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COOH 8 6 4 2 20 10 30 12 14 16 18557eH3 11 13 15 17 19 Prostagl andi ns

are grouped into the types E, F, A B, 35 C and D, based on the presence or
absence of certain functionalities in the cyclopentane ring—7¥

nunerical subscripts, as in, for exanple, pro in " EL” and
prostaglandin "E2," refer to the -1 PCTIU SQG/BH @m mwmm /28419 nunber of
unsaturated bonds in the side chains; the sub "f3," as in

prostagl andi ns"Fl a," or prostaglandin "Fla," ref&cCi®*t he conflguration of

PROCESS FOR PREPARING PROSTAGLANDIN E1, E2 AND
10 ANALOGS THEREOF USING FURYLCOPPER REAGENTS

echnical Field
This invention relates generally to methods
15 for synthesizing derivatives of prostanoic acid, and
more particularly relates to a "one-pot" method for
synthesizing prostaglandin E; ("PGE;"), prostaglandin
E, ("PGE,") and derivatives thereof using furyl copper
reagents.
20

Background
Prostaglandins are a family of biologically

active lipid acids that possess as a common feature
25 the prostan-l-oic acid structure

8. ~\\//»\\v//\\\/,CCX)H
20
30 10<i::];\.//A\\///\\\//A\\/'Cih
14 16 18

11 13 15 17 19

Prostaglandins are grouped into the types E, F, A, B,
35 C and D, based on the presence or absence of certain
functionalities in the cyclopentane ring. The
numerical subscripts, as in, for example,
prostaglandin "E," and prostaglandin "E,," refer to the

-1-



substituents in the ring. 5 Biological activities of the prostagl andins

- include stinulation of snoboth nuscle, dilation of small arteries,
bronchial dilation, |owering of blood pressure,inhibitionof gastric

secretion, lipolysis, and platelet aggregation, induction of |abor, 10

abortion, and nenstruation, and increase in ocular pressurec Pad
Lo : . . Ht: 596/03096
speci fi caVPYs28Y known as a bronchodil ator and a vasodi ?a or, and is also

known to stinulate release of erythropoietin fromthe renal cortex and to
inhibit allergic responses and bl ood 15 pl atel et aggregation. PGEZ, the

nmost conmon and nost bi gl ogi cal | tent, of, t | LAR; RL ostg! andi ns,
acts to contract TUf®eHt 8Fi Hgsﬁﬁgﬁ%/%%)é)tboor}drﬁwilﬁ ?%eggg??i lé a?l:i d' secretion and
protect the gast subscwdpsal "al'i of ntf dhds ik @rretaglandiBeefesibl i shed to
be a 20 bronchodid,aRhgdafladnstF[Rvanerer tbethel eaneigiraterort ifopoi etin
fromthe renal cortex., Prop:ertl e hof . t he various prostaglandi ns have been
reviewed extensiSPOSFITUERTS 1] CNRFARI1 et al ., Nature 2:1251 (1969). 25

Bi osynt hesi s of the prost agliahdghsaborttsvitbeseofy Fei Preshist pdNDf

unsat ur at ed twenty: G40kt ihdlh¥i86i 66 sisbtieagdle, dhieaendopef oxi des PGR

and PGH2 are prepared by the action of_ihe y y andi n

cycl ooxygenase offad & Hlﬁﬁecfif%?hbﬁf acflalg”)u‘izlﬁi ggggﬁ?s%ﬁ??’?%z i s

bi osynt hesi zed bypressaywnt iiohdbatieri of FIstE i speretdodat LABAGYRISici d.

Bi osynt hetic Stucﬂrﬁsngafﬁtteh%tpsgg} b @06 NSi et I@Y icewadboe , Samuel sson,
col. 5.1

FngVarB: gﬁge{?br Ezatabr@é?‘}lfa‘r?d’i'nénﬁaVE“g g‘ﬁg%k%rl?gré} ) ui,ri’b f@%{eyié?égﬁiggn{ ggt;: Eg
PGE2 and PGFlal sirgdsure.wi PGE;haspecsfically, is known as a
bronchodilator and a vasodilator, and is also known to
stimulate release of erythropoietin from the renal
cortex and to inhibit allergic responses and blood-

15 platelet aggregation. PGE,, the most common and most
biologically potent of the mammalian prostaglandins,
acts to contract the uterine muscle, to inhibit
gastric acid secretion and protect the gastric mucosal
lining and, like PGE;, has been established to be a

20 bronchodilator and a stimulant of the release of
erythropoietin from the renal cortex. Properties of
the various prostaglandins have been reviewved
extensively; see, e.g., Ramwell et al., Nature
221:1251 (1969).

25 Biosynthesis of the prostaglandins occurs
by enzymatic conversion of unsaturated twenty-carbon
fatty acids. For example, the endoperoxides PGG, and
PGH, are prepared by the action of the enzyme complex
prostaglandin cyclooxygenase on the lipid precursor

30 arachidonic acid, while PGE, is biosynthesized by
enzymatic conversion of 8,11,l4-eicosatrienoic acid.
Biosynthetic studies of the prostaglandins are
reviewed in Samuelsson, Prog. Biochenm. Pharmacol.
5:109 (1969).

a5 A number of synthetic routes to the various
prostaglandins have been explored. A twenty-step
synthesis to PGE, and PGF,,, starting with thallous
cyclopentadiene, was developed by Corey et al. The
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cycl opent adi ene, was devel oped by Corey et al. The -2 WO 96/ 28419

- PCT/'US96/ 03090 process has al so proved to be useful in the synthesis of
the one-series prosfaglandi ns. Catalrytirc reauction ~of bis-

results in selective saturation of the 5,6-double bond to afford 5 HQ
COON CH3 O O followed by transformati ons | eadi ng PCE1 and PGFl a
See, e.g.)”%g?éegzt al., J. Am Chem Soc. 91:5675 15 (15 ?M@ﬂpgy et

al., J. Am Chem Soc. 92:2586 (1970), and Corey et al., Tetrahedron
Letters 307 (1970). Another synthetic route uses norbornadiene as a
starting material, while still another approach 20 involves the use of
raceni ¢ bi cycl o[ 3.BE4tHhthas &1s§ Breved Rosharusefip hetethe symthesiatt er
synthesis invol vest &theemd-isecdreepgentagpmdnedl, tithalytdlc Heauckebhow ng
two enantiomers ar l~allgn he ne&ed Lcal resolution: 25 O
off-, Br Br 30 Cilf @@iﬁoﬁl}\/\@&% t@ldt Eg%‘éaremal rfs?f glhnggge%gh?ﬁes%ﬁm?%’rma
sinpler and more 7% &dte Fofrdoublenkopd @ REEIF dr ost agl andi ns,

particularly psostaglandin E1, prostaglandin E2, and derivatives thereof.

It is also desirable thatBich a syqlﬂs;nggyaQ£E>€Gﬁndesired product in
d

relatively high yield, be sinp f
CHj,
/ '
. O
followed by transformations leading to PGE, and PGF,,.
See, e.g., Corey et al., J. Am. Chem. Soc. 91:5675
15 (1969), Corey et al., J. Am. Chem. Soc. 92:2586

(1970), and Corey et al., Tetrahedron Letters 307
(1970).

Another synthetic route uses norbornadiene
as a starting material, while still another approach
20 involves the use of racemic bicyclo[3.2.0}hept-2-en-6-
one as a starting material. This latter synthesis
involves an enantioconvergent approach, such that the
following two enantiomers are used, obviating the need
for optical resolution:

25
0] 0
Br-zf::g Zi::i-Br
30 : :
OH OH

However, there remains a need in the art for
a simpler and more direct route to the various
35 prostaglandins, particularly prostaglandin E,,
prostaglandin E,, and derivatives thereof. It is also
desirable that such a synthesis provide the desired
product in relatively high yield, be simple and

-3



-3 PCTI US96/ 03090 WD 96! 28419 straightforward to scale up, and invol ve

- inexpensive, comercially available reagents. The present invention is
directed to such a nethod, and invotves the~dse of a |ithiumcopper
reagent in a "one-pot" 5 synthesis of PGEl1, PGE2 and anal ogs thereof.

Rel ated Art In addition to the publications identified | cedin
section, YRERMY owi ng references are 10 al so of intereg?ngﬁ{dgéegg rel a'?e
to methods for synthesizing prostaglandin derivatives. U S. Patent Nos.
4,031,129 and 4,088,536 to Sih relates to a nethod for preparing racemc

15- deoxyprostaglandin E1 by reactin Ithium 15 cycl.open | W th
ethyl-7-bronDhept%ﬁﬁﬁ&%ﬁthEﬁ?génQPiﬁgakﬁeu%Jkﬂn t% Qﬁ%%nékggbgﬁg§¥%bd,

recovering 2-(6' -csinnsiimiyhaxpli)lablehyeaaxyescl Jientbresengne fromt he

reaction m xture,,_r gl Wigts LAYdEgPYaEn 4 Gndtingd ! h@a2@nvolves

tet rahydropyranyll%‘fﬁg"ﬁdr{;%& d%?ﬁgFF}yi,E?eﬁ‘?:u n tr}__at. i nt,er nedi af,e with
1-Iithiun}l-transth&nwﬁﬂaQﬁ1%l%éthﬁP@séﬁEBerr?gggm-Hﬂlflpﬁ@SpHP e- copper
i odide to vyiseld gpeenésisl orlemry, pPOE} capdaratialogs, thengbfester. U. S
Patent No. 4,149,007 to Buckler et al. 25 relates to a nethod for

synt hesi zi ng prostagl andin E1 derivatives having a phenyl substituent at
the C-14 positioRelated Afthod invol ves the use of an organolithium
cuprate reagent in order taraddidirnibmhetostie-pablicatiqnse idenrifasttion

This coupling is g9 {ol! et dindleReetenti ehevtbouimplcardirénaad are
hydrolysis. US. Tt el T tereet: as they Y213HQ €5 flencas for
synthesizing prostaglandin derivatives.

