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EP4 RECEPTOR AGONIST, COMPOSITIONS 
AND METHODS THEREOF 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

This application claims the bene?t of US. Provisional 
Application Ser. No. 60/457,700, ?led Mar. 26, 2003. 

BACKGROUND OF THE INVENTION 

Glaucoma is a degenerative disease of the eye wherein the 
intraocular pressure is too high to permit normal eye function. 
As a result, damage may occur to the optic nerve head and 
result in irreversible loss of visual function. If untreated, 
glaucoma may eventually lead to blindness. Ocular hyperten 
sion, i.e., the condition of elevated intraocular pressure with 
out optic nerve head damage or characteristic glaucomatous 
visual ?eld defects, is now believed by the majority of oph 
thalmologists to represent merely the earliest phase in the 
onset of glaucoma. 
Many of the drugs formerly used to treat glaucoma proved 

unsatisfactory. Current methods of treating glaucoma include 
using therapeutic agents such as pilocarpine, carbonic anhy 
drase inhibitors, beta-blockers, prostaglandins and the like. 
However, these therapies often produce undesirable local 
effects. As can be seen, there are several current therapies for 
treating glaucoma and elevated intraocular pressure, but the 
e?icacy and the side effect pro?les of these agents are not 
ideal. Therefore, there still exists the need for new and elec 
tive therapies with little or no side effects. 
A variety of disorders in humans and other mammals 

involve or are associated with abnormal or excessive bone 
loss. Such disorders include, but are not limited to, osteoporo 
sis, glucocorticoid induced osteoporosis, Paget’s disease, 
abnormally increased bone turnover, periodontal disease, 
tooth loss, bone fractures, rheumatoid arthritis, periprosthetic 
osteolysis, osteogenesis imperfecta, metastatic bone disease, 
hypercalcemia of malignancy, and multiple myeloma. One of 
the most common of these disorders is osteoporosis, which in 
its most frequent manifestation occurs in postmenopausal 
women. Prostaglandins such as the PGE2 series are known to 
stimulate bone formation and increase bone mass in mam 
mals, including man. It is believed that the four different 
receptor subtypes, designated EPl, EP2, EP3, and EP4 are 
involved in mediating the bone modeling and remodeling 
processes of the osteoblasts and osteoclasts. The major pros 
taglandin receptor inbone is EP4, which is believed to provide 
its effect by signaling via cyclicAMP. In the present invention 
it is found that the formula I agonists of the EP4 subtype 
receptor are useful for stimulating bone formation. WO 
02/24647, WO 02/42268, EP 1114816, WO 01/46140 and 
WO 01/72268 disclose EP4 agonists. However, they do not 
disclose the compounds of the instant invention. 

SUMMARY OF THE INVENTION 

This invention relates to agonists of the EP4 subtype of 
prostaglandin E2 receptors and their use or a formulation 
thereof in the treatment of glaucoma and other conditions that 
are related to elevated intraocular pressure in the eye of a 
patient. In particular, this invention relates to a series of 1,6 
disubstituted piperidin-2-one, 3,4-disubstituted 1,3-oxaZi 
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2 
nan-2-one, 3,4-disubstituted 1,3-thiaZinan-2-one, and 4,5 
disubstituted morpholin-3-one derivatives and their use to 
treat ocular diseases and to provide a neuroprotective effect to 
the eye of mammalian species, particularly humans. This 
invention further relates to the use of the compounds of this 
invention for mediating the bone modeling and remodeling 
processes of the osteoblasts and osteoclasts. 
More particularly, this invention relates to novel EP4 ago 

nist having the structural formula I: 

or a pharrnaceutically acceptable salt, enantiomer, diastere 
omer, prodrug or mixture thereof, wherein, 
Q is (CH2)m, (CH2)mC6_1Oaryl, (CH2)mC5_1O heterocyclyl, 

(CH2)mC3_1O heterocycloalkyl, (CH2)mC3_8 cycloalkyl, 
C(halo)2 said cycloalkyl, heterocycloalkyl, aryl or hetero 
cyclyl unsubstituted or substituted with 1-3 groups of R“; 

X andY independently represent CH2, O, NR9 or S, provided 
however, that X andY are not O, NR9 or S at the same time; 

U represents H, C1-3 alkyl or is not present when W is :O; 
W represents OH or :0, provided that U is not present when 
W is :O; 

R1 represents (CH2)Phydroxy, (CH2)PCN, (CH2)PCO2RlO, 
(CH2)nSO3R6, i(CH2)PCF2SO2NH2, i(CH2)PSO2NH2, 

(CH2)P-hydroxymethylketone or (CH2)nheterocyclyl, said 
heterocyclyl unsubstituted or substituted with 1 to 3 groups 
of R“ and optionally containing an acidic hydroxyl group; 

R2 independently represents C 1_ 10 alkyl, (CH2)mC6_lOaryl, 
(CH2)mC5_lOheterocyclyl, (CH2)mC3_l0 heterocycloalkyl, 
(CH2)mC3_8 cycloalkyl, O4C1_1Oalkyl, O4C6_1Oaryl, 
OiCMOcycloalkyl, O4C3_l0 heterocycloalkyl, 0 
C3_ 10 heterocycloalkyl, provided that when R2 is OiC 1_ 10 
alkyl, O4C6_1Oaryl, O4C34Ocycloalkyl, OiC3_ 1Ohet 
erocycloalkyl, or OiC3_ l O heterocycloalkyl, R3 and R4 are 
not halogen, said alkyl, cycloalkyl, heterocycloalkyl, aryl 
or heterocyclyl unsubstituted or substituted with 1-3 
groups of R“; 

R3 and R4 independently represents hydrogen, halogen, or 
C1_6 alkyl, or R3 and R4 may be taken together to form a 3-7 
membered carbon ring optionally interrupted with 1 -2 het 
eroatoms chosen from O, S, SO, S02, and NR9; 

R6 and R7 independently represents hydrogen, or C l_4 alkyl; 
R8 represents hydrogen, acyl, or sulfonyl; 
R9 represents hydrogen, Cl_6 alkyl, said alkyl optionally sub 

stituted with 1-3 halogen, CN, OH, C1_6 alkoxy, C1_6 acy 
loxy or amino; 

R1O represents hydrogen, Cl_1O alkyl, C3_1O cyclcoalkyl, 
(CH2)PC6_1O aryl, (CH2)PC5_1O heterocyclyl, CR6R7OC 
(O)O C3_1O cycloalkyl or CR6R7OC(O)O Cl_1O alkyl; 

Z represents a triple bond, O, S, (C(Rb)2)n, or ChICH; 
Rb represents hydrogen, C1-6 alkyl or halogen; 
R“ represents C1_6 alkoxy, C1_6 alkyl, CF3, nitro, amino, 

cyano, C1_6 alkylamino, halogen, or Ra further represents 
for aryls and heterocyclyl, SCl_6alkyl, SC6_1Oaryl, SC5_l0 
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heterocyclyl, CO2R6, OC6_lOaryl, OC5_lOheterocyclyl, 
CH2OC1_6 alkyl, CH2SCl_6 alkyl, CHZOaryl, CHZSaryl; 

represents a double or single bonds; 
p represents 0-3; 
n represents 0-4; and 
m represents 0-8. 

This and other aspects of the invention Will be realized 
upon inspection of the invention as a Whole. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention is described herein in detail using the terms 
de?ned below unless otherWise speci?ed. 

The term “therapeutically effective amount”, as used 
herein, means that amount of the EP4 receptor subtype agonist 
of formula I, or other actives of the present invention, that Will 
elicit the desired therapeutic effect or response or provide the 
desired bene?t When administered in accordance With the 
desired treatment regimen. A preferred therapeutically effec 
tive amount relating to the treatment of abnormal bone 
resorption is a bone formation, stimulating amount. Likewise, 
a preferred therapeutically effective amount relating to the 
treatment of ocular hypertension or glaucoma is an amount 
effective for reducing intraocular pressure and/or treating 
ocular hypertension and/ or glaucoma. 

“Pharmaceutically acceptable” as used herein, means gen 
erally suitable for administration to a mammal, including 
humans, from a toxicity or safety standpoint. 

The term “prodrug” refers to compounds Which are drug 
precursors Which, folloWing administration and absorption, 
release the claimed drug in vivo via some metabolic process. 
A non-limiting example of a prodrug of the compounds of this 
invention Would be an acid of the pyrrolidinone group, Where 
the acid functionality has a structure that makes it easily 
hydrolyZed after administration to a patient. Exemplary pro 
drugs include acetic acid derivatives that are non-narcotic, 
analgesics/non-steroidal, anti-in?ammatory drugs having a 
free CHZCOOH group (Which can optionally be in the form of 
a pharmaceutically acceptable salt, eg 4CH2COOiNa+), 
typically attached to a ring system, preferably to an aromatic 
or heteroaromatic ring system. 

The term “alkyl” refers to a monovalent alkane (hydrocar 
bon) derived radical containing from 1 to 10 carbon atoms 
unless otherWise de?ned. It may be straight, branched or 
cyclic. Preferred alkyl groups include methyl, ethyl, propyl, 
isopropyl, butyl, t-butyl, cyclopentyl and cyclohexyl. When 
the alkyl group is said to be substituted With an alkyl group, 
this is used interchangeably With “branched alkyl group”. 

Cycloalkyl is a species of alkyl containing from 3 to 15 
carbon atoms, Without alternating or resonating double bonds 
betWeen carbon atoms. It may contain from 1 to 4 rings, 
Which are fused. Examples of cycloalkyl groups are cyclo 
propyl, cyclobutyl, cyclopentyl, cyclohexyl, and cycloheptyl. 

Alkoxy refers to Cl-C6 alkyl-O-, With the alkyl group 
optionally substituted as described herein. Examples of 
alkoxy groups are methoxy, ethoxy, propoxy, butoxy and 
isomeric groups thereof. 

Halogen (halo) refers to chlorine, ?uorine, iodine or bro 
mine. 

Aryl refers to aromatic rings e. g., phenyl, substituted phe 
nyl and the like, as Well as rings Which are fused, e. g., naph 
thyl, phenanthrenyl and the like. An aryl group thus contains 
at least one ring having at least 6 atoms, With up to ?ve such 
rings being present, containing up to 22 atoms therein, With 
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4 
alternating (resonating) double bonds betWeen adjacent car 
bon atoms or suitable heteroatoms. The preferred aryl groups 
are phenyl, naphthyl and phenanthrenyl. Aryl groups may 
likeWise be substituted as de?ned. Preferred substituted aryls 
include phenyl and naphthyl. 

The term “heterocycloalkyl” refers to a cycloalkyl group 
(nonaromatic) having 3 to 10 carbon atoms in Which one of 
the carbon atoms in the ring is replaced by a heteroatom 
selected from O, S or N and in Which up to three additional 
carbon atoms may be replaced by hetero atoms. 

The term “cycloalkyl” refers to a cyclic alkyl group (non 
aromatic) having 3 to 10 carbon atoms. 

