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(57) ABSTRACT 

4-Biarylyl-1-phenylazetidin-2-ones useful for the treatment 
of hypercholesterolemia are disclosed. The compounds are of 
the general formula 

Ru?h 
N-4 a 

N 

R4 —y.R. 
U \ / 

Air 
/ 

R5 

in which O 
represents an aryl or heteroaryl residue; Arrepresents an aryl 
residue; U is a two to six atom chain; and the R's represent 
Substituents. 
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4-BARYLYL-1-PHENYLAZETION-2-ONES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is in part a divisional and in part a 
continuation of copending U.S. application Ser. No. 10/986, 
570, filed Nov. 10, 2004 (allowed), which claimed priority 
from U.S. provisional application Ser. Nos. 60/518,698; 
60/549,577; 60/592,529; and 60/614,005, filed Nov. 10, 
2003; Mar. 3, 2004; Jul. 30, 2004; and Sep. 28, 2004, respec 
tively. The entire disclosures of all are incorporated herein by 
reference. 

FIELD OF THE INVENTION 

0002 The invention relates to a chemical genus of 4-bi 
arylyl-1-phenylazetidin-2-ones useful for the treatment of 
hypercholesterolemia and cholesterol-associated benign and 
malignant tumors. 

BACKGROUND OF THE INVENTION 

0003) 1,4-Diphenylazetidin-2-ones and their utility for 
treating disorders of lipid metabolism are described in U.S. 
Pat. No. 6,498,156, U.S. RE37721 and PCT application 
WO02/50027, the disclosures of which are incorporated 
herein by reference as they relate to utility. 

SUMMARY OF THE INVENTION 

0004. In one aspect the invention relates to compounds of 
formula: 

e 

R- h 
N O 

N 

R4 Ev D2 
U X R 

N / 
Air 

/ 
R5g 

which comprises compounds of two closely related genera, db 
and l: 

e 

R r h Q 
R4 Ua = y.R. and 

N / 
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-continued 
lf 

e 

R- h 
N O 

N 

R4f FV R2 
X 

U N / 
Air 

M 
R5h 

whereinO 
represents an aryl or heteroaryl residue; Arrepresents an aryl 
residue: R' represents one, two, three, four or five residues 
chosen independently from H. halogen, —OH, loweralkyl, 
OCH, OCF. H. OCF, CH, CFH, CHF, -O-loweralkyl, 
methylenedioxy, ethylenedioxy, hydroxyloweralkyl, —CN, 
CF, nitro. —SH, -S-loweralkyl, amino, alkylamino, 
dialkylamino, aminosulfonyl, alkylaminosulfonyl, dialky 
laminosulfonyl, alkylsulfonyl, arylsulfonyl, acyl, carboxy, 
alkoxycarbonyl, carboxyalkyl, carboxamido, alkylsulfoxide, 
acylamino, amidino, phenyl, benzyl, phenoxy, benzyloxy, 
—POH, -SOH, -B(OH), a sugar, a polyol, a glucu 
ronide and a sugar carbamate; R represents one, two, three, 
four or five residues chosen independently from H. halogen, 
-OH, loweralkyl, OCH, OCF. H. OCF, CH, CFH, CHF, 
—O-loweralkyl, methylenedioxy, ethylenedioxy, hydroxy 
loweralkyl, —CN, CF, nitro, SH, -S-loweralkyl, amino, 
alkylamino, dialkylamino, aminosulfonyl, alkylaminosulfo 
nyl, dialkylaminosulfonyl, alkylsulfonyl, arylsulfonyl, acyl, 
carboxy, alkoxycarbonyl, carboxyalkyl, carboxamido, alkyl 
Sulfoxide, acylamino, amidino. —POH, -SOH, 
—B(OH), a Sugar, a polyol, a glucuronide and a Sugar car 
bamate; R represents one, two, three or four residues chosen 
independently from H. halogen, OH, loweralkyl, —O-low 
eralkyl, hydroxyloweralkyl, —CN, CF, nitro. —SH, —S- 
loweralkyl, amino, alkylamino, dialkylamino, aminosulfo 
nyl, alkylaminosulfonyl, dialkylaminosulfonyl, 
alkylsulfonyl, arylsulfonyl, acyl, carboxy, alkoxycarbonyl, 
carboxyalkyl, carboxamido, alkylsulfoxide, acylamino, ami 
dino, —POH, -SOH, -B(OH), a Sugar, a polyol, a 
glucuronide and a sugar carbamate; R is -OH, -SH or 
—B(OH); R represents one, two, three, four or five resi 
dues on Archosen independently from halogen, —OH, low 
eralkyl, —O-loweralkyl, methylenedioxy, ethylenedioxy, 
hydroxyloweralkyl, —CN, CF, nitro. —SH, —S-lower 
alkyl, amino, alkylamino, dialkylamino, aminosulfonyl, 
alkylaminosulfonyl, dialkylaminosulfonyl, alkylsulfonyl, 
arylsulfonyl, acyl, carboxy, alkoxycarbonyl, carboxyalkyl, 
carboxamido, alkylsulfoxide, acylamino, amidino. —POH, 
—SOH, -B(OH), a Sugar, a polyol, a glucuronide and a 
sugar carbamate; R represents one, two, three, four or five 
residues on Ar chosen independently from hydrogen, halo 
gen, —OH, loweralkyl, —O-loweralkyl, methylenedioxy, 
ethylenedioxy, hydroxyloweralkyl, —CN, CF, nitro. —SH, 
—S-loweralkyl, amino, alkylamino, dialkylamino, aminosul 
fonyl, alkylaminosulfonyl, dialkylaminosulfonyl, alkylsulfo 
nyl, arylsulfonyl, acyl, carboxy, alkoxycarbonyl, carboxy 
alkyl, carboxamido, alkylsulfoxide, acylamino, amidino, 
—POH, -SOH, -B(OH), a Sugar, a polyol, a glucu 
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ronide and a Sugar carbamate; U is (C-C)-alkylene in which 
one or more —CH2— may be replaced by a radical chosen 

(OPOH) , —CH(OB(OH))—, or - NOH-, with the 
provisos that (1) adjacent —CH2—residues are not replaced 
by —S— —S(O)— —SO - or —O—; and (2) —S , 
S(O)— —SO —O— and —NH- residues are not 

separated only by a single carbon; U is the same as U except 
that U* excludes —CHCH-CH(OH)—. 
The genera d and I exclude compounds in which R is 
—CN; 2,5-dimethoxy; 2,6-dimethoxy or halogen when nei 
ther ring of the biphenyl residue is further substituted. The 
genera d and I also exclude compounds in which R is 
2-hydroxy whenO 
represents a 2.5-thienyl residue. 
0005 Subgenera include biphenyl compounds of general 
formulae I-VII: 