U.S. Patent Nos. 4,031,129 and 4,088,536 to
Sih relates to a method for preparing racemic 15-
deoxyprostaglandin E; by reacting lithium

15 cyclopentadiene with ethyl-7-bromoheptanoate,
oxygenating the alkylated diene so provided,
recovering 2-(6’-carboethoxyhexyl)-4-
hydroxycyclopenten-l-one from the reaction mixture,
reacting with dihydropyran to give the

20 tetrahydropyranyl ether, and, finally, reacting that
intermediate with 1-lithium-1-trans-octene in the
presence of tri-n-butylphosphine-copper iodide to
yield racemic 15-deoxy prostaglandin E,, ethyl ester.

U.S. Patent No. 4,149,007 to Buckler et al.

25 relates to a method for synthesizing prostaglandin E,
derivatives having a phenyl substituent at the C-14
position; the method involves the use of an
organolithium cuprate reagent in order to add on the
side-chain at the C-12 position. This coupling is

30 followed by deprotection with a weak acid and
hydrolysis.

U.S. Patent No. 4,282,372 to Matsuo et al.
describes a process for preparing cyclopentenolone
derivatives stated to be useful as intermediates for

35 producing, inter alia, prostaglandins. The process
involves conversion of substituted furans under acidic
conditions, or with chlorine or bromine in the
presence of an alkali and an alcohol.
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descri bes a process for preparing cyclopentenol one derivatives stated to
- be useful as internediates for 35 producing, inter alia, prostaglandins.

The process 1 nvolves conversion 0Of substlituted furans under aciraicT

s conditions, or wwth chlorine or bromne in the presence of an alkali and
an al cohol, 96/ 28419 PCT/ US96/ 03090 U.S. Patent No 8 to

Fl oyd, Jr:wosﬁg es primarily to nethods for synthesizing PS?%%? 3F@ndln
derivatives in which a pendant -S-Aryl npiety is present within the side
chain extending from5 the C-8 position. Al so disclosed is a nmethod for
reacting such conpounds so as to convert the et h ne |e y bearing the
-S-Aryl group to a vinyl eneVgf oupPteRts Npaid r'hsol\%e 35188 1L H 11 et al.
relates to a nethwelh&eS|pnim@rngyamp:mgthbdsoforlsYﬁthgelzlng

di hydr oxyprost agl %&\Qgeatgianaﬁnr&@fi¢mm§<t1w%mzlnea BRGSRE ¢§ml s the
use of a lithium 644, 0 983, 753

and 5,166,369 to PPIEEY 3F. PEpsant ¥ilihbdhe S§§?ﬁt Reib prbeR @@MW
i nvol ves protébtlmheot-ehpodiﬂSOMydrkqu dismlesed ascachmepeod efgt noi ety of

a CyClOpentenOylr%QEEQHBdswEﬁhcoﬁ?) Sind 4d PR LahbEkt €he ethylene
t et rahydr opyranyl grou f ol y conver5|on to the, ,desired

prostagl andin (a T ﬁEPEyPeiﬁlﬂ% thesiiryl group to a vinylene group.
11a, 15a- di hydr oxy- 9- oxo- 2, 18: $1 apatentaNo .2@ ,@5@s0adi €noHit) esial. a

l'i thiocuprate rea ch.a r | y U. t No.
4,535, 180 to & udseaekas g° T N T i R T T

prost agl andi -0 an5PB§GE§*&PE°§F%H}ﬁﬁﬁlﬂkﬁﬁﬂﬂaP rﬁPFtéP“t gigsgéﬁégﬂﬁﬁ
conpounds have ei plteceasmehbhylves othpe arsea di2-aCA izhlienyhalbdaded directly to
the cyclopentane ring. U.S. Patent Nos. 4,474,979, 4,644,079,
4,983,753 and 5,166,369 to Floyd, Jr. et al. relates a
synthetic process which involves protection of the 4~
15 hydroxyl group of a cyclopentenyl moiety of a
cyclopentenoyl compound with, e.g., a trimethylsilyl
or tetrahydropyranyl group, followed by conversion to
the desired prostaglandin (a l1-methyl-16,16-dimethyl-
l1la,15a~-dihydroxy-9-oxo-2,13~-trans, trans-
20 prostadienocate) using a lithiocuprate reagent such as
lithio-cuprate~l1l-pentyne.

U.S. Patent No. 4,535,180 to Grudzinskas et
al. describes methods for synthesizing prostaglandin
analogues are claimed. However, all of the claimed

25 compounds have either a methyl group or a C,-C, alkenyl
bonded directly to the cyclopentane ring.

U.S. Patent No. 4,543,421 to Corey et al.
describes a method for adding a side chain "R;" onto a
prostaglandin analogue at the C-12 position. The

30 method involves the use of an alkyllithium reagent
with CuCN to form a lithium cyanocuprate; this
compound is then reacted with a substituted
cyclopentenone , which step is optionally followed by
hydrolysis.

35 U.S. Patent Nos. 4,785,124 and 4,904,820 to
Campbell et al. describe preparation of higher order
cuprate complexes derived from reaction of a cuprate
complex with a stannane such as 1,2-bis-tri-n-
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U S. Patent No. 4,543,421 to Corey et al. describes a nethod for adding a

- side chain "R1" onto a prostagkaﬂdkﬁ—aﬁakegue—af—{he C- 12 position. The 30
met hod—nvetves the use of —am—al kyllithiumreagent with CuCNto forma

l'i thium cyanocuprate; this conpound is then reacted with a substituted

cycl opentenone , which step is optionally foll owed by 35 U S
Pat ent NS 9%A84185 124 and 4,904,820 to Canpbell et al. é:q'gngslrglx/gﬁu

preparation of higher order cuprate conpl exes derived fromreaction of a
cuprate conplex with a stannane such as 1,2-bis-tri-n -5 WD 96128419

PCTI US96/ 03090 butyl st ann et hyl ene, whi ch ar g I n r e he
preparation of dkgsHaqeY h&tﬁgxﬁ?eprﬁg{%ﬁﬂ3ﬁ$ i tu%H Usgﬁ . QR%

4,952,710 to Balpmdpaatatdlon odesmegbe51@¢e$kﬁ¥nﬂ(ﬂf @Foéyégéﬁéﬁféﬁehepten0|c

acid 5 derivatives by rea%tbngpgtghgrngrd@rggguuﬁﬁntocgabhexeat #th a
chiral cyclopentene. U S. Patent N 04 to aLm relates to

6 B
a synthesis for éﬁ%ﬁﬁ$QQﬁ;HieQFSEFéaPaﬂﬁlﬁyé%ﬁR?Q&ﬁqé%eRwﬁpga i aY5Pves (1)
producti on of ardersvidkialdecmyl teactingi bighenpudar lpppra&et FAPPARXRF kyne

and zirconocene cqlor|é§iQ3&drgg§°Pg§Leﬁgact|ng that conpound with a
l'ithium cyanocup \e % reagent t oduce g %g %%e cor%lbei)é i nt.eppedi at e;
and (3) reacting the cupitatte &8 PEXNPnt t YR 59 ¢ X5

cycl opent enone. kbfatd¥ttmnta H@ntbpsgs £09 prepANENg ¢t palostagdapfiBes a
process for pr epgL.L | ﬂga?ﬁeomm%@\l ?Y\V%‘i"b‘-"e(li PSR lozpant egene. The

process invol ves Y eac Wi th fur n mﬁ&gepgggence 20

ester égl £
of trlfluorbﬁcet?%k%ﬁﬂ¥feﬁﬂﬁﬁﬂWHNE £e™mBa LT U

zirconocene chloride hydride; (2) reactlng that

compound with a lithium cyanocuprate reagent to

produce a cuprate complex intermediate; and (3)

reacting the cuprate complex intermediate with a
15 cyclopentenone.

U.S. Patent No. 5,191,109 to Minai et al.
describes a process for preparing an optically active
4-hydroxycyclopentenone. The process involves
reacting a half ester (VI) with furan in the presence

20 of trifluoroacetic acid anhydride to obtain a furfuryl
ketone, later reducing to a furancarbinol. The
furancarbinol is treated in an aqueous solvent at pH
3.5-6 to give a 3~hydroxycyclopentenone or racemic 4-
hydroxycyclopentenone, followed by further treatment

25 with an aliphatic carboxylic acid to give the product.

Japanese Patent Publication (Kokai) No. 63-
077837 describes conversion of a substituted furan
compound to cyclopentenone compounds.