The term “heteroatom” means 0, S or N, selected on an 

independent basis. 
The term “heteroaryl” refers to a monocyclic aromatic 

hydrocarbon group having 5 or 6 ring atoms, or a bicyclic 
aromatic group having 8 to 10 atoms, containing at least one 
heteroatom, O, S or N, in Which a carbon or nitrogen atom is 
the point of attachment, and in Which one or tWo additional 
carbon atoms is optionally replaced by a heteroatom selected 
from O or S, and in Which from 1 to 3 additional carbon atoms 
are optionally replaced by nitrogen heteroatoms, said het 
eroaryl group being optionally substituted as described 
herein. Examples of this type are pyrrole, pyridine, oxaZole, 
thiaZole, tetraZole, and oxaZine. For purposes of this inven 
tion the tetraZole includes all tautomeric forms. Additional 
nitrogen atoms may be present together With the ?rst nitrogen 
and oxygen or sulfur, giving, e.g., thiadiaZole. 

The term heterocyclyl or heterocyclic, as used herein, rep 
resents a stable 5- to 7-membered monocyclic or stable 8- to 
l l-membered bicyclic heterocyclic ring Which is either satu 
rated or unsaturated, and Which consists of carbon atoms and 
from one to four heteroatoms selected from the group con 

sisting of N, O, and S, and including any bicyclic group in 
Which any of the above-de?ned heterocyclic rings is fused to 
a benZene ring. The heterocyclic ring may be attached at any 
heteroatom or carbon atom, Which results in the creation of a 
stable structure. A fused heterocyclic ring system may 
include carbocyclic rings and need include only one hetero 
cyclic ring. The term heterocycle or heterocyclic includes 
heteroaryl moieties. Examples of such heterocyclic elements 
include, but are not limited to, aZepinyl, benZimidaZolyl, ben 
ZisoxaZolyl, benZofuraZanyl, benZopyranyl, benZothiopyra 
nyl, benZofuryl, benZothiaZolyl, benZothienyl, benZoxaZolyl, 
chromanyl, cinnolinyl, dihydrobenZofuryl, dihydroben 
Zothienyl, dihydrobenZothiopyranyl, dihydrobenZothiopyra 
nyl sulfone, l,3-dioxolanyl, furyl, imidaZolidinyl, imidaZoli 
nyl, imidaZolyl, indolinyl, indolyl, isochromanyl, 
isoindolinyl, isoquinolinyl, isothiaZolidinyl, isothiaZolyl, 
isothiaZolidinyl, morpholinyl, naphthyridinyl, oxadiaZolyl, 
2-oxoaZepinyl, oxaZolyl, 2-oxopiperaZinyl, 2-oxopiperdinyl, 
2-oxopyrrolidinyl, piperidyl, piperaZinyl, pyridyl, pyraZinyl, 
pyraZolidinyl, pyraZolyl, pyridaZinyl, pyrimidinyl, pyrrolidi 
nyl, pyrrolyl, quinaZolinyl, quinolinyl, quinoxalinyl, tetrahy 
drofuryl, tetrahydroisoquinolinyl, tetrahydroquinolinyl, tet 
raZolyl, thiamorpholinyl, thiamorpholinyl sulfoxide, 
thiaZolyl, thiaZolinyl, thienofuryl, thienothienyl, thienyl, and 
triaZolyl. 

For purposes of this invention, heterocyclyls containing 
acidic hydroxyl groups are those heterocyclyl groups that 
have an acidic hydroxy atom and can have a pKa in the range 
of 3 to 7. Non-limiting examples of heterocyclyls containing 
acidic hydroxyl groups are: 
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HO 

\II/O OH, / O, I\I/ S\N , 
N / O M 

OH 
O 

O O \N 
O, A I , I I , or 

0 g O N OH OH 
H 

O 
G 
\ 

| /N 
OH 

d u/oR 

iN(Re)2, O, or S and each RC independently is H, ?uorine, 
cyano or Cl_4 alkyl; 

each Rd independently is H, C1_4 alkyl, or a pharmaceuti 
cally acceptable cation; 

each Re independently is H, iC(:O)iRf, or iSOzRe, 
Wherein Rf is C1_4 linear alkyl or phenyl 

The term “agonist” as used herein means EP4 subtype 
compounds of formula I interact With the EP4 receptor to 
produce maximal, super maximal or submaximal effects 
compared to the natural agonist, PGE2. See Goodman and 
Gilman, The Pharmacological Basis of Therapeutics, 9th edi 
tion, 1996, chapter 2. 
One embodiment of this invention is realiZed when R1 is 

(CH2)PCN, (CH2)PCO2RIO, i(CH2)pPO(OH)2, (CH2)P 
CONHPO2R6, (CH2)pCONHR8, or (CH2)nheterocyclyl, said 
heterocyclyl unsubstituted or substituted With 1 to 3 groups of 
R“ and all other variables are as originally described. A sub 
embodiment of this invention is realiZed When Z is a (C 
(Rb)2)n. Another subembodiment of this invention is When Z 
is Sulfur. When R1 is (CH2)pCO2RlO, and Z is sulfur, the 
sulfur is hexavalent. Another embodiment of this invention is 
When Z is O. 

Another embodiment of this invention is realiZed when R1 
is (CH2)PCO2R1O and all other variables are as originally 
described. A subembodiment of this invention is realiZed 
When X andY are CH2, Z is (C(Rb)2)n, Q is (CH2)m, R3 and R4 
are halogen and all other variables are as originally described. 

Another embodiment of this invention is realiZed when R1 
is (CH2)mC5_1Oheterocyclyl, said heterocyclyl unsubstituted 
or substituted With 1 to 3 groups of R“ and all other variables 
are as originally described. A subembodiment of this inven 
tion is realiZed When Z is a (C(Rb)2)n. Another subembodi 
ment of this invention is realiZed When Z is S. Another 
embodiment of this invention is When Z is O. 

Another embodiment of this invention is realiZed When R2 
is (CH2)mC6_1Oaryl, said an unsubstituted or substituted With 
1 to 3 groups of R“ and all other variables are as originally 
described. 
A sub-embodiment of this invention is realiZed when R1 is 

(CH2)PCO2RIO, i(CH2)PPO(OH)2, (CH2)PCONHPO2R6, 
(CH2)pCONHR8, or (CH2)p-tetraZolyl said tetraZolyl unsub 
stituted or substituted With a Ra group and all other variables 
are as originally described. A subembodiment of this inven 
tion is realiZed When Z is a (C(Rb)2)n. Another subembodi 
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6 
ment of this invention is realiZed When Z is S. Another 
embodiment of this invention is When Z is O. 

Still another embodiment of this invention is realiZed When 
R2 is a phenyl unsubstituted or substituted With 1 to 3 groups 
of R“ and all other variables are as originally described. 

Yet another embodiment of this invention is realiZed when 
R1 is (CH2)p-tetraZolyl and R2 is phenyl, said tetraZolyl 
unsubstituted or substituted With an R“ group and phenyl is 
unsubstituted or substituted With l-3 groups of R“, and all 
other variables are as originally described. A subembodiment 
of this invention is realiZed When Z is a (C(Rb)2)n. Another 
subembodiment of this invention is realiZed When Z is S. 
Another embodiment of this invention is When Z is O. 

Still another embodiment of this invention is realiZed When 
U is H andW is OH. 

Still another embodiment of this invention is realiZed When 
U is Cl-3 alkyl and W is OH. 

Still another embodiment of this invention is realiZed When 
Q represents (CH2)n, or C(halo)2 and all other variables are as 
originally described. A subembodiment of this invention is 
realiZed When Z is a (C(Rb)2)n. Another subembodiment is 
realiZed When Z is S. Still another subembodiment is realiZed 
When Z is O 

Still another embodiment of this invention is realiZed When 
Y represents CH2, X is O, S or CH2, W is OH, U is H or 
methyl, R3 is H, F or CH2 and R2 is phenyl, thienyl, naphthyl, 
benZothioenyl, benZofuranyl, or biphenyl, said phenyl, thie 
nyl, naphthyl, benZothioenyl, benZofuranyl, or biphenyl 
unsubstituted or substituted With l-3 groups of R“ and all 
other variables are as originally described. 
Compounds of this invention are: 

7-{ (2R) -2-[(l E,3R)-4,4-di?uoro-3 -hydroxy-4 -phenylbut-l - 
enyl] -6-oxopiperidin-l -yl}heptanoic acid; 

7-{(2R)-2-[(3R)-3-hydroXy-4-phenylbutyl]-6-oxopiperidin 
l-yl}heptanoic acid; 

7-{ (4S)-4-[(3 R)-3-hydroXy-4-phenylbutyl] -2-oxo-l ,3 -OX 
aZinan-3-yl}heptanoic acid; 

7-{ (4S)-4-[(3 R)-3-hydroXy-4-phenylbutyl] -2-oxo-l ,3 -thi 
aZinan-3-yl}heptanoic acid; 
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7-{ (2R) -2-[(1 E,3R)-4,4-di?uoro -3 -hydroxy-4-(3 -methox 
yphenyl)but-1-enyl]-6-oxopiperidin-1-yl}heptanoic acid; 

6-[(1E)-(3R)-3-hydroxy-4-phenyl-but-1-enyl]-1-[6-(1H-ter 
aaZol-5 -yl) -hexyl] -piperidin-2 -one; 

isopropyl 7-{[(1E)-(2R)-2-(3 S)-3-hydroxy-4-phenyl-but-1 
enyl] -6-oxo -piperdin-1 -yl }heptanoate; 

isopropyl 7-{ (2R) -2- [(3 R) -3 -hydroxy-4 -phenyl-butyl] -6 
oxo -pip erdin-1 -yl }heptano ate; 

7-{ [(2R)-2-(3 R)-3 -hydroxy-4 -phenyl-butyl] -6-oxo-piper 
din-1-yl}heptanoic acid; 

methyl 5 -{3 -[(2R)-2-((1E)-(3S) 3-hydroxy-4-phenyl-but-1 
enyl)-6-oxo-piperidin-1-yl]-propyl}-thiophene-2-car 
boxylate; 

5 -{3 -[(2R)-2-((1E)-(3 S) 3-hydroxy-4-phenyl-but-1-enyl)-6 
oxo-piperidin-1-yl]-propyl}-thiophene-2-carboxylic acid; 

5 -{3 -[(2R)-2-((3 S) 3 -hydroxy-4 -phenyl-butyl)-6-oxo -pip 
eridin-1 -yl] -propyl } -thiophene-2 -carboxylic acid; 

isopropyl 5 -{3 -[(2R)-2-((1E)-(3 S) 3-hydroxy-4-phenyl-but 
1-enyl)-6-oxo-piperidin-1-yl]-propyl}-thiophene-2-car 
boxylate; 

isopropyl 5 -{3 -[(2R)-2-((3 S) 3 -hydroxy-4 -phenyl-butyl)-6 
oxo-piperidin-1-yl]-propyl}-thiophene-2-carboxylate; 

6-[(3R)-3-hydroxy-4-phenyl-butyl]-1-[6-(1H-teraaZol-5 - 

yl)-hexyl] -piperidin-2-one 
isopropyl 7- { (2R)-2-[( 1 E)-4,4-di?uoro-3-oxo -4 -phenylbut 

1-enyl]-6-oxopiperidin-1-yl}heptanoate; 
7-{ (2R) -2-[(3 R)-4-(3 -bromophenyl)-4,4-di?uoro-3 -hy 

droxybutyl]-6-oxopiperidin-1-yl}heptanoic acid; 
methyl 5 -{3 -[(2R)-2-((1E)-(3S) 3-hydroxy-4-phenyl-but-1 

enyl)-6-oxo-piperidin-1-yl]-propyl}-thiophene-2-car 
boxylate; 

5 -{3 -[(2R)-2-((3 S) 3 -hydroxy-4 -phenyl-butyl)-6-oxo -pip 
eridin-1 -yl] -propyl } -thiophene-2 -carboxylic acid; 

isopropyl 5 -{3 -[(2R)-2-((3 S) 3 -hydroxy-4 -phenyl-butyl)-6 
oxo-piperidin-1-yl]-propyl}-thiophene-2-carboxylate; 

6-[(3R)-3-hydroxy-4-phenyl-butyl]-1-[6-(1H-teraaZol-5 - 

yl)-hexyl] -piperidin-2-one; 

7-{ (4R) -4-[(1 E)-4,4-di?uoro -3 -hydroxy-4-phenylbut-1 
enyl]-2-oxo-1,3 -oxanZinan-3-yl }heptanoic acid; 

or a pharmaceutically acceptable salt, enantiomer, diastere 
omer, pro drug or mixture thereof. 

