction of trlethyl amine and 2 g of trityl chloride were

U
added and t hﬁ 56 ﬂﬁ#’érﬁn}d&ﬂus TR gﬁ;ib%w}ﬁ&) &Lpreh&ﬂyé&y 1-bSo-KyBidkyPneth)iO3aleb Bis 23163, 8b-
obt ai nggl rigARYddTH-5eytlopértaib] RtiidcRilmetnyPdaiay Wis d8ohEa And F)s B dthntdirous
anhydr ous tithyisehinafobtdiiel Bfldistinating ﬂar emiras&ﬁdumdaxddee Ytefbt) andBrief 7 g ACta cAlRtet he
resul ting was¥ddéd theibtstolfowed Byding btirfed @I Fodnelperatirg fop 24 1iirs17b theXedcton niikigref 2viis
obt/ai ned ropaethilamingrndt2Ly o tritgl shiariae werd alided iandttle vusilting nibdle Wwhaestirt! foh6r toods. TaS
adj ust ed tthe thudoptainediteadioninixture, 13.8 ml of acetic anhydride and 10.6 ml of anhydrous pyridine (dried over
40  potassium hydroxide) were added-and the resulting mixture was stirred at room temperature for 14 hours. The
thus obtained reaction mixture was cooled in iced water and the pH thereof was adjusted to 1 by adding 556
ml of 3.7 N hydrochloric acid in methanal, followad by being stirred at room temperature for 4 hours. To the
reaction mixture, 23.2 g of sodium hydrogen carbonate was added portionwise under cooling in iced water and
under stirring to adjust the pH to about 6. The thus obtained reaction mixture was concentrated and ethyl acet-
45 ate was added to the residue and the resultant was stirred for a while. After dissolving the desired product,

' the solid was separated by filtration. The separated solid was washed with ethyl acetate and filtrate was sepa-
rated, Water layer was extracted 3 times with ethyl acetate and organic layers were combined, washed with
8N hydrochloric acid, water and saturated aqueous sodium chioride solution, dried over sodium sulfate and
concentrated to obtain 15.8 g of an oily product. The thus obtained oily product was purified by column chro-

50  matography (silica gel, eluant; ethyl acetate/cyclohexane (1 : 1)) to obtain 4.4 g (78 % yleld) of the captioned -
compound.

Example 16

§5  4-[2-endo-hydroxy-1-exo-trityloxymethyl-3a,8b-cis-2,3,3a,8b-tetrahydro-1H-5-cyclopentafblbenzofuranyl]
butiric acid methyl ester

In 1 ml of anhydrous THF, 100 i'ng of 4-[2-endo-hydroxy-1-exo-hydroxymethyl-3a,8b-cis-2,3,3a,8b-
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m of 3.7 N hydrochloric acid in nethanol, followed by being stirred at
room tenperature for 4 hours. To the reaction m xture, 23.2 g of sodium
hydr ogen carbonate was added porti oRR\P4€314RB&r cooling in |ced water and
under stirring to adjust the pH to about 6. The thus obtai ned reaction

M xtur e Wasteitahpdre-nk-5ayouperdalbibenzdlyrknyf) 6@tjric ad®methjl Sstivdas kARl dnd 97 E oftSA lcklote
and t he r esidé and0ft mhaftriethyiaminedleré addedtherto, feHowsdiibly BingGtiseuak iebm Bmbétetuldess bd IRdrs.
product, t HEhes@Q inglofitrityl chleridervees edteld yHeirbdctiantmixtare afldihe Peirgaibtcre W84 étitred at room
waswashed viemperaturp for 14hputsafEthyl agethtefantl watertvere/stidedsetha reactivh mikturd/diid etfen kimyesiiting S
extract etl Inikupues gitragted thes withvethyhacetaterfthybagtateilayers wyre combived avasted aitineader and
washed wi t rﬁamﬁ?ﬁﬁﬁv%w@#m ghlogide eplution; iied ardnanceptratedathe thua ohtained oilyodiuct was puri-
chl oride sdf YB?'r“'“"(ﬁhPé’am@ﬁ@ﬁY (slise pobrplugt; gthl ecetateieyelobarane (1r: 8)) dxiobtain 165 1mai(§%
15.8 g of ﬁf‘ D?; B‘?TB‘?:W"‘PPI@"PWEJB"’%W%ed oi |y product was purified by
colum ¢ el uant acet at e/ cgl ohexane

th
(1 1) Yo gl RRLR B3 b5 y1 oMo 4Rt mhisod kibims, BAD G0, 7SS 16
ﬁ&&ﬁu‘u 8(M
4 [ 2- endo-%@éﬁél exo-trityl oxynet hyl - 3a, 8b-ci s-2, 3, 3a, 8b-tetrahydro-1H5

-cycl opent ofuranyl] butiric acid nethyl ester In | m of anhydrous

;TF 1005 n'gHQ-fendb-JogtonId& Ryt a,Bb-
0 HiBd dme aalhl [ V O | C

acid rret hyI ester Was drssol ved and 97 ng of - trrtyl chI or- ide and O. 1 m

of- triethyl aninres mesfeankydebasi DMREI56 i, of 493-briadprdXy-11aR4- RydroRymetHyCsh, 88 Lcis 2305 8b-
t Quper at ur detfabydri(H-boyeiopentalbisenzoAlanybubliic ddid rhefllyl Gatbk Rds k8o EncAUAlE Bodiifn iced
react i ore miwetené0 meiof imidezole@sd 360ImMIBF Hiukdinieshylsth ctidridd Weréladied theretd) ARPRIPAN LAY €
f or 14 hourresultifg nixlurezat eom tempearatire/fort ShounspDMF wabdtermbvedbytusing Vet pubip. THeXkudlob-
and t hen t Heinadgesigue wanpubjected ditivtes fomzeutropiedistiliation @ith Bentdnees thé ebultart Wys dissolved
acet ate. Ethigml mt&taeh)ﬂdwg'@s Mkof anhydsoris ipyridiie, follawsdebsl being stirredbet @omzantberature for
sat ur at ed HeRbiainee repesion pixtusyyag conoentrated #nddhegrenitiue wansiisaelyed gl offeeetic
thus obf%i f&d ’aﬂfh G’JUEPH%@ ofp*@rerwerwdeerdtb to.llowad by baingrstiteskpt S0OGpr (ddiobrs.c a
gel, eluant e'@f Aiedesidpe w sybref‘éﬁdéwwp Aregtenpicistilfaiguitpita] d)
of the capt2 g?naé' {sgl telc!_t{phexane (1: 2)) tomptain
2.70 (9H), "'3”8‘&?“?’? ""4 00 (1H r‘r) 5 00 (1H, n), 6.80 (3H,

N’ 7.3 ( ésg‘zg [err] Exanmpl e 17 15
4-[2-en €X0- roxyrret hyI 3a, 8b-ci s-2, 3, 3a, 8b- ttrahydro 1H 5-cy
cl opent a[ b] en f h S
OVF, 350 Mg gg ;gmfl"fen* Hk- E% FoE 0618, T4 i S5l bl e o Pl
t et r ahydr owmbké (avey ysds g Nt a[ b] benzof uranyl] butyllc acid nethyl ester was
di ssol vesd and under cooling in iced 20 water, 140 ng of im dazole and 360
mg of t-buEydnsiemst hyl silyl chloride were added thereto. After stirring the
resul ting mxture at roomtenperature for 3 hours, DV was renopved by using
um pung-2-gide-beriz Japbb-@is\23Ba BbHalt RN HB-dybloFRAtafbPenzofura-
azeot r opi c nyll butyri¢ acikmethyl estar h benzene and the resultant was dissolved 1n 10
m of afetic anhydride and 5 m of anhydrous pyridine, followed by being
stirred at rdodp¢ mhefeanhydrus THEr30# th (i mol) affel2iehdeshydiiyet-exedydraqupethydaa,8b-oid- ur €
was conce n?PéP Ehrtelrafydro+1H-Sravdongutalbirensofuianyl] duityricceid methyliebterand 3ty (002 MBI) ofauyl d
and then 5° % ?FF&%?H“PH"%?M‘&M&H&%WWM glded therptofaliowdshby beliaratj
stirred,at’ ynder, °f [gﬂ" h %Yjﬁe%??ﬁ@:wwﬁ@mtzfa?ws‘:éwg
| ollgwed, ng stirre

the resi duk ours un dggrxrng(}i' #he flt'rus ggge reacton@mrgfngﬁ‘aqs go%lg:ﬁqrced wateryé:gi:so ml of

methanol and 60 mi of 4.35 N hydrochloric acid/methanol were added thereto. After stirring the resulting mix-

ture at room temperature for about an hour, 21.9 g (0.26 mol) of NaHCO; was added thereto and the resulting

mixture was stirred for an hour. The thus obtained reaction mixture was concentrated under reduced pressure

50  and the residue was dissolved in 300 ml of ethyl acetate and 100 ml of water, followed by being separated.

The aqueous layer was extracted twice with 150 mi of ethyl acetate. Then organic layers were washed with

3N hydrochioric acid (100 mi x 1) and with 10% saline (100 mi x 4) and dried over anhydrous magnesium sulfate.

After removing magnesium sulfate by filtration, the filtrate was concentrated under reduced pressure and 78.8

g of the concentrate was purified by column chromatography (silica gel; Art 7734 5009 commercially available

85  from Merck Co., Inc., eluant; ethyl acetate/cyclohexane (1 : 2)) to obtain 31.3 g (76.2% yield) of the captioned
compound
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uene and purified by colum chromatography (silica gel, eluant, ethyl

acet.at e/ cycl ohexane (1: 2)) to obtain 280 ng (70% vyield) of pure captioned
conmpound. IR (neat) v: 30 - 34046376281 1595, 1240, 745 [err] NWR
(CbCI3) 8: 1.82 (3H, s), 1.82 -2.80 (10H), 3.66 (3H, s), 3.70 (3H, m, 5.00
- 5:35 (2HExamle196. 80 (3H, t, J=7.0 Hz), 6.95 (2H, m Mass (me): 348 [err]
35 Exanpl e

4- [ 2- endo- agamiglotiyoylbxyekaxolhydb:gmytAi- 35 91-cis2 3, 84181 te Fahydrs: 1138 cidbpbri[bIpdaYstira- 1 H-
5- cycl opentngl] inhrie addxhethyhestery| | butyric acid nethyl ester 40 Tn 250 ni of
anhydroés THF, 30.4 g (0.1 nol) of

4-[ 2- endo- hyo‘rI @ﬁq/mnofemydhwmﬂmg Kn/085 Bwi) W-t?rendwwdﬁxﬁ&e)@b\ydretymahyda 8b-dis-

H- 5- cycoper bydforiHzAsyriprentalblpprizofuranylibutytic deid methyliester anh2y.2313(0.897§ mioD of L
mol ) of tr |t¥' ° L hide) g f"ﬁF@'VWbﬂ"é hen 35 !"U@-dp%‘ﬂ') %tnéwla\ﬂﬁimﬁﬁdde@thmtom the cgfulting
triet hyI a Sértr&bfa  hoursainder reflgying JHE regetion mixtusejtofrepm temperaiyre,
under r & BV' 'F'é%l%‘ld 259 (%Gi t“&'? @%Y'E% %Y‘P"EI eddad 'chB"*PGB‘M"e "es“'t'"g

t enper at ur é" th °“’ s(ﬂb Ee 'ét“f?l‘”a

of benzoyl (& Je aé'&' '%_?! g? d“ffe{)?t'"g‘g
hour s under md o:tn Eilgslq’e us fr? re 9’61’&3 in
i ced wajser ya un Je s:aﬂ:
aci d/ net ha eniomuredrgph &e r.&ger fe@gra e at
room t enpelpfhlitcatbBycio (1 89) th Bbthin 2125'g 79%

thereto and the resulting m xture was s |rred or an hour he thus

oQt ai ned r Exdniple@d M Xt ur.e was concentrated under reduced pressure 50 and

t he ressaodue was di ssolved in 300 ml of ethyl acetate and 100 m of water,

fol | owed by{Beidom-telegisyi-exb-hydiueymathilesa 85-cit-2)8 85, 8bMRaYUrb1 RSt §lopethE1BenabfLia- 150

m of et hynylBbutytiagal mefliybesteor gani ¢ | ayers were washed w th 3N

hydrochl oricacid (100 mMl x 1) and with 10% saline (100 m x4) and dried

over anhydr ousThareagecedction conditions, workykfpraseducsrand putifjcationasdreixample 1€ viepd repeated except

byfil t r4t i Satmidueyiehiaridewasampipyed b placasfe-olupyishlordedegbtain®d.d g §8-5phryiekisafthe captiched 8. 8

g of the C GoRAGHACr at e was purified by colum chromatography (silica gel; Art

7734 500g commercially available 55 from Merck Co., Inc., eluant; et hyI

acet at e/ cym%ne (1:2)) to obtain 31.3 g (76.2%yield) of the captioned
EP 9

c'\cwr'poun%. ‘
4-[ 2- endo- AN AN p.abe gyclopentalblhepzofuras - o 1
H 5- cycl opert=z butyrrc acrd met hyI ester 5 I n 250 m  of

H- 5- Cy Cls O PG Tniakibe] vrd ikt IVJdath']e rnvro'm ?975
mol ) Of t I iixtukebasGhHr&Y forcrehol8 lufdeFlfefi Sl TRAE Ta %sla.
tri et hyl ammeiporpadiuopeiikeide dria®@!72 nno.000 miol) 6% plrfdie Efe H&e@hﬁ&&ﬂr@suﬁiﬁém&l’iﬂe@’a@ i
hout s undefor 5 Rurs unidergeflLiihg THY. T thGsQsblainB@rebéiBn MRAFS wedtodlddih IbEwAta ah®EdT of
t enper at ur aethanol and 6 ml (0.026 mol) of 4.4N hydrochloric acid/methancl were added thereto. After stirring the mix-
40 ture atroom temperature for about 1.5 hours, 2.3 g (0.026 mol) of NaH003 was added thereto and the resulting
mixture was stirred for 30 minutes. The thus obtained reaction mixture was subjected to the same workup
procedure and chromatography as In Example 18 to obtain 1.83 g (88.1% yield) of yellow oily product. The
thus obtained oily product was recrystallized from ethyl acetate/n-henxane (1: 1) to obtain 1 43 g of the cap-
tioned compound as white crystals.
45 m.p.:72.0-73.0°C

anhydr ous TH, AN . -eno. ro; me
SEC e %' o rﬁ%%
ZJa

Elementary Analysis

Caled. (Ca5H206) C:70.74H;6.65
5  Found C;70.72H;6.75

Example 22

-[2-endo-p-toloyloxy-1 -exo-hydroxymethyl-Sa 8b-cis-2,3,3a,8b-tetrahydro-1H-5-cyclopenta[b]benzofura-
55  nyl] butyric acid methyl ester

In 300 ml of anhydrous THF, 49.4 g (0.9 mol) of 4-[2-endo-hydroxy-1-exo-trityloxymethyl-3a,8b-cis-
2,3,3a,8b-tetrahydro-1 H-5-cyclopente[b]benzofuranyl] butyric acid methyl ester was dissoled and 25 g (0.162



10 13.1 m (0.161 nol) of pyridine and 25 9 (0.161 nol) of
o-tol uoyl chl ori de were added thereto and the resulting m xture was stirred
for 10 hours under refluxing THF. Th&PDWEA16@BI ai ned reacti on m xture was
cooled In iced water and 400 m of methanol and 40 M (OA4 nol) of 11 N

hydr ochl ori cpmafds g-to%fl&loﬁﬁwﬁng 26591 é@i&mol%ﬁt@ihyﬁhﬁnb whr8 %&@ﬁet@b’%ﬂdﬁ& by beifd¥RiFrbd

t enper at ur e foP7 hoakiinber AMuIYIHE. Thé redctioR miduréWashwad boolka HT6ad WeBFaraBEERY df Meth&HoP
and t he r esuiddisOg! (Oi4chdiyops. ANRHydrBéhiorié dil/nletiane} Werd hdiled théreto. Iitar stifigth@Rbulting Mikture
reacti on m xfotidnchow £8.459/4fiNaHC O lvas @ddel ehefotnand iHa restltinduviRtufarwas etittbél €or 3G minttes. The
Exanpl e 18 t thusdbtaned red€tiog mbdurd Wes scigevted itd thasame whii@p procedan anddhemagraphyras fniBxd
by col unm c haropiet8danbieint®f g (H1.8%iyleldbef a galibw ¢ily plofiuph Tipdthys olitaibed HifEptodud® B@s rgorystailized
conmer ci al | yfremyethyl agetate/rf-hepxant/Elr: dkto Gktain 29.91g of thecdapfioned compdypd as white crystals.
acetate/cyclohexane (1 2)) to obtain 21.5 g (77.9% yield) of the captioned
conpound. ExExefples 28y 27

4-[ 2- endd”n}toluo on - eX0- h drox neth I-3a 8b Ci S- 3a, 8b-tetrahydro-1
H—5 cyclopen

2y % ur E'i' |as EE{‘@?P'G?H ere tenfex?;pt

ti o X

flh ﬁ?ﬁ‘“‘@fﬁ e R
o-tol uoyI,ghIS%Ml ﬁTb?e |oride:, The Jesy ‘ﬂ/ P’Hp tieg 4R

Exanpl e 21

4-[ 2- endo- p-t ol uoyl oxy- 1- exo- hydr oxymnet hyl - 3a, 8b-ci s- 2, 3, 3a, 8b-tetrahydro-1
H- 5-cycl opent a[ b] benzofura- nyl] butyric acid nmethyl ester In 25 m of
anhydrous THF, 1.5 g (0.0049 nol) of

4-[ 2- endae hydr oxy- 1- exo- hydr oxynet hyl - 3a, 8b-ci s- 2, 3, 3a, 8b-tetrahydro-1

H 5- cycl opent a[ b] benzof uranyl] butyric acid nethyl esterand 1.98 9 (0.0071
mol) of tri- 35 tyl chloride were dissolved and then 2.0 m (0.144 nol) of
triethylam ne was added thereto and the resulting m xture was stirred for 7
hours under refluxing THF. To the thus obtained reaction m xture, 1.36 g
(0.00088 %l ) of p-toluoylchloride and 0.72 m (0.0099 nol) of pyridine
were added and the resulting mxture was stirred for 5 hours under

refl uxi ng THF. The thus obtained reaction mxture was cooled in iced water
and 50 m of methanol and 6 mM (0.026 nol) of 4.4N hydrochloric
ackd/netggnol were added thereto. After stirring the mx- 40 ture at room
tenperature forabout 1.5 hours, 2.3g (0.026 nol) of NaHCO3 was added
thereto and the resulting m xture was stirred for 30 m nutes. The thus
obt ai ned reaction m xture was subjected to the same workup procedure and
chromat ography as in Exanple 18 to obtain 1.83 g (88.1%yield) of yellow
oily proggct. The thus obtained oily product was recrystallized from et hyl
acet at el n- henxane (1: 1) to obtain 1.43 9 of the cap- tioned conpound as
White crystals. 45 m p.: 72.0 - [err] Elenentary Analysis Calcd. [err]

C %0.74 H 6.65 50 Found C, 70.72 H, 6.75 Exanple 22

{4-[ 2- endo- p-tol oyl oxy-1 -exo- hydroxynethyl 3a, 8b-ci s-2, 3, 3a, 8b-tetrahydro-
H 5-cycl epent a[ b] benzofura- 55 nyl] butyric acid nethyl ester In 300 m of
“anhydrous THF, 49A g (0.9 nol) of

4-[ 2- endo- hydr oxy- 1-exo-trityl oxynmet hyl - 3a, 8b-ci s-

2, 3,3a, 8b-tetrahydro-1H 5-cycl opent a[ b] benzofuranyl] butyric acid nethyl
estermasagissoled and 25 9 (0.162 26

27



EP 0 463 162 Bl nol) of p-toluoylchlorlde and 26.9 m (0.162 nol) of
triethylam ne were added thereto, foll owed by being stirred for 7 hours
under refluxing THF. The reacti on mER0AEE16881 was cooled In iced water and
350 mM of nethanol and 50 m (0.44 nol) of 4AN hydrochl oric aci d/ net hanol
wer e- added thereto. Afterstirring the resulting mxture for an hour, 18.4 g
of [err] was addedithareto and the re irjred for 30

m nutes. The 5 t fus| obt ai ned reacti to the same
wor kup procedure and ghromat ogr aphy a in 35 9 (91.8%
yield) ok a yellowjoi|y product. The ct was
recrystallized frof efhyl acefat &&-h 25.9 g of the
capti oned conpoundjas|white cfyst@Ps. same reaction
condi tions, workup|prpcedure fand spri 41 were.
repeat ed except that p-t-buty] benzoyl
p- phenyl Benzoyl chl ¢r4 e (‘Exanpl e 28),
25), [err]-naphthoyl&pl ori de [ Exgogl e
(Exanmpl e 27) was enf® pyed i n pl &--of
reaction and physi c§ propertj|e ~9F t
]

Table 1. 20 25 30 3% 10 45 50| 553
banoy!l oxly- o-
h[ b] benzbf urafry|

(Ex- ample
yl chl ori de
results of the
e 15 shown In
Exanpl e 28
2,3,3a,8b-tetr

4-[ 2- endo- N- phenyl ¢
ter In 500 m

ahydr o- 1H cycl open-

of _.anhydrous tol uene |50 g (0O} 91 ol )
4-{ 2zendo- hydr oxy- 1¥eko-trity] oxymet hyl - 3a, 8b}- ci s- EPQ463162B1 .
2,3,3a, 8@-tetrahyddd: LH 5-cyc op@t a[ p] benzof rarﬁ(l ] put ﬁi c [acid met hyl
esterwas di ssoled ag{16 g (0] 1362 nol) of phenyl ) socyanate gnd I m (0.012
nmol ) of pyridine wgre| added thereto, followed by eing s@rrgdd at 600C for
4.5 hours. The regg¢t2pn m xtufre vygs cpoled Inficeg er and {500 m  of
met hanol and 15.2 ni=[{0.18 mo]) @ 12| N hydrochl esi c pci & werfe added
t her et 0, 25f ol | owed®lhy& bei ng stjrred at]roomtenparaturle for 1.5 Bours.
o - -
al. - — _ 8
al| To} (Tol " < M no =
= .- . . = s
< me- wn Tol<(e] <
V 30 2 0 o~ o »wo 0®© 2
LS s 3 -y 5 & bed g
iz |ToEs (345 [Bds |G =
g0 8g g-ﬂs 8 T T 8o 8¢ )
38 1239%c [278e |2Y5% | 2753 |D8u3s| =
N8Pt | 88¢Pg |L248g® |2430° (B4=80] =
, 2g92 | 8498 |8PB8 | BPBE | ERTEC ©
\/ BrP=E | =258 |S38wh | S3wh [23883| a
8l536= | 82p= |Ed=: |E&=E |SS285| §
g|5582 [£383 geTe 257 ; gﬁés 2
40 Pl YvE28 | T 2?:— o=t | =t | S R3S —_
ala gl a [, 5%‘1: §12528 | s 5"
PRES3 PRI, 2d| LE2283 10888 —
2E85U | 8E558 | 88500 | 823EY| 83080
EN IR ENY S REE~ | E2BE~| §T LR R
SHTB832|4TS82 L0882 48882486828 o
[ 2&?3 ] 263'3 :'?..553 -3.!:5'5 U ‘,‘""{%."5’ 3
P - QPon— E 5 VM~ = L0 E LI E | w—m 00 g
S| g = 2 2 . =
e = 2 2 g 2 —
(=9 (=X (=) [-% (=) [~ —
] 3 8 s ] 8
50 a5 a3 & oS di hi
Example 28

65  4-[2-endo-N-phenylcarbamoyloxy-1-exo-hydroxymethyl-3a,8b-cis-2,3,3a,8b-tetrahydro-1H-5-cyclopen-
talblbenzofuranyl] butyric acid methyl ester

In 500 mi of anhydrous toluene, 50 g (0.91 mol) of 4-[2-endo-hydroky-1-exo-trityloxymethy|-3a,8b-cis-
28



5 The thus obtained reaction m xture was subjected to the sane wor kup
procedure and chromat ography as in Exanple 18 to obtain 39.5 g (101 . 9%
yi el d) ofthe captioned product. Thiepqssae2si | owoi | y productwas gradually
crystallized at roomtenparature. The nelting point of the thus obtained

CrYE 2l v kb o BB bufyneacfm&gn%e@maea@&mﬁd ahi@ised
e R B

I n Exanp mp eifrg-st

55 29 El%o fé@%rﬂa@% 'Bnl @tﬁdh e was FKGO0 R & mdfhanol and 15.2 ml (0.18
11, 15- di dehny bﬂmm&&o@ﬁﬂaéemm%ummwi«f&ﬁwwm&ﬁg stiffed & fooM eapMiEiuRér1B heurk.r i N
or - 4, 8- isnt erhe fuPbiitdined esactioh Riixkuréedsidubjectd tthe Sanleiworlap pridtedark ati dApsehatography @ginene
and 161 Examme8ycbbiaing9.BlyR0Y.9% @eld) ofthd daptibA&dbratindt  Thie palelveliodroityyiiGiuct was gradually
acet oxy- 1- exystalized atrmgnm@mbeariturs Th8 meltingspoidt & ths 2huB bbtirkdceystaichias 5710 - 59.0°C. Spectrum
H-.5- cycl opeiataaf th taptioned productislobtaibed iy Examplad8 28 werdspinmeded in Taldes2.di ssol ved and
then 137 m of anhydrous pyridine and 2.76 ml of trifluoroacetic acid were
added tHereto and 15.26g (1.5 eq) of D. C C (dicycl ohexyl carbodlimde) was
added thereto, followed by being 10 stirred at [err] for 14 hours. The

t hus obtained reaction mxture was cooled in iced water and 23 g of cal ci um
carbonate was added thereto and the resulting m xture was stirred for 30

m nutes. The reaction mxture was filtered and the precipitate was washed 3
times with 20 m of benzene. The filtrates were conbined and wash- ed with
50 m of water and aqueous | ayer. was extracted with 100 ml of ethyl

acet at e/ cycl ohexane (1:1) and with ethyl acetate (100 M x 2,50 m ). The
ofganic | ayers were conbi ned and washed with 100 m of saturated 15
aqueoussol ution of coppersul fate and then coppersul fate sol ution was
reverse-extracted with 100 ml of ethyl acetate. The organic |ayers were
conbined and dried with 120 g of sodium sulfate and concentrated. The thus
obt ai ned resi due was subjected 4 tines to azeotropic distillation wth 50
m of benzene and dried by using a vacuum punp. Then 2.76 g of sodi um

hydri de2s 80% di spersion in mneral oil) was fused to a three-necked

30
35
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/
%
45
50

55



flask and dried and the air was substituted to argon. To this flask 200 m
of anhydrous DVE (obtained by dis- 20 tillation overlithium alum nium
hydri de) was added and the resulti ngP 0#63ud2®1 was stirred. In 50 m of
anhydrous DME, 16 g (1.5 eq) of 2-oxo-3-nethyl hept-5-yne-phosphonic acid
di met hyl ester was dissolved and this sol- ution was added dropw se to the
previously obtained m xture. After stirring the resulting m xture at room
tem per at ur e forr-38-mnutes—the-previoysty 'taETT::L'T atdehyde—as
di ssolved in 20 nj&ef anhygrous DRE jand tiif€s dqabutijod was{ ®dded | opp se
thereto®and the rigged t| ng nf xtureBSwgs stijrEed {a& rdan tenpgratufe foy 30
mnutes. 25 The pFof|4he fhus kbt di.ned |react|iDn niXture|Was adfusted to 7
by adding 1.7|a b&Sacktic R&id.|Aftle? st|iBind B he [BxturpSfor 38 m putes,
the resulting|8r ecTDitpPe wWag separ d@d [y’ fi l}iTatildh and| T pf&cipftate
was washed 5 {Qreswwi t hs%o ndyeo0f | Bt Hygsades®t ¢ FFolllewed pgecontgntrating
the filfrates i g,.sgf om ci«kg ﬁrg&a‘ugtz'_E_.The-sghus Skt ai ped ol ly
product was p LT chﬁonh%‘?graﬁy sifl.-Ta gel-q el yant; | et hyl
acetate/cy- ¢ ) -E0 Lt 4i 1219 §80f| $Br d @8nj ubaed k&t ongs

(yield of 80% L Fv: | B74@T 1A 1470° 1680, 1FES [efE NMWR
[err]: % 20 ( He 1128 |(@H |tge)qled Hade 1. Pge 260 (]2H),
3.67 (3H, s), .00 T1H <4, [556. 3 dis) | B840 [&k, nj 6. p5 (1H,
d, J=16.0 Hz) 3 38 |IMass |{(dze)|.-452 Lerr] mpj .30

11, 15- di dehyd e T6- hetHyR = 19- 9Xo- 1%:’:19-‘%% r adgxgdr 5. 6] 7-trin
o-A4, 8-inter-1 S8a SEtTS |EEer| §8 1880 pESanhy&®u$ THF

and 2. 52m ° of
hydride), 250
4-[ 2- endoacet {
cl o- penta[b]
0.057 M of a
m of t%ifluo
C (dicyl ohexyl &

(Eobl apeRiaby| shestlighatiier oveeeal c| ga
Pui0f | e [ i | | S8 | e i s
DXy et hyl -351, gbt&i §-2; 3,138, 8b- et rahydrio- {H 5-cy
pREy T | Tdcrd ety | 2=t dromas (BSsol Y&F apd t hen
fNE (R~ 457 t{aified WY dryT.ng pVé&r KOS ¢.042
FER (ERJRBE (FEt ||| F8t i |G angd=E21 fiD. C
gl gefectENef€t q, =50l (lxfged pzbei pg=dt{rred
10UT St — Th

at roomtenpg NoUTSt “ThesTEgcTTorn TICXtjUr'e wals_tool ¢d' 1 n}iced
ter and 357 ) B ate.ﬁﬂ:ttmnec?;‘by_cﬁ%i ng| T&me( crhal
ci urg,car b®n For 2 hotrl@Wayd afddd, Thergto ahdTt he| T&sulting
R

0
m xt urewas Sg | hgoes| gadaseedabiknd e | walgg 5P | Then
nypemde| L8(0% dicdpessi|onsi 11 Hkner pleoi | j <was] fused
and the dirT was sugstitgied tof the afgon. | To
(gbtpi.ndd by |disti|l Igtijons,ovey Lithjum
d #hey€td, ¥ol|l oRed b¥ Reifg sjtBredl B 1.8 m

43 my (1.5 es
to two- neckéd

this, 2 m of
al um nissm hydf |

of anhydrous K e Whr gswor tih redgentwals di ssplved! and
this solution i se| £& ftde [revi qushy [abbal Ned<d X} Bee and the
restl ti ng m xi b f of RBJ. RENUIRS 2 DorftEnRer pRBEe. | F& t he t hus
obt ai ned reactii &i LGS, ssRernal:aNts ek [ther pxiaist B.bt ai ned
reacti dh mxt pZEst pESVRS aq @RS SR |88 -| TRE aB&S e -
resul ting was D_: ¢ < FNg pHAf . t.hd reactl on s kluy e| was
adjusted to 7 gro B et TREJiRELBY i TH=E PREEIE pRGRE ne
resul tant was To t esidde. 3|t off Water| and 1D m_ pf
et hyl geetatelweye added and t he cipitjate vas fifl tered and washed|tw ce
with 3°m of ptH] acefate B1 0 463 162 |Bl
ﬁ .
*§°=° S0 5| % 5 4 - H
——d ‘.' ‘-'
Bl 2| ¢ g | 2| a| 2 | & | ¢
80 mg x x -4
2 = = S |88 8 3 S & ~ S
- 2 - S |22 =2 2 = 2 2 2
55 (= -9 (=] a Q. [~ =) (=9 (-3 Q.




and the filtrates were separated. The aqueous |ayer was extracted tw ce
with 3 mM of ethyl acetate and the organic |ayers were conbi ned, washed
with 2 mM of water and with 3 m of EBe463r182Bt aqueous sodi um chiori de
solution, dried over 10 g of sodiumsulfate and concentrated to obtain 567
ny of an oidymplé &fluct. The thus ob- tained oily product was purified by

col um chr omatography (Lober columm [B] (silica gel) commercially avail- 5
abl e from Maj16Kidédroxy-AGcetoxg 16-31inyl-1810ky/ 8, BAGFadbHPAE B BTRACANE-infek-mephbnyieRe

obt ai n 240 pwy, méthyl ésercOn) ugat ed ketone (yreld of 76% . Example 31 10

11, 15- disdehydroxy- I1- benzoyl oxy- 16- et hyl - 15- oxo- 18, 19-t et r adehydro-5, 6, 7-t
rinor-4, 8-int dn 16mh it agydroes HetieRe analt 18y Iml efstnbydraus DMISO,116.10d (0868 vdet)oni 9-[Z-efido-and
17.7 m (O. @s:oxml-éxmdmhgt -30,8b-dBhISESa, 8bdet maliydip- {126 cyeigpdntalbitfenzpfyrgnyip ukric acid

bonzoy1 oxy itiosishyeb Ghephves dnen S f sy R 279 b forsacetic acd v

H 5- cycl opead fﬁ@#ﬂi’dﬁ G‘i%ﬂ e )Oﬂbl?t 9(dfcl°'°b9‘y'°ﬂ’é?"<ﬂmﬁ@t“ﬁ add t@?’e*aﬁ'db‘ﬂedi’g bejng 30
nmol )~ off dlsé' PRELr éﬁ?‘b‘ﬁ"d °rﬂ“l§ébtﬂé?déeﬁﬂi§‘§@m’éﬂa%‘ﬁﬂe 'ﬁ@ﬁd‘@at‘!! "!‘Fl2 3ot eRllm)

of pyri di né’afi’ﬁ'@ftﬁ”‘%ﬁd‘?ﬁ‘” 'ﬂfgr’T"i‘*P'ﬁ(‘ﬂ’Pf)s“é'E t°r "°“’as

t heret o undiere F;& ‘P 3" ‘"'“" m ‘Pe

t enper at ur e""f"‘@)t ?‘dtaﬂ el ﬁéﬁ b :g a"d
hydrl dedg 3 gg IO op! ¢st§ﬁ % J?lco =] su@ B‘J; %?