Lipshutz, "Applications of Higher-Order

30 Mixed Organocuprates to Organic Synthesis," Synthesis
4:325-341 (1987), presents an overview of the use of
cuprate complexes to create new carbon-carbon bonds in
a variety of synthetic contexts. Specifically,
preparation and use of higher order cuprates complexes

35 of formulae RtRCu(CN)Li, and RtRCu(SCN)Li, is
described. "Rt" represents the group which is
transferred to an organic compound to fornm a carbon-
carbon bond, with R representing a residual group.
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ketone, later reducing to a furancarbinol. The furancarbinol is treated in

- an aqueous solvent at pH 3.5-6 to-give a 3-hydroxycycl op¢nienone._or
racem ¢ 4- hydroxycyclopent enone, followed by further tr‘e‘:ﬁ@?ﬁggﬁ%
: aliphatic carboxylic acid to give the product. Japanese Paten uB‘ catign

(Kokai ) NQyo83:54fh7 7837 describes conversion of a substitu&,g.gmgwog&o
conpound to cycl opent enone conpounds. Lipshutz, "Applications of

Hi gher-Order 30 M xed Organocuprates to Organic Synthesis," Synthesis
8:325-341 (1987), presents an overview of the use of cuprate conplexes to

create new carbon-carbon bonds in a variety of synthetic contexts.

Speci fically, pr@%%%ﬂe%ga&b&ugg—e&gl%her order cuprates conpl exes 35 of
formul ae Rt RCU(CN)Li 2 and RItRGg SCdoridingdy deprimbeyl. object rafprtdeent s t he
gr ogp W-h'tf,hR' S tiﬂ@é{n_?{ér?dté Chcﬁi(}-él;lrsg%ﬁ‘ﬂeca%QUEQ%I_QH{IJEKQn%gﬂEéj CingE‘,f,‘@' car bon
ond, w representing a yesidual grqup, .- , . VA :
REPLACED WO 96/ 283%% ¥5Hso S%&M@F?E‘I"afﬂewwi}%‘rﬁ?l\@ﬁ rqagGtdon
accordi ngly aspritaryhebsyerthexdid ef prios¢agilendips agdelesss tHGE,, PGE,

above-nentioned nged o-jde i WHd ihedogvi ding a straightforward, "one-pot"
reaction 5 to the synt%res‘lls lof, prostagol andi,ns such as PGEl, PCGE2 and

derivatives thereof. It is Hhothénadiegcebarctneti PSPt 5%vi de such
a synthesi s whi chpravide esucteactsyorthefs isnwhappr opvobves yreadisitan wifedn
cycl opent enone W L{J%@oﬁy{yi & RatleBGGRY opbhtifond |1 L0l 100 ect

. . el
of the invention rovi de 'such a synthesis erein the furyl copper
10 copper reagent.

It is still another object of the invention

to provide such a synthesis wherein the furyl copper

reagent is provided by reaction of 2-furyllithium,

copper cyanide (CuCN), lower alkyllithium and either
15 an (E)-alkenylstannane or a halogenide.

It is yet another object of the invention to
provide such a synthesis wherein the reaction of the
aforementioned compounds is conducted simultaneously
rather than seguentially, without need to distinguish

20 between synthetic process steps and without isolation
of intermediates or the 1like.

Additional objects of the invention will be
apparent to one skilled in the art of synthetic
organic chemistry upon review of the present

25 disclosure and claims.

In accordance with the invention, then, a
process is provided for synthesizing prostaglandin E,,
prostaglandin E,, and derivatives thereof, all of
which may be generically represented by the structure

30 of Formula (I)

ON g ~~_-COOR
(1) R )

A F leli\v//\\\//’

35




reagent is provided by reaction of 2-furyllithium copper cyanide (CuCN),
- lower alkyllithiumand either 15 an (E)-al kenyl stannane or a hal ogeni de. It
is yet another object of-the imvention to provide such a synthesis wherein
- the reaction of the aforenentioned conpounds is conducted sinultaneously
rather than sequentially, w thout need to distinguish 20 ynt hetic
process WRP¥BARI wi thout isolation of internediates orp€ﬁé&$§£%§
Addi tional objects of the invention will be apparent to one skilled in the
art of synthetic organic chem stry upon review of the present 25
di scl osure and clains. In accordance with the invention, then, a process
is provided for synthesizilmg Ferowiag(@dhein E1, prostaglandin E2, and
derivatives thereof, all gfi aphi &P ARy he WYrNeameablydiepeessntanil by t he
structure 30 of Formula (l) O ' I . b -7 WD 96/ 28419
PCT/ US96/ 03090 #%¢ If'ber]rﬁﬁtf‘% If)r:°%§§n8£ﬂépg§/n%le§f5]h® ?afrre or different and
are selected fromthe group consisting of RRR3 5§/ , and C" ., RA R4
10 in which R3 and R4 are i ndependent |y sel ect ed LFOW]the group consi sting
of hydrogen, OR5 and | ower ca:IJ/f(yI; Ais sezlmeé:t edd‘"‘r om t he group consisting
of 3

%

‘e, R4 R4

10 in which R3 and R? are independently selected from the
group consisting of hydrogen, OR® and lower alkyl;
A is selected from the group consisting of

H H
/
15 C and C\
"‘OR5 ORS

in which R® is selected from the group consisting of
hydrogen, tetrahydropyranyl, tetrahydrofuranyl,

20 triloweralkylsilyl, l-methyl-l-methoxyethyl, i-methyl-
1-ethoxyethyl and -(cO)-R®, wherein R® is hydrogen,
lower alkyl, or halogen-substituted lower alkyl;

R® is ethylene or vinylene; and
R? is R®, lower alkyl or lower alkenyl.
25 The process involves reaction of the

cyclopentenone of Formula (IT)

0 ‘s/\/\/COOR7
- z__y\R
30

A

in which A, R® and R’ are as defined above, with a

mixture of 2-furyllithium, copper cyanide, a lower

alkyllithium reagent, and either halogenide (III) or
a5 (E) -alkenylstannane (IV)

(111) B—CH=CH—R'—R?*—R'®



,HH 15 Cand COR5 "OR5 in which RS is selected fromthe group consisting
- of “hydrogen, tetrahydropyranyl, tetrahydrofuranyl, 20 triloweralkylsilyl,

I-met hyl -1T-het hoxyethyt, 1-nmet hyl=I-ethoxyet nyt—and - ( —R8;
i's hydrogen, |lower alkyl, or hal ogen-substituted | ower alkyl; R6 is

et hyl ene qQr_vi ene; and R7 is R5, |ower alkyl or |ower 25 The
process i%V%%@@ghreaction of the cycl opentenone of Fornufé5§¥¥%m%?l) 0 R6
COOR7 30 Ain which A, R6 and R7 are as defined above, with a mxture of
2-furyllithium copper cyanide, a lower alkyllithiumreagent, and either
hal ogenide (111) or 35 (E)-al kenylstannane (V) (lll1) B-CHCH R -R2-R o
-8 WD 96/ 28419 PCT(U&b6/ 0309M-CPN§CH—6IR:CHR%TW§R o In compound ((I11), B
i s hal ogenide, and RL and R2 are as defined above. In conpound (1V), Mis

- 5 5Sn(R9)3 wherein RO is | r S ubgt i .o n qunds
(rrr) and (1V) is |ower al k;‘/'w.? ﬂ%%qngd (ggslifi %t #%gﬁgioﬁglqédvgn%n Bef ore
describi ng the pre3BdtRi Rhtdofstinedpoapavs: |, Intcorpawndd IyddeMsiSod t hat
unl ess otherw se shar¥d, WhiexeiinvifAt ionldwemnaillyilni t gtet supatitaeharr®
reagents, reaction;gopgdidd dhs he, J4 as.s ry. It is also
to be understood tﬁgtggrh‘éé ter nIo]{)ogydulsiga’)hgﬁelyﬁb?g%ylﬁhe pur pose of 15
descri bing particular enbodinents only, and is not intended to be
limting. etailed Descriptio the Inv i

Before describing the present invention in

10 detail, it is to be understood that unless otherwise
stated this invention is not limited to particular
reagents, reaction conditions, or the like, as such
may vary. It is also to be understood that the
terminology used herein is for the purpose of

15 describing particular embodiments only, and is not
intended to be limiting.

It must be noted that, as used in this
specification and the appended claims, the singular
forms "a," "an" and "the" include plural referents

20 unless the content clearly dictates otherwise. Thus,
for example, reference to "a cyclopentenone'" includes
mixtures of cyclopentenones, reference to "an
alkyllithium reagent" includes mixtures of such
reagents, and the like.