Another embodiment of this invention is directed to a com 
position containing an EP4 agoni st of Formula I and option 
ally a pharmaceutically acceptable carrier. 

Yet another embodiment of this invention is directed to a 
method for decreasing elevated intraocular pres sure or treat 
ing glaucoma by administration, preferably topical or intra 
camaral administration, of a composition containing an EP4 
agonist of Formula I and optionally a pharmaceutically 
acceptable carrier. Use of the compounds of formula I for the 
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10 
manufacture of a medicament for treating elevated intraocu 
lar pressure or glaucoma or a combination thereof is also 
included in this invention 

This invention is further concerned With a process for mak 
ing a pharmaceutical composition comprising a compound of 
formula I. 

This invention is further concerned With a process for mak 
ing a pharmaceutical composition comprising a compound of 
formula I, and a pharmaceutically acceptable carrier. 
The claimed compounds bind strongly and act on PGE2 

receptor, particularly on the EP4 subtype receptor and there 
fore are useful for preventing and/ or treating glaucoma and 
ocular hypertension. 
Dry eye is a common ocular surface disease af?icting mil 

lions of people. Although it appears that dry eye may result 
from a number of unrelated pathogenic causes, the common 
end result is the breakdown of the tear ?lm, Which results in 
dehydration of the exposed outer surface of the eye. (Lemp, 
Report of the Nation Eye Institute/Industry Workshop on 
Clinical Trials in Dry Eyes, The CLAO Joumel, 21(4):221 
231 (1995)). Functional EP4 receptors have been found in 
human conjuctival epithelial cells (see US. Pat. No. 6,344, 
477, incorporated by reference in its entirey) and it is appre 
ciated that both human corneal epithelial cells (Progess in 
Retinal and Eye Research, 16:81-98(1997)) and conjuctival 
cells (Dartt et al. Localization of nerves adjacent to goblet 
cells in rat conjucntiva. Current Eye Research, 14:993- 1000 
(1995)) are capable of secreting mucins. Thus, the com 
pounds of formula I are useful for treating dry eye. 

Macular edema is sWelling Within the retina Within the 
critically important central visual Zone at the posteriorpole of 
the eye. It is believed that EP4 agonist Which loWer IOP are 
useful for treating diseases of the macular such as macular 
edema or macular degeneration. Thus, another aspect of this 
invention is a method for treating macular edema or macular 
degeneration. 
Glaucoma is characterized by progressive atrophy of the 

optic nerve and is frequently associated With elevated 
intraocular pressure (IOP). It is possible to treat glaucoma, 
hoWever, Without necessarily affecting IOP by using drugs 
that impart a neuroprotective effect. See Arch. Ophthalmol. 
Vol. 112, January 1994, pp. 37-44; Investigative Ophthamol. 
& Visual Science, 32, 5, Apr. 1991, pp. 1593-99. It is believed 
that EP4 agonist Which loWer IOP are useful for providing a 
neuroprotective effect. They are also believed to be effective 
for increasing retinal and optic nerve head blood velocity and 
increasing retinal and optic nerve oxygen by loWering IOP, 
Which When coupled together bene?ts optic nerve health. As 
a result, this invention further relates to a method for increas 
ing retinal and optic nerve head blood velocity, or increasing 
retinal and optic nerve oxygen tension or providing a neuro 
protective effect or a combination thereof by using an EP4 
agonist of formula I. 
The compounds produced in the present invention are 

readily combined With suitable and knoWn pharmaceutically 
acceptable excipients to produce compositions Which may be 
administered to mammals, including humans, to achieve 
effective IOP loWering. Thus, this invention is also concerned 
With compositions and methods of treating ocular hyperten 
sion, glaucoma, macular edema, macular degeneration, for 
increasing retinal and optic nerve head blood velocity, for 
increasing retinal and optic nerve oxygen tension, for provid 
ing a neuroprotective effect or for a combination thereof by 
administering to a patient in need thereof one of the com 
pounds of formula I alone or in combination With one or more 
of the folloWing active ingredients, a [3-adrenergic blocking 
agent such as timolol, betaxolol, levobetaxolol, carteolol, 
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levobunolol, a parasympathomimetic agent such as pilo 
carpine, a sympathomimetic agents such as epinephrine, iopi 
dine, brimonidine, clonidine, para-aminoclonidine, a car 
bonic anhydrase inhibitor such as dorZolamide, 
acetaZolamide, metaZolamide or brinZolamide; COSOPT®, a 
Maxi-K channel blocker such as Penitrem A, paspalicine, 
charybdotoxin, iberiotoxin, Paxicillan, A?itram, Verroculo 
gen, and as disclosed in WO 03/105868 (U.S. Ser. No. 
60/389,205), WO 03/105724 (60/389,222), WO 03/105847 
(60/458,981), 60/424,790, ?led Nov. 8, 2002, 60/424,808, 
?led Nov. 8, 2002, Ser. No. 09/765,716, ?led Jan. 17, 2001, 
Ser. No. 09/764,738, ?led Jan. 17, 2001 and PCT publications 
WO 02/077168 and WO 02/02060863, all incorporated by 
reference in their entirety herein, and in particular Maxi-K 
channel blockers such as 1-(1-isobutyl-6-methoxy-1H-inda 
Zol-3 -yl)-2-methylpropan-1-one; 1-[1-(2,2-dimethylpropyl) 
6-methoxy-1H-indaZol-3 -yl]-2-methylpropan-1-one; 1- [1 - 
(cyclohexylmethyl)-6-methoxy-1H-indaZol-3-yl]-2 
methylpropan-1-one; 1 -(1-hexyl-6-methoxy-1H-indaZol-3 - 
yl) -2 -methylpropan-1 -one; 1 -[1 -(2-ethylhexyl)-6-methoxy 
1H-indaZol-3-yl]-2-methylpropan-1-one; 1-(3-isobutyryl-6 
methoxy-1H-indaZol-1-yl)buan-2-one; 1-(3-isobutyryl-6 
methoxy-1H-indaZol-1-yl)-3,3-dimethylbutan-2-one; 1-(3 - 
cyclopentylcarbonyl)-6-methoxy- 1 H-indaZol- 1 -yl) -3 ,3 - 
dimethylbutan-2 -one; 1- (3 ,3 -dimethyl-2-oxobutyl) -6 - 
methoxy-1H-indaZole-3-carboxylic acid; and 1-[3-(3 
hydroxypropanoyl)-6-methoxy-1H-indaZol-1 -yl] -3 ,3 
dimethylbutan-2-one, a prostaglandin such as latanoprost, 
travaprost, unoprostone, rescula, S1033 (compounds set forth 
inU.S. Pat. Nos. 5,889,052; 5,296,504; 5,422,368; and 5,151, 
444); a hypotensive lipid such as lumigan and the compounds 
set forth in U.S. Pat. No. 5,352,708; a neuroprotectant dis 
closed in Us. Pat. No. 4,690,931, particularly eliprodil and 
R-eliprodil as set forth in WO 94/ 13275, including meman 
tine; and/or an agonist of 5-HT2 receptors as set forth in 
PCT/US00/31247, particularly 1-(2 -aminopropyl) -3 -me 
thyl-1H-imdaZol-6-ol fumarate and 2-(3-chloro-6-methoxy 
indaZol- 1 -yl)- 1 -methyl-ethylamine. 
Use of the compounds of formula I for the manufacture of 

a medicament for treating ocular hypertension, glaucoma, 
macular edema, macular degeneration, for increasing retinal 
and optic nerve head blood velocity, for increasing retinal and 
optic nerve oxygen tension, for providing a neuroprotective 
effect or for a combination thereof is also included in this 
invention. 

The EP4 agonist used in the instant invention can be admin 
istered in a therapeutically effective amount intravaneously, 
subcutaneously, topically, transdermally, parenterally or any 
other method knoWn to those skilled in the art. Ophthalmic 
pharmaceutical compositions are preferably adapted for topi 
cal administration to the eye in the form of solutions, suspen 
sions, ointments, creams or as a solid insert. Ophthalmic 
formulations of this compound may contain from 0.001 to 5% 
and especially 0.001 to 0.1% of medicament. Higher dosages 
as, for example, up to about 10% or loWer dosages can be 
employed provided the dose is effective in reducing intraocu 
lar pressure, treating glaucoma, increasing blood ?oW veloc 
ity or oxygen tension. For a single dose, from betWeen 0.001 
to 5.0 mg, preferably 0.005 to 2.0 mg, and especially 0.005 to 
1.0 mg of the compound can be applied to the human eye. 
The pharmaceutical preparation Which contains the com 

pound may be conveniently admixed With a non-toxic phar 
maceutical organic carrier, or With a non-toxic pharmaceuti 
cal inorganic carrier. Typical of pharmaceutically acceptable 
carriers are, for example, Water, mixtures of Water and Water 
miscible solvents such as loWer alkanols or aralkanols, veg 
etable oils, peanut oil, polyalkylene glycols, petroleum based 
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12 
jelly, ethyl cellulose, ethyl oleate, carboxymethyl-cellulose, 
polyvinylpyrrolidone, isopropyl myristate and other conven 
tionally employed acceptable carriers. The pharmaceutical 
preparation may also contain non-toxic auxiliary substances 
such as emulsifying, preserving, Wetting agents, bodying 
agents and the like, as for example, polyethylene glycols 200, 
300, 400 and 600, carboWaxes 1,000, 1,500, 4,000, 6,000 and 
10,000, antibacterial components such as quaternary ammo 
nium compounds, phenylmercuric salts knoWn to have cold 
sterilizing properties and Which are non-injurious in use, 
thimerosal, methyl and propyl paraben, benZyl alcohol, phe 
nyl ethanol, buffering ingredients such as sodium borate, 
sodium acetates, gluconate buffers, and other conventional 
ingredients such as sorbitan monolaurate, triethanolamine, 
oleate, polyoxyethylene sorbitan monopalmitylate, dioctyl 
sodium sulfosuccinate, monothioglycerol, thiosorbitol, eth 
ylenediamine tetracetic acid, and the like. Additionally, suit 
able ophthalmic vehicles can be used as carrier media for the 
present purpose including conventional phosphate buffer 
vehicle systems, isotonic boric acid vehicles, isotonic sodium 
chloride vehicles, isotonic sodium borate vehicles and the 
like. The pharmaceutical preparation may also be in the form 
of a microparticle formulation. The pharmaceutical prepara 
tion may also be in the form of a solid insert. For example, one 
may use a solid Water soluble polymer as the carrier for the 
medicament. The polymer used to form the insert may be any 
Water soluble non-toxic polymer, for example, cellulose 
derivatives such as methylcellulose, sodium carboxymethyl 
cellulose, (hydroxyloWeralkyl cellulose), hydroxyethyl cel 
lulose, hydroxypropyl cellulose, hydroxypropylmethyl cellu 
lose; acrylates such as polyacrylic acid salts, ethylacrylates, 
polyactylamides; natural products such as gelatin, alginates, 
pectins, tragacanth, karaya, chondrus, agar, acacia; the starch 
derivatives such as starch acetate, hydroxymethyl starch 
ethers, hydroxypropyl starch, as Well as other synthetic 
derivatives such as polyvinyl alcohol, polyvinyl pyrrolidone, 
polyvinyl methyl ether, polyethylene oxide, neutraliZed car 
bopol and xanthan gum, gellan gum, and mixtures of said 
polymer. 