of anhy .Thé1 %zﬁg‘% fi ncen t 3 thu
suspensi on, gpfi s e a%f?oé%}aﬂ i ommsa SPRBRhd and Ghed b Lkl
20 ester in, mrﬁﬁma ThEMY &‘éﬁdlMydW&s(s e gy KolhSdpS

sti pred f orgagtandkHdlaRthdbir memst.em mragbatw fris ffdél@'ﬁo i brlahifeR ks BNMERSERRGI b dis-TD
t hUs obbgi nMekion@as hithiam alriilm hyiné) vadeaEddand tHEkUIting mixdtkd was sti#fad.n Sl orlahifydrous
previously psNi,as o eih daparRlox®B-mathiihépt-6-yphosplisHit/dR dRvet T estePwasaibeeNbd bhthi s6)-
and t he r esutibh wasGddedtopwiee tastR pRvibusly@Btaihéed mixdOre AflBLEtiAHg thé @estitigy nibetare &i rédin tem-

m Xt ure, 2.pérabdre fof 30atitdsthe@yprevibusipabtavtbd @idetyde wesdissahved in@0 mi df entydrous. DMENad tHisU S
obt | aned r ealutionovas added dropsvisati@retd and the esulting mbdindwadgtirrad aGogetemepdtura focB0hiiiutes]
of et hy 125 o Clése at of thenthusébtaired efactpf mivitrewasadjugteditd @ dyl adding t1{7aml pf deeticaacid. Aftetistirige
resul ting rihemigiuee fard@minufesythe eesuliihg prepipitaterwga sriperatedibydiitrajierandithe precipilgtemapruanhpd h
50 m of 10RAmeswithe0 mhef °@V’|aé%i§9bé?"a‘4'ﬂm F’éﬂﬁ%"“ﬁﬂ{?r’fbﬂsf"tﬁf?ssta phtaip 46 g gffap aily product.
removi ng na ﬂ thup phtgired oflv-predughyes purified by splumn eheonfatographyiofsilica gel (alpleetty agelate/cy-
under r educ E%@ afibto9Rtin 15 3 8f ryrespniygated katones (istd.of 80 concentrate was

& hn
Comer ¢ af’%ﬁ C“r%ﬁaé’a%?%%& T e %6l uant Zf ﬁ;ﬂ e

acet at e/ cy |
capt i oned co‘r,gé% }"ldg %(Qg Esﬂ}iéqéggo ngr}%; s’c d?& 'S)hpso (1H,
wor kup g o y fne) g | cat | oﬁ as in 1 were repeat ed except

t hat

4-[ 2- endo- q;x;,,g%lg gy | oxy- 1- exo- hydr oxynet hyl - 3a, 8b-ci s- 2, 3, 3a, 8b-tetrahydro-1
H\&-icycl ope enzo- 35 furanyl] butyric acid nmethyl ester (Exanple 32),
4- [ 2- endo- M [18idéhyhirory1-bodtond-1 Byeih@48 R T8y o-telAad 619 dré 58 7-trinor-4,8-inter-m-phenylene

2, 3, 3a, 8b- trdiyméiytléster T H-5- cycl openta] b benzof uranyl [ butyric acid nethyl
ester (Exanple 33), 4-[2-endo-p-

t ol uoyl oxy- 1- B2éniyfdnkydseneTHRzhd 3amBifanhydrous DBISO#qbBined nt distiltinfidm avericalcium hydride),
H-5- cycl oped%0 aiiQ- 123 mmeh) of 4fyantioacettyilyerd-bydeoxynebthyedalBpiciss3,a/Bb-tdtnabydrsr 1#1-Bajplo-

4- [ 2- endo- pentalBlenzoimnyloytvtserid eyt estey e wmd them0.05 e pEanhydmus pyrigine (ob-
( Exanpl e 355hcyl pid regdded thereto followed y belng stirred at room temperature for 14 hours. The

s of calgiu m |
phenyl benz cB rgt)ﬁy Eﬁﬂr§§qu5s;gg 'ge%m}qézl g:%ggzl rﬁyﬁ?e\gassgﬁygﬁr%m?s
36),4-[2 t?g%&
tetrahy ro_/‘ﬂ1 °§

'“ R:Ed thereto Ilowed bejng gitrred, In 1.8 ml of drous ﬁg 250 m

napht hoyl o ?t' d"e"ﬁt Mﬂ is§o| fon'w, to ‘bn%w thM&i op
ent a[ b] benzrﬂ H‘EW*\ k'lhyﬁukﬁre%é ird&fo m%ﬁ &troo fe. %ﬁ e thus obtained reaction
4-[ 2- engto- 3n.,'émdltﬁu§u ' ePreViodslybtambEn/EacasiiBalre ¥t alddRyds Bstériwas £ddéd BiRg 86yr- 45
(Exanpl e 3%yo arbpsof hadti€avillusiNg a pipet and the resultant was concentrated. To the residue, 3 mi of water and
phenyl car baiey bfettyi-atetstx Geri sdie dand et pracipitalaws iilteredsand washaditwith witicd mlahgtdyl goetate

t et rahydt o- tinqq_bgdgygng PYsH K 't')a 270l qtGfiyero-Acol jnpd bydistifatiow)eang 221 aag a5 p. C. C
cl opent a[ b] g‘H‘?

o?‘ s | SR s %t 21834 flask,
et oy : ok ek Bttt i e e
t et r ahydr o-idgeahd tﬁUﬁa T Wa@étbﬂebféﬂmﬁuhlfte%nﬂlebH bihe/rehdtiomifikidre Rk Boplsted S 768y adding
H 5- cycl opent a[ b] benzof ur anyl ] 31



butyric acid methyl ester (Exanple 40) was enployed in place of

4-[ 2- endo- benzoyl oxy- 1- exo- hydroxyne- thyl -3a, 8b-ci s-2, 3, 3a, 8b-tetrahydro-1
H-5- cydopent af b] benzof uranyl | but yEP®46E162Btet hyl ester. The results of the
reactions are sunmarized in Table 3. The spectrum data of the sane are
shown in Takd the flitrathOwddseparated. THE adtied s TaydrGvas Btrabt8d fulice With 33 of ettFacttatd G4 th 2
Bl [err] orghit 18/efbovdreldombifsl, @é%héd]wﬂhﬁhic}fwaterdﬁ?@iﬂiﬁﬁﬁl@?ﬁﬂumoﬁs gbdium chloride

11, 15- di debodion dyiedlotera 6 @ biasdiuni Suifats BndloBnchftrafid tdbein)s8Y Mg o.af oify-prddudd Othe thusiob- Nt €
r- m pheny! @ined pilyproductwés pptifieeidy eoluntn chromatodriph( (Ldbeirboluiin [Birdicd GalLcdmpiciallyi gl i N
10 M of anblyfnoMerckien renelyant Bibyl atetatd/cydoteXane (i @)) fombtain 240 rilg &f ¥he-conjugated ketone
hydr oxynet Meld828%b- ci s- 2, 2, 3a, 8b-t et rahydr o- 1H 5- cycl opent a[ b] benzof ur anyl
] butyric acid nmethyl ester was dissolved. And then 0.14 m of trifluoro
acetic aci Bxam®e34j ssolved in 10 m of anhydrous DVBO and 0.37 m of this

solution was added to the previously obtained solution. Then 340 ng of D.
C. C (d¥ cymﬁw’mﬂe XYy M‘MM&T-WWM"@WPWM% ng

m xture wa roomtenperature for 14 hours The 10 preC| pitate

wa eparate rt| Itae ain 260
rrgsofS gude q a"th fous ? h iy m_.l [%r?"do'

m ner al , b if?n& ?e 4 l

2- 0x0- hep o yﬁ'zﬂﬁ §mlq5'lné10@5f't Iugllorfsgt ¥ |dw9° :ieeJi ee er fitro 8

and the r elbw&”:lytbbl tweast% oui3lto obthinEn 3idbifyae. %enﬁ%%fvr i’
under ar gopy.8mivef disperdion ﬁhﬁ‘mMUﬁ) uﬁb&lﬁbd?l@&h ih SPhitor SHRydFous H?ﬁndt siQ

t\nes previ owsdcgoledi |aéd%$r 7d LI ERsibri) 8. 78 g (B7. Srhmél Ir2-BidhepttbA6l proaphohib Seid tﬁ'ﬁéﬂl i ng
15 m xdur estermR5 il bfahigtrolis THF Has Bdded/andShedbsultiRMikiuR WSt el fof30 ﬂ:tésbﬁo&rﬁéﬁ\t I on
m xture, apsdtire udiet krogersatmokphale. The taid obtaedreacliomiittuielWas Edofetl Hdwalts -188.20°C and
concent r at the preViguslylobtainerizeattien midtlre ot aldshyde @stéravae hddelh therefoland thp restitingasictard was d
stirred for 30 minutes. To the reaction mixture, 2.2 ml of acetic acid was added to neutralized the same. The
thus obtianed reaction mixture was filtered through Hyflo Super-Cel and 100 ml of ethyl acetate and 50 ml of
25  water were added to the filtrate and the resuiting mixture wash separated. The organic layer was washed 3
times with 50 ml of 10% saline and dried over anhydrous magnesium sulfate. After removing magnesium sulfate
by filtration, the filtrate was concentrated under reduced pressure and 20.8 g of the thus obtained concentrate
was purified by column chromatography of silica gel (Art 7734, 400 g, commercially available from Merck Co.,
b Inc., eluant; ethyl acetate/cyclohexane (1 : 5)) to obtain 10.82 g (vield of 84.3%) of the captioned compound.

Examples 32 - 40

The same reaction conditions, workup procedure and purification as in Example 31 were repeated except
that 4-[2-endo-o-toluoyloxy-1-exo-hydroxymethyl-3a,8b-cis-2,3,3a .8b-tetrahydro-1H-5-cyclopenta[b]benzo-
35  furanyl] butyric acid methyl ester (Example 32), 4-[2-endo-m-toluoyloxy-1-exo-hydroxymethyl-3a,8b-cis-
2,3,3a,8b-tetrahydro-1H-5-cyclopenta[blbenzofuranyl] butyric acid methyl ester (Example 33), 4-[2-endo-p-
, toluoyloxy-1-exo-hydroxymethyl-3a,8b-cis-2,3,3a,8b-tetrahydro-1H- -5-cyclopenta[b]benzofuranyl] butyric
U acid methyl ester (Example 34), 4-[2-endo-p-t-butylbenzoyloxy-1 -exo-hydroxymethyl-3a,8b-cis-2,3,3a,8b-
tetrahydro-1H-5-cyclopentalblbenzofuranyl] butyric acid methyl ester (Example 35), 4-[2-endo-p-

40 phenylbenzoyloxy-1-exo-hydroxymethyl-3a,8b-cis-2,3,3a,8b-tetrahydro-1H-5-cyclopentablbenzofuranyl]
butyric acid methyl ester (Example 36), 4-[2-endo-a-naphthoyloxy-1-exo-hydroxymethyl-3a,8b-cis-2,3,3a,8b-
tetrahydro-1H-5-cyclopenta[blbenzofuranyl] butyric acid methyl ester (Example 37), 4-[2-endo-B-

" naphthoyloxy-1 -exo-hydroxymethyl-3a,8b-cis-2,3,3a, ,8b-tetrahydro-1H-5-cyclopenta[blbenzofuranyl] butyric

acid methyl ester (Example 38), 4-[2-endo-3,5-dinitrobenzoyloxy-1-exo-hydroxymethyl-3a,8b-cis-2,3,3a,8b-

45 tetrahydro-1H-5-cyclopenta[blbenzofuranyl] butyric acid methyl ester (Example 39) or 4-[2-endo-N-
phenylcarbamoyloxy-1-exo-hydroxymethyl-3a,8b-cis-2,3,3a,8b-tetrahydro-1H-5-cyclopenta[b]be nzofuranyl]

butyric acid methyl ester (Example 40) was employed in place of 4-[2-endo-benzoyloxy-1 ~exo-hydroxyme-
thyl-3a,8b-cis-2,3,3a,8b-tetrahydro-1H-5-cyclopenta[blbenzofuranyl] butyric acid methyl ester. The results of

the reactions are summarized in Table 3. The spectrum data of the same are shown in Table 4.
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the precipitate was separated byfiltration and the filtrate was

concentrated to obtain 800 ng of an oily product.

The thus obtained oily

product was purified by colum chrorﬁl’tmsmmi (Lober columm (silica gel)
commercially avail able from Merck Co.

I nc.,

el uant ;

et hyl

&85

acet at e: cycl ohexane = 1: 3) to obtai n 116 ng of the captioned 20 conpound
(yield of 629 . IRf(M dﬁ) V70, ; . 1030, I575, 759 cm' NMR
[err] 1.69 (3H t,[J=p.1 Hz),| 1.71 (3H &= 1 70 - 3.j05 (13H), 3.60 (3H,
a), 3.62 (1 H m,|4.p0 (I H|q, J=6.2 Hz).- 45 5.15|(IH, m, 6.15 (I H dd,
J=16.0 H&, 2.0 Hz)| B} 50 - 7.]10 (4H, |m) RESs |(nTe) 438 [er1] Exanple 42
30 B .- _
11- dehydr oxy- 11-ac tﬁ’)xy- 18,19-tet radehy,cL‘l;vbs.S, 6, 7-triror-4, 8-iint er-m phenyl e
ne [err] nethyl es{&]in 10 i of netjhapsi™ 316 ng of .
11, 15-di gehydr oxy- %acet oxy-|15- oxo- 18, Egy& et|r adehydro-5, 6, 74t ri nor -
4, 8-inter-m phenyl [err] +t hyl egt exwas i ssolved and then 150 ng of
cerium chl ori de hepE&ahydrate jwas di sqo I t Herei n and: under |coiling in
iced water, 15 ng ¢f podi um Qorohydri de«&_ gdded, fqll ovved y being 35
stirred for 15 m ntes—Fe—tHe—FeaetHor—Arstygr-e; 2 of—satgr at ed aqueous
sodi um hydr ogen ca g ate sollution wgs alled {and the{resultihg ni xture was
stirred for 10 mn and cdncentr atjed. glo tthe residue, 5 nif of ethyl
acet ate was added néd the requltant was #tiltgred thrqugh Hyflfo Super - Cel
(2g) with suction qrgl] washed jtwi ce wijth m {of ethylf acet at The
fi\Lt/rat es were conhﬁ'p d, washed with {2 ~of (water and aqueoys | ayer was
ex- traé@ed withe2 | acetatle. ¥®he drgani c ljayers re.conbi ned,
washed with 2 m with 240 ™ df saturgted aqu ous sodi um
chloride sol ution, lconcentdated tolobtain.] ag oily
product. The thuse ifly proddct was ¢npl (cjoyed in the neX& reaction
wi t hout purificat® 42¥9 44 R @ s
18, 19-t & radehydro E or - & 8-ijnt en;-dnﬂhen)d eng [ exr] tﬁyl ester In
4.5 m of anhydrou$ 17& ng Jof &t~ dghydmoxy{ll-@cet pxys 1l
8, 19-t et radehydro- 536, 7-tri ndr-4, 8- ilnter “m phenyl en¢ [err] t:F_;uyI est erwas
cg:/sol ved and 3 drppsf of 4. 8]M sqdi urh netthoxijde was qdded th¢refo using a
Syri ngegand the resulfting m ¥tur & was stlgrec fon2. 5 hqmsca rdom
tenperature. To the thugobtdi ne® 50| reacti gn @ ule, L L& of Fon exchange
resin (1RC-50) was|adde@~gBd [t hE~@syl t /S Wdsh Bt edI B/613 20 hnutes at
“room tenperature apd Pﬁ%&eq.?fﬁwrés ‘n%s ure ée tIg with
nmet hanol and the f{lt[raBSss wergzagn |6F pad ar ent—?rg'aégi fo %bt ain 170
mg of aw oily prodmg&%%th%ﬁ%ai @E-gcg'ly &j‘y %Eg@rifﬁed by
col um chromatogran@/ : r c@E (st & e Q 2y avail able
from Merck Co., In¢s| SLpnE;| SLH% ST esq\Eh é’= a ”%% 1)~to obtain
4 of the diol (yilgkd®§8{BE HB 'Egjfﬂﬂatig _’:%3 270, 3595, 970,
745 cm’ NWR [err] | 1| 2850 | 3345025 (G BRS51 A5, B, 8.40 (IH t,
J=7.8 H), 3.59 (3H, {sk=.380 t2B=%H, 3_—;,-’5;)@1,»,} Soqms | ZER-HE 4638162 Bl 4.50
(1 H m, 505 (1 =57 80 T M “H- A0S 72T =S+ 2

' 2 2 =2 2 K. 2 =

(23] 1331 (1] [25) [T ] (28]
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Mass (me): 398 [err] Exanple 43 5
18, 19-tetradehydro-5,6, 7-trinor-4,8-inter-mphenylene PG2 In 4.3 mM of

met hanol
[err] methyl
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aqueous sodi um chl ori desol ution, dried and concentrated to obtain 55 ng of
an ojly product. The thus obtained oily product was purified by colum

chr omat ogr aphy (Lober colum type BEpP9i4b3t6aBdel ) commercially avail able
fromMerck Co., Inc., eluant; ethyl acetate:cyclohexane =3: 1) to obtain 48
ng of the diol (yield of 98%. IR (neat) v: 55 3370, 1740, 1595,

970, 745 [err] NWR [err]: 1.00 (3H, d, J=6.3 Hz), 1.80 (3H, t, J=3.1 Hz),
1.80 - 2.80 (14H), 3.45 (1 H t, J=7.8 Hz), 3.85 (3H, a), 4.00 (2H,_ m,
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35 liquid. In 50 mM of nmethanol, 6.0 g of the solid fromconcentrated

mot her liquid was dissolved and 1.1 m (5.5 mmol) of 5N sodi um net hoxi de
was added thereto and the resultinepo#estie2zBt was stirred for 20 hours at
roomtenperature. To the reaction mxture, 0.3 m of acetic acid was added
and the regyhhik@ M xture was concen- trated. To the residue, 50 nl of
ethyl acetate amd a little anount of nagnesium sul fate were added and the
resul tant 14a8-dRénydrsxg-d1-bddioxyl{8-oRd- 18, Hotsiradhidres, 6P trindid, 8GrErRphbriyRAEIECL RetiddsRi N
5.8 g of an oiTy product. The thus ob- 40 tarned oily product was purified
by col um chmhaminDefranfaxou® pyriding inCid ek aftiydrbusCienzpas,; 150\l of 143{2@bdolsb81Oxyel)exo-

el uant ; etHygrbxymethilcsiaSb-ciy-2/23h b @trahydro-dH-b)cydopeitta[blbenzFuridyl] chutykic aoid ondtins ested | y
product ( ywesldidsaved.Brid Bied 0.14hief tifltcse aveltt goid wesidissovadsn Hholwhanhyvirous BMBO a7 um
dat a as t huitof thi seltion wegrddesiiethe previpusiy nbtaitddisalistion drhem348xngropP.<C. & Kdicydibhexyicarbe-
procedur e dimide)ywaEadded the sdqtiop ardthe resyifing mixiure|wasfindstal e jemperature for 14 hours. The
-benzoy? o c@gatmgqsﬁyparqgi Qy)(igtatrq_r@ngthe filtrate was concentrated to obtain 260 mg of clude aldehyde.
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P m""ﬁtrmtazzrza:( RS o
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0XO0- -tet-

15 & defdimpaund Hteitir |'1eny| benzoyl oxy 6 met hyI
radehydro IR(Ratyvi ri nor- 4 8-inter-mphenylene [err] nethyl ester,
11, 15- di dehydreagy 170b; 16es, néaonﬁpsrmmmt—oxy 16- 50
met hyl - 15-NMRO(CD81,)l- t et r adehydro-5, 6, 7-trinor-4, 8-inter- mphenyl ene PGL2
met hyl ester, 1B9(36t dh3ddizy d7OEBHK;s), 1.70- 3.05 (13H), 3.60 (3H, s), 3.62 (1H, m), 4.90 (1H, q, J=6.2 H2),
11- [ er 2§ - rEsdSH(tH o).l 66 yHH] 6d, dersif\Hz, 2GHZ)@601 3,10 B ®) r adehydr o-5, 6, 7-tri nor - 4, 8-
i nt er - m pHdasy(wie)e 436M)] net hyl es- ter or
11, 15-di dehydr oxy-11- (3, 5-di ni trobenzoyl oxy) - 16- et hyl - 15- oxo- 18, 19-t et r ade
hydro-5, 6,Example#br - 4, 8- i nter-m phenyl ene PG 2 nethyl esteris enployed in
Llace of 11 15- drdehydrox -11 p: toluogloxy 16- neth I-15-
0x0- 18 %0 9_Hz9ehydren/zfceion-1 1 ”-e- 56, Eringrr 4.8 i 'éﬁ@’iﬁ&!hyl ester
al so yields a troned
11, 15-di deﬂy{qqg ]

6, 7- tr| nor algr'%te‘?};n?*

as In teg

el *ﬁ%&ﬁﬁﬁs rf'%%;f ie ek
off Mixfu

iu ro enca nates lufion
3- et hy - 'aQ r%'éﬁﬁ" %Q Qétﬁﬁgﬂ'fb gf t
p| ace of 3Jihmb ad@ed@ﬁ@fh ?&&lﬁaﬁu&é@ﬁ’l{e Pn}fﬁsﬁﬁr d}Wfi &roﬁﬁﬁﬁasﬁe@ &y ai n
mg of vt'rrtlﬂ% nft SfetHyQiogste. %@ﬁﬁ&@ﬂw&ém edith 2 ml of water and aqueous layer was ex-

4 [ 2- endo-taGied KitY2 mi d? $thyl Rk THEOB N Iaydd w%te -caBined wadhetiBwith 21 ©f viatdd WAl vath 2

H 5- Cy @ onfef safulstdatureaiis odiiy biloriedojition; drivd ekl d3Rdeltydted@Ssbiiin 726 m3 ofsin dllyl prddgot.

mat eri al . The thué bbidined aily praduct Wwéd Empldlyédia tHemeéxl readi®a Wit AdubrifiGtiéh. cm: Mass (me)
. 466 [err] Exanple 49

18- et hy| -Ex@mile4®2 18, 19-t ert adehydro-5, 6, 7-trinor -4, 8- I nt er-m phenyl ene
[err] nethyl ester The sanme procedure as I n Exarrpl e 45 was repeated except
t hat 58 nyl8df-tetradetydio b 8-ister-mephenylene PGhametin este

8, 19- tetradehydro 5 7- trrnor 4, 8- Inter-mphenyl enaék_err] rreth I ester was
enpl oyed as '265"‘é°f§'t"éﬁ"f"fsﬂgy|'ﬁﬂﬂ'é?‘?'§ﬂ°f Bysiroxy-ih1-aggto

hgt}{P;p r-4,8-
conpound. inter-m-phenylene PG, methyl ester was dissolved and 3 drops of 4.8 M Sodium methoxide was added thereto
using a syringe and the resulting mixture was stirred for 2.5 hours at room témperature. To the thus obtained
50  reaction mixture, 1 g of ion exchange resin (IRC-50) was added and the rehultant was stirred for 20 minutes
at room temperature and filtered. The resin was washed sufficiently with methanol and the filtrates were com-
bined and concentrated to obtain 170 mg of an oily product. The thus obtained oily product was purified by
column chromatography (Lober column (silica gel) commercially available from Merck Co., Inc., eluant; ethyl
acetate:cyclohexane = 3 : 1) to obtain 49 mg of the diol (yield of 47%).
55 IR(neat)v:
3370, 1740, 1595, 970, 745 cm!
NMR (CDCl,) & :
" 1.70 (3H, t, J=3.0 Hz) 1.20 - 2.80 (15H), 3.40 (1H, t, J=7.8 Hz), 3.59 (3H, s), 3.80 (1H, q, J=6.1 H2),
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IR (neat) v: 3370, 1740, 1595, 970 cm' Mass (nmle): 426 [err] 25 Exanple
50 16- net hyl - 20- hono- 18, 19-t et radehydro-5, 8, 7-tri nor-4, 8-i nter-m phenyl ene
PA 2 The sane procedure as | n ExanpERO04&E3 16281 r epeat ed exceptthat 50 ng of
16- met hyl - 20- hono- 18, 19-tet- 30

radehydr o- %4.49.(1H, i), s0BI(1H! mP 5160 (281, mjTsBOENOE (G PG 2 net hyl esterwas enpl oyed
as a startivegs (méesesgmit o obtain 48 ng of the captioned conpound. IR (neat)
v: 3700 - 2200, 1710, 1595,975 [err] Mass (nfe): 412 [err] 35 Exanple 51
16- net hyl - EExémple 43 | nor - 18, 18, 19, 19-t et r adehydr o- 4, 8-i nt er- m phenyl ene [err]
met hyl ester (1) [err] 45 In 3 mM of anhydrous THF, 328 ng (0.619 nmmol) of
15- epl - 11- dii19dhtrastehydrey5.6.3itninos4.Srintey-mipBenylebdRGl; 5, 8, 7-

trlnor-18, 19-tetradehydro-4, 8-1 nter-m phenylene [err] nmethyl ester was

di ssol ved andiné#s onethang), ’(31"9207185@-wtm#d1y)'mt§f6-7ttrim°pﬁéﬂmr-phmw*ﬂnﬁBGhmdthﬂfsserrrg
(1. 29 mmol )wagsissabvegd andcthenct; ) ofyb} aquenys| sqdiumwdrexide spintianwae addeg thegsiorpgd e resglting at
room teﬁber'ﬂﬁ%é’assﬁﬂdmgmwﬁ? “&P??&FW%H@F%%“‘WPWHP "‘9 EQP em@ Hiol )
of di et hyl 2’8 °°" f"é"ef ‘??°'t§’ '“SWatﬁ’ h e msidue

TL']" Iay 5 combined,
Fenper at 3Pq° $ g :’;d%g o 15':‘1&“8?3‘1%8&85;@% w@g@: e 0 fpncepigpt

resi due wa )hanol and 1 g of potassium carbonate

was addéd tﬁ r% 25&} Hﬂ%@s@&?f’dor} Stirred at roomtem 55 perature for
16 hours. 'ﬂm&g it was evaporate under reduced pressure and the residue

was di ssol ved i1sidh, = nAthiol 286 BluA & 1AR8076), 986 AHVRL £80 (A, WSS @h) Z€
t ke s/same. 'H;)es{oeﬁdor(mtssoazgod(mpd gvgi 3@{19 drous S)Odl u‘%;\ﬁ,tfat(g adr;])d th @'LI
sol vent anaMaey @)t sdaquryunder reduced pressure and the thus obtained re5| due
was purified by Lober columm, comercially available fromMrck Co., Inc.
(el uant; etBxgrhpladet ate: cycl ohexane 39  EP 0 463162 Bl1 1:2) to obt ain 216
nmg of the captioned conpound. IR (neat)v:
3370, 2985, 2%9ehyhoao 1agetoxy-1l6-9ethii4839-tetrddebydti3 R 6.7-rB604 B BHOM-DBGGIeis Y, e hDes-
1180, 11%0, t100, 1080, 1025, 1010, 960, 900, 860 cm5 NI\/R [err]: 1.00
(3HtwodJ63Hz)180(3Ht,J31Hz,180- 2.80 (14H, m, 3A5
t, J=7.ginA9ml ofmghanola 122 rag of 13,15didehydroxy()1-agetexy-i§-methyl(j&-oxo-13, 194etradehyiro-y) |
58 - 5.68 72‘H‘ -'"f%I "Be}‘envleﬂed?@'zmmw ﬁﬁ'ffwa%st?d‘eﬂa handgo msmféy"umm edep-|
HLQh r es ol L? dgrcollmg inicedwa g's?ium b& ydoideyyas added, followed
eing stirred fo

mlnutes To the reaction mixture, 2 mi of sa rate queous sodium hydrogen carbonate
solution was added and the resulting mixture was stirred for 10 minutes. After concentrating the reaction mix-
ture, to the residue, 5 ml of ethyl acetate was added and the resultant was filtered and the precipitate was
washed twice with 2 ml of ethyl acetate. The organic layers were combined, washed with water and saturated
aqueous sodium chloride solution, dried and concentrated to obtain 130 mg of an oily product. The thus ob-
35  tained oily product was purified by column chromatograogy (Lober column (silica gel) commercially available
from Merck Co., Inc., eluant; ethyl acetate : cyclohexane = 1 : 2) to obtain 54 mg of pure captioned compound
oo (vield of 44%).
\/ IR (neat) v :
3475, 1740, 1595, 970 cm!
40  Mass (m/e) : 454 (M)

' Example 45

16-methyl-18,19-tetradehydro-5,6,7-trinor-4,8-inter-m-phenylene PGl, methyl ester

In 4.5 ml of anhydrous methanol, 54 mg of 11-dehydroxy-11-acetoxy-16-methyl-18,19-tetradehydro-5,6,7-
trinor-4,8-inter-m-phenylene PGI; methyl ester was dissolved and then 0.001 mi of 4.8N sodium methoxide
was added thereto and the resulting mixture was stirred for 1.5 hours at room temperature. To the reaction
mixture, acetic acid was added and the resulting mixture was concentrated. The residue was dissolved in 20

50  ml of ethyl acetate, washed with saturated aqueous sodium hydrogen carbonate solution, water and saturated
aqueous sodium chloride solution, dried and concentrated to obtain 55 mg of an oily product. The thus obtained
oily product was purified by column chromatography (Lober column type B (silica gel) commercially available
from Merck Co., Inc., eluant; ethyl acetate:cyciohexane = 3 : 1) to obtain 48 mg of the diol (yield of 98%).

IR (neat) v:

55 3370, 1740, 1595, 970, 745 cnrt
NMR (CDClg) 8 : '

1.00 (3H, d, J=6.3 Hz), 1.80 (3H, t, J=3.1 Hz), 1.80 - 2.80 (14H), 3.45 (1H t, J=7.8 Hz), 3.65 (3H, s),
4.00 (2H, m), 6.10 (1H, m), 5.65 (2H, m), 6.60 - 7.00 (3H)
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Found [err] : 412.2258 The same procedure as in Exanple 51 except t hat
15- ep- 11- dehydr oxy- 11- acet oxy- 16- nethyl-5,6,7-tri- nor-1

8, 19- tetradehydro-4, 8-inter- m phenyeruss fiexB1 net hyl ester,

15- epi - 11 dehydroxy 1 1-propionyl oxy- 16-

met hyl - 0k 19-tetradehydro-4, 8-inter-mphenylene [err] nethyl
ester, N?aé@’éf derl\éﬁglroxy 11-bu- 15

tyroyl oxy- -mgml -5,6,7-trinor-18,19-tetradehydro-4, 8-inter-mphenyl ene
[err] met hﬁa—em , 15-epi-11-de-

hy dr oxy -511-1@GdeBRRisasYetrh@ehydhb-5.8/7-tdinoR4,&-intef-nfphenylbBe HAl, t et r adehydr o- 4, 8-inter-m
- phenyl ene Terr] methyl ester, 1

5-epi-11- dehylﬂrmm-d&\enle{bam)hn)ogl"lﬁllﬁethﬂb-tl3]ﬁ-te@d@hyﬁ:oﬁﬂ.ﬂqtgnor-gg-lnter-m-phenylene PGl,
19- t et r ade hnethybestbr @asi dissavedrangbthemy mbof AN BqBepusseditny hydeoxide:polution was added thereto and

5- epi - 11- deheresuting mixiure/wdscstaos for 17horstah3A°C.Thethus phtained reagtion mixture was concentrated

8, 19- t eta acwtyuivobwaler@as addedtothe jopidue. Thop féhe[requ ntwqffeﬁj dtcbgb[yqumgm hydrochloric
15- epi - 11- cheM ok i gesultantiyan 2xTapted 3 times with Sy jof eth Thesraania algs’f"d@ﬁ"%{ﬁbéq? 'dr o
- 20 4,8- |w9§|@dwﬁ{pg tgﬂ@\l{lt@r') ofsqﬁlgf queoussodl’um chloride solution, dried and concentrat
ester, 15- eﬁ?obﬂ'l%?éf‘g/?!i"éﬁﬁa"i"ﬂ"(’a"' eisdeht®bxy) - 16- net hyl -5, 6, 7-tri nor -

18, 19- 48 I e
15-epiE§§lr .101141%) P?{B{Q“W”?’ ﬁgg& ﬁm O)r(r% >1/6_ester
§§ J REENYSH Rarfy s 1, et RESI @RS PR B0
e

met hyl -

ester, 15- i mJ)Jg )

(mtol uoyl 3&% . 9‘ trinor-18, 19-tetradehydro-4, 8-inter-m phenyl
\e/[err f1 est 15- ep| - 11-dehydroxy-1

1-(o-tol uoyéxgmmulG met hyl -5, 6, 7-trlnor-1

8, 19-t et radenydro- 4, 8-nter-m phenyl ene [err] me- 25 thyl ester or

15- epi - 11 - dahuigi-cio-tdttadetyiroBIBrtiinobe.8rte-nophisdyleh6 PAIR mthyl e8terS, 7- t ri nor - 18, 1

9-tetradehydro-4,8-Tn- ter-mphenylene [err] methyl ester is enployed in

pl ace ofs 15- episo inlefehethohi andy2o inl df THR 81005 (16.35 mmgl) of 1515didehydroxy-11-p-toluoyloxy-16-me-

5,6, 7- t ri ncthy-18mio-8; maetraadumm-mnmmntqmmmnyﬁbnethwe# in the foryp pf ceystals)

al soyi el dstdnd 372p(11.8nwuol e cervmithiortdedenizhyirate were digtpived gnd thissoulion s goalpg down

except t hatto etotand theh §22mgyB & yrmel) pfsogier basohydrida wes Addes) the&%m f&" iod!‘“\‘}‘\éﬁ’ft”"deéﬁlﬂ“"g

ekcept thatAftersslrlz;putheﬂmefef?yw@k Mﬂuaéépa& 5%9’*‘%’5‘}32?"8 PYeR Girbopate sol-

3 Gl d t ing nixt e was removed
?5 12pf eaga%yﬁh&ﬂﬁﬁd@ q;tl?ll:l?yfffl)oegupgz el and the flItrat was con ntrate . To he¥esidue§egg Irfnaltof ethyl acetate

r 10 tes, filtrat d
|- propl O“K' "%a °ﬁ""”s‘* E?Ec. ét?-':gt A Bl eitaystlize from 12 mi
| nter - m p 0.55 ¢ Is and dfrom concentrated mother
1- dehydrgx 2 ta I { ﬂéﬂlzﬁ
dehydro Eq% N d j°
15-epi - : rQ)ﬁ}ﬁnjl‘%f

t&Pnﬁot iak Bikdofied and 1.1 ml (5.5
Itm mixture was stirred for 20 hours at room

d&?ﬁc&\f was £d a’ &nll tHa Pdsulting mixture was concen-

18, 10-t t ﬁlrdf Bthid B A%, 1ktRY dmbourRt bf e gnésRinfEulfate were added and the
15- epi - 11- dl% tQZé’s‘tl fUYes ftéred Bnd BBhkdatated T dbtalir 5.8 d o1 @i oilly product. The thus ob-

