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COMPOSITIONS AND METHODS FOR TREATING 
HAIR LOSS USING NON-NATURALLY 
OCCURRING PROSTAGLANDINS 

FIELD OF THE INVENTION 

[0001] This invention relates to compositions and methods 
for treating hair loss in mammals. More particularly, this 
invention relates to compositions and methods for arresting 
or reversing hair loss, or both, and promoting hair groWth. 

BACKGROUND OF THE INVENTION 

[0002] Hair loss is a common problem Which is, for 
example, naturally occurring or chemically promoted 
through the use of certain therapeutic drugs designed to 
alleviate conditions such as cancer. Often such hair loss is 
accompanied by lack of hair re-groWth Which causes partial 
or full baldness. 

[0003] Hair groWth on the scalp does not occur continu 
ously, but rather occurs by a cycle of activity involving 
alternating periods of groWth and rest. This cycle is divided 
into three main stages; anagen, catagen, and telogen. Anagen 
is the groWth phase of the cycle and is characteriZed by 
penetration of the hair follicle deep into the dermis With 
rapid proliferation of cells Which are differentiating to form 
hair. The next phase is catagen, Which is a transitional stage 
marked by the cessation of cell division, and during Which 
the hair follicle regresses through the dermis and hair groWth 
ceases. The next phase, telogen, is characteriZed as the 
resting stage during Which the regressed follicle contains a 
germ With tightly packed dermal papilla cells. At telogen, 
the initiation of a neW anagen phase is caused by rapid cell 
proliferation in the germ, expansion of the dermal papilla, 
and elaboration of basement membrane components. When 
hair groWth ceases, most of the hair follicles reside in 
telogen and anagen is not engaged, thus causing the onset of 
full or partial baldness. 

[0004] Attempts to invoke the re-groWth of hair have been 
made by, for example, the promotion or prolongation of 
anagen. Currently, there are tWo drugs approved by the 
United States Food and Drug Administration for the treat 
ment of male pattern baldness: topical minoxidil (marketed 
as ROGAINE® by Pharmacia & Upjohn), and oral ?nas 
teride (marketed as PROPECIA® by Merck & Co., Inc.). 
HoWever, the search for ef?cacious hair groWth inducers is 
ongoing due to factors including safety concerns and limited 
ef?cacy. 

[0005] The thyroid hormone thyroxine (“T4”) converts to 
thyronine (“T3”) in human skin by deiodinase I, a seleno 
protein. Selenium de?ciency causes a decrease in T3 levels 
due to a decrease in deiodinase I activity; this reduction in 
T3 levels is strongly associated With hair loss. Consistent 
With this observation, hair groWth is a reported side effect of 
administration of T4. See, e.g., Berman, “Peripheral Effects 
of L-Thyroxine on Hair GroWth and Coloration in Cattle”, 
Journal of Endocrinology, Vol. 20, pp. 282-292 (1960); and 
Gunaratnam, “The Effects of Thyroxine on Hair GroWth in 
the Dog”, J. SmallAnim. PracL, Vol. 27, pp. 17-29 (1986). 
Furthermore, T3 and T4 have been the subject of several 
patent publications relating to treatment of hair loss. See, 
e.g., Fischer et al., DE 1,617,477, published Jan. 8, 1970; 
Mortimer, GB 2,138,286, published Oct. 24, 1984; and 
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Lindenbaum, WO 96/25943, assigned to Life Medical Sci 
ences, Inc., published Aug. 29, 1996. 

[0006] Unfortunately, hoWever, administration of T3 or 
T4, or both, to treat hair loss is often not practicable because 
these thyroid hormones can induce signi?cant cardiotoxic 
ity. See, e.g., Walker et al., US. Pat. No. 5,284,971, assigned 
to Syntex, issued Feb. 8, 1994 and Emmett et al., US. Pat. 
No. 5,061,798, assigned to Smith Kline & French Labora 
tories, issued Oct. 29, 1991. 

[0007] In an alternative approach, prostaglandins have 
been proposed to promote hair groWth because prostaglan 
dins may have a similar bene?t to thyroid hormones, i.e., 
increasing hair length and changing pigmentation. Naturally 
occurring prostaglandins (e.g., PGA2, PGB2, PGEl, PGFZOL, 
and PGI2) are C-20 unsaturated fatty acids. PGFZOL, the 
naturally occurring Prostaglandin F analog in humans, is 
characteriZed by hydroxyl groups at the C9 and C11 posi 
tions on the alicyclic ring, a cis-double bond betWeen C5 and 
C6, and a trans-double bond betWeen C13 and C14. PGFZOL 
has the formula: 

[0008] Analogs of naturally occurring Prostaglandin F are 
knoWn in the art. For example, see US. Pat. No. 4,024,179 
issued to Bindra and Johnson on May 17, 1977; German 
Patent No. DT-002,460,990 issued to Beck, Lerch, Seeger, 
and Teufel published on Jul. 1, 1976; US. Pat. Ser. No.4, 
128,720 issued to Hayashi, Kori, and Miyake on Dec. 5, 
1978; US. Pat. No. 4,011,262 issued to Hess, Johnson, 
Bindra, and Schaaf on Mar. 8, 1977; US. Pat. No. 3,776,938 
issued to Bergstrom and Sjovall on Dec. 4, 1973; P. W. 
Collins and S. W. Djuric, “Synthesis of Therapeutically 
Useful Prostaglandin and Prostacyclin Analogs”, Chem. 
Reu, Vol. 93, pp. 1533-1564 (1993); G. L. Bundy and F. H. 
Lincoln, “Synthesis of 17-Phenyl-18,19,20-Trinorprostag 
landins: I. The PG1 Series”,Pr0staglandin, Vol, 9 No. 1, pp. 
1-4 (1975); W. Bartman, G. Beck, U. Lerch, H. Teufel, and 
B. Scholkens, “Luteolytic Prostaglandin: Synthesis and Bio 
logical Activity”,Prostaglandin, Vol. 17 No. 2, pp. 301-311 
(1979); C. Iiljebris, G. Selen, B. Resul, J. SternschantZ, and 
U. Hacksell, “Derivatives of 17-Phenyl-18, 19,20-trinor 
prostaglandin Fzot. Isopropyl Ester: Potential Antiglaucoma 
Agents”,J0urnal ofMea'icinal Chemistry, Vol. 38, No. 2, pp. 
289-304 (1995). 