III 
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-continued 
IV 

VII 

10006) Informula I, RandR represent one or two residues 
chosen independently from H. halogen, —OH, loweralkyl, 
OCH, OCFH, OCF, CH, CFH, CHF, -O-loweralkyl, 
methylenedioxy, hydroxyloweralkyl, —CN, CF, nitro. —S- 
loweralkyl, amino, alkylamino, dialkylamino, aminosulfo 
nyl, alkylaminosulfonyl, dialkylaminosulfonyl, alkylsulfo 
nyl, arylsulfonyl, acyl, carboxy, carboalkoxy, carboxamido, 
alkylsulfoxide, acylamino, amidino, phenyl, benzyl, phe 
noxy, benzyloxy, a Sugar, a glucuronide and a Sugar carbam 
ate; R is chosen from H. —OH, fluoro, —O-loweralkyl and 
—O-acyl: R represents one, two, three or four residues cho 
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sen independently from H. halogen, —OH, loweralkyl, —O- 
loweralkyl, methylenedioxy, hydroxyloweralkyl, —CN, CF, 
nitro. —S-loweralkyl, amino, alkylamino, dialkylamino, 
aminosulfonyl, alkylaminosulfonyl, dialkylaminosulfonyl, 
alkylsulfonyl, arylsulfonyl, acyl, carboxy, carboalkoxy, car 
boxamido, alkylsulfoxide, acylamino, amidino, phenyl, ben 
Zyl, phenoxy, benzyloxy, a Sugar, a glucuronide and a Sugar 
carbamate; R represents one, two, three, four or five residues 
chosen independently from halogen, —OH, loweralkyl, —O- 
loweralkyl, methylenedioxy, hydroxyloweralkyl, —CN, 
CF, nitro. —S-loweralkyl, amino, alkylamino, dialky 
lamino, aminosulfonyl, alkylaminosulfonyl, dialkylamino 
Sulfonyl, alkylsulfonyl, arylsulfonyl, acyl, carboxy, car 
boalkoxy, carboxamido, alkylsulfoxide, acylamino, amidino, 
phenyl, benzyl, phenoxy, benzyloxy, a Sugar, a glucuronide a 
sugar carbamate and—NR'R'RX; R is C, to Cohydro 
carbon or forms a five- to seven-membered ring with R: R is 
alkyl or forms a five- to seven-membered ring with R: R is 
alkyl or together with R or R' forms a second five- to seven 
membered ring; and X is an anion. 
0007. In formula II one of R', R* and R is -Q-A-N" 
RR'R''X and the other two of R, R and Rare chosen 
independently from hydrogen, halogen, —OH, loweralkyl, 
OCH, OCF. H. OCF, CH, CFH, CHF, -O-loweralkyl, 
methylenedioxy, hydroxyloweralkyl, —CN, CF, nitro. —S- 
loweralkyl, amino, alkylamino, dialkylamino, aminosulfo 
nyl, alkylaminosulfonyl, dialkylaminosulfonyl, alkylsulfo 
nyl, arylsulfonyl, acyl, carboxy, carboalkoxy, carboxamido, 
alkylsulfoxide, acylamino, amidino, phenyl, benzyl, phe 
noxy, benzyloxy. R” represents one or two residues chosen 
independently from H. halogen, OH, loweralkyl, OCH, 
OCFH, OCF, CH, CFH, CHF, O-loweralkyl, methyl 
enedioxy, hydroxyloweralkyl, —CN, CF, nitro. —S-lower 
alkyl, amino, alkylamino, dialkylamino, aminosulfonyl, 
alkylaminosulfonyl, dialkylaminosulfonyl, alkylsulfonyl, 
arylsulfonyl, acyl, carboxy, carboalkoxy, carboxamido, 
alkylsulfoxide, acylamino, amidino, phenyl, benzyl, phenoxy 
and benzyloxy. R is chosen from H. —OH, fluoro. —O- 
loweralkyl and —O-acyl. Q is chosen from a direct bond, 
O—, S—, NH , CHO , CH-NH 
C(=O)—, CONH , NHCO , O(C=O) , 

-(C=O)O NHCONH OCONH and NH 
COO . A is chosen from C to Cohydrocarbon, substituted 
alkyl of 2 to 20 carbons, substituted aryl, substituted aryla 
lkyl, and oxaalkyl of four to fifty carbons; and, when Q is a 
direct bond, —C(=O) or —O(C=O) . A may additionally 
be methylene. R is C, to Cohydrocarbon or forms a five- to 
seven-membered ring with A or R'; R' is alkyl, forms a 
double bond with A or forms a five- to seven-membered ring 
with R: R'' is alkylor together with R' or R forms a second 
five- to seven-membered ring; and X is an anion. 
0008. In formula III, R represents one or two residues 
chosen independently from H. halogen, —OH, loweralkyl, 
OCH, OCFH, OCF, CH, CFH, CHF, -O-loweralkyl, 
methylenedioxy, hydroxyloweralkyl, —CN, CF, nitro. —S- 
loweralkyl, amino, alkylamino, dialkylamino, aminosulfo 
nyl, alkylaminosulfonyl, dialkylaminosulfonyl, alkylsulfo 
nyl, arylsulfonyl, acyl, carboxy, carboalkoxy, carboxamido, 
alkylsulfoxide, acylamino, amidino, phenyl, benzyl, phe 
noxy, benzyloxy. R is chosen from H. -OH, fluoro, —O- 
loweralkyland-O-acyl. One of R', RandR is R'' and 
the other two of R', R' and Rare chosen independently 
from hydrogen, halogen, —OH, loweralkyl, -O-loweralkyl, 
methylenedioxy, hydroxyloweralkyl, —CN, CF, nitro. —S- 
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loweralkyl, amino, alkylamino, dialkylamino, aminosulfo 
nyl, alkylaminosulfonyl, dialkylaminosulfonyl, alkylsulfo 
nyl, arylsulfonyl, acyl, carboxy, carboalkoxy, carboxamido, 
alkylsulfoxide, acylamino, amidino, phenyl, benzyl, phe 
noxy, benzyloxy, a Sugar, a glucuronide, and a Sugar carbam 
ate; R' is (Co to Cao)alkylene-G, in which one or more 
—CH2— residues in said alkylene may be replaced by 