8, 19-t et adgrydbig &t\bd%tpeﬁﬂaﬂbp&m:ﬂ\)i lckrBRatbgidphy of ellittdel (€1Bdagel; Ari fBoep{18dg, eluant;
- dehydr oxy - iyl acét Ea&:yémhbmy-s :5)%0 obtain 3.15 g of colorless oily product (yleld of 67.3%). The obtained procuct

16- met hyl - Swés,shovin'thésaine SactkGim tath ascttia lofttle captign8d sampbund obtaipdddmEptample 45.er 1 |

et hyl ester, IThe spiepiitedtmliay thExanpld47-except that 11,15-didehydroxy-11-benzoyloxy-16-methyl-15-oxo-

benzoyl oxy- msrmtddgﬂydrs-w,mrmor-ﬁ.ﬁmer tepheddene PElawethyf entes-12. 18 didehydroxyr P@ne

PGL2 et gyl t8smaethyl-15-8xoei8i19-tfetradetiydro-5,6, 7-trinor-4,8-inter-m-phenylene PGl, methyl ester, 11,15-didehy-

hydr oxy- 11-qrperif tnlamaﬁzm}k 5-wwémd@vw¢5?¢wnﬁb$3-m’- Qh?'HPP%\PQPé%?Vb 4
, 8- nter-m§edn 1dprdid ; gtpﬂspptylggtz oxy-j_s- 15- 18,19-tetradehydro-5,6, 7-trinor-4,8-in-

- dehydr oxy- tﬂ'm'(P W‘P‘L ﬂpﬁf‘%ﬁ%xggsfﬁefsg11ﬂh@W° ZPY' 16'f§thf -16-0x0-18,19-tot-

X -m-ph 111 ap oyloxy-16-
9- tetradehy‘ﬂ Vil 24 8. {hter- %% Th ri%;{,ddmxy 40
tra eh -5, , i; Iys
5- o yd

- dehydr ¢%y- Deth
4, 8- lnter 567—tr|nor-48-

tro'l;s =16
( o-tol uoyI §§ :}.. n 5%( cf f 11 15-d|dehydroxy 11-p-to|uoyloxy-16-methyl-15-
tetradehydr 9- yJ(]é-Q.q& oS )Ein -ﬁ\f GE%&I‘M @5ter also yields the captioned
15-epi - }3- d%h* xy enyl enzoyl oxy -16-

met hyl -5, 6 rlnor 18, 19-tetradehydro- 4, 8-1 nter-m phenyl ene [err] ethyl
ester is enployed in place of 15-epi-

11- dehydr oxy- 11- ( p-t ol uoyl oxy) - 16-net hyl -5, 6, 7-trinor-18, 1

9-t etradehydro-4, 8-i nter-m phenyl ene [erg] me- thyl ester yields
16-nethy|-5,6,7-trinor418,19-tetradehydP -4,8-inter-mphenylene [err] ethyl
ester. 45 Exanple 52 _ '
16-met hyl -2, 5,6, 7-tetranor-18, 19-t et radehydr o- 4, 8-1 nt er- m phenyl ene [err]
met hyl ester (2) 50 [err] S5




EP0463162B1 In 3 m of anhydrous THF, 205 ng (0.423 nmol) of

15- epi - 11- dehydr oxy- 11- (t - but yl di net hyl si | yl oxy) - 16-

met hyl -2,5,6, 7-tetranor- 18, 19-t et r acRAD468ne2 BN, 8- i nt er - m phenyl ene [err]

met hyl ester was di ssolved and then 233 ng (0.888 mmwol) of

tri phenyl phesghiidys and 108 ng (0.884 nmol) of benzoic acid were added
thereto andtThe Tesulting m xture was stirred at roomtenperature. To the

t hus obt ai neq|15-Gidshiydrexy-11adetoty-86-mEH-20%onko-15-dx6-16 Rltetiatdhybirod(6, 7-trinor-4,8-inter-m-phe-

di et hyl azodingiendRBGiyhahyestsh 6 N1 of anhydrous THF was added for 5 m nutes
and the mesulting mxture was stirred for2 hours at roomtenperature. The
sol vent was evafielsameprocedute Bs in Eganpizcd 1pvae spentes excrit thaf$-meghyl-2tore-onfefisyndiphesphapisd
in 10 nm of aciddinettyl estanwias| emploped ipplacaE3-methyl-2rolsehept-ynezphosphienischcid [dimethyester to
fol | owed by ob®@inigp mg df the captitned @@Omuﬂo@1'éﬁm%ﬁ[ﬁ-@é?rwpbx'hP’@'hyme‘BY‘\?E-HQ'c‘Was
evapol at ed (f:ha8b-tatrghude Hot-evsigrentalbloaprofureayiiityriereld mpkty! esles sy sfastingimpteri)- nj  of
ethyl acét at®(malvt he resul tant was washed with water to neutralize the 10
sane. The sol veﬂ?“vrggoé%{’pbqe’&t"éﬂs @TPFET r educed pressure and the residue was
di ssol ved | MasM: 48 Maeti ¢ aci d-wat er- THF (65:35:10), followed by being
stirred at %OC']@{ 30 hours. To the thus obtained reaction m x- ture,

sodi um h bonate was added to neutralize the sane. THF was

evapol at & ugdifn e bl $, ithd e 2 Vi L

et hyl acet at m chl ori de

sol ution, and fiig &aurammm 8%k Hﬂaaﬁdlefzégﬁhateéﬁ'@éf1@!&@%@11H-ﬁébtéx9ﬁ6-
SOUnt t N gnitiyhd io- BAG irddehydro5é, FLURonBSIntBivhp dnﬂ%s%-)—rﬁ@l@l’ este? b @inployed as
(comer chal |astaptirdimatthib I@oéml\groﬂﬁe@btlonehﬂﬁnpourﬁl uant; ethyl acetate:cy-

cl ohexane =R+ 0 obtain 101 ng of the captioned corrpound IR (neat) v:

3380, 2948, 1728, 358217444895 8femi335, 1295, 1247, 1187, 1065, 1030, 999, 965, 884, 875
, 833,761, 7Afascpnié): 8B MINVR [err]: 0.90 - 1.11 (3H, m, 1.60 - 1.89 (3H,

m, 1.89 - 3.09 (10H, m, 2.27 (2H, s), 3.44 (1 H, t, J=8.95 Hz), 3.66 (3H,
s), 3.74% /ExaGoig¥H, ), 4.98 - 5.22 (IH m, 555 - 5.73 (2H m, 6.61 -
7.10 (3H m Mass (EI thod n1e) 398 [err] The sane procedure as in
Exanpl e 52 ke Cabls PPeSHf naryt.8qinterp-phesviene iétony | si | vl oxy 16 25
nmet hyl -2, 5, 6, 7- tetranor-18 19 tetradehyhdro 4, 8-inter-m henr}/yI ene [e

WE‘LDY' ést er, 'Etgs eprgt)fd ] le 46 was repeaedexceptthat 50 mg of 6-met 20-homo-181 tet-
11- (t - bu¥i ‘lih’é' & fy 7 *°’1'B'P YIERA Pl mothy! eptet vas pmployed 442 siagtinamafery] i Abial o
-4, 8- mter-rﬂé OhDP &ptione M- thyl ester, 15-epi-11 -dehydroxy- 1l
-(di-t-butyl qegt %0 %1%&5&?’5 520{"5 6, 7- tetranor-18 19-t etradehyhdro- 4, 8-
inter-m phe

15- epi - g%yd%y frf trrrrethylsrlyl oxy-16-nmet hyl -2,5,6, 7-tetranor -

18, 19- tetracg;mggl £0- 4, 8-inter-mphenylene [err] net hyI ester or 15-epi-11

-dehydroxy rr=trrphenyl sil yl oxy- 30

16-\aet hyl - 2, 1g.nbthit-4, 6 1-trR608,18,99, IreirRbiyadABIRS R pbnflere Pahmebiyldarpi) ene [err]

cmethyl ester 1S enployed 1 n place of

" 15- epi - 1 dehydr oxy- 11-(t-butyi di met‘gmm)ﬂw) -16-net hyl -2, 5,6, 7-tetranor

-18,19-tetradehyhdro- 4, 8-inter-mghenylene [err] nethyl ester also yields
t he captioned conmpound. The sane @o ure as in Exanple 52 except that

15- epi - 11- dehydr oxy- 11- di phenyl 1si 1yl cyay- 16- nr)
thyl-2,5,6,7-tetranor-18, 19-tetr , 8-1nter-mphenyl ene [err] ethyl

ester, 155ep| 11- dehydr oxy- 11- (;mbu- 3%
tyl di phenyl si | yl oxy) - 16- rret hyI ﬁetranor-lB 19-t et radehyhdr o- 4, 8-i nt
er - m phenyl ene

err

i ) y: Ju )= et .8,

:{3 Ir aééhsehy rin&r-%?ﬂ%%iid g%l‘ % %&ﬂ Fr hw%srgd(is-églthd ?a)%gxrhen ggflzggs(t -1

mmol) of tripheriylp %%LE herto followed by bej _

15-epi - 11- dej F nirﬁJl)"o?Et&hyr - t

et radehyhdr Qo n b i&n iﬂ lti mlxture was stirred for 2 hours

15-epi - 11- deag ﬁghﬂva% o@@ﬂu i FEBGCEY resosuri aRd the le8ititiwas AREdived in

8, 19- t et r adWeHnattnd ar'lJ‘ltgle oA Q¥rbSHAR wiashddbd brats! foldwbdy bbiig SFFEA AYRH bl

pl ace of gl5- ture]flr 1B BbEl TR 36ivert Was evaporated under reduced pressure and the residue was dissolved in

11- (t - but yI ciowpbfiestyidcbtit BadyyasHed Witk ditstto nbulfalifs the daftie! Th8 EdsulthntRvad dried over anhydrous

9- t et r adehy lugdiam duifbte iafd thé sdiept vl wlaporatel arider redideed pressure and the thus obtained residue was
purified by Lober column, commercially available from Merck Co., Inc. (eluant; ethyl acetate : cyclohexane =

39



thyl ester yields

16-nethyl -2,5,6, 7-tetranor-18, 19-t etradehydro-4, 8-i nter-m phenyl ene [err]
ethyl ester. The sane procedure as IEPHGIMPRRI 52 except that
15-epl - 11- dehydr oxy-11-tri net hyl si |l yl oxy- 16- net hyl - 20- hono-

2,5, 6, 7-t et @ obihfR 24Omb Bitheddpitnbtbompsin@- | Nt er - m phenyl ene [err] net hyl
ester, 15-eprnbdywiehydroxy-11-(t-

but yi di phenyl si |agtop2083,2850; 2980, 13201865, Tuss11415, 1386 1360 1340, 3306,128531256,-1180f 1130] €109, d
r o- 4, 8-i nt ertoso, pte3mohe: 1960, Bed, &804m et hyl ester, 15-epi-11-dehydroxy-11

- di phenylsmetNMR €DCKI8pxy- 16- net hyl - 20- horo- 2, 5, 6, 7-tetranor - 18, 19-t at -
radehydr o- 4, 8- i to@3Hrtysh driye.2 He) 1.81 (BH, tnd=Blhyi), £80 €2.80 (14H, m), 3.45 (1H, t, J=7.8 Hz), 3.65
15-epi - 11- ddﬂyé) 405 = 4.30 (2idi m)¢ 5-051+15y1B £H, ), éﬁ%ﬁ-@@dﬂrﬁﬂ)m@o— 7.00 (3H, m)

20- hono- 2, 5,Npsy(El methedaoye) 1492 04)) t et r adehyhdr o- 4, 8-i nt er - m phenyl ene [err]
met hyl est erH'QS‘r"esB@t' asgine

droxy-11%ri phe
hyhdr o- 4, 8-i nt
15- epi - 11-deh
2,5,6,7-tetr?
ester yield
2,5,6,7- 1(:?4etrQt

13@?§9yl-20 hom) 2 5 6 7 tetranor 18, 19-t et r ade

rr%gﬁ ed 'n1£m3tﬁﬁ-5% 7-tr-
e S T i

-181 tetr ro-4 8-inter-m rﬁ-rfi :&: PGl, ethyl ster, 15-epi-11-de-

ﬁ)ﬁ'—g r'IQrm 49%t%eﬂ% ririphenyiérie PMJEWI ester,
ester. The éanbr , '7_

i ﬁﬁ nylene PGl
- dehydr oXy- Tnlatiy leBBH hyJeﬁhh-xArgwnyﬁvsr&bt} iekhyDE Rerig erﬁagh?etraﬁrmam {eR mighe-
t etir adehyhdrigtee Boi, thetriyt BatétN E5000i- P10@hdRdxy- 1 Bénboyloxye Pl féthyl-5,6,7-trinor-18,19-tetradehydro-
15- epi - 130 defpsiePmpheniiend PEK imathll 863 16.605-11-36hpordk)-11L fr-naphthoyloxy)-16-methyl-5,6,7-trinor-
met hyl - 20- horsp9-fetiadéhydio-8,8-inter-iogherdytbnd B6l, @risthgickatal 15les11-déhydroryein-(Bnaphitasyiokg16-
[err] ethyl reshyb5,.6,7-irorts]19/tdtradahydrs8,8-inter-m-phenylene PGI, methyl ester, 15-epi-11-dehydroxy-11-
hydr oxy- 11- dmpéleaylpky)de-methgi5/6y7l-tdnoy-18, B-teteddalykiro2AB-ihterm-piender®, PGS methyl rester, 18ed-O-
t et r adehy hdrid-dghy8roiyrtie(p-tofoylexy)atPyrhatihni5. Etrinpr-18ciBHigtiadelydre-#,8-intgd-meplienylene PGl me-
- dehydr o4/ - 2hyl ¢xthr on15igpit Kfdehye 1%’%jypm¥|M¥wym-2@mH@MW-tﬂn%1&1%@1"#0'&?76!’0'4 8-in-
18, 10- t et r adetyplengens Plhimet rﬂsﬁwg ki plagecof 180pk1 THiphydeoxy-&t-(pripiuoyioxy)-16-methyl-
15- epi - 11- deqrﬁyd'r“m[}” j_%tegrpq $-ter- gﬂ@ IglquGIzmethyl ester also yields the captioned compound.
met hyl - 20- hono- 2"29'“6 P’Pﬁ"é‘l‘*ﬂ&ﬁ&?‘“ﬂ? kasgliRamployeddn R'??P efr"em ?\é?ﬂ/?"é’ﬂ'&

' pttha roxy-}iiyacetoxy, t orpd 8, 194 ~m-|
[ gghqydrez)%l aégr?r)egi’PGlzethyl as n?g@ l;yql-dehydrmcyﬂ1-;:érce;l:szylllgxy-16-?erflg‘el?hy§5£6 -trinor-18, 19-tetradn%5p g
!

t i~ 1- -
(- butyl d'm : dgei‘; Mg T E ?ﬁ’f‘j’?ﬂﬁ? Pty 8 ot W
i - t -11-d -11-d loxy-16-methyl-
16-met hyl - Z%J]P j et le e a.gdr:i 1 Egcanoy:f l::;loxy-
ter-m ph@.‘ny'@, y@gr Vig 1§$Jt£¢‘iehyd s- Hé&‘ efhyt ester, 361)13’- |-Bordpory.11-
exceptthat lpgnffbxy , ,ﬂiﬁﬁor ‘19—tetradehydro-4 &lnter-m-phenylene PGl, ethyl ester, 15-epi-11-de-

trimethyl si Iwhreeym kRHYP5, 87-Rinbr- 16,15 Bitrbdftivo-4 8- Mekmigherbind SidIAdERY
dr d<4, 8- nt ejsteR™ ﬁﬂy E&ﬁn-ﬁaphthw!&xwr l6-nfBHyES, 8, 7-trinor-18,19-tetradehydro-4,8-inter-m-phe-
15- epi - 11- deaiyigsl PE1Y ethfi-dster, A5-apil 1L dghyarongl 13-(rh-YoiaNdxy - 16ométR-58 17t dr- 1B)13Qetrid Shyéro-7 -
t et r anor - ot@interkiB-pAdhyibg FGA ety duebe, (15-6pid 1-dehyaroxyi Rbrelupyl ey R16-methy-5, 82 tdngh-18,19-
est er, 15- epetratiéhydroid)Beintenmy-plishyleheGingthylestan érsislepi-11-dehydroxy-11-(p-phenylbenzoyloxy)-16-

| oxy- 16- met ImethyR§6,Rdrinor-18,18-tradehydro-# Sinter-migheayleh8 PG sthyl estex is@mplaybd in-piac@of 1 Srepir -
m phenyl ene Eﬂ#hv]dfone‘ﬁi-( folugyoxy) thrmetiys5,6,fitrinait- 131811t ddehydra-4.8(infgr-m-phgumlepp Gy merx y
16- met hyl - 20byhentes vields1 qth!t'-é-ﬁﬂémf-1%“6%@“&*8"%&'@!’7“&6@!\%P@lz ethyl ester.

4, 8-i nt e m phenyl ene [err] nmet hyl ester or

15- epi - 11- diﬁﬁﬂbﬁy-ll tri phenyl eryI oxy- 16- net hyl - 20- hormo- 10

2 bl oot or Bk £ il T RSN R Dbl rl RS B (© ")
15-epi -1} dehydroxy 11 (t butyI di met hyl si | yl oxy) - 16-net hyl -2, 5, 6, 7-t et ranor
-18,19-tetradehyhdro-4, 8-inter- mp c88mel err] methyl ester yields

16- met hyl - 20- hono- 2, 5, 6, 7-tetran xa- 18, 19- tetradehydro 4,8-in-
ter-m phenyl ene [err] nethyl est e same procg@yre as in Exarrpl e 52

-except that 15-epi-11-dehydroxy- ¢

11-trinmesshyl sil'yl oxy-16- et hyl - Q@P&/A& 6, 7-t ef r anor - 4- oxa- 18, 19-t et r ade
hyhdr o- 4, 8i nt er - m phenyl ene 15 Hé[ err]2ethyl ester,

15-epi - 11- dehydr oxy- 11- (t-butyldi phenﬂgi | yl oxy) - 16- nmet hyl - 20- hono- 2, 5, 6, 7-
tetranor-4- oxa-18, 19-tetradehyhdro-4, 8-1nter-m phenylene [err] ethyl
-ester, 15-epi-11-dehydroxy-11-di phenyl negnyl si-

| yl oxy-16- et hyl - 20- hono- 2, 5, 6, 7-t et ranor - 4- oxa- 18, 19-t et r adehyhdr o- 4, 8- I nt
er-m phenylene [err] ethyl es- ter,

15-epi - 11- dehydr oxy-11- (di -t-butyl sl |yl oxy) - 16- et hyl - 20- hono-2,5,6, 7-tetra
nor - 4- oxa- 18, 19-tetra- dehyhdro-4, 8-inter-m phenylene [err] ethyl esteror
15- epi - 11- dehydr oxy- 11-tri phenyl si | yl oxy- 16- net hyl - 20- '




20 hono- 2, 5, 6, 7-t et ranor 4- oxa- 18, 19-t et r adehyhdr o- 4, 8-i nt er - m phenyl ene
[err] ethyl ester is enployed in place of

15- epi - 11- dehydr oxy-11- (t - but yi di neERQ#e3i16§Bbxy) - 16- net hyl -2, 5, 6, 7-t et ranor
-18,19-tetradehyhdm 4, 8-inter-m phenylene [err] nmethyl ester yields

16- et hyl - 20- Mnﬂarﬁycﬁouhﬂefzome(o 443 Mhaly drds5-8pi1-tishydraREIYEbutyldimethylsilyloxy)-16-

dr o- 4, 8- i ntrAdthyt2,p,62-trafdrA8 i @ tetrhdeRyhaipl4,83AtbrErh-phehiieneSEGIE methACa it ves dBsolved and
Exanpl e 52 tha238 mp@BBeaimel)xd @iphentibt@bphine and 108 mg (0.884 mmol) of benzoic acid were added thereto
15- epi - 11- denlt ytebrresulting thixture weststinrédsat kopmaempeiafurerdo thelthus obtairied neactiar mik@re]l 882tnag 1 a
dehyhdr & 4, (8.892vtweel)-afivigthgazgdiextexyide in 6 mbofiahhydneys HF was adsied for 5 minutes and the resulting
15- epi - 11- deikyrgwexstirred fo(2 horsiatroath lempenstiure. Thy sabventwad apaistedyndebreduced pressure prdL 8,
19- t et r adeH)repidue was dissolyedin 1@mixf methrrohend 1esrqf potassium parbonate wes added thereto, followed
15-epl - 11- dyrlry'as ?}Wd for 16 ioyrecahippmytampgratyre; salyenlweumh F"B’eﬂ'emd pressure and
trinor- 18, 1o fegifyeyad lif n 40 ‘8'-°If ?H"!éF g resptant "@FF’E""H%‘E" fhyyatestpngytralize the
15- epi - 19 9@ ﬁaf Pag[y Ia d ynd ressure and the residue was dissolved in 40 ml ‘of acetic

| oxy) - 16- L 0ot 6?"°‘1‘3§“’! goesrr R 30 poure: Tatbahus gbisied acgpumix

oed pres-

[err] me h)}rxre P gierogen ;oneut shee:ame se”vla';:olae
o nttu:r.a@%r i e %ﬁ% i e o

nter-m

15- epi - ?1 %s bi I b - et h'n' é‘ Ey}aﬁetea%er nor
- 18, 19- tet,h dro 4 8 |nter mp eny ene err met hyl ester yi el ds

16- et hyl - 733&6 bda, r17'438815199"15,4"2t 1"3%6’@5136 1295 9244!; ﬁa? Hde8) 10850, DIVCIRE| 88l 874, 833 761,

met byl est e;r42 cﬁl}he same pr ocedure as in Exarrp e 52 except that 15-epi- 11-
dehydr oxy- INMR @Dagispy! si | yl oxy-16-net hyl -5, 6, 7-tri nor-18, 19-t etradehyhdro- 4
, 8-1 nt er - m phemgoe mat1 @), £E0R /89 (381; m), €89 - 3.09 (10H, m), 2.27 (2H, s), 3.44 (1H, t, J=8.95 Hz), 3.66
15- epi - 11- deihs} Ba% y4.261(2K,tm)4:98y-|52 iz my; 55 | §:730(2N,)m)1661vgt10YaH, ) 6, 7-t r | nor - 18,
19- t et r adeass| (B mdthéd, nve) £398 (K8 m phenyl ene [err] ethyl ester,
15- epi - 11- dehYhérsgrg proceddiesis dimExample B bmwtyhaowcm:ﬁbmrdm-1Gdlﬂleﬁylmqthxlwvhﬂﬂﬁ-l9-
t et r ade§ hdnebhyit2,8,67-tateanar18,dorists eewérOﬂG-theren n nvlth@lz methyl ester, 15-epi-11-dehydroxy-
15-epi - 11- d'éﬁWFvwenylfﬂ Wouy)-16-mg %qrgr etnae ro-4,8-Inger-m-phenyiage Pz me-
8, 10- t et r adByhyAMeR ol52PR11rdebysroxyr Rl byvisiyiony g .T-{@tranof- 4, 19-tetradehyhdro-4,8-
15- epl - 11- d@?f enflPCiI,rrp Mﬁ r, 15-epi-é1-dehydroxy— 1-tnme ylsrll¥loxy-16-metl:¥l-25 ,6,7-tetranor-
B ne; B pi el
Smi Oxé({ r}% - ,5. :Z' r teﬁrﬂiB . l%%ﬁh F-m- ﬂ ;’:g lg I-}gi mll'e)i’:fl.lrEy‘l)é:afsterr'H:I &%WYI?M
- dehydr oxy £ _ﬁ‘_ ﬁ N Il' 2m¥ 9 f xﬁ‘ ybzl uh&'te?a?"ét"? 13Biradeynd: ¢ o
aga‘rjrg[‘ﬁh?r 0 game rdc : :, eh E%Egh 9:§th Isﬂyli)’Xé‘
y 5hy§2 5 F-1 , dgi &5 bo-

ethyl egd eryq %rs@) t&&n&rqs 94e "" Hyh @fﬁﬁﬁ:ﬂlpth{}] r, 16-
| - dehydr ox yep|-1h-d Erm;twﬁ )(dn-db ﬂauyroxy)-w-methyr-z 5,6,7-tetranor-18,19-tetradehyhdro-4, 8-mter-m-pheny|ene
phenyl si | ylr@tyet hyly- h W1ﬁr.ﬁaiw§.rybm%nie&yﬂ£séeumwrwe@adéhyaarbm e

‘phenyl Gl’@intbﬁhfpirenmeﬁé%h &y esté?lor 151épi- ElRdehyddoxy-SRinpbAAS!YIoxdyl16-methyl-2,5,6,7-tetra-
- d| pheny| maiof18, 19itétyakd ehyhidrd-$,8-inbdr-fypheibnSPGIDethyl Estef isleinploy@d inbceldd 13-6ii- nﬁmw&w o-
4, 8-1 nt er - ma{i-batyldingstigis|iybuxy)} 16amtHyly2, 5,6, B-tetranor-18,19-tetradehyhdro-4,8-inter-m-phenylene PG, me-
15- epi - 11- dishysleryields 16&mpttiyl-2i5607totydnai-1810-tatrpdshido-#i@-iriteym-shenyeper DGl 4thyl ester. The
5, 6, 7- t r i namd preced@ge asin EMhﬁﬁdxceptmaBI&mE‘erfdehvdpMeﬁythmﬂbylf I¥exy}16methiyly20-hgmb-er
or 15-epi- ﬁ&%ﬁy@nob 18,194tgtradetyhdie-4, ra-phonvieng PG, methyl ester, 15-epi-11-dehydroxy-11-(t-
6- met hy | - 20ulppangsiyionyif-matsy-20-hame: Qﬁﬂéqtraa‘z!éﬁ Hristredleyhdior4sf-intetmphsinderel Pihe

[err] hwatrggqs@p 1§-gp|- -11 |p nﬂ@gth)@qﬂyloxy- methyl-20-homo-2 5,8,7-tetranor-18,19-tet-
15- epi - Wk inte hﬂ b‘QV'%'V'eW%?fF!éh
T8 79 ot - r aesra 0;;;@1& rr m Pe "rﬁal}, 7 et
16- net hyl h %{és o |° ed m < -(t- 'Ht& )&g-fgﬂet yl_
[1? re]pl n%;l- 5‘375’&6 nor-1 ﬁaﬁﬁfyﬁu’rg r-ﬁ'n-p% e tl%l me yl-20-homo-
e, S R 535'5 i -T"°° FEpEis -
B SHyh | 211 Idiphenylsil -16-
epi - 11- dehybriat-nbio 2| Eﬂl:ﬁgﬂéeﬂﬁahﬂt&ia 32 mem é-ﬁneﬂﬁt ¥yla|;¥@P Loy é&‘ﬂs é"ﬁ’i‘iﬁr%%x

18, 19- tst r 2GRy N eLEphehyiBethiisigloxyDIoRibEY 2082056, '}-te&’ém‘ 18 @@Ee&&dehyhdro-48 inter-m-
15- epi - 11 - phdnyidie PGl ethyl 6bted 16-apii 1M3abHYYo%H 11Y(di-t-butylisilyloxy)-16-methyl-20-homo-2,5,6,7-tetranor-
| oxy-16- netmyb-teﬂ'ﬁddmmw-ﬁs-ﬁtpﬂm{phemwememehﬁﬁés&? braidapiyiidisiiydrbxBtiitridheiyisilylgdipasy | e
ne [err] etnieftyl-20stoamo-2,585-tetranor 1B, 19-telratishgirdon;8- hter-m-phenylene PGI, ethyl ester is employed in
- (di -t-butylsilyloxy)-16-nethyl - 20- homogs, 6, 7-trinor- 18, 19- t et radehyhdr o- 4,
8-inter-mphenyl- 55 ene [err] ethyl ester or
15-epi - 11-dehydr oxy-11-tri phenyl si |l yl oxy- 16- net hyl - 20- hono-5, 6, 7-tri nor- 18,
19-tet- radehyhdro-4,8-inter-mphenylene [err] ethyl ester is enployed in
pl ace of 15-epi-11- dehydroxy 11 -(t- butyl

—di met hyl si | yl oxy) - 16- net hyl - 6 7 tetranor- 18, '10- tetradehyhdro-4, 8-inter-



EP0463162B1 procedure as in Exanple 52 except t hat

15-epi - 11-dehydr oxy-11- (t-butyl di phe&y ‘%’ﬁé y)-5,6,7-trinor-18, 19-

t etradehyhdro-4, 8-inter- m phenyl ene ﬁ ester,

15- epi - 11- dehydr oxy- 11- di phenyl net hyl si | yl oxy-

5, 6, 7- t r i nomiatsof 1D epid1-dehydroryidHtdutyidinethylsilyloxy)1frivethyH2 567 - tRienor- 189t gtradehyhdng-4,
15- epr 11- déhqumﬂ@emlz_eghybﬁter yields 16-methyl-20-homo-2,5,6,7-tetranor-18,19-tetradehydro-4,8-in-

tylsilyl oxy)‘efﬂ"’éhe'MQ"PPﬁbPlMBSt!Q'hP sameprRepryrecee I9Exareple 52euq0ptias Hioepl Iedabydraxy-i1-

met hyl est e,trirmthy!ggd 16-r1 h 5,6,7-tetrancr-4-oxa-18, 19-tetradehyhdro-4,8-inter-m-phenylene PGl,
-d -1 tr i8] hyloxy)e1 <20 74 40
g;lo)é%elééarzh l giy 11 I( Wpﬁ'%‘ygfyofyé ?E‘?tgﬂfﬂqrmxy- 1- phe rﬁzzhylsll he
12 o it gy syv- fr{% ”@wlﬁgt 1 qy mogen ;eﬁelfgffrgﬁ%r-
18 19'tetra,q - zene er— - dE@Fﬁt -20h
5,6, 7-tr L1055, ro-4 -| ?f P'Glzm?l'r ls m%ﬁ g&f
The same pr qggQu %eﬁ}éro*ﬂ1 X % nﬁ‘et u,;ra&;)e.etm 6,7-tetranor-18, 19-tetradehyhdro -4,8-inter-
15- epi - 11- deiyheny efdls 16-methyl-20-homo-2,5,6,7-tetranor-4-oxa-18 19-Iretradehydro-4 8-in-

phenyl si |yl @ermph'énﬁbnz ptarz Hﬂ@M . Thdshifd ;sradi&hysuiﬁ Exathold 52 BilcBit that B PMLRRRIREL2
et hyl est er 14-frfmetistiyloky- Wﬁ\b‘thyi&@homo-z 5,6,7-tetranor-4-oxa-18, 19-tetradehyhdro-4,8-inter-m-phenylene
dr oxy- 111di piegngthyredstey,| fs'-épyi1cueyydE>xi5117(t-bm§|mny1sﬂy|&<9)-teaﬁat@efm/ﬁbdroczseh,ﬁeimber.- m
- phenyl ene ol=1819¢etét hadbhyBdsd-&,B-intel-m-phpiylehd PSI ethyl @sterx 15-ebik11-dehydroxy-11-diphenylmethyisi-
- (di -t - but y livixixy-y6-mathyi-26-hGno?2,8,.6,7-tetranci-§-046018, 19ttetmdetiylyinel4, 8-intkr-B+-phertylene PGIpbiayl gé-en
e PGL2 et hyltere I6w®pi-1drdehydroxy-11-(di-t-butyisilyloxy)-16-methyl-20-homo-2,5,6,7-tetranor-4-oxa-18,19-tetra-
15¢epi - 11- d @hipidro:dyB-inter-mrphertytens/ PGl 4tipf esfepordS-gpi-1-tiehivdrony-11-Giphayisityoxa themgtndie® - 4
, 8-T nt er 2m- Hpyaers:p.6.7dalEanqodioxa-g8, 1R iptradehybgro- §-infati-Rhpaipng et egfpr is employed in
15- epi - 11- d@legei b 15ren-11-dehyasoy11- &Tbnw rwwgynetmzrﬁg .g%;‘"“'“ 19-tetradehyhdro-
2,5, 6, 7- t et Adrigpr-m-phepdene £G! ér?gr 9xa118,1-{afrgqehy-
est er yi el dgmﬁq%‘"tf"w'rpp?%f :ﬁ?& Vf °p’° roReRTE

p H%f
PGL2 et hyl Eﬂ”‘ )
D {ringe-18,
érlodihydl gi‘é&ﬁwﬂ g; %I : Q@%E’eh dr xy-11- ylm yrsn%? - %g
15- epi - 11- d n d| %Y i -*d e@;‘»&g@)‘y’e meth ter 15;epi-¢:i-sdeh xy‘;ﬂij(-d- 1u
ehyhdr o- 4, 84yl ph 118! 7. yhd Eibrrgr- henylene P%lz 1methyl

NG

- dehydr Oé‘oy LQter(:Q'emBlb}éthV ladel of Q—%M-)ﬂ do dr@cy i\ t(t%fyﬁﬂ%fhyll@lo;tﬁ 1 6-SlelhICE5,6, 7-tetranor-
hyhdr o- 4, 8- 1B {etriBeRyhRioM EEREr-EHef aaﬁraerer ydids 16-methyl-5,6,7-trinor-18,19-tetradehy-
15-epi - 11- d afoyas- iﬁt&#m-}aﬂe@lbhdﬁﬂn%twr bsféropﬁy sameprétedurd &Lik Bxamplé 52 except that 15-epi-11-
nor - 18, 19- t @khyardain iehiethyidijyidxy-18LntathyiR, 6wy 8; ToetRadehyhdrexd, Siiyiter-re-plieRtyienb SGE BRY 63 €d
i n place of tel5- 1Smpi1debl@tvyy-11e(t-butydighenyisilyloxy)-16-methyl-5,6,7-trinor-18, 19-tetradehyhdro-4,8-inter-
- (t - but y¥sdi meghenient PGl, dhyl)estir5 15:w-tydehyrirdxy-61-JipHeayimethyisilyldd-16-Brethgisienteitny18] 195 - 4
, 8-1 nt er - m petradehihairred, FiEiEmipheriyiphe RGIL ethyl ester | Blepi-21-GehBirdky1t (di-thutysiiioxg)- 16-methyl-
o-tetr adehy@rﬁd-mnﬂe-iﬁ 1Rt tetradahyhiireAplinseren-phendena BElhgthyl estar or15-emiid-delwrimoxyst draeny- e

as \i Ex |s@10521%mgt @ﬁg[lnor-m 19-tetradehyhdro-4,8-inter-m-phenylene PGl ethyl ester is employed in

