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ander the laws of
f‘}\ vi ew Avenue,
| alid RoR bihustd oy Yahst €d St ates of : ‘rl decl are
e A)A%%'ﬁ:f > BT Ave. atent W& Med to us, and
Hlle(5l1 0 b)g)cr:ﬁﬁ 2] 0,,%%&3@’3@%?‘2?%d, to Iy descri bed
I n and by theco7BbJ4OW ng st at enent: - E A i nvention
rel esuyamggamﬁptaﬂdcn lr‘;;')vze'(!B a%El(%st 2{?11 gggég Zgsetrz‘}iwvat i ves 30241 0- cess for the
pr oduct i f t e present invention relates to
antinmeric anéggﬁﬁ?ﬁrﬁ¥%@?‘%ﬁfﬁ£g@ acid derivatives and
5-cis-13-trangy 363 8633k BsleEr YBtIsyYeSes Bevi ng a di - fl uoronet hyl ene
(di fluorocycl3s '3833 )40y r Bl p3hnIXaededitsootshe C- 11, 12 positions, and 10
oxygenat ed f ujd¢¢ g’@ ?}ﬁgsﬁ 35 ons of the nol ecul e, which may
be fur- ther Ig Jég% &bgu ’O1 or et hyl group, the C 20-nor
or bisngep dssiixasi14A yESEaNd certain G 20-al kyl derivatives thereof, the

al kyl group containing from1l to 4 carbon atons inclusive, processes for

t he production of (%P%F’g?wgﬂﬁiga@g l‘?ﬂé’d’ are the nethyl esters of

t he carboxylic acid f Ghett hb utTcally acceptable 15 salts

t her eof (71Pr oW SYRTHK N® .24 & IMC.Q4 Qotpor@ion Ghagiiked aldbdthd bsdfed 20- car bon chai n
hydr oxge $tate of Delawargs United iStats pihdmenigas ofc348k Hillsiew Avenfie, Brlodhtanoi ¢ acid: [err] 20
20 e Ly that 5 pateat may b guned o1 ‘i%i“’ﬁ?%%%ifé‘%@‘@‘?ﬂﬁiﬁgf -

20 Theoied 3 BPheABick) JeseHbul i Gndcby G ol fiadtent De O 9 PBOSI tiongare known as
the PCGE ¢ pesnt ibkaie réassit) cerain mywdl pspiglagliodepivitivespb agpeo-of  t he oxo group are
known ceﬁsfog ppgrctionshereats andi ar e ft{rtkgermjdesci nat ed b% an [err] or [err]

suf f I ?(13Itémf w&gf ﬁﬁ&é;éeg{gﬁﬁ‘g-ﬁﬁ -afrj_:g?j.no c?acz ri%%%&%am-OUp at[ sai d
POSI 1 | RBromdiiend) adiforbcy BHTRHOU Abded REhOEN 12 Bymbsexshdsubstpt ut ed 25
Conpoumypsnateq iomaat @E-ehind| G fofidumesft theadregecdlg svhigh maneecfuir at i on in t he

nol ecu‘tE‘v su E?‘?:“C&gogl? I‘%Et‘llz’. °‘$}th>”€§’ ,"l?l%z%ﬁﬁ;@?‘i”ff’; ‘:n‘i"iﬁie unsaturation is
al S0 i NGl W ¥asde, dﬂﬂ:ﬁé@r Elrod ’Eé»? SR Clbpotide A8 Glcaddi ns and t he

def i nidrd MA rBihylPstersBE Yhe RirBEYIRQkid F6hciG, and pRarhREuwtiep agtplabl. Bet®strom Recent
Pr ogr esls theeeotjor none Resear.ch 22 pp. . 153-175 (_1966%f and Sci ence 157, page
382 (%@m@?gmgg%@;m{, picaliciaied 20-carbop £44ity JAHYHY are wi dely

di stribute n manmal i an‘ti ssues and have been isolated 30 from natural
sources in very small ake 2

txd

2 icbason a nunber of the natural occur-
ring prostagl andi ns H% Lheer rred by chem cal synthesis; note, for
exanple, J. Am Chem SoC.'391s 5675 ('4969), J. Am Chem Soc. 92, 2586

£970 and J. Am Prostanoic Acid 20
. The prostaglandins having a oxo group at the C—9 position are known as the PGE
series, those having a hydroxyl group in place of the oxo group are known as the PGF
series and are further designated by an « or £ suffix to indicate the configuration of the
hydroxyl group at said position. The natural compounds are the 9a-hydroxy substituted
25 compounds. They may contain different degrees of unsaturation in the molecule, parti- 25
culz}rly at C—35, C—-l3 and C—17, the unsaturation is also indicated by a suffix. For a
review on prostaglandins and the definition of primary prostaglandins, see for exampie
S. Bergstrom, Recent Progress in Hormone Research 22, pp. 153—175 (1966) and
Science 157, page 382 (1967) by the same author.
30 Prostaglandins are widely distributed in mammalian tissues and have been isolated 30
- from natural sources in very small amounts. In addition a number of the natural occur-
ring prostaglandins have been prepared by chemical synthesis; note, for example,
. Am. Chem. Soc. 91, 5675 (1969), ]. Am. Chem. Soc. 92, 2586 (1970 and J. Am.
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2 1,414, 881

2 Chem Soc. 93, 1489-1493 (1971) and references cited therein, W P.
Schneider et al 1 Am Chem Soc. 90. 5895 (1968), U. Axen et al, Chem
Commun., 303 (1969), and W P. Schnei der, Chem Conmun. 304 (1969) Because
of the remarkabl e range of biol ogical and phar macol ogi cal properties ex- 5
hibited by this famly of conmpounds, a great deal of interest has fdécused
upon such com 5 pounds and the preparation of anal ogs of ‘such corrpounds
accordingly we have dis- covered processes for preparing nodified

prostagl andi ns aad derivatives thereof. Tha4mmgeel prostaglandin derivatives
of the present THVeNtgRR, §‘arb3b§48§_ep4rge§@at)e‘qd R¥erchREcid@ kAW W0, $81AEH: & a1,
formula: [err] 10 J. Am. Chem. Soc. 90, 5895 (1968), U. Axen et al, Chem. Commun., 303 (1969),

10 which conprises rzoéM.&. Schnctdm@gmaﬁdnnamtiﬂﬁé%@ comoounds wher ein R

bl hprm
represents a str ghtmﬁlﬁ%ﬂiﬁﬁ fa%i‘g:%a!%‘? un s,a re F%i’f ?ﬁ:ﬁﬁ Ff,asae:ri“% ?iasﬁg&ﬁ 5

i nclusive; Rerr dis-
Rlerr] represents hy oﬁ@ﬂrp,rocémb h)ybrepmngtnhty ed prostaglandms and derivatives thereof.

15 Z represents a sing feThla oyl Rypstagla rsdedwatfﬁeftb@memammemn basgresertgeby (
[err] ) indicates the T@t“t”']‘"géfm'[’cef? d%configuration or mxtures thereof,
provided that a) when the side chain gt%ached to the G 12 position is
[err], the difluoromethyl ene group at J,0NS 1S

11[err] 12[err]pnly; and when the si hai n at t?ached 20 at theyg
C-12 position is [err], the difluoroneM§Trefieygfoup & the C 11,12
positions 20 is 11[err],12[err] only; &ffd byt ‘when R[err] is [err] the
hydr oxyl group, attached to t he sane car bon as R err], rr] and when
Rlerr] is [err], the " t;?kg S ok P;Ftsa%‘nﬁeﬁf&‘?'ctt’msm cﬁfé‘fg@"‘&‘%ﬂ‘ KPES™M Rt err],
is [err]; and the phqiz B Y G RhotMliee Sl 1S et hyl esters

t hereof. 25 e anti neri c corrpoun S encorrpassed by formula (1)
above can be represent ed 25 in tarther det a|I as fol?ows: The antineric

conpounds wherein R err] is oxo and—t'he si de® ghal n attactted at the G 12

position is [erg] be le sent eéj tte subgeneric fornulas: [err] 30
The antineric c rrpou% le ﬁg@"@; i ublebond and

30 [err] and the sidene nnea(tgta;aiaﬁdﬂ&tadr &n@ui’aﬁmﬂﬁ&hﬁtﬁr&ﬁhdeﬁf provifled thac an be

represented by the sub)- whende side fhainrathched tof thy £1-13 Position is 8, the Jifeoramsthylensr i c
conpounds wher e}'on Rl err ] %at the C—11,12 positions is 11a,12« only; and when the side chain atta

C—12 t , the difl thyl the C—11,12 positi
[err] 1,414, 881 1s11e IZﬁonlpos;nlgnlsa e difluoromethylene group aé end hep i 20

chain attached at theb)Cwhéh 'EFDSM Itharhydr&y[ gwp] ataciad ) ehe saEr @dem ek, 15)\8 tnlde

sub- generic fornul as: T {eth f ﬁ%{gﬁ‘“ éilfhmﬂ[sé‘rsrlf aj dgy o
b i“%i
Etﬁ) . C':ceilsn:nceorxsg;ts g&e%m argbrgglted 25

and the side chg n atta

represented by the Subgﬁ[i&rdkrﬁil sQﬂl and The
antimeric conpounds whelTb¢ antRjes¢ rc]mpmsldawu:rdzrhs‘ & iogleangthd ndeap&ltla@tmbbdatt thtéhe
C--12 position is a, Calt Beumdns sandnreatysepiyd pyike 53‘?55““"‘1%“““‘“ generic

formul as: o B

10 —"W\/\ COOH coot
° and ; r ®
v ! B,
% )
"¢z @ 2 s o

R! OH

30 The antimeric compounds wherein R? is 30

oH

(R

and the side chain attached at the C—12 position is 8, can be represented by the sub-
generic formulas:

oH

Wcaoﬂ ¢
OV wd <"
- (0)
“'CFz

C'Fz 23 oH k3 OH

COOH

35 The antimeric compounds wherein R? is 35

OH
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1

[err] and The antineric conpounds wherein R err] is and the side chain
attached at the C-12 position is [err] can be represented by the 15
sugeneric fornmnul as:

15 [err] In turn, the antinmeric conpounds of Fornmula (A) and (B) wherein
Rlerr] is a and the the hydroxyl group, attached to the sane carbon atom as
Rlerr],-is Jerr]., can be represented by the formulas: [err] 20

20 and those wherein Rerr] is [err] and the hydroxyl group, attached to
t he -sane carbon atom as R[err]1 z!s? [err], can be representeg by the
formilas:-ferr].and— 4 b4 1, 414, 881
4" The amditreeside chainoavaehehdsheoE—1 Dpositidnais 8 @) bearapresrityd byhlerseb-n Rl err] is a and
the hydgeBK§ forBrlastip, attached to the same carbon atomas Rlerr], is [err]
can be repregented by the formulas: [elk] z

z 5 ang\ t-hQse~bereLs R er r% is | soer oxyl group, attached
to the sa : &t om (g as Rperr], . -Rcan be represented by the
fornmul as: [ eEr) jye antimeric conpounds, ofsfowm@as (E) and (F) wherein

Rlerr] is a and the hydroxyl group, attached to the same carbon atom as
Rlerr], i sticSinfihericC@Mpdifd WRRILRERIRE afdytht Bi€e dfin anached 418Ul @s: [err] OH and
(B) ant—-thpsigionikecs te rdpfeented byl the shiggenctic famghlas:he hydr oxyl groups attached to
the sane carbon atomas Rlerr], is [err], can be represented by the

fornulas: [@rr] and 15 The antj nerig conpounds of Fornmulas (G and
(H wher ei i pav] anQnd he hydrpxyi==grodp,~«r4 ached to the sane
]

carbon ato , IS [err] can be ed by the fornulas: [err]
and and thos@"zm@%r;g)n ﬁf’err] is [err] andzt dwydr 8yl group, attached to

t he sane carbon”atom as 20 Rlerr], is a can be represented by the

f or mul as: The antimeric compounds wherein R? is 20 [err] and The antineric

conpounds of Formulas (J) and f,K) wherein Rerr] is [err] and the hydroxyl
group, attached to the same carhon atomas Rerr], is [err], can be

repr eseag‘iag sgg cl}agleatt];c%gdrg”tl IthaeSC---ﬁ position is e, can be represented by d&gub- z 25
[ &' ] ge formulas: 10
oH oH
! z ! r4
q\é/\/\fao// d q—"\é/\/\ cooH
- R an - 4

The antimeric compounds wherein R? is
o#
—
and the side chain attached at the C—12 position is «, can be represented by the
15 sugeneric formulas: 15

oH OH
1 z

-z

CO0H -~ W\/\‘voo”

--/YI" and 0 P
cFz %5 oy ® CFy ,q{(oﬂ ™

In turn, the antimeric compounds of Formula (A) and (B) wherein R® is « and
the the hydroxyl group, attached to the same carbon atom as R?, is 8, can be represented

by the formulas:
0 o
z z
NN oo COOH
20 @/\ ) R m/\ 20
CFp oi{k @ “oF, Ok R% ®) '

and those wherein R is 8 and the hydroxyl group, attached to the same carbon atom
as RY, is «, can be represented by the formulas:

o

- z z
NN LoV COOH
.~ [l ~. (3 ")

~ 1 = vt -
cFy, R3 on  (AY o, RS OH



1,414,881 5 and those wherein Rerr] is
[err] and the hydroxyl group, attached to the sane carbon atomas Rerr],
is [err], can be represented by the fornulas: [err] and The antineric
conpounds of formulas (L) and (M wherein R err] is [err] and the 5

hydr oxyl group, attached to the sanme carbon atomas Rerr], is [err], can
be represented by the 5 fornulas: OH : " .

[err] and and those wherein Rlerr] is [err] and the hydroxyl group,
attached to the sanme carbon atomas Rerr] is a, can be represented by the
formul as: [err] 400gC 10 The racem ¢ m xt urgg4.eiconpassed by fornula | abo%g
are mxtures inm equUal D0 anbHht o s O formills| (&) 48 (B9 RN is [ And the a1
(G') (B) and hy(ﬂtsﬁy) gﬂ;ﬁ), attaclﬂjgbt(:)g;lt:se same carbon ag?nﬁlma? R“,(is Z, can be represe e@'b)r the and
(r) formulas: - 15 (D) and (M) (E) and
(J") (F) and (K")?,(G) and (A") 20 on

(H) and = (B") ~Z and (E")
(K) and  (F) (1) aAd_» (CT” anawiM) (Jand_ <(D'§"%5

The dotted |lines shown iRithe~above f,)or nul as and i nit he~Ferpul asgpel ow
indicate 25 that the subsfifuerts dfe in the a conffglifation, i.e., bel ow
the plane of t cycl opent ane. riing, The conpounds of formulas A, C and E
bossesa the sido ohatoge Pagn s b st 1R SARER UGS fids U ISR o R
C-12 in [err] configuration, thus the side chains are trans 30 W th
respect to the cyclopent #&fe nuycl eus, as in natural @fostaglandins. The
conpounds 30 of formul G ~and-T aso have the/Sy arns < t r ans
configuration; however, ] ®hain at C#®dis [ “fhe side chain

at G12 is a, i.e., they ¥fe Sppesi (& to the confi gatfFon ¥f nalr al
prostagl andi ns. The si chains in canmpo nd ?{%{?)f or as. B, RD.aQqT{ are
([ere] Torm) el s et BESHERAL B IREL AT Bakat &K ano 1
are 35 ({eerr] sbrid:] Cis with respect to the cycl opentane nucl eus. 10
35 The doubl e bonds in the conpounds of the present invention have the sanme

con- figuration as in nafliral zprostagl andins of thelf[erz] or-E[gsf] or
Flerr] or F[err] series,<1 ?7&%’(?/873@6'@ bogg at ,61S jan Ci's
configuration and the doWf at G 13,14 I's in ¥iahs Tonki gur@sion. 40

When t he conpounds of the“’f;ré%enfsi %ention are raceffx m xtures, they are

pro- 40 duced starting [romae |15 M0 SR a0 GRIRRURES &fm dshe
Pk k) R

invention are indi- il gbahn RRépkdsdR ounds are preferably obtained
starting fromthe appropriate individual antiner. The use of the synbol " R
" or " S" preceding a s@bstituent desi %nat es the a%o- , 6
1, 414, 881 T 00 . 6 e~Stergociféffi stry of
t hat substituent accordi &€ cahn- | ngol 3d Pr el oy <] see
“cry R® 4 g “cr, R® OH G
15 The antimeric compounds of Formulas (G) and (H) wherein R* is o and the 15
hydroxyl group, attached to the same carbon atom as R, is £ can be represented by the
formulas:

[2]

z ¢ z
@\Wmaﬂ NN cook
v and R °
CFp OH Y o4 =) crzéi/?{/\’ o (H)

and those wherein R® is 8 and the hydroxyl group, attached to the same carbon atom as

20 R?, is « can be represented by the formulas: 20
o
z z
NN COOH
cook
. /\/ﬁ and -~ < r
cFp R CoH  (aY cry RS oM CY)

The antimeric compounds of Formulas (J) and (K) wherein R* is a and the
hydroxyl group. attached to the same carbon atom as R?, is 3, can be represented by the
formulas:

oH o

: z !
25 COOH —’\é/\/\ COOH
. />/ I3 and . />/ o 25

crp OF TRE (Y cry oH RZ ()



Cahn et al., Angew, Chem Inter. Edit., Vol 5, p, 385 (1966), errata p.

511; Cahn et al., Angew Chem Vol. 78, p. 413 (1966); Cahn and Ingold, J.

Chem Soc. (London), 195%—p—642 GCahh—et—al—Experientia, Vol. 12, p. 81

(1956); Cahn. J. Chem Educ., 5 Vol . 41, p. 116 (1964)]. Because of

the interrelation of the de5|gnated substltuent with 5 the other

substituents in the.conpound -having [err] or [err] prefixes, the

desi gnation of the ahsolute configuration of one substituent fixes the

absol ute configuration of al ,4r34psti- tuents in the conpound and thus the

absotute——confi- "ah—jn—of——t—he—mnpode—as—a—ka-e—‘Fhe—m%#—erred conpounds

of theﬁﬁ;"@’éﬁg‘ﬂf“ ﬂﬁ/(ﬁﬂ ‘ib“S{l‘ge 'l‘lj’ﬁ]h%%"@’ JtAchGthio i St ptiEom f chain attached

to the 12 p05|t|on RAs the same unit structure of natural prost a- 10

glandins, ig¢e., the conpounds wherein ® is the group n-pentyl. The

nunberi ng Boost er ecghem S “némenetatame used herein for the

conpounds tdhrespresent | nventfon is e/@s»t/'edccept ed nunbering and

st er eochemi s¥r ye3noffencdvat ure [ see ProgFéﬂss"sl n% he ®Cheni stry of Fats and

O her Lipids, Vol. IX, Part 15 (;Les 233- 236 (:?968) Per ganmon Press,
OW

regimeric | ? é‘é@?o (L>va efem 16 t0.319 (1969)].
‘I'\'Iﬁe [eéér]::’glgm[‘%??‘]i%% 1§ A8 AR ST K f3 5 ”e ;%ﬁ!% f%s beed indi- cated
only in the cases wherein one or both si de chal ns are attached to the
cyclopentang ring in opposite configur@tionto the confl guration of natural
prost agl an 5 e t hegggar box \ﬁﬁ%c/F\%m at CG8isin[err]
configurati aa‘hﬁlzofthe al kyl side c - C12 is in a
configuratioffz % ®% @ CF m 20

Theterm" eeRarn getl I alts erstothose salts which
do notf{:%kg,r& Qé&s!n% g,glg’ Ihé;[& ‘g‘ p'f e‘hpﬁaeinrerracé’l 0gl Lal properties of the
parent conpound. Suitable pharmaceutically acceptabl e salts include, for
exanpl e, meesal salts such as sodium petassium calcium magnesi um and

[e

al um ni um mcgami C ‘i‘ﬁj ne s s\éé/\/\%@h as amoni um
dPet hyl ami Ret--4esrt £ (di net hyiafr no) a@/["er r]- (diethylPani no)
25 et hanol , sthe? aryi ni ne, caffeine, “pr §caiffe #md N-et hyl pi peridi ne. The

i ndi vi dual antimeric conpounds of the present invention, except those which
are furt [The reerits mistuds eckompass@i Bybfotmplacl abeve lagel migrresein legual ge-oup can be obt ai ned
by a peogrion etliefollqwingsempendst by the fol | owi ng schene: [err] 1, 414, 881
[err] 1,414,881 (A" and (G _ - 8 [err]
1,414,881 [err] 10 (B’) and (H") 1,414, 881
[18rr] wherein R has the atféyve iandli c4L'Bd neaning R err] reprasents hydrogen
or nethyl THP is 2- tetrah@f opﬁ’}nylé%hd Ac is acetyl.

and

(G)  and (A")’
20 (H) and  (B") 2%
) and  (E”)
(K") and (F")
L') and {C") and
) ad (D")

25 The dotted lines shown in the above formulas and in the formulas below indicate 25
tpat the substituents are in the « configuration, i.e., below the plane of the cyclopentane
ring.
The compounds of formulas A, C and E possess the side chain at C—8 in « con-
figuration and the side chain at C—12 in 8 configuration, thus the side chains are trans
30 with respect to the cyclopentane nucleus, as in natural prostaglandins. The compounds 30
of formulas G, J and L also have the side chains in frans configuration; however, the
side chain at C—8 is B and the side chain at C—12 is «, i.e., they are opposite o the
configuration of natural prostaglandins. The side chains in compounds of formulas B,
D and F are (8,8) cis while the side chains in compounds of formulas H, K and M are
15 {ayer) cis with respect to the cyclopentane nucleus. 35
The double bonds in the compounds of the present invention have the same con-
figuration as in natural prostaglandins of the E, or E, or F,. or F,, series, i.e., the double
bond at C—35,6 is in cis configuration and the double bond at C—13,14 is in trams
configuration. .
40 When the compounds of the present invention are racemic mixtures, they are pro- 40
duced starting from racemates, while when the compounds of the invention are indi- '
vidual antimers the compounds are preferably obtained starting from the appropriate
individual antimer. '
The use of the symbol “ R or “S > preceding a substituent designates the abso-



1,414, 881 11 In practicing the

process illustrated above, the starting conpound, nanely 1'R- (2'[err] -
hydroxy - 4-fert] acetoxy 5 lerr] - formylcyclopent - 1'a - yl) -
acetic acid 1,2 - lactone, represented by fornula A-1 is treated with the

sodi um ani on of dinmethyl 2- oxo-n-al kyl phosphonate of the formla: [err] 5
5 wherein mis an integer of from2 to 8, in 1,2-di met hoxyet hane sol’utiqn
to produce a mixture of the trans enone and di enone | actones of fornulas II

and I, respectively, which are separ at ed lq sdgpnventi onal techniques. In
addi ti on aci d +or—!t§—2—t—t;—-f—tﬁue—rr‘—ﬁer;eae1—fr§—t—he_——
smr h“gﬁ ’f"ﬁg QJ % ified

yield of the Iatter %’}‘éﬁol ‘;JS‘?‘ 966)Ie” Mg n
ndon))

Wttig reaction. Procg Mﬁﬁ.ﬁ " |@9§5§:

the art, see for exa se p6612T hl éixpe&krgua,ACbl/ 12,|p180( atnr, Calﬁherﬁhm rBduc.,\/ol .
1, pages 83-102,5S. en 1 g:ettr aptewfe terrgfefion of e degjgpated subpueEANt: The 5
sodi um ani on. of a dl ‘dﬁﬂof e Pl %ﬁé"?‘t‘tsbm-
accordance with the ngé yereabshruteQexragMa& ofa&:ecod uhdls aGREIEN

Soc., 88, 5654 (11966) fTi’@mrdcmttt dercf pldsent mventxqmtm Mtnhavh@phh;sqﬂnonate
and a net hyl or thyI 1agpched HPA SR of patufal gofty t o

v ban ot oo, g 5&@“ =’°'t§ e Reagt o

noat e and et hyI n non@mﬁm of"tih@rers@amtrmm i ﬂneputecfcmteabrhmbea@gtdﬂ&te&&humd@r an

i nert atnos- gnogpencla ake @hemiy rf’a tan4) Lipidg (Vol. IX, Part
orperct res b1 10 or R T (U R Pt G Tk
bel ow, using at |easte Gxﬂfrﬁtﬁermﬁﬂ aea&arsaiﬁ, @mfn@ﬁ@@t& e ﬂlecycloﬂéﬁ:ﬁnem
of al dehyde, and prefrargabbgpoﬂtezunﬁgn@om 186 configutagonr o agtbialoprostaglanding,i iea whep
carried 20 out for aﬁﬁ ch‘f’edﬁ@ at G—f8olgiin A srafisuratienesnd (g itheplkghsidetrhain at
tenperature and®once PR 4 B e Tl s b aotettamnrhet%t rnad

condi tions, the I’eaCtdlmcdnﬁy EAVEEHICARE (B pHaaBdldgRiTIpRdpartitsl & theOgaredd
hours. The r eact ion p$mreh!mt>hagmqeub@ﬂy ewmv@heﬁlfsr mdlmet he exapple, mttalonltsnmbt vr e by

neutral i zation t helgiRcRoEss L1°as orgagiciagie Flos
by evaporati on & the:r%é% is;i,'a ﬁgeréfﬁa% &uu&m-eaaﬁf“? wma%dr%’pg?atewm’ r by®
addi ng wat er and extractThn dlvlitlaal [ dxokiic apimuanvmtm)lesmtthosmmcr bl e
with water, fégﬁh@ m@?{:gr%g Ydr r@eﬁw cgylhpup cnghe|obifiaedl by pro-
evapor ati on of the so‘i e UAES“FTand 111 are separated by
conventional techniques, such as chromatography,on silica gel or thin-layer
chromat ography (t.l.c.). 30 In the key one step of our process the
1'R-antimeric dienone of fornula Ill is the O trgated with a

di fl uorocarbene generating source in a suitaq eﬂgr gani c sol vent resulting
in the addition of a difluorocycl opropyl grcwp across the doubl e bond nost
renote to the oxo group, i.e., the ring doMnd thus affording a

m xture of the two epimeric difluoromathyl efie 1™S-antd neri ¢ conpounds of

20

formulas IV and IV-A in which the §5$ fused m uorocyciopropyl group
isin [err] or [err] configurationgyfespectivet e side chain 35 in
conpound of forrmula IVis in [err?§;£9¥ﬁgu?atron ¥ has the
configuration required for natural proskagWandrns t he”conpound of
formula I V-A has the side chain at ed i n&sQn f ratron These
conpounds are réddily separated by nventronal ques known to the
skilled in the art. 40 he erred d s, the reaction
i s conduct ed under anhydrous condr tumns us s%drunw*

chl orodi fl uor oacet ate as source of rbene a tenpera- ture
above which the salt deconposes, uq rnert\ nor- queous spl yent of
sufficient polarity to drssolv% th Io acrd sa |tablew§olvents

i ncl ude 1, 2-di net hoxyet hane, r (diglynme) and
triethylene glycol dinethyl ether ner 45V1 abty <ﬁhe reaction is

perfornmed at tenperatures in the rancgeo 8 a/wﬁ;e)ﬁ—]—&&nd—peet—er- ably at
the boiling point of the solvent usadgfor period time of_five mnutes
to one hour. The course of thgf’cr__ea n can be noni d by Thim- | ayer
chromat ography or by determ nati on%m/m/ spect r@ A\Pematr vely, this
di fl uorocycl opropyl addition can be™eife¢yed %ith other reagenits 50

known to generate difl uorocarbenes such as phenyl (trifluoronethyl) nercury
and tri- 50 nmethyl (trifluoronmethyl) tin in the presence of sodiumi odide
in an aromatic hydro- carbon solvent, at or near the boiling point of the
sol vent used for a period of time typically of fromtwo to 18 hours.



The 1' S-antimeric difluoronethylene conmpounds of fornulas IV and |IV-A can
55 be separated by conventronal t echni ques such as fractronal
ysta B ography.
The indrvrdual conpounds are in turn subnltted separately to the samne
sequence of reactiqns in order to obtain the difluoro- nethylene
prostagl andin antimers of the invention. Thus, the oxo group of the
1'S-antinmeric enone | actones of fornulas IV or |IV-A 12
1,414, 881 ' 1,414,881 12 can be Belectively
reduced for exanmple wth a solution of zwnc borohydride in an ether solvent
such as 1, 2- drnethoxferane to yielda mxture of the [err]-hydroxy
conmpound and tkta_[__ergg somer there ‘V-A and V-B and V-C and V-D
respectively). The r fs typic dﬁc%Ad at tenperatures in the
C for from 15™ g i nd#8s to three hours, preferably
using an excess of zinc borohydri d&. The &rnc boro- 5 hydrrde r eagent
sol ution can be pared T Oraddar “y~fused ziwe chloride and sodi um
borohydride in 1% floxyetang: €omeric [err]- and [err]-hydroxy
conmpounds can be sép raved 53V conveﬁtraww chrwmat ogr aphy on silica gel or
by thin-layer chromatjography. 10 l Alternatively, the reduction step
can be carried out via treatment with a boro- 10 hydride ion (conveniently
prepared by reactbon of a trial kydsborane derivative fromeither racem c or

(+ )-linonene, t-QﬁxngQ&ane%amd' by N thi-g® in the presence of

range 5 to 20[err

hexamet hyi phosph e,-4&ypical - 130[err]C to - 100[err] C and
preferably - 1

£-4,] C Thexpredohhpanumprodu@t of this treatnent is the

[err]-al cohol fand,pnly s negli gi bie anmounts of the
[err]-isoner ils o tarned 15 A

1'S antineric |[ e(r]- Rydr o> Tr Xy &y E8RD ol T opmul&*V- A can be etherified with
di hydropyran, ipreXer ab in nethyl ne ch ,oride,  iln the presence of

catal ytic ano nts of a acrd catalyst (e.g., p-toluensul fonic acid), under
anhydr ous condrti to_produce t et rahydr ranyl oxy derivatives of
formula VI-A Ty I vV tpe r%ﬁ%tKgﬁ;tg:éﬁﬁxvﬁdBM ducted at about room
tenperature for a it T nlnutes si.ng i about three nolar equiva- 20 lents

of di hydropyran in & i‘nert™grganic Solvent, eg., usi ng net hyl ene chl ori de
as solvent. A lar ger excess/gﬁ\dLhydropyran or honger reaction peri ods,
produce pol yneri - zatron of this ¥eagent. The pr ¢ duct can be isolated by
adding a few dr VT VW€‘§§QQ?§iF§\E?T6ﬁ’ x- 25 ture, followed
by conventi onal ac Ion and e (por ari on qf,.,thg organic extract. 25 The

XV-A

1' S-isomeric IactoPaof“ﬁornula VI 1A c¢%n be prepdred by reduction of the

| actone of formula VI-Awith from 1.1 to 3 nplar equivalents of

di i sobutyl -al um num hygdrd de in .fFaBré‘rhert organi ¢ solvent. Typically,
the reduction is conducted at - to -7f-err]C, preferably at about

-60[err]C, for a period of from10° ?n %hjnr es, 30 preferably using
about two nol argequi val ent s=of t i i sobutylalym nium hydride. Suit- 30

able inert org ook O I-S.eacttorrt ncl ude, for exanple,
aromatic hydrdgélggny/such as tgtﬂegeyow xyl ene] The product can be
isolated fromthg reggti QR m xture,pyseonversiehal separation procedures
and can be used for the next step with or wAhout separation of the

i soners. 35 o4 The 88—;1[ rr], 12[ errzfi fl uoronet hyl ene
prostadienoic (ilgéﬁgt/\’ 35 VIll-[err] can be prepared
by condensatio crude 8S-kactol VII-AwWth the Wt- tig reagent
derived fron15mt??phehylphdsp ni Gf entanorc acid brom de and sodi um

met hyl sul fi nyl cadgmet i de solution. Typically, this
reaction is c \ Aander rous conditions for two to 24 40

hours at tenperatyres in theasrange of 15 to 50[err]C. This reaction is
preferably carried 40 out under an inert atnosphere, e.g., under argon or
nitrogen atnosphere. Typically the triphenyl phosphoni opentanoic acid is
used in an amount varying fromtw to five noles per nol of starting |actol
VI1-A and the anount of sodi um net hyl sul finyl carbanion varies between two
to 10 noles. In the preferred enbodi nents 2.5 nol ar equival ents of 45

the acid reagent and five nolar equival ents of the carbani on reagent are
used per nol 45




of lactol. The product is obtained as the sodiumsalt soluble in water,

whi ch can be converted to the free acid by acidification with oxalic aC|d
or anot he— weak acid to—pH2—foll owed by conventionalextracti on ahd———
evaporation. Preferably the prosta- glandin derivative VIII-Ais further
purified by thin-layer chromatography. The 5- 50 .

tri phenyl phosphoni opent anoi ¢ acid can be prepared according to the
procedure described 50 by R Geenwald et al, inJ. Og., Chem, 28, page
1128 (1963), from 5-bronopentanoic acid and trlghenylphosphiné in
acetonitrile. Th® sodi um methyl sul finyl met A can be obtained from
sodi um hydri de and di net hyl sul f oxi de, stlrrlng the mexture at about
75[err]C until the evolution of gas gggses Gbnera¢L§: it is preferred to
prepare these re- 55 agents jUSt rior to thejreaction with the |actol

of formula VII-A 5 e 8R—§T6§Ta noic g;id conpounds of

formula | X-A can be prepared By oxi ®of t hé: pondi ng

8S-9[err]-hydroxyl ated conpound of fbﬁnulaﬂVlll-A WV%hl<WwW exanmpl e, Jones
[

reagent, Collins' reagent or wi¢h agueous ch’'om @ acid in dlethyl ether [H.
C. Brown et al, J. Og. Chem, 88,~page 38/ hlI7X )} ~Fhi"s—predrct can in 60
turn be hydrolyzed under nild di t i-etrs e, by treatnent
with a weak 60 acid (e.qg., acett@ ac-h, Qxalic aced qereear tvafe C acid) in
the presence of water, to yield,thg 8R conpound af formula X-A Preferably
the starting material of fornul: Lﬁ} disselved +n-asinert water
m sci bl e organic solvent (e.g gr of ur an we) prior to
treatnment with the weak acid. This hyldrol yses is pﬂgfe &bl y conducted 65

usi ng aqueous acetic acid, at aw;enperature hg range of diérf] to
50[err]C for four to ten 65 113 ~— oot
1,414, 881 Durice Fhe prefprred
concentration of aqueous acet|cXacid |s 622 Wt . / WkAe, hagpever xmat hpr

concentrations can, of course af?o b€ used. The 8S—nnnounsatur ted

conmpounds of formul a Xl -A can be conveniently paég;$§5§%~Q¥a§g ectively

reducing the C-5(6)-olefin bon rrexfo ng_diepoic 5

conpounds of formula VIII-A T conveni ety ffectggsby appl yi ng
t he 5 procedure described byzKoeh et “4f, in tffe J8Utnal of\label | ed
Compounds, Vol. VI, No. 4, page%895 (19767a\\‘rhaﬁespect to the selective
reducti on of PGE[err] prostagl o8I | paxS, |t O the

di enoi ¢ conpounds of formula esterifi of an 8R- conpound of

formula X-A with ethereal dlazonE§ -aao X8 ane, % a“conveénfironal manner,
foll owed by reduction with sodi um borohydride in¢a | ower 107aliphatic

al cohol such as nethanol or ethanol, preferably /abouk\poﬁﬁ?ﬁenperature
for a period of time typically of 30 ninutes to X, there is obtained
a mxture of the corresponding 8S-9[err] and 9[erhﬁrh dr dipounds,

(XI-A and XI11-A, Rerr] = M) which are separated by c Aaronat graphy on

silica gel, obtaining approxinmtely equatb%5/"\\\gfnunts of e@ch isoner.
The al kyl ester group is then hydrol yzed chem cak_ or enzy- "15 matic

nmet hods, to yield the corresponding free acids ( I-A and Xill-A Rerr] =
H) . When this hydrolysis is effeeted chem cal] he wethyl-&8ter conpound
is dissolved in a |lower aliphatj éTCBhﬁTV’ucﬁ h @ol or thanol and

treated with an aqueous sol utio kal i cgyy bomat e, sodi um
carbonate or potaSS|un1carbonate ‘gtz 220 **° tenperture aboxe room
tenperature, typically of 30 to SO[err]C %ng ahl v _at _abeut

40[err]C. for a period of tine eably for about 16

our
hours, thus yield- ing, after a i Ion, the< gp r ésponding
8S—prostad|en0|c acid compound offﬁornﬂ4a§“ilt;§_aL_x -A (Rlerr]=H.