CH=CH , —C=C phenylene or N(C=O)alkyle 
neCOOH-: G is chosen from SOH, - POH, 
—O—POH, -COOH, -C(N=H)NH, a polyol, a sugar, 
a glucuronide, a sugar carbamate, NR'R''RX, and a 
mono orbicyclic trialkylammoniumalkyl residue. R* is C, to 
Co hydrocarbon; R' is alkyl; R is alkyl; n is one, two, 
three, four or five and X is an anion. 
0009. In compounds of formula IV. R' and R represent 
one or two residues chosen independently from H. halogen, 
- OH, loweralkyl, OCH, OCFH, OCF, CH, CFH, CHF, 
—O-loweralkyl, methylenedioxy, hydroxyloweralkyl, 
—CN, CF, nitro. —S-loweralkyl, amino, alkylamino, 
dialkylamino, aminosulfonyl, alkylaminosulfonyl, dialky 
laminosulfonyl, alkylsulfonyl, arylsulfonyl, acyl, carboxy, 
carboalkoxy, carboxamido, alkylsulfoxide, acylamino, ami 
dino, hydroxyamidino, guanidino, dialkylguanidino, phenyl, 
benzyl, phenoxy, benzyloxy, a glucuronide, and a Sugar car 
bamate. R is chosen from H, -OH, fluoro, O-loweralkyl 
and—O-acyl. R' represents one, two, three or four residues 
chosen independently from H. halogen, —OH, loweralkyl, 
—O-loweralkyl, methylenedioxy, hydroxyloweralkyl, 
—CN, CF, nitro. —S-loweralkyl, amino, alkylamino, 
dialkylamino, aminosulfonyl, alkylaminosulfonyl, dialky 
laminosulfonyl, alkylsulfonyl, arylsulfonyl, acyl, carboxy, 
carboalkoxy, carboxamido, alkylsulfoxide, acylamino, ami 
dino, phenyl, benzyl, phenoxy, benzyloxy, a glucuronide and 
a sugar carbamate; and R represents one, two, three, four or 
five residues chosen independently from halogen, —OH, 
loweralkyl, —O-loweralkyl, methylenedioxy, hydroxylower 
alkyl, —CN, CF, nitro. —S-loweralkyl, amino, alkylamino, 
dialkylamino, aminosulfonyl, alkylaminosulfonyl, dialky 
laminosulfonyl, alkylsulfonyl, arylsulfonyl, acyl, carboxy, 
carboalkoxy, carboxamido, alkylsulfoxide, acylamino, ami 
dino, phenyl, benzyl, phenoxy, benzyloxy, a Sugar, a glucu 
ronide a sugar carbamate and NRRRX. 
(0010. In compounds of formula V. R', R* and Reach 
represents one or two residues chosen independently from H. 
halogen, —OH, loweralkyl, OCH, OCF. H. OCF, CH, 
CFH, CHF, —O-loweralkyl, methylenedioxy, hydroxylow 
eralkyl, —CN, CF, nitro. —S-loweralkyl, amino, alky 
lamino, dialkylamino, aminosulfonyl, alkylaminosulfonyl, 
dialkylaminosulfonyl, alkylsulfonyl, arylsulfonyl, acyl, car 
boxy, carboalkoxy, carboxamido, alkylsulfoxide, acylamino, 
amidino, phenyl, benzyl, phenoxy, benzyloxy. R is chosen 
from H, -OH, fluoro, O-loweralkyl and O-acyl. R is 
-Q-A-N“RR'R''X: Q is chosen from a direct bond, 
O—, S—, NH , CHO , CH-NH 
C(=O)—, CONH , NHCO , CH-NH 

(C=O) , O(C=O)— —(C=O)C) , – NHCONH-, 
—OCONH and—NHCOO ; and A is chosen from C to 
Cohydrocarbon, substituted alkyl of 2 to 20 carbons, substi 
tuted aryl, substituted arylalkyl, and oxaalkyl of four to fifty 
carbons; and, when Q is a direct bond, —C(=O) or 
—O(C=O) . A may additionally be methylene. 
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I0011. In compounds of formula VI, R’ represents one or 
two residues chosen independently from H. halogen, —OH, 
loweralkyl, OCH, OCFH, OCF, CH, CFH, CHF, -O- 
loweralkyl, methylenedioxy, hydroxyloweralkyl, —CN, 
CF, nitro. —S-loweralkyl, amino, alkylamino, dialky 
lamino, aminosulfonyl, alkylaminosulfonyl, dialkylamino 
Sulfonyl, alkylsulfonyl, arylsulfonyl, acyl, carboxy, car 
boalkoxy, carboxamido, alkylsulfoxide, acylamino, amidino, 
phenyl, benzyl, phenoxy, benzyloxy. R is chosen from H, 
–OH, fluoro, O-loweralkyland–O-acyl. One of R'', R' 
and R is R'' and the other two of R, R and R are 
chosen independently from hydrogen, halogen, —OH, low 
eralkyl, —O-loweralkyl, methylenedioxy, hydroxylower 
alkyl, —CN, CF, nitro. —S-loweralkyl, amino, alkylamino, 
dialkylamino, aminosulfonyl, alkylaminosulfonyl, dialky 
laminosulfonyl, alkylsulfonyl, arylsulfonyl, acyl, carboxy, 
carboalkoxy, carboxamido, alkylsulfoxide, acylamino, ami 
dino, phenyl, benzyl, phenoxy, benzyloxy and R'; 

R 14 

R12a is (CH2);R(CH2) O R15, 

or, when R is R', R'', may additionally be (C. to C.) 
alkylene-G, in which one or more —CH2—residues in said 
alkylene may be replaced by —S-, -SO-, SO —O—, 
—NH —N(alkyl)-, - N(phenyl)-, - N(alkylphenyl)- 
—N (alkyl)-, - N'-(phenyl)-, -N (alkylphenyl)-. 
—C(=O)— —C(=S), CH=CH , —C—C—, phenylene 
or —NI(C=O)alkyleneCOOH-: G is chosen from —SOH, 
—POH, - O POH, -COOH, -C(N=H)NH, a 
polyol, a Sugar, a glucuronide, a Sugar carbamate, 
-NR'R''RX, and a mono or bicyclic trialkylammoniu 
malkyl residue: R' is chosen from a direct bond, -C=C , 
OCH, C(=O)—and —CHOH-; R'' is chosen from 

–OH and—OC(=O)alkyl; R is chosen from CH-OH, 
—CHC(=O)alkyl and —COOalkyl: j is 1-5; k is zero or 
1-5; and n is 1-5. 
0012. In compounds of formula VII, R', RandR each 
represents one or two residues chosen independently from H. 
halogen, —OH, loweralkyl, OCH, OCF.H., OCF, CH, 
CFH, CHF, —O-loweralkyl, methylenedioxy, hydroxylow 
eralkyl, —CN, CF, nitro. —S-loweralkyl, amino, alky 
lamino, dialkylamino, aminosulfonyl, alkylaminosulfonyl, 
dialkylaminosulfonyl, alkylsulfonyl, arylsulfonyl, acyl, car 
boxy, carboalkoxy, carboxamido, alkylsulfoxide, acylamino, 
amidino, phenyl, benzyl, phenoxy, benzyloxy. R is chosen 
from H, -OH, fluoro, O-loweralkyl and —O-acyl. R is 
chosen from 

R 14 

-(CH2).R. (CH): O R 15 
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and (Co to Co)alkylene-G, in which one or more —CH2 
residues in said alkylene may be replaced by —S——SO—, 