Suitable subjects for the administration of the formulation 
of the present invention include primates, man and other 
animals, particularly man and domesticated animals such as 
cats, rabbits and dogs. 
The pharmaceutical preparation may contain non-toxic 

auxiliary substances such as antibacterial components Which 
are non-injurious in use, for example, thimerosal, benZalko 
nium chloride, methyl and propyl paraben, benZyldode 
cinium bromide, benZyl alcohol, or phenylethanol; buffering 
ingredients such as sodium chloride, sodium borate, sodium 
acetate, sodium citrate, or gluconate buffers; and other con 
ventional ingredients such as sorbitan monolaurate, trietha 
nolamine, polyoxyethylene sorbitan monopalmitylate, ethyl 
enediamine tetraacetic acid, and the like. 
The ophthalmic solution or suspension may be adminis 

tered as often as necessary to maintain an acceptable IOP 
level in the eye. It is contemplated that administration to the 
mammalian eye Will be from once up to three times daily. 

For topical ocular administration the novel formulations of 
this invention may take the form of solutions, gels, ointments, 
suspensions or solid inserts, formulated so that a unit dosage 
comprises a therapeutically effective amount of the active 
component or some multiple thereof in the case of a combi 
nation therapy. 
The compounds of the instant invention are also useful for 

mediating the bone modeling and remodeling processes of 
the osteoblasts and osteoclasts. See PCT US99/23757 ?led 
Oct. 12, 1999 and incorporated herein by reference in its 
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entirety. The major prostaglandin receptor in bone is EP4, 
Which is believed to provide its effect by signaling via cyclic 
AMP. See Ikeda T, Miyaura C, IchikaWa A, Narumiya S, 
Yoshiki S and Suda T 1995, In situ localization of three 
subtypes (EP 1, EP3 and EP4) of prostaglandin E receptors in 
embryonic and neWbom mice, J Bone Miner Res 10 (sup 
l):Sl72, Which is incorporated by reference herein in its 
entirety. Use of the compounds of formula I for the manufac 
ture of a medicament for mediating the bone modeling and 
remodeling processes are also included in this invention. 

Thus, another object of the present invention is to provide 
methods for stimulating bone formation, i.e. osteogenesis, in 
a mammal comprising administering to a mammal in need 
thereof a therapeutically effective amount of an EP4 receptor 
subtype agonist of formula I. 

Still another object of the present invention to provide 
methods for stimulating bone formation in a mammal in need 
thereof compri sing administering to said mammal a therapeu 
tically effective amount of an EP4 receptor subtype agonist of 
formula I and a bisphosphonate active. Use of the compounds 
of formula I for the manufacture of a medicament for stimu 
lating bone formation is also included in this invention. 

Yet another object of the present invention to provide phar 
maceutical compositions comprising a therapeutically effec 
tive amount of an EP4 receptor subtype agonist of formula I 
and a bisphosphonate active. 

It is another object of the present invention to provide 
methods for treating or reducing the risk of contracting a 
disease state or condition related to abnormal bone resorption 
in a mammal in need of such treatment or prevention, com 
prising administering to said mammal a therapeutically effec 
tive amount of an EP4 receptor subtype agonist of formula I. 
Use of the compounds of formula I for the manufacture of a 
medicament for treating or reducing the risk of contracting a 
disease state or condition related to abnormal bone resorption 
is also included in this invention. 

The disease states or conditions related to abnormal bone 
resorption include, but are not limited to, osteoporosis, glu 
cocorticoid induced osteoporosis, Paget’s disease, abnor 
mally increased bone turnover, periodontal disease, tooth 
loss, bone fractures, rheumatoid arthritis, periprosthetic 
osteolysis, osteogenesis imperfecta, metastatic bone disease, 
hypercalcemia of malignancy, and multiple myeloma. 

Within the method comprising administering a therapeuti 
cally effective amount of an EP4 receptor subtype agonist of 
formula I and a bisphosphonate active, both concurrent and 
sequential administration of the EP4 receptor subtype agonist 
of formula I and the bisphosphonate active are deemed Within 
the scope of the present invention. Generally, the formula 
tions are prepared containing 5 or 10 mg of a bisphosphonate 
active, on a bisphosphonic acid active basis. With sequential 
administration, the agonist and the bisphosphonate can be 
administered in either order. In a subclass of sequential 
administration the agonist and bisphosphonate are typically 
administered Within the same 24 hour period. In yet a further 
subclass, the agonist andbisphosphonate are typically admin 
istered Within about 4 hours of each other. 
A non-limiting class of bisphosphonate actives useful in 

the instant invention are selected from the group consisting of 
alendronate, cimadronate, clodronate, tiludronate, etidr 
onate, ibandronate, neridronate, olpandronate, risedronate, 
piridronate, pamidronate, Zolendronate, pharmaceutically 
acceptable salts thereof, and mixtures thereof. 
A non-limiting subclass of the above-mentioned class in 

the instant case is selected from the group consisting of alen 
dronate, pharmaceutically acceptable salts thereof, and mix 
tures thereof. 
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A non-limiting example of the subclass is alendronate 

monosodium trihydrate. 
In the present invention, as it relates to bone stimulation, 

the agonist is typically administered for a su?icient period of 
time until the desired therapeutic effect is achieved. The term 
“until the desired therapeutic effect is achieved”, as used 
herein, means that the therapeutic agent or agents are con 
tinuously administered, according to the dosing schedule 
chosen, up to the time that the clinical or medical effect 
sought for the disease or condition being mediated is 
observed by the clinician or researcher. For methods of treat 
ment of the present invention, the compounds are continu 
ously administered until the desired change in bone mass or 
structure is observed. In such instances, achieving an increase 
in bone mass or a replacement of abnormal bone structure 
With normal bone structure are the desired objectives. For 
methods of reducing the risk of a disease state or condition, 
the compounds are continuously administered for as long as 
necessary to prevent the undesired condition. In such 
instances, maintenance of bone mass density is often the 
objective. 

Nonlimiting examples of administration periods can range 
from about 2 Weeks to the remaining lifespan of the mammal. 
For humans, administration periods can range from about 2 
Weeks to the remaining lifespan of the human, preferably 
from about 2 Weeks to about 20 years, more preferably from 
about 1 month to about 20 years, more preferably from about 
6 months to about 10 years, and mo st preferably from about 1 
year to about 10 years. 
The instant compounds are also useful in combination With 

knoWn agents useful for treating or preventing bone loss, 
bone fractures, osteoporosis, glucocorticoid induced 
osteoporosis, Paget’s disease, abnormally increased bone 
turnover, periodontal disease, tooth loss, osteoarthritis, rheu 
matoid arthritis, periprosthetic osteolysis, osteogenesis 
imperfecta, metastatic bone disease, hypercalcemia of malig 
nancy, and multiple myeloma. Combinations of the presently 
disclosed compounds With other agents useful in treating or 
preventing osteoporosis or other bone disorders are Within the 
scope of the invention. A person of ordinary skill in the art 
Would be able to discern Which combinations of agents Would 
be useful based on the particular characteristics of the drugs 
and the disease involved. Such agents include the folloWing: 
an organic bisphosphonate; a cathepsin K inhibitor; an estro 
gen or an estrogen receptor modulator; an androgen receptor 
modulator; an inhibitor of osteoclast proton ATPase; an 
inhibitor of HMG-CoA reductase; an integrin receptor 
antagonist; an osteoblast anabolic agent, such as PTH; calci 
tonin; Vitamin D or a synthetic Vitamin D analogue; and the 
pharmaceutically acceptable salts and mixtures thereof. A 
preferred combination is a compound of the present invention 
and an organic bisphosphonate. Another preferred combina 
tion is a compound of the present invention and an estrogen 
receptor modulator. Another preferred combination is a com 
pound of the present invention and an estrogen. Another 
preferred combination is a compound of the present invention 
and an androgen receptor modulator. Another preferred com 
bination is a compound of the present invention and an osteo 
blast anabolic agent. 

Regarding treatment of abnormal bone resorption and ocu 
lar disorders, the formula I agonists generally have an EC5O 
value from about 0.001 nM to about 100 microM, although 
agonists With activities outside this range can be useful 
depending upon the dosage and route of administration. In a 
subclass of the present invention, the agonists have an EC5O 
value of from about 0.01 microM to about 10 microM. In a 
further subclass of the present invention, the agonists have an 
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EC5O value of from about 0.1 microM to about 10 microM. 
EC5O is a common measure of agonist activity Well known to 
those of ordinary skill in the art and is de?ned as the concen 
tration or dose of an agonist that is needed to produce half, i.e. 
50%, of the maximal effect. See also, Goodman and Gil 
man’s, The Pharmacologic Basis of Therapeutics, 9th edition, 
1996, chapter 2, E. M. Ross, Pharmacodynamics, Mecha 
nisms of Drug Action and the Relationship BetWeen Drug 
Concentration and Effect, and PCT US99/23757, ?led Oct. 

5 

12, 1 999, Which are incoroporated by reference herein in their 1 
entirety. 

The herein examples illustrate but do not limit the claimed 
invention. Each of the claimed compounds are EP4 agonists 
and are useful for a number of physiological ocular and bone 
disorders. 

The compounds of this invention can be made, With some 
modi?cation, in accordance With US. Pat. No. 6,043,275, 
EP0855389, WO 03/047417 (U.S. Ser. No. 60/337,228), WO 
03/047513 (U.S. Ser. No. 60/338,117), US. Ser. No. 60/406, 
530 and WO 01/46140, all of Which are incorporated herein 
by reference in their entirety. The following non-limiting 
schemes and examples given by Way of illustration is demon 
strative of the present invention. 

Scheme 1 
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x N/ I 

I 2) deprotection 
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/ (CH2)n _ Z — Q — R 1) oxidation 
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PREPARATIVE EXAMPLE 1 

NH 

OH L-tartanc acid 
MeOH 

O 
L-tartaric acid 

x 

NH NH 

N OH L, OH 
MeOH 

O O 

(R)—pipecolinic acid 
1 

To a slurry of (+/—)-pipecolinic acid (395 g, 3.06 moles) in 
MeOH (1.8 L) at 600 C. Was added L-tartaric acid (459 g, 3.06 
moles). The slurry Was Warmed to re?ux and aged 1 h (hour). 
The slurry Was cooled to 230 C., ?ltered, and the desired 
(R)-pipecolinic acid/L-tartaric acid ?ltercake Was Washed 
With MeOH (200 mL). The ?ltercake Was air dried a White 
solid Was isolated. The pipecolinic acid tartrate salt typically 
assayed at 85-89% ee. 

