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Abstract

A process for preparing a prostaglandin derivative by
reacting an alkyne with zirconocene chloride hydride to

- produce a zirconium intermediate which is reactedwith an
alkyllithium and a first c0ppet reagent selected from
RZCu(CN)Li or the mixture CuCN and RzLi to produce a
higher order cuprate complex intermediate and reacting the
higher order cuprate complex intermediate with a

cyclopentenone to produce the prostaglandin derivative

having the general formula
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Case No. 2594

PROCESS FOR PREPARING PROSTAGLANDIN ANALOGS
USING ORGANOZIRCONIUM COMPOUNDS

Background of the invention

The i1nvention herein 1s directed to a process for
preparing prostaglandin analogs which can be performed in
a single reaction vessel, in high yields and in the proper
stereoconfiguration for the prostaglandin analogs. The
invention herein 1s further directed to a process for
preparing higher order cuprate complexes of the general

formula
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from alkenyl zirconium compounds as reactive intermediates
in organic synthesis. The higher order cuprate complexes
are derived from the reaction of a cuprate complex with an
alkenyl zirconium compound. The higher order cuprate
complexes are useful for preparing omegda side chains of
prostaglandin analogs and more specifically, 16-hydroxy

prostaglandin analog side chailns.

The state of the art of higher order cuprate complexes 1s
summarized in Synthesis, 4, p. 325, (1987) where higher
order cuprate complexes of the formulae RtRCu(CN)Liz,

R, Cu(2~thienyl)CNL1,, and RtRCu(SCN')Li2 and theilr

t

uses are disclosed. Rt represents the group transferred
to an organic compound to form a carbon to carbon bond 1in

a subsequent reaction with the disclosed higher order

cuprate complex.

The use of zirconium compounds to prepare prostaglandins

is shown in published European patent application 133,683

which describes the preparation of prostaglandin

intermediates. The application describes a zirconium

compound of the formula

CH
;O\; /X l 3

P! CH,

Q
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1

wherein X is a halogen and P~ represents a hydrolyzable

protecting group. The zirconium compound is reacted with

a compound having the formula

O O

|

CHy~——C ~~—0Op2

CH

wherein COZP2 represents a hydrolyzable ester group,

in an anhydrous, inert organic solvent which contains a
salt or a complex of a transition metal as a catalyst.
The reaction mixture is treated with a protonating agent
to produce a prostaglandin analog compound of the formula

Q

WCH===C ———OP2

CH,

CH ===2CH——CH =G =——(CH,), ———CH.,

P! CH,

O unan

The reference describes the use of the zirconium compounds
to add an unsaturated omega side chain on a cyclopentenone
to form a prostaglandin analog. The reference discloses

+hat the reaction occurs in the presence of a salt or a
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complex of a transition metal catalyst which includes
salts or complexes of nickel, cobalt, iron, manganese and
palladium. The reference's preferred complex is a complex
or salt of nickel (I) which is produced in situ 1in the

reaction by using a nickel (II) salt (or complex) and a

reducing agent.

Summary of the invention

The present invention is directed to a process for
preparing prostaglandin analogs (derivatives) using an
organozirconium intermediate in reaction with a copper
containing reagent to prepare a higher order cuprate
complex. The higher order cuprate complex is reacted with

a cyclopentenone to produce the prostaglandin derivative.

More particularly, the invention herein is directed to a
process for preparing a higher order cuprate complex. The

process is performed by reacting an alkyne of the formula
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with zirconocene chloride hydride, CPZZr(H)Cl, to

produce an E-alkenyl zirconium intermediate of the formula

/Cl

O
o

wherein R'~CH=CH- is the omega side chain of a natural
or synthetic prostaglandin and wherein any hydroxy group
contained in the side chain is optimally protected by a

|

suitable "hydrolyzable protective group.” R~ contains.l

to 20 carbon atoms which can have vinyl unsaturation.

1

R® can contain cycloalkyl or cycloalkenyl moities where

1 can bhe

the cycloalkyl contains 3 to 6 carbon atoms. R
substituted with hydroxy., tri-lower-alkylsiloxy,
tetrahydropyranyloxy, tetrahydrofuranyloxy, halo or

phenoxy.