—C—C phenylene or N(C=O)alkyleneCOOH-. 
0013. In a second aspect the invention relates to pharma 
ceutical formulations comprising a pharmaceutically accept 
able carrier and a compound of the invention having a phar 
maceutically acceptable counter anion and, optionally 
additionally comprising one or more of (1) an inhibitor of 
cholesterol biosynthesis; (2) a cholesterol ester transfer pro 
tein (CETP) inhibitor; (3) a bile acid sequestrant; (4) a nico 
tinic acid or derivative thereof, (5) a peroxisome proliferator 
activator receptor alpha agonist; (6) an acylcoenzyme 
A:cholesterol acyltransferase (ACAT) inhibitor; (7) an obe 
sity control medication; (8) a hypoglycemic agent; (9) an 
antioxidant and (10) an antihypertensive compound. 
0014. In a third aspect, the invention relates to methods for 
preventing and/or treating a disorder of lipid metabolism, 
including hyperlipidemia, Sitosterolemia and arteriosclerotic 
symptoms; inhibiting the absorption of cholesterol from the 
intestine; reducing the blood plasma or serum concentrations 
of LDL cholesterol: reducing the concentrations of choles 
terol and cholesterol ester in the blood plasma or serum; 
reducing blood plasma or serum concentrations of C-reactive 
protein (CRP), reducing blood plasma or serum concentra 
tions of triglycerides; reducing blood plasma or serum con 
centrations of apolipoprotein B; increasing blood plasma or 
serum concentrations of high density lipoprotein (HDL) cho 
lesterol; increasing the fecal excretion of cholesterol; treating 
a clinical condition for which a cholesterol absorption inhibi 
tor is indicated; reducing the incidence of cardiovascular 
disease-related events; reducing plasma or tissue concentra 
tion of at least one non-cholesterol sterol or 5o-stanol; treat 
ing or preventing vascular inflammation; preventing, treating, 
orameliorating symptoms of Alzheimer's Disease; regulating 
the production or level of at least one amyloid B peptide in the 
bloodstream and/or brain of a Subject; regulating the amount 
of ApoE isoform 4 in the bloodstream and/or brain; prevent 
ing and/or treating obesity; and preventing or decreasing the 
incidence of Xanthomas. The methods comprise administer 
ing a compound described herein. 
0015. In a fourth aspect, the invention relates to methods 
and compositions for prevention or treatment of a cholesterol 
associated tumor. The methods comprise administering a 
therapeutically effective amount of a compound of the inven 
tion to a patient at risk of developing a cholesterol-associated 
tumor or already exhibiting a cholesterol-associated tumor. 
The method also includes coadministering a therapeutically 
effective amount of a compound of the invention and at least 
one other anticancer agent. 
0016. In a fifth aspect, the invention relates to an article of 
manufacture comprising a container, instructions, and a phar 
maceutical formulation as described above. The instructions 
are for the administration of the pharmaceutical formulation 
for a purpose chosen from: the prevention or treatment of a 
disorder of lipid metabolism; inhibiting the absorption of 
cholesterol from the intestine; reducing the plasma or tissue 
concentration of at least one non-cholesterol sterol or 
5C-stanol; reducing the blood plasma or serum concentra 
tions of LDL cholesterol; reducing the concentrations of cho 
lesterol and cholesterol ester in the blood plasma or serum; 
increasing the fecal excretion of cholesterol; reducing the 
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incidence of cardiovascular disease-related events; reducing 
blood plasma or serum concentrations of C-reactive protein 
(CRP); treating or preventing vascular inflammation; reduc 
ing blood plasma or serum concentrations of triglycerides; 
increasing blood plasma or serum concentrations of HDL 
cholesterol; reducing blood plasma or serum concentrations 
of apolipoprotein B; preventing, treating, or ameliorating 
symptoms of Alzheimer's Disease; regulating the production 
of amyloid B peptide; regulating the amount of ApoE isoform 
4 in the bloodstream and/or brain; preventing and/or treating 
obesity; preventing or decreasing the incidence of Xantho 
mas; and preventing or treating a cholesterol-associated 
tumor. 