A slurry of salt (383 g) in 2:1H2O/acetone (380 mL/190 
mL) Was Warmed to re?ux (60-650 C.) until all solids had 
dissolved. Acetone (1330 mL) Was added over 2 h While 
maintaining a re?ux. The slurry Was alloWed to cool to 15-200 
C. over 1 h and then ?ltered, Washed With 4:1 acetone/H2O 
(380 mL) and then air dried under vacuum. Isolated 313 g of 
pipecolinic acid tartrate salt (>99% ee). 

To a slurry of (R)-pipecolinic acid tartrate salt (312 g) in 
MeOH (3.0 L) Was added 28% NH4OH (83 mL, 1.1 eq) over 
0.5 h. The White slurry Was aged 0.5 h at ambient temperature 
and then the ammonium tartrate precipitate Was ?ltered off. 
The ?ltercake Was rinsed With MeOH (300 mL). The com 
bined ?ltrate and rinse Was concentrated to a White solid of 

(1). 

PREPARATlVE EXAMPLE 2 

O 

NH A )< 
BOCZO, NaOH N 0 

THF/HZO OH 

O 

(R)—pipecolinic acid 0 
1 2 

To a slurry of pipecolinic acid (109.7 g) and BOCZO (222.4 
g) in 1:1 tetrahydrofuran (THF)/H2O (550/550 mL) Was 
added 50% NaOH (45 mL). The slurry Was Warmed to re?ux 
and aged 5 h at re?ux. The solution Was cooled to 230 C. and 
then Washed With heptane (550 mL) to remove unreacted 
BOCZO. The aqueous (aq.) layer Was then acidi?ed With 5N 
HCl (170 mL) to pH 4-5. The resulting slurry Was extracted 
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With 550 mL of tert-butyl methyl ether (MTBE). The organic 
layer Was dried over Na2SO4 and then concentrated to a White 
solid of (2). 

PREPARATIVE EXAMPLE 3 

BOC BOC 
N/ N/ 

M61, K2CO3 
—> 

DMF OMe 

O O 

2 3 

To a solution of N-BOC-pipecolinic acid (166.5 g, 726 
mmoles) in 500 mL dimethylformamide (DMF) Was added 
Mel (123.7 g, 871 mmoles) and K2CO3 (100.4 g, 726 moles). 
The reaction mixture sloWly exotherrned to 400 C. after 0.5 h 
during a 4 h age period at ambient temperature. Added MTBE 
(830 mL) and then Washed With H2O (2x830 mL) and 20% 
brine (300 mL). The organic layer Was dried over NaZSO4 and 
concentrated to an oil (3). 

PREPARATIVE EXAMPLE 4 

O X NJ]\O RuCl3 (2 mol %) 
—> 

0M6 NaBrO3, MeCN/H2O 

To a solution of butoxycarbonyl (Boc)-Me ester (152.6 g, 
627 mmol) in MeCN (305 mL) Was added RuCl3 (2.6 g, 12.5 
mmol). A solution of NaBrO3 (142.0 g, 941 mmol) in H20 
(760 mL) Was added over 2 h. The solution Was aged 12 h at 
ambient temperature. Added EtOAc (760 mL) and cut the 
aqueous layer. The dark organic layer Was Washed With 10% 
NaZSO3 (305 mL) While the organic layer turned clear and the 
aqueous layer turned cloudy grey. The organic layer Was 
Washed With saturated brine (150 mL) and then dried over 
NaZSO4 to give oil (4). 
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PREPARATIVE EXAMPLE 5 

SN HCl in IPA NH 
4> 

OMe 

To a solution of BOC-Lactam (135.4 g, 526 mmol) in 135 
mL of isopropyl alcohol (IPA) Was added 5N HCl in 263 
mL/ 1316 mmol isopropyl alcohol (IPA) over 15 min. Vigor 
ous gas evolution occurred for 15 min and then the solution 
Was aged 2.5 h at ambient temperature. Added EtOAc (800 
mL) and Washed With 15% NaZCO3 (350 mL). The aqueous 
layer Was extracted With EtOAc (400 mL). The combined 
organic layers Were dried over NaZSO4 and concentrated to 
oil (5). The enantiomeric purity Was assayed at >99% ee. 

PREPARATIVE EXAMPLE 6 

o o 

NaBH4, EtOH 
NH 3.5 h. RT NH 

OH 

COZMe 
5 6 

To a solution oflactam ester (8.10 g, 51.7 mmol) in anhy 
drous ethanol (500 mL) Was added sodium borohydride (2.5 
g, 1.2 eq) in 0.5 g increments over 30 minutes. The solution 
Was stirred for 3.5 hours at room temperature. The mixture 
Was then treated With glacial acetic acid (2.8 equiv) and the 
precipitate removed by ?ltering through a plug of celite. The 
?ltrate Was then concentrated in vacuo and the resulting oil 
solidi?ed upon standing under vacuum. The crude product 
Was dissolved in CH2Cl2 (50 mL), treated With KHCO3 (1.5 
equiv), aged for 1 h, ?ltered through a plug of Celite and the 
resulting ?ltrate Was concentrated in vacuo to give the title 
compound 6, Which Was used directly in the next step Without 
further puri?cation. 

PREPARATIVE EXAMPLE 7 

O O 

TBSCl, lmidazole NH 
—> 

NH DCM, RT 4 h 

OH OTBS 

6 7 

To a solution of the lactam alcohol (10 g, 77.5 mmol, 1.0 
equiv) in anhydrous CH2Cl2 (50 mL) at 00 C. under N2 atmo 
sphere Was added imidaZole (6.9 g, 100.8 mmol, 1.3 equiv, 
(the amount of imidaZole Was adjusted to neutraliZe any 
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AcOH from the previous step) and 14 g/ 93.0 mmol/1.2 equiv 
of tert-butyldimethylsilyl chloride (TBSCl). The resulting 
mixture Was Warmed to room temperature (RT) and aged for 
4 hours. Once the reaction Was judged complete, CH2Cl2 (100 
mL) Was added, folloWed by 1N HCl solution (30 mL). The 
organic layer Was separated and the aqueous layer Was back 
extracted With CH2Cl2 (2><50 mL). The combined organic 
layer Was Washed With 20% NaHCO3 solution (40 mL), brine, 
dried over MgSO4, ?ltered and concentrated in vacuo to give 
the desired compound as White solid. The silicon-containing 
byproducts can be removed by Washing the solid With cold 
heptane (3 mL/ g) at —78° C. to give the titled compound 7. 

PREPARATIVE EXAMPLE 8 

O 

N/H l.l eq. KHMDS 
l0 InL/g THF 

OTBS 

7 

l6 

MSO O 
O 2 

K 

N + 0 

50° C. 

OTBS 

O O )\ NW0 
OTBS 

To a 15° C. solution of lactam 7 (2.0 g, 8.22 mmoles) in 
THF (KF<200 ppm) Was added 1.90 g/9.04 mmoles of solid 
potassium bis[trimethylsilyl]amide (KHMDS) in 20 mL of 
tetrahydrofuran (THF) and aged for 10 min at room tempera 
ture (rt). Freshly prepared mesylate (0.93 g, 8.22 mmoles, 
KF<800 ppm) Was added to the solution as a neat oil and the 
reaction Was heated to 50° C. and aged for 2.5-3.5 h. The 
reaction Was cooled to rt and diluted With MTBE (20 mL) and 
Water (20 mL). The aqueous (aq.) layer Was cut and the 
organics Were Washed With sat’d. brine (10 mL). Upon drying 
over Na2SO4, the solvent Was removed to yield crude yelloW 
oil 8. 

PREPARATIVE EXAMPLE 9 

O 0 

M k Pyr. HF. MTBE N O —> 
0° C. —> RT 

OTBS 
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-continued 

O O k N No 
OH 

To a solution of the tert-butyldimethylsilyl (TBS)-pro 
tected lactam (10 g, 24.2 mmol, 1 equiv) in dry MTBE (40 
mL) at 0° C. under N2 atmosphere Was added a 70% solution 
of HF'Pyridine (4.84 g, 169 mmol, 7 equiv) over 15 min. The 
resulting mixture Was alloWed to Warm to RT and aged for 12 
h, at Which the reaction Was judged complete by HPLC and 
lHNMR analysis. The mixture Was then diluted With MTBE 
(100 mL) and Washed With cold H20 (30 mL). The organic 
layer Was then treated With saturated Na2CO3 (25 mL), brine, 
dried over MgSO4, ?ltered and concentrated in vacuo. The 
resulting crude oil (9) is used directly in the next step. If 
desired, the alcohol can be puri?ed by SiO2 gel ?ash column 
chromatography (40:1 CH2Cl2zMeOH). 

PREPARATIVE EXAMPLE 10 

0 
S03 — Pyr, 

/\/\/\/COOiPr DMSO 
N Huning base, 

OH CHZCIZ 

9 

O 

/\/\/\/COOiPr N 

H 

O 
10 

To a cold solution (0° C.) ofalcohol 9 (9.46 g, 31.6 mmol), 
DMSO (237.3 mmol, 16.9 mL, 7.5 equiv), and Hunig base 
(16.5 mL, 94.9 mmol, 3 equiv) in dichloromethane (95 mL) 
Was added SO3'Pyridine (15 g, 94.9 mmol, 3 equiv) as a solid 
over 15 minutes. The resulting solution Was aged at 0° C. for 

1 .5 h, at Which complete consumption of the starting material 
Was observed. The reaction mixture Was then diluted With 

EtOAc (150 mL) and Washed With cold 4N aqueous HCl (35 
mL). The organic layer Was separated and treated succes 
sively With saturated NaHCO3 solution and brine. The solu 
tion then dried over MgSO4 ?ltered and concentrated in vacuo 

to give the corresponding aldehyde (7.8 g, 83% assay yield), 
Which Was used in the next step Without further puri?cation. 
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PREPARATIVE EXAMPLE 11 

Preparation of Sodium Phosphonate 14 
Step 1 

O 
DAST. 15-450 C. 

O\M neat 
6 78-80% yield 

0 

F F 

0 
\Me 

O 

13 

To a neat solution of methyl benZoylformate 
(PhCOCOzMe, 25 g, 0.15 mol, 1 equiv) at 15° C. under N2 
atmosphere Was added neat diethylaminosulfur tri?uoride 
(DAST, 34.4 g, 0.21 mol, 1.4 equiv) at a rate such that the 
internal temperature Was maintained below 45° C. At the end 
of the addition, the resulting broWn solution Was alloWed to 
cool to RT and aged for 3 more hours, at Which time a 
complete consumption of starting material Was observed by 
high performance liquid chromatography (HPLC) and gas 
chromatography/mass spectroscopy (GC/MS). The reaction 
mixture Was then poured sloWly into a mixture of ice/H2O 
(NOTE: exothermic!) and the product Was extracted With 
MTBE (3><). The combined organic layer Was then neutral 
iZed sloWly to a pH of 7 With a cold solution of 20% aqueous 
Na2CO3 (NOTE: gas evolution), Washed With brine, dried 
over MgSO4, ?ltered and concentrated in vacuo. The crude 
product Was puri?ed by vacuum distillation (bp:103-105° C. 
at 24-25 torr) to give the desired product (13) as slightly 
yelloW oil. 
Step 2 

O 1. NaHMDS. THF 

M6O\ —78 C., 30 H1111 

/P—Me 2_ F F 
MeO 

0 
\Me 

O 

13 

O ONa 

MeO\|I! / 
MeO/ 

F F 

14 

To a solution of dimethyl methylphosphonate (28 g, 0.23 
mol, 1.05 equiv) in dry THE (400 mL, KFI30 ppm) under N2 
atm at —78° C. Was sloWly added a 2M solution of sodium 
bis(trimethylsilyl)amide in THE (115 mL, 0.23 mol, 1.05 
equiv) over 15 min. The resulting solution Was aged for 30 
min and then treated With neat methyl di?uoroester 
(PhCF2CO2Me, 40 g, 0.22 mol, 1.0 equiv) over 15 min. The 
reaction mixture Was aged at —78° C. for 1 h, sloWly Warmed 
to RT and concentrated to about a quarter of its original 
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22 
volume and added MTBE (400 mL) over 0.5 h. The resulting 
suspension Was further aged at RT for 0.5 h and ?ltered. The 
Wet cake Was Washed With MTBE (100 mL) and dried in 
vacuo under a stream of N2. The product Was isolated as White 

solid (14). 