'~ 15- epi - 11 d@H dscoel 1 1%‘@PW@T‘PW§'M°WH%@2§ 8 tetranas 18-19-tetradshyhdro-4,
“nor-18, 1¢- tét"r*%{d'é E'zs"ef'wceéref fie! % 1&?“@1!@?-4 «B-intpr-grphenyh
epi-11-dehydroxy-11-(t-butyidi-

- dehydr oxy- P e P ? ure s in mple 52 except thatm
o s g iw g 'r°e' T e
ﬁ % A S

(di-t- bukylgky
llene [err] - hypio- 7't -m-phen eng PGI. methyl ster is
T phenyl sgi mmm— iﬁ E@araﬁy oGt y-55,b, i and B NGRY | ©
ne PG 2 et hyddeighidrsa, 81|®r eﬁﬂé?l P& mBth{ 64ter |Elds16-meth -20-homo-5,8,7-trinor-18 19—tetradehy-
15- epi - 11- d akysH-imsym-blenjibneeLyrhalhyiTBsida Ying bdmdl gocsdurelda-iNBlalhple 52 eieft thiat 186011 -
18, 19- t @t r gelylvpkychn Q-vhtyliphéHyRilyloky )b N ye P& hdnid-5,5, 7ol Y8, 1 G traehyhidRAL &S inter-m-
2,5, 6, 7-t et phenglene PG, kthyl eafer, 85 y1idebydioxB-11-dipthyimetRyisilyl sy 1 6-methli20 dohe 5,8 J-t@oRY |
est er. The 9d&meteipadehyhdroide-iater-n-phebyena|Pich et ester; @pepit halbhydroxy-11-diphenylmethyisily-
15- epi - 11 - d Ry th-methyl-20-hanma-5,6,7-trinor-18,19-tetradehyhdro-4,8-inter-m-phenylene PG, ethyl ester, 15-epi-11-
met hyl si | yl dehydroxy5i1-6di-Fbutesilylaxyd 1 6-metbyl-20-h@nat§6. T-trinoa thy1Pyteradelyhroi4Brinter-miphény y |
ene PGLX5neetpfCicethyd psterp5 1 ‘.iggql-:ﬁ-dehydroxy-11-trrphenylsilyloxy-1 6-methyl~20-homo-5,6,7-trinor-18,19-tet-
11- dehydr ox jadehyhdre-4 "urP']s %PQI:PW‘%IS ompioyed Ip.plagq of 1prepi-11rdehydroxyd 1-{tduivt r
adehyhdr o- 4d@eﬂw§|gr}oxm1 ot ehy ég—inter-m-phenylene PGI, methyl ester

- 15- epi - 11- d¥Ag1SIRepvEL0 kﬂ"t?r?&?yﬂ"ﬁ%ﬂﬁ%ﬁ'ﬂ?h@?gﬁaz'"!s’-'e phenylgie Pilanthylesisy Theeme o
tetrade- hyhdro-4,8-inter-mphenylene [apr] nmethyl ester,

. 15-epi-11- dehydroxy 11-(di-t-butylsilyloxy)-2,5,6, 7- tetranor- 35

~ 4-o0xa-18, 19-tetradehyhdro-4, 8-inter- n}phenylene [err] nmet hyl ester or
15-epi - 11 -dehydroxy-11 -triphenylsily-

| oxy-2,5, 6, 7-tetranor-4-oxa- 18, 19- tetradehyhdro 4 8-inter- m phenyl ene PGL2
~nethy| ester |s enployed |n place of
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epi - 11- dehydr oxy- 11- di phenyl net hyl si |l yl oxy-2,5,6, 7-tetranor-4-oxa-1 8,1
9-tetradehyhdro-4, 8-inter-mphenyl - _ene err]| et hyl ester,
15- epi - 11- dehydr oxy- 11- di phenyl net hﬂ’gl4 1I%§y 2,5,6,7- t et r anor - 4- oxa- 18, 19-
tetrade- hyhdro-4,8-inter-mphenylene [err] et hyI ester,
15-epi - 11- dp:rbnpdmag/in Esanm{pl$| 52 texdeptithet $5—bly-rlb&e}!ydr@(y-51-6-b¢t¥|ﬂle|!qnﬂﬂ'mxv)-5 6,7-trinor-18,19-
4- oxa- 18, 19tetrasiehyhdroi4\Brinteran-phegylenat ROl metivic Asiere m%eq; -41-dehydsexyy) 1-dighgnylnetfylsilyloxy-
15- epi - | 1- dB® gxl)aﬂg-let:agqhmq! gper-sa-phq’glene PGIz methyl ester 15-epi-11-dehydroxy-11-(di-t-bu-
| oxy- 2, 5, 6, s v@méﬁdrtnmrﬁ%&ﬁ-tfsadfmﬂfeﬁ@aﬁ phenylens RS metiyl. ?ﬁ%ﬁéﬂg 1epild-dlyg 2
et hyI esq erdrp)g-1ér-ngp 11 -6%? 19-tetradehy dro-4 ,8-inter-m-phenylene PGI; methyl ester is em-

I

15- epi - 11- d® mm Ien ’ﬁ‘?\% FI xyi'és' aﬁf b‘gfﬁ"ﬂ“ﬁt hor
%ﬁ% et e

- 18, 19-t et r 8
2,5,6, 7-tet?d 5
?Rl@lt-m-phenylene PGl, ethyl ester,
é 7-tr|nor-18 19-tetradehyhdro -4,8-inter-m-phenylene PGl

est er. 'I;he f
15-epi - 19-d _( 1"i%

silyloxy)-1 é 1 ovktHeeh SINISR5167-ridorl 1811 5 REBINIHFOQs BinBr-phényE M
phenyl ene PS&L of 15-epi-11-dehydroxy-11-(t-butyidimethylsilyloxy)-16-methyl-
epi - 11- dehysls, @#Yetr%ﬂor-ds ﬁlélﬁﬂé( ema.m aSihtbryth-Phexiyidne PGI, methyl ester yields 5,8,7-trinor-18,19-tetra-

6- et hy | 152, Gehfirdes,bitdr-aihenylen® RGE, 4Ryl kitel, Trielsamie probedire-ad indExamiiies2 extappinariplepin e
[err] met hy’l1-dbﬁffdafxy-11-(t-butyldiphenylsilyloxy)-2,5,6.7-tetranor-18,1_9-tetradehyhdro-4,8-inter-m-phenylene PGl,
15- epi - 11- bty eslery15dhi-1i dishydrokytivdighiryiretivisiyioks2, KB.7taplandi- 18 1% teFadethararkrinter-
oxa- 18, 19- t miphenyieiey ARGk methylSesien t184epirtidéhydrpkyeitddiPBit@silyioxyir2.5.6 ZdetwanordB, 19-tetrade-
15 epi - 11 - hidtirgdiBeintr-m-phenyléne Ry hethyl pster or 15-epi-11-dehydroxy-11-triphenylsilyloxy-2,5,6,7-tetra-

| oXy- 16-2et hoyi18,29-Btr@lehyhdrotd;Bcinterm-ghenylens Bl 1mathyb ester droempirypdhin plage ofGmpi-1ld P'Wen
| ene PGL12 ngrp)pyy1|1-(téyty@pne|tlyls@fl\qu gpwgul-z ﬁs.lgﬂg@@oroﬁs 19-tetradehyhdro-4 8-inter-m-phenylen

15- epi - 11- dBBlyoety efstﬂ!' ‘is-aﬁﬁﬁ? H?%i%fr%trar’ "ef Gl mpthyl g9 Tﬁ‘hor
218, 10- t et r sAMepEOC "Y(E.?lp 458

Wil
16- met hyI 2"%'1519/’“;_ gg%"tﬂf' P ﬁﬁz %&% "1% 'E{g } mBy ene
Lerr] g %}; ? or- -tétra ehy dro- 8-inte ph n ene a; 15-ep|-11-

by e

hdro-4,8-1n {ields 2,5,6,7-tetranor-18 19-tetradehydro—4 8-inter-
15,ep| ]a?, dﬁ. éif Ké’Péilét ﬂﬁfa di%&é&ﬂt'tﬁ 1 pﬁnzaehﬁircr i 4-
o 8 Firefrarior-4-Sxal 12116 AHRLBANIS9 8 htemi- SHoend PRI GttyPouter, | Blepl
et hyl eSt er 11 y@&wﬂ-&-bﬁlﬂhylﬁthﬁeimm&) s ﬁsﬁl-tett-anbm—wlaaslmltam)hyhdro 4,8-inter-m-phenyl-
16- met hyl - 2eda, F@lz?neh@tersﬁﬂms-epHﬂdﬁy&&y&ﬁdﬁmylﬁdWhm&lmemmmhmtvythme
[err] et hyl hyngloas-ictér-ri-phedjibne PE1, mdthidpsterptsyepil fi-dehydiopyr elF(gil tditylgilyinxy)-25,6,7-tetranor-
6- met hylss2, Hoka-18;10-adtradehhidrol4, B Hater-hephdny@nd mlfrnailamgstedords-épim-iicwwmeymﬂ ripbenylsine
[err] et hyl logs2,%6,7-tetramnploray tal 9itetragbhylaxipo-4 8-inter-m-phenylene PG, methyl ester is employed in
15- epi - | | - deiasedefordyepi-1i-dehydiuy-§1-tbutyditmgthysilyighyb 16/inethy-2,5:8(7Hstranor-18,18-tetradebyhdro-
t ebLanor - 184.34ner-atahauiisng RGH arethybesten vields AP pifrdatranasrtoxd- 5. 19 tetradetygio-4eisjpterm-phe-
yi el ds 16- neyieng PGR methgl eter. Ehersgme progrdure as in Example 52 except that 15- epi-11-dehydroxy-11-(t-bu-
oxa- 18, 19- t Bidiphenvisipiexy:245,67-tpiranar4-oxer) ﬁé?gﬁf T@ﬁﬁ"“‘é’f hendereRGL: gty f3iera15s 3
10 1 epi-11-dehydroxy-11- dlphenylmethylsnlyloxy-z 7-tetranor-4-oxa-18,19- radehyhdro-4 s-mter-m-phenyl-

6- net hyl - oe'r? rFiJz othy eglery ‘?8&" 3 °" i

gt ggi“% T

repeat ed ex ¥ster is employed in place
11-(p-to UOX B ke 4] (e 19-tetradehyhdro-4,8-in-
9-tetradehygy rehé1 |19 ‘i‘eiia&éhydrm S-EHPJr-WﬁQ e d
substrate tp % ﬁb or./Th mcb é;afpé)aamae &@:?)@mg-eplhad aaiy 113(t-bu enyl-
2960, 2930, ¢ yl-236‘b4ﬂtetr§n3|6@axa-]1359- tbkter £650
cm1l 25 s 1- @éhy&roxyfm-%he(namethﬂmoxydls-mbmﬁ x5, d;'ht)tran&r-ﬂo’&a-@S,Irb-tetruuahyhum-mﬁte@
Hz), 1.8 - rh-pRénylehd!PGE) methyl Dster, A5-@pi{1i-bhytibxy-12-(di-t-butydsiifoXysH&-méthyi-2.8,6 F5etranar-44 5
(1H, m, 2. &=-18,18tdvadehihdrad),8-infer-rh-phénilehe PG methy! esterBor 3 5-elai)11-déhyrbxy( 134ttiphenylsily-
3. 85 - 3. 95loky-16;methy}-2,4,6.7 et (ahdri4-dxavds, 1 %-tetratisifyhdro-MiB interim-fHenylens PG nfethivl estey js ef- 58
(1H, two, dplpyed intlage of 5-epi-TridphydSxyeT-(¢ bikyidireetiy|silyioty)-16-nittnl-2.5,6,7 Tettdpyr- 186 9-16ra-
(1H, twes t det@hﬂ?o—ﬁ&-[ﬂ[e)‘-m—@erglene I?Glﬁ)mgtml-{estqrylelds 16-methyl-2,5,6,7-tetranor-4-oxa-18,19-tetradehy-
dro-4,8-inter-m-phenylene PGIl, methyl ester. The same procedure as in Example 52 except that 15-epi-11-
dehydroxy-11-(t-butyldiphenyisilyloxy)-16-methyi-2,5,6, 7-tetranor-4-oxa-18,19-tetradehyhdro-4,8-inter-m-
phenylene PGI, ethyl ester, 15-epi-11-dehydroxy-11-diphenylmethylsilyloxy-16-methyl-2,5,6,7-tetranor-4-
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30 Mass (El nethod, mle): 412 [err] Hi gh resolution mass spectrum Cal cd.
[err]: 412.2250 Found [err] : 412'%@6% Tgﬁfgame procedure as in Exanple 53
exceptthat 15-epl-11-dehydroxy-11- - nmet hyl - 20- hono- 35
2,5,6,7-tetranor-18, 19-t etradehydr o- 4, 8- Inter-mphen%/l ene [err] nethyl

est er, 15- exs-1812-telrabahglindnocd;8-hier-pmr nbenyphd?@li% ter, 15-epi-1 dehydroxy-ﬁ (di-t-butyisilyloxy)-
6- met hyI 206-h\gtlmQ@,Q;?—@trﬂm(-@qxaéﬁd&teg_ra@hz_hdm mter-m-phenylene PGIz ethyl ester or 15-epi-11-
-t et radeh}ielwéfoxv-‘ﬂilllnhﬁwis“ h%ﬁ?‘!‘!éﬁée éFtFTm’rr‘E‘P’ﬁ 1@ tgtragehyhgro-4,8-inter-m-phenylene

! “buyld 5
5-epi - 11- dfhe pr-48, te?é%:;g%ﬁ:g;—4 TBP % %1 Ptg ggid%l‘lgfnethyléi sgﬂgtfanggd-l

9-t et r aGehya¥p
15- epi - 11- 6@11%96%?"‘1"1"'8‘6183% est. hom) 2,5,6, 7-tetranor-

18, 19- tetrgdehédgo 4,8-inter- mphenyl ene PA 2 nethyl ester,

15-epi - 11- Xy-11- decanoyl oxy- 16- me- 40

LNy - 205 0B Ronbind 856 Haindk s 1 okrloh e HioRimpnéiyioht 1i; Mt G (e
[err] thy1 ester;, I1o-epr- t1-aehy-

dr oxy-11-val er oyl oxy- 16- net hyl - 20- hong- 6, 7-tetranor-1

8, 19-t et radehydro- 4, 8-i nter-m phgnylien 2 nmethyl ester, 15-epi-

- dehydr oxy- 11- benzoyl oxy- 16- net hyl -{Z- hono- 2,5, 6, 7-tetranor-18, 1
9-tetragehydro- 4,8-inter-mph err}\gethYB)ester

15-epl - 11- dehydroxy-11-([err] - egnghqyiQXV) 16- et hyl - 20- hono-
2,5,6,7-tetranor-18, 19-tetradelpgdr o- & 8-nt er- m phenyl ene PA 2 net hyl ester,

15 epi - 11- dehydroxy-11-([err] 45 napht hoyl oxy)-1.
t hyl - 20- hono- 2,5, 6, 7-tetranor-18,1 9- tetrademf;%/dro 4, 8-inter- mfhenxyene

[err] et hy| Eheisame pracedure:ss in Examplg Shwerrepepted exce ‘éﬁu's fﬁﬁ&'m&"f 11-dehydro
6- met hy! - 203RRkoyexe: 16-"'Pﬂw'e%°rh3ﬁm?-5£é"‘i"ag°'t1é 19- 3? P"°"Y'°“° PGl; me-
inter-m phé %g e[rglpyﬂd aﬁéﬁqwqrat%tgtogtpln 75 mg of the caption dcompoun
15- epi - 11-d Y)'x -1 y I .
ranor-1 8 0 172&@%%11%6 '%?}S%ﬁ%ﬂe g%‘/lw%dog‘?g&f ﬁsqsaéﬁ Sgrcﬁlbr
15- epi - 11 ( ”|y12%ﬁ-[' 0 48 188 (. m) 1920 1H, m), 2.1 - 2.3
zoy! oxy) 1 JP’ twa& (a 2{1,911 Jlgaé.q %(5#9, éls(scs sg)st(mnmph
enyl ene [e i—f .gs\/ %G%-é’ 15.1 Hz) 567 (1H, two, dd, J=8.,
15- ep| f@);yﬁ ltw(,[;_j.p HQ)}’ OX3 -)mat -'20- hono- , 7-tetranor-18
12 ﬁveb e phenyl ene [er] rret hyl ester y| eI ds the
captloned m ,,,;Eggzspsatfmn procedure as in Exanple 53 except that ethanol
is enpl oyed as Clled MBS0, M: Akaged of net hanol and except that 1
5-ep-11- dehydrwl)hdm*)aﬂelzmey 16- met hyl - 20- honmo- 2, 5, 6, 7-tetranor-18, 1
9- t et r adehydr Ghe sam8 piotedere asin ﬁhimmplseaee;[tmal”1p-eelt1|15dbhydsx)e11-ac&oxy-16—methyl—20-homo—
5- epi - 135 dedBmair-wieynod-18, 19rtetrEdenysrbo @ 8yintdr-ng phenyléng | PGROmd bpestar, 15-api-1-deRiroxy-11-pro-
t et r anor - 1jochPexye tmathgiapchomo-2,58 7itettaner-18:19 tetradehydme4, P@ezm@!‘ﬁ?le"%%@e'ﬁethyl ester,
15- epi - 11- distepieitl airkydrbiy-Hchutyrogloxycteymetiyl-20- -homo-2,5,6,7-tetranor-18,19-tetradehydro-4,8-inter-m-

net by - 20- trbenylene PGE methylt esien of5-eps11tdphydeaxy-Atiedtapeniayy-16-pethyl2i-homa-2,5,6. figtranps
[err] et hy|:8ég-@qy|adehg_q§,u-$. Meﬂp_-mm{l;ne :Glz methylnester p1!S-:pll-ﬂ-dehydroxy-11 -de noylo ‘;:-me-
hydr oxy 40 1-tB¢-2ema 258 'P?EE?\ 2%9 ifeingsparal ”S‘jlgﬁ}glfetra%ngh%%g:m_ i’g%ﬁ dr

‘<

0- 4, 8- Interd"?ﬁ' T‘i @ﬂg pheriyiend

5- epi - 11- ddFRfA %57 Yoree ; %’f&l amh2 “°"_‘°”_ '1181',:(2 iroradhi ?{2_19-
tir adehydr éﬂlgtetranor- g‘h I%j;%; eégﬁl’ l‘“% BLBS
15- epi - 6 oADK Yg-fe inﬁn— -p én eﬁe PGI, methyl
ranor-1 pqg §_ r5r 7-18fe tetfradehydro48-
15- epi - 11- sgxys. 11-46R % e&mmxﬁ1§m6mﬁ2basm&mszs 7-det-
8,19-tetra @lé ﬂ;- eﬁysa.toarem BREM{IGHR®P yFesal/dr 18-8pia1-dehydrbxylti(p-pHenylian-

hydr oxy- 1 Lufibgy-{amétanbd. mww.te&ﬁmmm&raa&rym-uﬁer&mﬁxeiylémeanmhyl 28orks

9- t et r a@ehygiiployéh if plat 6Fr15-8bipN-astytiexye!1 Gp-tolubliski)- 16inteytyl-20ettomp-2,6.B, 7-tetranor-18,19-tet-

5- epi - 11- dehgetydeocy,s-hier-mf phenylens PEIinktoy beleryipldd the oaptibnel céhipobmainn- 2, 5, 6, 7-t et r an
or-18, 1 9-t et IThe satieipyodédrets B-Exarbple 53rexqehisshay btberol i§ empldyedsiagbivantin elﬂce of methanol
15- epl - 11- chmH yeoteepk yhafl 15-6prit-dehyrinoxl-1goetots 16rrmet iy RO-iainot 2efiifia?-tetranor-18,19-tetradehydro-
2,5, 6, 7- t et4,8inter-m:bBenyleds Pl ethulcdsien r1§-eni-18-dphydroxy- tHppmionyaxiigmpiay!2)-hema,p.6,7-
ester, % 5- tetmnorjjamgmgquyw,a-intq-n(-@amgne PGI, ethyl ester, 15-ep|-11-dehydroxy-11-butyroYloxy-16-
uoyl oxy) - 16metesi-AS/hampeR. S Frigtranon 18;10-tetragehydrpd, B-inter- "Ig"ef“é‘l"f’?ﬁ; Inte%?t% 18- °P'h1t1

- -20-homo- - - - -m-phenylene
phenvl ene [hdrp: -pﬁgﬂdyl@cg-ﬂ%p etfyyl-20-homo-2,5,6,7-tetranor-18, 19-tetradehydro- r-m-p
P y [ethyl )}:ster 15-epi-11-dehydroxy-11-decanoyloxy-16-methyl-20-homo-2,5,6, 7-tetranor-18 19-tetradehydro
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1

5-epL-11-dehydroxy- 11- ( p- phenyl benz%\ﬁl 0 ?l' 3@ net hyl - 20- hono- 2, 5, 6, 7-tetran
or-18, 19-tetradehydro-4,8- 10 int Wf{é% | ene [err] ethyl ester is

enpl oyed in place of 15-epi-11-dehydroxy-11-(p-toluoyl oxy)-16-nethyl -

20- hono- 2, 548;ifterimephepyiame PER ethg-estet 15ehi tyddhysraxy- art-vmroxmmwemmeﬂ-m-
met hyl est eranyti-‘éuaset@@ehm-ﬁeyﬂntez@-pmme PCL gthyf epten 1 %pRi11-dehydroxy-11-benzoyloxy-16-
8, 19- t et r adaifdr29-hame:2, ﬁﬁt?é?tmmrﬁﬁé&ﬁ@?@%&'ﬂ@fﬁ;ﬂhewﬂ%PGIz by p5iek 15 api-1tsder
6- met hyl - 20 h JQ(@aehtboy{O@@ﬁ%—mﬁhylﬁ 2,5,6,7-tetranor~18, 19-tetradehydro-4 8-|nter-m-phenylene

8, 10-t et fad& aweawsﬁrm &rdefy :ﬂé‘ﬁ@‘t;

?‘H '&’r’f‘? fgtre;
The same pr C énﬁg”'r o LS ;g;ne jg ﬁgl_ .zﬁ_o_ .
[err] epi rreg gq;‘:?— ar W ab:g%_ s?stlil-tatrate dro-4 8-inter-m- he:y Igljtfg{yl es(tert(::r

T %%gr} i

11- (p-tol uo g_%c

9-tetradghy ph

SUbS”ate t ol t.@@r‘? 19-tafrads 3@@& Gl s-Methyr-zo-
3450, 2970, 2§ -23245etm4@69491@a,5u )5-ih6b28ph iy

1195, 1115, 1040, 970, 865 785, 730, 690 cm' NWR [ err] 1 01 (3H tvvo d,
J=6.8 Hs), ExdmpldsaH, . t, J=7.3 Hz), 1.7 - 1.9 (1H m, 1.9 - 2.3 (SH,
m, 2.3 25 35 (1 H, rr), 2.6 - 3.1 (3H m, 3.44 (1 H two, t, J=8.8
Hz), 3.79 (3b&imethyi;20hoio-2,5,8,79etfaitorid-oxar)8,194tettadehydro, Kidterkin-pimanyiene Glanef li¥t-bstes 4)
5.1 - 5.3 (1H m, 55- 57 (2H m, 6.7 - 7.9 (3H m Mss (E nmethod,
me) : 414 (M+) Hi gh resol ution nass ,Qectrum Calcd. [err]: 414.2042 40
Found [err] 414.2042 The sane proced0Or eCoome Exanpl e 54 exceptt hat

dr

§'

15- epi - 12- dehydr oxy- 11- acet oxy- 16¢p | - 20- hono-
2,5,6,7-tetranor - 4- oxa 18, 19-tetradg ro-4, 8-intersm phenylene [err]
met hyl ester, 15-epi-1l-dehydrox 11 propé)ﬂyl ox§4i

6- et hyl - 20- honD 2,5, 6 7-tetranog- :
8, 19- tet&gdehydro 4, 8- |nter-n}nm§nylenggPGﬂ2 nethyl ester, 1 :
5- epi - 11-"dehydr oxy--11- but yr oyl oxy- 16- met hyl - 20- hono- 2, 5, 6, 7-t et r anor - 4- oxa-

18,1 9-tet rade’l’ ééne d?eadsiﬁ ﬁ&lj%&ﬂg og%{!%% §{1r75mthl?rpruﬁé'toPﬁLdehydroxy-
15- epi - 11- dgjdhg 1 lox QSERadehydro-4 8-inter-m-phenylene PGI,
2,5,6,7-tetyg e ‘pggg r,gz,ﬂg &rongg pouna.ene [err

1yl egt eliR (néaty2PI - - dehydr OXYy- 11 decanoyl oxy- '
6- net hyl - 20- hon@453,i§7@z§30tﬁhs 2601616, P368,-1490, 1460, 1440, 1330, 1290, 1245, 1195, 1115, 1040, 970,
8, 19-t et r ad aby dé5)73b, 6boichtier - m phenyl ene PGL2 net hyI ester, 1
5- epi - 11- deinakrongls, 3):- val er oyl oxy- 16- met hyl - 20- hono- 2, 5, 6, 7-t et r anor - 4- oxa-
18,1 9-tetrade- 1.0y GHOWS, G JF68 i)~ IM2ESH; twd, € de7.9 td=),r1}7 -medt (N m)et? €2.3 (8H, m), 2.3 - 2.5
15- epi - 1% déthly o), @0y--311 3k e 2AM (UK ywdl 6 i Hz)) 3.73(3H 0)18.8 - 89 (1H, m), 4.0 - 4.2 (1H, m), 4.72
2,5, 6, 7-t et (2khek 5.1- HXHH1MB), 5.9~ .2 (2Hawe By cl7.8(3H, ®) | nt er - m phenyl ene PG 2 net hyl
ester, 15- eMassl(ElerldF"@)(W4 (M)
11- \(.,Per r ] - nilighreselytion mpps spectiugy hy| - 20- hono- 2, 5, 6, 7-t et r anor - 4- oxa- 1
8,19-t et radehdeﬂ"‘h(%t Sq%é‘ﬂ rﬂr“b¥ﬂéﬁyl ene PGlZ rret hyI est er

15- epi - 1¥- dehy ht tetra
tet m_)Lri ﬁég} "\EJ ~ -p ﬂ"g‘;ﬁn’g ster. ]ﬁpi—gé eéy'lc;i'omx;g
’g ?’-l -1‘P ony-

nor - 4- oxa- %
5-epi-11-de -4woxa-18 19-tetradehydro-4 8-inter-m-phenylene PGl,

t hyl - 20- ho

hyl-20- o-2 5 6 7-tetra -4-0xa-18,1 i -tetra
8,19-tet fsad rn - ixQ yfﬁr =11- EEW y- 25 noyl 1@%&&
dehydr oxy- 1%3 -t ¥ o-tefia # Qr. y|%n I, ettt ssaérorse%.-ﬂz@nyhr&y 1
" O-tetr adehyq{-@écén Ib kyHehetiit-2 ﬁ"ﬁte ok oﬁﬂh YletrédehRiro-£E-inter-m-phenylene PGI,
15- epi - 11- delabeireaiby 16-dpi-d Nadhieny 1 RO xaihet hfi-200Rbnt4, 5,8 RtoltonbRa-xD1 8010 fetrade-

tetranor-4- aycﬁo-a,&mie%r-mhﬁy&de PG fethyl Gster) t166piT1-BEHGd sy Derz0yidx- 1mmmlzomsm€.r
I s enpl oyed 2i5/8,7abteanor-4dxa-1i 8,1 piradeliydraitfyidr-deplieniene PGI, methyl ester, 15-epi-11-dehydroxy-
1- ( p- t ol uoy Hoimephitteyivey)16-methil-20dome-2,5.8,7 etrandrataxana) 19-tétraaislydrolds-ibter-m-phenylene
O-t et r adehy &6h- rhetByli estenr 15vepi-11-dehydroxy-11-(B-naphthoyloxy)-16-methyl-20-homo-2,5,6,7-tetranor-4-oxa-
18, 19-tetradehydro-4,8-inter-m-phenylene PGl, methyl ester, 15-epi-11-dehydroxy-11-(m-toluoyloxy)-16-me-
thyl-20-homo-2,5,6,7-tetranor-4-oxa-18,19-tetradehydro-4,8-inter-m-phenylene PG, methyl ester, 15-epi-11-
55  dehydroxy-11-(o-toluoyloxy)-16-methyl-20-homo-2,5,6,7-tetranor-4-oxa-18,19-tetradehydro-4,8-inter-m-
phenylene PGl, methyl ester or 15-epi-11-dehydroxy-11-(p-phenylbenzoyloxy)-16-methyl-20-homo-2,5,6,7-
tetranor-4-oxa-18,19-tetradehydro-4,8-inter-m-phenylene PGl, methyl ester is employed in place of 15-epi-
11-dehydroxy-11-(p-toluoyloxy)-16-methyl-20-homo-2,5,6, 7-tetranor-4-oxa- 18, 19-tetradehydro-4,8-inter-m-
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45 EP 0 463 162 Bl phenylene [err] thyI ester yields the captioned

conpqund. The sanme procedure as in Exa e b3 except that ethanol is

enpl oyed as a solvent In place of N %I‘%ﬁl‘d except that

15- epi - 11- dehydr oxy- 11- acet oxy- 16- net hyl - 20- hono- 2, 5, 6, 7-t et r anor

40xa~18, 19-tetrade- 5 hydr o- 4, 8-i nter- m phenyl ene PGlL2 et hyl ester,

15- epi - 11- devhgnilenxBGlarhethyl egidr yialds thr gaptienedeanppind) 0- hono-

2, 5, 6, 7- t et r andhe spmg pegcerigre pyinExamplafidjgyagptshagethanolis employed s 8 g9fyantin pipceof methangh |

ester, 15-¢efnd g)lceg;éwdp—gglyj-gihydroxyd1-acetoxy-16-methyl-20-homo-2 5,6,7-tetranor-4-oxa-18,19-tetrade-

but yr oyl dxy- M‘WVT'“‘E‘UWRS‘RIP 3, sthy °Ft°EeTﬁethrdeﬂldB’%&“IWpi@Y'?’%‘ﬂp'ﬂi Ademer g

-inter-m phe%%ﬁ Tstgtranorg-gxa- 1&%%@@ % fe PGl ethyl’ ester, 15-epi- roxy-11-
.16 - tetyanor-4- -tat ter-m- Gl

- dehydr oxy- 'P’a’n O]’L:l? tan 6)?_ r7d ' ﬁd’? &gﬁ%&édi

9-tetrade- 11= ecano 1§R‘let 1-20-homo-

(Tt ";313 E
nter en ene
1- dEhydr%(y' 7 n%ﬁb% Yot r Jﬁgel PGlz eth ester, 15-ep|-1|13 ro 11-
2,5,6,7-tetr véaé oy 18 -2% S BT Gt 08 | e ELoNIHIE BoHe R e R,
ester, 15-eRyy sf 5 hQdefydhoxy-11- ~berzoyiony.16-methyl-20-homo-2,6,6, T-tetranor-4-oxa-18, 19-tetradehy-
val er oyl oxy- eh& 5§r ety dater] 15-6613&96?1&&6‘:@% Aaphth&) k1B AREPIDHBmA- B
-inter-m pheiyg, 'ﬁﬁﬁanoF?-ﬁ; - RB118Xetra@shyd¥o-4,8-Inter-nExhenylohe BB BEHIRSr, 1d-aframdshydronsyni-1
6- met hyl +20- (ﬂﬁﬂm&l&yﬁeﬁe&ﬁkmzﬂem&&f&a—% {CtbtlraldR/dio-4,8-inter-m-phenylene PG,
dr 0- 4, 8- i nt ethyMegiére 5Lk ddh@dréxy-16{nRioluc@sde16-metiiyl-Ztiomd-2,5,6,7-tetranor-4-oxa-18,19-tetra-
1- dehydr oxy -dbfydfossS3intehinipbanlyiens PGl lebhyhasten v 5-e@31-Hehyitroxy-11-(o-toluoyloxy)-16-methyl-20-homo-
2,5, 6, 7-t et reBT-tattaron4-0XaS1 8,19 8stadshydiai 4, Bynthr-ov-pheBdene PO -ethyléstan pt thiepi-PSieRydedxiny |
es t\e/r/', 15- epii-~(p:ghenylehzosiioxy)-§8-théthyl-2&-homo-2,5,6,7-tetranor-4-oxa-18, 19-tetradehydro-4,8-inter-m-phenyl-
([err]- naq)htelneflebwl)yl egterrig employsd (n planeref 15-8pid1-dehydroxy=irdn-tolgopxy)-16anethgl-30chomad e
hydr o- 4, 8- 1 A6 Z—Wmmaewés-tqhg{egy@-ﬁﬁntw@pnyleﬂe PG, methyl ester yields 16—methy|-20-ho—
5-epi - 11 dewgﬁyrq@nqwﬁjm@wt@gwmg-4 8-inter-m-phenylene PG, ethyl ester.
6- et hyl - 20- honp- 2,5, 6, 7-tetranor-4-oxa-18,1 9-tetra-
dehydr o- 45 8-5-?-&1%?-511 phenyl ene PGl2 et hyI ester
15epllide 13- (0-t ol uoyl Qxy) - -
2,5,6,7- t at ry -' TR U o SRR L ALV " R O R eSS et hyl
est er or 15-epi-1l- dehydroxy- '
11- ( p- phenyl benzoyl oxy) - 16- et hyl - 20- oﬁ §‘r 6, 7-tetranor-4-oxa-18, 1

9-\tet r adghydr o- 4, 8-i nt er - m phenyl - r] ethyl ester is enployed In
té?h

'?l
p

pl ace of 15-epi- 11- dehydr oxy-11- (|9— oyl oxy) - 16- net hyl - 20- hono-
2,5,6,7-tetranor-4-oxa-1 8, 19-tet ydr o- 47 8- i n{80- m phenyl ene PGL2
nethyl ester yields 16-nethyl -20-Y 76, 7-tetranor-4-oxa-1