25 In this specification and in the claims
which follow, reference will be made to a number of
terms which shall be defined to have the following
meanings:

The term “"prostaglandin" as used herein

30 refers to compounds having the prostan-1-oic acid
skeleton

S~~~ -COOH

CH,

35
The prostaglandins prepared using the present
synthesis are PGE,, PGE,, and derivatives thereof,



It nmust be noted that, as used in this specification and the appended

- clainms, the singular fornms "a," "an" and "the" include plural referents 20
unl essthe content clearty di ctatesotherw se.Thus, for exanple,

reference to "a cycl opentenone” includes m xtures of cycl opentenones,

reference to "an al kyllithiumreagent” includes ”iXt“rﬁﬁﬁﬂkwﬁ
reagent sWO¥@84¥e Iike. 25 In this specification and in the clalns which

follow, reference will be nmade to a nunmber of terns which shall be defined
to have the followi ng nmeanings: The term "prostaglandin" as used herein

30 refers to conpounds haV|ng the rost n oic _acid I e1,gn QECN
35 The prostagl aheens FRERRHNAF g pF&E%ﬁYursyh€ﬁ£S|s are PCGELl, PGE2,
and derivatives abeveof, -9 MD 96128419 PCf 1US96/ 03090 i.e., conpounds

having the structure of Fof ignéggﬂ)"ar% veasThgeaemé& iﬂi@&fenystusad her ei n
refers to a branched or unbranched saturateg y ggartggléyéygﬁg g5 1lto
24 carbon at ons, bsapghed ﬂ%t I SOpropy n-

i sobutyl, t- gutyh teciylcafhmnﬂatomsﬂlSﬂmbcyE mhbhnﬂec?¢hY¥McﬂﬂﬂH°PY

tetracosyl and the like, T rn'ngg% | kK¥LbutPi enestyn, aldeyll,group of
one to eight, prafePERPY? A drtyq PLPTSELAT, ey

bne to SIX an P(_ggrefe Ia}/(fq__%eofour
carbon atoms. Th&etvadecyhal )RRt | GAGOSYLky FEEFACRRES 20T oWkt al ky!
group of one to;3k¥.carhent&t®elowerlidyldt ihtapdsoar alkyl group
of one to eight, preferably one to six, and most

10 preferably one to four carbon atoms. The term
"halogenated lower alkyl" intends a lower alkyl group
of one to six carbon atoms in which at least one
hydrogen atom, typically one to three hydrogen atoms,
but most typically just one hydrogen atom, is replaced

15 with a halogen atom.

The term "alkenyl” refers to a branched or
unbranched hydrocarbon chain containing from 2 to 24
carbon atoms and at least one double bond. "Lower
alkenyl" refers to an alkenyl group of two to eight,

20 more preferably two to six, and most preferably two to
four, carbon atoms. The term "halogenated lower
alkenyl" intends a lower alkenyl group in which at
least one hydrogen atom is replaced with a halogen
atom.

25 The term "alkoxy" as used herein intends an
alkyl group bound through a single, terminal ether
linkage; that is, an "alkoxy" group may be defined as
-OR where R is alkyl as defined above. A "lower
alkoxy" group intends an alkoxy group containing one

30 to eight, more preferably one to six, and most
preferably one to four, carbon atoms.

"Halo," "halogen," or "halogenide" refers to
fluoro, chloro, bromo or iodo, and usually relates to
halo substitution for a hydrogen atom in an organic

35 compound. Of the halos, chloro is typically
preferred.

n"optional® or "optionally" means that the
subsequently described circumstance may or may not

-10-



hydrogen atom typically one to three hydrogen atons, but nost typically
- just one hydrogen atom is replaced 15 with a halogen atom The term

"alkenyl "™ refers to a branched or —unbranched nydrocar bonm Tiarm contai 1y
- from2 to 24 carbon atons and at | east_one double bond. "Lower al kenyl™

refers to gQp g group of two to € e to six,
and nost pre e%’gg{]y two to four, carbon a?'%%\%@sﬁe E’E‘g%uégé/\ég%oed | ower
al kenyl " intends a | ower al kenyl grou LC | east one hydrogen atom
is replaced with a hal ogen atom 25 The term "al koxy" as used herein

I ntends an al kyl oup bo rough a si.n et her I|nkage
that s, an -al KoSoutr oRBAnEYSbeThBrIShar L onARRIAgS EheEEn
defi ned above. A Whewer sadflkokytunstance maowgs andahh52§ngeeu‘ptxe;mtnal ni ng

one 30 to eight, pREe RB‘Ef erﬁ@Lyem?pi@ Sne pe,&qszofabpt@eﬁéﬁr@mém&e to
four, carbon atons. " ni de” refers to fluoro,

| o
chloro, brono or 688" Eﬁﬂ"ﬁsﬁ%??yar%ﬂ%ﬁiﬁ?tt%onﬁaPBYSBBSP?¥u??EHP?(H
hydrogen atomsi n @meseganand35hatw¢hnndhsdﬂlnﬂu9nhahoipdehIbobhlsheyplcaIIy
preferred. "Optiongktafke’ RREHCHRE | YovdRAHRS Hofr‘-%t resSERECGNE NN
descri bed circunstance may or -10 96/ 28 19 fTH S SHEET HAS BEEN
PCTI US96/ 03090 REPEREEEPOEEﬁ? t%%dF?Yﬁ&eﬁqu?QﬁgséﬁlBPFoHrFﬁﬁ?Edes i nst ances

where said circunstance occassnemmb|ahnvﬁuqumMmBnGS|hanoesth@t For

exanpl e, the phrage,rueehienat goMmhENt(1)pond” neans that a coval ent bond
may or may nolto be 5 present and that t%e description includes both the

O o~ 6/\/\/COOR7
(1) R , ,

A S R,J?k\//f\\v//

15 in which A, R!, R?, R® and R’ are as defined above, are
prepared by reaction of the substituted cyclopentenone
(I1)

O A~_~_~COOR’
RO
(II) m\
20

A

with 2-furyllithium, copper cyanide, a lower
alkyllithium reagent and either halogenide (III) or
(E) -alkenylstannane (IV). It is preferred that these

25 latter four reagents be present in approximately
equimolar amounts, although some variation in relative
quantities, generally up to 10 to 20 mole%, can be
accommodated without any significant loss in yield.
The reaction is conducted in a suitable organic

30 solvent, preferably a nonpolar, aprotic solvent such
as tetrahydrofuran (THF) or diethyl ether, at a
reaction temperature in the range of about -50°C to
about 50°C, preferably in the range of about -30°C to
about 30°C. The reaction should be conducted under

35 inert conditions, i.e., under dry nitrogen or an argon
gas blanket, for a reaction time of at least about
thirty minutes.




I nstance when the coval ent bond is present and the instance when the

coval ent bond is not present. As noted above, conpounds having the
structure of formula—(t+)y—10 O COOR7— (I) R60I AR . 15 in which A R1,
R2, R6 and R7 are as defined above, are prepared by reaction of the
substituted cycl opentenone (Il) OR6 COOR7 (I11) 20 A w = I'1ithium
copper cyﬁﬂPﬁéF“h | ower al kyllithiumreagent and eithe?ﬁ a %Eéﬁ?%e (1)
or (E)-alkenylstannane (1V). It is preferred that these 25 latter four
reagents be present in approximtely equinolar anounts, although sone
variation in relative quantities, generally up to 10 to 20 nole, can be
accormodat ed wi t hout any sIgitfathnt itods prefeergd thak 2eaction is

conducted in a sgh}ﬁﬁhﬁtgigﬁnkﬁréihﬁéﬂ\byﬂadmﬂ&theeabfyapprmxinﬂtﬁiy aprotic
solvent such as'te y

ra rofuran (THF) or diethyl ; égagﬁg on
tenperature in t GEUARRYATY oRPARRLE °€09(',“ ok q’a%o:% gg ,f%)ﬂé e‘?rgbﬁ in the
range of about - 3@Cat tempboatuB®Hf TRoYted™CoPTrs RAOHPE b)éec%?fm%teéid under

35 inert conditiQigy i°°§ erUR0ShigE Y Tdud103aKyQl idhiangoand gabthdranket , for
a reaction ti'me of at | g

st _about _thirt Nyt es. ¢l 96 2841 he .
PCT/ US96/ 03090 I(HIT)aPry (IVY} PEIQFe %rarale"d‘mt’}rn]’g} %gfur, yﬂ\;ﬁh‘?um ( aprdeepar ed by
adm xture of apprmwe mg@mdbgure of furan, the alkyllithium reagent ‘an

copper cyanide gives rise to the reagent (V)

10 [\
V) D\CU(CN)Li

O

’

a compound which is stable at 0°C for relatively long
periods of time, typically up to at least about six

15 months. Addition of either (III) or (IV), followed by
one-pot addition of cyclopentenone (II) to the
reaction mixture, at a mole ratio in the range of
about 0.3:1 to approximately 1:1 (that is, when
approximately 1 mole each of furan, alkyllithium, and

20 either (III) or (IV) are present, 0.3 to 1 mole
cyclopentenone will be added), yields the desired
prostaélanin derivative.

! The reaction is quenched with base, e.g.,
ammonium hydroxide or the like. The organic materials

25 are separated and dried (e.g., over magnesium
sulfate); the product is then deprotected with, e.g.,
dilute hydrochloric acid, and isclated by conventional
means, e.g., using chromatography, crystallization, or
like techniques.