PREPARATIVE EXAMPLE 12 

Preparation of Compound 16 
Step 1 

O 

2.0 641. K2S2O8 
10 eq. H2SO4 

10 rnL/g IPA 
2 mL/g H2O 

HOMOY O 

15 

To a 10° C. solution ofWater (250 mL), IPA (1250 mL) and 
concentrated sulfuric acid (600 mL, 11.1 moles) Was added 
solid potassium persulfate (600 g, 2.22 moles) in one portion. 
Cycloheptanone (131.5 mL) Was diluted to 250 mL total 
volume With EPA and this solution Was added via addition 
funnel to the persulfate slurry over 15 min With the tempera 
ture maintained <1 5° C. throughout the addition. The reaction 
Was aged at 15° C. for 16-20 h. Once all of the cycloheptanone 
had reacted, the reaction Was ?ltered to remove the salts, 
keeping the ?ltrate cold. The ?ltrate Was diluted With MTBE 
(1250 mL), sat’d brine (1 L), and Water (500 mL), With the 
temperature maintained <30° C. Upon transfer to a separatory 
funnel, the phases Were alloWed 1 h to settle and the aqueous 
layer Was cut. The organic layer Was Washed With sat’d. 
Na2CO3 (2><1 L), or until the aq. cut remained basic. The 
solution Was diluted With hexanes (1.25 L) and dried over 
NaZSO4 for 1 h. The solvent Was removed under vacuum and 
the oil Was vacuum distilled to yield pure ester (16). (bp 125° 
@ 4 mm Hg) 
Step 2 

HOWOW/ 
MOM/‘(TOY 

To a —10° C. solution of ester (10 g, 0.05 moles) and 
triethylamine (11.1 mL, 0.08 moles) in dry THE (100 mL) 
Was added Methanesulfonyl chloride (MsCl-4.75 mL, 0.06 
moles) (diluted 1:1 in THE) With the temperature maintained 
<10° C. throughout the addition. The reaction Was aged for 30 
min @ 0-5° C. Upon completion, the reaction Was diluted 
With hexanes (100 mL) and quenched With Water (50 mL). 
The aq. layer Was cut and the organic layer Was dried over 
NaZSO4 for 30 min. The solvent Was removed under vacuum 
and gave a yelloW oil (16). The mesylate should be prepared 
fresh prior to lactam alkylation in order to minimiZe impuri 
ties. 

1.15 eq. MsCl 
1.5 eq. TEA 

10 mL/ g THF 
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EXAMPLE 1 

o ONa 

MeO\¥) 
MeO/ / 

O F F 14 

COOIPI ZnC12, THF, 
N/\/\/\/ 55°C.,48h 

H 

o 

10 

15 

To a solution of sodium phosphonate 14 (13.7 g, 45.7 
mmol, 1.4 equiv) in THE (130 mL) at 0° C. under nitrogen 
Was added ZnCl2 (3.33 g, 24.5 mmol, 0.75 equiv). The result 
ing mixture Was stirred at rt for 15 minutes and then treated 
With a solution ofaldehyde 10 (9.7 g, 32.66 mmol, 1 equiv) in 
THF (10 mL). The resulting suspension Was then heated to 
50° C. for 50 h, at Which a 94-97% conversion Was observed. 
The mixture Was then concentrated to about a third of its 

volume, diluted With EtOAc (130 mL), Washed With H20 (30 
mL) and brine. The organic layer Was then dried over MgSO4, 
?ltered and concentrated to give yelloW oil (1 1), Which can be 
puri?ed by SiO2 gel ?ash chromatography (19:1—>9:1 tolu 
enezacetone). 

EXAMPLE 2 

11 

55 

60 

65 

24 
-continued 

12 

To a solution of the enone (450 mg, 1 mmol, 1.0 equiv) in 
0.5 M/~4.5 mL/ g anhydrous PhCH3 or dichloromethane 
(DCM) under N2 atmosphere Was added Et3N (0.14 mL, 1 
mmol, 1.0 equiv) and HCOZH (0.05 mL, 1.2 mmol, 1.2 equiv) 
at room temperature (RT). The resulting solution Was stirred 
for 10 min and then treated With solid (R,R)-(—)-RuTsDPEN 
cymene complex1 (19 mg, 0.03 mmol, 0.03 equiv) all at once. 
The reaction mixture Was then aged at RT for 2 h, at Which a 
complete consumption of starting material Was observed. 
Tert-butyl methyl ether-MTBE (5 mL) Was added folloWed 
by 1N HCl (2 mL). The organic layer Was separated, Washed 
With saturated Na2CO3, brine, dried over MgSO4, ?ltered and 
concentrated in vacuo to give the ?nal compound as viscous 
oil. 
The catalyst can also be generated in situ by mixing 0.02 

mol equiv of [RuCl2(p-cymene)2] and 0.04 mol equiv of the 
(R,R)-N-Tosyl-1,2-diphenylethylene-1,2-diamine in DCM 
(dichloromethane) in the presence of 0.04 mol equiv of 1M 
solution KOtBu in THF (tetrahydrofuran). After aging for 10 
min at RT, Et3N Was added folloWed by HCO2H and a solu 
tion of the enone in DCM). 

The catalyst Was prepared by mixing 1 mol equiv of [RuCl2 
(p-cymene)2], 2 mol equiv (R,R)-N-Tosyl-1,2-diphenyleth 
ylene-1,2-diamine and 4.2 mol equiv of Et3N in iPrOH at 80° 
C. for 1 h (hour). After solvent removal, the solid Was Washed 
With cold H20 and the recrystallized from MeOH to give the 
catalyst as orange solid. 

EXAMPLE 3 

acid 

Scheme 2 

O 

1.1 eq. KHMDS 
NH I O 

OTBS W 
O 

7 16 
500 C. 

O O 

W k TBAF N 2 o —> 

OTBS 
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-continued 
O O 

Wk )\ SWern Oxidation 
OH 

9 

NaH, ZnClZ, THF, 
5000,5011 

20 

catechol borane, 
PhMe 
—> 

Bu-CBS ligand 

25 

30 

LiOH 
—> 

35 

40 

Step 1: isopropyl 7-[(2R)-2-({[tert-butyl(dimethyl)silyl] 55 
oxy}methyl)-6-oxopiperidin-1-yl]heptanoate 

O 
60 

N /H 1.1 eq. NaH 

OTBS 

7 65 

26 
-continued 
I O 

M Y 
O 

17 

500 C. 

OTBS 

O 

8 

To a solution of 7 (1.0 g, 4.1 mmol, synthesized in seven 
steps according to the literature procedure Synthesis 1998, 
1 141-1 144.) in 12 mL DMF (dimethyl formamide) Was added 
60% sodium hydride (172 mg, 4.3 mmol) and the resulting 
solution Was stirred for 30 min at 50° C. Whereupon isopro 
pyl-7-iodoheptanoate, 17, (1.9 g, 1.6 mL, 8.2 mmol) and 
tetrabutylammonium iodide (50 mg) Were added. The solu 
tion Was stirred at 50° C. overnight after Which it Was cooled 
to room temperature, sloWly poured into saturated aqueous 
ammonium chloride solution and Was extracted With ether. 
The organic phases Were then combined and sequentially 
Washed With H2O, brine and dried over Na2SO4, ?ltered and 
concentrated in Vacuo. The compound Was puri?ed by ?ash 
chromatography using 75-100% ethyl acetate/hexanes to 
yield 9 as a colorless oil. 1H NMR (500 MHZ, Acetone-d6): o 
4.95 (m, 1H), 3.75 (m, 3H), 3.50 (m, 1H), 2.97 (m, 1H), 2.25 
(2t, 4H), 2.00 (m, 1H), 1.93 (m, 1H), 1.82 (m, 1H), 1.70-1.56 
(m, 4H), 1.52 (m, 1H), 1.40-1.28 (m, 4H), 1.22 (2s, 6H), 0.93 
(s, 9H), 0.11 (s, 6H). 
Step 2: isopropyl 7-[(2R)-2-(hydroxymethyl)-6-oxopiperi 
din-1 -yl]heptanoate 

O 0 

Wk )\ TBAF N O —> 

OTBS 

s 
o o 

N/\/\/\)ko)\ 
on 

9 

To a solution of8 (0.80 g, 2.3 mmol) in 10 mL Was added 
TBAF-tetrabutylammonium ?uoride (0.25 mL of a 1M solu 
tion in THF) at room temperature and stirred for 18 hours. The 
solution Was then quenched With saturated (sat’d.) NaHCO3, 
and extracted With ethyl acetate. The organic layers Were 
combined and Washed With Water then brine, dried over 
MgSO4, ?ltered and concentrated in Vacuo to yield 9 as a 
colorless oil. 1H NMR (500 MHZ, Acetone-d6): 6 4.95 (m, 
6H), 3.97 (t, 1 H, OH), 3.76 (m, 1H), 3.66 (m, 2H), 3.48 (m, 
1H), 2.98 (m, 1H) 2.24 (m, 4H), 2.08 (m, 1H), 1.90 (m, 1H), 
1.79 (m, 1H), 1.70-1.56 (m, 4H), 1.50 (m, 1H), 1.40-127 (m, 
4H), 1.22 (2s, 6H). 
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Step 3: isopropyl 7-{ (2R) -2-[(1 E)-4,4-di?uoro -3 -oxo-4-phe 
nylbut- 1 -en- 1 -yl] 16-oxopiperidin- 1-yl }heptanoate 

o 

/\/\/\/COOiPr SWen Oxidation —> 

N cnzci2 

on 

9 

o 

O MeO\g 
/ 

Wvcoom M60 N F F 

H NaH,THF 

o 

10 

20 

To a purged ?ask With N2 (g) Was added CH2Cl2 (40 mL) to 
Which dimethylsulfoxide (0.115 g, 0.10 mL, 1.48 mmol) Was 
then added. The solution Was then cooled to —780 C. and 
during vigorous stirring oxalyl chloride (0.17 g, 0.12 mL, 1.3 
mmol) Was added dropWise. After 30 min a solution of 9 (0.35 
g, 1.2 mmol) in 5 mL CH2Cl2 Was added via cannula. Stirring 
Was continued for another 30 min at —780 C. Triethyl amine 
(0.31 g, 0.43 mL, 3.1 mmol) Was added dropWise and after 15 
min of stirring Was concentrated in vacuo Without the use of 
the bath. A solution of 1:1 diethyl ether/ethyl acetate (100 
mL) Was used to ?lter off the triethylamine salts and the 
solution Was concentrated in vacuo. The crude aldehyde, 10, 
Was then diluted in 5 mL of THF and added to a solution of 

(2-oxo-3 -phenyl-propyl)-phosphonic acid dimethyl ester 
(0.34 g, 1.4 mmol) and 60% sodium hydride (52 mg, 1.3 
mmol) in 15 mL of THF at 00 C. Which had been premixed 1 
hour. Zinc chloride (x mL of a 1M solution in THF Was added) 
and the reaction mixture Was stirred overnight at 500 C. The 
solution Was quenched With saturated aqueous ammonium 
chloride solution and Was extracted With ethyl acetate. The 
organic phases Were then combined, and sequentially Washed 
With H2O, brine and dried over Na2SO4, ?ltered and concen 
trated in vacuo. The compound Was puri?ed by ?ash chroma 
tography using 50-80% ethyl acetate/hexanes to yield 11 as a 
colorless oil. 1H NMR (400 MHZ, Acetone-d6): 6 7.65-7.55 
(m, 5H), 7.11 (dd, 1H), 6.67 (d, 1H), 4.95 (m, 1H), 4.40 (m, 
1H), 3.78 (m, 1H), 2.60 (m, 1H), 2.25 (m, 4H), 2.02 (m, 1H), 
1.90 (m, 1H), 1.68 (m, 2H), 1.53-1.36 (m, 4H), 1.35-1.17 (m, 
10H). 