8, 19-t et radehydr o- 4, 8-i nt er-mpgﬁnyl ene PGlZ ethyl ester. Exanple 55 25 |
6-net hyl 82, 5, 6, 7-t et r anor - 4- oxa 199kt r adehydr o- 4, 8- 1 nt er - m phenyl ene
[err] net hyI ester (5) [err] 30 35 The same procedure as in Exanple 51 was
r epeat ed excepthetshme pra@8urergs ip Exatrpledfh wasnepeafed pxcept &tal 163 mngypef 158 epimer of 11-dehydroxy-
11-p- t-ol uoyi-xipiuoyiey b meiyi-225,67-mtramor-doxan18:0-tetradehydro-4, 8-1r9erﬂeehemnyﬁﬁlamtfsh
nter-mphen;ﬁls@ﬁ@s[e@P'Pl]edﬁEFWF"#!%‘P@W‘(A&%m%PFﬁ!'W@@"%WaP%%t rate to obtain
82 ny of 4 hdR Y oned corrg 6‘1

3380, 2970, 2%%;: 7@%12%’9659&46%9 4PM 0y 5386y 1299121011390 1129, 620, 47D 50,

1020, 970, 8 "%}gg‘:f

B0, 730, 665 cm' NMR [err]: 1.00 (3H two, d,

J.=6.8 Hz) , a’Hz}19 13 Dy, 2 F6:2 Phdyle s 5 5 _
3nrr))1 - 6-phed Et motHdd, mic) - i%i?j)% %Pﬁéggﬁ &%M J%qs ﬁ;ﬁ‘H

High resolution mass spectrum
Caled. (CasH2206, M*) : 400.1886
50 Found (M*} : 400.1892

The same procedure as in Example 55 except that 15-ep|-11-dehydroxy-11-aoetoxy-1 6-methyl-2,5,6,7-
tetranor-4-oxa-18,19-tetradehydro-4,8-inter-m-phenylene PGI, methyl ester, 15-epi-11-dehydroxy-11-propio-
nyloxy-16-methyl-2,5,6, 7-tetranor-4-oxa-18,19-tetradehydro-4,8-inter-m-phenylene PGIl, methyl ester, 15-
epi-11-dehydroxy-11-butyroyloxy-16-methyl-2,5,6,7-tetranor-4-oxa-18,19-tetradehydro-4,8-inter-m-phenyl-
65  ene PGl methyl ester, 15-epi-11-dehydroxy-11-octanoyloxy-16-methyl-2,5,6,7-tetranor-4-oxa-18,19-tetrade-
~ hydro-4,8-inter-m-phenylene PGI, methyl ester, 15-epi-11-dehydroxy-11-decanoyloxy-16-methyl-2,5,6,7-tet-
ranor-4-oxa-18,19-tetradehydro-4,8-inter-m-phenylene PGl, methyl ester, 15-epi-11-dehydroxy-11-valeroy-
loxy-16-methyl-2,5,6,7-tetranor-4-oxa-18,19-tetradehydro-4,8-inter-m-phenylene PGl, methyl ester, 15-epi-
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Mass (El nethod, me) : 400 [err] Hi gh resolution mass spectrum Cal od.
[err]: 400.1886 50 Found [err] 400. 1892 The sane procedure as in
Exanpl e 55 except that 15-epi-11- def é/ 2BY_ acet oxy-16-nmet hyl -2,5,6, 7-
tetranor-4-oxa-18,1 9-tetradehydro-4, 8- Int er-m phenyl ene PGL2 net hyI ester,
1 5-%epi - 11-ﬂe!alyydromeyl-bbnz’bylpxyalpim;thyl-2.5,6,7-tetranor-4-oxa-18,19-tetradahydro-4,8-inter-m-phenylene
nyl oxy- 16- nRGihmeth@ eSters 15-eni-d1-dalmdsexy-11-(wemeplitBoyibRy)116-methrt 6,41-tetranoB4-pxat 18/19tatghen
yl ene PGL2 debydmy4.8-iater-mrphenyigne &Gl methyl desitey.d f Bapj-11tdehydroxy-11-(B-naphthoyloxy)-16-methyl-

1- but yr oyl 03&6.1-&tramor- Hryxa-‘@ @-tﬁra!ﬁeww.ﬁﬁmmh@m@n&@% methv' ester- 15-epi-11-dehydroxy-

9-tetradeh Hﬂ@’@"%ﬁrﬂ%mﬂw ST tfa"%“"*é?r qqylene PG, methyl
15- epi - 11- d?? 1!&"!’6’8’9@6 1° 2 *!) o4 ﬂé?"ai?“ bt

et r ade- opl At- yloxyt)’-i -methyl-21 ;

[+) n -] api-11-
éSlSplt eg;é%gg seryl i sthe- { oen - '%;E:‘{ gﬁat d?'[:d[' °t48f$ﬁ "?‘f‘p%-engjfz%e_;g'z
5-epl -11°d %

553xce ft etha olss oyed as a en m laoe of methanol
| oxy- 16- mat;ﬁgy rd@lrlvaFoxy ﬂxﬁeh;%‘g et ?ﬁ% ofa- gyl e
ne [err] ngh rrx-pﬁ‘e%&la{a 5e1ﬁw‘;i)éster. 188pi-11-d %roﬁﬁ?yld%-m-methyl-z 5, 6 7-te ranor-4-oxa-
11- dehydr oXik; 1bAetie@hgéy-l 8 itsr-n-phenylene PG, ethyl ester, 15-epi-11-dehydroxy-11- butyroyloxy-16—methyl-
6- met hylss 2, 5567-%"5.%-%@{&1%1&%&@&0-1%1&@“ ﬁfdﬁ\}mﬁf PG, 4thyt dstdk, A5-epR1P-aeHHIrb G 8-
[err] met hydctaﬁﬁﬂoﬁi-is-methyl-Z 5,8,7-tetranor-4-oxa-18,19-tetradehydro-4,8-inter-m-phenylene PGI, ethyl ester,
15- epi - 11- dishepEtatelydioky-{1-decdnbylxg1 Bivatyll 205@/7-tettdnon® brlayiis;18-teiradahydrd-4& B-infan-0x-phd- 0X
a- 18, 19- t etnyimne RiGiethif @ted 18epHit-dshydroxyHe-naldiayiosy-1temethyl-2:5 6/Tstétraeeridenxa- 18,19-tetrade-
13- epi - 11- detkpdiBeintor-ri-phehjlanerAG!etint estery15cmpiy)1-debydrogy-tiytienzoyloxy-16-methyl-2,5,6,7-tetra-
2, 5, 6, 7-2¢ et monfroxa-18,18:tetradéhydre-4.8drterardphieniane PGl 8thyllesten 15apptiedeitderne 11-@rnaphthoy-
met hyI est épxy)-l@n@p(l-zﬁ.ﬁ-?d@ fr4cg-18, t9-tetradehydro-4,8-inter-m-phenylene PGl ethyl ester, 15-epi-
11- (1 ol uclidegiomn -(ﬁ'eewwvlfz‘vmsemﬂlﬂ-éﬁ-ﬁdﬂwamtb%a-@&“ﬂyadﬁ'a‘f‘fﬁaﬁﬁe'n?m‘ﬁhﬂlv'e |

nt er - m phe gp °Mf2t°'i'rb"( delydegxy-11- (m-toluoyloxy)- 6-methyi-2,5,6,7-tetranor-4-oxa-18, 19-tetra-
1-fo-t thyj-

SRt by ”‘@%"xg%*- "’ ’“ O oA oy e

s col 12 e <$- e e e

4- oxa- 18, 19 f. ? ‘L1 kiyl.3,,6, P HbtriNor-4-0%4 18, 16! tdtradshy-

enpl oyed |y ' %

-{(pt t ol ypyl oxy’? %é rrpél thg -tetranor 4 oxa- 18, 19-tetradehydro- 4, 8-i nt
er- mphenyl%n@&,%mm‘; rret hyl ester yields the captioned conpound. The
same procedure as rnm exanple 55 except that ethanol is enployed as a

sol vent i n felidtif-96,7-0MmbiRN0 tetABShy&¥-4 8Jititer irlstenylens PGI, ethyl ester (6)

15-epl - 11- dehydr oxy- IT1-acet oxy- I6-nethyl -2, 5,6, 7-tetranor-4-oxa-18,19-tetra
dehydr ose, 8- inter-mphenyl ene PGl2 yboast er,

15-epi - 11- dehydr oxy- 11- pr opl onyl -nmethyl -2,5, 6, 7-tetranor - 4- oxa-

18, 19-t et radehydro- 4, 8-1 nt er - m phen, ne PGﬂZ etw%) ester,

15\ epi - 11- dehydr oxy- 11- but yr oyl *16- Qy

2,5,6, 7-tetranor-4-oxa-18, 19-tets -4 8- |nter m phenyl ene [err] ethyl

ester, ¥5-epi-11-dehydroxy-11-yg
oct anoyl oxy- 16- et hyI 2, 5 6, 7- tetranor 4 oxa- 18, 19-t et radehydro-4, 8-inter-m

- phenyl ene [e r 7 h
YAro 1' ) © l "
3‘5 Splh rn 3 'q &nm ﬁe érgﬂa?d ssé gﬁ gd?xzel:&&% %5
1r5a el y 4El Es e aﬂé’ bg ui added thereto nd the
- epi - 1 Rg (o 58mdol
et rade- rHo atd in 8P S @hd the resulting mixture was stlrred
- epi - 11 [nQ)SY teRfpEra N ﬁi&yso ﬁit WE‘Q ¥ o]a?ed@n&r redii@l prdssureland the residue was

nor 4- oxa- 18yishSlvddar 103l @PAHydRoud eﬁaﬁdﬂﬁrﬂh’iﬂill%hﬁﬂﬂﬂ SsRunl @kdxide RhdWHdedXRbrEtb, followed
15- epi - bd - dgibyiAg Qed for 14 RurdAPdbr Ryhperature. The solvent was evapolated under reduced pressure and

| oxy) - 16- mahdwgidué was Bissbivédih 1GHIQF ethyl Soetitelaid the rdstitantade Wyshedwith witek fainGiratizadphee Ny
| ene PGL2 edaly.lThe®btant wabdriag bver anhydrous sodium sulfate and the solvent was evapolated under reduced
11- dehydr oxpyesbite éridahier rbsidua pi¢ putifiéddy Y dbel Glumbi{domninezially, abaildble from Marok Cal-lack, aud8;, 19
- t et r adehy chthyt ¢P@H¢Mﬂbmm P @iy bbtaincgiang af the jcaptipired Icorapoumt. | _
15- epi - $1- dBkneetd Z 11- (mt ol uoyl oxy)-16-net hyl -2,5, 6, 7-tetranor - 4- oxa- 18, 1
9-tetra- dehydr38i% %5v|2%°e?939ﬂ1§¥9e1f§§5 AH15, 1389, 2305; 1265, 1269; 1480, 118G,-1809; 1080, 1025, 960,

- dehydr oxy-2P8.- Q)G't‘” | uoyl oxy)-16-methyl -2, 5,6, 7-ta- 25

t r anor - 4- 0XMas &1 meth P‘bf"}/e&d% ) o0- 4, 8-1 nt er - m phenyl ene PGL2 ethyl ester or
15-epi-11- dehydr oxy-11-(p- phe- 47



nyl benzoyl oxy) - 16- net hyl -2, 5, 6, 7-t et ranor - 4- oxa- 18, 19-t et radehydro-4, 8-inte
r-mphenylene [err] ethyl ester is e 42Xed I n place of 15-epi-
-dehydroxy-11-(p-tol uoyl oxy) - 16- net 2817_t et r anor - 4- oxa- 18 19-ttra-
dehydro-4, 8-i nter-m phenyl ene [err] nethyl est er yields

16- met hyl - 2 High@selutiopimassspecteimox a- 18, 19-t et r adehy- dro-4, 8-i nter-m phenyl ene
PGL2 et hyl est efaleB(CA4Ra0aMEAR6.2404pl € 4

16- et hyl - 5, 6, 7Feuntl (M} ~426,2419 - tetradehydro 4,8-inter-m 20E;henyl ene L)eyr rAmeth yl

ester (6) [ er r he@ern? m@dm anr R%WEFW‘FHPXWR}A G(P(j" 2— ethyi-
15-epi - 1%- d 15-ep|-11-de ydroxy-11-propiony-

trinor-18, 1@’"&" - ﬂ‘ﬁ J °ZI1%1% tﬁgf b’}-e i 1dehy—

di ssol ved a Q Xy ahvk 5,67 °"' t d e& en en

(0. 565 mnol }, 4, § i -% ,,-t mn%%r s ..flS
deh

was stirred

-11= a eh 5.8, or-
ng (0. 55@ nﬁl&m% érz ﬁ‘yﬁB i-$1-4ety -119%%% %E -tm’r%ﬁ
added for 5 45 dirkant r.rnepﬁ wﬂeumnztw@aemp&wen Y-(adnabtthdyixyitlic-
r 00M t eNPEr GabHys,6,7 or5191y- demsmmh\aah&@ m;m&ﬁ,ﬁiwdsaﬁa&aw&o@m @he
resi due Was nggneinpbayf f-éthyl-8,6 Mitrirof- 16218kt AbksHyro A lalKAt M- ptidPifleria -F&1, thet i eskerd f5-di-
sodi um efsh0X{-géhydray-1 m@r fiAethyl-6,8 mmam@r@-mtauerb@b-n,g-u&am-mﬁlyréne PG1,8me-
hours at r ooy ésRATISep11HEéhydrdtyet1-$tohiGyltxy) VB Inettyig 8)T-tiheb-a8, 10tdirdde iy icasifter-m-phe-
pressur e andylérePQlAanatitiiestanast5cipistd alehy@thxy- 11-(f-phenlibantoyivicy)y1B-mathgit 58, Btrisowc 8,1 $:et-
resul t ant waemslehyd®hicitintes--phanglorerPGlanethylestat is entpibyéd ieplaca ol 5-efiFid-dehydnakyt H1F(p-tolvays
dried over dyiémethyl-5@THrioon 1819 fetradehydnei4,6-nter-merhenylene REL: reating estert vieldsuthel sap-
reduced #r esionedeompednd he resi due was purified by Lober colum (commercially
avai l abl e from Merck Co., Inc., eluant; ethyl acetate:cyclohexane = 1:2) to
obtain 81 nixample 30 captloned corrpound 55 IR (neat) v:

3370, 2985, 2950, 2930 1720 1595 1415 1380 1305 1285, 1250, 1180, 1130, 1100, 1080,
1025, 960, 98&: 7-tinon 18 4dghydrorde-i . 47 EP O 463 162
Bl Hi gh )f’sesol ution rrass spectrum Cal cd [_err]. 428. 2404 Found [err]

426. 2411 The sane procedure as I n Referemeofxanpl e 4 exceptthat

15-epi - 11-dehydr oxy- 11- acet oxy- 16 methyl - 5

5,6, 7-trinor-18, 19-tetradehydro- 4 er-m phenyl ene [err] nethyl ester,
15.epi - 14 dehydr oxy- 11- pr opi ony- Xy 16- methyl -5(6)7-trinor-18, 1
9- tetradehydro 4, 8-1 nter-m phenyk r}Znmethyl ester, 1 5-epi-11-dehy-

droxy-11- butyroyl oxy- 16- net hyl f)SOG 7 tEi nor-18 19- tetradehydro 4,8-inter-m
phenyl ens [err] nethyl ester, oH

5- epi - 1l - dehydr oxy- 1l - oct anoyl oxy-16-nmet hyl -5, 6, 7-tri nor-18, 19-tetradehydro
- 4, 8- i nt &r - m prhe syrheeprecefice & inExdmple 53 9iaerepeated except that 128 mg of 15-epi-11-dehydroxy-11-(p-
15- epi - 11- d&iiupgloxy)§.6,1-trinde 181 detiadebydrd-6,8+intdrimyphelylede PGk mbthyl pstérivad Snnicyed ssckehiydr
0- 4, 8- i nt er strate tb@btaip |58 my bEhecaptianed compeund| est er :

15\ep|-11 dé*rva#tbb( 11-val er oyl oxy- 16- net hyl - 5, 6 7-trinor-18, 19-tetradehy-
dro-4, 8- |nter- eﬁ 9. 4585, 978¢ P“ﬁ%t hyl ester,

15-epi - 1%¥-d 1- benzo Iog- 16- et h or -

g: tegit r igegg%z“f 3,7%?5‘%& ‘?‘3’5(&; mh%?}{?;gyi J}E.Sthg,'( g(sq s).hso (1H, g, J=6.1 Hz),

High resolution mass spectrum
45 Caled. (Cz4H3005, M*) : 398.2352
Found (M) : 398.2358
The same procedure as in Example 56 except that 15-epi-11-dehydroxy-11-acetoxy-5,8,7-trinor-18,19-
tetradehydro-4,8-inter-m-phenylene PGl, methyl ester, 15-epi-11-dehydroxy-11-propionyloxy-5,8,7-trinor-
_ 18,19-tetradehydro-4,8-inter-m-phenylene PGl methyl ester, 15-epi-11-dehydroxy-11-butyroyloxy-5,86,7-tri-
8  nor-18,19-tetradehydro-4,8-inter-m-phenylene PG, methyl ester, 15-epi-11-dehydroxy-11-octanoyloxy-5,6,7-
trinor-18,19-tetradehydro-4,8-inter-m-phenylene PGl, methyl ester, 15-epi-11-dehydroxy-11-decancyloxy-
5,6,7-trinor-18,19-tetradehydro-4,8-inter-m-phenylene PGl, methyl ester, 15-epi-11-dehydroxy-11-valeroy-
loxy-5,8,7-trinor-18,19-tetradehydro-4,8-inter-m-phenylene PGl, methyl ester, 15-epi-11-dehydroxy-11-ben-
zoyloxy-5,6,7-trinor-18,19-tetradehydro-4,8-inter-m-phenylene PGl, methyl ester, 15-epi-11-dehydroxy-11-
55  (o-naphthoyloxy)-6,6,7-trinor-18,19-tetradehydro-4,8-inter-m-phenylene PGl, methyl ester, 15-epi-11-dehy-
droxy-11-(B-naphthoyloxy)-5,6,7-trinor-18,19-tetradehydro-4,8-inter-m-phenyiene PGl, methyl ester, 15-epi-
11-dehydroxy-11-(m-toluoyloxy)-5,6,7-trinor-18,19-tetradehydro-4,8-inter-m-phenylene  PGl, methyl ester,
15-epi-11-dehydroxy-11-(o-toluoyloxy)-5,6,7-trinor-18, 19-tetradehydro-4,8-inter-m-phenylene  PGl, methyl
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met hyl -5, 6, 7-trinor-18,1 9-tetradehydro-4, 8-inter-mphenylene [err] nethyl
ester, 1 5-epi-11-dehydroxy-11- ([erHP-
napht hoyI oxy)-16-nethyl-5,6,7-trino m'észtsétradehydro-4, 8-1 nter-m phenyl e
ne [err] nethyl ester, 15-epl- 15 11-dehydroxy-1 .
1- (‘mt ol uoy lestenoy 15L®i-m‘leddhyiroxﬁ-1 B(pphenylbergpyloxy)-58.7-trinor-18, 19-tetradehydro-4,8-inter-m-phenylene
9- t et r adehy @GR mbiifHdstet i rempioysd dTRdce oE15taph1jdehydroxy- Hy(p-tolleylpp)-5.6,7-trinor-18,19-tetrade-
15- epi - 11- déyeis.8jojer-mipherylene PRlaipptiy tery@ldﬁﬁ-eﬁgqm@d@mw'?dr nor 19-1 et r adeh
ydro- 4, 8-int erT'msphe[POMWEH%'" Z ;r@[" fhateat ?ll ployed as a so ventmplace methan
15- epi - 13- deh@@ﬁemyatﬁﬂr('ﬂi Bﬁw t? ﬁ&gv oég fing °'"'3" e ol
9-tet- rade Iroe’“”i?"-s1 gp EW

- 1

ro-4 8-| r-m-

ot I - rinor- h b&%ﬂﬁ%
pI ace of _ 15, Iet | egtel P‘; eh 6 7 trinor-18 19-tet dehzdro-4 a-inter-m-phen lene
| oxy) - 18- net iy ot 1 35' ;ﬂ a @”]
rsre g-hyl ¢ e? te b% y&ﬁn? ter, g%pelpl- S eg?:}o H E} -tn hﬁro& az‘hieﬂn ad-- 1
el a r, 15-85iH ox%%?Xﬁnoﬁﬁ@tetfa&hy@%ﬁn ran-I |
. Th o -ﬁ‘l .%- VioR/16.8 17 2ho16;RRbtrddbrgtro4 A8n-1Y
of 15-epi - an%rz zth;l obtht; 15Lepl-Hbhya %tﬁoy'lbxﬂps 8, 2-trinor-18,19-tetradehydro-

8, 19-tetr ad% ﬂﬁﬂw SRyIbridtre, oy RRR ¥5-65121 aauwraxymrhwuoﬂa@ms TaiforelBPY-eiredhis
a sub- Sty atg-§,Rin@RindhshyleRe PEI, Gfhyildi@r, A5.8HH1086droqI-Qu0Idoyldky}- 567t oy-18,19-B8F0,
1740, 1595, QéRudrolbintehphengibne PAIMEIh @sted or 15-efi01-g@idroty-11dp=Bhebylidnjoyloty)-5.6,7-tri-
2.80 (1 5H, ng)18,18Aékralidnyiio-4i8.intel-n¥ptnyiénp PGB sth e§tdtiy erapjoyed3n Blace(ol 15-¢pi-H-dehydepxy-
Hz), 4.50 ( Hir(p-wiioyiduy)as, 1-tindr-18)g-teGadsbyd(ort:#-intel- m-phengiene PR, nipthy| ester ieids 55 <tdnop-E|
met hod, m e)18,19 Sfradebydrd-4,Blintsnmerhenylene PRJrethybester. Thrseme prasedwe as in Example3f qxgept that
[erT] : 208.1335i11dehydnixy-Hr(p-joluogog)-2.36d -trmnos&exa- 18 18tetrdphydecd.§-jat pyleng g
except that PGk wghyl Bsteri dhentit vdzqew-aa:eqemyi’ 5643-@@%'147%?181‘594 dehydro-4,8-inter-m-
t et r adehydr cphenyieng Pile mothy! pPFE"n %H'Té‘ °B¥dl"11"y 6.7-tetrarior-4-oxa-18,19-tetradehy-
15- epi - 11- déﬁ?ﬁ? Itermphenylen IP °§°r6 er(n- droxy- -butyroyloxy-2,5,6,7-tetranor-4-oxa-

-_ 3 A1-d -11-octanoyloxy-2,5,6,7-
ig é& ti}"sr gy A ?’0‘5(2}2%%; %—1 7 f,g‘?,g ] rn%i‘eﬁ I%vg IE:E?:’" d(;hv%;xyfﬁf:czn: :
8, 19- tetrad "ﬁ‘l° 2 ?‘ - F;L“m' methyl ester, 15-epi-11-dehy

P
S

ghydro-4,

15- epi - 11- d \ -% -mt&%ﬁ- enylene PGl, methyl ester,
trinor-18, 19 - =bi trenor-4-0xa-18,1 tetra ehydro-4 8-inter-m-phenylene PGl,
5. -1l -1 -d - -%-nén‘l ﬂ:@T frarlo -4-%11@)45 tefradidhydro-4,8-inter-
\epl K e 9 ne p|-11-dehydroxy-11-( -naphthoyl)-2,5,6,7-tetranoroxy-4-oxa-18,19-tet-
5, 6, 7-tri ”Or 3 -4 5 Ghek. PPéi, iRsthyl bstdr,1Boe N -doty &0 11 h kduoiesy[12.5,6,2 Set@rior-
15-epi-11-d I1Q)W fegr;de\'f k24, ¥ ter-mPRehyRnOPGl; inbih{l @kter] 15-epi-11-dehydroxy-11-{o-toluoyloxy)-
8, 19- t et r ad efyHf.BtrdnoR ok 10/13tiRBENb-8,BSntdr@t- shenylsab &I, metyi@ster of 15-epi-11-dehydroxy-
5-epi-11- dehMQﬁ PHeMylBehzdyioky)-2,5,6,7-tetranor-4-oxa-18,19-tetradehydro-4,8-inter-m-phenylene PGl methyl es-
zoy| oxy- 35 6, térid eplosdcirlptacd &F16-efi1 tdehipgrobty 1 (- tBlusyivi5:6 7+ trime 8 1 Setateadplevdro} 4. Saipte iy
ester, 15- epghedylend Bl dhiethylestet yielB&2,5,6,7-tetranor-4-oxa-18,19-tetradehydro-4,8-inter-m-phenylene PGI,

(a- napht hoy | methy) eSier5Tre- same poceduf, ds0in Essrmrlic s, eicept dhaB 15-eni-81-dekydsme{-(pdpiuoyiondr |
met h.w est er2,5.48,Ftebpior-18,19tetrgdehydioch8y ntgrim-phenylene PGl, methyl ester, 15-epi-11-deliydroxy-11-acet-
-([err]-nap mmeﬁlsdxwan@‘-@ﬂ?-ieﬁrﬂtilthﬁmﬂ&mkyﬂtnbﬁwlfa% Rl methy ester. 1p-gpi-1ird rhe

[err] metéy] prepiandexy-25:8,Zigiranor 18, 1&@“ drg-4.§-infer hFEM'ﬁ!iB !3 hylesigr, '75'Ff h ‘?hy yl

8, 19-tetrad é%ﬂbbwsf?xw?é@ gt e %Fgﬂlg d@ 5’49\ 0 Gl, methyl ester, 15-epi-

0l " or et stey, .

ﬁ?ereplm lﬁ de 5%‘“6' i c%%ﬁ% y 59y gﬁf tradehy?rb—irg- %agpﬁ%@ F‘g'llz n:g' |

| p eny yﬁg!?g‘ 316

est |- -dehydroxy-11 -vale 5,6, nor-18,19-tetradehydro-4,8-inter-m-phenylene

45 PGIz methyI ester, 15-epi-11-dehydroxy-11-benzoyloxy-2,5,6,7-tetranor-18, 19-tetradehydro-4,8-inter-m-phe-

nylene PGl, methyl ester, 15-epi-11-dehydroxy-11-(a-naphthoyloxy)-2,5,8,7-tetranor-18, 19-tetradehydro-4,8-

inter-m-phenylene PGl, methyl ester, 15-epi-11-dehydroxy-11-(B-naphthoyloxy)-2,5,6, 7-tetranor-18,19-tetra-

dehydro-4,8-inter-m-phenylene PGl, methyl ester, 15-epi-11-dehydroxy-11-(m-toluoyloxy)-2,5,6,7-tetranor-

18,19-tetradehydro-4,8-inter-m-phenylene PGI, methyl ester, 15-epi-11-dehydroxy-11- -(o-toluoyloxy)-2,5,6,7-

§0 tetranor-18,19-tetradehydro-4,8-inter-m-phenylene PGl, methyl ester or 15-epi-11-dehydroxy-11-(p-phenyl-

benzoyloxy)-2,5,8,7-tetranor-18,19-tetradehydro-4,8-Inter-m-phenylene PGl, methyl ester is employed in

place of 15-epi-11-dehydroxy-11-(p-toluoyloxy)-5,6,7-trinor-18,19-tetradehydro-4, 8-inter-m-phenylene PGl

methyl ester yields 2,5,6,7-tetranor-18,19-tetradehydro-4,8-inter-m-phenylene PGl, methyl ester. The same

procedure as in Example 56 except that 15-epi-11-dehydroxy-11-(p-toluoyloxy)-2,5, 6,7-tetranor-4-oxa-18,19-

55 tetradehydro-4,8-inter-m-phenylene PG, ethy! ester, 15-epi-11-dehydroxy-11-acetoxy-2,5,6, 7-tetranor-4-oxa-

18,19-tetradehydro-4,8-inter-m-phenylene PGI, ethyl ester, 15-epi-11-dehydroxy-11-propionyloxy-2,5, 8,7-tet-

ranor-4-oxa-18,19-tetradehydro-4,8-inter-m-phenylene PGl ethyl ester, 15-epi-11-dehydroxy-11-butyroy-

loxy-2,5,6,7-tetranor-4-oxa-18,19-tetradehydro-4,8-inter-m-phenylene PGI, ethyl ester, 15-epi-11-dehydroxy-

49



ester or 15-epi-11-dehydroxy-1l-.

p- phenyl benzoyl oxy) 5, 6, 7-trinor- 18, 13-t hydr o- 4, 8-1 nt er - m phenyl ene

PGL2 nmethyl ester is enployed in pl &Eé“%“éqq '

15- epi - 11- dehydr oxy- 11- (p-tol uoyl oxy)-5,6, 7-trinor-18, 19-tetrade-

hydro- 4, 8- i titestanepaxndh.H{7deteangr@iora- m%ia-tylradelmi@ﬁ Bymterrrnrehqnw@\e@&ptethmeter 15-epi-11-

conpound. THRBydseKd 1-Heserayiont 258 % tetmanor4 g 1%‘9%’369!'&%14 St-rmit'n-ehewéms IPCaothyl es-

enpl oyed ast°51%fﬂ"\ﬂ§ﬁ!hyi’ 113’6‘9"%'!”‘%? Pré'r‘RS!a"?J"4'°"aﬁ&1 'ifl“ B-inge %""e‘ﬁ?"yf"e
1 9-tetradehydro-4

inter-m-

I3 ethyl -opi-Y- h I y-2 5,8, 7-tetranor-4-oxa-

1-dehydr oxy c3sed | engz Ires - Poyl 6 7-tetranor-4-oxa-18,19-tetrade-

9tetrad%hy ‘ﬂ‘ '?’S{B _§a g "

érS ﬁflphleﬁyflg W%gj i?wmf -p o ‘C ethyl ester.y' pi-1 ‘r 'gl?h d%? a.?@ﬁélu%?ylg(y)'- nt
e PGl ethy) ester, 15- -11-dehydroxy-11-

11- dehydr o Euﬁ "2’"%& emeﬁmﬂrl% OO PEY, S abdal 8 apie

nyl ene [ﬁr r henylbenzo)[;oxy)-z ,5,8,7-tetranor-4-oxa-18,19- tetradehydro-4 8-|nter-m-phe ene

15- epi - 11- dpdy Bofi11LadhhdrPi1-golbeYiok3 5 /6AARY hot e

r-m phenyl e&l@-dﬂ er{aSﬁGy methyl ester yields 2,5,6,7-tetranor-4-0xa-18, 19—tetradehydro-4 8-|nter-m-

15-epi - 11- dﬁbuﬂérﬁmtzmynda&amx&rﬁa%éd& ok Exe1é S6leScebithdt@6-Bikd £ Barglard- 18-t er
-m phenyl - Jd}ioxy)2/5/®,7Réiadorels]19-tetr@ddhgdro-4,8-inte@i-phdriyiefle PBL lethylyester, 15-epi-11-dehydroxy-
11- val ersy| oxatetoxyd?, 56, 1-tetrarr-18, B - tdtthdbigtin Acbealiitprem-phedyléhel PGigrethiyt plater, 15yspictieiys 2
et hyl est er droxy-11-propionyloxy-2,5,6,7-tetranor-18,19-tetradehydro-4,8-inter-m-phenylene PGl, ethyl ester, 15-epi-
15- epi - 11- dttdetlydooxy-11-iutyyeytoxy2.5.8.73ettand-18,19-telrarshydio, 8- Blet-wivhenglets) @6k - ethyB -estat er
-m phenyl etﬁge;f-&e¢e]1y@qxw1 ogtanpylexy-2,5,6,7-tetranor-18,19-tetradehydro-4,8-inter-m-phenylene PGI, ethyl
15 epi - 11- desteyiopyl! tebydernytslacancyxp R .7 Seteangr-18,19-faiypdehgiror G6-nisr-meperivipne BG4, 8
-in- ter®m gh:é ek rlE-epidif hy@’p}py [I-vggrpgéqu-z 5,6,7-tetranor-18,19-tetradehydro-4,8-inter-m-phenyiene

15- epi - 11- dBfly atheerter. 115 9@ B dew& NZYIRY-2:5, 657 -tptranor- 1y} O-tetradehydro-d Brinipramrbhier o -
4,8-Inter- n{_l -g-ﬁ hgtmg péﬁﬂgfgdg}{ (a-naph:hoyloxy)-2 5, 67-tet2ran;r-18 19-tetradehg;ttti;o-4 8-
éf Oeﬁ' 811n?'é %{%ﬁ g fﬁ) é i -de}h‘ﬂroxyd kN ox‘ﬁfag?’?ﬁ hor-

o2 ra

15- *, 1 i~11-deh -(0- Io )-2,5,6, 7-tetranor-
dehgglr 0- 4 82 - Eé%%%ﬁrﬂ 'Iih t‘ zﬁ o 15" ¥1%hm -(p-phenylbenzoyloxy)-

eéne
-4@ trgl
' I -11-
15-epi - 11- dé’j\ XY infe ylesterlsemployedmpaceof15-ep|1

nor- 18, 19- 1 26,5 Al 19%}% oo Wﬁ%&ﬁ%faﬁe i U R
i hpl acepof 15- epi - 11- dehydr oxy-

11 (p-tol uogappiésr 5, 6, 7-trinor-18, 19-tetradehydro-4, 8-inter-m phenyl ene
PGL2 nethyl“esteryields 5,6,7-trinor-

18, 19-t et r atherhatiyi-6,64-tfhoi- 18, TrtetradaHyerovi | eiiter-ni-giienylen@ PG (B)e st er .. The sane
procedure as In Exanple 56 except that 20

15- epi - B&- dehydr oxy- 11- ( p-tol uoyl oxy)-2,5e@H7-t et r anor - 4- oxa-

18, 19-tetradehydro-4, 8-inter- mphenygeh'e PGl2 net hyl ester,
r

ﬁ

15- epi - 11- dehydr oxy- 11- acet oxy-2,8 -tetranor-4-oxa- 18, 19: tetradehydro 4,
8-Nater-m phenylene [err] methyls

15- epi - 11- dehydr oxy- 11- pr opl onyl 5§84’t etrak8P- 4 oxa- 18, 19- tetradehy-
dro- 4, 8-®nter-mphenyl ene [err] #e er,

15- epi - 11- dehydr oxy- 11- but yr oyH$ky- 2, %,_p 7-tetranor - 4 oxa-

18, 19-tetradehydro-4, 8-inter- mphenyl ene [err] rret hyl ester,

15-epi-11-de thﬂ’f Qsﬁtl-ﬁ‘ ﬂrg‘- gmfolﬁ:f i ep??l A{ot5 JrB-Eetil!yI-{S,(:‘J-
9-tetr ad@hyﬁliﬁ&- g-‘:gi ﬁfd’ufnp %Ie &h& mefﬁ?l &&%Ivemh 7 mg (1.09

1- dehydr oXymdh ol 6f@fhéHYiphosphine and 144 mg (1.18 mmol) of benzonc acid were added thereto and the resulting
oyl oxy- 2, 5, :ﬁixtﬂretvﬁfs sHEAat o eRperdtu ﬂaggTottﬁé thad bRl RadtioR mixtlke? b4 Thd (139 B 6F die-
[err] et hyihyig&fbiedrboratdin @Ml oflahhydfilY THF was added for 5 minutes, followed by being stirred for 2 hours

dr oxy- 11- vadtesomtbrapeyatute. ThEsolvehtaias avapélatéd unnérrddbcell Prosfird e EHfe)rebidue WasdidsBivein M
phenyl erse [ t0mijof iethdnyl ane 3 imbof,1.02 N of aqueous sodium hydroxide solution was added thereto, followed by
15- epi - 11- dedingeitingadyor 17 hdnesrat o9 Brppeiartre The sdvedtwasnemapolatasbundet fpdcad predsuadad tyielr 0
- 4, 8-i nt er - resighioavay disnalwed ifi Hrmipf athyt degtate gurtthe resultant was washed with water to nutralize the same.
15- epi - 11- dBieyespitaptwas dried peer anhydneus sadivonstitateyand the $lvent was evapolated under reduged piassige t e
t r adehydr o-apdghs; repidup wagpyrrifiedpy ﬂamanwlmécom\’c liyrpvailable fram Mesck Ca.gngs fyhich was inac-

- dehydr &&y- tvated psingsatucaled getepysethyl apetate golution, slupnk; tﬁfﬂ(ﬂ?ﬂe"!@ ='54) tanbtain 156

r adehydr o- 4'“%°f“|"ﬂ°éPt'°H?dpﬂ?E'H‘§H‘%ne PGL2 nethyl ester,

LD L 2o o1, R ) bR S LR, g v, i, o, o0

15- epi - 11- dehydr oxy-11- (o-t ol uoyl oxy) - 50

2,5,6, 7-tetranor-4-oxa- 18, 19-t et r adehydr o- 4, 8- 1 nt er - m phenyl ene PGL2 net hyl
ester or 15-epi-11-dehydroxy- :

i 1- (p- phenyl benzoyl oxy) - 2, 5, 6, 7-t et ranor - 4- oxa- 18, 19-t et r adehydr o- 4, 8-i nt er
-m phenyl ene PGL2 nethyl es- 35 ter is enployed in place of

15-ep| 11 dehydrox 11- (p toluoyloxy) 5 6 7-trinor-18,19-tetradehydro-4,8-in

o o A N .