[0009] Prostaglandins in general have a Wide range of 
biological activities. For example, PGE2 has the folloWing 
properties: a) regulator of cell proliferation, b) regulator of 
cytokine synthesis, c) regulator of immune responses and d) 
inducer of vasodilatation. Vasodilatation is thought to be one 
of the mechanisms of hoW minoxidil provides a hair groWth 
bene?t. In vitro results in the literature also indicate some 
anti-in?ammatory properties of the prostaglandins. c. f.; 
Tanaka, H. Br J. Pharm. 116, 2298, (1995). 
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[0010] However, previous attempts at using prostaglan 
dins to promote hair growth have been unsuccessful. Dif 
ferent prostaglandin analogs can bind to multiple receptors 
at various concentrations With a biphasic effect. Further 
more, administration of naturally occurring prostaglandins 
can cause side effects such as in?ammation, surface irrita 
tion, smooth muscle contraction, pain, and bronchoconstric 
tion. Therefore, it is an object of this invention to provide 
methods for using prostaglandin analogs to groW hair and to 
provide compositions that promote hair groWth in humans 
and loWer animals. It is a further object of this invention to 
provide a selection of appropriate prostaglandin analogs that 
Will promote hair groWth and that do not cause signi?cant 
undesirable side effects. 

SUMMARY OF THE INVENTION 

[0011] This invention relates to compositions and methods 
for treating hair loss. The methods comprise administering 
the compositions comprising speci?c prostaglandin analogs 
that interact strongly With hair-selective receptors, such as 
the FP receptor. The choice of prostaglandin analog is 
important because the prostaglandin analogs must selec 
tively activate the FP receptor and not activate any other 
receptors that Would negate the effect of activating the FP 
receptor. The compositions comprise: component A) the 
prostaglandin analog, component B) a carrier, and optionally 
component C) an activity enhancer. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0012] This invention relates to compositions and methods 
using prostaglandin E analogs (“PGF’s”) to treat hair loss in 
mammals. “Treating hair loss” includes arresting hair loss or 
reversing hair loss, or both, and promoting hair groWth. 

[0013] Publications and patents are referred to throughout 
this disclosure. All US. Patents cited herein are hereby 
incorporated by reference. 

[0014] All percentages, ratios, and proportions used herein 
are by Weight unless otherWise speci?ed. 

De?nition and Usage of Terms 

[0015] The folloWing is a list of de?nitions for terms, as 
used herein: 

[0016] “Activate” means binding and signal trans 
duction of a receptor. 

[0017] “Acyl group” means a monovalent group suit 
able for acylating a nitrogen atom to form an amide 
or carbamate, an alcohol to form a carbonate, or an 
oXygen atom to form an ester group. Preferred acyl 
groups include benZoyl, acetyl, tert-butyl acetyl, 
para-phenyl benZoyl, and tri?uoroacetyl. More pre 
ferred acyl groups include acetyl and benZoyl. The 
most preferred acyl group is acetyl. 

[0018] “Aromatic group” means a monovalent group 
having a monocyclic ring structure or fused bicyclic 
ring structure. Monocyclic aromatic groups contain 5 
to 10 carbon atoms, preferably 5 to 7 carbon atoms, 
and more preferably 5 to 6 carbon atoms in the ring. 
Bicyclic aromatic groups contain 8 to 12 carbon 
atoms, preferably 9 or 10 carbon atoms in the ring. 
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Aromatic groups are unsubstituted. The most pre 
ferred aromatic group is phenyl. Bicyclic aromatic 
groups include ring systems Wherein one ring in the 
system is aromatic. Preferred bicyclic aromatic 
groups are ring systems Wherein both rings in the 
system are aromatic. Preferred aromatic rings 
include naphthyl and phenyl. The most preferred 
aromatic ring is phenyl. 

[0019] “Carbocyclic group” means a monovalent 
saturated or unsaturated hydrocarbon ring. Carbocy 
clic groups are monocyclic. Carbocyclic groups con 
tain 4 to 10 carbon atoms, preferably 4 to 7 carbon 
atoms, and more preferably 5 to 6 carbon atoms in 
the ring. Carbocyclic groups are unsubstituted. Pre 
ferred carbocyclic groups include cyclopentyl, 
cycloheXyl, cycloheXenyl, cycloheptyl, and cyclooc 
tyl. More preferred carbocyclic groups include 
cycloheXyl, cycloheptyl, and cyclooctyl. The most 
preferred carbocyclic group is cycloheptyl. Carbocy 
clic groups are not aromatic. 

[0020] “PP agonist” means a compound that activates 
the FP receptor. 

[0021] “PP receptor” means knoWn human FP recep 
tors, their splice variants, and undescribed receptors 
that have similar binding and activation pro?les as 
the knoWn human FP receptors. “FP” means the 
receptor is of the class Which has the highest affinity 
for PGFZOL of all the naturally occurring prostaglan 
dins. FP refers to a knoWn protein. 

[0022] “Halogen atom” means F, Cl, Br, or I. Pref 
erably, the halogen atom is F, C1, or Br; more 
preferably C1 or F; and most preferably F. 

[0023] “Halogenated heterogenous group” means a 
substituted heterogenous group or a substituted het 
erocyclic group, Wherein at least one substituent is a 
halogen atom. Halogenated heterogenous groups can 
have a straight, branched, or cyclic structure. Pre 
ferred halogenated heterogenous groups have 1 to 12 
carbon atoms, more preferably 1 to 6 carbon atoms, 
and most preferably 1 to 3 carbon atoms. Preferred 
halogen atom substituents are Cl and F. 