The E-alkenyl zirconium intermediate is reacted with an

alkyllithium and a copper—containing reagent selected

e T
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from: R“Cu(CN)Li or the mixture CuCN and R"Li to
produce a higher order cuprate complex intermediate of the

formula

wherein R2 can be alkyl, alkenyl, alkynyl, aryl or

heteroaromatic such as 2-thienyl.

The above higher order cuprate intermediate can be reacted

with a cyclopentenone of the formula

O

R L COZ R3

RO

wherein R can be an alkyl, alkenyl, or alkynyl of 1 to
€ carbons and can contain hetercatoms such as sulfur or

3 4

oxygen and R” can be hydrogen or a lower alkyl, R

represents a hydrolyzable protecting group, to produce a

prostaglandin derivative having the general formula
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This invention herein further includes bringing into
reactive contact an alkyne, zirconocene chloride hydride,
a copper (I) salt such as copper cyanide, an alkyllithium

or an alkynyllithium, and a suitable cyclopentenone of the

formula

in a solvent such as THF, to produce a prostaglandin of

the formula

wherein the vinyl lower side chain in the product was

initially attached to zirconium.
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Detalled description

The invention herein is directed to a process for
preparing a higher order cuprate complex and prostaglandin
derivatives from such a higher order cuprate complex. The
process herein is advantageous in that the process can be
performed in a single reaction vessel to completion either
in forming the higher order cuprate complex or in forming

the prostaglandin derivative in a stereospecific manner.

The invention herein is directed to a process for
preparing prostaglandin derivatives by bringing into
reactive contact an alkyne and a zirconium reagent of the
formula, Cp,2r(H)Cl, to produce an E-alkenyl zirconium

intermediate. The E-alkenyl zirconium intermediate is

reacted with an alkyllithium, which may have at least
one or two equivalents, and a copper-containing reagent
which can be selected from: the complex R?Cu(CN)Li or
the reactant mixture CuCN and R’Li to produce a higher
order cuprate complex intermediate. The higher order
cuprate complex i1ntermediate can be reacted with an
appropriately selected cyclopentenone to produce the

desired prostaglandin derivative.
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In a broader sense, the invention herein is directed to a
method for preparing a higher order cuprate complex by the
above mentioned process. The formed higher order cuprate
complex can be used in further reaction sequences as is
known for cuprate reagents for example to make

prostaglandin derivatives.

The process 1s performed by reacting an alkyne and a
zirconocene chloride hydride, Cp,2r(H)Cl, to produce an
E—~-alkenyl zirconium intermediate. Cp represents a
cyclopentadienyl anion group. The E-alkenyl zirconium
intermediate need not be isolated but can be reacted with
an alkyllithium and a copper-—containing reagent which can
be: the complex.RZCu(CN)Li or the reagent mixture CuCN

and R2Li to produce a higher order cuprate complex

intermediate of the formula
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1

wherein R™-CH=CH~ is the omega side chain of a natural

or synthetic prostaglandin and wherein any hydroxy group

contained in the side chain is optimally protected by a

1

sultable "hydrolyzable protective group." R~ contains 1

to 20 carbon atoms which can have vinyl unsaturation.

1

R™ can contain cycloalkyl or cycloalkenyl moieties where

the cycloalkyl contains 3 to 6 carbon atoms. Rl can be
substituted with hydroxy, tri-lower-alkylsiloxy,
tetrahydropyranyloxy, tetrahydrofuranyloxy, halo or

2

phenoxy; and wherein R™ can be alkyl, alkenyl, alkynyl,

aryl or heterocaromatic such as 2-thienyl.

The higher order cuprate complex intermediate need not be
isolated but can be reacted with an appropriate
cyclopentenone to produce a prostaglandin derivative of

the formula

-10-
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wherein R _can be an alkyl, alkenyl, alkynyl of 1 to 6
carbons. Ra can contaln heteroatoms such as sulfur or

oxygen. R3 4

can be hydrogen or a lower alkyl and R
represents a hydrolyzable protecting group. The
expression "alkyl" used herein refers to straight chain
and branched alkyl groups with 1 to 7 carbon atoms, such
as methyl, ethyl, propyl and butyl. The expressions
"halogen"” or "halo" refer to halogen atoms such as
fluorine, chlorine, bromine and iodine. The expression
"aryl" refers to a mononuclear aromatic hydrocarbon group,
such as phenyl, which can be unsubstituted or can be
substituted in one or more positions by lower
alkylenedioxy, halogen, nitro, lower alkyl or lower alkoxy
groups; and polynuclear aryl groups, such as naphthyl,
anthryl, phenanthryl and azulyl, which can be substituted
by one or more of the groups mentioned above. The

preferred aryl groups are substituted and unsubstituted

mononuclear aryl groups, especially phenyl.