30 With respect to the specific reagents used,
it will be appreciated by those skilled in the art of
synthetic organic chemistry that reagents which are
functionally equivalent to those specifically
disclosed may be substituted therefor, if desired,

35 e.g., 2-furylmagnesium chloride or bromide may be
substituted for 2-furyllithium, and various lower
alkyllithium reagents can be used, e.g.,

-12-



equi nol ar anounts of furan and an al kyllithiumreagent at a tenper ature of
- about 10C or |ower) be conbined 5 with copper cyanide, |ower alkyllithium

and either (IT1) or (TV) prior to addition of the cyclopentenone. The
- adm xture of furan, the alkyllithiumreagent and copper cyanide gives rise
to the re \' 10 CQu(CN)Li (V) p a conpound which. i e at 0C
for rel ati%\%g 5’8%319 periods of tine, typically up to at Ilt(;cz‘a{sfﬁsgglb)%g‘i six 15
nonths. Addition of either (I11) or (1V), followed by one-pot addition of
cycl opentenone (Il1) to the reaction mxture, at a nole ratio in the range
of about 0.3:1 to approxinmately 1: hat is, when approximately 1 nole
each of furan, aI'R?/‘T’F‘F]tltﬁ%“man&tﬁﬁéi(l%ﬂé}m(I’r?‘iplfﬁpﬁlll\bthd‘r“@'ppésent, 0.3
to 1 nole cycl opardpridniehinim olre thedddke. yi el ds the desired prostaglanin
derivative. The reaction i g,QueiededsWhiBebAséa 1faibgenia2THBYIHE bidr oxi de
or the like. The organic materials 25 _are se ratedgand rie ,gne.%., over
magnesi um sul f atEUFHF ), SQFER1Rs (EREh HRpH i %t A% no g.l, 1t8d) ute
hydrochl ori ¢ @ci dto anthe falaoedngy conventional neans, e.g., using
chr omat ogr aphy, crystallization, or |Iike techniques. 30 Wth respect to
t he specific reagents used, gi_cﬂgcﬁe_eppl;@li{ai@%g?y those skilled in the
art of synthetic organic chem stry that |reagents ch are functionally
equi val ent to those specifically disclo 5be substituted therefor, if
desired, 35 e.g., 2-furylnmagnesium chlorrde or brom de may be substituted
for 2-furyl I:iut)hi um and various |ower alkyl l(ij}t-lhi um reagents can be used,

e.g., | 3
B~CH=CH—CH,—C—C4H,
CI)R5
15
T
B—CH=CH—CH—C—C4Hy
OR? (|)R5
20
CH,
B—CH=CH—CH,— CIZ—-—CSH, |
(I)R5
25
CH,
B—CH=CH—<|:H—(|:——CSH,,
30 ORS ORS and
B—CH=CH—CH—CH—C4H,
18 OR> OR’

Examples of suitable (E)-alkenylstanhanes include, but
are not limited to, the following:

-13=-



-12 WD 96/ 28419 PCTI US96/ 03090 nethyllithium ethyllithium

" isopropyllithium n- propyllithiumor the |ike. Exanples of preferred
. hal ogeni des having the—strTucturalF—fornula (171T) 1 nclude, but are not

- limted 5 to,
B- CH=CH CH2- i

B- CH=CH- - Q961284135

the followng: B-CH=CH i H i

H C5H11 ORS5 OR5 10 CH3

C4H9 ORS 15 143 B-CH=CH CH C C4H9 CR5P§§§S%gg&E§d IB

OR5 25 CH3 B-CH=CH CH C C5H11 30

-CH=CH CH CH C4H9 35 ORS OR5 Exanpl es of suitable (E)-al kenyl stannanes

are not limted to, the follow ng: -13 WO 96/ 28419
PCT/ US96/ 03090 M CH=CH CH C HC5Hi OR5 ORS

M—CH=CH—CH—CH—CsHy,

i ncl ude, but

10

15

20

25

30

35

OR> OR’

CH,

M—CH=CH——CH3—(|3—C4H9

OR’

CH;,
M —CH=CH—CH—C—C4Hy
OR> OR’

CH,

M —CH=CH—CH2_ (I:—CSH[ 1

OR’

CH,

M—CH=CH—CH—C':—CSH”

OR®> OR’ and

M—CH= CH—?H—CH-C4H9

OR®> OR’
It should also be noted that if the halogenide (III)
or (E)-alkenylstannane (IV) is used in

enantiomerically pure form, the product may be

produced in enantiomerically pure form as well. This

is exemplified in the experimental section, below.

-14-



5CH MCHCHCH2-CCAH9 ORS 10 CH3 M-CHCHCH (-C4H9 15 ORS ORS CH3

20 ' MCHCHCH)- CCSHi OR 25 CH3 MCHCH CH CC5H, 1 OR5 ORS and

30

M-CHECH CH CHCH OR OB It should also be noted tThat if the
hal ogenide (111) or (E)-al kenyl stannane (I1V) is used in 35

enant i omegictihkioPure form the product nay be produced 5 msosn3ne0
enantionerically pure formas well. This is exenplified in fhe

experimental section, below -14 WO 96/28419 PCT/ US96/ 03090 All starting

materials and reagents used in the present synthesis are conmmercially

avai l abl e or nmay be readi ?égswéhﬁﬁfg é'l%l'lnaq c%r}]\éer}teggnglts 5389”1%265'

For exanple, alkyllithium gents ani de” nmay
obt ai ned from a rhebpresentcsunthesiss @x&uqnmmeanahéYra@emﬂéble or

g%f:OPGHtSHOPeS Hay E@r%uhalﬁylk HEHe&E&éHEﬁﬁﬂﬁajdﬁwdwﬁthbﬂamEthOd of
Ins at a

d 20: 2
cycl opent enones 5FCF§FHHF§ (1 T %%%ﬂﬁ Z%%@H&fgﬁqbbfngggﬁgLﬁﬁtf&ﬁ??ﬁ

Pappo at al.,5 Tatand copper cyanide may be obtained from a number of
commercial sources, while racemic cyclopentenones of
formula (II) may be prepared using the method of
Collins et al., J. Med. Chem. 20:1152 (1970),
enantiomerically pure cyclopentenones of formula (II)

10 may be prepared using the method of Pappo et al., Tet.
Lett., 1973, p. 943, halogenides of formula (III) may
be prepared using the methods of Jung et al., Tet.
Lett., 1982, p. 3851, Weis et al., J. Org. Chen.,
1979, p. 1438, or Collins et al., J. Med. Chem., 1977,

15 p. 1152, and alkenylstannanes of formula (IV) may be
synthesized using the method of Chen et al., J. Oryg.
Chem. 43:3450 (1978).

Advantages of this procedure are excellent
isolable yields--in most cases over 80 to 90%--and

20 very good reproducibility. The process is simple to
scale-up and enables production of hundreds of grams
of prostaglandins in a "one-pot" operation. Side
products are easy to separate using conventional
techniques such as crystallization or chromatographic

25 methods, and a high purity prostaglandin product is
isolated. From a manu-facturing standpoint, it is
advantageous that the reagent mixture is stable and
when necessary can be stored for long periods of time,
on the order of six months or longer, without

30 appreciable decomposition. All process chemicals are
inexpensive and commercially available.

35 The following examples are intended to
provide those of ordinary skill in the art with a
complete disclosure and description of how to conduct
the present synthetic process, and are not intended to
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Lett., 1973, p. 943, halogenides of forrmula (I111) may be prepared using

- the nmethods of Jung at al., Tat. Lett., 1982, p. 3851, Wis at al., J.
Og. Chem, 1979, p—1438, or €Cottins et al-—,—J. Had. Chem, 1977, 15 p.

- 1152, and al kenyl stannanes of fornula (1V) may be synthesized using the

met hod of Chen at al., J. Og. Chem 43:3450 (1978). A f this
procedur ¥4 ce| [ ent i sol abl e yields--in nost casesdﬁ(;c\a/rﬁﬁggﬁ?(g 90% - and

20 very good reproducibility. The process is sinple to scal e-up and enabl es
production of hundreds of grans of prostaglandins in a "one-pot"
operation. Side products are easy to separate using convention

t echni ques such hbnit yehtealddopst e§nthatchp bRt e %9?2§SWEFHSH§,33nd a

hi gh purity prosggeanthventieiuct EfSort8ochatedbedn ovade endnsaceuri ng
standpoint, it is_ _advantageo enhERgEN LB W .§.1,S ambahts, and

when necessary caRcye st 6‘?1%' furcs?rs%:g%tﬁ we?{"gds ofugtr%dr(re(fg %on taﬁle orger of six
mont hs or | onger tempertakHresn &ﬁﬁbéoigBEeSEEEoﬂfﬁﬁﬁ%W?ﬂfa¥qurBF088 s
chenicals arg igg¥Penssy sl Comrecouakby Brail kiwerl £26 .Th&nfleskowi ng
exanples are intended to rovide th f | iJdigdwe the art with a
conpl ete di scl osb?‘él%\?l‘be%le‘g%} rﬁ"t’isc?d g’%?ﬁgwa?%diégﬁ{d%cby ‘{Ahlghilr'esent
synthetic procestempedaturesicire rifef@ofees cestigy s 2PN p%@FISB§§6/ 03090

limit the scope 9f Lbapr Whd£h dtidsphesntors regard as their invention.
Efforts have been nade to insure accuracy with respect to nunbers used

(e.g., anmounts, tenperatures, etc.), but some experinental error and 5
devi ati on shoul dExpérimemta®l be allowed for. Unless indicated otherw se,

parts are parts by weight,a1i esRpirdnetad 1deereacttgnsegene manficoaed and

pressure under dry nitrogen or under an argon gas blanket using
anhydrous solvents. Reaction flasks were dried with a
heat gun prior to addition of starting materials or

15 reagents and all air-sensitive reactants were
transferred via cannula. Identity of products was
confirmed by lH and 13c NMR (using a Jeol 270 MHz
spectrometer), infrared spectroscopy (usinq_a Mattson
Galaxy 5020 Series Fourier-Transform spectrometer),

20 gas chromatography (using a Hewlett-Packard 5890 GC/MS
system) and HPLC (using a Hewlett-Packard 1050 L.C) and

by comparison with authentic standards when available.

Example 1

25 In situ formation of lithium (E)-alkenyl-2-
furylcopper-cyanide complex and its conversion to
misoprostol:

To copper cyanide (2.6 g, 28.9 mmol)

(Aldrich) in a heat gun dried round bottom 250 ml 3

30 neck flask was added anhydrous THF (35 ml), followed
by a solution of 2-furyllithium (1 eq.) at 0°C. The
solution was treated with methyllithium (1 eq.) and
R,S-stannane 1 (1.5 ed.) (synthesized according to the
method of Chen et al., supra) via cannula.