45 

m 5 

2 8 
Step 4: isopropyl 7-{(2R)-2-[(1E,3R)-4,4-di?uoro-3 -hy 
droxy-4-phenylbut-1-en-1-yl]-6-oxopiperidin-1 
yl }heptanoate 

Wvcoom N 

catechol borane 
—> 

(S)-Bu-CBS, PhMe 

11 

A. Synthesis of butyl-(S)-CBS in toluene: To a solution of 
(S)-CBS ligand (11.53 g, 45.5 mmol) in toluene (110 mL) 
Was added butylboronic acid (5.1 g, 47.8 mmol) and the 
mixture Was heated to re?ux over night With a Dean stark. 
This ?nal solution Was 0.48 M and Was used directly. 

B. Reduction: To a solution of catecholborane (3.35 mL, 
31.4 mmol) in toluene (400 mL) cooled to —780 C. Was added 
68 mL (32.6 mmol) of (S)-2-butyl-CBS oxaZaborolidine 
solution under nitrogen and the mixture Was stirred at the 

temperature for 1 hour (h). Ketone 11 (7 g, 15.6 mmol) in 
toluene (420 mL) Was added dropWise in 1 h under nitrogen 
and the mixture stirred at the temperature until all starting 
material disappeared (usually in 30 min). To the mixture Was 
then added 200 mL 1N HCl and the mixture alloWed to Warm 

to room temperature With vigorous stirring. The mixture Was 
extracted With ethyl acetate (emulsion developed during 
extraction and the suspension Was ?ltered through celite to 
remove emulsion). The crude product Was puri?ed by ?ash 
chromatograph. Eluting With EA/hexanes (70-100%) gave 
the desired alcohol as a mixture of tWo diastereomers in a 

ratio of 12:1. The mixture Was easily separated by prep HPLC 
(high performance liquid chromatograpy) using a chiral Pak 
AD® column using 50% iPrOH in hexanes as eluants (moni 
toring at 7» 214 nm). The undesired isomer came out ?rst 
folloWed by the desired isomer 12. 

1H NMR (400 MHZ, Acetone-d6): 6 76-75 (m, 2H), 7.5 
7.4 (m, 3H), 5.80 (dd, 1H), 5.6 (dd, 1H), 5.0-4.9 (m, 2H), 
4.7-4.6 (m, 1H), 4.1-4.0 (m, 1H), 3.8-3.7 (m, 1H), 2.6-2.5 
(m,1H), 2.3-2.2 (m, 4H), 1.9-1.8 (m, 1H), 1.75-1.55 (m, 5H), 
1.55-1.4 (m, 2H), 1.4-1.22 (m, 4H), 1.22 (d, 6H). 
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Step 5: 7-{(2R)-2-[(1 E, 3R)-4,4-di?uoro-3-hydroxy-4-phe 
nylbut-1-en-1-yl]-6-oxopiperidin-1-yl} heptanoic acid 

LiOH 
—> 

To a solution of 12 (39 mg, 0.089 mmol) in 2.75 mL 
2.512.511 THFzMeOHzwater, at 0° C., Was added lithium 
hydroxide (145 pL of a 2M solution in Water) and the result 
ing solution Was allowed to Warm to room temperature and 
stirred overnight. To the solution Was added a 1M aqueous 
solution of HCl (1 mL) and the solution Was extracted With 
ethyl acetate. The organic phases Were then combined, 
Washed With brine, dried over MgSO4, ?ltered and concen 
trated in Vacuo. The compound Was puri?ed by ?ash chroma 
tography using 49-45%/1-5%/1 drop CH2Cl2/methanol/ace 
tic acid to yield 18 as a colorless oil. 1H NMR (500 MHZ, 
Acetone-d6): 6 7.6-7.5 (m, 5H), 5.8 (dd, 1 H), 5.6 (dd, 1H), 
5.6 (bs, 1 H), 4.6 (m, 1H), 4.1 (m, 1H), 3.7 (m, 1H), 2.6 (m, 
1H), 2.4-2.2 (m, 4H), 1.9-1.2 (m, 12H). 
The folloWing Examples 4 through 13 can be made in 

accordance With Examples 1-3 With the appropriate modi? 
cations. 

EXAMPLE 4 

Ms (+ESI): III/Z 490.1 (M+1)+. 

5 
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30 
EXAMPLE 5 

7-{ [(2R)-2-(3 R)-3 -hydroxy-4 -phenyl-butyl] -6-ox 
opiperdin-1 -yl }heptanoic acid 

1H NMR (400 MHZ, 03301)); 6 7.3-7.1 (m, 5H), 3.8-3.7 
(m, 2H), 3.4 (m, 1H), 2.9-2.7(m, 3H), 2.3 (m, 4H), 1.9-1.3 (m, 
16H); MS (-ESI): III/Z 374.2 (M-1)-. 

EXAMPLE 6 

methyl 5 -{3 -[(2R)-2-((1E)-(3 S) 3 -hydroxy-4 -phenyl 
but-1-enyl)-6-oxo-piperidin-1-yl]-propyl} 

thi ophene-2 -carb oxylate 

1H NMR (400 MHZ, CDC13): 6 7.6 (d, 1H), 7.2-7.1 (m, 
5H), 6.7 (d, 1H), 5.5 (m, 2H), 4.3 (m, 1H), 3.8-3.7 (m, 2H), 3.8 
(s, 3H), 2.8-2.6 (m, 6H), 2.3-2.2 (m, 2H), 1.9-1.2 (m, 6H). 

21 
O O 

EXAMPLE 7 

5-{3-[(2R)-2-((1E)-(3S) 3-hydroxy-4-phenyl-but-1 
enyl)-6-oxo-piperidin-1-yl]-propyl}-thiophene-2 

carboxylic acid 

1H NMR (400 MHZ, CD3OD): 6 7.6 (d, 1H), 7.2-7.1 (m, 
5H), 6.9 (d, 1H), 5.5 (m, 2H), 4.3 (m, 1H), 3.9 (m, 1H), 3.7 (m, 
1H), 2.9-2.6 (m, 5H), 2.2 (m, 2H), 1.9-1.5 (m, 6H); MS 
(—ES1): m/Z 412.1 (M-1)‘. 

22 
O O 

OH 
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EXAMPLE 14 

isopropyl-7-{ (4R) -4-[(1 E)-4,4-di?uoro-3-hydroxy-4 
phenylbut- 1 -en-yl] -2-oxo- 1 ,3-oxanZinan-3 - 

yl }heptano ate 

MS (+ESI): III/Z 454 (M+1)+. 

34 
acetate (2 x) and the organic extracts Were Washed With Water, 
brine and dried over MgSO4. The mixture Was ?ltered and the 
?ltrate Was concentrated in vacuo. The crude product Was 

puri?ed by silica gel chromatography (15% ethyl acetate/ 
hexanes) to give desired product as a colorless oil. 1H NMR 
(400 MHZ, Acetone-d6): 67.28 (2 H, d), 6.93-6.91 (2 H, m), 

(iPr I isopropyl) 

Scheme 3 

HO PMBO 
PMBO 

O NH, NaI, THF 0 AcOlUHzO \/\(\OH —> 
O O 

7< \o : PMB-Cl 7< OH 
Cl 1. TBSCl, imidazole 

DMF 

2. MsCl, Et3N, 
THF 

PMBO 

HO 1. DDQ PMBOW NaN3 \/Y\OTBS \/\_/\OTBS CHZCIZ/HZO _ OTBS DMF 
5 a <— O 

5 2. H2, Pd/CaCO3 E \S/ NHZ N1 // \\ 
O O phosgene 

pyridine 

O /\/\/\/COOiPr l 

i l. DMF, KHMDS 
O 

2. TBAF 

K/K/OTBS 
NH 

0 

O)]\N 

COOiPr 

O 

i (S)-Me-CBS, PhMe 
O N F F catechol borane 

-78° C. 

0 

Step 1 

Preparation of (4S)-4-[2-(4-methoxyphenoxy)ethyl]-2,2 
dimethyl- 1 ,3 -dioxolane 

To a solution of 2-[(4S)-2,2-dimethyl-1,3-dioxolan-4-yl] 
ethanol (Aldrich, 5 g, 34.2 mmol) in THF Was added sodium 60 
hydride 60% (1.504 g, 37.6 mmol, 1.1 eq) portionWise andthe 
mixture stirred for 1 h (cloudy solution). The mixture Was 
cooled to 0° C. and to it Was added 4-methoxybenZyl chloride 
(5.89 g, 37.6 mmol, 1.1 equivalent (eq.)) in one portion and 
the mixture stirred at the temperature for 30 min and heated to 65 
65-700 C. overnight. After cooling to rt and quenching With 
saturated NH4Cl/Water, the mixture Was extracted With ethyl 

COOiPr 1. (0001);, DMSO, Et3N 
2. 

o o 

MeO/ 
F 

NaH, ZnClZ 
COOiPr 

i 
N F F 

0H 

29 

55 4.43 (2 H, s), 420-414 (1 H, m), 4.04-3.98 (1 H, m), 3.80 
1. (3H, s), 3.56-3.50 (3H, m), 

1.28 (3 H, s). 
Step 2 
Preparation of (2S)-4-(4-methoxyphenoxy)butane-1,2-diol 
A solution of (4S)-4-[2-(4-methoxyphenoxy)ethyl]-2,2 

dimethyl-1,3-dioxolane (8.2 g, 30.8 mmol) in AcOH/Water 
Was stirred at rt for 5 h and concentrated in vacuo. The residue 
Was co-evaporated With toluene (3x) and then pumped under 
high vacuum to give the desired product. 1H NMR (400 MHZ, 
Acetone-d6): 67.28 (2 H, d), 6.91 (2 H, d), 4.43 (2 H, s), 3.80 
(3 H, s), 3.77 (1H, m), 3.66-3.42 (5 H, m), 1.86-1.76 (1H, m), 
1.68-1.60 (1H, m). 