This hydrolysis is preferably copducted under ah inert atnosphere i.e.,
under nitrogen or argon atnosphere. 2 coor® Al ternatively, the nethyl
ester group can be hydrol yzed bx;E§£ﬁ§%§E59nes in 25 aqueous sol utions.
For this enzymatic hydrolysis, tRgre ik, preketsably used a crude pan-
creatic |lipase comrercially avallaﬁie (Sigma Steapsin), however, other
enzyne systens which are known as useful for the hydrol ysis of conpounds
unstable to alkaline or acid conditions can al so be practical. O her

| i pases obtai nable from bacterial sources, such 30 as the partially
purified |ipase obtained from Corynebacterium acnes cul ture supernatant 30

can al so be used, or a |lipase or those that are known to act on water
i nsol ubl e esters of



|l ong chain fatty acids [L. Sarda et al. Biochem Biophys. Acta. 23:264
(1957)], or baker's yeast [C. J. Sih et al., J. C S Chem Comm 240
(1972).]1—The hydrolysis of the nethyl ester group with the crude
pancreatic |ipase can be 35 conducted in a buffered aqueous sol ution
cont ai ni ng sodi um chloride and calciumchlor- 35 ide, at a neutral or

al nost neut'ral pPH, at a tenperature of between 22[err] to 30[err]C, pre-
ferably at 25[err] to, 27[err]C, adjusting the pH of the reaction mxture to
7 2 to 7.4 by addi- tion of, for exanple, dilute sodium hydroxide solution,

intervals. The nethyl estéﬁfﬁﬁhpound is dissolved in the%previously
prepared buffered |i pagse aqueous sol uti by 40 soni cation at about

37[err]C. using typitally from0.5 n™\to 1 m. of the |lipase solution per
40 nlllrgranrof subgtyate. The—wwt hyf~éster group is readily hydrol yzed

wi thin a short“peri ef~rfre, L ypi Lg*ﬁ/ﬁlnutes to 1 hour. The course of
the reaction can be fgk| oiwes by thin iepmehronatography when t he

hydrol ysis is comglete, the free acfd cadn be isolated fromthe reaction

m xture by convepthomatechiiogres jch—as—astakfication with 45 a
dilute acid sol ut a’eygk ustig u%@whyﬁrochloric acid, extraction with
a solvent im 45 nrs i blee With wat efzsyichreas diet hyl ether, ethyl acetate,
chl orof orm and ne e%e chl ori de, @yap ration of the solvent and
purification of ’FtﬁﬁfﬁﬁfTﬁPQGol chr fography, thin |ayer

chr omat ogr aphy or Iﬂﬁ?d’chroqatogr good fesults in the separation of
the acid fromthe |Tpas¥ hayejgeen\~ farﬁ@d by | utm chr onmat ogr aphy 50

on Florisil (regre&ered t rade“mar k)ax
50 Alternativegl y AN heB8Santiygnki c/compaunds~af, fornmulas XiI-A and XI11-A
can be obtai ned mhe-8R- ant i mex j4c_coppounds off formula | X-A, which are
esterified witlh diazoneihane; the aldkyl estenrs-educed with sodi um

bor ohydride to eld a m x- ture ofo the 8S 9| and 9[err]-hydroxyl at ed
derivatives, whi age oA L-he~tetLasehs hydr opyr anyl oxy

noi ety and chem -2 egnzynmati c 9hysis of the al kyl ester group 55
afford the respectime cpnmpaurds Xl 1=4 and Xi11-A The 8R-antineric
conpounds of formula X-A ca be conyerted into the corres- ponding
8S-antinmers of formula XIV-A by strong al kaline treatnment, preferably by
treatnment with an,@Icoholrc solutign of an alkali netal al koxi de such as

sodi um nmet h- 60 oxide or Dot a8 sium net hoxi de i n net hanol sol ution.
‘D for all y @éh- ‘3 dicted uﬁﬁ@ nitrogen or argon
omI 1 to 4 nol &, equi val ggt.s of the alkali netal

This reaction is
at nosphere using

al koxi de per nol o startrng compound at" room tenperature for a period of
tinme of 10 mi nutes tQ..1 hour, l-euwed by treat nent with a strong nineral
acid such as hydrochloric acid, HDerate the free prostadienoic acid
fromthe alkaline salt formed 65 sdurin €“reaction. In the preferred
enbodi nent s, theopeactron Ls/’oﬁduq;ed using 2 14

1,414,881 Mo~ TOOR* s Inol ar equi val ents of the
al kali nmetal al |d e knDI of A\/NN/\K’ for] a period of tinme of
about 25 m nutes. &pon esterrfrca n 8Seantji meri c conpound Xl V-A

w t h di azonet hane, follomed y reduc |on mnth S um bor ohydri de as

nment i oned above Nn de -|I W tAosreg éavt he transformation of
conmpound X- A intp [XI and Xl - ere e obtained 5 the

correspondi ng 8RGLerr » and,- 9 exr] - roxyl at ed..conpounds of formulas XV-A
and XVI-A respeckwvely (R4 N;;>*Whrch—areﬁconverted into the

corresponding fr PK"and XVIA, Rerr]= H by chenical or

enzymati c hydrol ygi-e*m™etfods. A nmonounsaturated conpound of formula X -A
can be converted “frt o &#he cBf< 10 respondi ng 8R-11-keto conmpound of
formula XVII1-A by oxidation wth an oxidi zing 10 reagent, e.g., using

Jones' reagent or Collins' reagent and thereafter the tetrahydro-
pyranyl oxy group cl eaved by treatnent with for exanple 65% w w aqueous

acetic acid, to yield an 8R-conpound of fornmula XVIII-A An 8R-antineric
compound of fornmula XVIII-A can be conventionally esterified wth ethereal
di azonet hane, and the nethyl 15 ester thus obtained reduced with

sodi um borohydride in methanol solution to yield a 15 m xture of the
corresponding 8S-9[err] and 9[err]-hydroxyl ated conpound of fornmulas Xl X-A
and XX-A, respectively (Rlerr]= Me), which are separated by chromat ography



and the individual isomers hydrolyzed by chem cal or enzymatic nethods,
thus obtain- ing the free prostenoic acids (XIX-A and XX-A, Rerr]=H). 20

The nonounsat urated-8R-antineric conmpounds of formula XVIII-A can be con-
20 verted into the corresponding 8S-antiners of fornula XXI-A by strong
al kaline treat- nment, i.e., by treatnent wi th sodi um nmet hoxi de or potassi um

met hoxi de in nethanol solution followed by acidification as described

her ei nbefore in detail with regard to the transfornmati on of t he

correspondi ng dienic conpounds (X-Ainto XIV-A) . By con- 25 . vent i onal
esterification .canpaunds_of farmila XX JAE h et hereal di azonet hane 10
25 foll owed by reductlon of the nethyl ester thus obtainedw th sodi um

bor ohydri de in methanol solution therﬁs obtained a mMxfure of the
corresponding 8R-9[err] and 9[ver - foxy dervativgsy-of formulas XX 1-A
and XXII1-A (Rlerr] =Me) which are skppe=~pt®d by chr ,ergrlaﬁh%/ and the

i ndi vi dual isomers hydrolyzed by chem@al @ efrzy- 30 ‘@ met hods,
to yield the corresponding free acids (XXI1-A and,XXl || Al 30
Rlerr]= H. Wien the above-descri bed;,eagtip;g,,sequ e;(/\LA\trI;g ugh
XXI1'1-A) are perforned using t AC corrpeu-n kthe hydroxy group
in [err]-configuration as starti 5/ 1 ak-o( V- B) a;9,;,,Ilv-be obtained in
each and every step of the process 35 t he corresfondlng

15[ err]-substituted (prostaglandin nunbering) derivat|ve (VI-B 35
through XXI'11-B). Simlarly, when stayting fromthe aniineric conpounds
having the difluoronethyl- ene group in [err]-orieptation and the hydroxyl

group in [err] orientation (V-Cf there will be pro"duced in_each and every
step of the process the corresgONdi Ty art i e c 0 7 ~""pounds (VI -

through XXI11-C). Also, startin fr"h'r/d’rrpeunds T‘ﬁ\rmjrea VD) 40 -
there will be produced in eath arf’ & f the? prB¢Ess t han
correspondi ng antimeric conppun@é (VI-D thr |1-D). By substitution
of racemic mxturc of the cohpglds jg&mrr c\ﬁ/esjﬁ‘d’”"lngtothe
i ndi vi dual antimeric conpoundls sfl“Foryila A-1 depiftedrabovg fhdre are 45
obt ai ned racem ¢ m xtures at acﬁ Zand™ every stage of tRe process. Thus,

carrying out 45 the process using racemc
(2'[err]-hydroxy-4'-acetoxy-5'"f Eé o m]’ yI) acetic acid
1,2'-lactone as starting rraterlc“ﬁl’ far ex arac c mxture of
the conpounds of formula X-A and |ts0'ant| rre |c corrpou d?of For nul a XI V- D

Q her racem ¢ m xtures which rraﬁ” be note d #tion 10 the c rrpounds of
50 formulas X-A and Xl V-D
formul as: 50 X- | and v«c\rwr A and

XVl -D Xll-B HXVIW@XIII-

Xll1--B and XV-C Xl V- and XoD XI V-

and X-C 55 XV- A and Xl11-D T e\ 5 and
Xll1-C 55 XVI-A * and D\l/k xvm-oXVI - B

and XIT-C XVIll-A and XXl -D c2XVlok || - and

XXl - C XXI - A and XVI44 - D XX oiB~ XVII1-C
XXI1-A and XX- D s~ KA /\/\and/ cooX- C 60

XX -A and Xl X-D A/A’XXI Il - - &nd -C

60 Xl X-A and XXl - oH xXpX-B ¢/ ov  and ~ [11-C XX-A
and XXII-D XX- B and XXII-C The conp ds of the

present invention further substf uted by amqut yl or ethyl % oup at the
C- 15 position can be obtained € e foll ow ng

5 “~/\|/.L 414 8 A/ XXI-D

15 sequence of reactions in whicfz toraverdwyunddé& prolixity, each fornula
covers antineric conpounds and gacem c m xty s—avweﬂJ [err] wherein R

Rlerr] and Z and the wavy lineg ([err]) have fhe above-r ndi cat ed neani ng
\\/\( XXm-D

Cfz oH

wherein R has the above-indicated meaning;
R* represents hydrogen or methyl;
THP is 2-tetrahydropyranyl and Ac is acetyl.



5 Is methyl or ethyl, provided that when the side chain attached to
the G12 positionis 5 [err], the difluoronethylene group at CG11,12 is in
a-configuration only and when the side chain attached to the C 12 position

s [err], the diffuoronet hylene group at C 11,12 is in [err]-configuration
only. Formula XXIV is a conposite of antineric conpounds of formulas: 10
XIT-A XIId-A, XV-A XVI-A XIXA XX-A XXII-A and

10 XXI11-A; and XII1-B, XIII1-B, XV-B, XVI-B, XIX-B, XX-B, XXI|-B and
XXI'l1-B; and XI1-C, XI1I1-C, XV-C,. XVI-C, XIX-C, XX-C, XXI'l:C and XXl II-C,
and XI1-D, Xl11-D, XV-D, XVI1 89(IX-F) XX-D XX |-D a-n-d-—)@(&l-D 15

‘When t he 1€ pHRRIA dife @rcess Gifustrted a){a(zle\khasmmga@emwd,nwm@lnrl’@s for exanple, a
hz and XVI-D rat her than

15 rao(é‘m chydrpxyt- ut’ae- Gf:to!tyhes'ﬂ:o ofd
an i nd# 3%1 %%‘ef)g“hﬁﬁé@" o "°%? th’écem c mixtures of the
gg?p O rrutf

conpofAT¥ XXVI 1, XXVI I and XXI X ar € t her eby
obtained. In practicing the procesQ i I ustrated above, a conpound of
formul a XXIV(raceFﬁ(.) ﬁ/dual antimer) is sejectively
oXi di zed at G 15 wi ess o ngafiese 20 di oxi de or

2, 3-di chl oro-5, 6-di cyano- 1, benzqu|none in a suitable inert organic sol -
vent, e.g., chlorofor tet rahydrof ur hqd di axane (;tdoceproduce t he

cor r esyhsTel M ds asintegsk § dgo _Qlf’" ‘@‘; a1 nhsEcdvaganese dioxide is
used %%”Ze;@é‘gmmsz:ﬁm B e

)sa,ceadmtafd at room
t enper Atago@s 1M Othusdingeking) the @feldtdfnic lmier t@nnomMGhlh@llwlaﬂon@B 10 Under vi gorous

q0i rrivlyes a rWlegermmn P@W e f"?ﬁ"an as 0soI vents. The
25 omgl"i;@';;%%ﬁgg %gg OJ._EEM Qufien btner val s, Waen t he
oxi dat {0 gimethfl j?ﬁ “&y] ﬂngmg,, 'p rdance with mehoﬂ 4 benzoqw none as
I eage ndescribddeby (B2  alorep at 4l,5J. pmeclemaﬁdcy 8% éﬁde(é‘EGQH f@t“

Part | chﬂ“em?ﬂﬂﬂhmﬁ@ s PR ethof & L@ylp'%"" “‘C’(fjletﬁ f 14 to 20 hours,

pref er® tc¥ m maft:é cnseRa b teraﬁ%ft&&loﬁf the reaction 30
can bey i IoBanayﬁihoeﬁ fecmrﬂ};p eyt 00€ wh{0°Pepre-odi ¢ det er mi nati on
of  t hol3petibm mpmm orslpbuiusmmt i one e equrgletiobhie f22onpl epe t he
ORi di zPengoheferliichyde aag pox 1;‘“3 ?%'ﬂ R ReAast | on product

ofo eto ourﬂurs di
i sol at BB, éﬁ:\& Rid o@ p&e Frg!l s,aid(iactaﬁ isesmaedat rdomon of the sol vent
and pUgein, foeaboea‘twbhamr Tbd wacdontprodudticm Heascewereélfrp!a aphy or
chr orratmngmafph;byonuqill Pfrnsqf Ithe ss base W“h am Edl a snpound of
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mai nt ai ned at O er r] @oupMiele C-heS pudidor ¢adbe bigained By @ @rosdseillastratedy the followigg | S

stirred at O[err]Cin the dark for 18 hours.

'-ag"‘

M



One hundred mlliliters of saturated aqueous sodium chloride solution is
then added and the reaction m xture extracted with ether. The ether
extracts are successively washed with saturated sodi um bi carbonate (2 x 100

m.) and sodiumchloride (2 x 100 m ), 55 and dried over magnesium
sul fate. Evaporation under reduced pressure at roomtem 55 perature
gi ves 2-chforo-2- cyano-[err]-7-syn-nmet hoxymet hyl bi cyclo-(2.2.1 )-heptane
[mx- ture of (3) and (4), Rerr] = Me] as a clear pale yellow oil.
PREPARATION 3. To a stirred solution of 100 g. of

5-'&hl or 0- 5- cyano- 7- syn- benz Wdd$kret hyl bi cycl o- 60 (2.3 1) - hept - 2-ene
i N 368 seqtencedf reddtiamtif yhicts wl foai iulie pxshmglm fd-mlp\aﬁvsns antimgria 15 m nute 60
per i od conpdundyrid racemic mixyespasaeosphere, a hot solution of 105.2 g. of

pot assi um hydr oxisgle in 52.6 m . of awater. The reaction m xture is stirred

for 28 hours at room tze erature 9z cooc

1, 414, 881 0Hs © o diluted to twice its
volume with ice er nd gxbracte vdral twaes with ether. The conbi ned
organi c extract bs fasffed twi i t,h saturated sodi um carbonate sol ution,

dried over magned

3 uQ ate and e o.gryness. The residue is
purified by dIS i e

e under hi 0.6 Mm) to yield

7-syn-benzyl oxymnetsh -'Zv?FIor Qr nen- S, ,ea/ Qﬂo&gm(S Rlerr] = benzyl),
honbgeneous on tplﬁ I:iyer o rorrat ogr aphy. 5 By the sane
procedure but usjn 5zc 0L.Q- 5- SYapo: thoAggyrret hyl bi cycl o-
(2.2.1)-hept - 2- | ieu of
5-chl or o- 5- cyanos -s -beﬂ%ml.,,oxymmﬂ.z 2. 1) hept - 2-ene, there is
obt ai ned 7-syn- metfoxymet hy I-2 norbornen 5 one err] = nmethyl).
PREPARMT‘;@\IMR‘ Zand the wavy l'F E%& '%‘ g} chl gr oper benzoi ¢

matta he

an

aéid agﬂ"r‘%‘%ﬂ E@g}\i __t{’fflzl of anhydrous
net hyl ¢ QoﬁE Hiobil «Ohe dJﬁuo%-nStyy]enbgmi;y rC—11 12
oxynet Whﬁzenﬁgxrbmnmbn 5-one, in a 15 m nutf perl od and under stirring,

|nta|n| & FORIPatite ohgntimeris, fom gejiongixture is
st rre@kx&g_g;\tm& r@y % %\é Bﬁggi’;" k%ﬁf b en ‘ohi or | de. The
resul t &filg XRIKLLB; eaddsxvn_gc;rﬂu $1g, stv-Lc,eokvii-ch xni—c xx4m m . of saturated
aqueoué‘ixébdﬁlwnds?iﬁlﬂ—t-@ g@l Iﬁtlt—tﬂa XBE-By Amd X¥lrelP, K&X-sBparated and 15

shed |te L epus ase i s
ﬁtrac}%ﬁ%ﬁéﬁés 5 % qs.lnéﬁ 81 g%h“% X flg.&‘a@?gaﬁl ok hyl ene

chl or i ddivizil raguiries, afliscto (e nddrsoadthat ie snixniessd | tieadompaandd o€vaporated to

%Lzz:.sﬁ?’wxy s RS e, «

err] ke ¥ )3 d@ﬁor@-S icyano-1,4/08RPARRAKS itdble inert organic sol-
20 By tvéme %mblmpfoomedmmirdjmn mildngan?-tsymdxweﬂh@ tdingl 152- nor bor nen-5-one in
pl ace @F° PoB on m_ 1 eﬁ%ﬁp&le d‘f"b‘g"r ﬁgéﬁ .5 ;qqgg“:tqggf@-i s obt ai ned
Z?RS/gxa %n&yﬁ Jﬁg ﬁy AR &?m;ﬁﬁ:& eﬁtp"ﬁe e 46, Rerr]
tlonwxse at 4--6-E&1rﬁm&ﬂial§.t Whdn tﬁac oxﬁﬁmgl is Of

2- oxa- 8ﬂ°§ Il%‘emi immé rl “310123 t§ ggﬂ?ﬂ 825 one in 70 m. of
et hancgf %’%émé prefd bl \ﬁmy% ih B0F ol coml B he daciopdli um hydr oxi de i n
2407 M a0 ,by 1dy chEd?diM kraphi) Gor By dletidd® deferrfiharibd 60that r M tenperature
for th%&awbiaugstrmﬂ' mﬁhenﬂteham)ih is fmplhe:heemdxpw ftreds sepackeed byacuo at a

t enper fitatien 4 I‘QSWF“SW@F‘F ‘Em Yergnve E%@F%igﬂ?sa apRoEct ed with ether to
el i mi ngf éﬂd“ u‘éef'%ueegf chromalog RIS ’& phase i s

ngut ral i ze;doﬂMeicbon ab@ﬁpodidmmodﬂﬂaamiv witieeth @t @ lefyllihatoe thewi t 352 sol u- 30
tion ofcorlfalzfn@n hlkgmagnegm hélldanhtreasgatfgned @fmixyere afs'bf comespendinge in 275 m . of
et RTINSl AT ol or 1€ an

di | Ut ediofphsl Y ch }ew 111 ek s GDHPLIRfIRKERCRI Oration. It is
t40en sa‘touarfatoeld mulat‘ hquimhlntum Bmgnmumamhdeakmm qlavatematft ed #th nethyl ene

chlori ¢ mn!ljiﬂ aping disshy) esker or ‘aF?éY‘H? Pre@law ¢nt, /) gr‘%ﬁgﬁiesul fate and 35
evapor

é%“pi” °’f H%E,ﬁ’% fﬁ;, J‘"‘tﬁ fesidue is
crystali 5}3-3 d’dOTSB-h newe t@lfeﬂ sepatr@ed)/ﬂye&lid the pure
(B lerrl yen4¢h[oa1a ﬁamch lqux ar@ eemqth yl tserigrodp if emppundeXXy I@ﬂ - 4

0 fer a ¢ m t — .
rIR[EtePH espo J_|1 @gi j%roxl-yrl ? ﬁk ?%3 %B&roxy So%alkyﬁ-prosta 1enong Rierr] =benzyl;
teno
2- 0xa- 8- s¥ihe %i&mmymshykobhm;oi)oﬁl(l?m@ XXIX @Rt= B} exa@btdined 49 one is
converted into
(2'[err],4 ' [err]-di hydroxy-3'[err]-iodo-5"[err]-methoxynethyl cycl opent-1'[e
rr]-yl)- 40 acetic acid 1,2'-1actone.




PREPARATI ON 6. A m xture of 2.5 g. of

(2'[err],4 [err]-dihydroxy-3'[err]-iodo-5"[err]-benzyl oxynet hyl cycl opent -
1'[err]-yl)-acetic acid 1,2 -lactone, 2.5 m. of pyridine and 5 nl. of
acetic anhydride is kept at roomtenperature for 30 m nutes. The solvents
are then evaporated under reduced 45 pressure and the residue
crystallized fromether, to yield (2'[err]-hydroxy-4'[err]+acetoxy-3'[err]-
45 jodo-5'[err]- benzyloxynethylcyclopent 1 [err]- yI)-acetic acid
1,2'-lactone (7, Rerr] benzyl, Rlerr] = acetyl). In a’'simiar manner

(2 [err], 4 [errsdi hydroxy 3 [err]-r odo- 5'1#488] - net hoxynet hyl cycl opent - 1' e
rr]- yl)-acetic aci dogldadon df @6hS0aRs l)ﬁ(\uaﬁd/xmﬂd(n*atm drhiB), eqrectedn sty pur

4' -acet oxy derivati veéculaBg chromium trioxidSidipstidire o q: (ColfingRreagent) or an 8N chromic

(2' [err]4' [err]-dihyed a%acg,!&t :§I§H6°S5'etgé‘rt?]f°‘ﬁ‘éﬂz‘§n YRR H{ﬂ'?%%l%ﬁ%nt-
1'[err]- 50 y|3 acelf éi ?dz pr(Js é‘l@i@@nd%&éh@ﬁ@@f tﬁ'ceﬁ'@s&it bfchiby (ili- J. 5
Corey et al, in J. AwduaCaitiers 90 Gacerfid mixtdt8] c{nlS /gkypared d)y treating the corresponding

(2'[err]4 [err]- d| hy&peoacws\?ﬁtllew Onec@bfsq eleqt Jof @PPZ t-
1'[err]-yl)-acetic ac‘f‘f’lggl‘“% o Ef‘ge &mi'gh m ofuéu i eyb%,qwl@‘y(ﬁ ld?nr ve
of 1'R-(2'[errko hydhﬂ)&ﬁe, lﬂmgﬁ)" ine; t;ﬂﬂ’aﬁﬁrﬁlifé{ tnpréi:ylﬁlﬁihf 8- 6dlmdﬂdmmmo‘5et[1aﬁﬁlr ] - 10
benzyl oxymet hyl cycl op&nithylardind)estrgol,-argjring, lysira.cafidue of Brocaine. Typisilly, the reaction
1,2' -1 actone, (1'R- afterasedop ay aq“Fﬂ“EPgQ‘:nﬁl 7 °°gf'¥g}ﬂé;g*r3 ‘%—'a“gg@b;’at [ Ir‘::;fn
55 Li kewi se acetyl at '%Epe fc sofsgnt, at’atemperature il P
(2' [err], 4 [ern}-di hydl DyicaBinkr Waler inéiBle 5rgarﬁd’ ro]vemamhme nnll,osopro- 15
pent - 1' [err] yl)- acetparml amamlﬂ 1d10§_léneloa¢€tﬂ@h1ér° lcﬁai‘ y’ = J.
Corey et al, in J. Bpycalaiysy. salt ﬁ?rﬁ”f g‘gﬁ‘,i‘s cate

on€ half moldf lent cep
1"R-(2' [err ] hydr oxy- &h fxpgoﬁéuctﬁa %e%esgc iuRd Cesses, xt is generally preferred to separate or
i 0do-5' [ err] - map hoxy ksl \heCiysp cﬂ 6dudxs uf- eath) re@get steap reicd W ﬂkltzise dsctartipg @a- 20

1' R-antinmer of 7, 6(Qerialsin sul pve n fing sej solation procedures
(60 20 can be had b;f reg;:ekce to ropnat- gfu le below
ick?

Also althougi the above I'OCCSS\.S, for purposes ave been described
20 PREPARATI ON 7. TO wan$S& geU't aBiroPyrah fhd abetate protectmg groups, other convennonal suit-

(2' a- hydr oxy- 42perr]abieebemxr5¢e3br[peqt¢c ngrwdmcgﬂ e %"%%ﬁig q’% drox 25
cyclopent-1"[err]-yl )'a acetoxw(;mgo % ﬁl?‘— a-y1)- tone, mg ge
benzene (dried over HRLECIN Al oni) ah he bt &Ehbﬂd Gxanfple, by E.-JnClrtyt ekl t i n
hydri de, prepared acG®J. d!rrﬂg‘hér,Ddelel ‘page 5675 (IFG de&ur@szsoH%Qag@ﬁ?v 019V<b),and

S

0. F. Beunel, 30., J.J #mChenc¥rr Popeges 1889, 1 14911@971) and referenpeysifyd epgps o9 30
ng. of azobi si sobutyrabﬂFsF?'F‘?‘é"h"IfPll\‘é’wF‘ééeﬁ’t‘ef“ﬁ )t%?“ure is stirred at 50[err]C
for three hours then the benzene is rggoved % evaporation under reduced
pressure, the oily residue is d¢issolves,in ¥ . of et , and the
et hereal solution is washed sgyal t s_y\gr,tqu'eo di um hydr oxi de
solution and then with satura sodi 10 or| ation, dried
over nagnesium sul fate and evaé’or%t ed ®nder VEco. e®i -"”’ 10 due is
di ssolved in hexane and filter eg hr ou synt hetic rrag siumsilicate, sold
under the trademark Florisil byithe Fl Fi=6i nmpaffysz¢ nove nonpol ar
by-products, and the filtrate uritie y n‘fye%t ogr aphy

o

usi ng hexane-ethyl acetate (60:? O)C”e?§ el uan| ° to yield ®
(2'[err]-hydroxy-4'[err]- acetox@ﬁS [’err}7 benzylo met hyl cycl opent-1"[err]-y
1)- 15 acetic acid 1, 2' -1l actqpe

15 In a simlar manner, (2'[err] - hydsoxy - rr]- acetoxy - 3'[err] -
iodo - 5 [err] - rrethoxy met hyl cycl o1 ?g%‘/ yl) - acetic acid
1,2'-lactone, 1'R - (2'[err] - hydrawy 4 [erofc - dBtoxy - 3'[err] - iodo
- 5'[err] - met hoxynahbyh Qygbep@ithenylodveizyl) - yl) - acetic acid 1,2-1actone

and 20 1 IR"{ep(eiéhl[sbydrrqgenolr! dr,elx%/ - 4 Jerr] - acetoxy - 3'[err] -
lodo - 5'[err] 35benZyFgRypbl ﬁw%a ----- _lsets the @Pcn%. Lfe&glgpentadYeL\)lsodmﬁ(b?Tclrcﬁ)— aci o
1,2"-lactone, are co :{dfeﬂd d{aﬁﬁﬂqq} loMigihdd By Habtion PcybiGenthdiene Mdt’o@myl hydride [ err ]

- acetoxy - 5 [err] -or aaiedt@ ilsaH 1€ Yt iho emaeof ndt setmr]lydmx YE. gtétebaci d
1,2 -1 actone . . Gl r«-’cfi <197; e LArTIEy .
5 [err] - met ho ﬁg% Pl(‘}ﬁ ) mz;,cf ﬁ iene (2 ROAGRIG 5 G nzyl-
1,2"-lactone and 1'R et lopen EQZS)R = zrprvm}h ate ﬁBjedtdd)tg’tl'e DilsfAdder | -
benzyl oxynet hyl cycl Op&ﬁﬂion-wntﬂla excesy (abouy b laamewal@tsaeﬁ kkhmrozcrylﬂzna!}ledh‘ée Pfes'

PREPARAT| ON 8. ence of cupri ‘;ﬁﬁg e r@ Xg{%qéﬁq X 3@%@ @%, ;’ﬁﬁ NY. 45
of 10% paI l ad' ‘ﬂnmles is trcated rojﬂ& iyl ‘Ekafhet ate
is added 6 g. of (2 [aer.r,, Y WErensy o' f{rﬁﬁln](sacei oxm&xepexym]emﬁémpgbbmend one




oxymet hyl cycl opent-1'a-yl)-acetic acid 1,2'-lactone and the m xture is
stirred under hydrogen atnosphere until the absorption of hydrogen ceases.
The. catalyst is then separ- ated by filtration and washed with et hyl

acetate. The conbined organic filtrates are 35 evaporated to dryness
under reduced pressure and the residue is purified by thin-layer 35
chronatography {usi ny hexane-et hyt acetate (30:70) as eluant, to yield
(2'[err]-hydroxy-

4 1err] acet oxy- 5' [err] hydrglygithylcyclopent-l'[err]-yl)ﬁacetic acid

_J_, 2' -l actone Lg\ nner
1R ( Z(h emt};lﬂhydkm XE!; aYI;&eQ!b -5£'9 ge P}ﬂ%&‘ Yret hyl cycl opent -
1 by
L Ler %ﬂfcgtieyo %},f esence tl car Céi?tf) result ylgzsﬂg éae:}‘ illig
ati

1" R-( iénl dolfo s;éni Mhcton@ €6} Rater: %2180 sr5-méthbxymethy lbl-
rg.ydr oxyae(hylexe -epaamic *[=ereth} 1) E 2-acet-iys-baeyldxyne®ylbikbyalot one 5( 1' R-ant i ner of

(3 2.1) oct 54 3~Bne tenaylad Sg@p g« nofothe feregging d ctoncs of
(2 [ergfoe £ ?éloé%eé‘f '&Tz"?‘?%‘&i mr&
cyclo Eh ﬂ)afﬂr rrﬁQ)e ) SPoaﬁb e2re GiGd fatkicl Hydr of anhydrous

net hyllmesmlﬂlfmmld(?)r Ehecﬂbhrerdaelts@f W&@nclmlﬁ-@h ardﬂedralwea{lbne b& h and treated

wi t h™ 2igdorg(B-beggyl C!f,ci" nt-, ' i o 1,&1l3cto badi s all owed to warm
oot o S G PR Lt uterrafai *‘mfﬁ“ s 6’? or 50 minut es. 'To
t he reGddyte ﬁlgmanﬂtdmm. $&. B 0 afd in ]oﬁmdcmnhydc Htm,'r to 45 deconpose

exces s(lb&) cwpchebrmba!ecawﬂmdrmémlml thefrorrgspanding lagio (gk Wre a® 0C. The nix-
ture Iben Iggﬁ UF@IE?OUP Ofath lt: =€ l%ﬁorthr?}%lcmux qn XP (ﬁe 95 g Of SOdI um

bi car b RO tion & thedre r'irﬁiz nAHY SOLISTh Glcbkhie @n.Of SOdi UM pot assi um
tartr aﬂio&r;ds tohemmnagaz)roe thealyRintinBrs Slefraf @¢ ehein esndﬁddhethaqanews phase extracted

Wth n’s“;‘f‘l@i nve‘ﬂq@l é@ﬁlﬁ?‘rﬁé‘dyl% the C_‘;““P‘B@‘ HFeDext rActs are dried
over uﬁ‘ﬁi}{.ﬂgm--dl ‘ﬁr‘ﬁq‘aetﬁbgbn’é é‘iﬁr;; ilgis- 50 sure. The
resi duaz a!z&rsﬂdbﬁ ohigfle &Edé& amra@mfore@mm o yd-eensa-t o af f ord

(2" [erex MDDS( —methoxymethy] group to produce the hydroxymethyl compound (8)

as[errq -agtin QX lcycl opent - 1' a-yl ) - acet Pt acid
1 bt e D X R R e 1

(2 [erd’x}’m&iMdEWsHyd[‘oﬂ}fzé’d]by&éh&IoﬁWhSor £l maetnhﬁaaynmdmh@ycl opent-1'[err]-yl

bd

i(;ac t@tgﬁeramreww%mm—ﬁwwp%torxe/éas st ind.n w“}el:rr al th%e i s obtained

R(2 3

hydrox#‘fiﬁr}: Q’“ e 1é£’° ?Jed yi‘éié"é b&e%&rtr;g%“ @l one, identical to

t hat odstosds ﬂaqdctivﬂy ;hafatemk or R- timdic Slddhpdrns fooml0f—60 g. of di atomaceous earth
dr| ed oThezern hgsteny anﬂ@ﬂs vesmwngxhlhﬁfpr@hmlqrhﬁndrﬁ bislpgxi de- 3glr pyri di ne
%Wpl e§ :&gggé{ grﬂ\ é "sal 1n3:nu:nu::g£ oLﬁbs et Tetrahedron

Letter &ia I ih Be fHmalsQor b&mmr RS orWRErEN R0%; 60 chl ori de,

cool edbrbreh@@ildters &&nﬂsatwdm cmmd@ndsstcl afst usaigl 14 cohtrgflingo palhat-

2 erl“ hmfa?n@ xt ibit central nervous system depressant
g"[errl,r i %éx mﬁ et 2@?&2&5“"&‘5‘%“:&“ I act'one di ssol ved
I n 500snmlab rmaﬂﬁt:s y ene chl ori de an t he mxture is stirred for 20 minutes
further, lﬂa‘iums d/f° %ﬁaﬁéﬂ(&t’%“@aﬂtﬂ ed ip@, ‘Bd;g. of sodi um
£

mbination
SU| f ﬁf!‘a@ }ﬁlﬁ ﬁ&h @ lfaﬂxdﬂri i ;%ommg %mgﬁ%%él gol i ds"ar e separ at ed
(o tra I}
by f | I arre a;tpicdly aimohiswered hedhavmicdmnabt:dmpbsaroes @h’sisdﬁgl aentiallihef thonbi ned filtrates

are ev%@"ﬁiﬁ dl"ésﬁﬁs é‘sﬂs‘“‘lﬂgﬂéﬂﬂ‘éédﬁ’é’éﬁe? eThetha"a‘a%errperature bel ow
ggerr] ‘a’ésﬁ.v rsgirst%r OBk 22 kit 4 §t‘iba¢a4‘§%‘“i 1] -5

orrry tiv&ah d/foyp bﬂﬁﬁﬁga@,e@cs talle , as a honogeneous
oil. Bbe used mclude, foq q:xaraplg; |bmzjrlalrcohqb_ﬁmgble buﬂermg agents mclude, for ex-

'R ( ZHT‘&? m@%ﬂno a a lc?%@% orm o] sop{cgnr R0 t hyl cycl opent - 5
35 [ ©F 1 Lysthelond GiHupeCor AL ¥h aii;saa@onr SanCQIAVEE k2Rl of Mbbrs) R- 55

(2'[ er pdwdhy d:&lﬂulgs-oé p{iﬁ& I’ptd‘ferﬁty&ﬁ anitydoagd Bfnﬁs fer simple administration or

formy %ﬁﬁ%’ %’%&@?E@ %ﬂ p@mca@fabﬂ@dee M R-antiner of A-1).
EXAI\/PL b N o dfor WIRUA Y- RBS nates. A solution of
390 g. adﬁm?iécd as :;1 a sEIQn ]smirﬂi v ¥ rﬁ@ﬂ & 1irndi1tr Jd%%a - Of aghydr ous

t et r ahgeheoitr ar:p—solwencom,edxaxtob) together with®peicAf[pesseriaGres ralduffan ar gon at nospher e.

To the"égggfsﬂctzg %rﬁe ‘§1 °‘l;§ g%g;‘ E ministstiongf and under an ar gon
at nos pFet ey 4 ’9‘3 Y of Ghis IavehMArS AL Wolchly” dbmintli uff,,y leige iU 0 t et rahydr of uran,
BRI Nt an.ni Y Oomyeper egrpﬂroast wdight. dthe préée efidcive dossfeanill, b @uraieiing | on 65s com plete
the reaction mxture i s maintai ned under the sanme conditions for 10
addi tional 15 m nutes, a solution of 58 m. of nethyl caproate

di ssolved in 187 m . of tetrahydrofuran 15 is then carefully added,
mai ntai ning the tenperature at -78[err]C. The reaction m xture is stirred
at -78[err]Cfor two hours foIIowed by strrrrng for four hou_rs at room

M o o o



hi gh vacuum The residue is dissolved in diethyl ether-water (1:1, 950 m.
each), the 20 et hereal phase is separated, washed with water and dried
over magnesium sulfate, The 20 ether is evaporated and the residue is
purified by vacuumdi stillation, thus obtaining the pure dinethyl

2- oxohept yl phosphonate. In a simlar manner but using nethyl n-butanoate,
met hyl n-pentanoate, ethyl n- heptanoate, ethyl n-octanoate and nethyl

n- decanoate in place of nethyl caproate, there 25 are respectivel y'
obt ai ned: dlnethyl 2- oxopent yl phosphonat e, 2- oxohexyk phos-

phonat e, di met hy#® 2- axo- oct yl nhn:nhnnafer_&gﬁéﬂ_l_wmﬂ_pham
and di - nethyl 2- oxommm) & hodtaifedmégstraﬂ'@,@m%m nswr@gdfrilfl“mstS . of

sodi um hydride (previ, ousy ”5 A Fi 1O P

L e hoxyet bane. Bt PR R W BBl Sl R, ©f
hydr| de i s addeds undgedduss, Iwhﬂd ﬁ@namlmm euureaareafsdmspharng naterigts, QRN products 5
solution 30 of 8.1 g)btatycd F?%?:’ @9 neepeatedl g rogiderstartingf
anhydrous 1,2-dimeth ““l h?ggﬁ% Land 2o Jelptp popigrepmsfliats

m nutes at room tenper ture an . of 1I'R - (2 a - hydroxy - 4"a -
acetoxy - 5' [erg - fornyl cyclopent‘u- 1PBEP ARATION ‘9’@’( acetlc amad
1,2'-1actone did%ol ved u s8I
oncion - os - Sy s St tib g :a’f:ﬁf%;ﬁgzﬁﬁﬁg’%w :
further, it is then akrrfiow ;Lrgelpmurohaédnzﬂdradisﬁgm wittCied \Ivdier,aﬁd

and evaporat ed to drymﬂsiéliimddrwdoedmwl thallpmg((hy M = ghalligm). e m perature beI
30[err]C. The sdfid r4§§ é?){?us gbyfat m‘?x%p?’p‘ﬁ@ °ﬂ§f“’ "%?}S?fgﬁ‘x 20lS
cm silica plate and t@-a f_@ l,gsacy 4 @bt a

I'R- [2'[err] - hydr Gityed- cold’ sE)leIidh]ls sanaamltm anhydﬁ)u Bydrogen- ch(oﬁde gas. 013&16 reacttoﬁt -

1"(t) - enyl) ﬁy ' 1s kept ma 5°C for mutesa Eqaqr, durx @ ¢hep the excess of
1,2 -lactone, (P fﬁl é’?:g g%f R et sy oA he cp -2
€56 bt a tem]

40 1"(t) - enyl) m&e trates 4re evapﬁ'Etedto ule bEkE a°c ta(fal'oduce
1,2'-lactone (I1I Ran: oih xetns Ipq urderdreduced m&bsmemmwlmﬁnedwlrmm her.