The expression "hydrolyzable protecting group” designates
any protecting group which can be hydrolyzed with the

formation of the group that it protects. Hydroxyl groups
can be protected by forming hydrolyzable esters, acetals

or ethers. Examples of groups that are suitable for

-1]-
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forming esters to protect organic acids are lower alkyl
groups or halo lower alkyl groups. A suitable ether
protecting group can be a hydrolyzable lower alkyl ether,
such as tertiary butyl ether and tetrahydropyranyl ether.
Other ether groups are arylmethyl ethers, such as benzyl,
benzhydryl or trityl ethers or a—-lower-—alkoxy-lower alkyl
ethers, such as methoxymethyl ether, methoxypropyl ether
or allyl ether, or tri-substituted silyl ethers in which
the substituent is a lower alkyl and/or aryl group, such
as trimethylsilyl ether, triethylsilyl ether or dimethyl

tertiarybutylsilyl ether and dimethylphenylsilyl ether.

In the structural formulas herein, a wedge shaped bond (¥)
represents a substituent which has the 8 orientation
(above the plane of the molecule) and a broken line (%)
represents a substituent that is in the « orientation
(below*fhe plane of the molecule) and a wavy line (~v)
represents a substituent which is either in the « or 8

orientation or is a mixture of these isomers.

The invention herein is illustrated in the following
reaction Schemes I-II. The two reaction schemes
illustrate the process herein and the variations in the

process, any of which can be followed to produce a

-] D



- 2040468

prostaglandin derivative. Each of the reaction segquences

shown in the reaction schemes can be performed in a single
reaction vessel which provides a particularly unique
benefit for using the process herein as the performance of
the process in a single reaction vessel ("one-pot"
reaction) eliminates steps of separating and isolating

intermediates and the need for having additional reaction

vessels.

In the two reaction schemes an alkyne, which can contain
additional unsaturation, 1s reacted with zirconocene
chloride hydride to produce a zirconium intermediate which
is reacted with an alkyllithium reagent, a copper complex
(or reagents to produce the copper complex) and an enone
("enone" is used herein to refer to a cyclopentenone) to
produce the prostaglandin derivative. In the reaction
Schemes I-II, the processes described are exemplified with
4-methyl, 4-~trimethylsilyloxy-l-octyne. It can be
understood that other terminal alkynes, such as those

described in examples 2-11, work equally well with the

processes depicted in the Schemes I and II.

-13-
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Scheme I

OTMS

1. n-Buli
2. CuCN
3. CH,Li
4. Encne

In the above reaction Scheme I a terminal alkyne is
reacted with szzr(H)Cl in a suitable solvent such as
tetrahydrofuran (THF) to produce a zirconium intermediate
of the indicated formula. The zirconium intermediate 1s
reacted sequentially with two equivalents of an
alkyllithium such as n-butyllithium (n-Buli) or

methyllithium.(CHsLi), copper

~]d
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cyanide (CuCN), an alkyllithium such as methyllithium
(CHBLi) and an appropriate enone which results in the
prostaglandin derivative which is represented in this
Scheme I as having T™MS and TES (trimethylsilyl and
triethylsilyl) protective groups for the hydroxyl moieties
on the prostaglandin derivative. The reaction is
conducted in a single reaction vessel with the reactants
being added in the order indicated. The reaction 1is
performed at a reduced temperature preferably in the range

of -50°C to -78°C.

Scheme 11

OTRS

1. alkyllithiom
2 RCa(CMH) Li
3. caone

] &
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The reaction sequence shown in Scheme II illustrates
another method for preparing prostaglandin derivatives
using the invention herein. In reaction Scheme II a
terminal alkyne is reacted with zirconocene chloride
hydride to yield a zirconium intermediate which is reacted
with two equivalents of alkyllithium followed by a lower

2Cu(CN)Li, and a suitable enone

order cuprate complex, R
to provide the prostaglandin derivative. The reaction
sequence is performed in a temperature range from about

-50°C to about -~78°C.