[0024] “Halogenated hydrocarbon group” means a 
substituted monovalent hydrocarbon group or a sub 
stituted carbocyclic group, Wherein at least one sub 
stituent is a halogen atom. Halogenated hydrocarbon 
groups can have a straight, branched, or cyclic 
structure. Preferred halogenated hydrocarbon groups 
have 1 to 12 carbon atoms, more preferably 1 to 6 
carbon atoms, and most preferably 1 to 3 carbon 
atoms. Preferred halogen atom substituents are Cl 
and F. The most preferred halogenated hydrocarbon 
group is tri?uoromethyl. 

[0025] “Heteroaromatic group” means an aromatic 
ring containing carbon and 1 to 4 heteroatoms in the 
ring. Heteroaromatic groups are monocyclic or fused 
bicyclic rings. Monocyclic heteroaromatic groups 
contain 5 to 10 member atoms (i.e., carbon and 
heteroatoms), preferably 5 to 7, and more preferably 
5 to 6 in the ring. Bicyclic heteroaromatic rings 
contain 8 to 12 member atoms, preferably 9 or 10 in 
the ring. Heteroaromatic groups are unsubstituted. 
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Bicyclic heteroaromatic groups include ring systems 
in Which only one ring is aromatic. Preferred bicyclic 
heteroaromatic groups are ring systems in Which 
both rings are aromatic. Preferred monocyclic het 
eroaromatic groups include thienyl, thiaZolyl, puri 
nyl, pyrimidyl, pyridyl, and furanyl. More preferred 
monocyclic heteroaromatic groups include thienyl, 
furanyl, and pyridyl. The most preferred monocyclic 
heteroaromatic group is thienyl. Preferred bicyclic 
heteroaromatic rings include benZothiaZolyl, ben 
Zothiophenyl, quinolinyl, quinoXalinyl, benZofura 
nyl, benZimidaZolyl, benZoXaZolyl, indolyl, and 
anthranilyl. More preferred bicyclic heteroaromatic 
rings include benZothiaZolyl, benZothiophenyl, and 
benZoXaZolyl. 

[0026] “Heteroatom” means an atom other than car 
bon in the ring of a heterocyclic group or the chain 
of a heterogeneous group. Preferably, heteroatoms 
are selected from the group consisting of nitrogen, 
sulfur, and oXygen atoms. Groups containing more 
than one heteroatom may contain different heteroa 
toms. 

[0027] “Heterocyclic group” means a saturated or 
unsaturated ring structure containing carbon and 1 to 
4 heteroatoms in the ring. No tWo heteroatoms are 
adjacent in the ring, and no carbon in the ring that has 
a heteroatom bonded to it also has a hydroXyl, 
amino, or thiol group bonded to it. Heterocyclic 
groups are not aromatic. Heterocyclic groups are 
monocyclic. Heterocyclic groups contain 4 to 10 
member atoms (i.e., including both carbon atoms and 
at least 1 heteroatom), preferably 4 to 7, and more 
preferably 5 to 6 in the ring. Heterocyclic groups are 
unsubstituted. Preferred heterocyclic groups include 
piperZyl, morpholinyl, tetrahydrofuranyl, tetrahy 
dropyranyl, and piperdyl. 

[0028] “Heterogeneous group” means a saturated or 
unsaturated chain containing 1 to 18 member atoms 
(i.e., including both carbon and at least one heteroa 
tom). No tWo heteroatoms are adjacent. Preferably, 
the chain contains 1 to 12 member atoms, more 
preferably 1 to 6. “LoWer heterogeneous” means a 
heterogeneous group having 1 to 6, preferably 1 to 3, 
member atoms. The chain may be straight or 
branched. Preferred branched heterogeneous groups 
have one or tWo branches, preferably one branch. 
Preferred heterogeneous groups are saturated. Unsat 
urated heterogeneous groups have one or more 
double bonds, one or more triple bonds, or both. 
Preferred unsaturated heterogeneous groups have 
one or tWo double bonds or one triple bond. More 
preferably, the unsaturated heterogeneous group has 
one double bond. Heterogeneous groups are unsub 
stituted. 

[0029] “Monovalent hydrocarbon group” means a 
chain of 1 to 18, preferably 1 to 12, carbon atoms. 
“LoWer monovalent hydrocarbon group” means a 
monovalent hydrocarbon group having 1 to 6, pref 
erably 1 to 3, carbon atoms. Monovalent hydrocar 
bon groups may have a straight chain or branched 
chain structure. Preferred monovalent hydrocarbon 
groups have one or tWo branches, preferably I 
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branch. Preferred monovalent hydrocarbon groups 
are saturated. Unsaturated monovalent hydrocarbon 
groups have one or more double bonds, one or more 

triple bonds, or combinations thereof. Preferred 
unsaturated monovalent hydrocarbon groups have 
one or tWo double bonds or one triple bond; more 
preferred unsaturated monovalent hydrocarbon 
groups have one double bond. 

[0030] “Pharmaceutically acceptable” means suitable 
for use in a human or other mammal. 

[0031] “Prostaglandin” means a fatty acid derivative 
Which has a variety of potent biological activities of 
a hormonal or regulatory nature. 

[0032] “Protecting group” is a group that replaces the 
active hydrogen of a hydroXyl moiety thus prevent 
ing undesired side reaction at the hydroXyl moiety. 
Use of protecting groups in organic synthesis is Well 
knoWn in the art. Examples of protecting groups are 
found in Chapter 2 Protecting Groups in Organic 
Synthesis by Greene, T. W. and Wuts, P. G. M., 2nd 
ed., Wiley & Sons, Inc., 1991. Preferred protecting 
groups include silyl ethers, alkoXymethyl ethers, 
tetrahydropyranyl, tetrahydrofuranyl, esters, and 
substituted or unsubstituted benZyl ethers. 