2- oxohept y| phosphonateﬁmi Rhoféd To “ﬂﬁ ffﬁxl}‘?ﬁé.ca, g ﬁ%&‘h&’é’.&ﬁé“ﬁﬁiﬁ?ﬁ 25
2- oxopent yI phos phonatyg, addid ke Wirei andehw Ak 815 QiridR tpeidd, 90 g
2- oxooct yl phosphonat ef cmhmﬁyybenm eriep. e \tbaptivg astw-rdﬁfor 34 houand -2t hyl

2- oxoundecyl phosphonatléﬂ?—hﬁlFtFeéun @ﬁltrenonré@ i mlfém yIpRowp e sdidgrecipi- 45

there are respeﬁqlvel‘v"w m@“ﬁ}{% e DR Y 216%. [o?gr&:}'drous 30
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- oxonon - 1" (t - enyl) cyc o- pent - err - yI] - acetlc aC|d

1,2'-lactone and 1'R - [2' gr Ox ? "(;h xo_
- f7 f 1 -
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cycl o- 60 gent -n 871 erof] nhm ys wchgva;eé% n@rﬂagmta%at -9°GcVbmaheaddition IR - 50
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22 g. of 5



sodi um chl orodi fl uoroacetate dissolved in 40 m. of diglyne. After
conpletion of the addition, the reaction mxture is refluxed for ten
additional mnutes. It is then evapor- ated to dryness under reduced
pressure, the oily residue is dissolved in nethylene chlor- 1de and
filtered through alumna. The filtrate is evaporated to dryness and the
resi due 10° . pturified by thin-layer chronmatography using hexane-et hyl
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di,f uor onet hyl ene corrpounds,1 angl v, 1 S - [2 [err] - hydrOﬁy
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4 et J:'J—
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21.40(23- | :’ir:lfifcs cgnvm:%im u?? 4’a—$¥l a%?g? é] ww{gncyd% 3 -eny§ er ;.] a:)et 'c acid

H
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1'[err] A l}r ﬂf et cach!‘EtgﬁTa%gone and m S- [2"a -

hydr oxy, é" ! Y e Eéﬂ*’?% - oxododec -
1" (t) aytrzgn‘t:e Cd] mﬁr}‘}; vents rel thén :;glt'lacﬁé d‘ereISk &fedd C aC|d 1,2 -l actone
ad 1' Bessur @d[th;rrﬁs]due c izcnngbm dhef, @0 yigld 52& -Bydrdky-4'e-addtokyl-M@r onet4syl ene -
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rret hyI rféc‘:“z%‘}ﬁ 111?; Pﬂ SIZ’QFZ% L%hgiﬁégzjfl 15t i ves ther eof .
EXAMPLYA 3 skt aa&tlzrra& i MERThe [err] - hydroxy -

4' [errl}y;dﬁv e4'&-]acezox5h B1ﬁuoscbmhysh:zylﬁmethylc§ch{pam]la yl()3aceuc oxo - oct - 1"(t) -

éﬁ 1) laa n&l'R-anllm ac |d 1,2' - 55 55 | actone in 5
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insol ubl e material under argon atnosphere). The reaction mxture is stirred
for 90 m nutes at roomtenperature, and 6C then treated with a
saturated solution of sodiumbitartrate until the resulting evol ution 60



of gas ceases. It is then diluted with nethylene chloride, dried over
magnesi um sul fate and evaporated to dryness under vacuo at a tenperature

bel ow 30C, to yield 1'S - [2'[err]- hydroxy - 4'[err],5 [err] -

di fl uoronethylene - 5 [err] - (3"[err] - hydroxyoct - 1"(t) -"enyl) -————
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1,414,881 23 - : 1's ™
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cor r espondi ng 3" - hydr gxyider (At h ’@55’ ‘htaﬂﬂec ty - B - iodo - 5’8 - methoxymeghylcycfopenf-er r |

1 acet:c c s
- hydroxy - 4'[gr], 5 "[ ] P e hﬂ
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1"(t) - enyl) - cyclopent - 1'[err] - yl] - acetic acid 1,2 -l actone
and 1'S - [2'[err]- hydroxy - 4 [err] 5 Terr] - difluoronethylene -

- 3-er+] hydroxydec —t(t) - enyl)- 50 . cyclopent -
1'a - yl] - acetic acrd12-lactone
50 1'S - [2 [err] - hydroxy- 4 [err],5 [err] - difluoronethylene -

5 Terr]s- (3"[ekrr] hydr oxydodec- 1" (t) - enyl) - cyclopent - 1'Jerr] -
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4 [err] 5' [err] - d|fluororreth¥48%51e - 5 [err] - (3" [err] 31 hydr oxydodec -
1"(+)y——=e [r)g bbeUJCI[L = Sad — a‘t&cuu aci T,L —+act one. 55
vhen ush FY F aRerineny ﬁe'mm}éﬁumzmﬁg Hflas starting

mat er i akduced pressure, tatempe,a spondr ng racenates
| n pl ademyfcyddpen-abgl)acate adid (D,Z{Gd:toihe, S:—Iaﬁhtd limrogeﬁeoc@cbﬁpoun s EXAMPLE 4. To a

otutio a‘23‘ r, 3'R-(Yephytiroyy-4'a-ace rox leyclopenss' [ er 6] -
o Lor L e S 7 e o - 1) -
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100 rri tetvhydmw, m@m thepwinpgmatar) Bor-i79f €. Wmthe@drhemds then with
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c rzo o mat l;jﬁ{ gggé)‘t "Eﬁﬂl

t4 produce the

eris ﬁtE and fdﬁhxly xﬁ l{yarchu lﬁﬁ n thusdib nisgieet hyl ene - 5'[err]
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cycl gPI‘ nt 0ate, eE:yl n- tano:g: a e‘g n—decantggt%a';gi placé o mﬂeygapr ;re’ t hod 1'S -
=n6] y obtained: dnmethyl 2- oxopentylphasphonate, dime n%
[2' [er rdhonatnhydremgayz-oxozbczﬁlenesdhmﬁte[ eﬁxrexhyl 2-6ko yrﬂromiada erde - 5'[err]-
(3"[ erri cﬂlyl lqusphonald(t) - en - cyclo ent - err] - yl] - acetic
d 1, sion 5(&1 él e ne,
aci %er ﬁ{le atp{‘o éﬁi mMEoXyeil mlﬁ gﬁﬁ?&ﬁﬁ: ..
330t et r aRua' 24 iy GERE oo e ospha hgoh i Bhatidn) - 1 @ sinilar

manner , oftsfleg. o dimethyl ngaxﬂxepmp}mpdmateht mOrwdoframyEbmnl];ﬁ -&#im8haay-e con- 10

vert ed qtlml TPPE% i atir f‘B 30t“é’!“|‘eah ppaffurp and 43 get hers.
10 EXA ], ,gr ng‘?“‘ “ad ysiepddary], 5 [err] -
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di ssol v ™ 1 us cooled to - 60C
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di40s obuyly aadrid Ndcidi umm;bder | @& R=nC,H,,}p [2'&- bydr xynds' (ef' &Bhgcd-rousmt ol uene,
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15 m nufieps ;Eﬁerd,ﬁérﬁ’ @d it ha,ga;ﬁeg@ ho ?e’ e é fgphb é(edr et hyl ether. The
or4fani canphﬁmehyil 2- ob:dsmdrc)splp@hmredr; lzv:asfnadmemylthomlapwlpmsﬂmas:odl ws chloride

sol utio ef;}gf tb’?)gg’@ﬁd etol] gﬂg} oxoiul fla,t(te an% lEgorat ed to dryness
at abou " 6:%9 {12’ gctoIez; - hydroxy - §* ” droxy -

U’

err]x"@c)[e;r - cycldpérdt | urorao e.ra@mm@ 1[zera& ne, [err] - tetrahydropyran
blftt hydtogyt ) 4« - @erply)- S—ﬂc él- - 1()' - eesri)r]cydy]] -S0acet al dehyde
1,2 -h 'a IEE’ r- a)“(‘glar‘dé]z 4R°t°n° B 5;g5°;‘§, -{He ¥ame nmethod, 1'S -
[2 [err]" fuydmxﬁ e ik lsegr 3~-- ddnf;’l uprf ilgae - 5 [err]- 25

(3"[er r;]enr I’etmh\ad:no §id alP’-lactahe andl YR OKYOCH ydrox "{rx3=--aeyl ) - cycl opent -

1 [Serr]mn 1)}[ ]t eftYDc" Cydopent 4256 ﬂd 21!3] Qacelllcaeq! -‘F@ﬂeonverteds;,r nto 1'[err] -

[2' [err d"”‘yﬂgﬁzf‘ hﬁ ng?f’ J%’g 5 [err] -

(3" [err et 1'1 la yl {0l rz'-lac{oﬁel and €NYyl) - cyclopent -

la - yl]- laltetlaidw zte-tl -zcetaem'aces'aroxwadc C(RemyinGyder ] H err]). In a

si ¢ | arf’%'rir ;lltffeucr 9 b%vrlfﬁq fcqm’pbﬁncﬂ Ze o rvémrg)rvpué%d“@ﬂ-artmg fromthe 30
% pent - 4 acetic acid '1,2"-Jactone.

corresp nq,l om racemic (2a -hydroxy-4 a-acetoxy-5’S-formylcyclopent-

30 1'S 1 Erlz-aée&cf ficld 1,2 i¢@heOiiafe are ébt.{lﬁhﬂrd]e, dorrdspondihg raced)hrfe! id@plaearet hyl ene - 5'[err]

- (3" [ exfnile above-mentighed d'Reppymen- 2"' - yl oxyoct - 1"(t) - enyl) - cyclopent -

1'[err] - yl] - acetal dehyde 1, 2-hem acetal (VII-B, Ren(jerr]Herr]),



1'S - [2'[err] - hydroxy - 4'[err],5 [err] - difluoronethylene - 5 [err] -

(3"[err] - tetrahydropyran- 35 2"" - yloxyoct - 1"(t) - enyl) -

cycl opent e+ yH acetaldehyde - 1,2 - heni acetal 35 (VILI-D
R=n(err]Herr] ), 1 S- [2'[err] - hydroxy - 4'[err],5 [err] -

di fl uoronethylene - 5 [err] - (3"[err] - tetrahydropyran- 2"' - yloxyhex -

1"(t) - enyl) - cyclopent - 1'[err] - yl] - acetal dehyde 1;2'-hem atetal,
1'S - [2'[err] - hydroxy - 4'[err],5' [err] - difluoronethylene - 5 [err] -

(3"[err] - tetrahydropyran- 40 %I oxyhept - 1"(t) =« enyl) -
cyclopent - 1'[@2r] - yl] - acetal dehvde 143488 1y acetal 40 1's - 2
[2'[err] - hydroxy- 4'[err], 5{ - melrﬁrmn ene - 5

(3"[err] - tetrahydrqpy éﬂ““°2°f ‘hy étla' (3 :fﬂg ﬁf&?&a
1" [err] - ylI] - acet glub et s po “‘I:ﬁ‘or ey A o AR
4'[err],5 [err]s- dl %ﬁr&ﬁ&dﬂﬁﬁﬁ ﬁiﬂere-ad&d{cﬁdiﬂiwse and upder cdnfifubys distillation, 22 g. of
t et rahydropyran- " sadi °r°ace}.a‘( tliysolvedeip #p Yml.- of higlyimepdfiter complegion ofythd -

acet al dehyde 1, 2- he T on mixture is refluxe tena oaal mi arlb enevapor-
4'lerr],5 [err] - dlmgﬁm mg““ ﬁ‘é‘iﬁﬂ.ﬁé"sﬁg & s e ?f:%n S AOHLaPY T an-
45 2"' - yl oxyd@ddec purﬁiéc( by thm—teyeyl romatﬁgyaphy)mgthexanél:ét@yeIad’e]atc- (69'|4 ) as eluant, 10
acet al dehyde 1,2' - ?é Srgmqmsillfm Jéqn ]°°’mP"lf’if35‘l R;‘Ys-l }/dfgfyt err]
- di fluoronethyl ene ze ca to mln??lér —n'C }g’%t mh)]’@( ﬂfro Iyﬁxyhex
- 1"(t) - enyl) - cya cﬁ@l&ﬂiylenel '.errs "oxd/) get = LAOEL @lg e Rpend., maaﬁet al,
1'S - [2'[err] 15 hydlﬂwyz-ladﬂn Ve G, H]:) whldxmmmﬂmmﬁymmwenSd[lwr]
(3"[err] - tetrahydrd‘ﬁ esame“dd‘ed‘yle “‘h""“m’y FEERdpt - 1" (t) - enyl) -
cyclopent - 1'[err] - yy §2 T28¢ 9’ xénez NN a(éﬁ‘;ﬁf“lcyclopent 45Q=.n11’§-
[2'[err] - hydroxy -ylz} etid’ c;dS ezfcfo]w,- d|fluororrethy ene - 5'a - (3"[err] -
t et rahydr opyrad® 2" 'Ro norbydffg " epghept - VEYc| oy nkyclopent | &r-rep- - y[2P

- acet al dehyde 1, 2' Illé' 30 B e 23k - 5 [err]
- di fluoronethyl ene 1%- 51']Le<r§ﬁa ag’é -1{@55 -E”{Jé‘%“r aﬁ( tg &%}% rﬁlogg{-} ye]noxydec
- 1"(t) - enyl) - cyclo Ent[z' - bydrasy £ ¥’ -(3y-|(]xodecat,”ét)a|ent¢hytdéop]:qt24'—hem1’a~cet al ,
55 1's - 2 [eV'ﬂIa‘e“ rlaﬁx'd%‘““eg“d[ r,r]oi §?§%cer "13' di.f I uor omret ?yl ene -
5 [err] - (3"[err] -i4e 1|]a ac&mé ° >2 y GO yIopnE ¢ - By
- cyclopent - 1 [err}:hereaijé|r§spectw01§?6$tﬂhedehyde 1,2 hem acetal; 1'S - [2'a -
hydroxy - 4'[e nm , 5' Lne § --[2'di- thiydreny oo 1@ﬁrerwe$ylf r-r5]z3 ’n{?,bgcémil”—(t)

hyvd 8 c 2-la Tyl
tetranydropyrar’ 2 2, 2 a%gr%%a&e AR fa‘%‘i Hohioete: 1"

di fl uoronet hyl ene - 5' lé$r][12’ - xerlr;]as’ -tdaxtumain 'an{lgsooxahept -&Hl;'(tz -

yl oxydec - 1"( AT AN ntY - retice ne angrr: ehg' oxy-

1, 2-heni acet al ; 5 aceé@cxf . Toce s 1= G lw(i)zl B 3 tefprl- 3%

d| fl uoronet hyl ene - 5 BSI’. [2' Q‘rﬁir&@l’-l’ﬂa S I&ﬂ@ﬁ&yﬂﬂ@pyﬁgm(gﬁ- oxononyl;mydec -
"(t) - enyl) - cyc cyclopeht] et I vl y #C%tm- acic d2ahaeh yaié 1S 2'[2hedydoet al |

1- S - [2[err] 4 hydgggcgmgll °';;er¢>]'ms fer K -oxagpm Vigp ofebimyvdarent- 18- pldr r] -

(3"[err] - tetr ahydr opyfan hydi'oxﬁl-qb&)zqumommlnhﬁ&é srgengl ). ozoakY.ClppeNt -

1'[err] - yl] - acet ayljeh @eﬂ: 2V'a hem -acaicadcid 1,2-1ddone and 1S - [2« - hydroxy-

1, 414, 881 48,58 - dlﬂuormnethylene 5’ (3”-oxodec 1(¢) - grgl)uek@m&r%elbuyl]um ng

1,2%la
raceni c conpoungs i n*Fi4E8 ﬁf E‘ NGl BT Sl Gl Byidlee s 0. 45
correspondi ng racenmatsy -chycltagaﬁt Ql;ggr]mmﬁcloxgag{ a9 & 1' E‘Ey&&%
stirred suspensi on o#B8AB0 d@lomm’émﬂ@drdm h(ydrlo:d:eodeﬂ B’(m .engl) - aythopalr olfs-

di methyl - 5 sut tl’ﬁ‘e""c"s1 s 10 80C for half an hour under, an
argon st mephers: 14, ,Rmémm,eg':a‘é% TR e Lo
sol ution of 380 : m&h;derne-eddﬁﬁtw dPRASR Qﬂ%ﬂmre(ﬂent anoi ¢ acid brom de

in 0.8 mM. of anhydrous di met hyl squOX| de, under an argon at nosphere, and

under stirring. The reagfig ey f‘?‘ 5l §
1'S - [2'[err] - hydeexywg. ”fnéfor‘};ocg "f’% ]enyl dh,ﬁ fétﬁ%%a"%ﬁ ‘Evgr -
(3"[err] - tetrahydrbpye am -5 th of 12d1m&Hoxye{ha tfn{symcdxstl-lledlfr(m Jithiurre Alyininium 55

cyclopent - 1'[err] hyd ql bgro dn pared from OOZi@nol of
dissolved in | m. f"s a2 ﬁ(’dtlé B xt ure
is stirred at room t ahpRgk )une raQtl”on llUsSirred SB e rut rdofa tz Aney or at ed

under reduced pessuthen mdated witle ratdjwe:tlbedf@th@‘é@aand untileha resltiggl evolugon 60
di ssolved in 10 m . %Eﬁr\aﬁfsg:r I ”I’ﬁ‘@’ ﬁ‘ﬂ‘-:’ c%rv&r ﬁhﬂﬁ‘ﬁéllig’r‘:&se%‘ ’%ﬁ;ﬂg}é’dm\mﬂgﬁ et hyl
acetate: ether (1:1) %Ebgﬂ idf.fi ed

wi t h saturated aqueop: ox'al-r ;a] am ad UILZ’-Q&oﬁCO(VKHAé R £ t) ¥ :@:@'@w&

15 several tinmes with a m xture of pentane: diethyl et her (1 1) The

conbi ned organic ex- tracts are washed with saturated aqueous sodi um

chl oride solution, dried over magnesi um sul fate and evaporated to dryness
at a tenperature not higher than 20C. Purification of the residue by

t hin- Iayer chrorrat ography, usr ng chI orof orm rret hanol (9:1) as eluant, 20

Y Y o A~ _,_,_1




pyran - 2' - yloxyprosta - 5 - cis,13 - trans - dienoic acid (VIII-A
R=nClerr]Herr]). The 5-triphenyl phosphoni opentanoi c acid broni de used as
reagent is prepared by reflux of a mixtuyre of 9.5 g. of 5-bronopentanoic
acid, 14.4 g. of trlphenylphosphlne and 100 m . of acetoritrile for about
70 hours The insoluble material is separated by 25 filtration and
the filtrate is concéntrated to a'small vol ume. The product is crystallized
25 by addition of diethyl ether, and is further purified by two subsequent
rquystalllzatlons fronracetqqm;gmle ether In a simlar mapner, starting

from-th Tespondi }dLL dl r T E | e 5t jiere—are produced the
- foll ow E‘? ;% %ﬁg‘r 3[% aa(fj 5 "y"“'l & 8S - 9a - hydroxy -
11[err] dill mixeGre fid M@ﬁ-@dﬁ[ﬂh yﬂ.eeia@vlduallgfnersrdy ﬂunilas»ér calspelr opyran - 2' -

30 yl oxwgraphg 2sing a pixus¢ ef metfylene dﬂos,lsielﬁetenet(r'/ahis) as eilarenoi ¢ aci d (VI I1-C, R

=ngf err] H'8 la fgshiong siariing -,f’° 9“ | Dydreper
d.fruor%ﬁmr%a ST e Wy SR ovprosca - s
Ci s 13 meth)ﬂﬁEISS’ - "anﬁydeoxﬁﬁi "t y}) cvdd '.er:yl @i dcod 8S - 9a - hydroxy
[er?r}-la;t_@[1 tet F w,i'letrdaihgre}ro r(?n - 2 - 35
VI -

yll‘bxy }_%’ ; 0§ oxyoct: l"(‘él §“yi)3 °Y°1°§’f":gn§“ 1y dacr d
R—nC[ e”l%? ﬁ lé?dél-l,u), which are se?gatgb mdmﬁu 1somexs by 11[ er I’] 12[ er I’] )
d| fl uor orrelt.xkeywisenm: remdifiifg3"+-dxo corfipbinid & bytiied [y Exatmple S&re eom}éhed oxy - 19,20 -

nor pmsrg?msmdm ¥ 'ydroxyderivgtivesgnamelyti enoi ,d, 85 - 9[err]s- hydroxy -
frerr] e%gl fcydo L 'f’ﬁ;i‘ret BT y‘°“°&5£§rn Pay t“%‘l’%dropyran o INE
Oxy - 2 iflnor ethyﬁrles - 3t';r ahl droxy enpig -aayis, 40 8S

- [err clopd‘lly-drno --acejhd kad 1 -liéine,rr - dlfluororreth | ene - 15[err] -

%5' 'd‘ﬂ - (At - cis, 13 -
Ij[ ans } h l’oQ %%Sx Séﬁ? ﬂuog eih g[ee?'cf & ogipt %"VF?I en?%:[ errjf -

-mngrl}- addBif @kid JI 2-1a&z@t=,raf31ydrop ran - - 20 -
et hyI pros%)éswjlﬁa-— igﬂtsxirlslf:ra,se{-adrﬂyommdhdy@mi +é'B&cd3da”f8%rwﬁr®& - hydroxy -
err] of 1) - SYHPReRt eAcic ne_a 5 a g‘ opygan - 2' - yl-
4% ]dery ﬁf &L&(mﬁn&nlé eh):}fﬁ GR 7 %L%y; ’E noi ¢ acid,
45 8S - 9[esr][2' h;yalrb@xw 541 daruﬁf-bmézg{reedrr]s'p-- ck"&l-mwrmmhyl ene - 15[err] -
tetrahygr( ) -CYQOPCM fe- - Y3k y acetic] <1 920 L2-lagtgmopnd  I9[-dfe] - prosta - 5 -
3§ 4“’ T ?q\eﬁqh %15 (334 - hy?f?’ﬁfl"(ﬁx‘yl Orifr®i], 13perr] -
Iuorgyrre s &g BT ERBGE OB 207 - Ridrovydbher. OXY - 20 - nor -
12[ err] I"(tpr ash a cycldpent - aias y113- acetter caqid  -1,2Glagmei endici’d,- [3'0- 8S -
9l err] bydrrar dy ';51] fyor ?Y‘%‘Zl[dérﬁri@"ﬁdﬂwﬂrwﬁ@ﬁet KiDensyD- 15[ err] -
tejtsr ahy s tr lél droxy 735'[3 dlmro%aylenezq th}ﬁk'droxyﬂtg-[ err]3 prosta - 5
- Ci s, 13’”t)-t£n§\ll)$ cycldrENQiaC YO SheticBcid. A[28[abtbne- ﬁydu'sxy[z 11[err],12[err] -
di fl uorbydmxh | 4HEp - diffypremed ylmetétar-af'ﬁﬁfﬁir-dpwxarmxﬂ E‘(t)- sybh)- oxy - 20 - et hyl -

12[ err] ¢ Yl] cetic @ 3lactong dienois agid 5} 9a - hydroxy -
tiger] zﬁgﬂg pfrtuqir‘% e SR TR opyaon 2 -
hhoky ~ ybmethylkrd €5% |- (—3”}3)[(h§drt&yhept5- (O -Sen.}B— - trans - dienoic
aC|d cyclopent - la yl] BCCUC acid 12’-iact®5a 8S - 9lerr] 3, h¥‘dro - 11ferr],12[err] -
di fl uorgr(e){‘ﬂ%k,éﬁewao Lq‘f‘? AT - {RrrarREnoay e e . OXy - 19,20 -
bi4SNOT PSR --4/55'8 - Glitbord@ethylchd ARG - (308 eﬂ@drﬁxyﬁdﬁl dl"(ﬁs eny1§{ err4s- hydroxy -

11[ err] eyt eet-r ——y1]d-|a¢dt1e|@¢1d)rh§t-h$x¢nene - 15] err - tetrah dropyran - 2' - yl-

oxy - 20, I‘*pr doyy - 48,58 %“"TS“"hyl%“F Ctone ‘f '&"Yéﬁﬂ d, 60 8S

- 9a - QXifﬁ-sw{ ‘L"arordmeaa?ﬂi%rr - 38Rt |h9<9~5 I end agblerr] -

t ebr ahy Bﬁ)ﬂ’-anz-'ylﬁ acetic Wdid 1,2'- 1acu69 oxy - 20 - nor -12[ efrf]- prspsta - 5 -

cis, 13 - (@) %nﬂZ' dw‘tmir dlhiﬁ@jldxﬂmtmm@ﬂem %ﬂa-df?}mﬁw 11[err],12[err]

~ difludr £ opent1-p¥ep yil - acgtig Parftes,, - oxy - 20 - but yl

- 12] ergj:io(g‘nzpﬁéfsse? dif ¢ aci® 15256432,'12"tr gro di edﬁoiclz ( ci d’y‘qul kew se, starting

fridm racewha n oina rgcemirc]mnxrurhydrlaxw -:he4“$e:rt 15 3s [s@rdng mateclal§ | uorsenret hyl ene-
ther'e are produced the corresponding racemates in place of the g_bogpj_rx;engglg_d 1’S-

26 5' [ el -C"C(?mf‘é“r‘?s] - tetrahudfmpysan - 2" - yloxyoct - 1"(t) - enyl) -

cycl opent To &' s{omrcrn] of ¥lg] of a'ser detyde saeni asetalniibrr &gi s obtai ned racenic

o[68rr] 43"h dtyfb ’{Perenyl) 18flepend - Yo Oyl | epecoacidrbe’H Itoenen - 1%perr] -

t et rahygqgug i lengchlondz Eﬂlgpg 3 g of Py olucnq?lg 1d apd 3mE of i enoi ¢ aci d.

dihydropyra: actzo'l ure Is stigre mmutes at
EXANPLEte re a few dr;fs of ndA :ﬁd édﬁ te l Ihexgg;he 9[err] - hydroxy

- 1l er Et])qr&ﬂ{o&ztw is wasHédf JithONOO IﬁEtth( °€ @gueous sodium chlodde|selliich and t €t 1 ahydr opyran -
2'65. " y| &y pith setusated aueouscspdjuny Shloride sphusion. Tkt erswiiccrhassiidsepareteds i . 8f purifi ed
acetone is cooled to - 10C and treated under an atnosphere of nitrogen and




wWith stirring, with 0.15 m. of an 8N solution of chromc acid (prepared by
m xing 26 g. of chromumtrioxide with 23 ml. of concentrated sulfuric acid
and diluting with water 10 to 100 m.). The reaction mxture is
stirred for 30 minutes further at - 10C, 0.15 m. 10 of isopropanol are
then added to destroy the excess reagent, and the mxture diluted with
ethyl acetate. The solution is imedi ately washed three tifnmes with sodi um
chloride solution, dried over magnesium sul fate and evaporated 'to dryness
under reduced pres- sure, to give 8R- 9 - oxo - 1l[err],12[err] -

di fluoronethyl e - 15[err] - tetrahydropyssamssl 2' - 15 yl oxyprosta 24
5 - ¢is, 13 - trans - qdlene ma@bluth Lilfale thd Bafdfahed b WHLE! Ldale dRLL ek o
purifi ed by t hin- Iayepprmdmﬁr;%% urnhqe)h ﬂﬁdlﬁﬁg Y atf@fwgrnmyafr i QC];& ;ix)?gt as

eluant. B. A mixtur ef&f firfé’{?m “01 Ed“aﬁ’m%“'ﬂ‘elﬂlfeeﬁiz y?:{x&; 4 S

di fI uoromet hyl ene - s ost4L- - - .

cis,13 - trans - di enorggnaﬁd me ngpl%‘% %Iifir YI If;\ FgO. &m‘ RBmdfent - 31 - of
65% aqueous acetic d&led hydroxybdt F 1¥() atny14@€ycfopemt b’ur:y olafesc add lZ’-lactoneClQO| ed

to OC and evapor at edc?“ﬁe‘ﬁii F‘i’r{%“s‘%ﬁﬁﬁ?@ ing ¥ oferral §{kether -6, Ry nEdbiddue i s
20 purified by johi n- hawg mog:h'? H"éagf é ﬂi”ﬁﬂ%‘f rfﬁré%@f lrtof £9: 1) 33
eluant, thus yielding the pure 8 11[err 12[e -

di f | uor oret hyl ene - 15[ rr Prydrox proﬁ)@MHESCI S, 13 - trans - d| en0| c
acid (X-A R=nd err] amI éﬁ% ool dﬁp%?f ‘ﬁ&’d i) R xare is
kept at room tenper atl,lz’f- B s dilss%lv&ﬁin ZOml ofa {oﬁstolﬁ)éa?%momgom 1&FH 6@ ul'ts.
25 By repeatindst he pnmehtrmmsoldesdsralddmed sdhtiolPaf 459 mf. dritlsoBrg@dlunhihi urﬁhﬂﬁaérpl e 15

using as starting rrat‘l'e:”&l ! “ﬁ!@ Qg F’ﬁ fil ﬁﬁ@l lxemfarrfednumaExé

there are produced aghbiahopt.aih dpems 5§§ £ ﬁ%&fﬁ; hésoi“;ﬁ‘:
11[err],12[err] - di fphdso rsmtsbpal-a&%washe& il sathrate &i(h'hlcm &M drie \Q§t -
5- 30 ci $013 - magnesium swfar d aepehattdCinRmnd] ab rp]'o)luce 1S - [2e- 20

30 8R- 9 - oxo - 11E’lé§1’§“] [5err iftuoro ff'm 6ﬁet(@]ﬁ SropgfEp 2’ - yloxyoct-

hydr oxyprosta - 5 - Rlﬁl REETE (1130 drfend’r ¢ 58 (% "ﬁf‘f’[‘aerr Hafr1 )
8R - 9 - oxo - él[e M[ﬂer vﬂm mechoa I”us)rctm*et- hydrcame%s SﬂBS{tﬁﬂxfo!omcthh&xdl’-G%:y -
12[err] - prost 5_(qu§ lm 2" X&@'or -CElopﬂt Ve - yl]acetic 25
] el ) ap 3t e (el 5 (81 ] f‘r’f S e

di f | uor onet hyl ene - a&{amerry]re 1-2’-|ﬂ§tﬂl£c€rXMV-II é% 6 osta -
5 - cis, 13 - trans - di bnmlmlhaomdnerm foll@ﬂmg cmpomdslﬂrﬁ erodt]cpdm{aemg Jfrom the

di f I uor onet hyI(-:3 e - ‘i°5'f g,la , nor rost 3 - transo
O e ST TR e ol el

15[err] - hydr oxy - I—Bnnt:lﬂgzj}pnpsta- - Cls, -

di enoi ¢ aci d, 1'S - [2e - l'l’ydroxy 48, 5’/3 dlﬂuoromethylene 5'a (3”B tetrahydropyrad.{) 8R -
9 - oxo - 11[er;?] 12f—@[§ JB"”“ lélh)oF‘HHetcﬁihpé‘ﬁel‘* - V[ "eArsgdebydp 42 gbgmiacenly 35
ethylprosta - 5- cis, 13rs- I’@néydmxﬂl L9k Cdlﬁ@dr&lneth Ehe~- 5% - (393(0tet'ra hydropyran- '
11[err], 12[er r] - di ?—'f’umlloxyhgt H{(tenenyl) - Todlopent ] 14 drama]dehydezmz fatepl.pr ost a

- 5- ¢cis, 13 - 45 ans dlﬂaoromethy (_3” trahydropyran_

11f[err], 12[err] - di %m é’°’8’r[r§»5f hwgégﬁmﬁ?&gflgﬂ Oh,},?' 03%9 i‘:’;&;‘mgor -
12[err]- 45 prosta 2”5ylxyfiinS, 12#) = edyhanscloperdl L@’QOIVE} a&ta chy&g?lz'- Hemiace@X
11[err],12[err] - dif) u’é?o hl;wldewe Y ,16[lé1ﬂri0]romethlwrrd - (3'r<20tca'ahm)0pyran-

12[err]- prostg.- 5 2'" ‘PaFf§" y ?@E' o ehydg 1 cetal,
Iiferr]. 12[errf- dli'l'usasﬁ I B e et 16 ‘%‘I".“ﬁ%.q dﬁiy i Eéi’,

12[err]- 50 prost al'S 52’ - l@d&;yl&'ﬂ S'BFaiﬂﬁoromeﬁiyEm:O-ISGx G4, tetrahydropyran_

50 8R - 9 - oxo - 11¥%ér [ are) - gCY lﬂumbtrr ]leﬁ@mmwsi er?’r iacelyy dr oxy -
20 - et hyl - 1§éerr]2m t_l}' aopen‘t an n qi}l ropgﬁx o
oxo - 1lf[err] [err] -l’sjrt s-lpledxﬂuol&{ee:&lt«: ! "’aoxtytrahy yran-bUt ?
- 12a- prosta - 5 - ¥s lg.mon -tlf’ahsenyl dicpivpénc - ¥ - Bdtaldehyde 1,2-hemi@detal, 9 -
oxo - 11[err], 12[er r% '[@‘Ff]’ ’c'?f‘en gcoge"gtémmem]-ac gld(3]3%-% gfaﬂgfa@ ¥6 - bis
- nor- 55 prosia - S [£4 Sh xy Xﬁ?‘ diﬂu&%n%eﬁéi 833"&- rahydropy Ogrm_ 55
11[err], 12[err] - dr;fmxmmrmt' Y ety -cyddpber ndy - yljhyaekiadiehyde 120hemidededy | pr ost a-

5 - cis, 13 - trans -_gilehol%e -agg BTa leﬂuowwethyleniip’ér 14 ",ﬁ12t teshydfopyran-
di f I uor onet hyl ene - 5[ AP 33 5 pent - R vl -2 ‘gdemiacetal, by o5t 5
Y, 5a ~difluoromethylene - (3 B tetrahydropyra
- 5- cis, 13 -earansz'"- :@ |q~ lébyr) lopent - 1'a - y1] - acetaldehyde 1,2-hemiacetal, 60
60 8R - 9 - oxo0 - ]erlr‘s] ﬂ22>{eryd xy-- 40,4 udifi@medethylbre R 6% fEs[.&Erfa hydrophyir OXy -
20 - butyl - 12[err] pleEﬂ’Feﬁ %‘9 = engl) s cyplgpent + Yany] -afdm@MECl,%{@F!dacctal
2’a - hydroxy - 4'8,5’8 - difluoromethylene - 5« - (3”8 - tetrahydropyran-
2" - yloxydodec - 1”(t) - enyl) - cyclopent - 1« - yl] - acetaldehyde 1,2’-hemiacetal.