In the process herein any conventional inert organic
solvent or solvent mixture can be used. Aromatic
hydrocarbons such as benzene and toluene and ether
solvents such as tetrahydrofuran are especially

preferred. Temperatures in the range of -50° to -78°C are
preferred for performing the reaction with a temperature

range from -50° to -60°C being especially preferred.

-16—
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Example 1

(+)-Methyl (1le,13E)-11,16~-dihydroxy—-16-methyl-

9-oxoprost—-l13—-en—-l-oate.

This example illustrates a one-pot preparation of a
prostaglandin using the method herein and in particular

following the reaction sequence shown in reaction Scheme I.

A dry, round bottom flask was charged with 776 mg (3.00
mmol) of zirconocene chloride hydride and 4 ml of dry THF
under nitrogen. A solution of 604 mg (2.85 mmol) of
4-methyl-4-trimethylsilyloxy-l~octyne in 6 ml of THF was
added by cannula. The mixture was stirred at room
temperature for approximately 30 minutes and cooled to
~50°C. The mixture was treated with 3.56 ml of n-butyl-
lithium (1.6M in hexane, 5.7 mmol) for ten minutes. To

the vessel was added 254 mg (2.84 mmol) of copper cyanide

and the mixture was stirred for fifteen minutes at -50°C
followed by the addition of 2.09 ml of methyllithium

(1.39M in cumene/THF, 2.9 mmol). The mixture was stirred

-] T~
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for fifteen minutes to generate an orange cuprate
solution. A solution of 503 mg (1.42 mmol) of (+)-methyl
7—[(3—triethylsilyloxy)-5-oxocyclopenten—1-yl]heptanoate
in 4 ml of THF was added. After stirring for thirty
minutes the product was poured onto a mixture of 25 ml of
saturated aqueous ammonium chloride/ammonium hydroxide
(9:1) and S0 ml ether. The quenched mixture was stirred

for thirty minutes at room temperature, passed through a

pad of Celite™ and separated. The Celite™ pad was washed

successively with saturated ammonium chloride and ether.
The aqueous layer was extracted twice with 25 ml portions
of ether. The combined organic layers were washed with
Saturated ammonium chloride/ammonium hydroxide (9:1),
dried over anhydrous Na2804 and filtered through a pad

of silica gel. The solvent was removed under vacuum to

give the protected prostaglandin as a pale yellow oil.

of (+)-methyl (lla.13E)—11,16—dihydroxy—16—methyl-9-
OoxXoprost-l3-en-l-oate after isolation and purification by

chromatography on silica gel (ethyl acetate/hexane,

gradient elution).

~18-
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Examples 2-11

The procedure of Example 1 was repeated in every essential
detail with the exception that the indicated enones,
alkynes, and corresponding products shown in the following
Table 1 were prepared. In examples 2 through 11 the
enones had the following structures and the Ph in the

stuctures in the Table represents a phenyl group.

"\~ (CH2}6CO2Me p—
ﬁw CO2CH3
~ Et3Si

p
Et3Si0  {11-R)

g - P
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Example 12

(+)-Methyl (11«,13E)-11,16~-dihydroxy-16-methyl-9-

oxoprost-l3-en-l-oate.

This example illustrates the method herein employing
reaction Scheme II to produce a prostaglandin derivative.
To an argon filled, flame-dried flask was added 776 mg
(7.0 mmol) of zirconocene chloride hydride under
nitrogen. The flask was protected from light with foil.
To this flask was added 4 ml of THF, followed by a
solution of 604 mg {(2.85 mmol) of
4-methyl—4-trimethylsilyloxy~1l-octyne in 6 ml THF and 2 ml
THF rinse. The reaction mixture was stirred at room
temperature for approximately 30 minutes to give a light

orange solution.

To a second flask was added 254 mg (2.85 mmol) of copper
cyanide under nitrogen. To the cooled flask was added 5
ml THF and the reaction mixture was cooled to -78°C. To
the flask was added via syringe 2.09% ml of methyllithium
(1.39¥ in cumene/THF, 2.9 mmol). The flask was warmed to

0°C for 12-20 nminutes and recooled to -78°C.