15-epi - 11- dehydr oxy- 11- decanoyl oxy-2, 5, 6, 7-tetranor - 18, 19-t et r adehydr o- 4, 8-
I nter-m phenyl ene PGl2 nme- thyl ester, 15-epi-11-dehydroxy-11

-val éroyl oxy-2, 5, 6, 7-t et ranor - 18, 19-ERQ463A638Yr 0- 4, 8-i nt er - m phenyl ene 45
[err] methyl ester,

15- epi - 11- defays] n@roye7s,loob®8a,oyd émcy- 2, 5, 8, 7-tetranor - 18, 19-t et r adehydr o- 4, 8-
nter- m phe- NMR @€Del,[sprr] nethyl ester,

15- epi - 11- dehy dr@sy3H] f, J£6.0Hi2),] 1402 R.80 {16k, In0x3/80-(BH, ™),6. 2D tHz ), &9 (1HL @), 590t $6¢ @deh
ydr o- 4, 8- i m)es.sar7doddt; mene PGLl2 net hyl ester,

15- epi - 11 deWessl (Ebmethdd, nié)e B9 (MDapht hoyl oxy) -2, 5, 6, 7-tetranor-18, 19-tetra-
dehydr o- 4, 8-Hightresolutienyhass 9neetmsn [err] net hyI ester

15- epi - 11- dehydrGaleg-(Fabs0n MD} 398285 y) - 2, 5, 6, 7- t et ranor-

18, 19-t et radeh deendAMY ; $98:22856. hen | ene Ler rL net h
15-epi - 1 1 deh %‘ °ZPP° qyretaamj.-'d p de droxy-11-acetoxy-16-methyl—567-tri-
t et ranor 748,

1-epi-11-de

%deo -Igf’? m inter- -p en Izm 3 rfg yégf(y 1%1 hyé?g)gy?ﬁ-:)ﬁ:
b I I- -t nar- 8, ra ehyd -m-ph PGlzme ester, 15-e 2
eyl g;twer o m Er_ﬁ, é.?. ep Y %,a?& T G aEAE el Rty b

-1 - eth -5,6,7-trinor-18 19-tetradehydro-4 8-|nter-m-phenylene PGI

15- epi - p-14.9 Nodlproyidky-16-bin B[6;7Rnoh- 18, I Slefrad bk, S2mthr -
nter-m pheny h@ n %i ]méi“ﬁ‘yi B r, Qﬁé 'i1-d6h 11-benzoyloxy-16-methyl-567-trlnor-18 19-tetradehy-
2,5,6, 7-t et rf9B aﬁyﬂﬁ\a -bpiEdehyaraXl 1L R hdyRky)-h6-ieih{isl6, 7-tri-

ester. The A, Bl tetFed m&snwmmm@epeﬁ&mmm i 519g1-11LBeh@ditbxy-11-(B-naphthoyloxy)-
11{dehydr ox VtelretKyP5,8,2rinon 1808 tradehPdrb-4,8-ited int-ghiVlend PBIXiRetfyBestdd15-8i- 11-dehydroxy-11-
t et Tadehydr qmoiGoyloky)-a6-mathialsas;Tytrisora s, Ridbiiadehydyol4,8-inter-m-phenylene PGl, methyl ester, 15-epi-
est er, 15- epi HdhydoRy tir(0tojuofidxyh tBaheaiiny-6,8,7 Brjiror- 18; 19aétradehydro-4,8dnter-m-phenylene PGl me-
18,19-tetr actbahNsronw:aﬁl-ﬂﬂlblwom—ﬁH&nlsdnﬂmzc{ybm)ﬂ&mthwﬂﬁ.ﬁstsu@ﬂ§.1%Gmhydm%a-in-
- dehydr oxy- lter-m-phenpénsBlaethylas®r igermplayed in place of 15-epi-11-dehydroxy-11-(p-toluoyloxy)-16-methyl-
r anor - 4- oxa-Si7-rgont1841P-tatredeprtired.&-Infar-myphenylene Rblemoth ader pigits the caplipned seragound.

15- epi - 128 dehy dhesamerprac Example 57 except tha 5-ep|-11-dehydroxy-11-(p—toluoyloxy)-z 5,6,7-tetra-
| oxy-2, 5, 6, 7ﬂ°f'@?’ﬁaa dP-teiradehiydre-d, 8‘1'93!1"13!'\3 (ﬁ‘zoma‘h!é. eP'ﬁE éP"*Wéﬂe'H_rg'P ¥
et hyl est er 2% 5y857-{efpnor-4-oxfs 13&;@6 thyl ester, 15-2pi-11-dehydroxy-

11- oct an oyl 0 >p |o %(y-g 5 gft t |- e dro-4 8-lnter- nylene PGlz methyl ester, 15-epi-
n tra r- — ene PGlz methyl

9L ot radghydly f1 eh ] 1- ob ?7- . 8%1?’ 9-t4t éﬂj

dehydr oxy 11 5. S5l

Or- -mte

o ﬁ%ﬁ% rIo? dﬁﬁ% tl%de -h t e
r-m phenyl en n? i&y eth £ber eh;jdr y-11= 2,8,6,7-tetranor-4-oxa-18,19-tet-
- val er oyl oxy ~4,8-i ene P A ﬁ\e é 15-ep|-11 dehydroxy-11 benzoyloxy-2,5,6,7-tetranor-4-
9-tetr adehyc{i?xg'1é1 t'eir&Heﬁ'fdrom Srifert pﬁﬂ@le I‘I1-del'| droxy-11-(o-naphthoyloxy)-
15- epi - 155 deiw/alf-@kond- 10Mhtadehydto ster. 15-epi-11-dehydroxy-
8,19-tetrad eh;(ﬂ-ﬁébhﬁoﬁoxym% T-ﬁimrﬁr-koihhﬁriﬂt&ﬁ@eh @6-2,8 -phﬁﬁ‘y‘dﬂé PGI, methyl ester, 15-
15- epi - 11- dedpy-ticdeNytroky-11-{nPiolidyloRpi2I5i 6 votgtredisiyd-oxd- 18,18 tefradeffdicad)® inteft mPpliénylba 1¥BIS €
trade- hydr onethyBeitér 5-epindunyydx@Ne(oftaidyloxyd2)5)8|7-t6tRiaT4-0xa-18,19-tetradehydro-4,8-inter-m-
15- epi - 11- dedhgniifens FSIL dethyl @ster|or thgpli i 1adeiydpoxy-)i1-(;pherfylbenzbydxy)ca 58, 7~ thtranor-4-oxa-18,19-
oxa- 18, 19e t detragidwyidrpciifcintdr-rB-phentiens-PGlplethyldsterieerBlyad ie plagsl of tisepi11-dehydroxy-11-(p-tol-
15- epi - 11- dedoylgryd36mdthyl-6h7ttdrior 18/193styadehydro-4,8-inter-m-phenylene PGl, methyl ester yields 2,5,6,7-
2,5, 6, 7-t et rteimopr-440xg,1§.19-Biradphydm-4.&intenpphenyiengPGlnt er - m phenyl ene [err] et hyl
ester, 15-epi- The mwcgtjgﬁafln Example 57 except that 15-epi-11-dehydroxy-11-(p-toluoyloxy)-2,5,6,7-tetra-
(o-tol uoyl o -18,31%@dv’gﬂeﬁ%ﬁgrmhwyeﬁ@zme@éte?tardéﬁ;wﬂbd%vwwﬂiemw BEAY |

ene [err[® et nor:18,18 enylene PGl, methyi ester, 15-epi-11-dehydroxy-11-propionyloxy-

11- dehydr oxyz fg Vﬁ ter -3hegyl7ne g!z estzr -1 hgfirc;xy -11-butyr-
O-tet radehy z ré % t‘?en % é@f,&l yﬁ?ﬁ_ce
3‘; 012 gp:gp (P ﬁfb F&)& 88,71 tg}%} "19,)1: otrade r% J’mpﬂx B&z it ééter, 15-

i n -48-|nter-m- nylene PG, methyl es-
2,5,6,7-tet rt@rnﬁ-ep‘]ﬂ%gr drhy- Eﬁdg%/f? 19- t%e rﬁ’-ﬂf‘enﬁégeaG gy
ester. The StRyTEstdt 1946 W&@nyﬁr@xﬂ-ﬂ (Eﬁ Bﬁox%@,@.éﬁﬁﬁﬁ& % 19-tetradehydro—4 8-inter-m-phenyl-
15- epi - 11- dedny HER ¥thyi bstbrdtsLdpl-11-dRYahaRyc phtie ﬂmgsam@% {o-tetradehydro-4,8-in-
9-tetradehy déﬂn-ﬁhe%ylbﬁéwzﬁl@mmﬂbﬁﬁiﬁwd}oxﬁ-ﬂ Loﬂ toRGAGRY)-2,5)6,7-tetranor-18,19-tetradehy-

5- epi - 11 s5dehyrsls, Biner-mighenylene PGI, methyl ester, 15-epi-11-dehydroxy-11-(o-toluoyloxy)-2,5,6,7-tetranor-18,19-
11- acet oxy- 2etbadéhydrotdcstintarm-phehidenbOPEie infefigtic bstaltr ap - 15;ePi- 11+ Bidrory- IH(E-Phdn@benzyidky)]

et hyl est er,258&7-®franoi-18, thethtyadehydro-4,8-inter-m-phenylene PGJ, methyl ester is employed in place of 15-epi-
dr oxy- 11- pr owdshvﬂtow(!ﬂ-(ﬁ-tdﬂwﬂoﬂ)-16em¢tM@.ﬁ#—l@t’&m@e@tm&duﬂryﬂlﬁd‘tdr-lﬁpﬁemlwp-l?ﬁlp eny
‘lene [err] ethyl ester, 15- ep|

11- dehydr oxy- 11- but yr oyl oxy-2, 5, 6, 7-t et ranor 18, 19-t et radehydro-4, 8-i nter-m
-phenyl ene [err] ethyl ester, 1

5-epi -11-dehydroxy-11-oct anoyl oxy-2,5,6,7-tetranor-18, 19-t et r adehydro- 4, 8-i
nt er -m phenyl ene [err] ethyl ester,
=15-ep| 11 dehydroxy 11 decanoyloxy 2 5 6 7 tetranor- 18,1

. .




nyl ene PGL2 et hyl ester, :

15-epi - 11-dehydroxy-11- ([ err]-napht ho I OXQI 2,5, 6,7-tetranor-18, 19-tet radeh
ydro-4, 8- inter-m phenyl ene PA 2et h 115- epi -11 -dehydroxy- 1l
-([err] napht hoyl oxy) -2, 5,6, 7-tetranor-18,1 9-tetrade-

hydr o- 4, 8- Nwlaqstenrylgthazgs ieraieGi 19t inmdehydotdcdkinter-m-phenylene PGl,. The same procedure as in
15- epi - 11- d ERgrahiendyextedpt (hat 15enirbi dabydpdey-11-8ceBxy716:mathykRhombes, 6] Btringr 8,19-tetradehy-

t et r adehydr dro#,Bintermehenyiensh 8Fls |-e¢tbyl Fesier 15tepiyt1-dekydioxy-11-propionyloxy-16-methyl-20-homo-
15- epi - 11- déWdr- 8,19itetragle 'EVdP )’hezylg' >G> metiyl Sty 15-epk-11-dehydroxy-11-butyroy-

18, 19- t efr adp¥ !!-2311?%%? % I %rﬁ@ ’%l mteé-frmhpnvagge Bl methyl ester, 15-epi-
» A.

15- epi - 11-d d 7-tr or-18, 19-tetradehydro-4 8-inter-m-phenylene

2,5,6,7-tet F; J@%H&J‘m P yl_ga’_m; ?BE; er

i s enpl oyed 9"

ﬁ’? e

“( 'tohtyf" ugy 'er ) z 1'3 o e ddon ?klsﬂn%e{mﬁ Féﬁf?ﬁ%
8, 19- t et r adg lee;’ spal ydpa ) .' '° gﬁg'mm-emehw:;.% AR ?::f
?8;"3} gxrflr] i rm.é {érmggw pb9 h hl¥-@ﬁiQ1 1Qf(m-%|£ Sy tﬁﬂﬁh;li—@d-ﬁdmo( 9,7.4
- o -ph 11-dehyd -11-(o-tol -

15- epi - 17 dabﬁnﬁmi&&ogaﬂmum&;%ﬁ@w Hieblm Ehefyiohe p@@lﬁt&xﬁm“ﬁﬂffﬂ-

trinor- 18, 19ydrexy16(bghpsiibanzoyiéky)- 18tristhyRFR0oKbMG)S| 67eindr a8, 20-1ehdalidrootd. inter-ivltenylene
di ssol ved amdi,trhery 2&er is®mpldyeddGn matd of 1S5Fept-T1-daliairoyy-piRpsqioyitg)-taadetiyl-8,6/7grinor-
(1..18 mmol ) 18/fio-teemiabyde-48:intdr-mphenylankiP@l, tiathylcssier yiglds 16inet iyt 20lickriorSep, Ttrindr-18, €9-
wag_st i rr ed tettadahpdror.Béntqrerghenpiene PGlo Théwame presedots tasin Erainplei® exdepithatr Spiitledehy2 45
mg (1. 192ommdoxy-iik(p-dilusyloxyh{6-mettydRe-bonieck: 58, BtetranoG4-nia-16119-tetrkdp bitdeordsB-itedim-pharylene
added for 5 Plizrmethybester,diStepivid deliygrolet1ragetaryi1pmethylf28rhomo-g.8.8.7 Setenorrdisprl8, 19-tetra-
tenperature dehv%%vtvmhwsne @Ftﬁl' éG“U ﬁﬁ'eli’“i é%lwé’@t! -1 @B'E'EYMSY bﬁ\'ﬂetf'lf'réo'h“

resi due vvas"l?r 819 lzmne Sppiy}1-dehy-
aqueous fssodl gﬁ! %dﬁ@!“"i‘ﬁ@?a P69-f ’6" " : h lene
t d
educed pfé g v%% m:ieérﬂoxagi; s %&Eﬁ mggtsf?gap- -dem;" Wﬁ t;g'e r E@er
and the res tLt § % te hﬁ! ”Pa-m henylenz
IR e e

| er, o =18~ h -
col um (Comﬁ&i:@. 8,78 raﬁ -Qj&é:ﬁ h : @Gnter-ni- nyl %GE e\’@ﬁesﬁeﬂ%ep:— tdye-

tivated usi 'Hﬁiré@-tm(par{a HH46-Mth I-leﬁ%o-ﬂ‘s%h%@an&@ yd-balhs, 191tétﬁ9£hydﬁt4"84nter-m-
acetate: cyc |pmﬂ¥mlz-melh tok, 95-65LH Bidhydkoi§-1 (- Bluoyidif)- 1Rk HyPAHBmE BB IRkNoAR
(neat) v: 3ék18,1926Radeh}drd-Q,8-intérdphedylénd PGIL thbfhyl edta3{b-epil Bicdehydiosyl P1-(o-tohibPloxy) 2635,
1250 1188, inkBY-20hdm6-2,55786trandrll-oxa-1813-16tralioll/dibGLB-itteri-phanyldrid 51, Metfyl eé@r 15-
880, 740 [ erpij11-dAiydiyr11](p-pHen@dlienzoploky)-16-méthd-20-hdriio)-2,5,8,7-tefanor-£0:@01 8 (19-fettadehydro-4,
3.80 (1H, npsintet-nREhetiyidre PBY methyl@Ster(isldrploggd in Back Of 15-epi-13-delfydicky-11)(p-toBioBéxy)-16/nd) 0
(3N~ 5 thyeS87-fribr- 180 Statrddehydres 8-lntt{3@8>hﬁmen§ Pailgnethyd setieit yigldan 16rmstbyl2pbotg-um
Cal cd. [ err p583gsranosbomdaidite mh rometerz@{oaenwn@ %@aﬁh?ﬁu@ @rbgedurecps i Fxample
Exanpl e 47 SXexsprt that i opidl- 1 Mo a0 4,56 fuAttagr18, [ Bteadohy.
dro-4,8-inter-m-phenylene PGI; methyl ester. 15-ep -11-dehydroxy- 11-aoeboxy-16-met yl-20-homo-2,5.6,7-
tetranor-18,19-tetradehydro-4,8-inter-m-phenylene PGI, methyl ester, 15-epi-11-dehydroxy-11-propionyloxy-
18-methyl-20-homo-2,5,6,7-tetranor-18,19-tetradehydro-4,8-inter-m-phenylene PGl, methyl ester, 15-epi-11-
dehydroxy-11-butyroyloxy-16-methyl-20-homo-2,5,6,7-tetranor-18,19-tetradehydro-4,8-inter-m-phenylene
45 PG, methyl ester, 15-epi-11-dehydroxy-11-octanoyloxy-16-methyl-20-homo-2,5,6,7-tetranor-18,19-tetrade-
hydro-4,8-inter-m-phenylene PGIl, methy! ester, 15-epi-11-dehydroxy-11-decanoyloxy-16-methyl-20-homo-
2,5,6,7-tetranor-18, 19-tetradehydro-4,8-inter-m-phenylene PGI; methyl ester, 15-epi-11-dehydroxy-11-valer-
oyloxy-16-methyl-20-homo-2,5,6,7-tetranor-18,19-tetradehydro-4,8-inter-m-phenylene PGl methyl ester,
15-epi-11-dehydroxy-11-benzoyloxy-16-methyl-20-homo-2,5,6,7-tetranor- 18,19-tetradehydro-4,8-inter-m-
80  phenylene PGI, methyl ester, 15-epi-11-dehydroxy-11-(a-naphthoyloxy)-16-methyl-20-homo-2,5,6,7-tetra-
nor-18,19-tetradehydro-4,8-inter-m-phenylene PGI, methyl ester, 15-epi-11-dehydroxy-11-(B-napht hoyloxy)-
16-methyl-20-homo-2,5,6,7-tetranor-18, 19-tetradehydro-4,8-inter-m-phenylene PGI, methyl ester, 15-epi-11-
dehydroxy-11-(m-toluoyloxy)-16-methyl-20-homo-2,5,6,7-tetranor-18,19-tetradehydro-4,8-inter-m-phenylene
PGl, methyl ester, 15-epi-11-dehydroxy-11-(o-toluoyloxy)-16-methyl-20-homo-2,5,8,7-tetranor-18,19-tetra-
55  dehydro-4,8-inter-m-phenylene PGIl, methy! ester or 15-epi-11-dehydroxy-11-(p-phenylbenzoyloxy)-16-me-
thyl-20-homo-2,5,6,7-tetranor-18,19-tetradehydro-4,&inter-m-phenylane PGI; methyl ester is employed in
place of 15-epi-11-dehydroxy-11-(p-toluoyloxy)-16-methyl-5,8,7-trinor-18,19-tetradehydro-4,8-inter-m-phe-
nylene PGl, methyl ester yields 16-methyl-20-homo-2,5,8,7-tetranor-18,19-tetradehydro-4,8-inter-m-phenyi-

52



10 nor-18, 19-tetradehydro-4, 8-inter-m phenylene [err] nethyl ester,
15- epi - 11- dehydr oxy- 11- proplonyloxy 16-
net fiyl -5, 6, 7-tri nor- 18, 19-t et r adeh\RPAA63 1828t er - m phenyl ene [err] et hyl
ester, 1 5-epi-11-dehydroxy-11-bu-
tyr eyl OXY- bffe PEI. THé sdmelprobedurd dxdii Exdethplb37 terdepictbi H§-eipi-d1-deh§droxyt 1dacetaxph 8 tinsne
[err] met hyb,1®wirsdehydioss,@inier-th-phengiene PGl methyl ester, 15-epi-11-dehydroxy-11-propionyloxy-5,6,7-
hydr oxy- 11 trinot-tei9stétarehydro-4 Seitéryn-ptonians -RGl: methyl] @ster,91%-epi-H1 -4l-butgeyjoxy-er -
m phenyl ené,8[7erinoy- 1ma-ﬂqtyadehyg[odra-mtgr-m-phenylene PGl methyl ester, 15-epi-11-del ydroxy-ﬁ-octanoy—
5- epi - 15- ddsry-8.83:tgnor-18, t9etetead ﬂ@%&'%ﬂr@?ﬁ%’?“ﬁé’% methyl ieptesy 1581l (ﬁy’;ﬁ fﬁ/‘dr 0
-4, 8- i nt er <anopperhy ,T%ﬁgo -[1§,f19 dghydrq-(bq-ﬁgpr-m en :e PGIzmethgt/I ester, 1.":-1eg|-11I oy .

n -i -
15- epi - 11- yaprodexRyR$.74nnoris, ro-fhef- PFET:% 'I' W€ ;&?ene ;g'l;? P"P:é Sterg 1‘*3 & Eﬁ({fé’ﬁydr

paiior. 4 gﬁég '_&E-mfe I heny iﬁ‘;‘. "ﬁi%ﬁpﬁsﬁﬁv

0- 4, 8-int egjﬁ?';igﬂ! o

5-epi-11-d \ Ere

dro- 4, 8% ng 9'-1 - l?% m- &3%10 < r? ro- m7phenylene PGl, methyl
o-epi-11-d F 96 el Lieh x& 5.8 Mririo %5 E&\ﬁ Bifitbrirh- heﬂﬂ&ne PGl
8,19-tetra Ef ﬁe L% dalli n ﬂeﬁﬂy noﬁ% ‘@[tetra@el%m@n 8-irkter-m-
1-dehydroxyg %d gﬂ thyl Ete VYed inplace dras Bpi1hLY rryE-o 5 14-(5-folubyitxy) 116-methyl-5,6,7-
8, 19-tefya reidayli ety ﬂrxiﬁfbmﬂi&i}lﬁﬁ@dz%étiuyl BB )dldsE 8.6, Brinor-18,19-tetradehydro-

15-epi -11- ter R biienyidrie PEY,. The same procedure as in Example 57 except that 15-epi-11-dehydroxy-11-(p-
(mtol uoyl QyShém thylzsi,ﬁetknb 6x@1181Btoikiehyiitc-asintayciphendlefe PGL avethyt gty |
ene [err] nelepyH-detytdky-11kdet6di16-methyl-2,5,6,7-tetranor-4-oxa-18,19-tetradehydro-4,8-inter-m-phenyle
1{1- dehydr oxgPel methyitesiot 05:6pb X dehidioxprit-prapieryloky-1B-methylh2)5,6,1-&tranor-4-oxa-18,19-tetrade-
9- et r aee hygldre-4.48-ifderimptenyleme PGigmethyl aster,[181epi}11-dehydroiyyH-butyroppxyr16-methyl-2,5,6,7-tetra-
15- epl - 11- chelh4roiactBy19-fetradehydro-4,8-inter-m-phenylene PGI, methyl ester, 15-epi-— . 11-dehydroxy-11-octanoy-

- (p- pheny| hepAeyethyiy?)5.6lftetanotd-pxasi 8 o-feiradahyrse-4, wtergtnhenweaﬂ Bl meihyl.psiae {13epk-
ter-m phenylrl-dﬂydmﬂ Jdeeaneyinxy-1&metay1-2.56, LolANSY&6%4- 18, 19 tefradehygro-4,8-inter-m-phenylene
15- epi - pethyl t_gg_ 1@-F9p|t1d1dalygqo§y§¥q)valg ovieryt 1R ethyl- 5 8, 7-tetranor-4-oxa-18 19-tetradehy-
5,6, 7-t P«’\ nee %*'"!l?gmtpéewa% L methyl

Ftoeepl-14:d8 f-iepra-
yields the "eo, ggcagé&;feep 8- m-phenylene ;E% % gt G, met z Pl 57
except t hatth - / ! -4 8-inter-m-
or o e il jﬁ\‘tl?.gﬁ il Tt ettﬁﬁa’))é 7.%;%& '"Lixa-

15 epi - 11- Cg Hg A enylen ethyl ester, 5-ep|-11-dehy roxy-11- (o-tolu -16-me-
2,5,86, 73({ r--_ e m&iﬂfer-m hengible PAI} R ﬁi‘)éété‘rrbﬁ %1 -G&ihy|
ester, f E%Moxy)-w-meth 1-2,5,8,7-tetranor-4-oxa-18,19-tetradehydro-4,8-inter-m-phenylene
11-pr Op' 0” cs?)?2 re A plefes K 95-dpha1Lany by ASLhGbyioxyl-18 mefhyise; MeriRde Ny
llene PG 2 ngl YJtra@e‘ﬁ&d?&-at 8-intsr-Aphienylene PGI, methyl ester yields 16-methyl-2,5,8,7-tetranor-4-oxa-18,19-
11- dehy g§ Oxytrabdinylrela\liRur R sBenyler2 PBI,. Thb SinieTinebdufe 43 XiExBipld S éxexpt that a byl Ddehy8- |
nter-m pherﬁs‘dx@ﬂﬁ(phaﬁdy]oxyme-huihw&(bs7-ﬁsdrﬁf1s 192éirab¢hydrd-4 8cdradryreptenylend PG, methyl
1- oct anoy| ssiér, 2, 18-efir 11 -dbifytioRATI Facetoxy X 8-mibthyliX5,8, Btetrarcie 18/ t9rtetradetfdiodiBantenme-plieayly | -
ene [ err] nambR@l, methyl ester, 15-epi-11-dehydroxy-11-propionyloxy-16-methyl-2,5,6,7-tetranor-18,19-tetradehydro-
15- epi - 11- difipermphenyidnedl BBla methyloesjer, 2155051 17tiebydton Hohutyioyloxa16reet b 2.6.8.7 telgadsy dr
0- 4, 8- 4t e18,1Miqhiadenydre-A8-irftasm-§ hemh PGl2ciateyl ester, 15-epi-11-dehydroxy-11-octanoyloxy-16-me-

15- epi - 11- ctéﬂ-?éﬁdxtyﬂan&f-\?é%ﬁf@ %'r@r-e*mw&em Bfla methy|pster. {18-eqi1-delydroxy-11-
r adehydr o- A]de@npﬂ«mg-ﬂﬁw W Ea @1 9- Syl ?r-m-phenYIene PGl, methyi ester, 15-
15- epi - 11- RPhiicel - hyl- 5 8,7 4ot bp-4,8-inter-m-phenylene PGl,
8, 19- t et r adBN e egfe epi- g?h.v % Mf; 't1e8r 9-tetradehydro-4,8-Inter-
15-epl 1 12 qddi 8%%?’ i?e rt =1 % oy methyl-2,5,6,7-tetranor-18,19-

4 - naphthoyloxy’ ethyi-
2,5,6,7-tet, nor- 141 ’ eg |:‘%-4 intei- .gmﬁy.e élz lrhylr%sglp(g-g-\é lel'i'é “&){;T 11-(m-
mat hyl est et Il - e 18 19-tetradehydro-4,8-inter-m-phenylene PG, methyl ester, 15-ep|-
11-(ferr]-ng X -métﬁJl Eg@qftet n&mn&&t R4, B RRRMphenyRnd - P} er

-m - pheny! ef@mh Sktbrl orBledid1- tﬁﬁfdﬁﬁy 11J(p-pheédpbentoyloxy)-16-methyl-2,5,6,7-tetranor-18,19-tetradehy-
1- dehydr OXYgrd-d, 8 ir8rinPHeMNeng Sk méthyt: e@terg is brfSidy8dA lplade 61 Stepi-11-dehydroxy-11-(p-toluoyloxy)-
8, 19- t et r adRldikyRs,4.7- 8ol ec0-1ataBdHo R4 B Rerine fHehyldie PBIY met@f Estérylellis 18-methyl-2,5,6,7-
5- epl - 11- depydhoottyroldetraddngdrb-a)suetndptenyiets BB, 7-t et ranor - 4- oxa- 1

8, 19-tetradehydro-4, 8-1nter-m phenylene [err] nethyl ester or

15- epi - 34 - deéwmple 6&Yy- 11- ( p- phenyl benzoyl oxy) -2, 5, 6, 7-t etr anor - 4- oxa- 18, 19-
40 tetradehydro-4, 8-inter-m phenylene PG 2 rret hyl. ester is enployed in
p| ace of 15% Mwbwwjy&ptm@hydm 8-inter-m-phenylene PGl, methyl ester (

uoyl oxy) - 16-nmet hyl -5, 6, 7-trinor-18, 19-t et radehydr o- 4, 8-i nt er-m phenyl ene
[err] methyl ester yields 2,5,6,7- 53

tetranor-4-oxa-18, 19-t et radehydr o- 4, 8-i nt er- m phenyl ene [err] The sane
procedure as in Exanple 57 except that

15-epi - 11- dehydr oxy- 11- (p-t ol uoyl oxy)-2,5,6, 7-tetra- :

nor-18, 19-t etradehydro-4, 8-i nter-m phenyl ene PA 2 nethyl ester,

15-ep| 11 dehydroxy 11 acetoxy 2 5 6 7 45
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thyl ester,

15-epi - 11- dehydroxy 11- ([err] napht hoyl oxy)-2,5, 6, 7-tetranor-18, 19-tetradeh
ydro-4, 8-i nter-m phenyl - ene [err] nﬁg 1828t

15-epi - 11- dehydr oxy- 1l - ([ err]-napht hoyl oxy)-2,5,6, 7-tetranor-18, 19-tetradeh
ydro--4, 8-in- ter-mphenylene [err] nethyl_ester, -

15-epi - 11- dehydr oxy- 11- ( nm+ t ol uoyl oxy) 2y C8ONet ot r anor - 18, 19-t et radehy- 55
dro-4, 8-inter-mphenyl ene [err] nm&t ester, '

15- epi - 11- dehydr oxy- 11- (o- t ol uoyl &xy, , 5,6, 7-tetrgror-18, 19-

t et radehydr o- 4, 8-inter- mphenyleerr] ms,t;)ﬁ est’eér or

15-epl - 11- dehydr oxy- 11- ( p- phenyl zenz€

2,5,6,7-tetranor-18, 19-t et r adehmdr o- 4, %,L,nter m phenyl ene [err] met hyl
ester is enployed in pl ace of 15-epi -

11- dehydr ox ox 1 efr
8- 1 nt e?/- pyi}gl[}%‘%im%ﬂ Yn)Exa '&? }%%4% :%’ %é?;él Ew%\x,ifr%r;s-

0
2,5,6,7-tet mp enylene
procedure a arrp e excexi'g‘rtt Y teg?é:? -11
dr o- 4, 8- it qnasg},mgeagd(ﬁﬂe [err] nethyl ester,
15- epi - 11- dehy dhesaye brocdtiureas B EXdnpie)ss w,aﬁufahwlep%-dam&xy -11-acetoxy-16-methyl-20-homo-
15- epi - 11- dabwydsmethyld2b-Hotib-5)6F3trinob18,19-tetradehydro-4,8-inter-m-phenylene PG, methyl ester, 15-epi-
| oxy-/16- met hittdeR\droi Tlebubyrdyloxy- termetityl-20HRmbS.6, 7etrincnd& 19ytetradehddré4 BAintee-m-phenpless RELL N
11- dehydr ox yiaterim-peenyens\AGmethybestes 11 Srgni-11 dehirdrony-1%-deranoyloxy-16gnetiy8 20t ipmoes; 6 7affedry d
ro-4, 8-int er‘LBﬁl‘QLm@ Ashydrerd.8ii r@rﬂlgpl\qgﬂqqyw%lpghyl ester, 15-epi-11-dehydroxy-11-valeroyloxy-16-me-
radehy- dr o-4o¥ H‘E"é‘i’y“?ﬁ Vile: ¥'§?TB°"[°E"?-‘?' 't“ﬁ%'ﬂﬁ ’°‘43""t°"m'9h°“y'°“° PGl me-
15-epi - 1 £ qd d?s(tﬁ(. i-?_gl— = d;( X th -20- o -trlnor-18 19-tetradehydro-

h]h ;lg}g{ J— xy)-1 thl-zo-homo-
15-epi - 11 qse met yl ester, 1 -epl- dehy roxy-1’1 -(m-toluoy-
met hyl - 20- h