Li kew se, starting from racemc 9[err] - hydroxy - 1l[err],12[err] -
di fl uoronet hyl ene- 15[err] - tetrahydropyran - 2' - yloxyprosta - 5 -
cis, 13 - trans - dienoic acid there is 7 _
1,414,881 27 obtained as final
product racemc 9 - oxo - 1lferr],12[err] - difluoronethylene - 15[err]-
hydr oxyprosta -.5 - ‘cis,13 - trans - dienoic acid. EXAVPLE 8. Fifteen
mlligranms of 8S- 9a - hydroxy - 11[err],12[err] - di f1 uoronet hyl ene -

15[err]- 5 't et r ahydr opyy 2' - yI oxyprosta - 5 - cs,13 - trans -
d|J¢;§hnLr‘ acid is _dissolved Lm]ﬁﬁ4’§81m yflrre—a-f—-Z—JIL,—-Q-f—-b-e.aZ-egsZ and 3 nml. of

acet one c ém‘wemmlgmﬁ raqqic empdupdsginblyce of Bfantigwrsthefegre(rredugsheny | phosphi ne)

chl or orPFFGFPARding facepiate of By phopernsprieied SomRoYdss | ting mixture is stirred in a

hydrogen at nosphere and al i gofiprigge renoved at periodic intervals. The
al i quot s arsarras:iu@ensifom e 40ung.lof drﬂ:ammymidharsenlacndnl@mals yinecthyby gas |iquid

cHr omatstb‘ eaﬁeé tqu"c for hag fﬁ@ %wgnqggﬁmfn g Iﬁ&)@ﬁg{%n has been
corrpl et gﬁ:ﬁde ods imethyl sulfoxide oﬁm ned to be
essenti spheﬁoanip 5 ﬁ@ The rzsa Uifthre idl sifted BAS fninds, 13 nge is applied to

20% w . of,;slr’s v €2'e nhidroag e 4 ,ﬁ’pr-dginabmhyknd-rﬁ,& 351a-t hydroppen-at i ve pl ates
d&el o Yl es - g}}w g‘ tdF“(Ead&’Eﬂdﬁl ’F acitﬂ a o8 75:1:0.6
lSS [49) pxture 1§ stirre
1
13\/\41

parts q}fony Q hou :Z ﬁéx rgiuze i'red
NONOUNSaata 1€ BANOBEIC anG Rl fedi veal ,oflﬁter The by vol une, of a
m xt urenemial exhﬂtmsefeo;rrtmcmwﬂnahyham@te lza(]ldlr)r( x urrlé Esaqucga r oxy-

11 err] %ﬁfﬁla “ﬁfr‘ggft?do?ﬂéigﬂ}{?"éﬁji ﬁdi Ei ﬁiﬁg@ropy an - 2" -
yl oxyprgg arew e with T sred QL oA Bloki —driddbver @hr]). Simlarly by

foll ow sn@tet dné e@pargedon dryeashmeteummgrea& highatah n@’mmrﬁcamed g the corres-

pgpdin ﬂ% &y thi la¥ef€hf fographyy yst §h1°f°fdine 9@01 Byat i ves obtai ned i
SN 5;:,:: -4 f Py sia ey B epar e

20 8S - me 5] iriphe: mfrsgisympen Qi [b eﬁad as rea

tetrah arnxtureaws ty ¢f -5- pentameam bstof-trxpll&vahqsvlums - enoic acid

15

n

ik PRp aedam}hyl ene - 15[err] -

C, } o dfe in rxall paF 2[ er
it uo%":‘r e %;rritf?::i“’fa %mmﬁm i?f;rtmﬁoxyp?%st 15 - trans
- enoi Cfroﬁn)@cct&ltriﬁ-cﬁ&q err]H err] 9[err] - hydroxy -
& s di d - 2" -
11[err] & 12 fermr':l ar- ?ymﬁli;acggrfgm Ic‘amepon :‘r’?u @lsro])tame tle’@raallnlygr o%yr an - 2 yl
gfoxy % ‘Q}’ SR E‘lﬁ‘ bl Bl £
err]}ﬂ{x?r g - f:mm id- ( Nl - di fI uor onret hyl ene

- 15[ err] 8§ t9et-|h er-o aandrﬂuoﬁmemyl e~ 16)6( esrahicﬁquﬁn 2Bbiyknor prost - 13 -

trans -o%en OX‘B’!'; dl 1@#?‘%’(“% an]}EL e 12[err] -
digk | UOI‘}Q‘Q@? i 1511513%- ans - 1 )fa?v‘? I‘D":lf% é?—l,,j, 35 oxy - 20 -

nor pr ost 'SSl ot~ h d’rﬁ@s 11, BROHiBudddinethylene - 154 - tetrahydropyran - 2/ - yl-
30 8S -ox@f 8830} bi sgx ar.!Blg@mr -|diet@¢ eqid;] - di f | uor onet hyI ene - 15[err] -
tetrahydr 8 hydroxy romethplenc - 15¢ HFABFEPITE - 39 trans - enoi ¢

1,
ad, 85 T dmxybii" m’ﬁ’aiau;fﬁri’r‘eg,rlé}re,-azr Sllbyarogfih | ot hypene - 15[ er ]
- tetrad&ydz dﬂ&l’prosta 5- czs,ga -tra@X ienoic2fid, et hyl pros - 13 - trans - enoic acid,

Shyd“!)fa 1ldghdelr é‘ﬂ mmﬂﬂ‘ﬂf‘ér— Mfe 4PEabydrypyean d 2 Wror onet hyl ene -

35

15[ err]™¥ sfgc"tga gg{,@f)é e d(‘fr:l‘:%“’ 135 QX% p?Q 2byfyl prost - 13 -
t 18NS - ox@N2Y -GuRP 8is13 [t:@isr iefoi roxy - ﬁr i 12[err] 45

di fl uororrEsSh hehﬁdmxy 15{ﬁelr23]—drﬂuctrmeﬂahl}edrlécpyteaﬂlydror@‘ran 2ylyl- oxy - 19,20 -

bi snor %Y snor- osta czs_,13 tfr dleno 5 9[err] _ hydroxy _

11 er o BT RO g RS e e A
088 -9a2®ydroxpgn1,r},12ﬂz21dmﬁcrr methy}aiieO-SIb'a= tetkahydrogyfa@ Q' —-yl-enoi ¢oaci d,

40 88 -oxQf &b+ efhl =5 -kisler prdns 1‘2fﬂe¢rﬁ}ld,- difl uor gyret hyl ene - 15[err]

tetrahy&go’ﬁy %ﬂs a ';’r‘;‘n éf:;o'lgéflglﬁ‘? frabydrRyaBr £1- % prost - 13 - trans

- enoic dmx9 Iﬁ’ﬂz,e AR lene -5k Elefrdnydradyi L b .djif | uor onet hyl ene -

1595er r | oxy - zcewueyhyrzﬁe S —cisA3 - erany b diendi\acid, 20 - et hyl - 12a ssprost - 13 -
trans ﬁ%ﬁ%ﬁ 4!°xy451"’12" dlﬁu"“’me%l‘m -gpRer teyrahydrppyipody-¥- 117 err], 12[err] -

di f1 uor orprose S g3 - trapsa eaeie adioyr ap ¥lg 45 oxy - 20 -
butyl -ox$220- ed@fpﬁgt%XYS &3 t&:fsléﬂﬁnm:aﬁmol cﬁ e? yr%%mf 9[e)rr] - hydroxy -

119%rr ], 18Ser%n} hydrdyflllﬂDIrZQHﬂtﬂ ¢n®mlene 1154geterr§hydr0nyamr-éhymopyr6an -2 - yl-
OoXy - 1‘9‘}’ oo B}izm’ 0:“;‘; $ % 9[1‘8 cdrzgcr d, ,8S;- 9a - hydroxy -
11] er r] oxp 2b Tl 12335210 VLR, dlenmlgi PEt dnydropyran - 2' - yl-

Likew1se, starting from racemic [2’& - hydroxy - 4’«, - difluoromethylene-



50 oxy - 20 - ethylprost - 13 - trans - enoic acid,

50 85 - 9a - hydroxy - 11[err],12[err] - difluoronethylene - 15[err] -
tetrahydropyran—2-— yl- oxy - 20 - nor - 12[err] - prost - 13 - trans -
enoi c acid, and 8S - 9a - hydroxy - 11[err],12[err] - difluoronethylene -
15[err] - tetrahydropyran - 2" - yl- oxy - 20 - butyl - 12[err] - prost -
13 - tram- enoic acid. 55 Li kewi se, racemc 9[err] - hydroxy -
11[err],12[err] - difluoronethylene - 15[err] - tetrahydro- 55 pyran - 2'
- yloxyprosta - 5 - cis,13 - trans - dienoic acid is converted into racemc
9[err] - hydroxy26- ll[err] 12[err] - difluodsbtwdsthyl ene - 15[err] - 26
tetrahydropyran - 2' s y[30XYpt@§Hropykad ~ 2 I ABFoct €L @l d cydegdVPig - 911- 60
To a solution of 100 arapidelnile aamace@l &xereXOobmxﬂcd[rmemij: 9%:2 hgiraxy - 11e,12¢ - difluoro-

di f1 uor orret hyl ene - I'%lﬁe] -15e - ‘CtthGBPYFPyerOXWVE§Eaa5 aj,13 - grprs - ignoic goidang -
dienoic acid in 5 m. of nethylene chlorigeyspdded 1 nm. of an ethereal
sol ution of di agzomet hana. aRdofufisa b€ 8wt m@nofn’ssdgur Bydkcky MAk/MiAidM6torAdhylefOM 5

tenmperature for 30 milhad esahydfbwrasell’\fe'htwrmdSexzs@sgraneag@mt agid én d| mlrmhat ed
28 pun fied acetone is cooled to — 10°C and fregt ?éh ; n aunosphere of nitrogen and
om

th 0.1 8N solution g 26
28 under reduced presh i ﬁioylu@lﬂ B oo Mol S e detretns BT A dater
di fl uor onet hyl dfe - 15@rnil])- Theyk ﬁmyrpftﬂstsannedffor-somlxﬁuei:‘imhertaf ane°G; 0.t§ mnoi c 10

oot on e i | EREShaTe T e R ek i

met hyl esters. sure, to give 8R - 9 - ox0 - 11,12« - dxﬁuoromethylene - 154 ydrop Qn 2'-
5 A solution of15100 ry@xypm&taSR-as,lg #arox&enmclat{deﬂx }5AL u), which is punﬁed 15

di f | uor onet hyl ene - r‘ﬁ@E 1QI° F ast cfugRi noi c
aci d methyl ester in %&% I "fg qﬁﬁmﬂn éﬂ%’ﬁ Q\f‘“th 50
ng. of sodi um har ohydpdrstem fies.5 RRGH (S adiﬂed(ﬁ; ucreﬁc dcﬁl 15Etiri’e¢ﬂ ed40ad: fdr @6t hours,
tenperature for¥30 mCPPlﬂdes 03Gr@nd ¢veporaced @ryaftseehdtrore@mﬂrmgyrqm&emly I@due is 20

reduced pressure, eF by &R | of fpel) s
extracted with ﬁjlyfgg% at ac,d"%hﬂpl%“ Yo uommethly Eng;' 1|frfs gﬁsﬁg’dnsm
di l ute hydrochloric aci th soihert éxparimancthavech@ibn trm:tumeutlde;ala; r@ni textipetivied for 18

magnesi um sul f #e andow ‘B‘F‘%ﬁ poregity n g1 redyce re. The %
residue is purified Qy.&h m@%ﬁe aﬁgl mﬁgf‘g’gﬁiﬁf ?fefpm ugC:j

chl ori de-ethyl acet akeﬁna]pﬁtdd&e&s vyl U'S o taln rr

di f I uor onet hyI e - 9[e|8R 1 er 1161285 dlﬁuoromethﬂekx dﬂizvxypdmswt-alzu -Prostaciss, 13 -

trans - di en0| aC|d | (¥ el

Rlerr]=Me) and 8S - meammcnﬁﬁ Li ‘ﬁ;‘f’““““r‘% hy“éy%"”‘%‘f‘“‘“ 1’l 18p8r 1] -

di hydroxyprosta - 5 - CBR-9 -l3e - ur -d:ﬂﬂbxﬁﬂﬂhy&nﬁcuﬁ nigtidoyy - 25t @roste XISk | - A,
RenClerr] H errly R[EIC’I"}-’E‘ 4*%‘0'& ﬁﬁd%r—-D #Eﬁn@.s ub ual 4muntg In a sinmlar
manner, starti ng frog} &5 ¢ 8!13 e’ées’tgf"s BETow 1id 82 oRlS - 2% 35
prost adi enoi ¢ aci d cOMPERDYS o - amzp &f miemﬁéxfe ase. mgﬁwm norprosta - 5-

20 8S - 11[err] 12a as,m { fanor dbemeit lagid,ene - 9[err], 15[ err] di hydr oxyprosta
- 5-cis - “8 ngr ? %gmfjtegﬁlgl;ﬁbﬂwme@mner 1oy hydexy R0 ryafttnrgsef er r]],‘
Rerr] = M) an 88— et S5[err
- di hydroxyprosta - &s,13 -Gha®s -éxg 1cac1 rghﬂg&%égg{ee%mgeag%(lﬁ&&ﬁ %‘Iyg&({s%r%
(XI11-B, RenCferr] H erriR- Rt ewor-]1 izM?z dmﬁoromethylene 15a - B8roxy -111[-dmty]pr03@[é{r] -
di f | uoronet hyl epge - 9{ T’"‘li'gl‘tfé‘?‘ a @Xor . ]@Jﬁgd Brg a - B - Cisgs
25 13 - trans - di eng,nogm_ag:lgglgeyr 14 Sty HeC, r 03—1[ ]'”ﬁf' T =
Me) and 8S- 1lf[err], 12¢rcL9]- oxodui/tmpr-mmioiwktﬁyl@e 194 €hydoxsl SR@F Mjr - 1201-

di hydroxy - 12[err] Propafo%{%l-% Bans - diewic1Rid- trans- _di enoic acid neth I

ester (XI1I1-C § = n%& i?i‘[ié’g’r MBI e‘?‘fi orometgs - 3% - bygrppier 10 MBPbr - - o
di f1 uoronet hyl ene - esx &I g, 12;3 ﬂkxﬁ%ﬂme i%[xerh?clroxy -I%Q?e&@l S12a- -

cis, 13- 30 tramsta i:l-l:ﬁtl@l—&ar&(—:d:énofﬂfﬁtdﬂyl ester

nClerr]Herr]; Rerr ﬂ/{ il 815§:1§ﬁ 1f[ﬁé?f1"]1¢ﬂw§[lfe-r¥5]x hydroxy - ZQO butyl - 12e-

d!fl uor onet hyl ese - ci L@Fﬁim- ldt]’ngfﬁ%/lene ]1gz§e'}1§d]roxy 9§%t@s-n§ B 55
cis,13 - trans - die gam.: ACHl3 TRiBY 1e:ﬁ&taerd R=n(err]Herr]:
Rlerr]=Me); 8S - 11] gr r R 12[ em{d} llald«ﬂdlﬁmrmwhgel eh?é --hy@psr130, -1@[ykprqst]a

di hydroxy - 19,20 - br¢ ’f%’s gnac aeld, ¢ ra i enoi,c aci d,.nmet hyl
ester and 8S- 14derrly, f} Ll;slf’g“’ ,Tghl'%'gﬁg rt°ﬂm‘l1yéeﬁ‘% ngs hhe) ? P BT ert g
- di hydroxy - 19,20 - bsmner p£0sStip,128 Sdifludtdn@th#éne-- 158 ahgdroxy di2e NGl amd

met hyl 35 ester; 88s2 -3 disdp r Jram 2 dienoicdicid| yor gnet hyl ene_- 9[err], 15[ err] -

; _ _ ise ng. from, racemic Y9« - hydroxy - 11a,120 - di uoromefhylene-
di hydr oxy 20 nhor an -% g( ahy’drgpayran&; rg 1 yldxyprosta - 5 - cis,13 - trans’- dienoic acid there is

%_m%




trans - dienoic acid nethyl ester and 8S - 11[err],12[err] -

di fl uoronethylene - 9[err], 15[ err]- dihydroxy - 20 - norprosta - 5 - cis, 13
- trans - dienoic acid nethyl ester; 40 8S - 1ilferr],12[err] -
di fluoronethylene - 9[err],15[err] - dihydroxy - 20 - mwethylprosta - 5-

40 cis,13 -_trans - dienoic acid nethyl ester and 8S -11[err],12[err] -
dlfluororrethyl ene- 9[err] 15[err] - dihydroxy - 20 - nethylprosta - 5 -
cis,13 - trans - dienoic aci d nmet hyl ester, 8S - 1lf[err],12[err] -

di f,;uororret hyl ene - 9ferr], 1 [£45d, - dihydroxy - 20 - ethyl
Ci S—-EI:S—-—H—&HS—— —L2[err] -

di fl uor"B‘ C‘ racemic S?L |-, 15{lé r Pifiuorgpefiylgpcox o= 20 - et hyl prosta -
5. ¢ & ypr nm’ dmmﬁo‘f‘eéml '%I nethyl ester; 45 8S - 11[err], 12[err] -
difl uororret hyI ene - 9[err],8%{mrrg 8- di hydroxy - 20 - butylprosta - 5-

cis, 13 - Frf&awsmlha!aﬂén@l 8S adé dhmhglllre@berdlf’mmdmemne-l&ferr] 12[err] -

engic disgelved
d|5f| UOI‘HEWF ng? of be f;.ne a ¥ lrgi[ Qaci fon!am 5 'S m% 1sﬁeg]ive g}éﬁyl pr osta - 5 -
cis, 13 tfis- Aefigh lphosﬂ'h'ﬁ Qh16rorBédi ;OEM Faker e 12[err] -

d| fl uonosﬁ&td’ﬁyﬂaﬂﬂ&og sfphe]rq éhﬂfaxacrubt]; are réitiols A poiydie inte a12(’rhe bi snor - 12[err]-

ahq fise@teaeflﬁf—% m‘—antl P!&Hsed-bmﬁén@ﬂ ehrmtquan’mth I est er and 8S -
t@ﬁxf

ﬂ(f err]d ;}ﬁg‘?’ﬂeﬂ‘er f,l’ retfs<£’:e'; mﬂlgf ﬂfﬁ ;E ,’Je'ﬁ[ err}? - di hydr oxy -
9,20 o ,§Wrs1lver grate@ kiR&gA (G repardeS 11:?:1 devéld’pﬁq thdl enoi ¢ acid nethyl
est er; cB8oforn: hpthanpl]acetip ae;d whter- incd P3: Zﬁor Oophisy , 15[ err] -

ydr correoppnding,fgythe. %&f?“? satu ?"&’0 urg i ¢ %W‘ ans - d| enoi ¢ aci d
nithy) o R el rs;,?m e 8
Olerr] e aexﬂr(KI—A nor - efr] - prosta - 5 - cis, 13 -
trans - dﬁ@nlmlscbmgilwlmdﬁyme p@Edgsvmg as 8®tmg materiaisthe oppserr] -
dipg | uod???g}g mm% rﬂchvﬁ" pmf dm&ﬁﬂr‘f’yd%bw in Bygmple ot hy| . 12[err] -
Drosta ™ s okt iﬁ = 1B 8 SdiBuoRnEHalnt - 86 dmfxﬁﬁdr%a,eszfepx-and Bs -
11[err]oxy1 zerpr st= 1 mmeadsnetjm,cke;m&ncﬂ{g [err] - dihydroxy - 20 -
met hyl - ?Ydmxsgr b‘s{)gr -dlf%mmme%)éeﬂt 3158 -teeghpsirapyref} eoble 60 acid
hyl oﬁﬁf % - h;‘zi’:% I 128 orometh;le’ne - 158 - tetrahyd opyran - 2’ 25
88 ox [ prbst L S enodhgﬁ URL-ONER hyiCens. ofert1, 1§[err] - di hydroxy -
20 - ethyBs- 9.a12{=}drox)] llapmmroﬁe&ylme s15k3 tetramfdamﬁan i glnoi ¢ aci d net hyl

ester &Rt 20 = bisnerpEost~113 4 prgna r grpic acigy f | yor orre ene- 9[err],15[err] -

dihrydr Qgy. 2}% Eéipﬁ"y - %:g{ ‘g‘;que yl%l? 2{0 tem dmp%ran ZA9L el' trags - dienoic
aci d nmet’hg$ - esi Bdioxy - lﬂx lﬂﬂ,AdliﬁBfEmemylene - 15« - tetrahydropyran - 2/ - yl- . 29
8S - 11’{%*(210]-1@ Iprost } 13 - rehinf { eg@de eaidbt hyl ene - 9a, 15a - di %droxy - 20 - butyl

12[ erf] 5y, 5llmlgq difugromethylcgn s e -drBRrey a1 8- ¥t hyl ~ ester and 8S -

enoic

-135 err] 3&‘0%& ?hydro Unéﬁgpf@ﬁﬁa%lngtﬂﬁcne 9ﬁﬁr Mderaflyabopyehd - 2 - g hydrgscy - 20 -

butyl -oxyl-%)ebﬁr}lpmstpﬂi)sﬁr@s-eng)c acid;i S, - trans - dienoic acid nethyl ester;
Shydro Eﬁfl CB{“@rom]Ethyleﬂderd?tUh@mW'e% v-9lerr], 15[ err] -

d| hydr 83‘(58189239b °3,‘;,‘1 ac‘_ s t&h}%m%%a {r ans - dienoic acid

mad hyl o@stxL n@n Ws enb dif1 uoro rhy ene- 9[ggr], 15[err] -

di hydr oxy 825‘0 90, mroxy bilﬁnm lﬂlstomethy:&e 1%4 -getfhBydropyraran - yI- di enoi ¢ aci d net hyl
O tra i)
ester; 9’3 hydg; %3 ]-cllﬂ:xlorq’Fxfo gﬁ Ergt qytmgyr&?opirét? [? r ?/l]- 15[err] -

di hydrg 20 ans - dienoic acid

mds hyl esggr 9@4111@?85: 11,&,12&rd14qoﬂo&hﬁmn - 15ad i téthabreiropyred hyl-eine- 45 10
9[err] o5 ty y érans 3 gnol 13 - trans -
di enoi g, Al qo"hglgn { °r°m ‘ﬂ?g? rls%IiTtgg’iﬂ]'W'Hzf r%idr onet hyl ene -

9lerr], 15t b4 - hyd l:x@z%y-mﬁ QmethyhaE _ 1551 38mahydPipRted & -BL.- Ci s, 13 - trans -
disénoi coxsadiodeuhﬁp I-13e-srtaesr caddad®S - 11[err], 12[err] - difluor abret hyl ene-
9ferr], 15{5 r? Ydﬂi‘ diftupygmethy £ 15:312§rahydm?tf§1taz 5 - cis, 13 - trans -
di enoi pr rans c‘}gﬁgiﬁ,

126’ difluo enc 15,3 tetrahydropyran - 2
15 8S -oxyl]?.beatlit}l 2}’.'6;&&5 1~3 et | eHaic it hyl ene -~ 9[err], [err] - di hydroxy -
205 - butysz}m&%&cm Posfhsamlxaﬁ- lla,é&?- dlme:E;tthmg %Eﬁdltéﬁbld@ aci dket hyl ester
and 8SP™A 1Fer ¥¥Y 4] ‘5‘1’?{; 3 B @aveBfif P A ®BE er r], - di hydroxy -
20 - bquqi gél‘éjdp 54 ommqume' S’ YAOPRHY 2 i (ﬂ);?tg acid methyl ester.

,_.

20 Li kew se, startln from racemc 9 - oxo - 11[err],12[err] -
digf | uor omgt hyl ene - 15 EXAMPL 59 pro - 5- cis, 13 - trans -
orbnor s alb LA W Mo 3R EHEEC

di f | uonasebigl éieal-soldi oeror B4nk mnhsl ﬁama.f QShathtaine® - CI S, 13 - trans-

di enoi et meih demmetahuyd fordd amuasndrhe adhents endlkfesy redgert 2e elimghated uor onet hyl ene -
9lerr], 15[ err] - di- hydroxyprosta - 5 - cis,13 - trans - dienoic acid
nmet hyl ester.



25 EXAMPLE 11.

25 Twenty mlligrans of 8S - 1l[err],12[err] - difluoronethyiene -
9ferr],15[err] - dihydroxy- prosta - 5 - cis,13 - trans - dienoic acid

met hyl ester are dissolved in a mixture of 2 M. of nethanol, 2 mM. of
wat er and 90 ny. of potassium carbonate. The reaction m'xture I s mai ntai ned
at 40C for 16 hours under nitrogen atnosphere, 10 m. of water are then 30
added, and the reaction mixture is then evaporated under reduced pressure
to half 30 volume. It is then acidified with 2N hydrochloric acid to
pH 2 and extract@¥ several tines with ethyll.43%¥late. The conbi ned organi c28
extracts are dried O\@der Sailted Pr&ivkd ab gieRINSR ey ajpgy al18,02.L -QdiftlibisReByEent! N URA
reduced pressure to W@b!dprs@dlr[sei rsgran!_Q{lemc]amd ntthyl esor.o- net hyl ene -
olerr],15[err] - di hydrﬁg%%fomﬁgq;;ﬁg ggg%géggerg‘sgiggé i ed comppRofis gt ingfx-
(XI1-A 35

35 In a simlarsmnner, the remaining prcFSML@nmc acid nethyl ester

conpounds obt ai ned | rL lllten% emsor?f/ qxht blogl Pre- ditnoyomeiviend i A free
acids, e.g.: 8S - 11[¥f? E’P treate ﬁ% Ssterofft & - ﬁfnélrtt
fauteCdn

di hydr oxypr OSt a - S +s &ird Broom ténipeftur the?zu){run atecfsto—dryness under
nClerr]H err]; 18] er r Jreducel)pressf}, water is added to &S oily fedi ugrarn tl'ﬂ: @pq:t extracted with 10

di f 1 uor onet hyl ene - Gfighge ;“‘15?{"% rgrm KRR Pdfe g thth t °" er‘;gguced
cis, 13- 40 trans - éhé’g‘;els czapc:l' cﬁro %ﬁéﬁlg gel fn]ethiten%') , 8S
- 11Jerr],12[err] - lsﬂxdeemgrﬁe&a iemesm ©buih 8851 1a,nza J- difluctoriytey reﬁE(-)B-oz,-lSa—
12[err] - prostlé - 5;1;h M)yp?? @Erlé tr ori lccalggcmgjgly th;?@q?og%; nC.Hy,; 15
nferr]Herr],; Rer - gf "ﬁt{ o)A i
9ferr], 15[err] - di hyg md 51 1rans- m{\‘i)s &’Lpgﬁ;%
acid (XIl'1-A, R =nC er Eg H[s1eli1£r manR[r,esta’ g:fr the corresponding methyl esters of the 9-oxo0

45 8S - 11[err]2012[erprd_|Sm qu 67, % frodpcg err] - 20
di hydr oxyprosta - egfgac Eﬁ{ioh “’%}%ﬁ} s v ,ﬂt:z:;:
r:j -1935‘ tr i

O

nCferr]Herr],; R[er ethyl oe,rpro]smlz arr - adareaaa 1€ Ber -
9[err],15[err] - di hy KIMR 2O r,]‘ Me rosta- - Ccis,13- trans - di enoi ¢
acid (XII1- RS= nC[ ‘(8 |=| étﬂ cﬁh@foth 9a, - dﬂlydrgxy - llxx ta -5- czé- 25
fileril a2l - o ySRr s R Ckr 5 RR -
prosta - 5 - cr s, 13 mefiﬁcatcrdarrem l-esteH(ermm_m: R&ind, K Cerr]Herr];

Rerr] = H, % é BY ; 118128 r lﬂnorgwhymlzgr%qélgm %1%1:@? grprita ﬁiglﬁg{ll o
di hydroxy - St TPanss " d -
11[err], 12[ er r] ) dI f eﬂl%r exgm )% rd:gL% prosta - ¢i5, tﬁans €oic 'aci
et hyl prosta - 5- 8S - ¢1051,2¢13d1ﬂudr6n&ﬂ1$lene -cbu,eswr dIhyaibk)d-, 19, zo blsnorprosta 5-

- 3 - d 1883- 1la e.th -

e et "G TS e A AR

11[err],12[err] - di uesouenbylaﬂ\emme&heruba,ﬂs5Le§,§d]roxy @bhﬁéﬁm&ys cigB- -

met hyl - 12[err]- progtsa dxer@c acigl] mprhsa estet raahss i, a0l difwomethyland 98/05a-

8S - 11[err], 12,{oerr] d'hy'g @@g@ ﬁﬁ}{m ’9‘;“5‘1?‘ °09,1,5ﬂ‘bf“f°'f’yl esiEm hy drog@wﬁgﬁm
1C

0.
- ethyl - 12[err] - Q{s@éi astek T 88 - | G bbbty
12. To a sol ution of 9@Asddihyafoxy3R0-- n&thylpfmo 5- azsliierz;r s, - llikb@dfﬁ did methyl ‘ester,

di fl uor onet hyl ene - 15 gﬁgrum dr@ﬁvm@gge- 95,15vécrilb dllisylzalpg%qﬂylproatgl{ énoi ¢
aC| d |n 2 m OI anh)gg ﬁf%} % aql l'g qt& an - 44 lnuorometnylene-

5 di oxXy - ylprost: cis,13 < ienojc ac1d methyl ester;
1,414,881 8S - llu,IZa difluoromethylene - 9a,15« - dlhyd%d alol T gt at ur ®
and under argon at rm&phmeramo 2ignoivl acxd)fmeaayIZHtesdnmtasomm12£9diﬂmrbmmtyhnrx| de

in nmethanol. The reaé’ﬁg? i §%fe2qﬂsb &?‘lmuﬁdéﬁ»l@h afsarj;en g‘%‘bﬂsﬂst f@r 25
mnutes, it is gohen ggjdrfs 1S I Qh}rd‘;od ,L;Eﬂgﬁguo r 50
extract ed w th ethyl ;ﬁﬂ@re@tegp, edm'ygaﬁl.clgmt.rb@ |1aa\zv@ﬁ,l&3 J,“Sh; Qi as-

sat urat ed sodi um chl clfendeacsighethyl dter; tion dried over rragne5| um sul fate

and evaporated to dryneds:-d R 'd qx %H‘q
residue by thingg ayerg;; C‘Sj” bgj S_JE%Q?C aq?hggﬁélylsmﬁ%ts )és%‘ f,é— %ﬁ"‘fé?émgg%l 55
et her-acetic aC|d m bt e ( 8: 40: 2) affordsthe pure 88- 9- 0X0 -

11[err],12[err] - di -prg‘ Morﬁﬁé% Idéineomeﬂmrg{lfe 15a h‘ylmd [1 ﬂlﬂuom osta
- 5-cis, 13 - trans meth@ferén Sa -éﬂl\f roxy, - 5{ th aegg.\' 5 rcrslllf trans 1eno1c

In a sinilar megner Rkl medj1RGras startl er i'al s the correspon 60
8R- 9- oxo0 10 c@Srpmlmns cdlﬂtnaomrﬂdlenen 9E)l&m3dﬂedr3xy 1d0erdylanegs p;rr@;duced

the fol |l owi ng 8S-ant iSresd3 - trans - dienoic acid methyl ester and 8S - 118,128 - diflucromethylene-
ma dihydroxy - 20 - ethyl - 12« - prosta - § - ¢is,13 - trans - dienoic acid methyl
ester;



85 - 9 - oxo - 1lferr],12[err] - difluoroethylene - 15[ err] - hydroxy -
8[err],12[err] - prosta - 5- cis,13 - trans - dienoic acid (XIV-C, R =
nCerr]Herr]), 85 -9 - oxo - 11]err] 12[err] - difluoronethylene -
15[err] - hydroxy - 8[err] - prosta - 5- 15 cis,13 - trans - dienoic
acid (XIV-B, R=nCerr]Herr]),

15 8S -+ 9 - oxo-- 1l[err], 12[err] - difluoronethylene - 15[err] - hydroxy -
8[err],12[err] - prosta - 5- cis,13 - trans - dienoic acid, (XIV-D
R=j190[err]H[err]),‘ 85 - 9-o0 914-8 l11[err],12[err] - drfluor%'ethyl ene -

; 13 - trans -
di enoi - dlﬂuoromethylene w15aqg dihydrg b ,f'rl @T I’] _
R i L e ey 20
prost aesterb - Ci S, - trans - d| enorc acrd S - 9 - oxo - 1l]err],12[err]
-5di f uor&ﬁretl P«enéﬂuomﬁspéﬂm] e, 1 1Ryt ]a -8[erBd]- prosta - 5
- ¢is, :; g:enoxq g{%ggrg Fs T ands 251'3-91t1ra,1 drﬂu - 12[ err] -
di f | UOELR: th e i er yéro‘?(y i) err] 25
prosta - - ld:de,E;r l?rhﬂuoiomahﬂene Pb,@5604 dihwigdxgl - 20 - cthylprosta 5-

blc acid, 85 - 9 -

26 8S Lis dienpif[ gsjdy methyl] ester Jand &ifl d%vo méid ene- 15[ f0r ] - hydroxy -
20 - ba@ﬁﬁ %F}F %EJ rota §§:,1]33 _Zq(gc W?ﬁﬁlﬁ
B

0XO0 - Jsl[dan Rfehdic aci yloers{an&td em,lz,e 1 3ifitdrdnjethyleddy dr oxy - 19, 20 -

bi snor -9ﬂsflerdx]lydﬂp25[ €20 nor - pauospttuta 55 cu,1t+ sqmiadlenotchﬂsmethybll enor c acid, 30
g5 - 9“‘“" 1- ié %E%dme%h%{er rg,ryo twle 15[err] - _hydr_oxy - 20
- nhor - sQ§ [%hdid 3cid methyl ﬁg‘gﬁ Q?ﬁﬁ erans - dienoic acid,
8S - 99ﬁ,1m<omhydﬂoi;[ezor-bu 12 1eu rosta-dﬂ-f m@remath o&nﬁld- err] - hydroxy - 20
rret hyifer— er r% e}rnr - dtﬁ%ﬁ] 13 - di enoi c acid, 8S -

- T y ' hy oxy - 20 -

et hyl mﬁxg 1r1 [cﬁc&iro Ja nec%%{:’lﬁu%{d xyp%'s fﬁ&,li zmtrans - dienoic

aci d, dienoic aqd methyl ester and racemic llu,IZa dlﬂuoromethylene -98,15¢-di-35 85 - 9 - oxo -

11[err]hydIQ‘P’EP5r‘a] 5- ciitd t oror ofipinyriemetyl #8ferr] - hydroxy - 20 - butyl -

?gerr] 12[err]- prosta - 5gxagipigld - trans - dienoic acid, 85 - 9 - oxo -
[err], 12{vefy Imitliglinf | 10O ORILIY) €BRuoTordkBlyRiel ] a1 Sal1 Yy Brs3s- - 19720 - bisnor -

8[err] -Pqutla(-)St fa.s,lgfo%égm dxptg;g]éa&d-methylemsr are dissdmdn%;_amnd; of4Dml. 85 - 9 -
oxo - Pimehyml 3 tet 2 n},s dnBthg cubeac hsrpeion mxedr oxy - 20 - ethyl
tained 6 h 10 t
8[ la dt:dn ande rl?et reaction dl ours er mtr ofateld ﬁgd;t ed'ucr:g ¥ix rea:-o éﬂal@nm Go acid, 85 - 9 -

oxo - Jvfu[uads 14 lsllﬁ{:emlﬁedwnﬂrm hmrbmt byd @pei—-2 éhﬁ[earabt]ad sevdy dr oxy - 20 - nor -
8[err] trrrgferﬂr zthyl ‘Fe S?t %ﬁsht“-l Coslbmedcqwmi@“mcttt ngsggoveh sedien gﬂfatel d, and 85 - 9 -
X0 SR iﬂ“h ISR RIE, sl B LnTyor oy - 20 - oucy!
35 i 2

45 Li kew ﬁea smalc:em:meerl:e rauadnmg ﬂrds]adiexro]c a’bﬂ[ mtlry] esterd:brflﬂloumlls onet hyl ene -

| 5[ err]ob shere'res ngrfee aci ic acid is converted
i nto rgﬁﬁdﬁzmﬁmﬁﬂgﬁ 15‘[‘ efl’P] ’°"y‘ﬂ?m 'fgf u%gjlgrréf"ﬁ’s'/l ene - 15[err] -
ygdr oxy - s8[ @18,123~ dMu@Grhehytend- 9.1,15& smﬂyaroxyimnemeu em%guacr d.40EXAMPLE 13. 50
In accmgsﬁﬂ%}h}égh@ mmm 5031 20 - oxso - 11f]err],12[err]
3 i 0, 5’ -
- difl rg’gﬂdwnmcacm(x e [0EN ié}‘f;)f & )ﬁ@[é’fr] Pﬁ?‘ﬂrax? 8[err] - prosta - 5
esigeame&m 155 . QRNEE e J NI g i3t Srapet hyl ester. A

- -Ci s,

S9! utrdunqm‘acfﬂ(]m Abf=n8$llr,R9—H),oxo - 11[err],12[err] - difl4goronethyl ene -
15[ err] E% d@g@ fm%lem’pr%@& dihgiroxyprpsia -13- ¢is, Br-dfds- - di enoi ¢ aci d

met hyl "ﬁ 0815 "BE | 19,8 nE2Q! dggOCandtreated W th
50 ny. t,e,f,; s@ 1\‘1‘;?5.15; ne,H” hesa_nea’gﬁ’%) 122 21 G mxture is stirred at

r00m terrpéofatllﬁr,léﬁf- rﬂueﬁnmyhmwﬂm\/ad@rdrqxs !Zazerprcataleléelaati!d t hesopr oduct
extract”éﬂ‘ﬁel‘l"{‘ﬁgfﬁ fllaDeR ap6.H, ]?e gnic gxfract is washed with dilute
hydr 0- 5k Ofdnt: dabill sG] Ut VST an "’f HEUtr 1‘°“”°ch"| "ed and evaporated to
dr yness uasleruu,muomﬂﬁthe:emﬁ&bdm,ms Riliydréxly e Robyeugtpeaat Sogr aphy on silica

usrﬂr’r@3 lz%ﬁeaglhl or e- t glg ceta e mxturesssto thus
obt aing 8fs ‘%kfj “ggg‘% rr rdé‘r’rﬁrﬁglr oPBFF ] I5[err] - di-
60 hydr ox¥s - mur}émtyrane - 58,15.C1 @nghRxy -tzbarhser fn digpoi ¢ acid nethyl

ester (prostaAS - Rs;rs nwsr- idhedr acjd, akq err ] =Me) and 8R - 1il[err],12[err] -
&@0f | uorom§~§;1 8 - difl qﬂ]Y‘e’lﬂS[gerlfr] ihydiokyR00¢thy! -dRer prpsia- pro@ta - 5 -
cis, 137 Frand™- ‘{fﬁ“%ﬁ ‘f aGghdMmEW ester (XVI-A R=nClerr]Herr]; Rerr]

= IVE) To a solution of 80 mg. of 8R -9 - oxo - 114,12« - diflucromethylene - 15a-
hydroxyprosta - § - cis,13 - trans - dienoic acid in 2 ml. of anhydrous methanol is added,



1,414, 881 31 Simlarly, the

remai ni ng 8S-9-oxo conpounds of Exanple 12 are esterified with di azonet hane
and thereafter reduced with sodium borohydride, to yield respectively: 8R -
11[err],12[err] - difluoronethylene - 9[err],15[err] - di hydroxy - 8lerr] -

prosta - 5 - cis,13- trans - dienoic acid nethyl ester (XV-B, R =
nCferr]Herr]; Rerr] = M) and 8R 5 1iferr], 12[err] - . * .
di fl uoronet hylene - 9[err], 15[ err] - dihydroxy - 8[err] - prosta - 5 -
cis,13 - trans- 5 dienoic acid nethyl ester (XVI-B: R =
nC[err]H[err],;i&[_eLJ;]___hze.)_gR___;LL[_errJ_riiﬁéLrl = difl uoronethyl ene 30
O[err],15[err] - dih mpergfie unieZ[aeprh}tmosp r@o@?bml- of5s 2N folptigr@f sodfumans -

. ) . e ! Ad
di enoi ¢ acid nethyl | : ”eﬁﬁn oo onf Rl pﬁ_?e Lo DS
11[err],12[err] - di} ﬂQE’eﬁEEe @ﬂ@ extra @Uv&sﬁl satura Oe\ﬁMrrde solu-

8lerr], 12[ err] 5 progenadried dver nagresidd sulfatt: ranmerapoﬂa&d to dryness wide najucd pesdrenet hyls

est er ( XVI-C, R=n ak Fh]t resrdﬂ[ lge matography using a mcthylene chlonde-

10 8R - 11[err], 12] ggi;;,:& e d}"@‘f’f‘@y dgrrsufe;,ﬁse?{i; Eﬂ ardixy -
8[err],12[err] - progXmW—A,R=n058,)3 - trans - di enoi ¢ "aci d net ester
(XV-D, R= nCerp]Herr ] In eR{leriarr mamet\/b')t wingl aBfRprting Ihaeria tlﬂ;2<{oe¢s dmg 8R-9-0xo0

di f | uor onet hyl ene - fis obsried o Exarg) ﬁrm Pf_l d%“g paptimers; ?st a -
5 - cis, 13 - trans- gﬂgnq’& (di _e5 L nt y ez? PEer
Rlerr] = Me); 15 88 - 9 - okR 11aft eﬂiﬂ]mr re:re - }Sﬁdlrfyhﬂdﬁr-omsl ﬁyaltaene- -

9[err],15[err] 15 di hgotd 15

d@gm gid (BiVsrihR=nQHg 15
prosta - 5 - cis, 13 m,ltﬁ% '_°§l° %Qﬁﬁg;{igﬁ? IE 5@5P@r°xanﬁelzsnprosm -
11[err],12[err] - difl usros- set dfﬂu09 ne tigrﬁ)liroxy didpgdraxy - 319, 20
- bisnor - 8[err] - ms@s—tiaas,ls srancrdagnibjs aexdtrans- di enoi ¢ acid net hyl ester;
8R - 11[err], 1% err ] &:F eﬁbﬂwrogft@m 18feer pydroxy di2Ay o x f8-~ 20- 20

trans - 1e

5 c
nor - 8[err] - prost® §9 - 1lel2e - ﬁ"’ Bethyldak 20, 0L L d..net hyl
ester and B8R - 11[ gbsid- 512»{s,esor}am’ dihbi t-mw(e)tPr}{a‘%nFlyqinehyg}o%}q i ma&y'l 85
Olerr], 15[err] - di hy gs%@fx —é:go- 11ofide - 4ifl enerﬂiylene -p]rS@stlwadrexySZO-cetlsd 1388~ "
trans - di enoi @aci dPA ) ddrt ifRoic_agid, err d| or pneg hyl ené®
L oLerr] 5l err] - s R e RN G A
trans - di en0|c aci dy{nﬁ!sh-y? @%terllmlmd (ﬁl‘cijaommét&y[;:t‘r]lj&Zﬂaﬁi’réﬁ -19Q¢)f-|b1mr-o 25
net hyl ene - gprl. 1 prosta %37” 1eQic acifignt h prosta - 5
- cis, 13 - trans - QEZ?I _m°1x3° ggq‘ ﬁﬂf%ﬂeéﬁen’dg’& 20 nor - §f,12¢- 30
11[err], 12[err]- dif uwsoryetohd/ ﬁ;@ezp R fobktARE Sl - hydrékly DYEIr Qo - 85200

ethyl - 8[err] - prozmsa--SScss,li:mqniSdmortraad\s - dienoic acid nethyl ester and