[0033] “Safe and effective amount” means a quantity 
of a prostaglandin high enough to provide a signi? 
cant positive modi?cation of the subject’s condition 
to be treated, but loW enough to avoid serious side 
effects (at a reasonable bene?t/risk ratio). 

[0034] “Selective” means having a binding or acti 
vation preference for a speci?c receptor over other 
receptors Which can be quantitated based upon 
receptor binding or activation assays. 

[0035] “Subject” means a living, vertebrate, hair- or 
fur-bearing animal such as a mammal (preferably 
human) in need of treatment. 

[0036] “Substituted aromatic group” means an aro 
matic group Wherein 1 to 4 of the hydrogen atoms 
bonded to carbon atoms in the ring have been 
replaced With other substituents. Preferred substitu 
ents include: halogen atoms, cyano groups, monova 
lent hydrocarbon groups, substituted monovalent 
hydrocarbon groups, heterogeneous groups, substi 
tuted heterogeneous groups, aromatic groups, sub 
stituted aromatic groups, or any combination thereof. 
More preferred substituents include halogen atoms, 
halogenated monovalent hydrocarbon groups, phe 
nyl groups, and phenoXy groups. Preferred substi 
tuted aromatic groups include naphthyl. The sub 
stituents may be substituted at the ortho, meta, or 
para position on the ring, or any combination thereof. 
The preferred substitution pattern on the ring is ortho 
or meta. The most preferred substitution pattern is 
ortho. 

[0037] “Substituted carbocyclic group” means a car 
bocyclic group Wherein 1 to 4 hydrogen atoms 
bonded to carbon atoms in the ring have been 
replaced With other substituents. Preferred substitu 
ents include: halogen atoms, cyano groups, monova 
lent hydrocarbon groups, monovalent heterogeneous 
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groups, substituted monovalent hydrocarbon groups, 
substituted heterogeneous groups, aromatic groups, 
substituted aromatic groups, or any combination 
thereof. More preferred substituents include halogen 
atoms, halogenated monovalent hydrocarbon 
groups, phenyl groups, and phenoXy groups. 

[0038] “Substituted heteroaromatic group” means a 
heteroaromatic group Wherein 1 to 4 hydrogen atoms 
bonded to carbon atoms in the ring have been 
replaced With other substituents. The substituents 
include halogen atoms, acyl groups, cyano groups, 
monovalent hydrocarbon groups, substituted 
monovalent hydrocarbon groups, heterogeneous 
groups, substituted heterogeneous groups, aromatic 
groups, substituted aromatic groups, heteroaromatic 
groups, substituted heteroaromatic groups, and any 
combination thereof. Preferred substituents include 
halogen atoms, cyano groups, monovalent hydrocar 
bon groups, substituted monovalent hydrocarbon 
groups, heterogeneous groups, substituted heteroge 
neous groups, phenyl groups, phenoXy groups, or 
any combination thereof. More preferred substitu 
ents include halogen atoms, halogenated hydrocar 
bon groups, monovalent hydrocarbon groups, halo 
genated heterogenous groups, and phenyl groups. 

[0039] “Substituted heterocyclic group” means a het 
erocyclic group Wherein 1 to 4 hydrogen atoms 
bonded to carbon atoms in the ring have been 
replaced With other substituents. Preferred substitu 
ents include: halogen atoms, cyano groups, monova 
lent hydrocarbon groups, substituted monovalent 
hydrocarbon groups, heterogeneous groups, substi 
tuted heterogeneous groups, aromatic groups, sub 
stituted aromatic groups, or any combination thereof. 
More preferred substituents include halogen atoms, 
halogenated hydrocarbon groups, phenyl groups, 
phenoXy groups, or any combination thereof. Sub 
stituted heterocyclic groups are not aromatic. 

[0040] “Substituted heterogeneous group” means a 
heterogeneous group, Wherein 1 to 4 of the hydrogen 
atoms bonded to carbon atoms in the chain have been 
replaced With other substituents. Preferably substi 
tuted heterogeneous groups are mono, di, or trisub 
stituted. Preferred substituents include halogen 
atoms, hydroXy groups, carboXy groups, aryloXy 
groups (e.g., phenoXy, chlorophenoXy, tolyloXy, 
methoXyphenoXy, benZyloXy, alkyloXycarbonylphe 
noXy, and acyloXyphenoXy), acyloXy groups (e.g., 
propionyloXy, benZoyloXy, and acetoXy), aromatic 
groups (e.g., phenyl and tolyl), substituted aromatic 
groups (e.g., alkoXyphenyl, alkoXycarbonylphenyl, 
and halophenyl), heterocyclic groups, heteroaro 
matic groups, substituted heterocyclic groups, and 
amino groups (e.g., amino, mono- and di- alky 
lamino having 1 to 3 carbon atoms, methylpheny 
lamino, methylbenZylamino, alkanylamido groups 
of 1 to 3 carbon atoms, carbamamido, ureido, and 
guanidino). 

[0041] “Substituted monovalent hydrocarbon group” 
means a monovalent hydrocarbon group Wherein 1 to 
4 of the hydrogen atoms bonded to carbon atoms in 
the chain have been replaced With other substituents. 
Preferred substituted monovalent hydrocarbon 
groups are mono, di, or trisubstituted. Preferred 
substituents include halogen atoms; loWer monova 

Nov. 21, 2002 

lent hydrocarbon groups; hydroXy groups; aryloXy 
groups (e.g., phenoXy, chlorophenoXy, tolyloXy, 
methoXyphenoXy, benZyloXy, alkyloXycarbonylphe 
noXy, and acyloXyphenoXy); acyloXy groups (e.g., 
propionyloXy, benZoyloXy, and acetoXy); carboXy 
groups; monocyclic aromatic groups; monocyclic 
heteroaromatic groups; monocyclic carbocyclic 
groups, monocyclic heterocyclic groups, and amino 
groups (e.g., amino, mono- and di-alkanylamino 
groups of 1 to 3 carbon atoms, methylphenylamino, 
methylbenZylamino, alkanylamido groups of 1 to 3 
carbon atoms, carbamamido, ureido, and guanidino). 