-2
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To the light orange colored solution of the zirconium
intermediate at —-78°C was added n-butyllithium (3.56 ml,
5.7 mmol, 1.6M) dropwise by a syringe. The temperature
was maintained at about -70°C during the addition. The
mixture was warmed gradually to -30°C over fifteen minutes
and held at -30°C for fifteen minutes to give a deeper,
orange~colored zirconium solution. The solution was
recooled to ~78°C and the copper solution was added by
cannula while maintaining the temperature at about -78°C.
The reaction mixture was warmed briefly toc -30°C and
recooled to -78°C. To the flask was added by syringe a
solution of 503 mg (1.42 mmol) of (+)-methyl
7-[(3-triethylsilyloxy)-5—-oxocyclopenten-1-yl]-
heptanoate in 4 ml of THF. The reaction mixture was
stirred at -78°C for thirty minutes and quenched into

50 ml of a mixture of saturated agqueous ammonium
chloride/ammonium hydroxide (9:1) and 50 ml of ether. The
reaction mixture was stirred at room temperature for
thirty minutes. The aqueous layer was extracted with two
50-ml portions of ether. The combined organic layers were
washed twice with saturated ammonium chloride/ammonium

hydroxide (9:1), and dried over anhydrous Na,S0,;

—? 3



CA 02040468 2001-10-26

filtered through Celite™ and concentrated at reduced

pressure. The residue was dissolved in 50 ml of 4:1
acetone and water and treated with 50 mg PPTS and stirred
at room temperature for four hours. The residue was
partitioned between 20 ml saturated NaCl solution and

75 ml ethyl acetate. The aqueous phase was extracted with
two 25-ml portions of ethyl acetate and the combined
organic layers were washed with 10 ml saturated NacCl

solution and dried over anhydrous Na SO,. The solvent

2
was removed in vacuo to yield 765 mg of crude (+)-methyl
(ll2,13E)-11,16-dihydroxy-16-methyl-9-oxoprost-13-en-
l1-oate. The crude precduct was purified by column
chromatography on silica gel to give 388 mg of purified

product.

L
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Example 13

(+)-Methyl (11«,13E)-11,16-dihydroxy-16-methyl-

9-~oxoprost-13—-en—~1l-oate.

This example illustrates a one-pot preparation of a
prostaglandin using the method herein and in particular

following the reaction sequence shown in reaction Scheme I.

A dry, round bottom flask was charged with 776 mg (3.00
mmol) of zirconocene chloride hydride and 4 ml of dry THF
under nitrogen. A solution of 604 mg (2.85 mmol) of
4-methyl-4-trimethylsilyloxy—-l1-octyne in 6 ml of THF was
added by cannula. The mixture was stirred at room
temperature for approximately 30 minutes and cooled to
-50°C. The mixture was treated with 6.27 ml of methyl-
lithium (1.39M in cumene/THF, 8.7 mmol) for fifteen
minutes. To the vessel was added 254 mg (2.84 mmol) of

copper cyanide and the mixture was stirred for one hour at

-2 5
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—30°C to generate an orange cuprate solution. A solution
of 503 mg (1.42 mmol) of (+)-methyl
7-[(3*triethylsilyloxy)~5-oxocyclopenten—1—yl]heptanoate
in 4 ml of THF was added. After stirring for thirty
minutes the product was poured onto a mixture of 25 ml of
saturated aqueous ammonium chloride/ammonium hydroxide
(9:1) and 50 ml ether. The quenched mixture was stirred
for thirty minutes at room temperature, passed through a
pad of Celite™ and separated. The Celite™ pad was washed
successively with saturated ammonium chloride and ether.
The aqueous layer was extracted twice with 25 ml portions
of ether. The combined organic layers were washed with
saturated ammonium chloride/ammonium hydroxide (9:1),
dried over anhydrousNaZSO4 and filtered through a pad

of silica gel. The solvent was removed under vacuum to
give the protected prostaglandin as a pale yellow oil.
Deprotection was carried out by stirring the protected
prostaglandin in 25 ml of 20% aqueous acetone in the
presence of a catalytic amount of pyridinium
p-toluenesulfonate (PPTS) for 4 hours to give 679 mg of
crude (+)-methyl (lla,L3E)-11,16-dihydroxy—16-methy1—9-
oxXoprost-13-en-l-oate after isolation. Quantitative high
performance liquid chromatography énalysis indicated the -
crude product contained 305 mg (53%) of the desired

product.