8R - 11[err], 1g£ err] 8§|‘f9I é‘ngﬁ%‘lm@f}ék?e] A8 F Bydroky = 2G4 gy T%(V«‘ 20 -
et hy Ir - glerr] o%'f’s%s—s ﬁgcug 4 il %r.ra,yrm | 8POhfredFi 5 TRELNY4e, 130 »
rosta - c1s, trans - dienoic aci

30 8R - 11[err] 12[e£nr)s]é~9- @aﬁbugj:?ﬁeégﬁogmﬂwlﬁ@[ dpf } hyiBker 1420~ bdndny@?-oxy -
20 - butyl - rr] s§ax > 5 d, ) ien t Dyl

ester and 8R - 1[er15r]Jstal [gars,r?o ,11,,15? % uom enelsgg'[%e?r [errT Q’X 40
di hydroxy - 20 - butyl &8s -3 etxb} liﬁ,mosiim:omméhyiener SS,Bl-&'}droiyl’-aZOS nor 0851201 C
acid methyl ester; 3mosta-5-cisl3- "‘ms diqroic aqid, ‘gﬁ%ll - difl uPronet hyl ene
- 9lerr], 15[ errg} %Lstﬁ@r%y Zﬁglgicﬂ“a fene’-1 }""’12{ 12e- 45
35 prosta - 5 - cis, 13 mebvrsanscenucdo eaﬁl.mamad mbﬂam&mﬁa&eﬂsm@dﬁﬁpmm- i
11[err],12[err] - dlfl-lqmﬂb troret-yehaie) @cid &%wmﬂed 1isp gacerhic-9 dodaydig@iy --di-19, 20
~ bisnor - 8[err], 12fuepprthylens - 43q Hhydroxy - 84 groses: 5 - ‘P"rléngmmcﬂ“‘é?ibla‘édamd

met hyl ester; 8R - 1l[err],12[err] - diftsmpoggihylene - 9lerr], 15[ err] -
di hydr oxy - 20 56 hor - 18[aedofd]mca&{nﬁnﬁd met4dd of Example 9B xo - ﬁa,izacidﬂiuow - 50
trans - dienoic aci dmerstidnyt Les thidroxgnds - gista - iLl{malﬁr-]tra@Z[denmq acid @i dohvgrado-

40 net hyl ene - 9[err‘]“°1§‘§1"‘%}'”il s‘ef gih dr(gxgls 20Q - ;Jéﬂl}:I]ZrLe_rlrsnl_
prosta - 5 - cis, 13 hdgok Ngg L&U@ .,5Q§L@aﬂﬁt}\§ﬂ,m § %ethlg ter in 5 ml of
11[err], 12[err]55- dlfhéthhﬁtb‘l@s’mblgiytbel’@and tRhred Wi ﬂ)51[1gaﬁfrs]>dmmdur dHdexle reac®@ - 55

met hyl - 8[err], 12[eJJm'ZI;‘? mvﬁatmog tcmrzerdag% r 30 mingesy watey m@d@écﬁnélﬂneth |
rodu with 'ganic extract is lute hydro-
ET AR AT T

ester and 8R - 11[er

on an e(&tral jed and eva der vacuo.
9[err],15[err] - Yol roske ts peidied biTEHrbyatograpiy Alslliba f@sag mykdarcnarda.emyﬁ -
cis,13 - trans%0 acetatc mixtu§H tojltbwoptcauacﬁRd- ieg1Rey | dé’sdzremethy&R 9elSe - di-

11 , 12 - di beg s S-c,é ethyl ter
8[[e(rar]r]12[[e(ra;]r] prols§ éw ﬁ%{m rre ac,ﬁg?éiﬁg'l ylx}?1 V%ger and

tr
8R - 1iferr], 12[err]R-ﬂ-—M£J| uoro- ms%nrsry ene - 9lerr], 15[err] - d| hy roxy -
20 - ethyl - 8[err],12[err] - prosta - 5 - cis,13 - trans- 50
di enoic acid nethyl ester;
50 8R - 11[err],12[err] - difluoronethylene - 9[err],15[err] - dihydroxy -
20 - butyl - 8[err],12[err]- prosta - 5 - cis,13 - trans - dienoic acid
met hyl ester and 8R- 11[err],12[err] - d|fluoro- rrethylene -

Ar--r N ~ N T | A~Nr oy —




di enoic acid nethyl ester; 55 8R - 11ferr],12[err] -
di fl uoronethylene - 9[err],15[err] - dihydroxy - 19,20 - bisnor - 8[err]-
55 prosta - 5 - cis, 13 - trans - dienoic acid nethyl ester and 8R -

11[err],12[err] - difluoro- methylene - 9[err],15[err] - dihydroxy - 19, 20
- bisnor - 8[err] - prosta - 5 - cis,13 - trans- dienoic acid nmethyl ester;
8R - 11[erY],12[err] - difluoronethylene - 9ferr],15[err] - dihydroxy - 20

- ethyl - 8[err] - 'prosta- 60 5 - cis,13 - trans - dienoic acid
nmet hyl ester and 8R - 11[err] 12[err] - drfluororret hyl eng- 60
9[‘&%15{ -5 - cis, 13 -
tT ans ‘;11‘ d a% thaﬂe;ﬁmdmnegg +OX<es¥m1mdl;!8@ExaI§m @rw]h - di fl uoronet hyl ene
- 9ler Z%ﬁf f’ir Vi fj m‘;l nee, - prosta - 5 -
Ci'S, 13170, L Iabe - acg‘et’r‘ié,r ACT QxERVR  eter & S ert] 120err]

d5f| Uuotie;12« - dfﬂﬂoromethylenc - 9,8,15[3 dlhydroxy 88 - Drosta 5 czs,13 - trans- 1,414, 881

32 rret‘l’\‘sq0 ‘edme‘ggeﬁreé nQHldrﬂi dgem( - 20 - nor - _8[err] 12[err] -
prosta zs,13 en rf este Xé;’?od:%lRy fg% ﬁ%ﬂm % 8R -

11[errf Yalr): earﬂ]mrmnedryri eucgr; @rye 88,194 Efrbsfa -152] Bt trans-d| hydroxy - 20 -
Bat yl dler@cemdin?tﬁsl[:serﬂf\fl zﬂ:sHufR‘ M:as 13 - trans - di enorm aci d met hyl
est er 3 ran d%*nL é‘if* mT lest 9%1%? —F(gl @,8,1201 Iepr )

9[err]1 fhuorori*hw I drox agl’j’ as ;Tﬁnﬂ - pr osta - 5 -

ci s, 13d1cnorclaam&emy1&ted(mm 1&@:.1 }fer kew se, starting from
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mi xt ur € ﬁnvaﬁe&ﬁl{o}oﬁn&ﬂﬁéﬂnf@& 152NQ0AN, -3b _ef{0Q sheytmn and 15 at
25[errica“fn;3 ! Bipfoic abliem&hyDekEaina iR | BlofIBUL diflolomedlylaptt h 1N sodi um

hy dr ox P& s dityrdrpxy A 20 octiyH- B8 2 piogsa 73 4cighid trgsvedilfdw edd Inycthfrlor t he hydrol ysis of

fhe pr"é‘ﬂsqgl riv |ves of, th nve twd®nilligrans of
- 9¢,15a % Cl 2 9 Y- g9
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g)gl ut i on pé 7 iR ¥‘E‘Fderﬁ"‘£5‘tegérﬁ;’d%@g’§h lﬁu Brldea 0. 2N hydrochloric
thlﬂ hiraabo2g e, DE t;ag; Eah. times fromthe

sol Utl:-@iﬂn’;btlf&hst&t acetate 25 and et her The conbr ned organi c extracts

are drred‘ ﬁ@s?f ﬂsl&’llef-a?oe” ndlh 20 1d1wness under vacuo.

ZEhe regf@,g ”’ 15 e §§m &gté 16, %% j;g)rrat ogt aphed on 3 g.

of FI Od’lén&t; d;h 1&@ urm |s e u ed S ccessrvely w’'t'h net hyl ene

chl ori de-8& etigyi2g etdnbpromtwlauc esqz,lfdr -edilpgdtoxiet R@r ethyli -e83Md- et heret hyl acetate

m xturlé'%“al;g% gsé‘?rr frans - digholg zfd$ eetlezrgﬁﬂ & hy, ﬂﬂ&éﬁlld’rﬁg et hanod (80: 20) .
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obt ai o J,L”ggt“ e1.2;ﬂelr5 ]-dih&j Ig@rgg;etlg I ne,. 9[err], 15[ err] -

adi hydri)xétsl-s éfaerrdmmc £i0Sh igwr rﬁanelsyg,- g aﬂﬁxomgldl?}ﬂﬂﬂéﬂ c agpd (XV-B, R =
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di f1 uSTBIRt N} 308 . aifbShlyd?L SLids - oSl dMIT Y. 50, BlT0), 12Lerr]  prosta -
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EXAMPLE 15. at 25°C to 30°C. The supernatant is neutralized with INGOHidfip hydroxids priution on of
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I_@f@(ue%’d@“ a@’é’f‘?c acid, %

hydrol ysis of tHA® tety,
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~
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60 EXAMPLE 15. 60

To a suspension of 2 g. of Celite (registered Trade Mark), diatomaceous earth

(dried for 24 hours at 105°C) and 1 g. of chromium trioxide-dipyridine complex {pre-
pared as described by J. C. Collins et al, in Tetrakedron Letters, 3363 (1968)] in

..
-
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1 t | _
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a@r S 0% - UH’I?LOO fifluorogrechiene h ot 1ydsoxg 08P e@eddPO and treated with

b g s lpﬂﬁhﬁﬁﬁdrgﬁtbyme 5E26HkR. 1 XilfhRed S3Stirred at room
t enper adnblf @oit @6d,30 M nut es, ereafter the solvent elim nated under
vacuo. %V\g&&rhgt;aduae@at—dlﬂudwmgwkt}c -rési Wdexandd -thawlppstoddct extracted with
egy! pig acidp, 1,414,881
34 orgg,gg}c’i&iﬂﬁggf’gf ﬁ'ﬂﬁmﬂmﬂ’y{eﬁe “drt SR G APEIT 1 2%8ci d 31 ution and
wat er to sRubr-ake - dm,nﬂ -QdiftbrofEbyeAs - UFA S bildfoRf ezmndore-vaporat ed to dryness
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13 er r Pl ed T, < o QR lRNC1sp ?&&Jx&laiﬂ Sfiddeprond] NYQEOXY- prost -
13 - t 13aMifns- eiitOicid, aci d hyl "ester A nerr]Herr]; Rerr]=Me). In
a sim I ar8Rrphnexe - lim@aréﬁmrmeﬁglelSR-l% obo(éwpr ot emulpsiaddd derivati ves

obt ai n&&F ﬁ‘?mE)?%&pl arﬁﬂu&%@é’d@ﬁe&?dﬂ Yd%fg’g rrgs_p ndi ng methyl esters,

WU ch @b 13 dabld Nin acid and or ohy ride tgg yield the
respecti v83'28$—9¥oer 11, lamddm{rmrﬁe}hyhgcdrlﬁﬂylhmre@l 20 - buryll-012¢0npounds, nanely: 8S

- 11[ePfPsf eﬂQ’C ‘q‘l oro I =rr] 15 err - di hydroxy -
tgfer R e et

] EEFdeY X-C R =
ngy err 1lal[1mr lﬂudpnlé&@l}me—- h@cﬂ&i{ &= 11 @rsr. eno‘rc2 di - fdsuor onet hyl ene
- 9lerr],15[err] - di hydr 12[err]- prost - 13 - trans - enoic acid
met hyl 1§y following %?e x%&ho(:l>9f< ampe A %I’ rg] l_‘[ ?é I’J ox(B-[ ﬁa,EL_IXlE)
15 fluoromethylene - 15« - hydroxyprost - 13 - trans - enoic acid are converted into the
corresponding methyl ester.
60 A solution of 200 mg. of 8R -9 - oxo - 11la,12¢ - difluoromethylene - 15a- 60

hydroxyprost - 13 - rans - enoic acid methy] ester in 10 ml. of methanol is cooled to
0°C and treated with 100 mg. of sodium borohydride. The reaction mixture is stirred
at room temperature for 30 minutes, and thereafter the solvent eliminated under vacuo.
Water is added to the oily residue and the product extracted with ethyl acetate; the



8S - 1iferr],12[err] - difluoromethylene - 9[err], 15 err] - di hydroxyprost
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9[err], 15[ err] 3sdi hygﬂ;‘ "°‘° 2 dylg:; ]res e |8 8S rﬂ ethd'ﬂi e‘:_me“’rylre%Fnsgﬂils‘éhﬁr c
acid nethyl ester; 8§ - lla 12a orom e% i (’h roxy’d|26 Ll&@%@%&t gl ene
9lerr], 15[ err] - d| hyrdmox:ymc 230 methyie tskey land 83.2[13;12} difipdr@tethylened ﬁ;IJSa dit r ans

- enoic acid methyl %ﬁﬁ mst-lli‘[_élr enp l]lethyl eterd yor o
oo} 18 ere o by e WA prmie T b Al B
enoi ¢ acid nethyl est9§,|15a ydroﬂyl 200 Ibisn rETut%rr oSt - nlahsa A ester;

O[err],15[err] - dih dr@&yllﬁ, 128 - -dlfbbrhmthylcnﬂQ ceﬁrt dl-hy mstZO b@rdzhrawst--

enoi ¢ acid nmet hyl estdr Faid xS a"‘dllz’_’g[’ “’31 &lﬁf"ﬂ‘ﬁ‘élf‘?‘i‘?ré@res"‘

35

d
9ferr], 15[ err] 4550 mydro:cﬁ 1% Qaﬁﬁuoro ylenee ﬁy;a orc g r2(( d@ﬁ o8, -1 ro§t3 45
trans - enoic acid nas hx&lznseﬁﬁo&r jcid methyl ester and 885011828 - &ﬂ;oﬁfrﬁ&yl&ﬂ[-eﬂ,[‘]a-
di f1 uoronet hyl ene - Qé!}’dl@a ZOandr@x lt)hmit2® -tragyrepdic acu!L@athylthl lzt- 13t -
ene ethyl - 12¢ - prost-
(rans - cenolc acid g Y A SR e el ey ool
di f | uor onet hyl spe - ﬁ'(ﬁ('i [ 0X¥ans - esdic icxbhll 1 ester{ 28 - Prost -s¢

13 - trans - enoi c aci dSSTEIWBﬂEQMﬁ!ITQmeﬂ@cne -Ddj Br 1 dihyd@fyer 20]- butyl-lZa ptost-

di f 1 uor onet hyl ene n’gﬁ C aCIdd P regrse aﬂd 15,128 Ffr‘ld@‘r‘ 8¥°8- 55
trans - enoic acid %% lgr :\g«oﬁx o;tle .[9 en‘a% g*13;2?0 tlifs:ucorprost 13-

di f | uor onet hyl eéne - %ﬂl‘-l‘e]muﬂ.s &rn{e[hyl' esttk -and 8§ - 5 ﬂlﬂ%)’ometh 208,158 - di- 55
bi snorprost - 13 - thzmtsry 19390 ibisnogrest- 13e trians Ie®s:tserd m@Srlestei,l[err] 12[err] -

i i fl 15 hyd
i T oForet vyt ene gL} e el o F Q%S%Erﬁﬂiy@n@% i

trans - enoic acid rrg e vl g trans @aE me
di f 1 uor onet hyl eoe - ess];ﬂrﬁ[zer [d]fluorolithylefity dFaQI5Y - dihwddoxy - @0 Ryidrpriagt prostl3 - 6¢

trans - enoic acid né} g%rmesmoer ac1d6®eth)1 ester and 85 -g34%3, JZBlllfelprror]netljyzdper ?4,158-

di fI uor onet hyl ene - %{ t gﬁ‘ % ‘e“f“ MARY S of

prost - 60 13 - traﬁ§ trare 0 oﬁlpﬁé| tlgi? an@ A J l uoro yl;cﬁll? 9/&2;?5“'] -
di fl uor onet hyl éhe - @hgirexy ; 26] teryt | 12« dpdast € 1 Dxevans - eﬁtﬁc fnethflrester 12[ err] - prostés
- 13 - trans - enoic acid nethyl ester; 8S - 1l[err],12[err] - '
di fl uoronet hyl ene - 9[err], 15[ err] - di hydroxy - 20 - butyl - 12[err] -
prost- 13 - trans - enoic acid nethyl ester and 8S - 11[err],12[err] -

di fl uoronet hyl ene - 9/3,15/3- 65 di hydroxy - 20 - butyl - 12a - prost
- 13 - trans - enoic nethyl ester. 65 35

a A ~S A ~ - M



hydr oxyprost - 13 - trans - enoic acid there are produced racemc
11[err],12[err] - difluoro- nethylene - 9a,15[err] - dihydroxyprost - 13 -
trans - enoic acid nethyl ester and race- mic¢c J11[err].12[err] -

di fl uoronet hylene - 9[err], 15[ err] - dihydroxyprost - 13 - trans - enoic
acid 5 met hyl ester.

5 EXAMRLE 17. By foll owi ng the nmethod of Exanple 11, the 9[err] and
9[err]-hydroxyl ated nethyl ester conpounds obtained in Exanple 16 are

coywerted into the correspo 1glgmfree acids, e.g., 8S - 11[3§rr] 12[err] -
dit T m . o T o . ans - enoic 10
acid (%Iﬁ eWigR— L c. Hﬂfv- 1uor(im yenef—i -

10 8S ekl b1 2] x‘y%éfl f“&eﬁeﬁéﬁqﬂmcéé%%"éé% SéF i dalerr] -

di hydr ey prieste - dlﬂuBromethﬂﬁElS 98,1RNAlihgdrapidst (- X3 Xobdys -BerClagdr | H err]; Rerr]=
Hp, gSmethgligsierr] 12[err] - difl uor orret hylene - 9[err], 15a - di hydr oxy - 12a

(e Uy Rl 1 SR

12[err] -8 Fd$¢i,12u ﬁmuerommll‘ese 9u1Baerdﬂiyd:ro:arpx|od (IXI)ﬁ-aD deinCl err]Herr];

FQPerr]*"F'ﬁ‘ R‘ T é”n i %{lororret | ene - gerr]“’lS[err] -

di hydrqéy 1:%%“°§ e" Bf é{‘é W neerriHerr]; Rerr]=
E@fﬂ;JZﬂ

'1

H; 8S - 13]fQérbrhethyletl £ doj164 omtw eng pm‘ar[.elrsr-]tmﬂﬁ[ err] -
di hydr @w;ogamds(tclx~—¢3t=n¢ﬁans*=rmnou c 20 acid (XX-B, RenQlerr]Herr];
FQFEI’ r] Ilﬂ,IZﬂ diftuoromethylene - 9,158 - dihydroxy - 12« - prost - 1 - trans- 20 8S -

11 er 1 ST X‘Dta“az&‘,uﬁm&ﬁ:ﬁimge bk, LA, ol Nydroxy - 12(er ]
- prostacid (X.S-A R £a03E,; BAOHG; aci d e Cerr]JHerr]; Rerr]=H, 8S -
[err] 12%-%rr_1};r,12adldfﬂuerm@n’bndw?lhﬁé -dﬂgﬁlexypl]ostlapertm]" ~ engff hydr oxy - 12[err] -

aci

g = - ’
oot ity LS AP L O Bl O St gl NN =) 28

- ethyl prest 113,123 dlﬂﬁtﬁomdﬂal’e&-%aﬂﬂ)l-mhﬂm:(y‘l 1and>r<86}3 -Yhhserr ], 12[err] -

quoFWF?FW Emds R - "f Herr Xy hyl - 12[err] -

pr ost - 23584 g%g) eéE‘Fd 9E5(§41VP1‘%"11% %6 " cntpros - £ To &sol ution of
120 ny. obs8Rg129- 'drﬂQéi-&neﬂzyﬂ%ﬂe[BfB[l]SalaﬁyQFo&} 20 iyl U ORENY | ene - 15[err] -

30 hydrla)xymoglbxc-amd?» - trans - enoic acid in 3 m. of anhydrous nethanol is
added, at room tenperaturegan r argon atnosphere, 0.33 m. of 2N

sp! ution ef SQfkitMbEoNaX! HRR 1 NERE DeaNAby - EfilrolBBylneagsl On Mgxture is
mai Nt aihpizekyprbst ¥ 136 Mzkse @d&raaitl i £ mi. of anﬁﬁirdiib fcth@8l. is hctded s: fobren acidified with

dilutet HP Mdef aggop ﬂtmlO‘tPh $+023 df%i?(mh&‘e'tﬁ *ﬁ§tdhyl ene 35
chlori ¢E; Z‘%Qﬁ gl ‘é’ mactaﬁ at ed sodi um chl ori de
gﬂ

36! Ut i Gleride wamm&ex /n rufhfell RQHREn &K eersomasnuo Tde residue is
purifi Gdedba,ndtdqapnratea tedrymdssrmda‘t a l;esntus mmréechb)tthel re 8S - 9 - 0Oxo0 -

11[ er r [RomMEEPI 12 O 135 me‘HX}ﬂ‘Fo—‘y‘ - 8[err] - prost -
13 - t%’”"y @ﬁe ":g,m,;w;fx’g Qb omamayls he same method, the
4@ el nhﬂago e@fn&&mﬁ&eds@nmgst-ﬁmg §: of rrpl e 15 40 4 are converted
into trtle 819 efﬁf‘%{ -@Eﬁumithvbms- 15m a hyslkogy - 88,124, - prost - 13- 40
8S - Qems &g aci Rq%g_ thy! epe - 15Lerr] - hydroxy -

8l err] ahal e,{orc]md(xnu}gg’b R-nC Ethtya ns - e(r)ll'(’;ga op%c?% F)‘(’% , R=nCerr]Herr]),
85 - 9 - B%09-okbl[1as,t Zlcﬁ'ﬂued’om}thylendl- fﬂﬁu&&ﬁbﬁ?t—hﬂhﬂﬂ@mst ABferr]4s hydroxy -
8[err]"9’“ tadd( 1— rR&naCH.énoi ¢ aci d (XI'1 R.=nClerr]Herr]), 45

88 9prost :fi&l dI ﬂ@?‘?’feﬂ‘-"eﬁﬁT}Sﬂor”éS?FE‘fyhyqoer'Pés“"r‘lg@[err] - hydroxy -

err] 12&9“9 oxo pﬂﬂ:§1 = dii@oromethlede’ 213G - hy&HYI - Cl9§§'—910r()%|- DL R=
err}rtelfterﬁ t)anSSenmcgcnd oxo - 1lJerr],12[err] - difluoronethsd ene - 15[ err]

- hydr%% °x°enmc 5‘5 difiggroseghyleneryy (§a + hydrorg - 20 + st --86enoi ¢ acid, 8S - 9 -
oxo - Pf AR %ﬁuln‘dx‘ﬂ&f?ﬂ'ﬂé hyle nﬁ‘ydroxyl%@r(n}.l daydroxy - 19,20 - nor
- 8[ er plost - 55) trans enmpraas, - - trans - enoic acid

56 8S - 985 8xopxo - ﬂl{@#r—]dlﬂuﬁ@ﬁlehyﬂqm dlioa‘-lhjldrowTEWbe‘&Yie &3-15[e55r] - hydroxy -
20 - nﬁ’i"ﬁ% P Ao A TI A R NP nmﬁ9 cid,_8S- 9 - oxo -
11[err]gﬁlg, Q,E-dg;] 13 i ’u LRIEENYT € ﬁéne' S[EW?rfy' y%ro%‘?“ 20 - ethyl -
J’ierr - p&‘bsB -oxol-311;8,12,lf adifiuoron@gierz -a64 dhydmSy - 20 - nor - 83,12:8S - 9 - 0XO -
$ [ererf FfaFlérororret hyl ene - 15[e &L hydroxzva 208 butyl -
8[err] pmst% }‘ o 28 dlﬁ“‘i’?‘%(’%le“e -t ydegg; -0 - methyl - 85,1

88 -9 -o%o0 - 113,12,8 diflucromethylene - 15« - hydroxy - 20 - ethyl - 83,120~
prost - 13 - trans - enoic acid,




85 - 9 - oxo - 1lferr],12[err] - difluoronethylene - 15[err] - hydroxy -
19,20 - bisnor- 8[err],12[err] - prost - 13 - trans - enoic acid, 85 - 9 -
oxo - 11[err],12[err] -_difluoronethylene -15[err] - hydroxy - 20 - nor -
8[err],12[err]- 60 prost - 13 - trans - enoic acid,

60 85 - 9 - oxo - 11[err],12[err] - difluoronmethylene - 15[ err] - hydroxy -
20 - methyl - 8[err],12[err]- prost - 13 - trans - enoic acid, 8S -*9 - oxo
- 11]err],12[err] - difluoronethylene - 15[ err]. - hydroxy - 20 - ethyl -
8[err],12[err]- prost - 13 - trans - enoic acid, 36 .

1,414,881 36 o 1,414,881 36 8S - 9 - oxo0 - 36
11[err], 12[err] - difl ugroneizbyhges- disdometINat QXY - hydRly - 202 - 88,124
8[err],1l2a- prost - p_r&t 1% qtens enciemid,c acid, 85 - 9 - oxo - 1lf[err],12[err]
- di fluoronet hyl ene %;e? x:’m;n emﬁgo} ifloromethylene - 15 shydragyyr 19,29 -ehig 1 89F- pr ost
- 13 - trans - n0| C a -oxo- 11a,12a gﬁﬁurome%yl’eneoxgﬁ h}&r[)ﬁr rio, lgl[y?r r8/]l

di f1 uoronet hyl ene - pdoftely Jrans Ly err]- 57prost - 1§
- trans - enoic acid, 85 ~99oxo -d>t.6)12£ -1d1$ue!0m]=ﬂlyle112|§éfrﬁr-]hydrom-fmuolpo-nﬂ#,ﬁy-l ene -

15[err] - hydroxy - B ydpms- s [ r t,r ,€N0i ¢
acid, and 8S - ,§ - _13].],{3%? ﬁ% i) meg’]yﬁeﬁol?%nﬁdﬁy ehe b-‘““%'[l]SEfﬁérr] - 10

hydroxy - 20 - butyl H[(C@ll.,é]ra&ﬁ{ceQ F]oxo 10,120 - difiticd@iethyldd - 15k I- dipdroxyprestOi C

aci d. 13 trans - enoic acid is converted into racemic 9 - oxo - 11,120 -1difluptjofaethyls e

racemic 9 - oxo - 11f%6ft f?‘f’@ﬁyrfﬁ prdﬁtf%df“%ﬁ“ﬂ%/l“édne - 15[err] -

hydr oxyprost- 13 - trans - enoic acid is converted into racemc 9 - 0xo -

1if[err], 12[err] - dlfluororrethyl ene - droxy - 8lerr] - prost

- 13 - trans - é€noi cnag%d“fh %‘Efy s dd°f mple Qz‘}%% e i, T thels
- @ - roxy - 88 - pros -~ enoic ac1

nmet hod of Exanple 9, es d'mhd omexane, t yléld Ebrrespondm methyl ester.

11[err],12[err] - difl ubrsoindmhgtlmnemg aS§er 9} oxo h J’lwydlﬂuoﬁ{nﬁﬂ'lyl ne-—- I9&0St -

13 - trans - engic a!E}’Ff?"X 38 |f1 tCHO'QjP‘a‘t ?F? mtl f?; grethanel

cor espondi ng. et hyl S8R, KN ? St M S
11[err],12a - difl UOnlixﬂ eredabiyl Wﬁlﬂ'rsa the oily t¥: uQXr)ﬂ dte &Lt dxtracted wiB lethyl 13 -

trans - enoic acid n@tthlehestsemc ?xrraf»l@ w#hed with drbtehmlredhlom)acxd soluuqnsmdzuvtred to

..nd qag mf]
0C and treated 25\4 th gg ql r1 Io 0514 onre!ﬂxca Zt us1 ryfl@ Zlenfgczqormnzg% %g
is stirred at room t&%@fnﬁ se,ﬁ ? r,Eng,,nl (i ugRt Lent

el i m nat ed under vacfi@romWihglat - 9,1 diblydtoRy t ﬁ: qords:y- raesmdzue eﬁiﬂﬂadi&'lﬁmemiﬂoduct
extracted with ethyles e(?(églb—A,Tﬁel@ anRe= Mg} rand t8R slir@@hgoﬁlﬂm@nﬂwldnﬁrte
hydrochl oric agjd soﬁ ggh '0 Reutaar ol r 58 mEWe < 5fa

sul fate and evaporat ed FQ st eﬂkﬂd&fnaiﬁﬁ usis-oE’dJ;srbstehmc 2R derivativés @bthigda Of
the residue by chr onratﬁagm&qawar@normrtedm te e«irrespsm hestesnehidhhdroini Wm- et hyl
25 acetate m xtures B§ %mﬁlx’;ﬁl&mﬁﬂﬁ"’é’dg{ee?ry] da‘hﬂfegf?é‘r"? PRy ardo38hydrmadnds
i.e., 8R- 11[esr], 12] &Rl ] 115,195 - cidubiOhQEREDYbENG ~ai ,%;z,rl 8P drdst = 13- 235
di hydroxy - 8[err] -tqas GSénoic aadi -methyart&er- (ENII-C, aR —ACIEL;h Rk = B8 ednd (38K | -
R=enC[err]Herr]; R elrlﬁilaf\/eﬁlﬂmeéﬂm - [li,vr-rqlhyﬂ@ )Ef%ﬂ}l?a giost - Udr oot Iquricene-

9[ err] , 15[ err] - di h%ﬂ!l ﬁﬁgf%p ﬁ)m"a %Elt €); t rans pe}(lj‘]s(t:)l % a

met hyl ester (XXl |1 -deic Hid methyl ' Rl’— C}fﬂ,m imbg)and 8R - ll-a,lla- 40
30 In a simlar nmanndfluotolnethyl@eaiop, n aﬁ}d&xpxm ppxost-emolrrma(endﬂ: dﬁr mtﬁtdl ves

obt ai ned i n Exanpl e °i'8r Xénccﬁﬁerﬂt:? Ll rr ondi n sters,
which are in turn regy e 5 G °B(‘I%)5§T ‘fﬁ;@ qug) %p tlve
8R-9[err]and 9Lerr] - tm,dm)x RERRGIREP OB ﬂduﬁya V88,135 - prost - 13 - trans SBhoic 45
11[err],12[err] - dla‘CiduggﬂmlrgsrceryﬂXéﬂe-D;R%aCﬂﬁ ,§R‘1|§ dﬂidﬁlifg&drox

8[err],12[err] - prost bles12c3 ?\}‘3’ e YHERAY) %ﬁ i@él-c R
Gt THer ), B . B e Giee el Al oA R one -
9[err], 15[ err] se d| hydrsmynu, edifijorohidthylene Proassa - diflsdroxy t REA Sor—- agencprm-aml 50

met hyl ester (XX II- elFra!Hth! esteR[apd BR "IME RRHOIOH tethyloger-| 981 5a -

di f1 uor omet hyl ene - ‘%Yngj[l A0y por- 8 E& g‘ ]1%] ans-
40 enoi ¢ aci d pet &6it ead E%?s Qg 124 farﬂﬁ(ﬁrm IS.:E Wﬁ and

8R - 11[err], 12:- dihydroxy - 20 - methyl - &4)- ghost | 1¥ mt icedaid me@-glesm 15 [err] <5
di hydroxy - 8[err] pr885't“a:13}.13 difluoyoppeiliylene o ‘?% @0’13'%49 111 -
Ziv:igniy

R=nderr]Herr]; Iﬁs 'ﬁ' * 3 Loy aci %ﬂh" To, T e "Lﬁ'é llfm,?leﬁ “ene -
9a, 15[err] - di hydr OXy 8R -8 et ylene POABL - 'd1h§tc§oxy 20 butyl - 88 - prost-
13 - trans - encic acxd methyl ester and 8R - 110,12 - diftuoromethylene - 98,15q- 60
dihydroxy - 20 - butyl - 88 - prost - 13 - trans - enoic acid methyl ester;
8R - 114,128 - difluoromethylene - 9,15« - dihydroxy - 19,20 - bisnor - 88,12~
prost - 13 - trans - enoic acid methyl ester and 8R - 118,128 - difluoromethylene-




trans - enoic acid nethyl ester (XXII-D, Ren(err]Herr] Rerr]=Me) and

8R- 45 11[err],12[err] - difluoronethylene - 9[err],15[err] -

—di-hy : = 45_acr_d__rxe1_hyl
ester (XXII'1-D, R=nCerr]Herr]; Rerr] = M). 8R - 1l[err],12[err] -

di fl uoronef hyl ene - 9a, 15a - di hydroxy - 19,20 - bisnor - 8[err] prost -

13 - trans - enoic acid nmethyl ester and 8R - 11[err],12[err] -

dlfluororrethyl ene- 9[err],15[err] - dihydroxy - 19,20 - bisnor - 8[err] -
gst 13 - trahs - enoic a !rlqsﬁ’?t hyl ester; 50 3gRo;<y 20 or

- 8[er? 150 - }dlhwinxy-l%@ bispor - 88, Byys prostendi- dmafmeﬁwhﬂ‘f‘ﬁy'r““é‘ster and 8R -

11[err en d(é‘g hyd, 888 . winde&k ] 20L00&1-.rdg128i hydroxy - 20 - nor

- 8[er r]Jst- 119[1{ Yl J:c};l:ig{etgeg& 1-gester QE’LD'SR g@?ﬁzﬁ lﬁﬁyﬂomaﬁ'g@é- 8R -

li[er rgﬂ,rﬁ dthv oXy - dofhcuersﬂ;mt d»senlsB — tra@{ -eanpi aqlé nggthy] ester;di hyddoxy - 20 -

met hyl - @zﬂ Wﬂ%’?mﬂ‘l’g’%" Taldn d’hY 5%}’ Y' Boldt- ester and 8R -

11[err§ 51152[_63;1{3, sy o FHGEs %M t_l s di hydroxy -

20 - prost - trans - enoic acrd nmet hyl ester;

508R - lli{Ref ﬂ]ﬁ;l.ﬂ.ﬂ[edlﬁll}’romctwlﬁnt udu,é)ive{ﬁwd -209 @ 1r- err] 10 dj hydr OXy -

20 - e?% 3 8?;’6 olc. agig et ;os:n s”ﬂ’ thyl ester and B8R -

11[err &qu,qvﬁ, yloghs - dl r%rz,r anr- 8,31 ‘hydroxy - 20 - ethyl

- B[ erprpst~ lpr-mais --en&Baad tnieﬁ)lylSestereﬂLDISR aaﬂ,mﬂrredm omahjtlaﬁ- 8R - 11[err] , 12a -

di5f | uoPh tﬁgry‘km 209@%5&3,17-0&1’ rlé)&( “"-‘ 2’@10 acig ngl e [err]! prost- 60

13 - t§ ?ﬂ %gf ?@ stéé §r8 %193? &Jlen 2err] -
di f | uOSIPRL RIkERG r.- B3 Qfokc]. 13 - 59:s M ChcidXvethyl &br- butyl - 8[err] -
prost - 183—1mnmsdnﬁuommyiemcr9@l.15rﬁe{ roe,s{@r et@R 88 4 %rr] 12[err] -

#Of | uoﬁg‘gﬁ‘hyf eghyd mster_and 8R ijlelly - diftyegomethyleng Brl88- -~ g[¥r r], 12a- prost
0 l - 3

- 13 - Yséﬁ’éuﬂé%ag 2k &L'ﬁ%ﬁ% &y 8 8%“. adk Ll @k, 12[err] -

di f | uoprestetil YhQ;F}E-enoxc acld methyl ester and 8R - 113,128 - difluoromethylene- 1,414,881

37 9[e?ﬁ’r, ﬁl@?@drp? -20dmbryd?r3d %a/- pros{ 913pyrans b‘fnSlHGFld-meGB‘ 152‘& - prost - 13 -

t¥ans - ald %ﬁ,’c ‘l?y‘meﬁ%‘f g""”éj?s‘}z’h"ﬂ %{?ﬁ mdﬁf e di f | Wor omet hyl ene -

:—

=t

.