Prostaglandins Used in the Invention 

[0042] This invention relates to the use of prostaglandin F 
analogs (PGF’s) to treat hair loss. Suitable PGF’s can have 
a structure selected from the group consisting of: 

[0043] The PGF can also be selected from the group 
consisting of pharmaceutically acceptable salts and hydrates 
of the structures above; biohydrolyZable amides, esters, and 
imides of the structures above; and optical isomers, diaste 
reomers, and enantiomers of the structures above. Thus, at 
all stereocenters Where stereochemistry is not de?ned (C11, 
C12, and C15), both epimers are envisioned. Preferred ste 
reochemistry at all such stereocenters of the compounds of 
the invention mimic that of naturally occurring PGFZOL. A 
combination of tWo or more PGF’s can also be used. 

[0044] R1 is selected from the group consisting of 
C(O)OH, C(O)NHOH, CSO)OR3, CHZOH, S(O)2R3, 
C(O)NHR3, C(O)NHS(O)2R , tetraZole, a cationic salt moi 
ety, a pharmaceutically acceptable amine or ester compris 
ing 2 to 13 carbon atoms, and a biometaboliZable amine or 
ester comprising 2 to 13 atoms. Preferably, R1 is selected 
from the group consisting of COZH, C(O)NHOH, CO2R3, 
C(O)NHS(O)2R4, and tetraZole. More preferably, R1 is 
selected from the group consisting of COZH and CO2R3. 

[0045] R2 is selected from the group consisting of a 
hydrogen atom, a loWer heterogenous group, and loWer 
monovalent hydrocarbon groups. Preferably, R2 is a hydro 
gen atom. 
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[0046] R3 is selected from the group consisting of a 
monovalent hydrocarbon group, a heterogeneous group, a 
carbocyclic group, a heterocyclic group, an aromatic group, 
a heteroaromatic group, a substituted monovalent hydrocar 
bon group, a substituted heterogeneous group, a substituted 
carbocyclic group, a substituted heterocyclic group, a sub 
stituted aromatic group, and a substituted heteroaromatic 
group. Preferably, R3 is selected from the group consisting 
of methyl, ethyl, and isopropyl 

[0047] R4 is selected from the group consisting of a 
monovalent hydrocarbon group, a heterogeneous group, a 
carbocyclic group, a heterocyclic group, an aromatic group, 
a heteroaromatic group, a substituted monovalent hydrocar 
bon group, a substituted heterogeneous group, a substituted 
carbocyclic group, a substituted heterocyclic group, a sub 
stituted aromatic group, and a substituted heteroaromatic 
group. Preferably, R4is a phenyl group. 

[0048] X is divalent. X is selected from the group con 
sisting of —CEC—, a covalent bond, —CH=C=CH—, 
—CH=CH—, —CH=N—, —C(O)—, —C(O)Y—, 
—(CH2)n—, Wherein n is 2 to 4, —CH2NH—, —CH2S—, 
and —CH2O—. 

[0049] Y is selected from the group consisting of O, S, and 
NH. 

[0050] Z is selected from the group consisting of a car 
bocyclic group, a heterocyclic group, an aromatic group, a 
heteroaromatic group, a substituted carbocyclic group, a 
substituted heterocyclic group, a substituted aromatic group, 
and a substituted heteroaromatic group. 

[0051] Preferably, When X is a covalent bond, Z is selected 
from the group consisting of an aromatic group, a heteroaro 
matic group, a substituted aromatic group, and a substituted 
heteroaromatic group. More preferably, When X is a cova 
lent bond, Z is a bicyclic heteroaromatic group. 

[0052] Preferably, When X is —CEC—, Z is a monocyclic 
aromatic group. More preferably, When X is —CEC—, Z is 
selected from the group consisting of furanyl, thienyl, and 
phenyl. 
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[0053] Bonds shoWn as dashed lines in the second struc 
ture above indicate that those bonds may optionally be 
double or triple bonds. For example, When R1 is C(O)OH in 
the structure: 

[0054] The bond at the C2-C3 position may be a single 
bond or a double bond. The bond at the C5-C6 position may 
be a single, double, or triple bond. The bond at the C13-C14 
position may be a single, double, or triple bond. 

[0055] Examples of PGF’s’having the structure: 

HO 

[0056] Which are suitable for component A) are 
shoWn beloW in Tables 1 and 2. 

TABLE 1 

Examples of Suitable PGF’s for Component A) 

13,14-dihydro-1 6,17-Z-didehydro-17 

(2—fluorophenyl)—17-trinor PGFla 

OH 
5 
: 

13,14-dihydro-16,17-Z-didehydro-17 

(2—fluorophenyl)—17-trinor PGFla 
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TABLE 1-continued 
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Examples of Suitable PGF’s for Component A) 

13,14-dihydro-1 6,17-didehydro-17 
aza-17—(2—furanyl)—17—trinor PGFla 

OH OH 
3 
~ 

: 

HO 

13,14-dihydro-1 6,17-didehydro-17 
aza-17—(3—?uorophenyl)—17-trinor 
PGFla 

OH OH 

13,14-dihydro-1 6- oXo-17-aZa-17 
(4—phenylphenyl)— 1 7-trinor PGFla 

13,14-dihydro-16,17-didehydro-17 
aza-17—(2—furanyl)—17—trinor PGFlcx 
1-hydroxamic acid 

13,14-dihydro-16,17-didehydro-17 
aza-17—(3—chlorophenyl)—17-trinor 
PGFlcx 1-hydroxamic acid 

Cl 

OH 

13,14-dihydro-1 6,17-didehydro-17 
aZa-17- (2—thienyl)—17—trinor PGFla 
1-methanesulfonamide 

/ N\SO2 

[0057] Where Me in the table above represents a methyl 
group. 