-26-—
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Example 14

(+)-Methyl (1le,13E)-11,16-dihydroxy-16-methyl—-

9-oxoprost—13—-en-l-oate.

This example illustrates a one-pot preparation of a
prostaglandin using the method herein and in particular

following the reaction sequence shown in reaction Scheme I.

A dry, round bottom flask was charged with 776 mg (3.00
mmol) of zirconocene chloride hydride and 4 ml of dry THF
under nitrogen. A solution of 604 mg (2.85 mmol) of
4-methyl-4-trimethylsilyloxy-l-octyne in 6 ml of THF was
added by cannula. The mixture was stirred at room
temperature for approximately 30 minutes and cooled to
-=50°C. To the vessel was added 254 mg (2.84 mmol) of
copper cyanide and the mixture was stirred for fifteen
minutes at ~50°C followed by the addition of 6.27 ml of
methyllithium (1.39M in cumene/THF, 8.7 mmol). The

mixture was stirred for fifteen minutes to

- T
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generate an orange cuprate solution. A solution of 503 mg
(1.42 mmol) of (+)-methyl
7-((3-triethylsilyloxy)-s—oxocyclopenten-l-yl]heptanoate
in 4 ml of THF was added. After stirring for thirty
minutes the product was poured onto a mixture of 25 ml of
Saturated aqueous ammonium chloride/ammonium hydroxide
(9:1) and 50 ml ether. The quenched mixture was stirred
for thirty minutes at room temperature, passed through a
pad of Celite™ and separated. The Celite™ pad was washed
successively with saturated ammonium chloride and ether.
The aqueous layer was extracted twice with 25 ml portions
of ether. The combined organic layers were washed with
saturated ammonium chloride/ammonium hydroxide (9:1),
dried over anhydrous Na2804 and filtered through a pad

of silica gel. The solvent was removed under vacuum to
give the protected prostaglandin as a pale vyellow oil.
Deprotection was carried out by stirring the protected
prostaglandin in 25 ml of 20% aqueous acetone in the
presence of a catalytic amount of pyridinium
p-toluenesulfonate (PPTS) for 4 hours to give 383 mg (71%)
of (+)-methyl (11a,13E)-11,16-dihydroxy-16-methyl-9-
OXoprost-l3-en-l-oate after isolation and purification by
chromatography on silica gel (ethYl acetate/hexane,

gradient elution).

-28—
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EXample 15
(+)-Methyl (11«,4%,13E)-11,16~-dihydroxy-16-methyl-

9—-oxoprosta—-4,13-dien-l1-oate.

This example illustrates a one-pot preparation of a
prostaglandin using the method herein and in particular

following the reaction sequence shown in reaction Scheme I.

A dry, round bottom flask was charged with 776 mg (3.00
mmol) of zirconocene chloride hydride and 4 ml of dry THF
under argon. A solution of 604 mg (2.85 mmol) of
4-methyl-4~-trimethylsilyloxy-l-octyne in 6 ml of THF was
added by cannula. The mixture was stirred at room
temperature for approximately 30 minutes and cooled to
—-50°C. To the vessel was added 254 mg (2.84 mmol) of
copper cyanide and the mixture was stirred for fifteen
minutes at -50°C. The mixture was treated with 6.27 ml
(1.39 M in cumene, 8.71 mmol) of methyllithium via syringe
and stirring was continued at -50°C for fifteen minutes to
generate a pale green solution. A solution of 501 mg
(1.42 mmol) of (+)-methyl
7-[(3—triethylsilyloxy)~5~oxocyclopenten~1~yl]
hept-4-en-l1-ocate in 4 ml of THF was added. After stirring
for twenty minutes at -50°C, the product was poured onto a
mixture of 25 ml of saturated aqueous ammonium
chloride/ammonium hydroxide (9:1) and 50 ml ether. The
quenched mixture was stirred for thirty minutes at room