9[9”19 erd[. droxy %X ¥8,1204 Prost -NOL trans o8l eqer. Prost - 13 - trans
- enoi ¢ dadkes eresdmily Beh aicedind® 8ko-- LRfIByr ¢ :doﬂ{rremyl]:ne-- Idrx-fl uor onet hyl ene- 5

[)err]h 5? r -Pm%lr dfr denmc id. there jare_ p: -3' progt - 13 - trans
enoi @u:ﬁg @g"ms‘;ﬁf &f iy mﬁ fé% mﬁlr I uoRomet hyl ene -
9[err]13 ag;r mca 1 e - err err] prost - 13 -
trans - enoic acid rret hyl ester and 8R - 11ferr], 12[err] -

difluoro tp}il emng the u“ nncre]oi%ilgﬁes 11 or 4 r.i¥d§ Oxn\é ero %Et hyl - .
g]g-'{er '] m %gtér 8R-anktfhée lcom s obthihéd' IR ExanfpitOl 9Car@-§1h est €ds, 10
1&0&1&@6ridm§3§ﬂéiﬁﬂ Repr nialnumﬁﬁﬁmﬁdayﬂueﬂﬂmd%er r] 15[ err] - dihydroxy - 20

- ethR!Izm-cs@}lb‘pl é%mmﬂ?{ylene;:(ya fapsdibydrosy3- 38 1 prows 13 - &nsi ¢ aci d et hyl ester
and 8R™ I 1> o] e r%J:erﬁl [err] - dihydroxy -
- ebldhcia (}&ﬂug H@r%& m% 5&? Bns - eg‘(])’?c aci 4 nethyl ester;

8R - 11[ e8R ] 1182128 rnﬂuoroahatfailueroamoiﬁ/&m%my %M-] pra®[-dB+] - di hydroxy - 20 -
butyl| #ang ; ac: P‘ég‘ §1Hm ;1 ) ?ﬂgl C amq nmet hyl ester and 8R
- 11[e M%Lﬁ; ;{X; He f"}{ﬁ’f‘%ﬁ:ﬁt nggui‘%‘y 129 BPFT, 5[ err] - dihydroxy -
- but yztR-n&[mrr]hﬂ etk -DBASE - dihyiRxy - Bﬂaﬁﬁst 1BNeks- aci dggret hyl ester;
15 8R enoit 3 (XXIIN2A.R+ 4C,Hu R4 Hor onet hyl ene - 9[err], 15[ err] - di hydroxy -
19, 20 - llg’fm 12 ?’?TemﬂFﬁstgﬁtlsﬂle‘hydﬂx&hy PR¥WGi!E~ HEFY methyl ester and
8R- 1 z@” ﬂuomdreé‘,}:&@rcgﬁqsﬁyhﬁmﬁﬂ[mm pRfrery] - dihydroxy -

%8, 20 trarbl-&ﬂtbbad( eI+, R=q.HsiR*=H)3 - trans - enoic acid nesthyl ester; 8R
- 11[er 8&2 b@;&-dl?ﬂromm& Pret9ﬁy?§nélh¥dfw/er8ﬂ]lza iB‘["ér‘rlP - di hydroxy - 20 -

l

et hyl " oHlu; R t.r ans _methyl ester and 8R
- 11[e|1g.]t acid 1,3"? uorylgr?étgﬁy en%'hy-dgog{] 2O]gl[ikg[ 20 di hydroxy -
3 - et hy$R- 184, E?{Br]dlﬂuo dylene -198,15« t diyrisoxy emomdlyaeii.ﬁlhet hyl Sester; 8R -
11[ er r PR¥2[er #9 - eofif Pfidior onet hyl ene - 9[err], 15[err] - dihydroxy - 20 - nor
- 8lerr],12[err]- prost - %ampLENRS - enoic acid nethyl ester and 8R -
11[err], 123[ fblltﬁw]mg-thdh)fdfoly@lﬁ ﬁ,em&dbyi me.plesgilarrn},,uuig &rstafing @i hydr oxy - 20 - nor
@8[ er ﬂlﬁliﬂ{e@n 1 estersrqf ghe racemi prostagdigneis and @mr@lcaaslrddiemsv‘?rl?s?/ ester; 25

]

&djin ples 0> 13, 16i2pd [Po Bherrrae RipAYSeAthe cogpspindipe frespd - hydroxy - 20
- buty R&LxﬁE 110,320 £ Biftlotomethyler@®. 195U dihydrdryproftd @BS. zis,8n0i ¢ aci d net hyl
ester and- &kdoic a?ual,[err] 12[err] - drfluororretﬂyl ene- 9['err] 15[err] -
di hydroxy - 20 - butyl - 8[err],12[err] - prost - 13 - trans - enoic acid
nmet hyl ester. Likew se, starting fromracemc 9 - oxo - 1l[err],12[err] -
di fluoronethyl ene - 15[err]- hydroxy - 8[err]- prost - 13 - trans - enoic
acid there are produced racemc 11[err],12[err]- 30 di f | uor onet hyl ene
- 9a, 15[err] - d| hydroxy - 8[err] - _prost - 13 - trans - enorc acrd rrethyl

”~ . o . o N L O T o Ar-r



13 - trans - enoic acid nethyl ester. EXAMPLE 20. By follow ng the nethods

of Exanples 11 or 14 the 9a and 9[err]-hydroxyl ated- 35 net hyl ester

8R-ant i mericconpounds—obtainred-in-Exanpl e -19-are converted-into the— -
35 corresponding free acids. Representative conpounds thus obtained are: 8R
- 11[err],12[err] - difluoronethylene - 9a, 15 err] - dihydroxy - 8[err] -

prost - 13 - trans- enoic acid (XXIl1-A R=nClerr]Herr]; Rerr}l=H); 8R-
11[err],12[err] - difluoronethylene - 9a,15[err] - di hydroxy - 8lerr] -
prost - 13 - trags- 40 enoic acid (Xisd R nC[err]H[Err] Rl err]zg=

H) ; o5 ]
11[err],12[err] - di r{Lﬂg’d ‘lrgllt’(‘gllz‘éned‘ﬂ““@Tg?yl’e]“e 1§f’é?‘r] dmy watc’fta § -.cnl3
8[err],12[err] - prost meehi 11130S diffuboRityleAE ] Ua,{S6X JilhﬁroxR_m@[-eﬂSrbs]:aH[ err];
Rlerr]=H; 8R - 11] eri}3 -kpse rdie}me adgl, f | uor omet hyl ene - 9Jerr], ><x$

di hydroxy - 8[ebr], 12H=3 Usride - diffigramethyiegsy 98,130 ABydsey o 8 rP“aD 5-
R=nCferr]Herr]; 120 - dxf’luoromethylgng- 9, 154 [ Bihfidkoxgpads€! 13]- trans - encic

di f1 uoronet hyl ene - Q§@rr] 15a - dihydroxy - 8[err] - prost - 13 - trans-
45 enoic acid (’r)‘|<)XI I1-A, raﬂmnﬂ(:[ b4 difiyofomefRyfene 1-)98,18R dihyfipkser prpst 1 33 e fregs- -
di f | uor onet hyl erte - 91"6“@ ] ”m,q Y Sl -Rggos A3 -
trans- enoic acid (X¥hhle caéf f2, aif ’%‘f %5 ?Hd]mx g {’my

11[err], 12 err] - difl u&tmﬂl‘byl%neilﬂuoﬂ{nahyﬂf]nst 15pafqa i dmydzhxhyc&ﬂoxymst - 13-
8[err], 12[err] pr 04pns - enpig.- aCIQO traps s pfpg,c acid (XXii1-C R =

nC[ er I‘] H[ er I‘] er I‘] F:u)n les 6 nd 12 are repeated starting from racemic [2« - h dz'oxy5O 8]%
- 11ferr], 12[err] - digfstuo figapdntaibieRe 5o Ok I- | ecinfdespyrhn = 27 rw;dfo&x-yl"(r)-
8[err], 12[ err] - prost-1” 1158} ¢yplemst - Veerybi cacaddeéiy(eXXJZI “pemigcetq} =thus obtaining
nC[err]H[err]; err]m“"ss e ] Cf Ll yoro :
orerr], 15[errj # d hmr,‘@“ kg praly plnas pRliatie SR MGRIE .
enoi ¢ acid and racemic 8R oxo 1 az;s} d:]lr?r{rcﬂ:l[eﬂ!]ylene -clis§ | um}@mﬂmpl e?-heyl-
9lerr], 15[err] - d| hygr-oRy - Pm@(}i cadhy 'th& %d 12%7 !S % §t - 13
- trans - enoi c,acid. g@ﬁ%& % aﬁg’l‘faoﬂ‘ @’r’l PEF R 42 “of 45
Exarrpl es 11 or ?4 ust Meheddsic $ @f J g1 drﬁ@foh@thﬁenE b @sJraiydly -@ﬁhwspr&fa-the
racem c prostadi enoi 6 -antB Preastiddngts ecidci d der| vatl ves 60 obtained in
Exanpl es 10, 13, 16 and 19, there are pr&% e correspondi ng free
acids, 60 namely: Racep gcc&r&e[n@er Mth 184 Sfefnbds of f&d %rrqg hk €3 racemic 9o
9[6”1 15[ err] 30 di hyighax ypnesim- difforometyRnel3 iSatr@myd'rop@Iiaﬁl’-lQr c:ym:yr d12e- 3%
1, 414, 88 1 prosta - 5 - ¢is,13 - trans - dienoic acid is converted su@gssiyelfc

11[err], 12[err] - dlf urgf;gxfe?ﬂrory‘ryﬂﬁg - 11§ lé‘rr ‘ﬂ‘i‘L’S’l_’”é‘ihY‘I"e'lﬁ'i ‘I’Fﬁ‘&’r"%ﬁf‘?’?ﬁ?bs%a -

- Cis, 13- trans - di & &m@ccpb oxd & rf%f (Ex{e{hl'lerkz[lgtf L ]etrahydropyran 2’ - yl-

di f1 uor onet hyl ez - Q{yenzq p“t&{elar.]trm oh:y 1dpxy - 8[err]- prosta - 5-"cis, 33
- trans - dienoic aCIé? ragmic - E 3;} 1lﬁr1é@:e|¢1ﬂe°f°r&8ﬂ[3'brwr-] 15¢ 2 Aydroxy - 12« - prost-

di f 1 uor onet hyl ene - ef('fc’j : y rrks . 1
5¢cis,13 - trans - dl133n%9 ggtggdra q%é]cﬁﬁﬁi er?‘?,[”%Z[%r rfl{dgﬁf?%grgomt hyl ene
- 9[err] 15[err}0- di hydroxyprost - 13 - trans - enoic acid, racemc

11 err], 12[ errrfV - difl yor th 3 iy gﬁi%r r“] 9. %iohqu DY GiaRfOSt 40
13 - tra_ns- 10 niefB Léquemﬁ%:oxmyemlﬁ p%ta czs,13 e::ans diencic ac}x’gd ﬁy

10 racemic 1lf[err], 12[ geendic 9dlo¥o| uaponet chryioﬁﬂaahylenQE eﬂ’ul‘—]hydrﬁ{yemﬁ,]lk— piostaydr oXy
- 8[err] - pr ost _" 13- cis,Fartgns - disneié ecidici d and racenic | 11[ er r%’[ 1r 45
di fI uor onet hyl efre %L"efam‘ﬂ?)[j ’F‘g]“@’l%ﬁ Tiporgmethyleng p L -thydrong - Aot - prosy3l3= ¢ | o

C acr

- enoic acid. 15 racemic 9 - oxo 118,128 - difiuoromethylene - 15« - hydro@%ﬁ %%st—
15 Exanpl es 6, 7 andii2rar ensiepadted starting fromracemc [2' [err]

hydroxy- 4'[err],5' [ erecpnveryi fnro the correspongingmeshyles®rsi err] - (3"[err] -

5

10

-

tetrahydropyrangg 2"' - yloxyoct - 1"(t)gx@Mprelys - Yl) - cyclopent - 50
1'[err] - yl] ‘acetal dehy@@le 18 i2repaedridpat Rhring ftétls dRlhd@midinkehyl ester com-
successi vel y: pounds of Example 24, thus obtaining respectively:

racemic 118,128 - difluoromethylene - 9«,15« - dihydroxy - 12« - prosta - 5-
¢is,13 - trans - dienoic acid methyl ester and racemic 118,128 - difinoromethylene-
55 98,15e - dihydroxy - 12« - prosta - 5 - cis,13 - trans - dienoic acid methyl ester; 55
racemic 118,128 - difluoromethylene - 9,15« - dihydroxy - 88,12« - prosta - 5-
cis,13 - trans - dienoic acid methyl ester and
racemic 118,128 - difluoromethylene - 98,15« - dihydroxy - 88,12« - prosta - 5-
cis,13 - trans - dienoic acid methyl ester;
60 racemic 118,128 - difluoromethylene - 9,15« - dihydroxy - 12« - prost - 13- 60
trans - enoic acid methyl ester and racemic 118,128 - diflucromethylene - 98,15
dihydroxy - 12¢ - prost - 13 - trans - enoic acid methyl ester and



20 racemc 9[err]- hydroxy - 11f[err],12[err] - difluoronethyl ene
- 15[err] - tetrahydropyran - 2'- 20 yloxy - 12[err] - prosta - 5 -
cis, 13 - trans - dienoic acid, racemic 9 - oxo - 11[err], 12[err] -

di fl uoronet hyl ene - 15[err] - tetrahydropyran - 2' - yl- oxy - |2[err] -
prosta - 5 - cis,13 - trans - dienoic acid, racemc 9 - oxo0 -

11[err],, 12[err],- di'fluoronethyl ene - 15[err] - hydroxy - 12[err] - prosta
- 5- 25 cis,13 - trans - dienoic acid and

253 acenic 9 - 0XO - 11[errhﬁ¢@&err] - dlfluoronethylene - spdlerr] -

hy c. 1 IL[E‘I Trans ., dienoi c acid.

)1
EXAI\/PL 2§C ac% A:gwe;‘jgmfh}é ﬁ fﬁg@" },}? 8, 15 and 18,
racem glh @Jyr 1 pmst 13 b L %y md er.12[ err] di f | uor onet hyl ene -
15[ err] - Upet sapni chtl yfr theymethy? ester gyhmmyaccordh@c[eemh methods of 30 pr osta - 5 -

i%s, 13 Exar{lqleé_ﬁgor_ eirgrr eepicers %‘E’S‘ | ;
e R T R Lo o

tet rahydr QqMKIAN 18,128 --difjtb@Mythylend 2PET5E | dxhycﬁ@@StSﬁ-lZal-&Jrestat rSans - enoic acid,

racem ¢is93 - trgxodienoit BEidr r 1, 12[ err] - di fllhuor onet hyI ene - [e%] -
t & rahydr&ﬁg‘g;;agpf’uf d’ﬂ‘gPF°me§‘5‘°“e < 9as15¢y 5 Jihydryxy |- h2e T prosty; Fs ¢ - trans -
enoir ¢ acl q[acetmc 118,128 - difluoromethylene - 94,15, - dihydroxy - 88,12« - prost - 13- S racemc - 9 -

0X0 - lderendic @fd }he-cofldspondiny epvisénivysl ene - 15[err] - hydroxy - 12[err] -
prost- 13 - trans - enoic acid and racemc 9 - oxo - 1llferr],12[err] -
di fluoronmethyl ene - 15a - hydhosk 36 8l err], 12[err] - prost- 13 - trans -

ersoi ¢ aci tthis4Rample illustrates the methods according to the invention for converting the EXA E 24.
40 By fogrhwogwsnfgfomdnb Xiﬁvhudmotonﬁmamlf @n@;la X¥¥¢enic 9 - oxo - 1llferr],12[err]

- difl Ll'lod 0% rosta yre%s 8Qtram E}iﬁi% iome Pe?r o %tOSta - 5 - Cis, 13 -
trans -goRSIS: Ao sk SRal Eop il dusivt esepy 2oy ofyditsane 4140 £ uor omet hyi ene
-2015] erfsr]lsmhydmme;mon Bk eFeliy méhzv@szfaz]ed tolFynEsk arder‘:_reduceﬂ pfessdsd - trans - dienoic
aci d, 48d the fesniue is dlssolvea@emﬂ@yle degind ¢ a@grd(];hei ElpIFS]l Thedl f 1 uor onet hyl ene -

15[err]f’a°"°ﬂ ith meaYiesr (loride "?F rether-meghanol (75:30: S-enoi ¢ acid and
racem QC, mthqigge, ueerfg E:foi?ﬂh?d %d drer ororrecfsagfene -mf":c)[err]zs hydr oxy -
8terr], 12 rT a- 50 umsbf— ;G(Bmg tyfr&hslhlwoumummd:ylmr-eanmverted into the

Corres nﬁ o | cisgdd s - dignoic acid methyl ester in 5 ml of an-
EXANMPL gm‘ droﬁt}lr-an are a ‘400 mg of activated manganese dioxide, and the 50 Exanple 10 is

n mixture is stirred at room temperature for 6 hours, The manganese dioxide is
repeat &th lﬁ&ér&gotﬁ&ldsiaafea iwfilg) add®Aceintl de SorhtiRd HARREAE evipdrid oest esp com  pounds

030 Exarvgingss gnfler rsdmepsl p@bﬁtnm Fhe mtglduees dissblved gl rahycmferm gd m‘!{eér r],12[err] -

difl uor‘%ﬁfﬁ&?gﬁl éapora ioh of]mi ﬁdem%gge catHYo{ e ndu 31% prosta - 5-

Q_

ci s, 13 ygr S Florfil [err], 12[err] -
di fl uorﬁnmhénl;yleeﬂe}s -5)50prosta 5-Qfse3r 15{11&f0fc]acnddhaé;l;ydléﬂet,ylden-12[685] - prosta -

535 cj dical 3p the qomawsd abtagfied ip d’tg ac Sean cem ¢
Tiferrl ? v mm oo gges el ST 5 hydr oy -
8[err] v bd @G conk aaﬂ,g,e,ae,sed met hyl ester and

B | hichRh greu aﬁlcﬁ-,

racem Qrdliiide éme}qllmﬂ[xmm}mundscrfl uor onet hyl ene - 9ferr], 1g£err]4o di hydr oxy -
ferr], mmP %12‘=pr e%?f?ﬂthﬂmecﬁ@ - hrydroxyt + BrrsoxopreReendr ¢isdti d et hyl ester; 60

racem ¢ Gfaets, e i fol, UL RRB Nyl R, 1za9ll§gs[a] d5[err] - dihydroxy

- 12a -asmos&ns d1 dndic acid met.hy% &wet,rans - énoic acid nethyl ester and racemc

11:1L err], é%ﬁterlﬂf]?éfd-l ¢lﬂgmmﬂtn|§yl9éﬁé!ydm@[ el5r-Joxd 512y v frostach ydr oy - 12[err] -

pfost -cs4R" tran p dipeic acid fardiy! exgef, | ester ] i

1, 414, 8811 - mene dicnts st rapean] esrer,%“y 156 165 v o

11[err] 12§'erm4 12a dﬁﬁubmmﬁeﬁd hygt em@roxy Ofer 6xb - MEm}lprost:dl hydr oxy -

err] 512‘? istacid methyl esfepns - enpi ¢ agj d ster 5&nd racenic
err]ctf % g “1dmm§l%t'dfm ‘ﬂﬁ‘i‘l S‘Pﬁ‘g‘”‘y g?ef”ﬂ A5y Prf;{“ dfhydroxy -
8l err], 12[gsr-riip1240r @ftoromethlene L JENBydrox£0 @5 C oRCI b MRk hytbe-est er. Upon

sapom foircat-i5 6 pis, 0F - ttahe- divpdid ydid esthy;restg's oup, in accordance with the nethods of
pmm_g‘g‘la@%szﬂlmfl‘sé‘fgf%f‘ﬂ?g&re% redproddcet® t AR- &8 -dépondi Ay racenic free

at‘ﬁ ds, 7. 113,128 - difluoromethylers e 5 hédrgx%'[ el"Sr]oxc;LZE@rBJtyl' 18).f | uor onet hyl ene -

9[err] pis&{aersr]:m Awdrdo.-wc acidl arhyl éepSta - 5- cis,13 - trans - dienoic

aci d, racé#l-clligbrf gifivopimethylpne_- S f Hydroxyontt hedoerfd --pron, -15a - gdhydr oxy -

ethyl-ester,

8%@!‘ rl, cf Sﬁfrmﬂ,l ?Fﬁﬁ methylene - 9« - hydroxy - 15 - oxo - 88,12« - prosta - 5-
¢is,13 - trans - dienoic acid methyl ester,

8R - 1le,12¢ - difluoromethylene - 98 - hydroxy - 15 - oxo - 88 - prosta - 5-
¢is,13 - trans - dienoic acid methyl ester,




cis,13 - trans - dienoic acid, 10 racemc l1llferr],12[err] -
di fl uoronet hyl ene - 9[err], 15[err] - di hydroxy - 12[err] - prost - 13-
10 trans - enoic acid, Lacﬂm_c_ll[ err],12[err] - difluoronethylene -
9[err], 15[ err] - di hydroxy - 8lerr], 12[err] - prost - 13- trans - enoi ¢
aci d, and t he correspondi ng 9[err]-i soners. EXAMPLE 26.

15 15 This Exanple illustrates the nethods according to"the,
invention for converting the conpounds of formula XXIV into the conpounds
of formula XXV. A A m xture of 80 ng. of 85 - 1i[err],12[err] -

di fluoronethyl eae - 9a,15[err] - di- hydrdsdyqssésta - 5 - cs,13 - trans - 40
di enoi ¢ acid nethyl estsw. 113,188 - dmﬁmrsihéamﬁte- N Onylikly Y5 - @;io-zz/z,lza-pmsta-

2, 3-di chl oro-5, 6-di cglamal-Sl,trdmbém uldnmnhyl legerstirred at room te erature
20 20 for 18 houff ”Ph‘%’ ex-t ehysent hih- epapfreaatet-

dryness under reducet Bizess sEin 55 jﬁg,,f éhjdgx,m gsq,kyegjonbg;g,;hgjjzene 5
chlori de and chronntp)gstaa-rshed’mnzrdi o&xénslb lacid 'Hmylfdfsiastl ons el ufed

met hyl ene chl ori de- dlret llé-tlikﬁefdlﬂmmmam&ne 9&81;20201@) la%cfxera)-BSthyQ{@slﬂf}-

hydr oxy - 11[err] 12{85'%5-'] E’T”ﬁg x@%ﬁ%ﬁyﬁyﬁ:-ﬁ ¥1¥:r;§? 15 - oxo rostosltSatram t:noxcCI s, 13

ure f

- trans - diengjc acic 10
25 25 B. Td#Sa B@lZdt— |dmnormﬁeﬂimﬁk 199 .- hgdrox8 S15 - o'k&;{rﬁf-rl]S Yidfse kedo)c-

di f | uor onet hyl ene - @{déﬂ L dlkldrox prota- 5 - 13 - trans -

di enoic acid nethyl gst gml fﬁ?{ “"‘Fm“ 1) °’Eyet1r5ah‘$’fﬁlrc5?“ur%'i’ftarl added
400 ng of actipmated marggangs e ethydnel- mehyﬁﬂﬁﬁl 15Qnoxd1l 16,207 @ishcsprést- I €d5

at room t enper at ur e 1orerats hmncrsc;d fﬁbreylrmcrganese dioxide is then filtered off
and washed with acet gnéSandeite 'ﬂpﬁ‘B‘P 40 1 Jot-rbafrey -dP e v fBorRyEs L 83

enmc acid methy

30 30 dryness UNdgr. 1 eiﬂwré.&&ym 9]§hehya,%§,1 dtse dxs - &A1 geplygd in
t et r ahydr of ur a0 and de-rdhﬁdacmmdmy&lﬁtﬁt er 400 ng. batch of manganese di oxi de

as above, repeating I%’Fg,; ’e‘ﬂé@ﬁ égﬁlﬂw\m@é:glﬂmg%%r Hyiinoxyl - 5\rapes®r a9 r betylofl2e-he
sol vent and purifica - 10 hy ri |I
there is obtained thﬁm@%azlﬁé a:é?ﬁ%ih}l dsho>(zx§}E xyll?{err 18%[ e’ﬂ’s}) ?
fluoronethyl en® - 15 - 8Roplkgdad adxﬁucﬁomedalie@ -19B - hytirogns 15 - duoerimmpramm rret hyb

ester, iden- 35 By - m°‘ca¢1 he coppound obtai ned art By
the above-descri bed ‘;rgsgsﬁgd”“’ ﬁgﬂgoro EX‘ 1t ife g spondi’n gi J?h{) b
8S-anti- neric 9, 15-di heRl mxyleat orﬁxh&h‘g,lleagl mldimoﬁemsvaiol 2esn@bial ped i n
Exanpl es 10, 1% 16 &ndm_@genqmaommetmltehe, hydroxyl group at C-15 nay be in30

_Q.

[err] or[err] confl gy gl ""“%’[’mﬂhﬂ?"ﬁdﬂ‘l‘:é’HdPHé 1‘56I°I’“bvxﬁﬁ’|]§""c8‘i‘?ﬁod Tds:

40 40 5 enpcju U lobomethyihe £ byIORARS 1Y 0RE. 8 s,k ok - 13
hydroxy - 15 - oxo rmt@nexcﬁxd-mmysqs&a- trans - dienoic aC| met hyl ester,
8S - 1lf[err], iSZ[er Ly{gﬂ;ﬁ% eg%cgdwdmmdﬁow -20 1 Gjsnor B8] 2- 35
12[err] - prosta - - Gl t t )
11[err],12[err], - glbst 1?{ mueme eStbrl | Q} %'ygfsol};{é-ﬁﬁfwyl éﬁz‘x

12[err] - prosta - 5- kaew:sﬂSraéﬁxc 11,12« eﬂﬁpol@nethylemea—n%x,ﬁa elm@m»:qyprgs@ ds-met hy|
ester, 85 - 11f%rr], sef’f"ﬁ diengjcy git?ol“tsﬁié‘{ PRFT afd facefgf ylene-15
trans enoxa Iae§0| Cyl este are O vc1te

oxo - 19,20 - bisnor g%tc@mszindmgclls%xﬁmn;e ans - acrd ester,
8S - 1ilferr],12[err] - difluorormethyl ene - 9[err] - hydroxy - 15 _"oxo0 - 20

- methylprosta- 5 - cis, 13 - trans - | MPEERY net hyl este

50 50 s 59 g BT SR By :"f:wgmxy

15 - oxo - 20 -7 et hy],pr rans’ - I'C acl

ester, 8S - 1lf[err], 12[4ra] so}utl(ih 3] m)lmgnm I-%-ehydroﬂy[-el’lﬁ,IIZa-- nyylenc -15 -
oxo - 20 - nor - 12[ %} 5E0 C 5:13 Hran ot §°‘$3C1dr:teﬂlaln§te:r 1sm igusnet hyl
ester, 8S - ll£d§l’ rl, w1t'h 6 t%f%&éﬁ tghgmgls ‘i’lxqmldeﬂ;3 etheﬁ 050
- 20 - ethyl - 12a- solution of thid ). The tempfHatQf& tofl the reaction GixSurel aHowEd BN8e w

di enoi ¢ acid net hyl e@i@;, 6 Sdﬂmonal Inhodar refy w_‘EE{xterOf }neﬂlyluhaénbsum bJrnlelglh llac?}e are

9[ er r] _ hydr Oxy _ 1 e I mg ﬂﬁgg S Stll‘l’ K) , at en 1 sﬂmc trans
- dl en0| C aCI d t hy e:éa e 3 ded Wl lrn {@'Sgleur s&illj ﬁ mlx‘iure 1 lur?i&y:&l @acf IS 55

hydroxy - 15 - oxo - thé @fed b ver nﬁgxﬁs‘idnﬁsnﬂfatBandCévﬁpoﬂa&a 10 amasunder aédeddiprssare.i d
met hyl ester, The oily residue is purified by thin layev chrumatography, using a mixture ¢@ncghglene

8R - 1lferr], 12[err]dﬂ°”§j3“f‘3!bf§1yﬁm“% 15“ e g’Fﬂgb 9’°d“° S - 1lg,}2e - di-

8[err], 12[ er 1] sg Pl ORlBnend- st Snd 85~ BLIDS dif T R iae 3Gh4T %mlgaé’?

- 11[err] 12[err] - ﬂhyﬁfomrmﬁhy‘is,ehetrm9[hen’oi’c]amd dnytﬁbﬂ@xgt in pble fornpxo -

8[err] - prosta - 5- cil3 ajsgnilar pappgsbut ugipge ‘ﬁ% Izliab lgset@rmethylmag-
d la, - d1 uoro ethy

nesium 'bromide, there are obtainc ene - 138 - ethyl-
92,15« - dihydroxyprosta - 5 - ¢is,13 - zrans - dienoic acid methyl ester and 8S-



40 1,414,881
40 8R - 1l[err],12[err] - difluoronethylene - 9[err] - hydroxy - 15 - oxo -

]—L%[-epq—*puasea—é——ep&&s#ms__cmenm_md_mw_ester, 8R
- 11[err],12[err] - difluoronethylene - 9a - hydroxy - 15 - oxo - 20 -
et hyl - 8[err] prosta - 5 - cis,13 - trans - dienoic acid nethyl ester, 5

8R - 11[err],12[err] - difluoronethylene - 9[err] - hydroxy - 15 - oxo -
19,20 - bisnor - 8[err]- 5 prosta - 5 - cis,13 - trans - dienoic acid
rret,ﬁyl ester, 8R'- 11[err] 12Qgr8rg] di fl uoronet hyl ene - 9a4- hydroxy - 15

- t c[ 2 osta - Ci s, I3~ trans - dienoic

aci d mé}le‘ngg’m%gl‘e ?Xesd'g'ghxcl: [%Q 4‘”1 ‘F'P’Fm"yp&‘rs?raof'ﬁﬁet"ﬁ?fl'ene - 9ferr]-
hydr oxy - B150me R%&pd @flligramslof 85 L bﬁnsydmxfenmagzalodlﬂuommemacl d nethyl ester,

10 8S enell{Serou@pron@[ér rcs,13 s |- tsi@mmnmmyieeyieester @:[eeil ved iydroxy - 15 -

O b ha e i T e oy A TGN SR L S o 120

difl uorna eﬁl {r{,dleth fr?rlmderﬁ 8.al%ryundc 5 arg gmosp The Pr OSt - 13- trans -

enoi c &Qﬁldngrmfr by hix@fetiedlioweiRo attain room temperadive, andlstitred Z dddikidhabr r] -

di f | uomeuresthlié wmperaturg leis ien pou dﬁ@%gpraxedzﬁmonl@xéﬂorldri@m@a - bi gnorprost-

th h d 1
19 13 el B e sr%a“hsrm £ R
di fl Uorraﬂ&t defch%ﬁmto M Q¥ scribe A(Qf this mplceiﬂh pr OSt - 13- trans -
enoi c 88|-dldm&hylhuoe®te¢m¢ne8$53 ﬂéﬂ[yﬁ¥%1]‘5&24lhyﬂfo}ypr05tdl-fl-uoﬁon’et hyl ene - 9[err]

r @gx omethy] 2 gster S - 114,32« -xiifluoromethylane 5 - en | hvl
e& )é? methyl -? ISﬁ %ydroxypro?isa 5- S%,Sl - trans - dienoic acid methyl et't%'-, € Pg ¢ acid nethy

20 8S -

id tained in part A of this Examp)
11 er r ST, Qfﬁ by foﬂiﬂgtméés%admﬁs&me in gl 515, wipiAOKdae. 15 - 0XO - 20 -
but yl -neshif @ori eormedsnuhmrxﬂa:% reagehts,and the coprapbreling d 5-dxonehpvyddsest er, 8R -

11(£er r!obtzggier «irzr;ﬂfalpﬂ #slsﬁmrn g% Eﬂ» Pﬁ[w?aoduce%?{d dg gd\;oxypmm 5. oxo&i;9 fi[ err] -
} t

11[err] 125'er1r11;1‘,ﬁ°1rc1§, ﬁnenmyQLeus]g ddwfikpxyzaa 15 - oxo - 8[err]

- rostprosta13-"1s,l3 tra@Sdtemesn&mineMeram d neth ester, 8R - 11err],12[err]
é]lrfl uo %etlﬂéj’fa pdiflu C{mdr%@’l'%?i @(YGW"Y 20% ethyl - 8[err]-
vans - diet 01c a
P35~ LS dnelomk 1&\9- et 3 e)ﬁtlﬁgr dlﬁﬁroxyllém‘-r] 12[err]-
d| fI uorb&me{»rbsyd neais;13 9[r¢ez5r<]1enoxchydrrmwl ested, 5 - nor - 8lerr] -

r ost- 308S5-1lal2« 131ﬂu0rqIMMIsn€- 1% m%hYHCQ%ﬂShedlhxﬂFOXEs%%reﬂwl-

T p 13 enoi XYp - - OXO0 -
8R PR EE’ I’£ I {m methglsgd E)Etiﬁﬂ yéuel@ dlhy%L %{}Elqh elﬂ'l}i{dro 15 0xo0

err] phest 513.}}}’0 S dienoi s,ste, endre aci d ester, 8R -
11[err] 13fenij,128 -diiffubrmediniand hsl; emethyl 9[8653‘-]d1hydhyy:l-rlﬂxylor- 15 - oxo -

8 1%2 - 5_- cisd}strans - djegoic fagi t 35
[efr:!]_lll'zgag %zé}jldiﬁuom Y eré %{552 gxgy ro; ITE%J;I F_S ir535_ oxo - 20-

nor - enid,1282[agedér methyélgb-ﬂﬁpshethvllﬁi 15 L Biiftvoxy - mu@l -acid nethyl ester,
and 8R LZa-lxir psgyr-15]-,cf5.2} eiran} - diendlic fatidi grethpletstayy| ene - 9a - hydroxy - 15 - oxo - 20

- ethyl - "eHr“ ’l‘f“‘g 15 %tggemyltr%?ﬂéi didwidrpry a?ﬁd met hyl ester.
Ikﬁevv' SE 5k Cﬁﬁizqzﬁfgkeft‘ ‘gs metﬂllfwgrio%&}y)lyer@ 12.-92, 13 err] -

ydr(ptc)éﬁl’-GSEzal} tﬁns~4ﬁ:n01c acid nﬁthﬁ ekta, - trans - dienoic acid nethyl ester

and racems& -11 dm{remﬂjgif:e dilfil u@Ftbﬁret%yIISéﬁeﬁhdewo- 8-err], 15[err] -

di hydrcﬁf%f‘a lf}é’ Hras y' e an € cigh et hyl ester are
cqsrvert,e@ml @Lg,s lﬂu(ﬁee&peﬁlam% tgtﬁﬁ % 1esrl \r}gr e &EXAI\/PLE4527 Thi s

Exanpl es |8RI-u3&,12at-daiu¢rbmethyknehdd$ mah;deﬂdlimg dmmdrttxhezﬂ netdwht i on, for

convertﬁﬁan%‘?a 5%13 @%Pfgom@get@nféﬁeﬁ%%q Ed rlxpt Ci&%‘e methyl ester

corrpourlgsﬁ o \ id A solution of 60
mgo of 8Ssr 5@1#, yommysme&"s lee.“roﬁg af' I boy151 di dilyad@kyones-hyl ese- 15 -
-oxoprosmtzshyal 8?,12aepzssrsa135 ~cistl amees - dxdnmeragdcneam eiteret hyl ester in 10 m . of
anhydr oys i-ef'tride étfhl’ée sometlyleag, ot Hor PEL - PBIEE 4 FBYEPREBIPR A 1 opwi se, under

ter,
stirring ¢ 61;@ jeis) ﬂetﬁy@ene - 15§ ,aéar;psraérerg e diydrbkyfroiOer equi val ents of
mag hyl rm@nemnumld)mmldsz using a a 3N et 50 solutiem of this
r eagentg &Fgellt@é Ape difugrproctiyfeng hé5‘re&et%’3ilor9“ﬁf§xt dibgdroxy -gi2-owed to rise to
trans - enoic acid methyl ester,
8S - 11,12« - diftuvoromethylene - 15{ - methyl - 90,15{ - dihydroxy - 19,20-
bisnorprost - 13 - frans - enoic acid methyl ester,
60 8S - 114,124 - difluoromethylene - 15§ - methyl - 94,15} - dihydroxy - 20 - ethyl- 60
prost - 13 - trans - enoic acid methyl ester,
8S - 118,128 - difluoromethylene - 15§ - methyl - 98,15} - dihydroxy - 12e-
prost - 13 - trans - enoic acid methyl ester,
8S - 118,128 - diflucromethylene - 15} - methyl - 98,15¢ - dihydroxy - 20 - butyl-
65 124 - prost - 13 - trans - enoic acid methyl ester, 65



-25C., 6 additional nolar equival ents of nethyl nmagnesi um brom de sol ution
are added, and the resulting mxture is stirred for 2 hours nore, at the
end of whi-eh—time there are added 5 . of methanol The resulti ng mxture
is diluted with ether and 55 washed several tines with saturated

sodi um chl oride solution. The ethereal extract is 55 then dried over
magnesi um sul fate and evaporated to dryness under reduced pressure.”The,
oily residue is purified by thin |layer chromatography, using a m xture of
met hyl ene chl ori de-di et hyl ether-nethanol (88:10:2) as gradient to produce
8S - 11[err],124@rr] - di- fluoromethyl end44888[err] - nethyl - 42
9[err],15[err] - di hydrmypmmtxa dlﬂlﬁmmemyl&glas; - tnliegbiplS - sa,ﬁsi;ennmiydroao 8B-

acid nethyl ester anaf05t883 " cid pedylrepter, di f | yor o yl err] -
methyl - 9[err],15[e IrOJtl ‘%fj?ﬂ ‘%{’QE( lag CH‘{S Q}?w ‘f‘%'%m 3%1

3 t e
di enoi ¢ acid methyl estex- 11ﬁaﬁwcﬁﬂu YN ﬁSgSln{éthfla@a,llTﬁnm%erLﬂ- 20 bif- 5
et hyl magnesi um br omi @@- prost pl3agenofendietdiy inerxng -esuresi um br om de, there are

obt ai ned 8S - 11[err13 134 of 1;112« difiorome e A9 Ayl - %{%rf’ﬂhvdmxaerﬁ?/rn"f-

olerr], 15[err] - di hYr gy plaish 2 dita miiﬁgi‘é%e A debNS1s € RISy aﬁdi4 et h%

ester and 8S- 10 41 prost - 13 - trans - enoic acnd methyl ester,

41 1la,12a - difl uororrg%lh Ilhﬂsiéﬁ difigg ren lene eltShyImeﬂlylS}[%rlﬁ%] Q@P@FY]S&I?&-

di hydroxyprosta - 5 Pr¥ °(“? g Bsac hyd, _esl.g i,gh are
RS T S ‘*EB 481 Bl 18
11[err],12[erris - difl umormn ldlﬁuanﬁmemyla:ﬁ qsiom lossh,as --&ydrom-szplahyl- trans
- dienoic acid net hyFB, T°Sta ’Q !Ig éﬁd m:gg ogi anryogtaous
diethyl ether, and the %%V el {j‘@,{ ddy 2112 128

5 dry ice- acet one baisifors -sftsel IkE® osso UL AN énSlc eﬁle yr@si&\llﬁ 1.4

m . of 0.22M net hyl | kdnbrredn rpspecuhebt nyd retrtuerlla,m@dedxﬁmrqmeﬂw —ahfd umetbyl- an 20
argon at mosphere. Thé&: gﬁﬂlgtfg P’%}fﬁ 'r5re 1ﬁ1 )E’P’Ef é“z‘l c a‘f“? ox&‘ T a*Edrtoéi‘F‘i’{“? oom
tenperature, and Sti pEge fBFDRY at'dr &P

EL&T dare. I's then
poured into saturated ammﬁuxuaamlsd.wdtod;elsmhdﬁymﬂ 15Aﬁydroxy-15a-xh&ﬂ@1 edixharaeeal
phase is separt ed, mﬁ%bM*@hves e!ms gHTY C I or| de sol ytion, dried?2s
10 over magnesi um sulfak¥ %’111 Eﬁ *‘Zﬁﬁ% gmm ‘L‘fi‘iﬁi“;‘{f
Purification of the Hlﬁﬁlngié%»ec el,l me ﬁre m&a dB&>$tl mpioed in

part A of this Exanple affords 8S - 11[err], 12[err] - difl uoronet hyl ene -
15[err] - methyl - 9[err],15[err] - di hy rox rosta - 5- c¢is, 13- trans -

dienoic acid 3 methyl Ttgsﬁ.x ﬁiggrates &csmeéx rnu ion, for conve
di fl uoronet hyl ene - hahy®lefdr co unds of forkiBhs VI‘ a GﬁtB e coﬁlé E ﬁ'yepr OSt a
- 5-1c¢is,13 - tr ansprestadlemmbpramnoicmish es | denti cal