=11-(p- ylbenzo -16-methyl- 0-homo-567-trin -18,19-
Tt r] - Rapiranil e S L AR Rt Ps o a"'%suaéef ook PLdoRARRY. /-G 16 8
-inter-mph &‘-Hs ,19-tetradehydro-4, 8-|nter-m-pheny|ene PGl, methyl ester yields
18, 19- t et r adehyrHé &ame proSeduridlasin Examples8 Wtceit thal Blepi 118 kyadky- ﬂséoﬁbxy-16-methyl-20-homo-
15- epl - 13s degp/ritrinor e 14 tefradeh@iraiq§-inteicin) phédytenee PG | ethdD edtéd, 115-épj- 61 -déhydroxy-11-propiony-
15- epi - 11- daletyiroayy1-thtyrgytoxy- ti-metpyi-20chomo-§]67-trinor-18, 19-tetradehydro-4,8-inter-m-phenylene  PGI,
16- et hy| - 2Csthybester,35®pi711dehyrnoxy- 11 cta®yioxyt 16emhthyl 20 homd-58. 7 trinoe18, 18- lpinasiappideries-in-
hydr oxy- #a.- ( %@mgqhmg tem‘yehem@nﬁﬁﬁhywlze@fehwﬁ -dehydrexyi1fryalergyipxg-68-methyl-a d
ehydro-4, 8- '\QP“"Fhﬁ% Wéet%P !é?"euPsG'e#ﬂr' "?FP 1-ehudrgwy-11-
18, 19- tetraoeé’E rﬁiﬁ?
16- et hy| 8-| t:Z - m oluo '
[err] Thé’ S déh iHeGr S Zn }»EF” % <B-tol-
dr oxy- 11- (p - ri '8 h ro-4 in e4P(9X@th or 48t
adehydr o- 4, % 1'9 radehydro-4,8-inter-m-
dehydr o- 4p 8-phdlg @f-trﬁbmqg-YJtﬁMer&K aljm BhEhyleRS (P, methyl ester yields 16-methyl-20-homo-
15- epi - 11- dedy/dliriors, 1§-te&£d%ﬁjd%94/é-mté¥m3pﬁediﬁﬁé%h Eryi
met hyI est erNDUSFRILAPPLICABIDYY
dr oxy- 11- but yr oyl oxy- 16- et hyl - 20- hono- 2, 5, 6, 7-t et r anor - 4- oxa- 18, 19-t et r ade
15- epi - 11- dedeledtaterapselectivity prdregjdspacificitydvag proyviged- The mpkbertof the pregentinvertion devinases thex a
-18, 19- t et raciberptrteps in wiich A reaptionatienciampasaiure m@mnﬂtrmmmmv required, and excells in
hono- 2, 5, 6, 7-t et ranor - 4- oxa- 18, 19-t et r adghydr o- 4, 8-i nt er- m phenyl ene [err]
met hyl ester, 15-epi-11-dehy- droxy-11
8-inter-mphenylene [err] nmethyl ester,
15-epi - 11- dehydr oxy- 11- benzoyl oxy- 16- met hyl - 20- hono- 2, 5, 6, 7-t et r anor - 4- oxa-

- dehydr oxy- 11 acsgid)xmj,@,ggrgfdu{_f 20- hono- 5, 6 7 trinor-18, 19-tetradehy-
5, 6, 7- t r i nors,6,Birih&-18a0-tebreldEhydis-408-thteB mi-phérglendPEIL MBNiH @ster, F ek 11adehyiydxy-26progiony-
e [ er r] et hyéthyegstgr 15-%1‘leqﬁhydroxy-ﬁ-octanoyloxy-16-methyl-20-homo-567-tr|nor-18 19-tetradehydro-4,8-
15- epi - 11- dRyrav-Bage-58.I-triver48d Jehydse-fy-i P!B'M?G?nfe& grethyl ptefoA5-9pt-1trdetyot
Y
trinor-18,1 § f'%'
tet ipteism-phenylene PGl, methy! ester,
s Al %Pé./é‘i P g
MEX DY es) erpaLBsfilleatdrior 48 E
)@5]?6
15-epi-11- dqhygymdaohpe,[,ﬂrr] “napht hoyl oxy) - 16- met hyl - 20- hono-5, 6, 7-t ri nor -
trinor - 18, 1%eiyetimathgiapdiome-8,63-tlinot-€8, 1ortetadenyyro-d Bdntéral-phenyidnie \PIGI atiybdster, 15-epi-11-
[err] met hylteranphanylene R cotfiyl ester, 15-epl-11-dehydroxy-11-decanoyloxy-16-methyl-20-homo-5,6,7-trinor-
15-epi-11-d PGI, ethyl ester, 15-
wpgé% % g %Wﬁ -mter-m-phe-
<20~ x| t-
%ﬂ e
nz 0f 67-
- dehydr oxy- er%ﬁé %lyetil:ﬁe ﬁgﬁ «%E 152 6%6 11 aJh?JrJﬁJ?ﬂ(p-t&ué}?&'x&) EmbifyiioBinb.A-
no-2,5, 6, 7-tetranor-4-oxa- 18, 19-tetradehydro-4, 8-1 nter-m phenyl ene [err]
hydr o- 4, & i nt eBythe prasentyjiivertion,2%ovel hanufadturing plogess ef ot-phenylene type PG, derivatives having ex-
15- epi - 11- dégﬁ@;@ﬁhgq_amw%xghqs& iae pmesszgf_the present invention, PGI, derivatives which
-val er oyl oxy- 16- net hyl - 20- hono- 2, 5, 6, 7-t et ranor --4- oxa- 18, 19-t et r adehydr o- 4,
18,19- 30 tetradehydro-4,8-inter-mphenyl ene PGL2 nethyl ester, 1



hydr oxy- 11-[ err] - napht hoyl ) - 16- net hyl - 20- hono- 2, 5, 6, 7-t et r anol oxy- 4- oxa- 18,
19-tetradehydro-4, 8-inter-m phenylene [err] methyl ester,

15- epi - 11- dehydr oxy-11- (mt ol uoyl oxyGR 0483162 B8/ | - 20- hono- 2, 5, 6, 7-t et r anor - 4-
oxa-1 8, 19-tetradehydro-4, 8-inter-mphenyl ene PGL2 net hyl ester,

15- epi - 11- d%wéﬂP%aﬂgmﬂmmhﬂﬁéé@wt%WQﬂ&ug, @Riatherosclerotic drug and the like may be produced
met hyl - 20- haiRstAallpintarge dc@é.r anor - 4- oxa- 18, 19-t et r adehydr o- 4, 8-i nt er - m pheny!|
ene [err] nethyl ester or, 15- ,
epl - 11- dehydr oxy- 11- ( p- phenyl benzoyl oxy) - 16- net hyl - 20- hono- 2, 5, 6, 7-t et r anor
- 4- oxa- 18, 1%®islesr adehydro-4, 8-inter-mphenylene [err] nmethyl ester is
enployed in place of 15-epi-11-dehydroxy-11-(p-tol uoyl oxy)-16-ne-

t hyl -5, 6, 7- t i Adrocdsg fot grepasing §,61&+ripan-48- Mmempmt‘elpnﬁ%mﬂh@#ef theformula [\l hy |
ester ylelds 16- et hyl - 20- hono-

2,5,6,7-tetranor-4-oxa-18, 19-t et radehydr o- 4, 8-i nter-m phenyl ene PGlL2. The
sane pro@bdure as i1 n Exanpl e 40 COGR, except that

15- epi - 11- dehydr oxy- 11- ( p- t{0l uoyl oxy) - 16- net hyl - 20- hono- 2, 5, 6, 7-t et ranor - 18
, 19-tetradehy- dro-4,8-0 m phenyl ene [err] nethyl ester,

15-epi -11-dehydroxy-11- ace - 16- et hyl - 20- hono- 2, 5, 6, 7- [VII])

tetranor-18,19-tetrad Fo- 4Rp8- |nter-n}phenylene PGﬂZ net hyl ester,
15- epi - 11 dehydroxy 1 opi o Iofy’
16- et hyl - 20- hono- 2 18, 19-t et radehydro- 4, 8-i nt er - m phenyl ene

[err] methyl ester, ﬂﬁ ep| 11 -

deQ_groxy 11- butyroyloxy 16H@et hyl - 20- honp-2, 5, 6, 7-tetranor-18, 19-t et r adehy

dr 04, 8- ent er - m phenyl ene 45 [err] methyl ester,

15-epi-11- dehydmr@njtrﬁglepmsémsmgthybuw%mmﬂle'epﬂ&nhltynnga’h,&m&h{ll),t etranor-18, 19

-tetrade- hydr ohatgcrizedtbe comprigipshe/dtepsef. PG 2 net hyl ester,

15- epi - 11- dehydr oxygontertingfa@broigidihydyo-3HHS Adiblembeydiopentalbibenzofuran of the formula 1

2,5,6,7-tetranor-18, 19-t et radehydro-4, 8-i nter-m phenyl ene PGL2 net hyl

ester, 1% epi-1 1-dehydroxy-1Bel-val er-

oyl oxy- 16- et hyl - 20- hono- 5. 7-tetranor-18, 19- tetradehydro'4 8-inter-mph

enyl ene PGL2 net hyl ester,: bi - 11

- dehydr oxy- 11- benzoyl oxy- 16- et yP'ZO hono- 2, 5, 6, 7- tetranor-18 19-tetradehy

dng-4, 8-inter-m 50 ph ene PGL2 nmet hyl ester,

15-epl - 12 dehydr oxy-11-( pht hoyl oxy) - 16- nethyl-20-honD-2,5,6,7-tetra-
nor-18, 19-t et radehydr o-4, 8-i nter-m phenyl ene [err] nethyl ester,

15-epi - 11-dehy QQQQ = .

16- met hyl - 20- hg§ "$Hk&Lﬁ;%% nor%?%%#gé¥%?wgéehydr0-4,8-inter-n}phenylene
[err] meghyl ester, 15-epl-1 1- - '

dehydroxy-ll-(n}toluoyIoxy)-lG-anhyI-20-honn-2,5,6,7-

tetranor-18, 19-tetradehydro-4g8-ixter-mphenyl ene [err] nethyl ester,

15-\epi - 11- dehydr oxy- 11- ( o- t ol Ud @\ _16- met hyl - 20- homo- 2, 5, 6, 7- t et r anor - 18
,19-tetra- 55 dehydro-4, 8-inte pﬁenylene [err] neth&l ester or

15-ep| - 130 dehydr oxy-11- ( p- p%benzoyl oxy) - 16- ne-

t hyl - 20- hono- 2,5, 6, 7-tetrang 8, 19-t et radehydro- 4, 8-i nter-m phenyl ene
[err] methyl ester Is e @yed F@Hl ace of
15- epi - 11- dehydr oxy- 11- ( p- quoonxy) 16-methyl -5,6, 7-trinor-18,19-tetradeh

ydro-4, 8-inter-mphe-. zlene PGl2 X ester  yields
16- met hyf® 20- ho ?"%'“% "7“1"5‘?‘?“3‘?18’:““1°’8‘ 'izy'“f %‘E‘?%Eféﬁ?%ﬁ"bs°&s$§’?'ﬁ¥‘éﬁ‘mﬁ‘?'5ﬁ@9ﬁ9‘l -

52 EP 0 463 epe "ﬂ u;ogmea% in Exanpl e 57 except
that 15-epi-11- deh §%¥ %ﬁ; ﬁﬁqégﬁ
18, 19- tetradehydro enyI e 'sm?'her'o'°ft°r°fthf?rmu'a3'll

- dehydr oygy-11- proplonyloxy 5,6, 7-
trinor-18, 19-tetradehydro-4,8-in
15-epi-11-dehydroxy-11-butyr&?lo
5,6,7-trinor-18, 19-tetradehy

15- epi - 11- dehydr oxy- 11 - oct apiQy~
| oxy-5, 6567-trinor-18, 19-tet ~hydro 4, 8-1 nter-m phenyl ene PGL2 net hyl
ester, 15-epi-11-dehydroxy- de-
canoyloxy 5,6, 7- trlnor-18;ﬁ§ te fﬁﬁehydro 4, 8-inter-m phenyl ene PGL2 net hyl
ester, 15-epi-11 -dehydro 11

valeroyloxy 5,6, 7- trlnor-18 19- t et r adehyglr o- 4, 8-i nter - m phenyl ene PGL2

met hyl ester, 15-epi-11 -dehydroxy-

11- benzoyloxy 5,6,7-trinor-18, 19-tetradehydro-4, 8-1nter-m phenyl ene PGL2
nmet hyl ester, 15-epi-11-dehy-

droxy-11- (a- naphthoyloxy) 5,6,7-trinor-18, 19 tetradehydro 4, 8-inter-mpheny
Iene PGﬂZ met hyl ester 15-epi - 10

a I D T D e /rr D T T P N T AN A LN L . L A ~

-m Qnenyl ene PG 2 met hyl ester,

-inter-mphenyl ene PG@; net hyl ester,



e —

15- epi - 11- dehydr oxy-1

-(mtol uoyl oxy)-5, 6, 7-t ri nor - 18, 19-t etradehydro-4, 8-1i n\t\“‘“ﬁ“‘“r““w‘“r“e““mz
nmet hyl ester, 15-epi- EP 0 463 162 B1

- dehydr oxy- 11- (o- toluoyloxy) 5,6,7-trinor-18, 19- tetradehydro 4 8 i nter-mph
enyl ene PGl2 h e produced
- dehydr oxy- i "n?l}' %a" a%EEh% mblle a%e%t'gmy%r]ufugt ??t'ﬁg? Eosicéemltgdtugtar‘%%‘glrwd"ragb p8 inte
r-m pheny Iene ester I s enployed in place of

15-epi-11- dehydroxy 11- (p-tol uoyl exy) - 16-met hyl -5, 6, 7- 15

trinor- 18, 1€malkd r adehydro- 4, 8-inter- m phenyl ene PGl2 nethyl ester yields
5,6,7-trinor-18, 19- tetradehydro- 4, 8-inter-m phenyl ene PGL2. The sane
procedur e ag iAprbeeasipt epanngs(6Bitinoid Binterkin-paeriyieid PGig teridatives,of the farpula [VII]

t ol uoyl oxy) - 16-net hyl -2, 5, 6, 7-t et ranor - 4- oxa- 18, 19-t et radehydro-4, 8-i nter-m
- phenyl ene PGl2 net hyl ester,

15- epi - - dehydr oxy- 11- acet oxy-, gorgef hyl - 2, 5, 6, 7-tetranor - 4- oxa- 18, 19-tetra
dehydr o- 4, 8-i nt er-m phenyl 'ne” PG12 nethyl ester,

15-epl - 11- dehydr oxy- 11proptqnyl oxy- 16-net hyl -2, 5, 6, 7-t et r anor - 4- oxa- 18,.19-
tetrade- 20 hydro- 4, & i m phenyl ene [err] nmethyl estggzr}s-epi-11

- dehydr oxy-11- but yr oyl & et hyl -2, 5,6, 7-ttra-

nor - 4- ox- 18, 19-t et r a§ 145- |n£%r m phenyl ene [err] nethyl ester,
15-epi - . 11-dehydr oxXy={~Qckand¥-

ony 16-net hyl -2, 5, 40 - tetrapor-4-oxa- 18, 19-t et radehydro-4, 8-i nter - m phenyl
ene"PGl2 net hyl ester 15- apod-

11- dehy ,0XY-11- decanoyloxy 16- et hyl - 2 5,6, 7-tetranor-4-oxa-18, 19-t et radeh
ydro-4, ' nter Bt &rilFE frepresent hydrogen or methy),

15-epi-11- dehywrgmﬁfgﬁei‘éiﬁé?%% Qk" Fa p , 5, 6y ?gt etrangr) 4- oxa- 18, 19-t

etradehy- 25  dr Oghvedting¥a@b-cid mm&msnaumydm&dwtlb@ﬁfﬁan of the formula 1
15-epi-11- dehydroxy 11 benzoyl oxy- 16-net hyl-2,5,6, 7-tetra-

nor - 4- oxa- 18, 19-t et radehydr o-gt, 8-1i nter-n}phenylene PGL2 net hyl ester,

15- epi - 11- dehydr oxy- 11- ( a- naph-
t hoyl oxy) - 16- net hyl -2, 5, 607> anor - 4- oxa- 18, 19- tetradehydio 4,8-inter-mp

henyl ene [err] nethyl estér; ) Br

epf}ll dehydroxy-11-([er éphthoyloxy)-16-nethyl-2,5,6,7-tetranor-4-oxa-1
8, I9-t et ¥adehydro-4, 8-in m  phenyl ene PGL2 net hyl ester,

15-epi - 11-dehydr oxy- 11- (m t ol uoyl oxy) - 16- net hyl -2, 5, 6, 7-t et r anor - 4- oxa- 30

18, 19-t et radehydro-4, 8-inter - )heny], err] Jrethyl ester,

15: epi - 11- dehy B Rfig repgtion gng w%@r E?B%F’?%Z'!‘h@'-"‘"]aﬂe

thyl-2,5,6, 7-tetranor-4-oxa-18, 19-t et radehydro-4, 8-i nter-m phenyl ene [err]
nmet hyl eSter or 15-epi-11-dehy @;oxy-

11- (p- phenyl benzoyl oxy) - 16- me§ h '2 5,6, 7-tetranor-4-oxa-18, 19-t et radehydro

-4, 83inter-m phenyl ene PGL2 ester is enployed in place of

15- €pi - 11- dehydr oxy- 11- ( p- toluoy Sxy)Bt6- net hyl -5, 6, 7-tri rgor -

18, 19-t efr adehydro- 4, 8- |nte phenyl ene PGL2 nethyl ester yields

16-nethyl -2, 5,6, 7-tet ranor - 4 a-1 8,19- 35
tetradehydro-4,8-|nter-n} hényhgros[err] The same procedure as in Exanple
57 except that 15-epi- €ny- droxy- 1l

- (p-tol uoyl oxy) - 16- nethyl 2,5,6,7-tetranor-18, 19-tetradehydro-4, 8-inter-mp
henyl enes PGL2 met tepéting saidgompound okt forrulaaritji@Gsigyard reagent so as to carry out metal-halogen
- acet oxy- 16- meexepngs; 5 6, 7-tetranor-18, 19- tetrade dro 4, 8-inter-mphenyl -
ene PGL2 rret hyI esfegsting {1 resylting gro Fgﬁ% é?

6- met hy! - ,7- té‘tbrea“rWrthelfee‘"Tgp'P@t 19 feirsagndivsis fo ‘t*h %F‘%%W&WW%% PGL2
et hyl ester 1
5-epi - 11° dehydroxy 11- but yr oyl oxy~48-5RPHs1 -2, 5 6, 7-tetranor- 40

18, 19-tetradehydro-4,8-inter-mp ylene [err] nethyl ester,

15- epi="11- dehydr oxy- 11 octano?l 6- me-
thyl-2,5,6,7- tetranor-18 19-tétr. hydro- 4, 8-i nter-m phenyd ene [err] nethyl
ester, 1&z-epi-1l-dehydroxy-
decanoyloxy 16- nethyl 2,5,6,)

| ene PGL2 nethyl ester, 15-°
epi - 11- dehydr oxy-11- vaIerd§Poxy 16-nmethyl -2,5,6, 7-tetranor-18, 19-t et radehyd
ro-4, 8-inter-mphenyl ene PGL2 net hyl ester, .

15- epi - 11- dehydr oxy- 11- benzoyl oxy- 16- net hyl - 2, 5, 6, 7-t et ranor - 18, 19-t et r adeh
ydro-4,8-inter- 45 m phenyl ene [err] nethyl ester,

15-epi - 11- dehydr oxy-11- ([ err] - napht hoyl oxy) - 16-net hyl -2, 5, 6, 7-tetranor-18, 1
9- tetradehydro-4, 8-inter-mphenylene [err] nethyl ester,

15 epI 11- dehydroxy 11- ([err] naphthoyloxy) 16 nethyl

- — g o AN A PN L N I N 1 o, I T NANA SN a1

etégnor-l8,19-tetradehydro-4,8-inter-n}pheny



tetranor-18, 19-tetradehydro-4, 8-inter-m phenyl ene PGL2. 55
16- net hyl - 20- honp-5,6, 7-trinor-1 8,1 9-tetradehydro-4, 8-int ﬂ! ml l”"l
[err] methyl ester (9) 53 EP 0 465PP483 1828111 10 w e IS

procedure as in Exanple 51 was repeated except that 186 ny of

15- epi - 11- dehydr oxsulijéstiigsaid compound of the formula 3 to protection of the primary hydroxyl group, esterifica-

t ol uoyl oxy) - 16-tirptofipe seeondaryrhydrexylgaraup and newevalld thpgrotastivegrruh gichrimary hgdrioprk gsqup g9
henyl ene [err] asde ¢ppyerissidspmppyndof theifremula 8 to & compiyndfithedermyig I5f t he capti oned
conmpound. IR (neat) v: 3370, 1740, 1595, 970 [err] 15 Mass (me): 428
(M+) The %ame procedure as |In Exanpl e 58 except that

15-epi - 11- dehydr oxy- 11- acet oxy- ﬂyl‘- 20- hono-

5,6,7-trinor-18, 19-tetradehydr d-4, 8-1 nter-m phenyl ene PGL2 net hyl ester,
15-epl - 11- dehydr oxy-11- pr opg

| oxy- 16- ngt hyl - 20- hono- 5, 6, 3
e [err] nethyl ester, 15-4¢

8, 19-t et radehydr o4, 8-i nter: myh®Hyl ene PG 2 20 nethyl ester,

15- epi - 11- dehydr oxy- 11- &sCanoyl oxy- 16- met hyl - 20- honp-5, 6, 7-tri nor- 18, 19-t et
radehydr o4, 8- i nter-m phenyl ene PGL2 net hyl ester,

15- epi - 11- dehy dgvaeryin R reshesants agetyl) 3 3olub@; dluby, ber26y, rattioeyh p-b butylbenizoyhg-phenylbenzoyi,
18, 19-t et r adehya|5-dinitrotidnzogt M-phanyifEnsmeyl armaphtesy, B-naphttayllor g sitratrenzoyl);

15- epi - 11- dehydr ox yeofiverting baid @yripanag oflithe fowmula [1] to a compound of the formula [ill]

t hW_-20- hono-5, 8, 7-trinor-18, 19-t et radehydro- 4, 8-i nter-m phenyl ene PGl12

met hyl es®er, 15-epi-11-dehy- droxyedbdme

- benzoyl oxy- 16- net hyl - 20- hono- §
henyl ene [err] me- 25 thyp est
15- epi - 11- dehydroxy- 1l - ([ eer]
18, 19-tet2f5adehydro- 4, 8-i ra" Nt phenyl ene [err] nethyl edtIkX}

15-epi - 117dehydr oxy-11- [ oyl gy - 16- met hyl - 20- hono-
5,6,7-trinor-18, 19-tetrade -]J#t er-m phenyl ene [err] nethyl ester,
15- epi - 11- dehydroxy-1 & mntolu :
| oxy) - 16- et hyl - 20- hono-'5, 6, 7-t r®
ne\[err] gethyl ester, 15-epl-

11- dehydr oxy- 1Lwhéteih Rl, RONAdRS Yoprebéit the ke medin RticRled/abbve) NOT - 18, 19-t et r ade
hydr o- 4, 8- i nt erpyxiRRgHicosmpotiid of theSbrinla NPdnB yoactg tHRrestiting product with a compound of the
15- epi - 11- dehy diemate i) I the presbaceof b etrong pasexy) - 16- met hyl - 20- hono- 5, 6, 7-tri nor -
18,19- tetradehydro-4,8-Inter-mphenylene [err] nethyl ester is enployed in
pl ace of #%5-epi-11-dehydroxy-11-(p-tol -

uoyl oxy) - 16- met hyl - 20- hono- 506, 7-tri ndrs 18, 19- tigt r adehydr o- 4, 8-i nt er-m phen

ylene [err] nethyl ester i elfds _t he cdpti oned-tonpound. The sane procedure
as N Exanpl e 58 exce[wterétzl’ //d - [11)
15-epi - 11- dehydr oxy- 11- acet oxy- 16-H#ret hyl =20- hono- 35

5,6, 7-triflor-18, 19-t et r adehydr o- 4,¢- i nt er - m phenyl-ene PGL2 ethyl ester,

15- epi - 11- dehydr oxy- 11- pr opi ony- _
| oxy- 16- met hyl '@Qéré‘.ﬁ)f'n% Grei' Lok (A0 L hremrinds Gb st e b Sief+ 8- 1 Nt er - m phenyl en
PRI e e

e PGl2 et hyl r, - I - :
- but yr oyl ‘Qiy- 165“5];% y W qug‘,? -@}Xlﬁ ?rﬁwitgaﬁgu ‘i"é“t‘*?%“é%“hf‘;’/’a‘ o= AP BT ? oo

nor- 18, 19-t etradehydr o-4, 8-i nt er- m phenyl e

phenyl ene [err] et ester,

15-epi - 11- dehydr oxy- 11- oct anoyl oxy- 16-1ret hyl - 20- hono-5, 8, 7-tri nor-18, 19-t et
radehydro-4, 8-in- ter-m phenyl M¢ hyl ester,

15-epl - 11- dehydr oxy- 11- decadmy y- 16- net hyl - 20- honp-5, 6, 7-trl nor- 40

18, 19-t etawadehydro-4, 8-1 ntefr - enylene [err] ethyl ester,

15- epi - 11- dehydr oxy- 11- val
20- hono-5,6, 7-trinor-18,1
ester, 15-epi-11-dehydrox
benzoyl oxy- 16- met hyl - 20 I"@m)- , 6F rlinor-18, 19-tetradehydro-4, 8-inter-nmph
enyl ene [ferr] ethyl estel, 15- g

oyTuxy- 16 - nethyl - : v :
tradghydroz 4, 8-inter- mphenyF ené [err] ethyl
- 2z~

(wherein R,, R; and R, represent the same meanings as mentioned above)



epi - 11- dehydr oxy- 11- ([ err] - napht hoyl oxy) - 16- net hyl - 20- h6o-5, 6, 7-tri nor - 18,
19-tetradehydro4, 8-inter-mphe- nylene PGl2 ethyl ester, Ll

15- epi - 11- dehydr oxy- 11- ([ err] - napht hEPPAR#2B8_ et hy! - 20- Hmlluull “uullll“w
18, 19-tet- 45 radehydro-4, 8-inter-mphenyl ene PGL2 ethyl &stér,t "

15- epi - 11- dehydmaxy- | 1- (mtol uoyl oxy) - 16- et hyl - 20- ho-

nmo- 5, 6, 7- t ri nor - 18,saielyzing prehsidrblyaing saidigahpount! efithe ferpiaia ifylltefen faidicerhpoundpfithe fosnule |

15- epi - 11- dehydwvtixy- 11- (o-t ol -

;Fg:,]gx)[/)e; 71 ]6 i ge t h e lpéé%é 2‘9"85"'“9_? clalm 5 characterlzle% mlt at sa|5 [ao?n%eop dcci} tg; f%i'rgﬁlalt ‘P tge?nrg_ppgpgrg

epi - 11- dehydr o aff@ %}ﬁf -20- hono- 5, 6, 7-tri nor - 18,
19-tetradehydro-4 geaeHIeS % 'tbr "é°°§'/ Bhe %@ﬁ@ g‘ﬁ% ester is enployed in
pl ace of 15-epi-11-dehydroxy-11-(p-tol uoyl oxy)- 16 met hyl - 20- ho- 50

no-5, 6, 7- E)I’I nor-18, 19- tetrad@ﬁﬁ 4, 8-inter-mphenyl ene P012 net hyl ester

yi el ds 16' - et hyl - 20- hono- 5,6 inor-l 8,1 5
9-t etradehydro-4, 8-inter-mphe nyt’ene [err] ethyl ester. |INDUSTRI AL
APPLI CABI UTY 55 By the esent invention, a novel nmanufacturing

process of m phenyl ene type PGl2 derivatives having ex- cellent

St er eosel gct i viwith pataskiumesgiht afap ehalbphend tp fanmS,Sprischis(2digtbphehivey)cyaldplntehe®f the foemula 6
present invention decreases the nunber of steps In which a reaction at |ow
tenperature or columm chronmat ography is quired, and excells in ease of
operation and reproduci bi l @ T @e process of th§ pr esent
inkeption, [err] derivativVve P 0 463 162 Bl are useful as an
anti-threabus agent, antiukcer odrug, ant i akherosclerotic drug and the like
may be produced industrially in Iarge scale. 5 Clainms 1. A process for

ngﬁﬁlr :'in?V;SI ? I erem reprehents ch}oﬁrge, rorRme nr¥odmre‘5e [er r] derivatives of the

Soresencs' i JPenpget g ioneng gl A Bl

character®zed “‘%3%@ con
3a, 8b-ci s-di hyar d| brormcycl opent a[ b] benzofuran of the formula I 25
[err] 30 by Prins reaction and hydrolysis to a diol of the fornmula 2; 35 40

45 ~reacting said corpeymiNof the formula 2 wigh a Gignard
reagent sp as to carry out rret-al ogen exchange; reacting the resulting
product with nethyl 3-fornyl gxafi onate; subjecting the resulting product
to hydrogenolysis to give a ester of the fornmula 3; 50
[err] 55 .
35 brominating said compound of the formula 7 to form a tetrabromide of the formula 8;
C 8r
0]
: 8
@ 1o Br
Br Ber
45 .
and ' . .
reductively removing the bromine of the 5-membered ring moiety of said compound of the formula
8 to form said compound of the formula 1.
50 : _
3. The process according to claim 1, characterized in that said compound of the formula 1 being prepared
by a process comprising the steps of:
reacting 3-chlorocyclopentene with a phenol derivative of the formula 10
55

57



are useful as an anti-thronbus agent, antiul cer drug, anti [
drug and the like may be produced industrially in |arge scli@ﬂ@ﬂ,ﬁﬂﬂmﬁl"
1. A process for preparing 5,6, 7-triﬁ%?ész?,"ggﬂv]ter-mphenyl tlm s =
derivatives of the formula [VII] 10 [err] (MIJ
15 20 (wherein R2 represents gethyl or ethyl; R3 and R4 represent hydrogen
or methyl), characterized. by pFong,ising the steps of: converting

3a, 8b-ci s-di hydro- 3H 5, 7- dNat"s cyclopenta[b]benzofuran(H the formula I 30
by Prins reaction and hydro s to a diol of the fornuﬂa 2; 35 [err] 2 40
45 5 reacting said
reagent so as to carry out ngtal - hal ogen exchange; reacting the resulting
product with methyl 3-fornyl propionate; subjecting the resulting product
to hydrogenolyiiaato ivg sgép$op%&§&u f the fornmula 3; 50

[err] 55 EP lﬁé’“ﬁﬁ' rﬁ% ?ﬂd‘ neaid ¢ of the fornula 3 to
protecti dh of tt%fé’r pr'l( r’rar?/ ?%‘ragéf’)ﬁ/ d{}%ﬁl ,htggetégplg??@g?ﬁ’i on of the secondary
hydr oxyl group and renoval of the protective group of prinmary hydroxyl
group so as to convert said cgypound oBrthe formula 3 to a conmpound of the
formula [I1]; 5 [err] 10
[1] 15 (wherein [err] represey

mt ol uoyl, p-t-butyl benzoyl, p-ph
N- phenyl car banoyl , [err]-naiffgpyl

yl, p-tol uoyl, o-ﬂ&iuoyl, benzoyl ,
benzoyl, 3,5-dinitrobenzoyl,
[ err]-napht hoyl or p-nitrobenzoyl);
converting said conmpound of fo?nula [I] to a conpound of the formula
[ K 20 [err] 25 30 (wherein [err]
represent2et he sage meani ngs as nenti oned above)

an

treating said compound of the formula 11 with a palladium complex in the presence of a phos-
phorus ligand and a base to form said compound of the formula 1.

25 4. The process according to claim 1, characterized by comprising the steps of:
inverting the hydroxyl group of the 15th position of a 15- isomer of the formula [V]:

| COOMe
-l .

4

[V}
7 R,

A\

R,0

OH
(wherein R;, R, and R, represent the same meanings as mentioned above)
40 by Mitsunobu reaction. which is formed as a byproduct when said compound of the formula [ill]
COOMe
45 ©-
: A {II1)
\ % R ?
50 R ] O

0]

{wherein Ry, R; and R; represent the same meanings as mentioned above)
is reduced with said reducing agent.