DETAILED DESCRIPTION OF THE INVENTION 

0017 Compounds of the genus represented by formulae 
d, I, and I-VII above are inhibitors of cholesterol absorption 
from the intestine. As such they have utility in treating and 
preventing lipid disorders, such as hypercholesterolemia and 
hyperlipidemia. Because of their effect in lowering serum 
lipids, the compounds are useful in the treatment and preven 
tion of atherosclerosis. The compounds can be used advanta 
geously in combination with other hypolipidemic agents, 
including inhibitors of cholesterol biosynthesis, Such as 
HMG-CoA reductase inhibitors. HMG-CoA reductase 
inhibitors include the “statins': lovastatin, simvastatin, prav 
astatin, rosuvastatin, mevastatin, atorvastatin, cerivastatin, 
pitavastatin, fluvastatin, bervastatin, crilvastatin, carvastatin, 
rivastatin, sirrivastatin, glenvastatin and dalvastatin. A further 
listing of non-limiting examples of antihyperlipidemic agents 
that may be used in combination with the compounds of the 
present invention may be found in columns 5-6 of U.S. Pat. 
No. 6,498,156, and in PCTWO 04/004778, the disclosures of 
which are incorporated herein by reference. As described 
above, the formulation may additionally contain at least one 
bile acid sequestrant. Sequestrants include cholestyramine, 
colestipol and colesevelam hydrochloride. The formulation 
may also contain a nicotinic acid or derivative thereof. Nico 
tinic acid derivatives include niceritrol, nicofuranose and 
acipimox. The formulation may also contain a peroxisome 
proliferator-activator receptor alpha agonist, which may be a 
fibric acid derivative. Fibric acids include fenofibrate, clofi 
brate, gemfibrozil, ciprofibrate, bezafibrate, clinofibrate, bin 
ifibrate and lifibrol. The formulation may also contain a 
CETP inhibitor. Examples of such are the compounds iden 
tified as JTT-705 in Nature. 406, (6792):203-7 (2000) and 
CP-529,414 (torcetrapib), described in US20030186952 and 
WO2000017164. Examples of CETP inhibitors are also 
found in Current Opinion in Investigational Drugs. 4(3):291 
297 (2003). The formulation may also contain an ACAT 
inhibitor. Examples of such are the compounds identified as 
avasimibe in Current Opinion in Investigational Drugs. 3(9): 
291-297 (2003), and CL-277,082 in Clin Pharmacol Ther. 
48(2): 189-94 (1990). The formulation may also contain an 
obesity control medication. Examples of obesity control 
medications include gut hormone fragment peptide YY 
(PYY)(N. Engl. J. Med. 349:941, 2003; IKPEAPGE 
DASPEELNRY YASLRHYLNL VTRQRY) or a variant 
thereof, glp-1 (glucagon-like peptide-1), exendin-4 (an 
inhibitor of glp-1), Sibutramine, phentermine, phendimetra 
zine, benzphetamine hydrochloride (Didrex), orlistat (Xeni 
cal), diethylpropion hydrochloride (Tenuate), fluoxetine 
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(Prozac), bupropion, ephedra, chromium, garcinia Cambo 
gia, benzocaine, bladderwrack (focus vesiculosus), chitosan, 
nomame herba, galega (Goat's Rue, French Lilac), conju 
gated linoleic acid, L-camitine, fiber (psyllium, plantago, 
guar fiber), caffeine, dehydroepiandrosterone, germander 
(teucrium chamaedrys), B-hydroxy-f-methylbutyrate, ATL 
962 (Alizyme PLC), T71 (Tularik, Inc.; Boulder Colo.), a 
ghrelin antagonist, Acomplia (rimonabant), AOD9604. 
alpha-lipoic acid (alpha-LA), and pyruvate. The formulation 
may also contain a hypoglycemic agent. Examples of classes 
of hypoglycemic agents include the peroxisome proliferator 
activator receptor gamma agonists (including, e.g. rosiglita 
Zone, pioglitaZone, ciglitaZone; and metformin, phenformin, 
carbutamide, tolbutamide, acetohexamide, tolaZamide, chlo 
rpropamide, glyburide glibenclamide, glipizide, and gli 
clazide). The formulation may also contain an antioxidant. 
Examples of antioxidants include probucol and AGI-1067. 
0018. The formulation may also contain an antihyperten 
sive compound. Examples of classes of antihypertensive 
compounds include thiazide derivatives, B-adrenergic block 
ers, calcium-channel blockers, angiotensin-converting-en 
Zyme (ACE) inhibitor, and angiotensin II receptor antago 
nists. Examples of thiazide derivatives include 
hydrochlorothiazide, chlorothiazide, and polythiazide. 
Examples of B-adrenergic blockers include atenolol, meto 
prolol, propranolol, timolol, carvedilol, nadolol, and biso 
prolol. Examples of calcium-channel blockers include israd 
ipine, Verapamil, nitrendipine, amlodipine, nifedipine, 
nicardipine, isradipine, felodipine, nisoldipine, and dilt 
iaZem. Examples of angiotensin-converting-enzyme (ACE) 
inhibitors include delapril, captopril, enalopril, lisinopril, 
quinapril, perindopril, benazepril, trandolapril, fosinopril, 
ramipril, and ceranapril. Examples of angiotensin II receptor 
antagonists include candesartan, irbesartan, olmesartan, 
telmisartan, and aprosartan. 
0019. In one embodiment, the invention comprises a com 
pound of the invention together with a statin. In another 
embodiment, the invention further comprises an agent chosen 
from niacin, a sequestrant and a fibrate. In another embodi 
ment, the invention comprises a compound of the invention 
together with a statin, niacin, a sequestrant and a fibrate. 
0020. The present invention is also directed to methods of 
prevention or treatment of a cholesterol-associated tumor in 
patients who are either at risk of developing a cholesterol 
associated tumor or already exhibit a cholesterol-associated 
tumor. The tumor may be eithera benignoramalignant tumor 
of the prostate, breast, endometrium or colon. The com 
pounds of the invention may be co-administered with at least 
one other anticancer agent, which may be a steroidal antian 
drogen, a non-steroidal antiandrogen, an estrogen, diethyl 
stilbestrol, a conjugated estrogen, a selective estrogen recep 
tor modulator (SERM), a taxane, or an LHRH analog. Tests 
showing the efficacy of the therapy and the rationale for 
combination therapy are presented in PCT application WO 
2004/010948, the disclosure of which is incorporated herein 
by reference. 
0021. The compounds of the invention may reduce both 
cholesterol levels in vivo and epoxycholesterol formation and 
thereby inhibit initiation and progression of benign and 
malignant cholesterol-associated tumors or cholesterol-asso 
ciated cell growth or cell-masses. Compositions disclosed 
herein, for example, are useful for the treatment and/or pre 
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vention of benign prostatic hypertrophy, as well as tumors 
associated with prostate, colon, endometrial, or breast tissues. 
0022 Compositions of the invention comprise an effective 
dose or a pharmaceutically effective amount or a therapeuti 
cally effective amount of a compound described above and 
may additionally comprise at least one otheranticancer agent, 
for the treatment or prevention of benign prostatic hypertro 
phy or other cholesterol-related benign or malignant tumors, 
particularly those associated with prostate, breast, endome 
trial or colon tissues. Examples of agents for use in compo 
sitions and methods of the invention include steroidal or non 
steroidal antiandrogens such as finasteride (PROSCAR(R), 
cyproterone acetate (CPA), flutamide (4'-nitro-3'-trifluo 
rormethyl isobutyranilide), bicalutamide (CASODEXR), 
and nilutamide; estrogens, diethylstilbestrol (DES); conju 
gated estrogens (e.g., PREMARINR); selective estrogen 
receptor modulator (SERM) compounds such as tamoxifen, 
raloxifene, droloxifene, idoxifene; taxanes such as paclitaxel 
(TAXOL(R) and docetaxel (TAXOTERE(R); and LHRHana 
logs such as goserelin acetate (ZOLADEXR), and leuprolide 
acetate (LUPRONR). 
0023 Methods of the invention parallel the compositions 
and formulations. The methods comprise co-administering to 
a patient in need of treatment a therapeutically effective 
amount of an azetidinone according to the invention and one 
or more of: (a) a steroidal or non steroidal antiandrogen; (b) 
an estrogen; (c) diethylstilbestrol (DES); (d) a conjugated 
estrogen; (e) a selective estrogen receptor modulator 
(SERM); (f) a taxane; and (g) an LHRH analog. The term 
“selective estrogen receptor modulator includes both estro 
gen agonistandestrogenantagonists and refers to compounds 
that bind with the estrogen receptor, inhibit bone turnover and 
prevent bone loss. In particular, estrogen agonists are com 
pounds capable of binding to the estrogen receptor sites in 
mammalian tissue and mimicking the actions of estrogen in 
that tissue. Estrogen antagonists are compounds capable of 
binding to the estrogen receptor sites in mammalian tissue 
and blocking the actions of estrogen in that tissue. Exemplary 
SERMs are: tamoxifen (U.S. Pat. No. 4,536,516): 4-hydrox 
ytamoxifen (U.S. Pat. No. 4,623,660); raloxifene (U.S. Pat. 
No. 4,418,068); idoxifene (U.S. Pat. No. 4,839,155; and 
droloxifene. For the taxanes see U.S. Pat. Nos. 6,395,770; 
6,380,405; and 6.239,167. AZetidinones of the invention may 
also be combined with a steroidal or non steroidal antiandro 
gen, as described above. 
0024 Certain compounds of the invention may have the 
additional advantage that they suppress serum cholesterol 
and/or LDL levels while themselves not being appreciably 
absorbed into the mammalian circulation upon oral adminis 
tration. As a result of the low-to-insignificant serum levels, 
fewer side-effects. Such as drug-drug interactions, are 
observed. 

0025. Subgenera according to the invention include com 
pounds of formulae did and I in which U is chosen from 
—CHCH-CH(OH) , -SCHCH-, -S(O)CHCH , 
—SCHC(=O) , —SCHCH(OH) , CH(OH) 
CHCH-and-(CH) , wherein the left end of the string 
is the point of attachment to the azetidinone ring and the right 
end of the string is the point of attachment to the phenyl ring. 
Other subgenera of compounds of formulae did and I include 
CDA and A 
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(S U —y R. 
Y N / 

X le 
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TA 

0026 dA IA 
0027. Further subgenera include compounds of formulae 
dA and IA in which the ring bearing R is in the para 
position, e.g.: 