35

BU3SI’1 \
OSiMe;
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is at or near atnospheric. 10 Experinental Al organonetallic reactions

" were perforned wunder dry nitrogen or under an argon gas bl anket using
anhydrous sol ventsT Reattion fraskS were arred with a

*addition of startlng materials or 15 reagents and all air-sensitive
reactants transferred via cannula. ldentity of products was

confi rmed‘% 3% 2nd 13C NWR (using a Jeol 270 MHz spect r%%?%gf’fnw? nfrared
spectroscopy (using a Mattson Galaxy 5020 Series Fourier-Transform
spectroneter), 20 gas chromatography (using a Hew ett- Packard 5890 GC/ VB
system) and HPLCtéyslng a Hew ett-Packard 1050 LC) and by c arison with
aut hentic st andarkhe WREVIRIAY BOMEIeneys nppeulion was ﬁttlli'rFGr tion of

l'i t hi um (E) - al kergthbiZent Wetipeaamarecyeoni Behcung) eodlred ities -66RTerndon t o

m soprostol: To 3 849 o) ] heat gun
dried round bott %c%@? %e(?g%ggkgf ; was acrlol" dA‘an ?%)‘3?1'7'%% (35 m),
fol l owed by a solftﬁ‘??ﬁ?’d?g £ FO\@ F'FFHPGnPflC‘éhlﬁnsdtetOé 'ThéuPEBPut‘Pon was
treated with sret hpe i ¢35 wib)( WaeqafidaddinRpoe spartniore. } The Seegeyrature
(synthesi zed acc de gf pra) via cannul a.
Lo Busen 2 Qe aarat Ehddt el £ olEY 800  ab DS Hasdiay BUPEY) V11 ng
honogenous solution was stirred at anbient tenperature for 3 hours, cool ed
to -65C and protected R S-ddone 2 A7 g.~19.8 | \COY@Hhesi zed

10

()SiEQ; 2

The homogenous reaction mixture was stirred at -30°C
to about -40°C for 30 minutes and quenched with a

15 saturated aqueous solution of ammonium chloride (500
ml, containing 50 ml conc. ammonium hydroxide) and
ethyl acetate (150 ml). Organic materials were
separated, dried over magnesium sulfate and evaporated
in vacuum at approximately 45°C to 55°C to give crude

20 R,S-methyl-13E,1l1-triethylsilyloxy-16-
trimethylsilyloxy-16-methyl-9-oxoprost-13-ene-1l1-oate,
which was then deprotected with 3 M HCl in acetone (30
min) to give crude misoprostol as pale yellow oil.
Misoprostol was purified by chromatography on silica

25 gel using a mixture of hexanes and methyl-t-butylether
as a gradient eluant. Yield of pure misoprostol 3,
6.95 g (92%) as a colorless oil. 1H NMR (CDC13, ppm):
3.63 (s, OCH;), 2.64 and 2.74 (dd, C-10), 5.50 (m,C-
13,14).

30

O &“\\\///\\\//»\\V/,CCXDN4C
\ Me OH

35 OH

lw
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according to the nethod of Collins et al., supra) in 5 THE (35 m) was

- added in one portion. The tenperature was observed to rise to

approxi mtely -35C—0CEOGCH3 10~CSIFEt3 2 The hompbgenous redaction m xture
*was stirred at -30C to about -40C for 30 m nutes and quenched with a 15

sat urated aqueous sol ution of ammonium chloride (500 m ining 50 m
conc. arrﬂﬁ’rﬂ%(}?d‘ﬂydroxi de) and ethyl acetate (150 m). ﬁéﬁ%& terials
were separated, dried over magnesium sul fate and evaporated in vacuum at
approximately 45C to 55C to give crude 20

R, S-net hyl - 13E, 11-tri et hyl si |l yl oxy- 16- :

trimethyl silyl oxy- 16- met hyl - 9- oxopr ost EX3R4R-4 - 0ate, which was t hen
deprotected withig MtCifdmatdenond (36hiwhnJE}l valjienyln2rde ni soprostol as
pale yellow oil. &Eﬁ?} e RPuhbibgdahy CHE QFBHRGARY ton (withca 25
gel using a mxtﬁlrl%é‘"%? _exa{%}gs? and rrth | -t-butyl ether as a gradient
eluant. Yield of npowey kPt H1SSPTOgTed:y (9299 as a colorless oil. 1H
NVR (CDC13, ppn): 3.63 (STheOghtidceddredofinBxamplie (HdwasCrepeat®ds) (m G

18, 14). 30 O COOM M Qhtt & 3% Mlsdrurddn Ok SRLESAA FFHLHSIG 03090
Exanple 2 In situ FoX rration of 11thium g'E)-aI ksn}_ll - és Juorfyl copper cyani de
conpl ex and its hewrdees(Hh o (3R fpel) was used instea

methyllithium. Isolable yield 6.8 g (90%) -

10 Example 3
In situ formation of lithium (E)-alkenyl-2-
furylcoppercyanide complex and its conversion to

prostaglandin El:
The procedure of Example 1 was repeated,

15 except that 18.6 g (35 mmol) of S-stannane 4

Bu3Sn \/y\/\/

H O
20 I
H}C—‘Sli—'tBU
CH,
4
25

in THF (35 ml) (synthesized according to the method of
Chen et al., supra) was used instead of reagent 1 and
9.5 g (21 mmol) of R-enone § in THF (35 ml)
(synthesized according to the method of Pappo et al.,
30 supra), 1973, p. 943) was used instead of R,S-enone 3.

35
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n-butyllithiunm) msoprostol: 5 The procedure of Exanple 1 was repeated,
except that a 1.6 Msolution of n-butyllithiumin hexane (18 m, 29 nmol)

was used instead of nethyllithrum Isor‘ﬁle yielrd 6.8 g—TQU%f“DU‘Exanpre——*
3 1In situ formation of lithium (E)-al kenyl-2- furyl coppercyani de conplex
and its ¢ jgn to prostaglandin El: The procedur e of
repeated,an¥§hg¥gept that 18.6 g (35 mmpl) of S-stannane iﬁ%%ﬁg@ﬁmﬁ @) 20
H3C-Si-tBu CH3 4 25 in THE (35 m) (synthesized according to the nethod
of Chen et al., supra) was used instead of reagent 1 and 9.5 g (21 mmol)
of R-enone 5 in THE (35 m) (synthesized according to the nethod of Pappo
et al., 30 supra), 1973, (¢ b QOOSiRNeBwne 3. 35 -18
WD 96/ 28419 PCT/ US96/ 03090 Y6 1 H3CGSi-tBu CH3 5 10
Prostaglandin E1 (6.3 g; 8

.
H3C—S|i—tBu
CH,
5
10

Prostaglandin E, (6.3 g; 85%) was isolated
after deprotection (2 M HCl-acetone 1:1, 30 min RT)
and chromatography. H NMR (CDCl,;, ppm): 2.61 and
2.,65 (dd, 10-C) 0.90 (t, C-20).

15
20

Prostaglandin E1l
25 Example 4

In situ formation of lithium (E)-alkenyl-2-
furylcoppercyanide complex and its conversion to
prostaglandin E2:

The procedure of Example 1 was followed,

30 using
S-stannane 6 (synthesized according to the method of
Chen et al., supra) in place of the R,S-stannane 1.

35 Bu3Sn\\f/é\:>//ﬁ\\v//\\“/,

H OTHP

-19-



after deprotection (2 M HCl-acetone 1:1, 30 min RT) and chromatography. 1H
" NVR*(CDC13, ppm: 2.61 and 2.,65 (dd, 10-C 0.90 (t, CG20). 15 p COON 20
OH OH Prostagl andin—E——25Exanple4 In situformation of |ithium
" (E)-al kenyl -2- furyl coppercyani de conplex and its conversion to
prostagl andin E2: The procedure of Exanple 1 was followe L Nng
S- st annan¥0@st&Hht hesi zed according to the method of Chgﬁng g#ﬁ? supr a)
in place of the R S-stannane 1. 35 Bu3Sn H OTHP 6 -19 WO 96/ 28419
PCT/ US96/ 03090 (wherein "THP" represents tetrahydropryanyl) and R- enone 7
(synt hesi zed using the nethod of Pappo et al., supra) in place_of
R S-enone 2. 5 O(@REFefh CIHP' ey emedssafrirahRAEPY B M@ DB ai ned
after deprotect%gg€§2, RESi e ukihg thenmatnbd reoprragponedr atluse and

chromat ogr aphy. supra) in plaég4é%4ﬁ¥%-enone 2.

5 O
. = COOTHP

OTHP 2

10
Prostaglandin E, (80%) was obtained after

deprotection (2 M HCl-acetone 1:1, 15 min at room

temperature and chromatography.