[0058] The PGF’s in Table 1 can be prepared using 
conventional organic syntheses. Preferred syntheses are car 
ried out using reaction schemes 1, 2, and 3. Scheme 1 
describes a general reaction scheme for making PGFs 

Wherein X is —CH=CH— (Formula I) or 
—CH=C=CH— (Formula II). Scheme 2 describes a gen 
eral reaction scheme for making PGFs Wherein X is 

—C(O)— (Formula III) or —C(O)Y— (Formula IV). 
Scheme 3 describes a general reaction scheme for making 
PGFs Wherein X is —CH=N— (Formula V). 
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Scheme 1 

HO S1a 

1) Protect Alcohol 
2) Conjugate addition 
3) Reduce ketone, protect resultant alcohol 

O 

1) Add /\ 
2) Manipulation of C1 
3) Removal of Protecting Groups 

Formula I 

[0059] In Scheme 1, R1 and Z are as de?ned above. The 
methyl 7(3-(R)-hydroXy-5-oXo-1-cyclopent-1-yl) hep 
tanoate (S1a) depicted as starting material for Scheme 1 is 
commercially available (such as from Sumitomo Chemical 
or Cayman Chemical). 

[0060] In Scheme 1, methyl 7-(3-(R)-hydroXy-5-oXo-1 
cyclopent-l-yl) heptanoate (S1a) is reacted With a silylating 
agent and base in a solvent that Will alloW the silylation to 
proceed. Preferred silylating agents include tert-butyldim 
ethylsilyl chloride and tert-butyldimethylsilyl tri?uo 
romethanesulphonate. The most preferred silylating agent is 
tert-butyldimethylsilyl tri?uoromethanesulphonate. Pre 
ferred bases include triethylamine, trimethylamine, and 2,6 
lutidine. More preferred bases include triethylamine and 
2,6-lutidine. The most preferred base is 2,6-lutidine. Pre 
ferred solvents include halogenated hydrocarbon solvents 

MO/ Cleave alkene to aldehyde 
—> 

Z anion 

1) Add /\Z anion 
2) Manipulation of C1 
3) Removal of Protecting Groups 

Formula II 

With dichloromethane being the most preferred solvent. The 
reaction is alloWed to proceed at a temperature of preferably 
—100° C. to 100° C., more preferably —80° C. to 80° C., and 
most preferably —70° C. to 23° C. 

[0061] The resulting silylated compound is isolated by 
methods knoWn to one of ordinary skill in the art. Such 

methods include extraction, solvent evaporation, distillation, 
and crystallization. Preferably, the silyl ether is puri?ed after 
isolation by distillation under vacuum. 

[0062] The silylated compound is then reacted With the 
cuprate generated via Grignard formation of the appropriate 
alkenyl bromide as disclosed, for example, in the folloWing 
references: H. O. House et. al., “The Chemistry of Carban 
ions: A Convenient Precursor for the Generation of Lithium 

Organocuprates”,J. Org. Chem. Vol. 40 (1975) pp. 1460-69; 
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and P. Knochel et. al., “Zinc and Copper Carbenoids as 
Ef?cient and Selective a‘/d‘ Multicoupling Reagents”, J. 
Amer Chem. Soc. Vol. 111 (1989) p. 6474-76. Preferred 
alkenyl bromides include 4-bromo-1-butene, 4-bromo-1 
butyne, 4-bromo-2-methyl-1-butene, and 4-bromo-2-ethyl 
1-butene. The most preferred alkenyl bromide is 4-bromo 
1-butene. Preferred solvents include ethereal solvents, of 
Which diethyl ether and tetrahydrofuran are preferred. The 
most preferred solvent is tetrahydrofuran. The Grignard 
reagent is alloWed to form at a temperature of 100° C. to 23° 
C., more preferably 85° C. to 30° C., and most preferably 
75° C. to 65° C. The reaction time is preferably 1 to 6 hours, 
more preferably 2 to 5 hours, and most preferably 3 to 4 
hours. 

[0063] Once the Grignard reagent is formed, the cuprate is 
generated from the alkenyl magnesium species. The tem 
perature range for cuprate formation is —100° C. to 0° C. The 
preferred temperature range is —80° C. to —20° C. The more 
preferred temperature range is —75° C. to —50° C. The 
preferred reaction time is 30 minutes to 6 hours, more 
preferably 45 minutes to 3 hours. The most preferred reac 
tion time is 1 to 1.5 hours. 

[0064] The alkene thus formed is isolated by methods 
knoWn to one of ordinary skill in the art. Such methods 

include extraction, solvent evaporation, distillation, and 
crystalliZation. Preferably, the alkene is puri?ed by ?ash 
chromatography on silica gel (Merck, 230-400 mesh) using 
10% EtOAc/hexanes as the eluent. (EtOAc represents ethyl 
acetate.) 
[0065] The alkene is then reacted With a hydride reducing 
agent and a polar, protic solvent to give the C-9 alcohol. 
Preferred reducing agents include lithium aluminum 
hydride, sodium borohydride, and L-selectride. More pre 
ferred reducing agents include sodium borohydride, and 
L-selectride. The most preferred reducing agent is sodium 
borohydride. Preferred solvents include methanol, ethanol, 
and butanol. The most preferred solvent is methanol. The 
reduction is carried out at a temperature of —100° C. to 23° 
C. The preferred temperature range is —60° C. to 0° C. The 
most preferred temperature range is —45° C. to —20° C. 

[0066] The resulting alcohol is isolated by methods knoWn 
to one of ordinary skill in the art. Such methods include 

extraction, solvent evaporation, distillation, and crystalliZa 
tion. Preferably, the alcohol is puri?ed by ?ash chromatog 
raphy on silica gel (Merck, 230-400 mesh) using 20% 
EtOAc/hexanes as the eluent. 