In another subgenus R' may be H or 4-fluoro; R may be 
4-fluoro; and R* may be H or hydroxy. In another subgenus, 
RandR are both hydroxy. 
0028. Other subgenera according to the invention include 
compounds in which R', R'", R. R. Rand R“are chosen 
independently from H. halogen, —OH, and methoxy; com 
pounds in which R', R. RandR are chosen from H, a sugar, 
a glucuronide and a sugar carbamate; compounds in which R 
is chosen from hydrogen and hydroxy; compounds in which 
R or R“ is hydrogen; compounds in which R or R is 
chosen from halogen, hydroxy, loweralkyl, —O-loweralkyl, 
CF, alkylsulfonyland arylsulfonyl. Examples of compounds 
of formula II include those in which one of R', R“ and R' 
is-Q-A-NR'R'R''X and -Q-A- is chosen from (C. to Co 
hydrocarbon), —O—(C. to Co. hydrocarbon), —NH(C. to 
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Co hydrocarbon), —NHCO(C. to Co. hydrocarbon) and 
oxaalkyl of four to twenty carbons. In this series of com 
pounds, R. R'' and R'' are (1) loweralkyl or benzyl, or (2) 
R. R'' and R' taken together form a diazabicyclooctane 
quat: 

0029 or (3) R. R'' and R' taken together form a quinu 
clidinium quat: 

Se 
0030 Some of the compounds of the invention are quater 
nary salts, i.e. cationic species. Therefore they will always be 
presented as salts. Other compounds of formula I may contain 
basic or acidic residues, allowing them to be presented as 
salts. In the claims, reference to the acid includes its salts. 
Thus, for example, a claim to 4'-(2S,3R)-3-((3S)-3-(4-fluo 
rophenyl)-3-hydroxypropyl-4-oxo-1-phenylaZetidin-2-yl)- 
3'-hydroxybiphenyl-4-sulfonic acid is intended to encompass 
as well sodium 4'-(2S,3R)-3-((3S)-3-(4-fluorophenyl)-3- 
hydroxypropyl-4-oxo-1-phenylaZetidin-2-yl)-3-hydroxy 
biphenyl-4-sulfonate. The term “pharmaceutically accept 
able salt” refers to salts whose counter ion derives from 
pharmaceutically acceptable non-toxic acids and bases. 
When the compounds contain a quat or a basic residue, Suit 
able pharmaceutically acceptable base addition salts for the 
compounds of the present invention include inorganic acids, 
organic acids and, in the case of quats, water (which formally 
furnishes the hydroxide anion). Examples include hydroxide, 
acetate, benzenesulfonate (besylate), benzoate, bicarbonate, 
bisulfate, carbonate, camphorsulfonate, citrate, ethane 
Sulfonate, fumarate, gluconate, glutamate, glycolate, bro 
mide, chloride, isethionate, lactate, maleate, malate, mande 
late, methanesulfonate, mucate, nitrate, pamoate, 
pantothenate, phosphate. Succinate, Sulfate, tartrate, trifluo 
roacetate, p-toluenesulfonate, acetamidobenzoate, adipate, 
alginate, aminosalicylate, anhydromethylenecitrate, ascor 
bate, aspartate, calcium edetate, camphorate, camsylate, 
caprate, caproate, caprylate, cinnamate, cyclamate, dichloro 
acetate, edetate (EDTA), edisylate, embonate, estolate, esy 
late, fluoride, formate, gentisate, gluceptate, glucuronate, 
glycerophosphate, glycolate, glycolylarsanilate, hexylresor 
cinate, hippurate, hydroxynaphthoate, iodide, lactobionate, 
malonate, mesylate, napadisylate, napsylate, nicotinate, ole 
ate, orotate, oxalate, oxoglutarate, palmitate, pectinate, pec 
tinate polymer, phenylethylbarbiturate, picrate, pidolate, pro 
pionate, rhodanide, Salicylate, sebacate, Stearate, tannate, 
theoclate, tosylate, and the like. When the compounds contain 
an acidic residue, Suitable pharmaceutically acceptable base 
addition salts for the compounds of the present invention 
include ammonium, metallic salts made from aluminum, cal 
cium, lithium, magnesium, potassium, Sodium and Zinc or 
organic salts made from lysine, N,N'-dibenzylethylenedi 
amine, chloroprocaine, choline, diethanolamine, ethylenedi 
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amine, meglumine (N-methylglucamine) and procaine. Other 
base addition salts includes those made from: arecoline, argi 
nine, barium, benethamine, benzathine, betaine, bismuth, 
clemizole, copper, deanol, diethylamine, diethylaminoetha 
nol, epolamine, ethylenediamine, ferric, ferrous, glucamine, 
glucosamine, histidine, hydrabamine, imidazole, isopropy 
lamine, manganic, manganous, methylglucamine, morpho 
line, morpholineethanol, n-ethylmorpholine, n-ethylpiperi 
dine, piperazine, piperidine, polyamine resins, purines, 
theobromine, triethylamine, trimethylamine, tripropylamine, 
trolamine, and tromethamine. 
0031. In certain subgenera of compounds of formulae III, 
VI and VII, R is R'; R and R are chosen from H, 
halogen, -OH, and methoxy; R' is (C. to Co)alkylene-G in 
which one or more —CH2—residues in said alkylene may be 
replaced by —O— —NH —N(alkyl)-, —C(=O)— or 
—CH=CH-; and G is chosen from —SOH, a polyol, and 
a sugar. In a further embodiment, R is R'': R', Rand Rare 
chosen from H, halogen, -OH, and methoxy; R' is (C. to 
Co)alkylene-G in which one or more —CH2— residues in 
said alkylene may be replaced by —O— —NH-, 
—N(alkyl)-, —C(=O)—or —CH=CH-; and G is chosen 
from —SOH, a polyol, and a sugar. 

DEFINITIONS 

0032. Throughout this specification the terms and sub 
stituents retain their definitions. 
0033 Alkyl is intended to include linear, branched, or 
cyclic hydrocarbon structures and combinations thereof. 
When not otherwise restricted, the term refers to alkyl of 20 or 
fewer carbons. Lower alkyl refers to alkyl groups of 1,2,3,4, 
5 and 6 carbonatoms. Examples of lower alkyl groups include 
methyl, ethyl, propyl, isopropyl, butyl, S- and t-butyl and the 
like. Methyl is preferred. Preferred alkyl and alkylene groups 
are those of Cao or below (e.g. C1, C2, C, C, Cs, C, C7, CS, 
Co. Co. C 1, C12, C13 C14, C1s, C6, C7, C8, C19, C20). 
Cycloalkyl is a subset of alkyl and includes cyclic hydrocar 
bon groups of 3, 4, 5, 6, 7, and 8 carbon atoms. Examples of 
cycloalkyl groups include c-propyl, c-butyl, c-pentyl, nor 
bornyl, adamanty1 and the like. 
0034 C to Cao Hydrocarbon (e.g. C, C, C, C, Cs, C. 
C7, C8, C9, Co. C11, C12, C13, C14, C1s, C6, C7, C8, C19. 
Co) includes alkyl, cycloalkyl, alkenyl, alkynyl, aryl and 
combinations thereof. Examples include benzyl, phenethyl, 
cyclohexylmethyl, camphoryl and naphthylethyl. The term 
“phenylene' refers to ortho, meta or para residues of the 
formulae: 