-

—-20
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temperature and passed through a pad of celite™. The Celite™
pad was washed successively with saturated ammonium
chloride and ether. The aqueous layer was extracted twice

with 25 ml portions of ether. The combined organic layers

filtered through a pad of silica gel. The solvent was
removed under vacuum to give the protected prostaglandin
as a pale yellow oil. Deprotection was carried out by
stirring the protected prostaglandin in 25 ml of 20%
aqueous acetone in the presence of a catalytic amount of
Pyridinium p-toluenesulfonate (PPTS) for 4 hours to give
533 mg of crude deprotected prostaglandin. The contained
Yield of product was determined by HPLC quantitation of an
aliquot of crude mixture versus a Standardized.curve of
reference standard (4.6mm.X'250m Zorbax Sil™, 2 ml/min.
80/17/3 isooctane/dioxane/acetonitrile). In this manner,
a 53% yield of (+)-methyl
(11a.4Z,13E)—11,16-dihydroxy—16-methy1-9-oxoprosta—4,

13-dien-l-ocate was obtained.
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Example 16

(+)~Methyl (lla,4z,13E)—11,16-dihydroxy—16—methy1-

9-oxoprosta~4,13—dien—1-oate.

A dry round bottom flask was charged with 776 mg (3.00

mmol) of zirconocene chloride hydride, 254

Stlrring was continued at =30°C for fifteen minutes to

Jgénerate an olive-green solution. A solution of 501 mqg

(1.42 mmol) of (+)-methyl

7—[(3-triethylsilyloxy)—5-oxocyclopenten—
oate 1in 4.0 ml of THF was added.

1-yl Jhept-4-en-1-

After stirring for
thirty minutes at -350°C,
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chloride and ether. The aqueous layer was extracted twice
with 25 ml portions of ether. The combined organic layers
were washed with saturated ammonium chloride/ammonium
hydroxide (9:1),dried over anhydrous Na,SO, and

filtered through a pad of silica gel. The solvent was
removed under vacuum to give the protected prostaglandin
as a pale yellow oil. Deprotection was carried out by
stirring the protected prostaglandin in 25 ml of 20%
aqueous acetone in the presence of a catalytic amount of
pyridinium p-toluenesulfonate (PPTS) for 4 hours to give
682 mg of crude deprotected prostaglandin. The contained
vield of product was determined by HPLC quantitation of an
aliquot of this sample versus a standardized curve of
reference standard (4.6mm X 25cm Zorbax Sil, 2ml/min
80/17/3 isooctane/dioxane/acetonitrile). In this manner,
a 35% yield of (+)-methyl (1lla,4Z,13E)-11,16-dihydroxy-

16-methyl-9-oxoprosta-4,13-dien~1—-oate was obtained.
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The embodiments of the invention in which an exclusive

property or privilege is claimed are defined as follows:

1. A process for preparing a prostaglandin derivative

compriSing the steps of:

bringing into reactive contact an alkyne of the general

formula
He—C =—=C—R!

wherein R' is an alkyl containing from 1 to 20 carbon atoms
or an alkenyl group containing from 2 to 20 carbon atoms
which can be substituted with hydroxy, tri-lower
alkylsiloxy, tetrahydropyranyloxy, tetrahydrofuranyloxy,
halo, phenoxy or cycloalkyl or cycloalkenyl moieties from
3 to 6 carbon atoms, and zirconocene chloride hydride to

produce an E-alkenyl zirconium intermediate of the general

Q\ A
cd

formula:

z'\/\R,

reacting the E-alkenyl zirconium intermediate with an
alkyllithium and a copper reagent selected from R°Cu(CN)Li
and the mixture of CuCN and R°Li to produce a higher order

cuprate complex intermediate of the general formula:
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wherein R? is alkyl, substituted alkyl, alkenyl, alkynyl,
aryl or heterocaromatic group wherein said alkyl comprises
from 1 to 7 carbon atoms, and wherein said alklenyl, and
said alkynyl comprise from 2 to 7 carbon atoms, and

wherein said aryl 1s unsubstituted, or substituted 1n one
or more positions by lower alkylenedioxy, halogen, nitro,

lower alkyl groups, lower alkoxy groups, or polynuclear
aryl groups;

and reacting the higher order cuprate intermediate with a

cyclopentenone of the general formula:
O

R,CO,R?