15 O ‘\\\“\ \____=/\/\ CO OH

OH

Prostaglandj 2

OH
20

Example 5
25 In situ formation of lithium (E)-alkenyl-2-
furylcoppercyanide complex and its conversion to
prostaglandin E; methyl ester:
The procedure of Example 1 was repeated,

except that S-stannane 8

Bu3Sn\\f/%:>ﬂ//*\\v//\\\//
H u()\\f/()\\///
35 8
(17 g, 35 mmol) (synthesized using the method of Chen

et al., supra) in THF (35 ml) was used instead of S-
stannane 1 and R-enone 9 (6.55 g, 21 mmol)

30

-20-



Prostagl andin E2 Exanple 5 25 In situ formation of lithium (E)-al kenyl -
* furyl coppercyani de conplex and its conversion to prostaglandin El nethyl
.ester: The procedure of Exanpl € IT-Was repeated, except That S stannane g8
30 Bu3sn HO 35 (17 g, 35 nmol) (synthesized using the nethod of Chen et
al ., supr E (35 M) was used instead of S stanna - enone 9
(6.55 g g‘)o’ms‘-[ 20 WD 96/ 28419 PCT/ US96/ 03090 ( synt hglg(ijlz“(]a ’g%cordi ng to
Pappo et al., supra) in THE (35 m) was used instead of R-enone 2. O COOwe
5\ OO0 X 10 9 Prostaglandin E1 nethyl ester was obt ai ned (6 6 g; 85%.
15 O COOve OH OH 20 Prostalandln El neth est er ar;p ? ln situ
formati on of (E)-&FREMASIZe,AFFO5AHBT F‘?t Qﬁﬁ &5 &ide SHRT t $7cGWVer si on
to prostaglandi n E18 mlg u@ppesedyansﬂeaQZOB Rremhed 2ol ) in a

O COOMe
5
)
10
9
Prostaglandin E; methyl ester was obtained (6.6 g;
85%) .
15 O s~~~ COOMe
H / H
OH OH
20

Prostaglandin El1 methyl ester

Example 6
25 In situ formation of (E)=-alkenyl-2-furylcopper lithium

cyanide and its conversion to prostaglandin E,:
To copper cyanide (2.6 g, 28.9 mmol) in a
250 ml 3 neck flask was added THF (35 ml), followed by
a solution of 2-furyllithium in THF at 0°C (prepared
30 by treating furan with n-butyllithium in hexanes at
0°C). The resulting solution was cooled below -65°C
and a solution of (E)-alkenyllithium (prepared from S-
. (E) -alkenyl iodide 10, or S-stannane 11 and n-
butyllithium at -70°C for 1 hour) was added via
35 cannula. The resulting amber-colored mixture was
stirred for 30 minutes (-60°C) and R-enone 12 (9.54 g,
21 mmol) in THF (40 ml) was added

-21-



250 mM 3 neck flask was added THE (35 ml), followed by a solution of
*2-furyllithiumin THE at OC (prepared 30 by treating furan with
n-butyllithiumin hexames—at 0C):"The resufting sol uti on was cool ed bel ow
" -65C and a solution of (E)-alkenyllithium (prepared fromb5- (E)-alkenyl
i odi de 10, or S-stannane 11 and n- butyllithiumat -70C fof,doclasds) Was
added vi V88624khul a. The result | ng amber-col ored mi xture vvas stirred for
30 mnutes (-60C) and R-enone 12 (9.54 g, 21 mmol) in THE (40 M) was
added -21 WD 96/28419 PCT/ US96/ 03090 OSiEt3 5 10 Bu3Sn 10 OSiEt3 11 15
O COOCSiEt3 20 OCSiEt3 12 The honpbgenous m xture was stirred for 30 m nutes
at 25 -50C, and saturated aqueous anmoni um chl ori de/ anmoni um hydr oxi de
(10% (500 m) was added at &e foI I ovved by continued stirring for 1 hour
at anbient tenperature. The o S rated, washed (2x) with
brine, dried and evaporated. Crude 30 -PGEl was obt ai ned after deprotection
with 500 ng pyridi ni um p-tol uenesulf(@@ilm in 150 mM acetone and 30 ni
water for 5 gours. The product was purifi ed by colum chromat ography on

silica gel using ethyl acetate-hexanes 23} as eluant and crystallization
from35 ether. Yield 6.6 g (89%.

B“3sn\w¢¢¢\\~//A\\¢//\\\///

10 OSiEty

11
15
20 OSiEt,

i2

The homogenous mixture was stirred for 30 minutes at

25 -50°C, and saturated aqueous ammonium

chloride/ammonium hydroxide (10%) (500 ml) was added at
once, followed by continued stirring for 1 hour at
ambient temperature. The organic layer was separated,
washed (2x) with brine, dried and evaporated. Crude
30 PGE; was obtained after deprotection with 500 mg
pyridinium p-toluenesulfonate in 150 ml acetone and 30
ml water for 5 hours. The product was purified by
column chromatography on silica gel using ethyl
acetate-hexanes 2:1 as eluant and crystallization from

35 ether. Yield 6.6 g (89%).
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-22 WD 96/ 28419 PCTI US96/ 03090 THI S SHEET HAS BEEN REPLACED W claim 1
* A process for preparing prostaglandins having the structural fornmula (1) 5

' 10 wherein RI and RZ may be the same or adirfrfrerent
~and are selected fronrrnc group ctonsisting of RB R3 15 C, and C RA R4 in
whi ch R3 e I ndependently selected fromthe grou ng of
hydrogenqg@ﬁz | oner alkyl, 20 Ais selected fromthe gfgﬁﬁa@ﬁgglgtlng
of /HCand C""ORS \OR5 25 in which R5 is selected fromthe—g+eup
consi sting of hydrogen, tetrahydropyranyl, tetrahydrof &a@M#mETHASBEB“
triloweral kylsilyl, 1-methyl-I-nethoxyethyl, 1-nethyl- ‘-ethaﬂVé@ﬁ9l

- (CO) - R8, wher ei #8E&RIM:s™ hydr ogen, | ower aIkyI or hal dgen '

| ower alkyl, R6 is ethylene or vinylene, R7 5is R |ower alkyl or |ower

al kenyl,  which process Coqpr'ieﬁfocess for preparing prostaglandins
having the structural formula (I)

5
O ~ COOR’
.- 6/A\\v//\\\//
(1) R
AT R
10 wherein
R! and R? may be the same or different and
are selected from the group consisting of
3
/R3 ~R
15 C and C\\
2y R4 R4
in which R? and R? are independently selected from the
group consisting of hydrogen, OR® and lower alkyl,
20 A is selected from the group consisting of
H JH
/ .~“
C and (3\\
"OR’ OR’
25

in which R% is selected from the group consisting of
hydrogen, tetrahydropyranyl, tetrahydrofuranyl,
triloweralkylsilyl, 1-methyl-i-methoxyethyl, 1-methyl-
l1-ethoxyethyl and -(co)-R®, wherein
30 R® is hydrogen, lower alkyl or halogen-
substituted lower alkyl,
R® is ethylene or vinylene,
R’ is R5, lower alkyl or lower alkenyl,
which process comprises:
35 (a) preparing a reaction mixture containing
(i) a first reagent selected from the group consisting
of 2-furyllithium, 2-furylmagnesium chloride and 2-
furylmagnesium bromide, (ii) a second reagent

_23_



35 (a) preparing a reaction mxture containing (i) a first reagent

" selected fromthe group consisting of 2-furyllithium 2-Auryl éé@
chloride and 2- furytmagnesiumbromde—+=) a secon agenhsp E
SHEET HAS BEEN REPLACED WD 96/ 28419 PCT/ US96/ 03090 ISl ’

al kyl'l'i thi um conpound, (iii) a third reagent conpr|5|ng ani de,
and (iv) VMOY%H4M h reagent conprising either hal ogenide f¢V€§ BFSX

(BE)-al kenyl stannane (1V) 5 (Il1l1) B-CH=CH R1-R2-R10 (1V) M CH=CH R1-R2-R10
in which Bis halogenide, Mis -Sn(R9)3 wherein RO is 10 |lower al kyl, R10
is lower alkyl, and Rl and R2 are as defined above; (b) contacting

cycl opent enone ( tbhpibs iORORIowe(] hﬂkleéthAumocvww¢Pﬂ4Ka&k&hﬁ:ﬁon m xt ure

under condi ti Onsr.ﬁi%gq'é%fenﬁ %tﬂdﬁﬁsﬁh@ef‘cbgteﬁecﬁéni@é,e dgHaqueds ahavi ng the

structural formu ocess of ¢ flrst
reagent is 2- furﬁPPFF%lfﬁﬁg%Pt BJr5389s €4 gSF %alggeQﬁuaréHﬁﬁthe second

reagent is sel ecfej-alvenyhestagmane ddvV3di sting of nethyllithium
ethyl i thiumg n- propyllithiun1 30 isopropyllithium n-butyllithium

|sobutyII|th|un1and t - but 1_The process of claim1l1l, wherein the
fourth reagent hd¥Ifhe str%ét éTHF%rﬁﬁlaﬁ( P

(xv) M-CH=CH—R'—R?—R!°

in which B is halogenide, M is --Sn(Rg)3 wherein R? is
10 lower alkyl, RO is lower alkyl, and R! and R2 are as
defined above;
(b) contacting cyclopentenone (II)

0 A~~~ -COOR’

A

15

20 with the reaction mixture under conditions effective
to give rise to one or more products having the

structural formula (I).

2. The process of claim 1, wherein the
25 first reagent is 2-furyllithium.

3. The process of claim 2, wherein the
second reagent is selected from the group consisting
of methyllithium, ethyllithium, n-propyllithium,

30 isopropyllithium, n-butyllithium, isobutyllithium and
t-butyllithium.