[0067] The resultant alcohol can be protected as described 
previously herein. Preferred silylating agents in this case 
also include tert-butyldimethylsilyl chloride and tert-bu 
tyldimethylsilyl tri?uoromethanesulfonate. The most pre 
ferred silylating agent is tert-butyldimethylsilyl tri?uo 
romethanesulfonate. Preferred bases include triethylamine, 
trimethylamine, and 2,6-lutidine. More preferred bases 
include triethylamine and 2,6-lutidine. The most preferred 
base is 2,6-lutidine. Preferred solvents include halogenated 
hydrocarbon solvents With dichloromethane being the most 
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preferred solvent. The reaction is alloWed to proceed at a 
temperature of preferably —100° C. to 100° C., more pref 
erably —80° C. to 80° C., and most preferably —70° C. to 23° 
C. 

[0068] The resulting silylated compound, Slb is isolated 
by methods knoWn to one of ordinary skill in the art. Such 

methods include extraction, solvent evaporation, distillation, 
and crystalliZation. Preferably, the silyl ether is puri?ed after 
isolation by distillation under vacuum, giving compound 
S1b. 

[0069] The protected alcohol is then treated With a form of 
osmium and sodium periodate in a solvent in Which both are 

soluble. Preferred forms of osmium include osmium tetraox 
ide and potassium osmate. Preferred solvent systems include 
1:1 mixtures of acetic acid and Water and 1:1:2 mixtures of 

Water, acetic acid and THF. (THF represents tetrahydrofu 
ran.) The result of this treatment is the aldehyde, S1c. 

[0070] The compound S1c is isolated by methods knoWn 
to one of ordinary skill in the art. Such methods include 

extraction, solvent evaporation, distillation, and crystalliZa 
tion. Preferably, S1c is puri?ed by ?ash chromatography on 
silica gel (Merck, 230-400 mesh) using 20% EtOAc/hexanes 
as the eluent. 

[0071] The key intermediate aldehyde depicted as S1c can 
be reacted With a variety of unsaturated alkenyl anion 
nucleophiles to provide the C-9 and C-11-protected 13,14 
dihydro-prostaglandin Fm derivatives. 

[0072] The resulting compounds can be isolated, but are 
generally deprotected using techniques knoWn to one of 
ordinary skill in the art, and optionally, manipulated at C-1 
to provide the desired acid derivative at R1. For example, the 
condensation of a methyl ester With an amine or a hydroxy 

lamine provides an amide or a hydroxamic acid compound, 
respectively. After any such manipulation at C-1, the com 
pounds are isolated as the ?nal 13,14-dihydro-15-substi 
tuted-15-pentanor prostaglandin Fm derivative, Formula I. 

[0073] Compounds depicted by Formula II can be made 
directly from intermediate S1c in a manner similar to that for 

compounds depicted by Formula I substituting the appro 
priate allene anion. With allene nucleophiles, the reaction is 
carried out preferably at —80° C. to 0° C., more preferably 
—80° C. to —20° C, and most preferably —80° C. to —40° C. 
Preferred bases for the reaction include n-butyl lithium, 
s-butyl lithium, and t-butyl lithium. The most preferred base 
is n-butyl lithium. Preferred solvents for the reaction are 
ether solvents. Preferred solvents include diethyl ether, and 
tetrahydrofuran. The most preferred solvent is tetrahydro 
furan. With heterocyclic nucleophiles, preferred solvents 
include ethereal solvents. More preferred ethereal solvents 
include diethyl ether, dibutyl ether and tetrahydrofuran. The 
most preferred ethereal solvent is tetrahydrofuran. After 
isolation, similar C-1 manipulations and/or deprotection of 
the functional groups ensues using techniques knoWn to one 
of ordinary skill in the art. 
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Scheme 2 

1) Add borane to alkene 
2) OxidiZe to aldehyde or acid 

S2a 

W: H or OH 

1) Add Z-anion (ifW : H) 
2) OxidiZe to ketone 
3) Remove ester 
4) OxidiZe ketone enolate to alpha hydroxy ketone 
5) Remove protecting groups on the alcohols/ 

Optionally manipulate C1 if other than 
acid is desired 

OH 

HO 

HO Z 

Formula III 

[0074] In Scheme 2, R1, Y, and Z are as de?ned above. The 
protected alcohol S1b (from Scheme 1) is treated With a 
hydroborating reagent in an ethereal solvent, followed by 
oxidative removal of the boron reagent With a suitable 
oxidant to give a compound of the type S2a. Preferred 
hydroborating reagents include monochloroborane-dimeth 
ylsul?de, diborane, borane-tetrahydrofuran and borane-dim 
ethylsul?de. The most preferred hydroborating reagent is 
borane-dimethylsul?de. Preferred ethereal solvents include 

Create Ester/ Amide 

(if W = OH) 

1) Selective Removal of Methyl Ester 
2) OxidiZe alpha to ester via ester enolate 
3) Remove protecting groups on alcohol 

Optionally manipulate C1 if other than 
Acid is desired 

OH 

HO 

Formula IV 

THF and diethyl ether. The most preferred solvent is THF. 
The reaction is carried out from about 1 to about 24 hours 

at a temperature of about —20° C. to about +30° C. The 
preferred temperature range is about 0° C. to about +20° C. 
The hydroborated product of this reaction may then be 
oxidatively removed to the alcohol using alkaline hydrogen 
peroxide (See Boranes in Organic Chemistry, H. C. BroWn, 
Cornell University Press, Ithaca, NY. 1972, pp. 321-325), 
Which may then be oxidized to either the aldehyde 



US 2002/0172693 A1 

or to the acid (W=OH) using methods known to one of 
ordinary skill in the art. Alternatively, the hydroborated 
product may be directly oxidiZed to the aldehyde or acid by 
treatment With chromic acid or a Cr(VI) salt. Such salts 
include pyridinium chlorochromate (PCC) and dichloro 
chromate. See BroWn, H. C.; Kulkarni, Rao, and Patil, 
Tetrahedron, 1986, 45515. The preferred method is treat 
ment of the hydroborated product With PCC in dichlo 
romethane at room temperature. The result of these manipu 
lations is a compound of the type S2a. 