4ms op eth 9
to the pr OdUCt s obt al py%%riox TOS a'ég; c@‘l? tmnsFx 1en01c ac 1 }ﬁ'elster are d §ol Qf’léﬁ ow ng

the methods desscri bef bt BC for A Bhutkin 8G9 BE [.Qyjsolm prephred 441Gk &mnde 035
met hyl | it hi um as r eagenA sf Eﬁmdletlb.erlﬁ(}éabmrhﬂﬁd‘b f0makietilQ stkf28Po Ub dsnuebbai ned

in Exanple 26 as st a#Ximeg’ Fatdusting|constaprlyrthe pff et ﬁ@dd@edng treaction Perlod with 85 -

11ferr], 12a - il uo&%"émywe ST gm?xg“*ﬁg“sm LRI
di hydr oxyprost 40 - 5-tjon w1thretchy1 r;ze ef He ¢ orgarﬁf!d i 8 cdn:) etn?au | 40
ester, 8S - 11[err], deBjersulfare andchvsfdola@ﬂ OdiT'ﬂty { anler vacmib5[1'ﬁé‘ re]sldue- is Bl ir-

9[err],15[err] - di h%h SR Chlonﬂ C‘ma & of Fletisd, '%? fracionsgied withi enoi ¢
- acetat zlt ﬂ

acid nethyl ester, lend _l qufa eﬁ;% ym U' ﬁ&%"gﬁfb ezli%; 4§L %fg] P

methyl - 9[errjs 15[ er r'TBy dé rpaaeydure, &ﬁali g yl ester confpo@ai &)tame5 ir Egl S, 135

- trans - dienoic acamblerﬁ?t llyde)!yg@rto produce the corresponding free acids. Representative com-

25 8S - 11[err], 12[e1?°r“]dsthu thylene -~ 15 - methyl , 15
[err]- dihydroxy - 1g,,1 guor%meéﬁ i 15@ thil3 5{&% dlhydmx&?mesﬁalo % aci d
net hyl ester, &5 - 11 easr-]lljsamrrd}ﬁuomlduﬁylleuor mmat hxydhﬁne9a11,5 dmycma:phyllza-- 50
O[err],15 - di hydrolxysta—-52@ls,13etr 1 dienpir @sid,a - ci ans - djenoic
aci d nethyl ester, 39; 23 - a1 - diff °m°ﬂl3ie[“%r|15]~3 1’2‘{“§’Frfﬂ ls“dldfhly‘{fﬁ"ryl’fﬁ%”thg/l ene -
15[ err]- nethyl - d&-ﬁl olhﬂuor&helﬂ'}&ﬁﬁthl‘ﬁﬁ médly1 = 98153y ldthydroxy - 20 - etdf
prosta - 5 - cbx, 13prestaI rsanrs,13 - ginentincic agd,d net hyl ester, 8S - 55
11[err], 12[err] - dlgrl’sﬁr'o?’? tl;érﬁé%i%mel@i 1 158 - Feshyhy|98.150f ébrdroxy 5[1érr] -
di hydroxy - 20 - nor [e L Eﬁg p: egr-l 1= b hANS aihvdlix I’_quZC acid
met hyl ester, 8S - 1élr£sar-r5 izﬂ dlenQ fa;%rofretﬁéﬁyeng _5’3}{' dihy nZ

9a, 15[ err] - dfhydroxy sR -20)1“;12@% rdyluororﬁcﬁhylene - 158 1 2jedylr | 9151 Glihtydroxy 583— 60

cis,13 - trans - di e!ﬁ?)“ “’-“

35 8S - 11[err], 12[e§r,;513 g"ﬁ' PPy I Eriel 8 - B! - 2Pl §pydroxy - 86 - prosta-
9err],15[err]- dihydroxy - 20 - butyI I2[err] - prosta - 5 - cis, 13 -
trans - dienoic acid nethyl ester, 8R - 1l[err],12[err]- difluoronethyl ene
- 15[err] - nethyl - 9[err],15[err]- di hydroxy - 8[err]-




prosta - 5 - cis,13 - trans - dienoic acid nethyl ester, 40 8R -
11[err],12[err] - difluoronethylene - 15[err]- nethyl - 9[err], 15[err] -

di hydroxy - 8[err],12[err]- 40 prosta - 5 - cis, 13 - trans - dienoic
acid nmethyl ester, 8R - 1l[err],12[err] - difluoronethylene - 15 - nethyl

- 9ferr],15[err] - dihydroxy - 8[err]- prosta - 5 - cis, 13 - trans -

di enoi c-aci d net.hyl ester, 8R - 11[err],12[err] - difluoronethyl ene -
15[err] - methyl - 9[err] 15[err] - dlhydroxy - 8[err],12a- 45 prosta
- - CIS 13 - trans - dlen i 4ﬁﬁ|d nmet hyl ester, 3

'——-—né—hyl
9[err] 15 5% ?suﬁd%}g ref%yleve 238 - msthih 918 edipsdroxy pfpRea - 5 - cis, 13 -
trans P 28C LESker 8K ogkdl ekik [ 84 1o} - dlfluoronethyl ene
- 15[epxb§m thramQ{naforcIamaS E meﬁydroﬁx - Uldmlyz éal[{nsnor - 8[err]- prosta
-5 - 1(; i 5851311%124 adlguommdﬂlﬂﬂ@l—di&emdhnE?hyia émxyp@@ 13- 5 B8R -
11 err "”igg_“é’ - lf| uor,o l.e [err nmet hyI - 9a, 15 -
di hydr gxy. mgg{ld 'ﬂuommethy ene %s,e ] }“’lsg[’ dr P"]‘mxﬁrferr prosta - 5 -
cis, 13 - 8Sam$,1-23dlcﬁﬂiﬁiometﬂﬁdnd rrmhy{emgslmlsa%mydra@[-em-] 12[err] -
d1°f|uon0Wetl auyreencic 34, er r %}5 é 5[err;{ d| hydWoxyprost - 13-
trans g éﬁﬁ eyl fé?’e @ghyl it Esérr yd‘ HPRRr13 di 1 uor onet hyl ene

- 15[err'Tss ITﬁL 3 - cifuSbREthtend SIsBY. ety dioRy sl W&B;@Stzo edlyd- 55 trans -
enoi ¢ pmsrdlamaba ] en@s baid,

55 8S Bf%&} g1 %% g;w onwrhd¢¢|~u5rronoéwhyl9é,rh%6 dihgfrexyr-] 12 et hi -

9[err] o mw“ 12a; i 3 S 1, enoi ¢ aci d nethyl
ester, p185$£'13—1¢ﬁ;, ehdic )]cne %gliffy mft’lljg 1hg‘ir(’é]’&152é"'rr] met hyl -
9a, 15[er r4r - lla,tzuhydiﬁtmwylethylefb@ -208 -bmeshybF p&,d&t dihyli®xy - 88ans -_ enoi c acid

n@t enoic acid, - 0% -
e 0. hrppoge - 59 Sy RG0S L g3 - Byl v ety ene

prost - 18R - 11X1aPS diflu@ERitGleRC] ﬂﬂnﬁﬁchx}'ﬂ ﬁas@r dm;&Sxy ﬂ,tiize-rr] 12[err] -
di fl uopmﬁetlhwf@neenmc 4&d,-angret hy| - g] %dr oxy 12[err] -
pPost - 13 ; Mg diflux le“aecﬂdﬂnﬁie - éslts‘é?d‘h5§§xif i@ ir], lzf[ err] -

di fl uoPonmiw CRGemic A2 86" itk Hidne - l%erzﬂelhyll59a15udl pydroxy - 20 - butyl -
hydrdk)?;{refar-]S - cisf1B Osﬁms dikdoie adid @iathyl- ese @bdC raagnicl 1m2pyl ester,
?[é uoromethylene 158 - methyl 98,15« ~ dihydroxy - 12« - prost - 13 - trans)- eqqlq 881
8R

“‘dﬂf“éyr‘ fsjer aropopyertpd into e corisspprding g acidhe - 15[err] - net h§/°| -
9[err],15[err] - di hydroxy - 8[err] prost - 13 - trans - enoic acid nethyl

ester, 8R - I | a, %‘Za o tdl%l 1 dif‘eg‘ﬁ%- 15 r(gf - methyl - 9[err], 15[ err]
- di hy 2 S foc 3°°°’ 1 ¢ iny ﬁ?ﬁ thyl ester, 5
8R - 14 %ﬂ % “t‘% )é)éYOﬁﬁt?ﬁompmﬁne”ff lq F% 9a, 15 - di hydr oxy

-320 - etThyd suspensmn of Bg. 8{ &lhfe] dlatonlﬂbc(ostearﬂ) (Bﬁed—foxtl’%&blﬁs a-t leSﬁO) C acggj met hyl

t L & o il fipyriding thyl - 9 15
-esdielr)yé?g 3 1155@ i f%m; B P Suonge (™" g ey

ester, fimmetiibhetrish . kbRl bY,15q dmfy M@p@ﬁe ylzf;ne transLofiéic ] - methyl -
910err] a@@{nahyi}ster inchi dﬂ}(wj shylene clgprale prd, tieXhigmure fis-stick@@ for 15 minute (Prosuo 13 - trans -

enoi C mg. ‘of sodium bisulfate menohydrate are then adced an 10
8R - %rtl;?f gﬂ{ﬁ ture 1 ts;g:;:a:cﬁr? c’n addmonail I10 nugeszrngégte -fr;lsolu ad - 9[err], 15[err] -
di hydr Ogynic filtdfr@rate[eyabaiared fo d-rynBsE Gﬁdkr vacub3nd tht fesithis purife@ 6y winaci d net hyI ester,
8R - 1% o g}on@@g@l@ fhns };gbtfaihma ré&ne? hy*oeﬂél“rléa]a‘é‘ @,‘é?“iemymt hyl 45

9[err], {) s ggy“l t}g N ng’%%ngrr] - prost - 13 -
trans 2gendd y Gk G ﬁnﬁd romethylenc - 158 - mpity: 11[err], 12[err] -
difl uoﬂb\m!w yxamaa -5 -JcE 12F 1 dxcm:t:h i - 9[err] 15Lxer r%ﬂ - di hydr oxy - 20 -
ethyl - jpo F?‘rﬁ’ Q‘é:g%’tﬁ%f’y Qx‘di%““ °f %-T ft op- aci d Shet hyl ester.

Li kewi i b N A AR drT dt £ 1 uor omet hyl ene -

15 - OXOpIxQS rﬁdarﬁamekatﬁn rom thé &&Ssponddk@&%k%—ﬁfdkdiylﬁf&i&ayﬂ- ester and racemc
ger r] pou&hsydrﬁmypla Zntg;hfrenm]moﬁﬁc{e@ﬂx]follouné tmmdeislﬁy#l@miucts, 15 - keto - 12[err]
1q the TESpo i
O S ot 1130 R Sm RNk MBLIMaGOUSh Mo, | STODVEr

respectsi. y@ EYA ,m;untdgnm for'onmet hyl ene - 15[ err]
- methyl-8sR-9- oxo-lzﬁ,l -aﬁﬁu}n;oﬂlﬂtﬁ)&d‘né]ISB- rﬁhdhydrsaxymmstaza- 5 - cis, 13 - trans

- _di enoiosa ati ds ety iceacidang rac mc li[err
d?Qf: uo g;r%‘igu,l ;ﬁbiﬁ; ’Qfeél}ﬂ][?g[gﬁ}‘]" lgd“gohydroﬁ‘i/ - 12[err] -

R - bLARS- H300) &3 y’rat: h)ﬁ,@ epbwyl - 1Shenytiagi vagual _
15a hydrem)dyroslﬁ{mds]la Aeddny iermiachcid 5[ err ] - hydr oxy- 15[ err]-nethyl isoners are



25 separated by thin | ayer chromatographic techni ques.

25 The correspondi ng 15-et hyl conpounds are produced when using

et hyl magnesi um brom de_or_ethyllithiumas reagents in_pl ace of

met hyl magnesi um bromi de or nethyl- lithium respectively, in the procedurés
described in parts A and B of this Exanple. EXAMPLE 28. 30 Thi s
Exanple illustrates the nethod according to the invention, :for converting

t he 30 net hyl ester conpounds of fornulas XXVI and XXVII i'nto the -
correspondi ng free prostadi enoi c and prostenorc acids. Eighty.mlligranms of
8S - 11[err],12[&r] - difluoronethylene - 48H881 ] - nethyl - 44
9[ err] 15] err] di hydr ox?@r—@stoao - 11,124 Cdeuoﬂo&erl‘ryl&iéanSB md:hy&n(lioc- liyGiogh 2ot hyl
ester are dissolved 5§78 WAy:S 3513 - trams - igaFMGﬁ at 37C for 20 minutes in 60

m. of the |ipase solny,trlgg go%}lggjz’%sﬁ pesomettglens "llsf" methyl 335 Ayaviron of0-

Exanpl e 16. The s eact| ommlgxtoweul,egzpraglnwrdnﬁa, Lﬂé ’Sbd r;;,ag],ltqgﬁ J@dmymgoes at
25 to 27[err] C adj usthvln chcmr@taarﬁt- i-hemsprdmmc “wd to 7.4 during the

reaction period wit h gdi1f3¥ h)}b‘?’ &’éﬂ;n?'ﬁ;‘m?neﬂgdqlfﬁhé‘hybab% diydnefyxt¥re i s
then acidified to pH go -0113 F1iATela d u4,0 t

product extractéd SE\pelbtal-Sttz!;BShﬁﬁsOﬂieid’tGacﬁi . % éﬂ)tl ojn vrbr?ljr?fg'etél’%9 I 10
acetate and ether. Bgé%i)g?é‘?‘% -2Jf(1 a8 cdgxqrpmbmar &adr metdylovéa rm@rexy_

40 nesium sul fate an Jo! 1y i due is

di ssol ved in met hyl eramylcﬁbo]s,ro£ an%n ,g,ga?eymm 1;(;33 L%yl'l hy ‘8’r|2§| .

The fractions eldut ed]bwr 8%1- Bt laxol - H&,@Zu&tcﬂu&amétwlem nngQﬂiyloflsmeh;h&ﬂpl 19,lzoel d 15
the pure 85 - 11[errP Qs‘a 15[
olerr],15[err] - di hyﬁ%&%&% 1Y 1'3’ : lﬂ‘i‘ ’gfc'gylmet rl%shydmlfﬁ e#ﬁizﬁ Q’Eﬂeé”l‘ 45

13
By the sane procedure, 81he9r.6>ma1 ﬁuﬂgﬁ%ﬁ&& ryar-ld 1§@m&hwd$5a0h¥yaﬂoﬂ$£$stln Ex-
45 anpl e 27 ar Ohydr é#y&@d-@mcm@duce t he corresponding free acid

Represent ative com %i{ 571 PiYs %&iﬁﬁé@w&w@hﬂ%& 158 - g rT?“iQ’[d@FHIZ"“
&

di fl uor onet hyl ene - th -- etn?illezu AlaSsrboh [ {da _ hydr a - b5-
cis, 13 - trans - di embrt&maomoga ethjymwe Hf X l ¥92Q§X19{y91%§:

di f | uor onet hyl e - %[1 '-°x°rre¥1 Je - dl‘B{O@mFt]M@Eeriia] meﬂdl hWr-dm}mxy -BBa- 25
50 prosta - 5 - cis,

§lm”5 11l.err
di f | uoronet hyl ene - a&f ew-prm-rrgt %‘pem a%%“r’%yﬁ%e[ els Lh{ L‘]‘/’drgﬁgm #ia -
5- cis, 13 - tr%ﬁ - gllrg{ e‘?% £ - awi-dl183%B - dnmibfom;m]lgniZ[lmrr]aethyldna‘al-ugarmyetzoyl ene
- 15[err] - yl PIBY 1§ \AAE0 X 0 h 30
prosta - 5 - cis, 13 pro@t[@d’? a:;cié Irwdﬁgglgethylexe-lﬁ methy }9 hydE;oxy 8-

55 8S - 11ferr], 12[err]8& o fnloU-Olrlth f'ﬂjﬂuﬁdﬁﬂethyle]:5[ ﬂﬁr]mﬂhymlﬂ)l'hydmxy 20—
9[err],15[err] - dihsbo Pr0512{3e - 5- c¢is,13 - trans - dienoic
acid, 85 - 11[&r], 1]?‘1’ sé pmst ‘@H‘élm 18y - eﬂ'ﬂmﬁyr hydraxy - 281 er r 35
- di hydroxy - 12[err ost -aoxo 1,3,12,@ sdf]q rom h,E,@Qs Isﬂdr ﬁg{;ylc lagr yar Y-

8R - 1lferr], 12[err]ﬁ,lzadpfobtuoswrbpbnen&d err] -

9[err], 15[ er r] = di hg/ldr ﬂ l-i?i %?s dlﬂ“O{fgIEfcthﬁeminfl% meéislt-dﬂ? Bydroxyi 19,203 -
trans - dienoi & acid 5 LLLET 11lg: U e 1 err]
ethyl - 9[err], 15[ers;]13u ﬁithdioﬂJYzBs;enﬁ {31 ey B QdTEEhhé(yl %ﬁhhydst{

di enoi ¢ aci d, EXAMPLE 30. 1, 414, 881
43 8R - 11] err] 12[ err In - accbirdahdd OwichTehe h)ydd&n:& methb® | &I Exhmple P8} Rydmic 11q,12e-

40

9lerr], 15[ err] 45 di h thyle -e¥5r3 B%q-r %15 rdéwﬁoxyp@ta éi -sm113 trdnr-ans 45
di enoic acid, 8R - 'g‘??‘dlaég mﬁft: nvme dk - map 15“ -
specn

olerr],15[err] - di hyds@xyiet elraﬁ ﬂferl 50 - ﬁrycrmx% anS -
di enoic acid, 5 trans - dien8iS acid Bid ear ic 22[n@r-n],e,}zﬁdufﬂhuﬂmﬂﬁmehyls;erheethyr-

15[ err] - methy? - oper hydroxgf Ber prost - 4} hyats oxgipeeidt - 13- 5 trans 50
enoic acid, 8S - 1lfer errl - di f| UBXaYBLEyl.ene - 15[err] - eth | -
9a, 15[ err] - di hydr oy ‘&’ ﬁ)ft‘ﬁ“mis"; goof. Sl%‘ror?gl?fmadf 2 g fluor }'%[e”]
" di fI uor omet hyI ane e ouﬂzsmutm’mm ot horeade and B Slie & S &@.ﬁm- 12a-
10 prost =513 petat'ua’.nBr ene @610] ¥ isabdnGyaporated tc dryness under reduced pressure, to give 55

10 8S - 11fer r] 12[ eift cdium $plf pf [m g?net”ﬁyl ldni2e—- difiypromethylene yrbfeiryhydroxyprosta-
i
9lerr], 15[ err] di @X%ﬁgﬁxﬁ 11 mo#g “Ql}lJaéﬁ§0f pot%@n%&%yd’;}ondd € ’'(in the form of a 0.1N
solunon) in place of sodium hydroxide in the above procedure, the potassium salt of
60 8R - 9 - ox0 - 114,12« - difluoromethylene - 15« - hydroxyprosta - 5 - ¢is,13 - trans- 60
dienoic acid is obtained.
Similarly, the sodium and potassium salts of the other free antimeric 8R- and
85-11a,120- or 118,128~ diffuoromethylene prostaglandin derivatives, or the racemic
mixtures thereof, obtained in the previous Examples, are produced.




8S - 11ferr],12[err] - difluoromethylene - 15[ err] - methyl -
9lerr],15[err] - dihydroxy -.20 - ethyl- prost - 13 - trans - enoic acid,
15 8S'- 11[err],12[err] - difluoronethylene - 15[ err] - ethyl -
9lerr], 15[ err] - dihydroxy - l2a- 15 prost - 13 - trans - enoic
acid, 8S glferr],12[err] - d|fluoroqauhmiene - 15[err] - methyl - 45

9lerr], 151 e :
- i ls&i@c{ogr@tfwlrﬁ &f "8RLV118 lzﬂmE:B\YolromethglLrﬁr r91x’151§1 &r] -

8R -

I1[err],12[err]
di hydroxy - 8[ &iylithzy 2{2« - prosta -3 08413~ tAes - didnbi@ iSid- in ET0OML of rhebhanol is
20 8R,- 11[er r]add_@az nuxuirefdfuanbnfectomyrhtewé am@ﬁfmhyqroxdeeqlmh and of], 15[ err]

- di hydrox% - ap pSulelps. migmure is § r] 1F err]
- difi uor onet hyfva rajeetct_iy1 g?xéejs der vacugﬁylyleédotgiamm m%sgt:xi

8lerr],12[err]- prng ployl dunemmaxaﬁe,meemamm ac igropydandine place of ammo-

ll[err] l%err mum ncheedbhive| peagess, the T p nersalm?f 1135%154@2‘015[&“

di hydr oxy 8[ ekt f{?[@ﬂﬁ" dihydrogy- L3a o Rrosta — %3~ cisil3 Yo

Li kewi se, racem CIn li[xﬁirrxﬂamgez[tﬁ‘eralir]moma,dﬁrﬁétﬂiﬁfrﬁmehﬂaﬁmemd digedpeladadhe - et hyl -
9[err], 15[ err] salsdéf-thydierosayipergsiRaand &-1ed2es oialﬁ,llﬂrcaﬂmmmtdxl@né!ec aci d

net hyl esg r arkioSeRte Rfosﬂgﬁw Hfdizf[@ﬂf@m'ﬂi“?‘%rﬂlﬁﬁéfb PRIt P PBT err] o

net hyl Ferr]vmi’% SRRV oxy - 12[err] - prost - 13 - trans - Enoi ¢
30 aci d net hyhiaestecLaneIsionverted into the correspondi ng free aci ds.
EXAI\/PLE 29. Thi s Bxarpinpound felested f1¢re gntirers apdtatrodismizwess pigthhfgroewda: t he

iention, for converting conpoun of fornmul as XXVI and XXVI1 into

spounds of fornmulas XXVIII and y. 35 To a
‘jpension of 2 g. of Celite, dia & earth (dried for 24 hours at
1050) 35 and 1 g. of chrom um t¢ j de- di pyridine conplex [prepared as
descri*bed by J. gfereinGOlepreddits £ltrafhe chdifand@beraatas higdcalvod drahiss, 3363 (1968)] in
15 nl. of sget hyRaggesait aabidpoupootheghotping- 5C i s added, under stirring,2m
solution of 130 ng. of 8S - 11[err], 12[err] - d|- quororrethyI ene - 15[err]
- nmethyl - 9[err],15[err] - |h,ydroxypr%31§ta - 5 4 C|,§ 13 - trans - dienoic
40 acid nethyl ester in 5 m. of met hyl ene chloride and the m xture
is stirred for %’eiﬁmiaﬁng‘l’g” o‘:fg’ zr‘g; waly. 0G to 5C, 300 ng. of sodium

bi sul fate monohm@” inelk a&d&&hﬁm{&aﬁmr&r}h&ww&@dtﬁatstl rred
for an ad@bti ondd) exthllsIHeech emttahhda hxe12-pcsmbmblﬁe:heraxﬂudreﬁmendgoupepar@4ed

by filtration and wa*serﬂédz frionsyp & Jg.1 |apdhehen ﬂ]‘Pﬁ“’qﬁE‘ﬁ lded organic
filtrates are evapﬁi‘ﬁ‘i“e’ﬁ &P%%@ﬁ%ﬁ%?“pﬂhﬁlﬁ?‘ gi:g’s'f’ 15128 ?—f’ﬁypurl fied by
thin- 45 {t3Y SuherC RF BRI KRR, grédpl GradRll @b MheN@me Bifbon £ R 9 -
11[err], 12Perr] - add f Wheor Bheit hg | dinehydroxyl group, atd&ed Sperhe] samenwttoy| - 30
15[err] - hydroxyd &stige;and e p ’@“Ci‘ﬁlc“nyﬁ?c%s?‘e salf;loé ey Gerpbt hy| ester.

t l)'/n 1f o

Upon hydrol ysis of eammfrf'f Fpmgeunds s cliimed dn oW ng t he met hod of

Exanpl e 28 there is prodyced 8R - 9 - oxo - 1lfgerr
di f1 uoronet hyl ene @Wyl 133 - h @ - cgofz' cis, 13 -
gl [er

'l_[;.

trans - dienoic aci The Tatter COf O U] €an(3ﬁl so be obt ai ned
by -oxi dati on of 8S }, ®[err] - difluoro-“7 7% o 50 methyl ene -
JAsferr] - methyl, - 9 rii] Jﬂmerrl]nesageiagxgn%x RLosta - 5 - cis, 13 - trans -
“diFénoi c agid or et -Af A Xdbad it Pof MeTdrndihs: TENNET , start5
from the correspondl ng 9[err] or 9lerr] - hydroxy,,J ated com pounds of

Exanpl e 27 there ar produced t he foll owm ng coppound n%oﬁproducts, 55
via the correspondi Méﬁ%" and
55 8R'- 9 - oxo - 1 f[err(&]; di f1 uoronmethyl en 15Enerr] - nmethyl -

15[err] - hydroxg/pro§fﬁ-p550~ cis, 13 - trans - diefloi®® &id, 8R- 9 - oxo -
11[ err], 12[ er r] wher %@émmwlwﬁ@re—amﬁpdnmlalmlrret hyl - 15[err] - hydr oxy
- 12[err]- prosta % Theantiperc cqmpounds psglaimed inylaifd of thy fqrigulasg 8R - 9
- oxo - 1llferr], 12[ g - difluoromethyl ene - 18{err]l - methyl - 15[err] -
hydr oxy - 19, 20- 'O\Mhm"p{&sx,a - 2a CiS R ns~ - %nhoi c aci d,
8R - 9 - oxo - 1l eNd

: ] - fl uoronet hy az{[ rr - methyl - 15
[err]- hydroxy - 20- et yhorosta - 5 - cis, 13 ~eter affs or di%noi ¢ aci d,

ji . 40 where R, R?, Z and the wavy lines are as defined in claimjli 414, 881 40




B8R - 9 - oxo - 1lf[err],12a - difluoronethylene - 15[ err] - nmethyl - 15[err]
- hydroxy - 20- ethylprosta - 5 - cis,13 - trans - dienoic acid, 8R - 9 -
oxo - 1lf[err],12[err] - difluor F+— -
hydroxy - 20- nor - 12a - prosta - 5 - cis,13 - trans - dienoic acid, 5

8R - 9 - oxo.- 1lferr],12[err] - difluoronethylene - 15a - nethyl - 15[err]
- hydroxy - 20- - 5 ethyl - 12[err] - prosta - 5 - cis,13 - trans -
dienoic acid, 8R - 9 - .oxo - 1llferr],12[err] - difluoronmethylene - 15[ err]

- ethyl - 15[err] - hydroxy - 201 jptyl - 12a - prosta - 5 - gis,13 - trans
- di- . , i ene -

> _ 2.- _ . _ _ -
lerl - thv LU R0 g or B B2 - Aoy bl - 9150 - B 0512 < 5 - cis, 13

’5 cz - tran - dienojc acid in 10 ml. of methanol is
10 8S - ded meﬁxme 1 &l bi co ﬁtm el Jammorktich hydedx@eednlivh @aes ml. d6[ err] - nethyl -

"15[ érr] methapd emrx}urelxzﬁtered or tw taaroomﬁmper@;ms ad@then -t rans$ - dienoic

t d d_th 12
aci.d, 85eva 0r0 3 ;;bne 9a,$ % ‘ijf“f“}‘ czs Euﬁ% noic lic-il?;[ err] - methyl -
15[err] - (xa ing d dlethy L%Em; dxproﬂﬁ 3n plact of amme- 13 - trans -

di enoi ¢ aigindydrdde in the above proces he-corB:spondingGales ofl 48 €x1p.124-28fuerodi f | uor onmet hyl ene
- 19 er rlﬂethyelgleh;ﬂa »13a 4 Ghydroxhy dReoxprosta -19; gigl3 - frans - dlCHOICIGIdtﬁfS nor 10 8[err] -
prosta - Ina% lml:g’anner aa?r%n ia, ?e%gia&ng%liegl d%x 3 11[err],12[err]
- d|f|UOEaQ§Tef~bx¥oﬂ1@xeamn d 8s-1Y up,ﬁ ﬁ’-ome |- 8[err], 12[err]
- pr.ost aprosténoic o€ prostaignoic ici‘dalmsﬂle rachneﬂmlxmreadtedof aﬁmed@ﬂ'e PO - 11[err] 12a -
di f Puor oFies§yamples ace prodpesd ] - nethyl - 15[err] - hydroxyprost -1320 13
- trans - e wekflam

20 8R - 9 -1.QX&mpouh gdfbhﬁgfr&ﬁﬁnﬁﬁﬂeisanddbethm&ﬁﬁetfhyelﬁﬁ&ﬂa- 15[err] - methyl -
15[err] - hydroxy - 12a- prgst - 13 - trans - enoic acid, 8R- 9 - oxo -

11[err],12a - difluoroneth Slerr] - ethyl - 15[err] - hydr oxypr ost -
13 - trans - enoic acid, ” @R - 9 - oxo - 1lferr],12[err] -
di fl uoronet hyl ene - 15[err] o 15[err] - hydroxy - 20- 25
et hyl pro 11[err],12[err] -

di f uoro%ﬁ%&?&?ﬁﬁ?ﬁ%&h"&ﬁ? ?l'gmglfge[ca!%']at&ﬁghy;jroxy - 20- Hor - 12[err]

trans - enoic acid, 8R- 9 - oxo - 1llferr],12[err] -

-dlfluoronet hyl ene - 1‘5’[err] - meiphyl - 15["érrJ hydroxy - 20- 30

butyl - 12[err] - pro“t‘" 13 - trans - endi¢”acid,
30 8S - B’rep@xmshydfpigﬂl}ylmztlﬂsr] - dlfluororret hyI ene - 15[err] - nethyl -

15[ err] £ fRdmBS e O“d angl ono} ns - acid, 85 - 9 - oxo
- 1i]5[ err]a fﬁe ide aHfo\ bgggéﬁt%onls , orom lﬁ ou 15[%”] hydr oxy
- - et hyI at-th3] 1612 phsition{0ik OBL 12~ onlyd and Whed i side ﬂﬂﬂla&acﬁﬁl % 8S -

9 - oxo - 1R<{dlemﬂsuﬂ@fékﬂnqromeﬂdkﬁelampenﬁt this1 2emeitions EB[léizﬂonly, ethyl - 15[err] -
hydr oxy h yf[;:gl of rEerr qﬁé ans - enoic acid,
8530 9 - Oxa ikl a1 BTty rgi!:);idé iy oart@axefig'ﬂy é.%"é’saﬁe bé( -t hyl -

15[ err] - hastR’Oxy; an8 fhe iphdrmdc a[tleﬂly]accept recﬂfsormétﬂllest&srmf- en0|c acid, 85 - 9
- oxo - 11 Tihfan_’t'Z‘[”eCrCP’PPmm‘HPsfql%mﬁddh@t"ﬁyloéﬁefmliﬁ{ err] - methyl - 15[err] -

hydroxy - 19,20- 40 bi snor - 8[erfr],12[err] prost - 13 - trans -
enoi c acid "\é/\/\ cootA0 8S - 9 - oxo0 -
11[err], 12| &l uor onet hyl @de - : diethyl - 15[err] -

hydr oxy- 8[er“n} 1 L ]@- prost - 13 - trca‘ns -\9n0|<3 acid. EXAMPLE 30. In

accordan(r:Yg Wﬁ;hhntéh% oxXi datl on net hod gf Exanpl e 29, racemc 1ll[err],12a- 45

di f).uor orfet" an s are g5y g S5[err] - di hydroxyprosta -5
Js , 13 - ?r ammmcm po“"”Sd%’gﬁdcil éﬁ‘(’)nllcﬁg’&ﬁ]cﬁméﬁd racem ¢ 11[e¥r], 12[err] -

'’

o)

hydroxyprostaf»@-'zS5 518, 13- trans - di enoie adi dvand racemc 9 - oxo -
11f[err], ]vB{r@R,rli‘Zarﬁ'tﬁeWﬂW!ﬁ%Whe%ﬁ@mdalrﬁ[lerr] - nmethyl- 50 15a -
hydr oxy - 12&he angimedtcompodiitis as dlaingedd $n ClairiQF the foerindas:

50 EXAMPLE 31s¢ TOo a solution of 100 ng ofy 8R - 9 - oxo - 1lf[err], 12a -
di fl uoroneth rex -3kerr]- hydroxypro FSta»- trans - dienoic

dlfluororreth;?t"ene - 15[err] - methyl - 9lerr]z15[err] - di- hydroxy - l2a -
prost - 13 - Mn"mraamd are co @ te espect94#ly into racemc 9 -
" 0xo - 1llferr ?éfluoromathyle 6 ="15KErT | methyl - 15[err] -

acid in 10 : Aanol is addd 3 , #1L N sol ution of sodium
hydr oxi de, ant~ h 'hxtures)i s stirred at “kQomyt egp 85 perature for
oneghour. |t is then evaporated to dryness under reduced pressure, to give
55 where R, R?, Z and the wavy lines are as defined in claim 1. 40

A BN



the sodiumsalt of 8R- 9 - oxo - 11ferr],12[err] - difluoronethylene -
15[err] - hydroxyprosta- 5 - cis,13 - trans - dienoic acid. By enploying
1.1 nol ar equival ents of potassiumhydroxi de<+n-the formof a 0.1N
solution) in place of sodium hydroxide in the above procedure, the

pot assi um salt of 60 8R - 9 - oxo - 11[err],12[err] - .

di fl uoronet hyl ene - 15a - hydroxyprosta - 5 - cis,13 - trans-- 60
dienoic acid is obtained. Simlarly, the sodium and pot assi um salts of the
ot her free antw‘rerr ¢ 8R and 88—11[err] 112{1¢§g1] 46
11[err], 12[ erTi=drff MEC Ny ene _prost ALS) or—theracem c
m xt ures t hereof, 3@&8“?‘%"%%‘5 PESI ga%g gﬂﬁ‘l é’gﬂ‘e §Lp’é“ B oduced. 45
1,414, 881 45¢ EXAMPLE 32. To a sol ution
of 100 nmg. of 8R - 11 ; coot di f 1 uor ome 1“ene/\9<’a\15c{oerr] - di-
hydroxy - 12a - prostﬁix s, ﬁ?) - tran®@d gj fin 10 mM. of

met hanol is added a n‘ixf‘@i?giﬁ3 . of concentrate’d iurﬂ"hydroxi de
solution and 5 m. of 5 net hanol . The resulting mixture is stirred for

two hours at room mberpBeRit Zjand thiervdvitinesrare a5 defined)i éd to dryness under
vacuo, to yield the a PRfedsemPypds aslaimeg iy laim 1 of S formulas?
fluoronethylene - 9[ere¢d, 15gerr] - di hydroxy - 12pgrr] - prosta - 5 -

cis,13 - trans - dien i eRd,0yi ng di met hyl.agizne~ _dhelhyl am ne or
di propyl am neSin plac f < ni um hydr oxsdde | .he-abg ,e process, the s
correspondi ng salts of -2%;2{ errgp, 12[err] - dif Qr 0-7 « met hyI ene -

9a, 15[ err] - dihydroxy - 1%a < prosta - 5 - cis, 13 - t'?ané”- di enoic acid
are 10 obtai ned. Iwﬂer@-RSPminaﬁhemﬂﬂﬁfs,aretah&ﬁﬁﬂﬁmml di met hyl am ne,

di et hyl ami ne and di pr bk amimess combourds of clajmed ingElpim_l ofyhe forralss: SR and
8S-11[err],12[err]- or W;l[err] 12[err] di fl uoromet hyl ene free prostenoic or

prostadrenorc aci ds or cC m xtures theref w |nthe pre-
15 vi ous Exanpl e prgduc el
15 WHAT VE CLAIM | S: - npoynd seI ected fro %5 andwracem c

m xtures of the formula  wheréin R represents a strai ght chai n al kyl of
three to nine carbeferéR M andthe wavy linlafak Ji@RiRR@ALS an 0xo group or the
gr oupi ng 10 8. The antimeric compounds as claimed in Claim 22@thf formdlas: 10

[err] Rlerr] represents hydrogen met hyl or et hyI Z represents a single
bond or a cis double the wavy line ( [er e:g;ﬁsthe[err]
or [err] configurati es er eof andpr ovi (a) when
the side chain attach _3 Fheed2 position is [er\ t e%yflqg)ronethylene
group 25 at the 11, 12- p65| ions Is 1l1[err],12[err onfy, and when the side
chain attached at amm,&amsaatrmaemal{.amﬁh. the difl uoronethyl ene group at
the 11, 12-positions i%Thqa[némr]ccmmiomdsisctameqm@ridﬂob)xemmmR[err] is a the
hydroxyl group, attached to the same carbon as R[err] is [err]; 30

and when R[err] is [err] the_h dro | group, atffached to the same
car bon 30 as<%[éter i.s a“?4nd thﬁdpharmmept abl e
r

salts or nethyl esters ~ 2. The antineric as clainmed in
Claim1 of the fornul asCFz[%’rr] and® Wnere R R err]¢z z°#nd®t he \ﬂ%{vy | i nes
are as defi negl1 inclaim]l. The antineric conpounds as
clained in i m 1%h5re B Re “F&r gefined in cain 1

and OH where R
Rlerr], Z and the \/\/av13(/) r'ﬁ’ tgneéffé’mg%mﬁsé‘fflﬂ’é'ﬂhf’ﬁhﬂg?f&]?‘ % The antimeric
conpounds as clainmed i rayCI ar m 1 of the fornulas: Lgrr] and
W\/\moﬂ % cooH
\ R and ] P
“crr HO  RE (&Y “om, HO T eT G

where R, R? and Z are as defined in claim 1.
11. The antimeric compounds as claimed in Claim 5 of the formulas:

a
o

Z z
oSNNS COOH AN ro0H
20 . —r and R 20
o3 e . f
CFz o4 RT cFe OoH R 7 (CP]

where R, R® and Z are as defined in claim 1.

RO g



40 where R, Rlerr], Z and the wavy lines are as defined in claim1.