// CA. 
0035 Alkoxy or alkoxyl refers to groups of 1, 2, 3, 4, 5, 6, 
7 or 8 carbon atoms of a straight, branched, cyclic configu 
ration and combinations thereof attached to the parent struc 
ture through an oxygen. Examples include methoxy, ethoxy, 
propoxy, isopropoxy, cyclopropyloxy, cyclohexyloxy and the 
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like. Lower-alkoxy refers to groups containing one to four 
carbons. Methoxy is preferred. 
0036 Oxaalkyl refers to alkyl residues in which one or 
more carbons (and their associated hydrogens) have been 
replaced by oxygen. Examples include methoxypropoxy, 3.6. 
9-trioxadecyl and the like. The term oxaalkyl is intended as it 
is understood in the art see Naming and Indexing of Chemi 
cal Substances for Chemical Abstracts, published by the 
American Chemical Society,196, but without the restriction 
of 127(a), i.e. it refers to compounds in which the oxygen is 
bonded via a single bond to its adjacent atoms (forming ether 
bonds). Similarly, thiaalkyl and azaalkyl refer to alkyl resi 
dues in which one or more carbons have been replaced by 
Sulfur or nitrogen, respectively. Examples include ethylami 
noethyl and methylthiopropyl. 
0037 Polyol refers to a compound or residue having a 
plurality of OH groups. Polyols may be thought of as alkyls 
in which a plurality of C–H bonds have been replaced by 
C OH bonds. Common polyol compounds include for 
example glycerol, erythritol, Sorbitol. Xylitol, mannitol and 
inositol. Linear polyol residues will generally be of the 
empirical formula —CH2O, and cyclic polyol residues 
will generally be of the formula —CH, O, Those in 
which y is 3, 4, 5 and 6 are preferred. Cyclic polyols also 
include reduced Sugars, such as glucitol. 
0038 Acyl refers to formyl and to groups of 1,2,3,4, 5, 6, 
7 and 8 carbon atoms of a straight, branched, cyclic configu 
ration, Saturated, unsaturated and aromatic and combinations 
thereof, attached to the parent structure through a carbonyl 
functionality. One or more carbons in the acyl residue may be 
replaced by nitrogen, oxygen or Sulfur as long as the point of 
attachment to the parent remains at the carbonyl. Examples 
include acetyl, propionyl, isobutyryl, t-butoxycarbonyl, ben 
Zoyl, benzyloxycarbonyl and the like. Lower-acyl refers to 
groups containing one to four carbons. 
0039 Aryl and heteroaryl refer to aromatic or heteroaro 
matic rings, respectively, as Substituents. Heteroaryl contains 
one, two or three heteroatoms selected from O, N, or S. Both 
refer to monocyclic 5- or 6-membered aromatic or heteroaro 
matic rings, bicyclic 9- or 10-membered aromatic or het 
eroaromatic rings and tricyclic 13- or 14-membered aromatic 
or heteroaromatic rings. Aromatic 6,7,8,9, 10, 11, 12, 13 and 
14-membered carbocyclic rings include, e.g., benzene, naph 
thalene, indane, tetralin, and fluorene and the 5, 6, 7, 8, 9 and 
10-membered aromatic heterocyclic rings include, e.g., imi 
dazole, pyridine, indole, thiophene, benzopyranone, thiazole, 
furan, benzimidazole, quinoline, isoquinoline, quinoxaline, 
pyrimidine, pyrazine, tetrazole and pyrazole. 
0040 Arylalkyl means an alkyl residue attached to an aryl 
ring. Examples are benzyl, phenethyl and the like. 
0041. Substituted alkyl, aryl, cycloalkyl, heterocyclyl etc. 
refer to alkyl, aryl, cycloalkyl, or heterocyclyl wherein up to 
three H atoms in each residue are replaced with halogen, 
haloalkyl, hydroxy, loweralkoxy, carboxy, carboalkoxy (also 
referred to as alkoxycarbonyl), carboxamido (also referred to 
as alkylaminocarbonyl), cyano, carbonyl, nitro, amino, alky 
lamino, dialkylamino, mercapto, alkylthio. Sulfoxide, Sul 
fone, acylamino, amidino, phenyl, benzyl, heteroaryl, phe 
noxy, benzyloxy, or heteroaryloxy. 
0042. The term “halogen' means fluorine, chlorine, bro 
mine or iodine. 

0043. The term “sugar is used in its normal sense, as 
defined in Hawley's Condensed Chemical Dictionary, 12" 
Edition, Richard J. Lewis, Sr.; Van Nostrand Reinhold Co. 
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N.Y. It encompasses any carbohydrate comprised of one or 
two saccharose groups. The monosaccharide Sugars (often 
called simple Sugars) are composed of chains of 2-7 carbon 
atoms. One of the carbons carries aldehydic or ketonic oxy 
gen, which may be combined in acetal or ketal forms. The 
remaining carbons usually have hydrogen atoms and 
hydroxyl groups (or protecting groups for hydroxyl. Such as 
acetate). Among monosaccharides which would be consid 
ered within the term "Sugars' as intended in this application, 
are arabinose, ribose, Xylose, ribulose, Xylulose, deoxyribose, 
galactose, glucose, mannose, fructose, Sorbose, tagatose, 
fucose, quinovose, rhamnose, manno-heptulose and 
Sedoheptulose. Among the disaccharides are Sucrose, lactose, 
maltose, and cellobiose. Unless specifically modified, the 
general term 'Sugar refers to both D-Sugars and L-Sugars. 
The Sugar may also be protected. The Sugar may be attached 
through oxygen (as in U.S. Pat. No. 5,756,470) or through 
carbon (as in PCT WO 2002066464), the disclosures of both 
of which are incorporated herein by reference. 
0044 Reduced C-attached sugars or C-glycosyl com 
pounds are also encompassed by the invention. The reduced 
Sugars (e.g. glucitol), which could be classed either as polyols 
or as Sugars, are also known as alditols. Alditols are polyols 
having the general formula HOCH2CH(OH)nCH2OH (for 
mally derivable from an aldose by reduction of the carbonyl 
group. 

0045. The term “glucuronide' is also used in its normal 
sense to refer to a glycoside of glucuronic acid. 
0046. The term "sugar carbamate” refers to mono-, di- and 
oligosaccharides in which one or more hydroxyls have been 
derivatized as carbamates, particularly as phenyl carbamates 
and substituted phenyl carbamates. See Detmers et al. Bio 
chim Biophys. Acta 1486, 243-252 (2000), which is incorpo 
rated herein by reference. A preferred Sugar carbamate is: 

F HO 

O O 

H 
O 

HO 
HO H 

0047. Examples of quats that fall within the definition of 
monocyclic and bicyclic trialkylammoniumalkyl residues 
include: 

vtovo/O- 
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-continued 
H3C H3CNG 

N WOOv 

0048. The term “prodrug” refers to a compound that is 
made more active in vivo. Commonly the conversion of pro 
drug to drug occurs by enzymatic processes in the liver or 
blood of the mammal. Many of the compounds of the inven 
tion may be chemically modified without absorption into the 
systemic circulation, and in those cases, activation in vivo 
may come about by chemical action (as in the acid-catalyzed 
cleavage in the stomach) or through the intermediacy of 
enzymes and microflora in the gastrointestinal GI tract. 
0049. In the characterization of the variables, it is recited 
that R may form a five- to seven-membered ring with A or 
R"; that R' may form a double bond with A or may form a 
five- to seven-membered ring with R: and that R'' may form 
a second five- to seven-membered ring. It is intended that 
these rings may exhibit various degrees of unsaturation (from 
fully saturated to aromatic), may include heteroatoms and 
may be substituted with lower alkyl or alkoxy. 
0050. In the characterization of the variables, it is recited 
that R-groups, such as R. represent one, two, three, four or 
five residues chosen independently from a list of variable 
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definitions. The structure below illustrates the intent of that 
language. In this example, R represents three residues: 
—CH —OH and —OCH. 