4. The process of claim 1, wherein the
fourth reagent has the structural formula (III).
35
5. The process of claim 2, wherein the
fourth reagent has the structural formula (III).



35 5. The process of claim2, wherein the fourth reagent has the
* structural formula (I111). -24 THIS SFIEE | HAS BEEN REPEACED-WO96+284%

PCT/US96/ 03090 6. The precess—eof—<claim5—wWierein the f] ' —
" selected fromthe group consisting of 5 B-CH=CH CH CH-C5H, @RE 10 g3
| B- CH:CIW&:%/%? AH9O ORS 15 CH3 B -CH=CHCH C c4HO W

- CH=CH- CHI- B11 25 S OR 30 CH3 B-CH=CH CHC CSH, | %5 and B
-CH=CH CH i HCGHI ORS ORS -25 fTH S SHEET HAS BEEN

Q

6. The process of claim 5, wherein the
fourth reagent is selected from the group consisting

of
5 B—CH-——CH'—(l:H'-‘CH—CjH”
OR> OR’?
10 CI:H3
B—CH=CH—CH2—C—C4H9
OR’
15
s
B~CH=CH—CH—C—C4Hq
I 5 I 5
OR”> OR
20
™
B_CH=CH—CH2_C_C5H”
25 | 5
OR
30 (|?H3
B_CH=CH_CH—C_C5H11
OR> OR’
35 and
B—CH=CH—CH—CH—C,Hq
Tt T T OR5 OR’

-25-



L REPLACED WO 96/ 28419 PCT/U896/03090 7. The process of cIa|n11 wherein

> the * fourth reagent has the structural fornmula (1V). 8. rocess of
claim2, wherein the—5fourth reagenthas the structUTaI

Iﬁltﬁ%ﬁ#wﬂd 9.
" The process of claim8, wherein the fourth reagent is sel gcted R he
group consi sting

S

of 10 MCHCH CH C HC5H1I1 OR5 O?S&%gm%_,‘% 20

M CH=CH- CHP-96284t%HH0 ORS 20 CH3 M CH=CH-CHC C4H9 25
MCH=CHCH2- C C5HI1 OR5 35 -26 THI S SHEET HAS REPLACED WO 96/ 28419

PCT/ US96/ 03090 CH3 M CH=CH CH C CSH1

OR5 ORS

10

15

20

25

30

35

7. The process of claim 1, wherein the
fourth reagent has the structural formula (IV).

8. The process of claim 2, wherein the
fourth reagent has the structural formula (IV).

9. The process of claim 8, wherein the
fourth reagent is selected from the group consisting
of

hd"CTP=(H{—‘CHJ——(H{"C%}{“

OR> OR’

g
NP—C}F=CPP—C}E"$'—"C4H9

OR?

o
hd—43H=43H—-CPP—-C-—-C4H9

OR> OR’

CH,

|
hd"C}F=CH{—‘CPE“‘$'__C3PH1
OR’

-26—
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10. The process of claim1, wherei .n 'the 10 first, second,__third and fourth
" reagents are present in the reaction mxture in approxinﬁ*QE%Hggph b&&

quantities. I1. The process of Claim I, wherein the 15 nMPre TeEpl RoEl

" cycl opentenone (I1) to_any one-ef—the—firTst, second, thiktd or fourth

reagent s iySp e range of approximately 0.3:1 to 1:1. ocess of
claim1l, %?dgz;s?]ﬂt he 20 product is obtained w thout isol éﬁ’ggﬂg’?ﬁgny

i nternmedi ate species. 13. The process of claim1l1l, wherein step (b) is. .. -
conducted in a nonpolar, aprotic solvent at a 25 reactiom tenperature im
the range of approximately - 50C to 50C for at ¢gast about thirty m nutes.
14. The process of claim 10, wherein step (b) |s conducted in a nonpolar,
aprotic solvent at a 30 reactMeACH:H atQHe— O—the Hapge of approxi mately
- 50C to 50C for at least about thirty mnptes.| 15. The process of claiml1,
further including (c) quenching the reactprd qhrStep (b) with 35 base.

16. The process of claim 15, further including (d) deprotecting the

product of stsep (c) -27 Aid ~' + WD 96128419 PCTI US96103090 wi tdndli | ute
acid, and (e) isolating the prptaQ@H&E CH-uSHg CHi-ofgHagr aphy or
crystallization. 17. A process for preparing préstaglandins 5 having the
structural formula (1) O,,-* 1 6 COOR7 RQR) GR’ :

10. The process of claim 1, wherein the
10 first, second, third and fourth reagents are present
in the reaction mixture in approximately equimolar

quantities.

11. The process of claim 1, wherein the
15 mole ratio of cyclopentenone (II) to any one of the
first, second, third or fourth reagents is in the
range of approximately 0.3:1 to 1:1.

12. The process of claim 1, wherein the
20 product is obtained without isolation of any
intermediate species.

13. The process of claim 1, wherein step

(b) is conducted in a nonpolar, aprotic solvent at a

25 reaction temperature in the range of approximately -
50°C to 50°C for at least about thirty minutes.

14. The process of claim 10, wherein step

(b) is conducted in a nonpolar, aprotic solvent at a

30 reaction temperature in the range of approximately -
50°C to 50°C for at least about thirty minutes.

15. The process of claim 1, further
including (c) quenching the reaction of step (b) with
35 base.

16. The process of claim 15, further
including (d) deprotecting the product of step (c)

-27-



(SRR

&ARI "10 wherein R and R2 may l;e:..the same or different and are selected

* fromthe group consisting of R~ R3 15 Cand C R4 R4 20 in which R3 and
R4 are |ndependentry—sefeg%?gai¥gnfgng_gLoupiéﬁﬁ§T§ting of hydrogen, OR5

" and | over alkyl, Ais sel romthe group consisting of HH- 25 C and
C'"OR5 "OR5 in which R5 is selected fromthe group consigtg H

tetrahydroPYYBMY , tetrahydrofuranyl, 30 triloweral kyl SI?(PI;I{}Q&Q;O%

1- net hyl - | - net hoxyet hyl , 1-nmethyl - i-ethoxyethyl and -(CO-R8, wherein R8

i's hydrogen, |ower alkyl or hal ogenated | ower al kyI R6 is ethylene or

vinylene, 35 R7 is R5, lower alkyl or |ower alken e

conprises: (a) pH&DadiAyts pedeti A nisk PRGN gyﬁhﬁg g%?gxﬁﬁhtely

equi mol ar amuntsiel chromatogyhphy horingryst28-1ipRatSo8HEET HAS EEC! REPLACED

REPLACED WD 96/ 28419 PCTI US96/ 03090 (ii) a lower alkyllithium conmpound,

(iii1) copper cyanide, and (iv) either hal ogenide (I1l) o - s
al kenyl st annane” (1V) 5 (I RP) BACPERFRTE -F80- eéar(lﬁ"?) Pk?‘&fﬁé@’??%ft@- Rlb in
which B is hal Ogpmihy thel strGOCEPAB rhwemeia @9 is

© N /\/\/COOR7
’ R6
) ?1/\ R
A / RI' \/\/

10
wherein
R! and R? may be the same or different and
are selected from the group consisting of
5 N o
C, and C\
"R R?

20 in which R3® and R? are independently selected from the
group consisting of hydrogen, OR® and lower alkyl,
A is selected from the group consisting of

H JH
/ \\“
25 C and C\
“OR? OR

in which R® is selected from the group consisting of
H, tetrahydropyranyl, tetrahydrofuranyl,
30 triloweralkylsilyl, l-methyl-l-methoxyethyl, l1-methyl-
1-ethoxyethyl and
-(CO)-RB, wherein R® is hydrogen, lower alkyl or
halogenated lower alkyl,
R® is ethylene or vinylene,
35 R7 is R®, lower alkyl or lower alkenyl,
which process comprises:
(a) preparing a reaction mixture containing
approximately equimolar amounts of (i) 2-furyllithium,

-28- THIS SHEET HAS SEEN
REPLACED




| ower alkyl, and RL and R2 are ’I ned above; 10 (b) contacting

cycl*opentenone (11) O COORS R6 (I1) nA 15 with the redg Xt ure 11
_ honpolar, aprotic solvent _at a—+reaction tenperature in the ra Q&ﬁgﬁgi
approximately -50C to 50C for at |east about thirty mnhies. wWih

internediate species; 20 (c) quenching SoEadobd on of
ase; (d) deprotecting the product of step (c wth dilute

i sol ati on
step (b) Xﬁ%ﬁ

19

wi L hout

acid; and (e) isolating the product (l) using 25 chromatography or

ctystallization,

10

15

20

25

30

35

30 35 -29

(ii) a lower alkyllithium compound, (iii) copper
cyanide, and (iv) either halogenide (III) or (E)-
alkenylstannane (IV)

(I11) B—CH=CH—R'—R*—R"®
) M-CH=CH—R'—R*—R'"

in which B is halogenide, M is -Sn(R%), wherein R® is
lower alkyl, and R! and R? are as defined above;
(b) contacting cyclopentenone (II)

0 A~ COOR’
RO
(1II) W

A

with the reaction mixture in a nonpolar, aprotic
solvent at a reaction temperature in the range of
approximately -50°C to 50°C for at least about thirty
minutes, without isolation cf any intermediate
species;

(c) quenching the reaction of step (b) with
base;

(d) deprotecting the product of step (c)
with dilute acid; and

(e) isolating the product (I) using
chromatography or crystallization.

-2Q-—
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