5. A process according to claim 1
characterized by comprising the steps of:
inverting the hydroxyl group of the 15th position of a compound of the formula [V]



by oxi di zi ng said conpound of the formula [I] and reactinag—theTesulting

baser 35 [err] 40 (whorein [orr] 1o eas] ‘sgﬁepﬁiiﬁ?ﬁ\mﬂs{\ﬂﬂlﬂ\ﬂ\ﬂluﬂl\

above) reducing said compound of the fornula [I11] with a reduci mg Ageht to
formra conpound of the for- 45 ctha [1V]; [err] 50 56

RO OH (wherein [err] represent ¢ Sare ‘nmeani ngs as nentioned above) 56
and sol volyzing or hydrol yoiQg/ sqid conmpound of theforrmula [IV] to form

sai d compound of the fornuka }]. 5 2. The process according to claim
1, charadterized in that 'd"corﬁ)ound of the fornula | be{wy prepared by a

process conprising the st of rgfact] DR 3, 5-ci s-di bronocydopent ene of the

formula 5 10 [-er “Zwth pot assium salt of an

o- hal ophenol to form 3R%© ' hal ophenoxy) cycl opentene of the fornmula
6 6 20 ] [errPH(wherein X represents chlorine, bromne or
i odi ne); Yreati ng said conmpound of the fornula 6 with nagnesiumnetal to

convert to a Gyl gOa MishfddRRent; #ra cyclize said Gignard reagent
in the presence’” of s@voﬁgﬁrhgﬁlﬁlng%gsgmﬁﬂjm@_ cycl opent abenzof uran of the
formula 7; 35 brom nating said conmpound of the fornula 7 to form

a t et rabrgmale Aprocbdadorp@eparing a cdinpourd of the formula [I]: [err] 45 and
reductively renoving the brom ne of the 5-nenbered ring noiety of said
compound of the fornmula 8 to formsatgdogpmpound of the formula 1. 50 3. The
process according to claim1l1, characterized In that said conmpound of the
formul a | being prepared by @ ess conprising the steps of: reacting
3-chl oroegcl opentene with a phe derivative of the formtl&ri\ 10 55

R,0

25

(wherein R, represents the same meaning as mentioned above)
characterized by comprising the steps of:
forming 3,5-cis-bis(2-halophenoxy)cyclopentene of the formula 6:

N\ " 'x |
0
& O o@x 5
35
(wherein X represents chlorine, bromihe or iodine) by reacting 3,5-cis-dibromocyclopentene of the for-
U mula &:
40 Br
; i
Br
45
with potassium salt of o-halophenol;
converting said compound of the formula 6 with metal magnesium to a Grignard reagent;
cyclizing the resulting product in the presence of a metal catalyst to form cyclopentabenzofuran
of the formula 7;
50

‘°

brominating said compound of the formula 7 to form a tetrabromide of the formula 8;

56



57 EP O 463 162 B1 5 [err] (wherein Mrepresents sodiu

U 0
Leorr] 20 and treating said compound BIOEASABE mula 11 vi Loﬂ[ﬁﬂﬂl\ﬁﬂ“\ﬁﬂ\ll\ﬂl\ |
0

conplex In the presence of a phos- phorus ligand and a base orv h rsai*d
conpound of the fornmula 1. 25 4. Bwe process according to claim1,

characterized by conprising tﬁe speps of: inverting the hydroxyl group of
the 15th position of a 15-[err. 'r of the formula [V]: [err] 30 35
[err] (wherein [err] represent tPe/saBe neani ngs as nentioned above) 40

by M tsufobu reaction. whic “fornmed as a byproduct véhen said conmpound of
the formula [I11] [err] 50 ( rein [err] represent the sane neani ngs as
menti oned above) is reduced am 3h said reduci ng agent. 55 5. A process

according to claim| charag@erigged by conprising the steps of: inverting
t he hydroxyl group of the 15th position of a compound of the formula [V] 58

EP 0 463"162 Bl [e RV 454 536kyiAs o A B bhenfisBr28 RRY. roieték <5 bakpoil of the G-
hydrol yzing t h%uga%%t?f%%ﬁiﬁg%sﬂsﬁ-ditﬁomd@yﬂpﬂbﬁﬂlﬂﬁeﬁr%dm??ﬁ:&fasﬁadrinﬂﬁ 12 -
a :

conpound of the tornu [err] 25
15 . '
° 0L
s Br 1

subjecting said compound of the formula 1 to Prins reaction and hydrolysis to convert the same

to a diol of the formula 2;
0 \@\
: . P Br
W 2
Y % Q/
OH

HO
35 treating said compound of the formula 2 with a Grignard reagent so as to carry out metal-halogen
exchange;
' reacting the resulting product with methyl 3-formyl propionate;
"\/ subjecting the resulting product to hydrogenolysis to give a diol ester of the formula 3;
40
COOMe
0
i OH
HO
50
and

subjecting said compound of the formula 3 to protection of the primary hydroxyl group, esterifica-
tion of the secondary hydroxyl group and deprotection of the primary hydroxyl group so as to convert
said compound of the formula 3 to said compound of the formula [l].
55



(wherein [err] represents the sanme nmeani ng as nenti oned |m @““ I H||||H|||
characterized by conprising the ste of . m ng ﬂ |l'l
3, 5-ci s-bi s(2- hal ophenoxy) cydopent efé’%‘{ssf'%"f ormul a 6: [: rrL]| s o+
(wherein X represents chlorine, brom ne or iodine) by reacting
3, 5- &i s- di biPetentapspriisheit ene of the for- nula 5: 40
[err] 45 with potassiumsalt of o-hal ophenol; converting said conpound of
the fornul ale Yprfairerawriiersipliyig e Ji-Trsot.HnegmihanylegfGlrerivatep den Formeh i e
resulting product In the presence of a netal catalyst to form
cycl opentabenzof uran of the fornmul a & 7 55 brom nating said conmpound of
the fornmula 7 to forma tetrabrqgate oq‘ the formula 8; 59 EP 0 463 162
Bl [err] 10 reductively rema/in he brom nes on the 5-nenbered ring noiety
of said conpound of the for-: M@ )8 to form
3a, 8b- ci g di hydro-3H-5, 7-di b cl opent a[ b] benzofuran of the fornula 1,
15 [err] 20 subjecting sai hpouftd of Jke formula | (WFyins reaction and
hydrol ysis to convert the s digt of the formula 2; 25 30 140 35
treating said compound of é’he Y 2 wwth a Gignard reagent so as to
carry out netal -hal ogen €x hangel_;lareacti ng the resulting product with-
‘met hyl 3+ ornmyl propionate; subjecting the resulting product to
hydr ogenol ysis to give a diol ester of the fornula 3; 40 [err] 45

{worin R, Methyl oder Ethyl darstellt; Rs und R, Wasserstoff oder Methyl darstellen),

dadurch gekennzeichnet, daB es die Schritte umfalt:

"\__/ Uberfiihren von 3a,8b-cis-Dihydro-3H-5,7-Dibromcyclopenta(b)benzofuran der Formel 1

Br
25 : Q) |

L durch Prins-Reaktion und Hydrolyse zu einem Diol der Formel 2;
30

HO

40

Umsetzung der Verbindung der Formel 2 mit einem Grignard-Reagens, um einen Metall-Halogen-

Austausch vorzunehmen;

Umsetzung des entstandenen Produktes mit Methyl-3-Formylpropionat;

Hydrogenolyse des entstandenen Produktes zu einem Diolester der Formel 3;
45

COOMe
0
- : 3
: Z/ OH

HO

55
Schutz der primé&ren Hydroxylgruppe der Verbindung der Formel 3, Veresterung der sekundiren
Hydroxylgruppe und Abspaltung der Schutzgruppe der priméren Hydroxylgruppe, um die Verbindung der
Formel 3 in eine Verbindung der Formel [I] zu {iberfiihren;

61



50 and subjecting said conpound of the fornula 3 to prot ecti

ction ofthe—
primary hydroxyl group, esterifica- tio he secondary :h =
and deprotection of the prinmary hydr%x%/‘{&aa&o%fp So as to co'.nsg ‘mg“w‘“mm“\
conmpound of the formula 3 to said conpound of the formula [I'} n Ept

0 463 162 Bl PatentansprCche 1. Verf O8N ZUT Herstel l ung von

5,6, 7-Trinor-4,8-1nter-mPhenyl en? -Derivaten der Fornel [VII] 5 COO R3
0 10 ,-4 (O o\ HO H 15 (wori r Met hyl oder
Et hyl darstellt; R3 und R4 W4ss of f oder Methyl darstell en), dadurch

3a, 8b-ci s-D hydro-3H 5, 7- D hr oficycl opent a( b) benzof uran der Fornel 1 20 e,

25 durch Prins-Reaktion unds gyse zu einem Diol der Fornel 2; 30 3s5 2
OH 40 40 Unset zung der Vanle ndung der Fornel 2 mt el nem Gi gnard- Reagens,
um eonen Met al | - Hal ogen- Aust ausch vorzunehmen; Unmset zung des ent st andenen

Produktes' m t Mo, “aafi0h Rhibdy, SProEVR ! Benddy FREREM! yE8L NoFhaiyBeRey, 3.5-
N Qﬁ%@&ﬁéﬁfy@m ot ﬁ%ﬁi@ert o~ i

gekennzei®chnet, daB es die %‘tte umfaBt Ci berfrlhren von

Produktes zu elppgih Ema&l‘:: wl, f-Ra itrobenzoyl darstellt);
4/ Oberfiihren der Verbindung Sor in eine Verbindung der Formel [lll]
® COOMe

-/ [IIT)}
20
25
(worin Ry, R, und R3 die gleichen Bedeutungen wie oben haben) durch Oxidation der Verbindung der For-
mel [I] und Umsetzung des entstandenen Produktes mit einer Verbindung der Formel [ll] in Gegenwart
einer starken Base;
N\ % 0 R. R,
I P
(MeQ) , P Z [II]
i .
35 0
. (worin Rz und R, die gleichen Bedeutungen wie oben haben)
K/ Reduktion der Verbindung der Formel [I!l] mit einem Reduktionsmittel zu einer Verbindung der For-
mel [IV]; _
40
COOMe
0 _
\é\/
45 T [Iv
R, [1IV)
) Z ~ R,
RO :
(worin Ry, R, und R, die gleichen Bedeutungen wie oben haben)
und
Solvolysieren oder Hydrolysieren der Verbindung der Formel [IV] zur Verbindung der Formel [VII].
55

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daR die Verbindung der Formel 1 durch ein Ver-
fahren hergestellt wird, da® die Schritte umfaRt:
Umsetzung von 3,5-cis-Dibromcyclopenten der Formel 5

62



55 Schutz der primren Hydroxyl gruppe der Verbi ndung der Fog
Veresterung der sekundaren Hydroxyl gru&&% und. Abspal t ung de mmﬁ“u?l“u?w”““‘
der primren Hydroxyl gruppe, umdie 8‘% der For el *N el ne n

Ver bi ndung der Formel [I] zu Oberfflhren; 61 EP 0 463 162 Bl gSCOOwve 0O
ReOQO 0~~~~~ "10 (worin Rl Acetyd, p-Tol uoyI , 0-Tol uoyl, Benzoyl, m Tol uoyl,
p-t-Butyl benzoyl, p-Phenyl benzoyl , 5- Dinitrobenzayl, N-Phenyl carbanoyl,

a- Napht hoyl , f Napht hoyl oder p-Ngrdbenzoyl darsteilt); Oberffhren der

Ver bi ndung der Fornel |!] in si ge/Ver bi ndung der Formel [111] O .5 20

(¢t B8 5% T [~ III]RO~28(wor|n

der Ver bi ndung Ao KFIuRgE ot o ltat ﬁé e PR et iaeredoahantae i ¢

ei ner Verbindung der Fornel [Il] in Gegenwart einer starken Base; K.> 30

0 1 MeCeJ 1P 1] 38

0 (worn I!Q'é und R4 die glei che@del)ﬁR @e oben haben) Reduktion

der Ver bi ndung der Fornel Pill/ ukdi onsm tteI zu ei ner Ver bi ndung
der For- mel [IV]; 40 CO O-eX0~~CBw .0 48

Rtlv] 50 O—.l(worln R1, R2 und R4 die

gl ei chen 1Bede utwdiig XIThist, Bromtvder Idtdass)it;und Sol vol ysi eren oder Hydrol ysi eren
der Ver bi ndung der Bblandain det Verfindang delkor el 6 it Megnesiimnhedall o sid iveih Brignadd-Raagens zu

Ver f ahren nach ibperipressch 1, dadurch gekennzel chnet, dal die Verbi ndung der
Fornmel | durch ei nCyklisieren des Grignard-Reagens in Gegenwart eines Metallkatalysators zu einem Cyclopenta-

o/ benzofuran der Formel 7;
20
ERC)
: O "

Bromieren der Verbindung der Formel 7 zu einem Tetrabromid der Formel 8;

W
S0 8
' oL,
a0 :
S Be
5 .
3
\_J 8r gn
40 und

reduktive Entfernung des Broms der 5-gliedrigen Ringeinheit der Verbindung der Formel 8, um Ver-
bindung der Formel 1 zu bilden.

3. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daR die Verbindung der Formel 1 durch ein Ver-
45 fahren hergestelit wird, daR die Schritte umfaRt: '
Umsetzung von 3-Chlorcyclopenten mit einem Phenolderivat der Formel 10

OM
1 Br

Br

{worin M Natrium oder Kalium darstellf),
zum 3-(2,4-Dibrom-6-lodphenoxy)cyclopenten der Formel 11;



fahren hergestelit wird, daB die Schritte unfaft: Ursetzun

VO
3,5-cis-Dibronctycl openten der Formel 5 62 EP 0 463 162 % u iﬂl ! |!| HM
Kal i umsal z ei nes o- Hal ophenol s zum 35%°W§6§§(2 Hal opheno

der Formel 6 10 X 0 0 ~ (worin X
Chl or, Brom oder |od darstellt); Behandel der Ver bi ndung der Formel 6 mt
Magnesi ummetall, umsie in ein g4 eagens zu uberfuhren; Cyclisieren

des Gignard-Reagens |In Gegenwart Met al i kat al yggtors zu el nem
Cycl opent a- benzofuran der For ne 7 25 Brom erén der Verbindung der
Fornmel 7 &u einem Tetrabrom d dgr Fofnel 8; 30

8- * @8e~~~~ 35 40 undf edukt ifve Entfernung des Brons der

5-gliedrigen Ringei nhei t der V&r bi/ndung der Formel 8, um Ver- bindung der
Formel | zu bilden. 3. Verfahren nach Anspr uch 1 dadur ch gekennzei chnet,
dal di e Verbi ndung der Formel 1 durch ein Ver- fahren hergestelit

wird, daB"dleS’é‘rlt Ward il BRI
Phenol deri vat d " dZ?gq"'% ﬁ%‘%ﬁg% gg;{ e F&%‘Eﬁiﬁ% ggﬂﬂgﬁ?ﬂmr °
darstelit), zurR ??ef eno e?cyc openten der Fornel 11; 63
EP O 463 1624.B]Ve5fahren nach Anspruch 1, dadurch gekennzeichnet, daR es die Schritte umfait:

15 Invertieren der Hydroxylgruppe in Position 15 eines 15-R-Isomers der Formel [V]:

COOMe

vl

25
(worin Ry, R; und R, die gleichen Bedeutungen wie oben haben)
: durch Mitsunobu-Reaktion, das als Nebenprodukt entsteht, wenn die Verbindung der Formel [Ill]
N
30
CcOCMe
0
- :
| ) P [I11]
0o
m -
(worin Ry, R und R; die gleichen Bedeutungen wie oben haben)
mit dem Reduktionsmittel reduziert wird.
s > Verfahren nach Anspruch 1, dadurch gekennzeichnet, daR es die Schritte umfait:

Invertieren der Hydroxylgruppe in Position 15 einer Verbindung der Formel [V]

o COOMe
50 O\é\\/

AR




10 und Behandel n der Ver bi ndung der Formel 11 mt einem

Pal | adi unmkonpl ex in Gegenwart eines Phos- phorliganden und ei ner Base, um

Ver bi ndung der Formel 1 zu bil den. 4EP gﬁ tn nach Anspruch 1, dadur

gekennzei chnet, dall as die Schritte unfalit: 15 Hmnmmﬂ'

Hydr OXYyi gr uppe unlar\'éomnuumrdeﬂwﬁnqbese@nd. undsoner s der For nmal ﬂ”’m m’
Solvolysieren oder Hy§fplysigrgn degentstanden Produktes.

08 (worin R und R | ei chen Bedeu Wi e oben haben) durch

M t sunobu- R k%ﬁﬂ‘"’“&ﬁ aé*f‘é'“ Yringing de gﬁﬂt wenn di e Verbi ndung der

Fornel [19] so wO GM 0~~VOm O 35 0 40 (mornn R, R2 und Rdie glilohen

Bedeut ungen Wi obin haben) mt dim Ri ¢©0&Qittal reduziert wrd. 465.

Verfahrin nach Anapruch 1, dadurch gikijnnzei ahnet, dall is die Schritti

unfa lit: Invertieren dir FLydroxyﬁg in Position 15 el ner Virbindl ung

dir Fornq% [V] COOme 50 Rad [VI 55Ro0 OH 64 EP 0 463

162 B1 unter Verwendung des M tsunpbuyReagens; und Sol vol{ydi eren oder

Eégus

Hydr ol ysi eren des entstanden Prod 6. Verfahren zur Herstellung einer
Ver bi ndung der Formal [I]. 5 5 8 O#0 R4 0 15 (worin Rl die gleiche
Bedeut ung w e oben hat), dadurg‘h gekennzei chnet, daB es die Schritte

unfaPt: 45
(worin R, die gleiche Bedeutung wie oben hat), dadurch gekennzeichnet, daf es die Schritte umfalt:

Bildung von 3,5-cis-Bis(2-Halophenoxy)cycdlopenten der Formel 6:

20 X@O\QOx .

25 {worin X Chior, Brom oder lod darstellt) durch Umsetzung von 3,5—cis-Dibromcyclopenten der Formel 5:

8r
y O
30 Br 5

mit einem Kaliumsalz von o-Halophenol;
Oberfiihren der Verbindung der Formel 6 mit Magnesiummetall in ein Grignard-Reagenz;
35 Cyclisieren des entstandenen Produktes in Gegenwart eines Metallkatalysators zum Cyclopenta-
benzofuran der Formel 7;

- | O 7
o

Bromieren der Verbindung der Formel 7 zu einem Tetrabromid der Formel 8;

\._/'

Br

H

gr Br

reduktive Entfernung der Bromatome der 5-gliedrigen Ringeinheit der Verbindung der For.mel 8
zum 3a,8b-cis-Dihydro-3H-5,7-Dibromeyclopenta(b)benzofuran der Formet 1;



Bi | dung von 3, 5 ci s- Bi s(2- Hal ophi noxy) cycl opnten der Formal 6: 20

i X worin X Chtor—Brom oder lod
dar st el | t) durch Ursetzung von 3, 5- Ef’g‘ﬁw&ﬁnym opent en mmmmm
ei nem Kal i unsal z von o- Hal ophenol ; Qoerfthren der Verbi ndtﬂm\mml

mt Magnesiummetall In ein Gi gnalnd Reagenz; 35 Cyéli sl eter’ des
ent st andenen Produktes in Gagegwar m nes Met al | kat allysators zum

Cycl opent a- benzofuran der For 7 40
Brom er en der Ver bi ndung der Fornm §U ei nem Tetrabrom d der Formal 8; 45
SO _ r 8
reduktive Entfernung der Bro me der 5-gliedrigen R ngeinheit der

Ver bi ndung der Formal 8 zum
3a, 8b-ci s-Di hydro 19 b an der o
B~8r 5 PBI ns- El‘ﬁ P’?ihk Eealt G‘QIEIBW e&g\&, %t&gr oPme'll‘fjer SIﬁI re|n loufmllorr?édz guuger.-
sin Diol der ormal 2 zu uber - fflhren r- 15

Br 2 xHO 20 640
Behandel n der Verbindung der For malﬁ"2 mt einem Gignard- Reagens, urn enen
Met al | - Hal ogen- Austausch vorzupe Urset zen des entstandenen Produktes
mt Methyl - 3-Fornyl propionat; 25 8r. Hydr ogenol yse des ent st andenen
Produktas zu ei nem Di ol ester der Formal 3; COOMe 30 2
0- 4  ~~~~~~~ 3 HO K~~~~~~ A L
Schut z der primaren Hydroxyl gr upRe der Verbi ndung der Formal 3, Verestbrung
dég_sekundi ren Hydroxyl grupgﬁ ~und dhal t ung der Schut zgr uppe der pri maren
Hydr oxyl2gr uppe, um di e Ver bi %ung der Fornal 3 in die Verbindung der Fornal

HOO und 40

[1] zu Oberfuhren. 45 Revendlcatlons 1. Procedede prparation de dé6rivs de
la 5,6, 7-trinor - 4 Bshandelpder Nerbindsing des ﬁ@!’ mplgimit eineyHigeait Reagensgun ejpemMetall-Halogen-
Austaisch vorzunehmen;
Umsetzen des entstandenen Produktes mit Methyl-3-Formylpropionat;
25 Hydrogenolyse des entstandenen Produktes zu einem Diolester der Formel 3;
COOMe
—/ 30 o
: 3
B ?\/ OH
% HO
O,
und
40 Schutz der priméren Hydroxylgruppe der Verbindung der Formel 3, Veresterung der sekundéiren

Hydroxylgruppe und Abspaltung der Schutzgruppe der priméren Hydroxylgruppe, ‘um die Verbindung der
Formel 3 in die Verbindung der Formel [1] zu Gberfiihren.

45 Revendicatlons

1. Procédé de préparation de dérivés de la 5,6,7-trinor-4,8-inter-m-phényléne PGI,, répondant 4 la formule
Vi



[VII] 50 55 EP 0463 162 Bl COORs 0 HO HOO (dans | aquett+e—R2-represente
un groupe nbthyle ou ethyle; Ra et R4 repr6sentent un at - hydr ogene ou
un groups nbthyle), caract6rise en Epeoﬁdﬁa'l:onprend Ieﬂmmylmnﬁusﬂtmrt
a: 15 - transforner |la S

3a, 8b-ci a- di hydr o- 3H 5, 7- di bxgoe@ORgpent a[ bj benzof ur ane r 6pondant a fa*
formule | Br 25 par une reaction de Prins et une hydrolyse en un
dial répondant a la fd @ JBl 30 : W e0

P 2 30~*0 - faire r6agrgrjedit conpose
rbpondarft al a fornul avec_ag'n reactifde Gignard de fagon a effectuer un
Y 4

6change nbt al - hal oge fakre r/6a§izr | e prodult obtenu avec du propionate
de n6t hyl 3-fornyle; 40 Zounettre |'s produitobtenu A une

hydr ogi nol yse pour®@enir uh esterde diol repondant A la fornule 3; COOMC
45 10 HO 4 3 OH 5D HO - sounettre
| edit conpos6 r6pondant A la fornmule 3 A une protection du groups hydroxyle
primaire, A Ungngbid R, répésbRBurlgtouph ReiRsie Yy K| & R RABEARI LR aBiné dHiRogene

bli mi nation digugs groups mattigieeCt eur du grou- pe hydroxyle primaire de maniere
A transforner chriaélérss 60cY0R Corfidha vl 3@lesAotsRtaht@: MUl € 3 en un conpo- ss

se reponslant A ! @ardsfimiedle3a,B-cls-difydro-3H-6,7-dibrofbdytiopentafbibetzofurane répondant a la formule 1

*

~~~~ C L MS1 | ,0085
Br
o . o .
25 par une réaction de Prins et une hydrolyse en un diol répondant 2 la formule 2;
Br

o, | 9 \@\ |
P Br 5

35 HO
. - faire réagir ledit composé répondant a la formule 2 avec un réactif de Grignard de fagon & effectuer
W un échange métal-halogéne;
- faire réagir le produit obfenu avec du propionate de méthyl 3-formyle;
40 - soumettre le produit obtenu & une hydrogénolyse pour obtenir un ester de diol répondant a la formule 3;
COOMe
0
45 :
Q‘" :
3 OH

- soumettre ledit composé répondant & la formule 3 & une protection du groupe hydroxyle primaire, &
une estérification du groupe hydroxyle secondaire et & une élimination du groups protecteur du grou-
pe hydroxyle primaire de maniére & transformer ledit composé répondant 4 la formule 3 en un compo-

58 sé répondant & la formule [I];
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RO 10 (dans laquelle Rl represente un groupe acityle, p-toluoyle,

o-tqQl uoyl e, benzoyle, mtoluoyle, p-t-bu- tylbenzoyle, ‘ﬁéﬁyTbEﬂiﬁy+e——____
3, 5-di ni trobenzoyl e, N-phenyl car barkRQ483162B4apht oyl e, 13 n

p- ni trobenzoyle); - transforner |ledit conpose repondant A mﬂm m,mr l’””m
un conpose repondant A la fornul edgldpi: 15 COO Me 20

RIIl Rt 250 (dans |aquelle ) et ont | es nenes S|gn|f|cat|ons que

i -dessus), en oxydant | egi 0s6 repondant la formule [1] et en faisant
reagir |le produit obtenu ave conpose repondant Ala forrmule [II] en
presencé d' une base fort 30 Il 35 (dans laquelle R2 ? R4 ont |ea m nes
significations que ci-d ), 40 - reduire | edi t*donpose repondant
a la fornmule P11] avec uyn B reducteur pour former un conpose ripondant
Ala formule [V]; CO gMg 45 TI'V) 50R +R. .t
RI O OH (dans Iaquelle Rl, R2 et R4 ont |l es mnes significations quo

Ser t CO OSG TI

LT G ngs AR %e,,zog&ﬁjgﬁ;;n:; bl T pn ke

Procede sel on Carac s

repondant A lla £ Sbosk FdpandBi3 a

procede,scorrprenant Iese sta eIsmcorqcs"} s'ﬁarllafmﬁﬂe% a re %épljér&%'ﬁég%m%m“'

3, 5-ci s-di bronocyci opent bne rspong ala fornule 55 10 avec le
sel de potassiumd' un o-hal opH® %Bﬁﬁ? f or mer

3, 5-ci s-hi s(2- haloph6nox$)cy-

B\ o)

20

opent ene repondant A la formule 6 15

[III]

25
(dans laquelle Ry, R; et Rs ont les mémes significations que ci-dessus),
en oxydant ledit composé répondant la formule [l] et en faisant réagir le produit obtenu avec un
b composé répondant & la formule [ll] en présence d'une base forte;
30
0 R, R,
il PR
(MeQ) ,p Z {II]
35 .
I
0

(dans laguelle R, et R, ont les mémes significations que ci-dessus),
40 - réduire ledit composé répondant & la formule [Ill] avec un agent réducteur pour former un composé
répondant a la formule [IV};

COOMe
45 _O\:
| S [IV)
\ 4/Rg )
50 s : z

R0 :
OH

(dans laquelle Ry, R; et R, ont les mémes significations que ci-dessus), et
58 - solvolyser ou hydrolyser ledit composé répondant 2 la formule [IV] pour former ledit composé répon-
dant & la formule [V1I].

2. Procédé selon la revendication 1, caractéﬁsé en ce que ledit composé répondant & la formule 1 est pré-



(dans laquelle X represente un atone de chlore, de brone m II “I .
- traiter ledit conposs repondant le 6 par du m :
netal lique pour e transfornmer en E}n ‘r%%fé@ﬁ]i? de Grignard; «-

reactif de Grignard on presence d'un catal yseur netallique pour for msr un

cycl opent a- PEME PrReAde o jog stades gonsistaphdi:e 7: 25 30 - broner ledit
conpose r epondafdire rRadirde 3.5¢ P@Wﬂﬂ??mﬁed?m‘?a"tﬁfa@é'ﬁ'ﬂ%ronure repondant A la -
hbrrmul s 8; 36 Be~~~~~~~ 40 8w Br et 4S - elimner par ré6duction le

br one c;e la partie cycle % maillons dudit conpos6 ré6pondant A la fornule

8 pour forner |edit conpose ondant Ala fornule 1. 3. Proc6d6 selon |a
revendi cation 1, caract6ei so\eH ce que ledit conposé repondant a la fornule
1 set pr6- parn par un prageté conprenant |es stades consistant A so

- faire rb6agir le 3-chlorocycl opentene avec un ddriv6 phenolique repondant

A la formle 10a/ellebei@e pllassithd d'uh h&iéhbhénol ;ﬁerfgmﬂﬁ33%@3-bm2 HafbPERodyRELPEAtshe M

represente | a S@pindant #laféruBet assi-um) pour forner
3-(2, 4-dl bronp- 6-i odoph6- noxy-cycl opent ene repondant alaformule 11; 5

Ba. B Oa 11 10 et - traitor
| edit conpose repondant f avec un conpl exe de pal |l adi um on
pr6sense d' un 15 e sphore et d'une pase pour forner
| edit conpose repondant a I% Proced selon |la revendl cation 1,
caracteri b6 en co qu' II conprend Ies stades consistant a: - intervertir le
Ewoups hydroxyl e de | a [)Z)(OSI tion 15 de 1'isonmere 15-P repondant A la formula
20 {dans laquelle X représente un atome de chlore, pu gigde); .

4R Rt OPCH 30 (dbgter! pérépondangdla farmydg 6 pardu nagnésium métalliqug pouy e transfasmer o

- dessus) té?'g ctd#dq?gr?;nard

- cycliser ce réactif de Grignard en présence d'un catalyseur métallique pour former un cyclopenta-
benzofurane répondant & la formule 7;

© ’
o Qo

- bromer ledit composé répondant & la formule 7 pour former uﬁ {étrabromure répondant & la formule 8;

8¢
85 0 )
-'L ) : ..' 8 r 8
Ny .
40
Br pgp
et
45 - éliminer par réduction le brome de la partie cycle & § maillons dudit composé répondant 4 |a formule
8 pour former ledit composé répondant 2 la formule 1.
3. Procédé selon la revendication 1, caractérisé en ce que ledit composé répondant & la formule 1 est pré-
paré par un procédé comprenant les stades consistant a :
50 - faire réagir le 3-chlorocyclopent&ne avec un dérivé phénolique répondant & la formule 10
oM
i Br
10
55
Br



par une r6action de Mtsunobu, |oquel est fornmb come sous- ﬂmm‘“ \\“\U‘l‘
| orsqu' on r6duit ledit conpose regapggﬁg fBJa formula Cl1]
0 0 45 (dans laquelle RI, I'es™ m~nes S|gn|f|cat|ons gua

-dessus) avec ledit a ent reducteur . Procede selon |a revendication
1, caracteri se @angdaugle rep@m@'emwmy '%E%@%’“’c?@ﬁé?’ﬁ'ﬁ%lﬂ?'(%dibmm?rW‘éﬂ"?‘i r
| e groupo hydr oRQ¥-Evdprentige gipendanta ferule iy conpose repondant a la fornul a
[V1 s7 55 70 EP O 483 162 Bl COOWe 07c s <)"

HO en utilisant du r6actif de

[VI R®10
bl yser | e produit oy bnu. 15 6. ProcWi

Mtsunobu et - solvolyser gu
de preparat|on d' un corrpos reppdant A la fornmule [I]: COOnc 0 20
[3~] :qOH RIO 26 (dans | ag le Rl a la nene signification quo ci-dessus),

caracteJi se en co qu'il Jend | es stades consistant A: - former un

6 35 (dans laquelle X represente un atone de chlore, de brome ou d'l|ode) en
faisant reagir &ts 3,5-cia-di- bronocycl opentene r6pondant A la formula 5:
40 Br 45 - traiter ledit composé répondant & la formule 11 avec un complexe de palladium en présence d’un

15 ligand de phosphore st d'une base pour former ledit composé répondant & la formule 1.

4. Procédé selon la revendication 1, caractérisé en ce qu'il comprend les stades consistant &:
- intervertir le groupe hydroxyle de la position 15 de I'isomére 15-B répondant a la formule [V]:

20 COOMe
[v]
25
s “

(dans laquelle Ry, R, et R, ont les mémes significations que ci-dessus)

par une réaction de Mitsunobu, lequel est formé comms sous-produit lorsqu'on réduit ledit composé

répondant & Ia formule [lil]
35 _ COOMe

o o)
-y :
: [I11]}
40 .
4/ P R 2
R,0
0O

45 .

(dans laquelle Ry, R; et R; ont les mémes significations que ci-dessus) avec ledit agent réducteur.

5. Procédé selon la revendication 1, caractérisé en ce qu'il comprend les stades consistant a:
- intervertir le groupe hydroxyle de la position 15 d'un composé répondant & la formule [V]

80
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avec |l e sel de potassiumd' un o-hal ophend - transforner |edit conpose

répondant A la fornmula 6 avec du tallique pou“mm ﬁ

reactif de Gignard; 50 - g%gl iser IBEBprodwt obt.e m ["'Mmu”",
d' un catal yseur netallique pour former du cyclopentabenzo- “fufarte W6p6ndant
Ala formule 7; 55 COOM. -7

~~~~~~~ 7 71 EP 0 463 162 bromer |edit conpose repondant a | a
formul e 7 pour fornmer un Aronure r6pondant a la formule 8; B, 5

04% f O </10 - 6eimner par r6duction |es atonmes de
brome stir Is partie cy uB maRli ons dudit conpose reponffht f5 A
| af ormul e 8 pourfornerle -~ R,

3a, 8b- ci s- di hydr 0- 3H-5,:7- di pent a[ bj benzof ur ane repondant Ala
formule 1; Br 20 R10 0 25 - sounettre ledit conpos6
repondagt a la formule | a un®Heaction de Prins et A une hydrol yse pour |le
transforner en un diol repondant Ala fornmule 2; 30 80~~~~~ 35 HO~~ 140 -
traitor ledit coWmOmsantdopsacdaaMisdndba;étor mul e 2 par un reactif de Gignard
de mani ere A ef-fselnblyseroulhpdrdier le produit obteC hange net al - hal ogbne; - faire
reagir |le prodult obtenu avec |le propionate do nethyl 3-fornyle; -

sounet te Pe PyPesdéde riénaeatien duncawrasd peydan b iadermulglll obt eni run ester do di ol
repondant ala formule 3; COOMe 45 0 50 HO H et 55 - sounettre
| edit compos6 r6pondant Ala fo GO0G@mMa une protection du groups hydroxyle
prinmaire, A une esthrificationjdu groupe hydroxyle secondaire et A une

otectlon du groupe hyd 0 pri -
3 OH
R0
25

{dans laquelle R; a la méme signification que ci-dessus),
caractérisé en ce qu'il comprend les stades consistant &:

U - former un 3,5-cis-bis(2-halophénoxy)cyclopenténe répondant a la formule 6:
%0 .
X o o
X
& O )
. o
\_/ (dans laquelle X représente un atome de chiore, de brome ou d’lode) en faisant réagir le 3,5-cis-di-
) bromocyclopentdne répondant & la formule 5 :
40
Br
pu Br
avec le sel de potassium d'un o-halophénol;
- transformer ledit composé répondant & la formule 6 avec du magnésium métalllque pour donner un
réactif de Grignard;
50 - cydliser le produit obtenu en présence d'un catalyseur métallique pour former du cyclopentabenzo-

furane répondant & la formule 7;

. e |
5

i



maire de maniere A transfornmer led it conpose r6pondant A—\—I _
fed Lt corposs reponcant a la formig [Al. .12 i
* [ L ] $ *

- bromer ledit composé répondant & la formule 7 pour former un tétrabromure répondant & la formule 8;

. Br
5 0 \©\
R 8r

' 8

10
8r B8r
- éliminer par réduction les atomes de brome sur la partie cycle & 5 maillons dudit composé répondant
15 4 la formule 8 pour former le 3a,8b-cis-dihydro-3H-5,7-dibromocyclopentafb]benzofurane répondant
alaformule 1;
Br

Y |
- 20 O@
: 8r 1

25

- soumettre ledit composé répondant & [a formule 1 & une réaction de Prins et & une hydrolyse pour
le transformer en un diol répondant & la formule 2;
W,
30
2
35
RN

- traiter ledit composé répondant a la formule 2 par un réactif de Grignard de maniére & effectuer un
40 échange métal-halogéne; .
- faire réagir le produit obtenu avec le propionate de méthyl 3-formyle;
- soumettre le produit obtenu & une hydrogénolyse pour obtenir un ester de diol répondant & la formule 3;

COOMe
45
o
3

w -

HO

et

55 - soumettre ledit composé répondant & la formule 3 & une protection du groupe hydroxyle primaire, &

une estérification du groupe hydroxyle secondaire et & une déprotection du groupe hydroxyle pri-
maire de maniére & transformer ledit composé répondant & la formule 3 en ledit composé répondant
& la formule [1]. '

72