&
R‘O\\\

to produce the prostaglandin derivative of the general

formula:

wherein R, 1s an alkyl of 1 to 6 carbon atoms, or an

alkenyl, or alkynyl group of 2 to 6 carbons which can
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contain heteroatoms sulfur or oxygen; R’ is hydrogen or a
lower alkyl containing from 1 to 7 carbon atoms; and R* is

a hydrolyzable protecting group.

2. A process as recited 1in Claim 1 wherein the

prostaglandin derivative has the structural formula:

wherein R' is an alkyl containing from 1 to 20 carbon atoms
or alkenyl group containing from 2 to 20 carbon atoms
which c¢an be substituted with hydroxy, tri-lower-
alkylsiloxy, tetrahydropyranyloxy, tetrahydrofuranyloxy,
halo or phenoxy; and can be terminally substituted 'with

cycloalkyl or cycloalkenyl moieties from 3 to 6 carbon

atoms;

wherein R; 1s an alkyl of 1 to 6 carbons, or an alkenyl,

or alkynyl group of 2 to 6 carbons and can contain
heterocatoms sulfur or oxygen and R’ is hydrogen or a lower

alkyl containing from 1 to 7 carbon atoms; and
wherein R*® represents a hydrolyzable protecting group.

3. A process as recited 1n Claim 2 wherein the

cyclopentenone 1s a compound of the structure

1,510
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4. A process as recited in Claim 2 wherein the

cyélopentenone is a compound of the structure

5. A process as recited 1in Claim 2 wherein the

cyclopentenone is a compound of the structure

€1,S10

6. A process as recited in Claim 2 wherein the

cyclopentenone is a compound of the structure

o

&W\mxm

€usid ()1.8)

7. A process as recited in Claim 2 wherein the

cyclopentenone is a compound of the structure

O

£t3

8. A process as recited in Claim 1 wherein the

copper reagent is R’ Cu(CN)Li.
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9. A process as recited in Claim 1 wherein the

copper reagent is the reagent mixture of CuCN and R?Li.

10. A process as recited 1in Claim 1 wherein the
number of equivalents of alkyllithium in the first step is

at least two.

11. A process as recited 1in Claim 1 wherein the

number of equivalents of alkyllithium is at least one.

12. A process as recited 1in Claim 1 wherein the

alkyne i1s a terminal alkyne of the structural formula

CH,
He—C===C P

OTMS ( OTES )

13. A process as recited in Claim 1 wherein the alkyne is

a terminal alkyne of the structural formula

OTMS

l4. A process as recited 1in Claim 1 wherein the

alkyllithium reagent is methyllithium.

15. A process as recited 1in Claim 1 wherein the

alkyllithium is n—butyllithium.

16. A process as recited in Claim 1 wherein the reactions

are performed in a temperature range from —50°C to —78°C.
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17. A process as recited in Claim 1 wherein the reaction
process is  performed in a solvent comprising

tetrahydrofuran.

18. A process for preparing a higher order cuprate

complex comprising:

reacting an alkyne of the general formula:

 wherein R' contains from 1 to 20 carbon atoms with
zirconocene chloride hydride to produce an E—alkenyl

zirconium intermediate of the general formula:

R
<

reacting the E—alkenyl zirconium intermediate with an
alkyllithium and a copper reagent selected from R°Cu (CN) Li
and the mixture of CuCN and R°Li wherein R® is alkyl,
substituted alkyl, alkenyl, alkynyl, aryl, or a
heterocaromatic group, wherein said alkyl, alkenyl, and
alkynyl comprise from 1 to 7 carbon atoms, and wherein
sald aryl is unsubstituted, or substituted in one or more
positions by lower alkylenedioxy, halogen, nitro, lower
alkyl groups, lower alkoxy groups, and polynuclear aryl
groups to produce a higher order cuprate complex

intermediate of the general formula:
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Rk\\‘-__\\\
Cu (CN) U,

/

R

19. A process as recited in Claim 18 wherein the

is performed in a temperature range from -50°C to

20. A process as recited in Claim 18 wherein the

reagent is R*Cu(CN)Li.

21. A process as recited in Claim 18 wherein the

reagent is the reagent mixture of CuCN and R°Li.

-39~

reaction
-78°C.

copper

copper
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