40 45 1,414,881

45 EXAMVPLE 32.—Fo—a-solutionof 100 ng of S8R - 11ferr], 12[err] -

di fl uoronet hylene - 9[err],15[err] - di- hydroxy - 12[err] - prosta - 5 -
cis,13 - traps - dienoic acid in 10 m. of nethanol is added a m xture of 3
m . of concentrat.ed amoni um hydroxi de solution and 5 M. of 5

met hanol . The resulting m xture is stirred for two hours at room
tenperature and then 5 evaporgjiggsit 0 dryness under vacuo, tg yield the
anmmornmium z : ) =

"9ferr], 15[errfea lCér xyd- sflﬂla - proxgtﬁg - fg - crs 13 - trans - dienoic
acid. By enpl &i ngZ d| met hyl am ne, di et hyf”ém ne or di propyl am ne in place of

ammo- nium h ee#above, proce cor regffondi ng salts of 8R -

*11[err],12[e /jel-kf’r"uoro- 10 e@/ [err],15[err] - dihydroxy

- 12[err] - préstd - B Utis, 13 - trans “i%nofc acfd are 10 obtained. In
a simlar he éélggll ji-met hyl am ne, diethylam ne and

e g 7
di propyl SA G Al SRt O L e Rl Y 85 Bknanel 8S- 11[err], 12[err]-
11[err],12[err]-difl uor omet hyl ene free prostenoic or pr ost adi enoi ¢ aci ds or

the racem c ngxtures thereof, obtained igm the pre- 15 vi ous Exanpl es,
are. produced, £ cooH A/\/\ oot 15 VWHAT
VE TLAIM | S: $ ~~Aseoffpound sel Bfed fr arﬁ}rrérs and racem c5m xtures of

the formul a: [e‘r‘zrf*f\/\b@re’)n R represents a&rst fAai gEht ¢Rain alkyl of three to
ni ne car bgn at omns; R2 re resents an oxo group or the grouping

20 [err] YA ﬂ é?’r’—@%‘g g;g t or ethyl; Z represents a
si ngl e bond§j4 eaang;%m JUsYE® 2502"(‘3 ’3(%%"?%8{@\/\%’%" e ( [err] ) represents
the [err] or Jerr] configuration or mxtures thereof, provided that 25

(a) when thelsideZchain g} ached at theg o [err], the
di fl uor onet n rokp 25 at tasé 11,1
. and when the LngeA, haj,n atitached at the

iefs is 1l[err],12[err] only;
2-pREI Ubon i g=ferr], the

di fl uoronet hyl ene group at the 11, 12-positions is 1ll[err], 12[err] only; and

(b) when wifreRt, R ahdZ are bstiefidag/mirclaiyl. group, attached to the same carbon as

Ré&r] is [é?ff}leansmeﬂcCOmW“ﬂdsaS&hwed\héﬂﬂlmR[OéfP?Tmi"%”[err] t he hydgoxyl group,

attached to hhe sanme carbon 30 as R[err] is [err]; and the

pharmaceuticall y. agceptabl e salts or rret‘fty &s tﬁlag,r eof. 2. The
antineric co %clar med i fpqQ ai of th ,eforrrulas lerr] (A where
R Rerr], Z ts v(g,.)llnes are as “tgy clapm 1. 35 3.

The antineric corrpoun s as clainmed in CIaan of the formulas:

35 [err] Mok &e Bud Hiréds'alfineddn Aeh 1t he wavy lines are as defined in claim 1.
4. The antrImnanmﬁdﬁpwmdmdmchahadmmzmmof@dmnum of the fornmulas: [err] and

40 where R Rerr], Z and the vvavyolﬂl nes are as defined in claim 1.
46 0 2~ 1,414,881 _,,,
46 5. The an@’err C cgnpounds asand| ai a ml of the formulas: [err]
and T T T T, \
CFp & CFs R (F™
15 where R, R? and Z are as defined in claim 1. 15

17. The antimeric compounds as claimed in Claim 5 of the formulas:
a
z @ z
CoOH PN TN ook
rR and
-.4/>{ - />( o
cFz R3 oH (4" cry B3 o G

where R, R* and Z are as defined in claim 1.
18."The antimeric compounds as claimed in Claim 6 of the formulas:

oH oH
z f

q\é/\/\c’ﬂf’” d —’\i/\/\ COOH
20 e an . & 20
cF, A% OH (M C-Fz?<aﬁ (<"

wherein R, R® and Z are as defined in claim 1.
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where R ,Rlerr], Z and the wavy lines are as defined in claim1l1l. 6. The
antinmeric conpounds as clained in Claiml of the fornmulas: [err] 5 where R,
Rlerr], Z and the wavy lines are as defined in claiml1. 7. The antineric
conmpounds as clainmed in Claim1l of the fornmulas: [err] where R, Rerr], Z
and the wavy lines are as defined in claim1l1l. 10 8. The antineric
conpounds as clained in Caim2 of the formnul as: : 10 [err],
where R, Rerr] and Z are as defined in claiml1l. 9. The antlrrerlc conmpounds
as claimed in aim3 of the fornulas: [err] z :

z where R, Rle#d#] and Z are as defined i A48l m 1. 48

15 10. The antimeric Cﬁ”‘?ﬁ%‘éﬂﬂ&n@&nﬂ)&hﬂ%gmh&:Qbﬁlrm:é’n&ffo&nbﬁs formulas: [err]
where R, Rlerr] and Z are as defined in claiml. 11 The antineric

conpounds as clainmed i?“Claim5 of the formulas: rr] 20
and > CooH and 20 ’\Rh/@r{\]coﬁlnd Z are
as defined in claim1. 44’7>/ ]
1,414, 881 crz o -Crz e 2. The
antinmeric corrpounds gﬂ fy the forrrul as: [err] and where
R Rerr] and Z are aszdclkﬁ?rft”%% Hfsgf%f i aﬁ&ﬁsoﬁh&u&r{w)r&mﬁxs;orrpounds as
claimed in daim7 of the fornul as: [err] where R, R err] and Z are as
defined in claim1. 14. The antimericy COWS clainmed in daim2 of
the formulas: {err] and where R, R Z are @s d&ined in claim1. 10 5
15. The antineric conpounds as clal me .| Jaign 30f the formulas: [err]

and where R Rerr] and Z are as definéd if clalml 16. The antineric
conmpounds as cl ai nmeehdiin aftimessithelcoppounds ef thofomwlaas: OH

[err] 15 where R, Rler] and Z are as defined in claim 1.
15 17. The antinmeric conpounds as cl aj idp,e of the formulas: [err]
where R, Rlerr] and Z are as defi ned gj%ma 18. The antineric
conpounds as clained in Caimé6 of thekprsuras: «perr] 20
and . iz defined in claim 1 20 wherein R, Rerr] and Z
an a s defined in claim
i‘r 212‘5 Sgifl ned in cf agfh'l%e racemic r§uxture of the compounds of ForxmﬂsB(B’) of Claim 8,
0
S COOH
10 | " 10
oy of RT &

and its antimers, the compounds of the formula:

o

z
TN ook
e R

crz R5 OH Clg

where R, R* and Z are as defined in claim 1.
22. The racemic mixture of the compounds of Formula (C") of Claim 9,

oH

NEa A~ ook

; < 15
“er, of  R® ()

and its antimers, the compounds of the formula:

oH
2 cooH
~./>/E
cry RE OH (M

where R, R* and Z are as defined in claim 1.
23. The racemic mixture of the compound of Formula {D?) of Claim 9,

: oH
{ z
crp, O s (=
M O 0



19. The antineric conpounds as clained in Claim7 of the formulas: [err]
wherein R, R er] and Z are as defined in claim1l. 20. The racemc m xture
of—the-conpounds—of Formia{A ) of Caim8—ferr}l-and its antiners, the
conpounds of the formula: [err] where R, Rerr] and Z are as deflned in
claim1. 21. The racem c mxture of the conpounds of Formula (B') of daim
8, [err] 40 and its anitimers, the conpounds of the formula: [err] where R
Rlerr] and Z are as defined in claim1. 22. The racem c mxture of the
conpgyginds of Fornula (C) of ChighdRs®, [err] 15 and its antingys, the
conpoﬂﬁds~e+—fhe~+ﬁfﬁmﬁfr~fﬂaﬂ“E~where—Ft—+§1ﬂ11—1mﬂ1—2-are—as—deﬁ|ned in

«cl ai'm 1. 39t antipers, e compppundsof e OB ¢ he conpound of Formula (D) of Caim
9, [err] 20 49 oH . 1,414,881

49 and its antiners, the c owmadls o théefornmul a: [err] where R R err]
-and Z are as defined in cl % The racemic mxture of the conpounds
of Formula (E') of d aim 10, ﬂ?e??]oénd01%s antinmers, the conpounds of the
f ormul a: ] d Z are as defined in claim1. 25. The
racenic Jn@&'kx W4 ﬁ&dﬂewdmﬁgmdsmzm (€5’ Cofm @hai m 10, [err] and its
antlners the conpounds of the fornula: [err] where R, Rerr]and Z are as
defined in claiml1l. 26. The 7aceglc m xture of the conpounds of Fornmul a

(G) of daimll, [err] an T5<at fers?o4 he conpounds of the 5 ormul a:
wheie R Rlerr] and Z are ag; ) e5 inclaiml. 27. The racem c m xture of
the conpounds of Formula (H 9zo0f° C%&i m&1, 20

[err] and its antimers, the compounds of the formula: 20 50 _ _

1,414,881 50 and its antiners, the
conpounds of the fornula: [&fr] where R Rlerr] and Z are as defined in
claiml. 28. The racemc m @@hpounds of Fornula (J') of Claim
12, [err] - o

cr, A5 O ()

where R, R® and Z are as defined in claim 1.
25. The racemic mixture of the compounds of Formula (F’) of Claim 10,

OH
Z SN COOH
& 10

g

10

and its antimers, the compounds of the formula:
oH
A "\Zé/\/\ COOH
< ! . R
CFo o3 \-'Ol-l (K"

where R, R* and Z are as defined in claim 1.
26. The raccmic mixture of the compounds of Formula (G’) of Claim 11,

o
\4z>/\/\c‘aa//
15 . R

crp OH RZ @)

15

and its antimers, the compounds of the formula:

Q
Z
,”\A/\/\(M
] R
“'CI'FZ R3 "\a” (A u )

where R, R* and Z are as defined in claim 1.
27. The racemic mixture of the compounds of Formula (H’) of Claim 1],

4 Z )
N TN
20 ° cook 20
crs off RT (H)

[



and its antiners, the conpounds of the fornmula: [err] where R Rerr] and Z
are as defined in claim1. 29. The racem c m xture of the conpounds of
Formula (K') of Claim12, N
10 and its antinmers, the conpounds of the fornula: [err] where R, Rerr]
and Z are as defined in claim1. 30. The racemic m xture of the conpounds
of Formula (L') of daim13, [err] 15 and its antiners, the conpdunds of
the formula: [err] where R, Rlerr]Jand Z are as defined in claim1. 31. The
Eg(r:re]m C mxturs% of the conmpounds of For nql“;&,b(sw) of C ai m95113’ 221 s
1,414, 881 and its antimers, the compounds of the formula: 51 and its antinmers, the
compounds of the fornula: [err] where,R, Rerr]and Z are as defined in

claiml. 32. 8R- 9 - Oxo - 1lferr], § N Lypronet hyl ene - 15[err] -
hydr oxyprosta - 5 - cis, 13- 5 ans~- _deenoic acid and the nethyl

Al t

2

ester or pharmaceutically acceptable Sjgltsthgreof v 5 33. 8R- 9 - Oxo -
11[err], 12a - difluoronethylene - 15[ err] - hydroxyprost - 13 - trans-

enoi ¢ acid and t hewhs ¢ apds grp asglefinghin clasrcleut | cal | ceptable salts
thereof. 34. 8R- 9 _ggﬁergmﬁwﬁﬁﬁl%@wa?d{sp 8%‘%@@&9?@%‘&’ 2, 15[err] -

methyl - 15[err] - hydroxy- prosta - & - cis,13 - trans - dienoic acid and

the methyl ester of pharmaceutically / z eprable salts thereof.

10 35. 8R - 95- Oxo - 11[err],12[err@:¢mﬁet hyl ene - 15[err] - 5
methyl - 15[err] - hydroxy- prost - 13 & ars pmenoic acid and the nethyl
ester or pharmaceutically acceptable salts thereof. 36. 8R- 9 - oxo -
11[err],12[err] - dhdfits sroimempbedpphponels of difarmulahydr oxy - 20 - et hyl prosta- 15
5 - cis,13 - trans - dienoic acid and,fhe nethyl ester or pharnmaceutically
accept - 15 able salts thereof. R/7. 8B --9 ~Oxp 1l[err],12[err] -
di fl uoronet hyl ene - 15[err] - hydrox 20 - hyl prost- 13 - trans - enoic
acid and the nethyl ester or pharnace Jj,ch;l; yo;accgb_@t abl e salts thereof. 38.
85 - 9 - Oxo - 11f[err],12[err] - difluoromethylene’- 15[err] - hydroxy -
8[err] - prosta - whereROR® and Z areeap defii@ incltimdns - di engi ¢ acid and the net hyl
ester or pharmaceut i & by rasEricREEs obthe compoundsof Formula (K gt Claigrl2 39 85 - 9o -
Oxo - 1l[err],12[err]- difluoronethylepe - 15a - hydroxy - 8[err] - prost -

13- trans - enoic acid and the methyl jester or _pharnpceutical ly acceptabl e
salts thereoftd 40. 85 - 9 - Oxo - 11[erk] 12[err] f’”rggmuororrethw ene - 10
15[err] - nmethyl - 15[ err] - hydroxy- , o7 ®38[@Kr] - prosta - 5 - cis, 13
- trans - dienoic acid and the nmethyl ester or pharnaceuti c- 25 ally

accept abl e sal ts t¥heéieagfimers the c@goundgof the@emula: 11[err], 12[err] -

di fluoronethylene - 15[err] - nethyl - 15[err] - hydroxy- 8[err] - prost -
13 - trans - enoic acid and the nethyl; ester or hcaoropraceuti cally accept -
abl e salts thereof. 30 42.W " 11[err], 12[err] -
di fl uoronet hylene - 15[err] - hydroxy -:\EFORg ~ehyl -, 8[err]- 30 prosta -
5 - cis,13 - trans - dienoic acid and tfié¢ Trethyl estér or pharnaceutically
accept abl e salts t:h@¢ RAC andiBare &Feinedinlaikn - 1l[err], 12[err] -

di fl uoronet hyl ene - 15[3@r The racelmicdnirnuy of thg Gmpowkihef| Form@{ @YY f-Clgmdst - 13 -

trans - enoic acid and the nethyl estey, or pharmaceutically acceptable

Z
COOH

15 - ~R 15
cFz OH RE (L)

and its antimers, the compounds of the formula:
oH
i . Z
s W\/\ COOH
®

!
“cFr R To# (€Y

where R, R? and Z are as defined in claim 1.
31. The racemic mixture of the compounds of Formula (M’) of Claim 13,

24

20 R 20

ARG



35 salts thereof.

35 44. 8S - 1lf[err],12[err] - Difluoronethylene - 9a,15a - di hydroxyprosta

- S j j ' r pharmaceutically
acceptabl e salts thereof. 45 8S - 1l[err],12[err] - Difluoronethylene -

9err],15[err] - dihydroxyprost - 13 - trans- enoic acid and the nethyl

ester or phar maceutically acceptabl'e salts thereof. 40 46. 8S -
11[err],12[err] - Difluoronmethylene - 15[err] - methyl - 9[err],15[err] -
di hygioxyprosta- 40 5 - cis, 54-81trans - dienoic acid and the nethyl

ester—e : : err], 12a -
-Di f I'uor orfat f3ANEReEs: the gompepndy of thefgrmigs| - 9a, 15a - di hydroxyprost- 13 - trans
- enoic acid and the methyl gster or pharmaceutically acceptable salts 45

t her eof . z coow

45 48. 8S - 11[err],12[err]mﬁet ﬁyl ene - 9a, 15[err] - dihydroxy -

20 - ethylprosta - 5- cis, 135} tLgns,; di groi ¢ acid and the nmethyl ester or

pharmaceutically acceptabl e safts thereof. 49. 8S - 1lf[err],12[err] -

Difl uoronvmeh Eh@dZaa[aedqﬁ edIqulaenrlr]n - céir h drgwy - 2% - et hg/l prost - 13- 50

tra enoj’ 8% - of - y acceptabl e
s ~diehioic 9

T SC.‘%@ a5 ﬁ%ﬁ"mﬁ?‘iﬁémﬁrﬂ‘:‘%ﬁ gﬁ‘?&raqrret hylene -

9 err], 15h6 dcjd and die ydiyl ey or h8"|n:ﬂd’eﬁtcall EORAbR salts there6fl S, 13 - trans - dienoic

acid and thé4 h9F Caet dheide - diflporomsthidenei-A58 % almi@xssal ts t hereof . 51.

8R 1o 11[ &L, Lg ] ""’"Dr Flrfrﬁtsr%srref‘ﬁyrh&ﬁ'&mﬁ 9%" & |PRABpcsieply droxy -

8lerr] - pr s 8R - 4.50x 12« - difliodARthyleRNAbL - Bethy -aBH. rtyhexymt hy ester or
phar maceuytréscalll - macceptah end aket Sethyl ester0br. phannacdﬁﬁcaﬂ'ﬁaccﬁ:ﬁb}e 11[err],12[err]

- Difluo [ [err [e - drhydroxy-
Wl o e B ek L i el st o
phar naceubrhea?ckhxyre&ccept able salts t ereo 1lerr], 12 err]

Di f1 uor onet B #he? - O4G[ldnt 4: - difigerbrhepiiylene Q{Ser hs]drd_kﬁazo eftivippaty
.52 13 - trans - enoic acid and the methy! ester of pharmaceutrcall y acegptat l%%w ereof

S 9 Oxo - 11e,12« - dif] thyl 5
752 iy 0St 0133 t7and [ @bhic- acEHAC ti,“mﬁf Al tl}“ﬂaﬁa%erlmaﬁys Skoule Phasgraceut i cal |y
accept ablsfitsamdos t her eof . 54. 11[err] 12[err - difl uoronet hyl ene -

9ferr], 15[%;?%%1 %r?«)‘ ﬂaé;‘l‘é%%mm@yhgfe ep F" rm%an: 5- cis, 13 -
trans - I | 5
*Bﬂ mﬁ H&ﬁ y
accgpt ablgg . s&s 5 I@Eﬁ? an dienoic ‘;tc:d eand the methy] ester or rmaceguc-

5 55. 8Rallyeﬂcﬂ.c[p$bl€ 1réLt11§rexfr] difl uorometh lene - 9lerr], 15[err] - di hydr oxy

- 20 s & - difippmethyleng BISHA t he et hyl  est
or " phar e sﬁhﬁ%c@g‘at%ra@dﬁ ey g g R or 1 151 o)

Di f3ouor orret lay = OR-aN&,] 201 Affisrbrhethylefd IsE L BydydRy O30 Gethyl 586~ Ci S$30.3- 10
trans - dm;tnorSc- GslB d tamd- di¢neic raeid hapit teesmﬂiylomepharPMGertﬂF@al | y acceptabl e

yippdt- oxy - 8[err]-

sal t's thafeerygble salts thereof. 10 57 89 ’ - Dyflu t hyl ene -

oerr], 1&%113 MRCTR L R °'°“‘§£§ L Y he et hy

est¥dr or smaatiersefceutical ly accept abl'e sal ts thereof 58. 85 - 35

11[err], 12[é'rr S-lEblﬂ#ud?IMtn lelne%I&GidlMdoxy Jr°‘¢£»139[err] 15[err] -

di hydr ox 51"5 ic ﬁﬁ‘g{: "3;% st o el repaple & _‘5} tmge methyl ester or
l'Uquth

phar maceudiGal ‘acel tlcally saﬁp ta5lc balte hexedt..

15 9. 8S - 46L1£{Serlm}z 123:2-[mmro omethfDbrf | A58 onelivhy belie - dihgdsfxgprosta- - neudy| -
9lerr], 1 er'rsig"am KEAio 25D Prds the mpthyl. esep ahghaméﬁ’&faéy 3EFREPYNG t he net hyl

ester or CeHLhgal ﬂ)r&iuo@&ﬁéﬁx?lhﬁb'ﬁrss%eﬁnﬁ 1085 L0hmyaRyprad> - 11l[err], 12a -
.Difluor OrIEt-h?ﬁhaeﬂ@mC agi[ied’nﬂ]thé-\'i_t{eﬁylr dster ofliphasRisicentiyally demblefsd‘liﬂ prosta - 5- 20
ci $1513 - thereefns - di enoi ¢ acr d and the nethyl ester or phar macddtical |y

I
accept abl 48, SS‘ 11&,12«1 Dl ?‘5¥ 1hy y Cth)i g 12a _
.Di fl uor O@;ﬁﬁ%tmm - dlen rr] ?fqées%r or rma&égxc I;;:te hyl prost - 13-
trans - enouz &8Ci Jda,md mmemmhyﬂe eslser dmpdrpdyarzvraem;u;tmsca13l-y accept abl e
sal%¥s thenae Roictzpid amhe met n!rz{nerqu c eﬁqalﬁw ¥ gne -
o[ err], 1565 d{ £ gt 9:23&* %’ el ecle C1 5,13 - trans -
di enoi ¢ agﬂs e et yiT est er ceut | ca accept abI e

25 salts théredR - 110,12« - Difiuoromethyiene - 9a,15a - dihydroxy - 88 - prost - 13-
55 trans - enoic acid and the methyl ester or pharmaceutically acceptable salts thereof. 55
52. 8R - 114,124 - Difluoromethylene - 158 - methyl - 9a,15¢ - dihydroxy - 88-
prosta - 5 - ¢i5,13 - trans - dienoic acid and the methyl ester or pharmaceutically
acceptable salts thereof.
53. 8R - 114,12« - Difluoromethylene - 158 - methyl - 9a,15a - dihydroxy - 88-




63. 8R - 11ferr],12[err] - Difluoromethylene - 9[err],15a - di hydroxy -
8[err] - prost - 13- trans - enoic acid and the nethyl ester or
pharmaceutically acceptable-salts thereof. 64._8R - 1l[err],12[err] -

Di fluoromethyl ene - 15[err] - methyl - 9[err],15[err] - d| hydroxy - 8[err]-

30 prosta - 5 - cis,13 - trans - dienoic acr ester or
phar maceutical |y 30 acceptable salts t‘ﬂti iﬂﬁ.ﬁl !'
11[err],12[err] - Difluoronethyl ene - 15[err] - met err] -

di hydroxy - 8[efr]- prost - 13 - trans - glc acid and the nethyl ester or
phar maceut i calt5- 66 8R - Ila 1%2a -
Di f 1 uor onet hyl ene %50 é? r}’“’&‘é[e@ﬂ‘-‘r }ﬂi andj ﬁgldfreé'xlyeswr 20 pharmacpyyiFally asz[emmle]

35 prosta - 5 - ci rﬁﬂﬁa-g*ﬂ(}?&ﬁﬁx@r& d9a91 - ldGa . €

phar maceutical | y ape&pt &gkﬁlﬁ,af ﬁkﬁcee gﬁ Zﬁdﬂ% -4:2?} il

Di fl uor omet hybene accp élprsltsll’éeefrr] - d| hy drox% 20 - ethyl - err] pr @st
- 13 - trans - eno{)rc st < q gy enoxc ac an e me esltée? 016 ﬁrﬁg&nca‘ﬂy acceptﬁ.ale
acceptabl e 40 saltS f’ﬁ

40 68. 85 - 9 - xo -561]8[5‘64‘11]:,12::2—[ Brﬂndromedgleﬁd Ugg, Bae tdilydresypProsta 15[-afs/13- -
hydroxy - 8[dPr], lzf'erdlfﬂom eyt the m&hyl eseer str!@tmac mcalhsacceptehl@qamtber@(:ld ando
the methyl ester ogno{,ﬂg& m&&gﬁ@ﬁ amat diay deoRErgor 13 6498s - 9 -
xo - 1lf[err],12[err MQ}&S i 12 S},‘ng‘ prosta-
8lerr], 12[er:1]|5ra pﬂest,13-4tams dienoic adi@ and ttreamshy} emmrcphamacdnmd atgaﬁalﬂfet hyl

h ¥l f 0.158s
o S A e e iR
a CI

15[ err] - hydroxy-wé&peerr],12[err] - prost ans - di enoi c
acid and the rret hyI e@téS bl 13dn aDmororc@lmem:-aﬁﬁLlaad;m@ ﬁbzoe eslulptostat frer eof .

50 gpms - ém*c acd) apd the speshyd r“F‘F oy P‘?%?“Bfﬂé?l [HyeRipRle - 20
15[err] - met hyI - s'é’*eihers;.'?lmz1@\1G'i)ﬂ?éuhmerhyl~~ne 9,3,15a-&£&d§>kﬁfio] etglpR&!l13- prost -
13 - trans - €enoi Cuae choia ek 4ndehemutHy MkHyl/dste@ tpRermQeu aEedletsile aeteyf. accept abl e

I5(err]. - hydPoxy Sifg mamsr fighoc gy eopey ese G BBy o

. . ? ere
trans - dienoic aci 3Rt ha. iRt hplfiushetylety - mjﬁa Metihy@oxy - 88 - proe€Usd cal Iy
accept abl e sal ts t e ewbic acid md the methy! ester or v)harmaceuucally acceptable salts thereof.

55 73. 8S - Oxg -641 3 ey meth rdh*‘rgp’ Yelie - dihyc

hydr oxy - 20%9 et h&fepmﬁfgrtg ik errT;rlc Bt de@ i hy Srt"'arm"sr Izhalre e“maﬂs} cid and
t he nmethyl ester or m:arsnaamcailﬂuymaaﬁmtabjﬂexﬁaalytsgﬂ,beremfrdmxﬂsﬁsl? - 9 -
xo - 11[err] 12[ePfPS} 13 dirris nemoisnastdhyrdetie methfiéser of phaﬂkwdxtl@}dy accepitgtileer r] -

prost a- gl 8 ; i & ACI Gy 19 ykoest eryor
phanacedt i sgont Aot Bl OGS

11[err],12[err] - z(;ltefnlable)sab' lene - 15[err]- hy drox - err prost-
13 - trans - enoic a(§7(i13§rrd11’e" T@tﬂg?m feesy - Qﬁslp e’é’uﬂo %»g:cept abl e
salts thereof, 65 P eapls acyl ¢ metggloester pr pharmpaceuyl

salts thereof, 72. :% 88 -- 11@k2y ~ Diflp erlqtqylew)j’]%ﬂ -dﬂnlqirp!ryuo% } &ne -
IY atﬁe \‘iﬂ% 25

Its_ther
di f | uor onet hyl ene z Tesr} OxdEN1BY 2R - difhiofoREthylene - 40 h@ddky - sp,lza prosta- 65
53 51 cz:l,113 ftrans drenom acid and the methyl esg:r 41 gha@8akeutically acceptable
53 12[err] - prostsérts Se" 8'?) 3, ﬁanﬁ thelno qsach%z %Qe met hyl
ester or phagga- caurl Lottt ‘?‘;’f‘i’e""’ el (1Ckia acufcuy prab alsOK0 g5
11[err],12[err] ddréokuororreth | ene - 15[err] - 15[ err] - hydroxy-
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an organic sol vent tﬁg}}:%f %ﬁm ﬁf}ﬁﬂ‘fz °°mp;’,‘,‘£f1§’yi'?:;° g%(?ﬁ? [%EE’C or
racemi ¢ conounds OfmdifyRad erait &":}%—hyaﬁi gein |s as bove; s

56 ¢) separating the respecuve 3” and 3%-M¢x38®jppounds obtained in step b)

56 b) separating t 1Pe dihydropyran in the presence of a

1'S-11[err],12[err] - m,%?ﬁ' “Tto ?Cl heerBﬂsﬁldmﬁ emrfes"of‘d"ﬁ ‘fah%fi“amseyllectl vel y

reduci ng t hm 3" - o&o xg:rwupthenactoheoﬁegmpaﬁm 1s- ﬁnﬁlaxﬁcecrrrr]aqeﬂuﬁ[eeﬂiﬂed cénd 10

1'S-11[err], 12[ er r ] -Reprds afogi_qsr?é Lé e Hlﬁd?o’:(’fﬁ!éﬂ@ uingdngiydadeni xt ur es

of the 1S 1ferr, BRI, Aot e
sph:

and 1'S-11[err], 1 4 YicOacid bromide and sodi ﬁde
3"[err]-hydtioxy der imealyl w@éfogide, thereby yielding the corresponding 8S-anumenc or ra&emix) 15

separating the respeePpoyedsxpiegepeq by Bfgms®ier r ] - hydr oxy conpounds obt ai ned
in step b) and reacting,}he separated conpounds i th di hydropyran in the

presence of a catalyticiamunt._of gp acid therw ta?e

correspondi ng tetrahyd Lagyle oxy derivativ reduci ng the
| act one oxo group in th ‘2‘&2' S-gptinmeric or racem'gsetfigrified com 10
pounds of step c) with 1.1 to mul ar equi val ents of diisobutylal um ni um
hydride in an inert orgamic solvent, thereby yiefding the corresponding

| actol ; e) condensing Iae{-e'i\o‘f\csvb/ep d) with/tyWe~wWTti g weagent derived
from 5-triphenyl - phos Lgpentianoi c acid bro aanal/éodi um

met hyl sul fi nyl met hyl i de 79 di »mk5 met hy?% suffoxi de, t hereby

yi el ding the corr onpounds

Fopt esert eyt Cao S LA, Bt e et cbovaand CRoP
is 2- tetrahydropyrarbybrﬂnmgﬂxaeorrespondn{g)ss-m:heecbnmmhtyccrna:dwdsasfghetfhmulass doubl e
bond at G5 in the conpoy, nds of step e) there- 20 by yielding the
correspondi ng 8S—ant|ner|c or racenlc conpounds ot the formilas: [err]
wherein R and OTHP are “defimeaat8le; ) oxI |Z|ng the hydr oxyl
group in the conpounds e) and f) ther ng 25 the
correspondi ng 8R—ant|ner|€'owﬁwacenlc 9- oxo derlva | V&8 h) hydrolyzing
the tetrahydropyranyl oxy,group in the conpounds ef step g) under mld

acidic conditions there gﬁ yw@,qg/}abe COFFESDOQWF‘?@H c or

racem c conpounds of t
30 [err] wherein R and defl ned above; %ﬁl ng the conpounds

of step h) into the correspon |ng nmet hyl esters;

1, 414, 881 wheremRandOTHPareasdeﬁnedabove, redu0| ng the oxo
group in the& neth§l :é‘g‘ﬁ §m RIHERIP Of o‘i‘m‘f" % “é%‘fiﬁi sdifuprsEdingydri @8 in
a lower aliphati ch>alh9@°ﬁn9if$ G hbyedntibry bmaneadi 0g SSuaat i -

mild acidic conditions thereby yielding the corresponding 8 R-antimeric or racemic
compounds of the formulas:

o

o
—"\i/\/\ cooH NS~ COoH
30 ° | R 30
] ¢

‘5'5 on CFo OH
o o >
Z -
A N T NA~ ooy
. R _ - R
. /\/ C'F;/\éﬂ/
<Fe OoH

wherein R and Z are as defined above;
i) converting the compounds of step h) into the corresponding methyl esters;



meric or racemc 9[err] and 9[err] hydroxyl ated conmpounds of the formnul as:
[err] CF2 0 wherein R, Z and the wavy lines ([err]) are as defined above,
and,—if desired, hydrolysing the nethyl ester group thereby yielding the
correspondi ng antiner or racenic free acid; k) treating the 8R—antineric or
racem c conpoynds of step h) w an al coholrc sol u-

10 of an
al kali netal al koxide fo invert the confi gulmmumgulgj“wr boxyl | c ac| d
.10 chain foll owed by treatment with a str t her eby vyi el di ng
the cor- respondi ng'8S-antineric ? racem c conpounds of the for mul as:
[err] 5 wherein Rand z 1419881 0 as defined above:
15 1) convér trr%gnatheoxemmmsnedwl &ste unmisrvhseptlhelﬂcwﬁlmsbpmndl ng mnet hyl

esters; m reﬁ' ;'ge it o ;c laﬂﬁco g,lgar P%Ed{mgcﬁrﬁ%unds of step 1)

wi th sodi um bor ohyc atr C a t hereby yielding the
corresponding 8R& anjineric or racemc rr] and 9[ err]-hydroxyl at ed
conpounds of t@fw\%\{o@wg] V\/nerel ~Z2aftd-thesmavy lines ( [err])
are as defined if desired, hy § the nmethyl ester group

t hereby yiel di ng“t’zhe oaorrespondr ng anti rrer"ft: of racem c free acid; 25
n) separating the indi vr duaI 9[err] and 99,[ err] hydr oxy isoners in the

antineric or rage ounds of st Q) selectively
oxi di ging the @hy roxy grou 3|n the i RQ[err] 15[err]-5
9lerr], 15[ err] 15[err] and 9[ er 5I 5herr]-di hydroxyl at ed
conpounds of step n) th an excess of man- ganese di oxi de or

2, 3- di chl owlereibR,62 ghidayeow®y lined { arezn gefinababeve] and Afiddsiredy Kydolyggni ¢ 30

sol vent, t her'é fpedyyl estetigpoup therebyciisidingShroamiesprgding ntipes dr gacespic frgfceni ¢ 15- oxo0
derivative thy r o with lcoholic solu- 1,414,881
by 1y oBh e e e sl g it et i, 118 000
hal i de or an chhiiydilbwed iy Lreatiment wiith @ Iytrénig enigekdk ydid deebypyidldingrebe dog-l  or et hyl

t hereby yi el dPRepding&S-awimeriq o8 Si5eieomE 1S of By UFBYF- 15 - al kyl conpounds and
separating the iadivi duaI antr - meric or yacemec

B5[err]- hydrox ,and 15[ err]k =15[gyr]-al kyl conpounds;
oxi ,Jne 9 ydroxy gro LNt heeconpounds of step p)
t her eby y| el di ng ; e 5 correspondi ng arftiJrerjc or racemc 9-oxo

derivatives; r) hydr oI yzing the nethyl ester group in the conpounds of
steps p) and gq) é&her eby yi el ding the correspopding antinmeric or racemc

free acids and agwt he antime joe# free acids of step
hy, j), k), F§to 10 pharnaceutically acceptabl e
salts ther eof 125=Thés process of Cd ai m 1 18’zwhefr ein the difluorocarbene

generating source in step a) is sodium chlorodifluoroacetate and wherein
sai d1% r eat vherein R and Zaredeidefieed abpveler anhydrous conditions in an ingyt organic

sol vent. 130. m e atnent i s conducted
at tenperai)tta;%%:%f %f““&°fgep35‘ :}%ﬁmnﬁﬁ&wﬁff@ammor fromfive
m nutes to orterohydtde in a lower aliphaddaldBdl .thekhe yigdiog @8 ordspotiliag 88-129 wherein said

i nert sol ventantirerig oD raginyipatasst Y& -birdagyelated) pompprpiseqt abefpRrulss: di net hyl ‘et her, or
triethylene glycgl dinethyl ether. 132. The process of Caim 128 wher ei n

sai d conpounds e aptineric conpounds. 1B3. ‘Ehe process of C aim 128
wher gjn sai d cofppunds are FAEEmM ¢ m xt uy 4 A ©8fffiound acébrding to
cl ai m 1, subst as exenplified he 20 135. A process

according to cl ai % 128” substantially as de§cr|o’f)ed herein. 136. A conpound
according to claim1l when prepared by a pr ocess according to any one of

clainms 128 to 133 and 135. 1 to 137. A p maceuti cal conposition,
conprising a co cRpg of cl a| cabed, 134 and 136 with
a suitabl e exci

wherein R, Z and the wavy lines (}) are as defined above and, if desired, hydrolysing
the methjl ester group thereby yielding the coxrespondmg antimeric or racemic
free acid;
25 n) separating the individual 9« and 98-hydroxy isomers in the antimeric or racemic 25
compounds of steps j} and m);
o) selectively oxidizing the 15—hydroxy group in the individual 9a,150-, 9a,158-,
98,15a¢- and 98,158-dihydroxylated compounds of step n) with an excess of man-
ganese dioxide or 2,3-dichloro-5,6-dicyano-1,4-benzoquinone in an inert organic
30 solvent, thereby vielding the correspondmg antimeric or racemic 15-oxo derivatives; 30

&




MEWBURN, ELLIS & CO., Chartered Patent Agents, 70/72 Chancery Lane, London,
WC2A 1AD. Agents for the Applicants. Printed for Her Majesty's Stationery
Ofice by the Courier Press, Leam ngton Spa, 1975. Published by the Patent
O fice, 25 Southanpton Buil dings, London, WC2A 1AY, from which copi €s may

be obt ai ned. ERRATA SPECI FI CATI ON No. 1,414,881 Page 1, line 33, after
(1970 insert) Page 22, line 26, for cycylopent read cycl opent  Page
2, line 14, second formula, for Page 23, line 9, for NCerr]H err]

read nCjerr]H err] Page 23, line 28, for 1,2-lactone read 1,2'- [err]
| actone Page 24, |ines 32, 35 40, 44, 93148 .60, for 1, 2-heniacetal isead
1,2' -hem acetT Paggnffmmlg"ﬂeelﬁ&o c%loﬁmoﬂc ARtk Jn%sn&g&ixmmdm% a5,

line 21, second fo ity in which the alkyl gARPlis tibdBorbhyl, thesdy WeldidgQfie cor-

tri phenyl phosphono| o- reqpe;dgig [1&¢- h}j{imx y-15{-alkyl compounds and separatmg the individual anti-

tri phenyl phosphoni !1% 2em1°r LA ‘EGJ‘Y'IF@&:"(;@@{‘% g;g’@!gamggt‘ %gfa“d age 3
line 47, for |- Al € OE,IE‘ ac Page ,
line 36, for: r) hydrolyzmg the methyl estd?@gﬁp &&he ompﬁm&ga,f st rp) R q)eaefeti}R Page

37, line 1, for 8B re@éﬂ P! annmencorracemlcfreeacxdsand
Page 37, Iin(?(l 5, Yo @g{%&%&g g’ stﬁE?r‘BnBth)yl“Qrféd Palg® 41,
5 of

line 20, for™15[err] ﬁe in ermuchaﬂﬁAeegeﬁm%g oRE€mt or
Page 3, line 13, fa¢pa)is sodxum chlorodlﬁuoroacetate and whidiyesafd Areatherit@s chdductéd dirglér
formul a, delete ex#nél!‘if CW@PWEHH 1c =@T€P err] Page 13, line 31,
del ete or (s?.cond 'xgl 1&220 m % te GEFFEPEat 45
insert it Page 16, Im t@auhazy A st dnit@odnaiie! et e of
(second occur- rend)e)ylmﬂs!wltduﬁedwl damy er F8hyldne glﬁ:ollﬁneﬂfybqthei 2-|l actone read
1.2' | actone 132. The process of Claim 128 wherein said cqmpeis ne]nmcegn@ﬂqs' Apri |,
11976 133. The process of Claim 128 wherein said compounds are racemic mixtures

20 134. A compound according to claim 1, substantially as exemplified herein. 20

135. A process according to ciaim 128, substantially as described herein.
136. A compound according to claim 1 when prepared by a process according to
any one of claims 128 to 133 and 135.
137. A pharmaceutical composition, comprising a compound of any one of claims
25 110 127, 134 and 136 with a suitable excipient.
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