[0075] The compound S2a is isolated by methods knoWn 
to one of ordinary skill in the art. Such methods include 

extraction, solvent evaporation, distillation, and crystalliZa 
tion. Preferably, S2a is puri?ed by ?ash chromatography on 
silica gel (Merck, 230-400 mesh) using 20% EtOAc/hexanes 
as the eluent With 0.1% acetic acid added if W=OH. 

[0076] The key intermediate aldehyde depicted as S2a can 
be reacted With a variety unsaturated carbon nucleophiles to 
provide the C-9 and C-11-protected 13,14-dihydro-16-tetra 
nor prostaglandin Fm derivatives of Formula III. 

[0077] With aromatic and heteroaromatic nucleophiles, 
the reaction is carried out preferably at —80° C. to 0° C., 
more preferably —80° C. to —20° C., and most preferably 
—80° C. to —40° C. Preferred bases for the reaction include 
n-butyl lithium, s-butyl lithium, lithium diisopropylamide, 
and t-butyl lithium. The most preferred base is n-butyl 
lithium. Preferred solvents for the reaction are ether sol 
vents. Preferred solvents include diethyl ether, and tetrahy 
drofuran. The most preferred solvent is tetrahydrofuran. 
With heterocyclic nucleophiles, preferred solvents include 
ethereal solvents. More preferred ethereal solvents include 
diethyl ether, dibutyl ether and tetrahydrofuran. The most 
preferred ethereal solvent is tetrahydrofuran. 

[0078] The resulting alcohol can be isolated, but is gen 
erally oxidiZed as a crude isolate. The oxidation of benZylic 
alcohols to benZylic ketones is Well knoWn in the art. The 
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preferred reagents to effect this reaction include KMnO4, 
MnO2, chromic acid, Jones’ reagent, Collins’ reagent, and 
PCC. The most preferred method is oxidation at room 

temperature in dichloromethane With PCC for about 4 hours. 
The ketones are isolated by column chromatography using 
20% hexanes/ethyl acetate as solvent. The ester is then 

removed using standard conditions. See Greene and Wuts, 
Protecting Groups in Organic Synthesis, Wiley Interscience, 
NY pp. 224-276. The free acid is then treated With 2.1 

equivalents of a strong nitrogen base to effect deprotonation 
both of the acid and adjacent to the benZylic ketone. Such 
bases include LDA. This enolate is reacted With a peroxi 
diZing agent Which has the effect of oxidiZing the compound 
to deliver the alpha-hydroxy ketone. Such reagents include 
meta-chloroperoxybenZoic acid, dimethyl dioxirane, Davis’ 
reagent and peracetic acid. The crude product may be 
isolated or the remaining protecting groups may be 
removed. At this point manipulation of the acid at C-1 may 
take place. For example, re-esterifying, making the amide, 
the hydroxamic acid or the sulfonamide using methods 
knoWn to one of ordinary skill in the art may be performed 
to yield compounds according to Formula III. 

[0079] Compounds depicted by Formula IV can be made 
from intermediate S2b. In this case, condensation of the free 
acid is readily achieved With a variety of alcohols and 
amines, either by the use of coupling agents such as dicy 
clohexylcarbodiimide (“DCC”), or by activating the acid 
With, for example, oxalyl chloride. FolloWing this is the 
selective removal of the methyl esters as described in 
Greene and Wuts, Protecting Groups in Organic Synthesis, 
Wiley Interscience, NY pp. 224-276, and the oxidation of 
the ester enolates using the same technique described above 
for the ketone intermediates. Similarly, as described above, 
the remaining protecting groups are removed and the desired 
manipulation of C-1 is effected, yielding compounds of 
Formula IV. 

Scheme 3 

2) Optionally selectively protect secondary alcohol 
1) Oxidize alkene to diol 

3) Selectively oxidize primary alcohol 



US 2002/0172693 A1 
17 

Nov. 21, 2002 

-continued 

S3a 

Q : protecting group or H 

[0080] In Scheme 3, R1 and Z are as de?ned above. The 
alkene Slb (from Scheme 1) is treated With an osmium salt 
and With an optional catalyst reoxidant, preferably N-methyl 
morpholine N-oxide (“NMO”), to give the diol. This diol is 
isolated by extraction and puri?ed by silica gel chromatog 
raphy. The diol is then oxidiZed selectively to the alpha 
hydroxy aldehyde. This may be accomplished in several 
Ways. For example, a selective oxidant such as DMSO 
oxalyl chloride may be used. (“DMSO” represents dimeth 
ylsulfoxide.) Alternatively, the primary alcohol may be 
selectively protected, then the secondary alcohol protected, 

Condensation With 

appropriate amine 

Remove protecting 
OH groups on alcohols/ 

manipulate C1 

1 

HO 

HO 

Formula V 

then the protection on the primary alcohol may then be 
removed and the alcohol oxidiZed as described above in 
Scheme II. HoWever, the preferred method is the addition of 
a o-bromo-benZyl bromide protecting group, Which can be 
removed With concomitant oxidation by tributyl tin hydride 
and like reagents. This technique yields compounds of the 
type S3a, Wherein Q=H. From this step folloWs the con 
densation of the aldehyde With an amine to form an imine of 
the type S3b. Appropriate removal of protecting groups and 
manipulation of C-lL as stated above in Schemes I and II 
yields compounds of Formula V. 

TABLE 2 

Examples of Suitable PGF’s 

13,14-dihydro-15- (2—benzothienyl)—15— 
pentanor PGFla 

13,14-dihydro-15- (8-?uoro-2 
benZothiaZolyl)-15- pentanor PGFlcx 

13,14-dihydro-15-(2-benzothiazolyl) 
15-pentanor PGFla 

H OH 

\\ \\ \\ 

13,14-dihydro-16,17-ynyl17- (2,5 
di?uorophenyl)—17—trinor 
PGFm 












