88-176 (2H, m), 1.31 (3H, s), 
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Step 3 
Preparation of (1 S)-1 -({ [tert-butyl(dimethyl) silyl] 
oxy}methyl)-3-(4-methoxyphenoxy)propyl methane 
sulfonate 

To a solution of (2S)-4-(4-methoxyphenoxy)butane-1,2 
diol (7 g, 30.9 mmol) and imidaZole (4.21 g) in DMF (50 mL) 
Was added t-Butyldimethylsilyl chloride (4.88 g, 32.4 mmol, 
1.05 eq) in one portion at 0° C. and the mixture Was stirred at 
the temperature for 1 h and diluted With Water/ether. The 
layers Were separated and the aqueous layer extracted With 
ether (2><). The extracts Were combined, Wased With Water, 
brine, dried and ?ltered. The ?ltrated Was concentrated in 
vacuo to give 10.8 g crude product (2S)-1-{[tert-butyl(dim 
ethyl)silyl]oxy}-4-(4-methoxyphenoxy)butan-2-ol as a col 
orless oil. The crude NMR indicated that the product Was over 
95% pure and thus it Was used directly Without puri?cation. 
1H NMR (400 MHZ,Acetone-d6): 67.28 (2 H, d), 6.92-6.90 (2 
H, m), 4.43 (2 H, s), 3.80 (3 H, s), 3.75 (1H, m), 3.67-3.51 (5 
H, m), 1.89-1.81 (1H, 1.66-1.58 (1 H, m), 0.91 (s, 9H), 0.09 
(s, 6 H). 

To a solution of (2S)- 1 -{ [tert-butyl(dimethyl)silyl]oxy}-4 
(4-methoxyphenoxy)butan-2-ol (10.5 g, 30.8 mmol) in 
dichloromethane (DCM) (50 mL) at 0° C. Was added triethy 
lamine (6.5 mL) folloWed by MsCl (2.9 mL) dropWise and the 
mixture (light yelloW suspension) Was stirred for 1 h and 
quenched With Water. The layers Were separated and the 
organic layer dried over MgSO4. The mixture Was ?ltered and 
the ?ltrate Was concentrated in vacuo to give the desired 
methanesulfonate. 1H NMR (400 MHZ, Acetone-d6): 67.29 
(2 H, d), 6.91 (2 H, d), 4.84-4.78 (1 H, m), 4.49-4.41 (2 H, m), 
3.90 (1 H, dd), 3.84 (1H, dd), 3.80 (3H, s), 3.62-3.54 (2H, m), 
3.09 (3 H, s), 2.04-1.90 (2 H, m), 0.91 (s, 9H), 0.12-0.06 (6 H, 
In). 
Step 4 
Preparation of {[(2R)-2-aZido-4-(4-methoxyphenoxy)butyl] 
oxy}(tert-butyl)dimethylsilane 
A mixture of (1S)-1-({[tert-butyl(dimethyl)silyl] 

oxy}methyl)-3-(4-methoxyphenoxy)propyl methane 
sulfonate (13 g) and NaN3 (10 g) in DMF (50 mL) Was heated 
to 60-70° C. under N2 o/n and cooled to rt. The mixture Was 
diluted With ether/Water and extracted With ether (3><). The 
ether extracts Were Washed With Water, brine and then Worked 
up as usual. The crude Was puri?ed by ?ash chromatography 
(5% ethyl acetate/hexanes) to give the desired aZido product. 
1H NMR (400 MHZ, Acetone-d6): 67.29 (2 H, d), 6.92 (2 H, 
d), 4.45 (2 H, s), 3.87 (1 H, dd), 3.80 (3 H, s), 3.70-3.54 (4 H, 
m), 1.85-1.77 (1 H, m), 1.68-1.60 (1 H, m), 0.93 (9 H, s), 0.11 
(6 H, s). 
Step 5 
Preparation of (3R)-3-amino-4-{[tert-butyl(dimethyl)silyl] 
oxy}butan-1-ol 

To a solution of {[(2R)-2-aZido-4-(4-methoxyphenoxy) 
butyl]oxy}(tert-butyl)dimethylsilane (4.7 g, 12.86 mmol) in 
19:1 DCM/Water at 0° C. Was added DDQ (2,3-Dichloro-5, 
6-dicyano-1,4-benZoquinone) (3.5 g, 15.43 mmol, 1.2 eq) 
and the mixture Was stirred (from 00 C. to rt) until all starting 
material disappeared as indicated by TLC (thin layer chro 
matography) analysis. Most DCM Was then removed in vacuo 
and the residue Was dissolved in ethyl acetate. The ethyl 
acetate solution Was Washed With Water and saturated 
NaHCO3 repeatedly until a pale yelloW organic solution Was 
obtained. The organic solution Was dried and the crude Was 
puri?ed by silica gel chromatography (5% acetone/toluene) 
to give the desired product (3R)-3-aZido-4-{[tert-butyl(dim 
ethyl)silyl]oxy}butan-1-ol. 1H NMR (400 MHZ, Acetone 
d6): 63.89 (1 H, dd), 3.73-3.65 (5 H, m), 1.76-1.68 (1 H, m), 
1.62-1.54 (1 H, m), 0.94 (9 H, s), 0.13 (6 H, s). 
A mixture of (3R)-3-aZido-4-{[tert-butyl(dimethyl)silyl] 

oxy}butan-1-ol (2.94 g) and Lindlar’s catalyst (5% 
Pd/CaCO3, 1.27 g) in ethanol (50 mL) Was hydrogenated 
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under 51 psi H2 for 3.5 h and ?ltered. The ?ltrate Was con 
centrated to give 2.97 g crude product (3R)-3 -amino-4-{ [tert 
butyl(dimethyl)silyl]oxy}butan-1-ol With good purity. 1H 
NMR (CDCI3, 400 MHZ): 3.85 (2 H, t), 3.54 (1H, dd), 3.42 (1 
H, dd), 3.03-2.97 (1 H, m), 2.44 (3 H, br s), 1.64-1.52 (2 H, 
m), 0.92 (9 H, s), 0.08 (6 H, s). 
Step 6 
Preparation of (4 R) -4 -({ [tert-butyl (dimethyl)silyl] 
oxy}methyl)-1,3-oxaZinan-2-one 

To a solution of (3R)-3-amino-4-{[tert-butyl(dimethyl)si 
lyl]oxy}butan-1-ol (2.63 g, 12 mmol) in DCM (100 mL) at 0° 
C. Was added pyridine (3 mL) folloWed by phosgene (20% 
solution in toluene, 1.9 M, 8.5 mL) dropWise and the mixture 
Was stirred for 30 min and alloWed to Warm to rt, and 
quenched With Water. The layers Were separated and the Water 
layer extracted With DCM once. The organic layers Were 
dried over MgSO4, ?ltered and concentrated. The desired 
product (4R) -4-({ [tert-butyl(dimethyl) silyl]oxy}methyl)-1 , 
3-oxaZinan-2-one Was obtained from crystalliZation from 
ether/hexanes at —20° C. as a light yelloW solid. 1H NMR (400 
MHZ, CDCl3) 5.52 (br s, 1H), 4.38-4.33 (m, 1H), 4.28-4.22 
(m, 1H), 3.70-3.59 (m, 2H), 3.46 (t, 1H), 1.97-1.93 (m, 1H), 
1.72-1.67 (m, 1H), 0.91 (s, 9H), 0.90 (s, 6H). 
Step 7 
Preparation of isopropyl 7-[(4R)-4-(hydroxymethyl)-2-oxo 
1 ,3 -oxaZinan-3-yl]heptanoate 
To a solution of (4R)-4-({[tert-butyl(dimethyl)silyl] 

oxy}methyl)-1,3-oxaZinan-2-one (0.51 g, 2.078 mmol) in 
DMF (10 mL) at rt under N2 Was added KHMDS (0.5 M in 
toluene, 5 mL) dropWise (gel like precipitation formation) 
and the mixture Was stirred for 10 min. lsopropyl 7-iodohep 
tanoate (1.24 g, 4.16 mmol, 2 eq) Was then added in one 
portion and the mixture stirred at 65° C. for an additional 5 h 
and cooled to rt, diluted With Water/ether. The layers Were 
separated and the aqueous layer extracted With ether. The 
organic layers Were combined, Washed With Water and brine, 
dried over MgSO4 and ?ltered. The ?ltrate Was concentrated 
in vacuo and the residue puri?ed by column chromatography 
(15-30% acetone/toluene) to give desired product isopropyl 
7-[(4R)-4-({[tert-butyl(dimethyl)silyl]oxy}methyl)-2-oxo 
1,3-oxaZinan-3-yl]heptanoate as a colorless oil. 1H NMR 
(400 MHZ, Acetone-d6): 6498-490 (1 H, m), 438-430 (1 H, 
m), 4.16-4.12 (1 H, m), 3.83-3.77 (2 H, m), 3.56-3.48 (2 H, 
m), 3.15-3.07 (1 H, m), 2.26 (2 H, t), 2.11-2.09 (2 H, m), 
1.69-1.53 (4 H, m), 1.41-1.27 (4 H, m), 1.21 (6 H, d), 0.92 (9 
H, s), 0.12 (6 H, s). 

To the product thus obtained (0.6 g, 1.444 mmol) in THF (5 
mL) Was added AcOH (0.06 mL) and TBAF (1M in THF, 2.9 
mL), and the mixture Was stirred at rt for 30 min and then 
concentrated. The crude Was puri?ed by ?ash chromatogra 
phy (30-50% acetone/toluene) to give desired product isopro 
pyl 7-[(4R)-4-(hydroxymethyl)-2-oxo-1,3-oxaZinan-3 -yl] 
heptanoate. 1H NMR (400 MHZ, Acetone-d6): 6500-490 (1 
H, m), 4.37-4.31 (1 H, m), 4.16-4.10 (2 H, m), 3.75-3.65 (2 H, 
m), 3.54-3.46 (2 H, m), 315-307 (1 H, m), 2.26 (2 H, t), 
2.18-1.99 (2 H, m), 1.67-1.52 (4 H, m), 141-127 (4 H, m), 
1.21 (6 H, d, J:6.2 HZ). 
Step 8 
Preparation of isopropyl 7-{(4R)-4-[(1E)-4,4-di?uoro-3 
oxo-4-phenylbut-1-en-1-yl]-2-oxo-1,3 -oxaZinan-3 - 
yl}heptanoate 

A: oxidation of the alcohol: to a solution of DMSO (Dim 
ethylsulfoxide) (113 uL, 1.592 mmol, 1.2 eq) in DCM (5 mL) 
at —78° C. Was added Oxalyl chloride (128 uL, 1.46 mmol, 1.1 
eq) dropWise and the mixture Was stirred at the temperature 
for 15 min. lsopropyl 7-[(4R)-4-(hydroxymethyl)-2-oxo-1,3 
oxaZinan-3-yl]heptanoate (400 mg, 1.327 mmol) in DCM (3 
mL) Was added via a cannula and the mixture Was stirred for 
an additional 15 min. Triethylamine (429 uL, 3.05 mmol, 2.3 
eq) Was then added in one portion and the mixture stirred at 