OCH 

0051. The variables are defined when introduced and 
retain that definition throughout. Thus, for example, R is 
always chosen from H. —OH, fluoro, —O-loweralkyl and 
—O-acyl, although, according to standard patent practice, in 
dependent claims it may be restricted to a subset of these 
values. SuperScripts are added to distinguish among residues 
that are attached similarly and that have overlapping Markush 
groups. For example, the Substituent attached to the phenyl 
ring at the 1-position (i.e. on the nitrogen) of the azetidinone 
is always labeled R', but can be R', R', R' or R' depending 
on the members of the Markush group defining it. For sim 
plicity, the dependent claims, when multiply dependent, may 
refer to R' etc. This is intended to modify the appropriate 
value of the corresponding variable R', R', R. R. etc. in 
each claim from which it depends. Thus a claim that recites “a 
compound according to any of claims 1 to 8 wherein R' is 
chosen from H. halogen, —OH and methoxy intends to 
further limit, for example, the corresponding R' substituent 
in claim 6, the R' substituent in claim 7 and the R' substitu 
ent in claim 8. 

0052. It will be recognized that the compounds of this 
invention can exist in radiolabeled form, i.e., the compounds 
may contain one or more atoms containing an atomic mass or 
mass number different from the atomic mass or mass number 
usually found in nature. Radioisotopes of hydrogen, carbon, 
phosphorous, fluorine, and chlorine include H, C, S, F, 
and Cl, respectively. Compounds that contain those radio 
isotopes and/or other radioisotopes of other atoms are within 
the scope of this invention. Tritiated, i.e. H, and carbon-14, 
i.e., ''C, radioisotopes are particularly preferred for their ease 
in preparation and detectability. Radiolabeled compounds of 
Formulas I-VIII of this invention and prodrugs thereof can 
generally be prepared by methods well known to those skilled 
in the art. Conveniently, such radiolabeled compounds can be 
prepared by carrying out the procedures disclosed in the 
Examples and Schemes by substituting a readily available 
radiolabeled reagent for a non-radiolabeled reagent. 

  



US 2008/0167255 A1 Jul. 10, 2008 
10 

0053. The terms “methods of treating or preventing mean 
amelioration, prevention or relief from the symptoms and/or 
effects associated with lipid disorders. The term “preventing 
as used herein refers to administering a medicament before 
hand to forestall or obtundan acute episode or, in the case of 
a chronic condition to diminish the likelihood or seriousness 
of the condition. The person of ordinary skill in the medical 
art (to which the present method claims are directed) recog 
nizes that the term “prevent' is not an absolute term. In the 
medical art it is understood to refer to the prophylactic admin 
istration of a drug to substantially diminish the likelihood or 
seriousness of a condition, and this is the sense intended in 
applicants’ claims. As used herein, reference to “treatment of 
a patient is intended to include prophylaxis. Throughout this 
application, various references are referred to. The disclo 
sures of these publications in their entireties are hereby incor 
porated by reference as if written herein. 

XI 

0054 The term “mammal’ is used in its dictionary sense. 
The term “mammal’ includes, for example, mice, hamsters, 
rats, cows, sheep, pigs, goats, and horses, monkeys, dogs 
(e.g., Canis familiaris), cats, rabbits, guinea pigs, and pri 
mates, including humans. 
0055. The compounds may be use to treat or prevent vas 
cular inflammation, as described in US published application 
200301 19757; to prevent, treat, or ameliorate symptoms of 
Alzheimer's Disease and to regulate the production or level of 
amyloid f peptide and ApoE isoform 4, as described in U.S. 
Pat. No. 6,080,778 and US published application 
20030013699; and to prevent or decrease the incidence of 
Xanthomas, as described in US published application or pure S.R: 
200301 19809. The disclosures of all are incorporated herein 
by reference. 
0056. The compounds described herein contain two or R'- 
more asymmetric centers and may thus give rise to enanti- N h 
omers, diastereomers, and other stereoisomeric forms. Each 
chiral center may be defined, interms of absolute stereochem 
istry, as (R)- or (S)-. The present invention is meant to include s 
all Such possible isomers, as well as, their racemic and opti- XS, 
cally pure forms. Optically active (R)- and (S)-, or (D)- and N K 
(L)-isomers may be prepared using chiral synthons or chiral | A Z \ / 
reagents, or resolved using conventional techniques. When X2 
the compounds described herein contain olefinic double R5 
bonds or other centers of geometric asymmetry, and unless 
specified otherwise, it is intended that the compounds include 
both E and Z geometric isomers. Likewise, all tautomeric 
forms are also intended to be included. 

0057 The graphic representations of racemic, ambiscale 
mic and scalemic or enantiomerically pure compounds used 
herein are taken from Maehr J. Chem. Ed. 62, 114-120 
(1985): solid and broken wedges are used to denote the abso 
lute configuration of a chiral element; wavy lines and single 
thin lines indicate disavowal of any stereochemical implica 
tion which the bond it represents could generate; Solid and 
broken bold lines are geometric descriptors indicating the 
relative configuration shown but denoting racemic character; 
and wedge outlines and dotted or broken lines denote enan 
tiomerically pure compounds of indeterminate absolute con 
figuration. Thus, the formula XI is intended to encompass 
both of the pure enantiomers of that pair: 
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refers to a racemic mixture of R.S and S.R, i.e. having a trans 
relative configuration on the beta lactam ring. 
0.058. The term “enantiomeric excess” is well known in 
the art and is defined for a resolution of ab into a+b as 

conc. of a - conc. of b 
ee (EE) x 100 conc. of a + conc. of b 

0059. The term “enantiomeric excess” is related to the 
older term “optical purity” in that both are measures of the 
same phenomenon. The value of ee will be a number from 0 
to 100, Zero being racemic and 100 being pure, single enan 
tiomer. A compound which in the past might have been called 
98% optically pure is now more precisely described as 96% 
ee; in other words, a 90% ee reflects the presence of 95% of 
one enantiomer and 5% of the other in the material in ques 
tion. 

0060. The configuration of any carbon-carbon double 
bond appearing herein is selected for convenience only and is 
not intended to designate a particular configuration; thus a 
carbon-carbon double bond depicted arbitrarily herein as E 
may be Z, E, or a mixture of the two in any proportion. 
0061 Terminology related to “protecting”, “deprotecting 
and “protected functionalities occurs throughout this appli 
cation. Such terminology is well understood by persons of 
skill in the art and is used in the context of processes which 
involve sequential treatment with a series of reagents. In that 
context, a protecting group refers to a group which is used to 
mask a functionality during a process step in which it would 
otherwise react, but in which reaction is undesirable. The 
protecting group prevents reaction at that step, but may be 
Subsequently removed to expose the original functionality. 
The removal or “deprotection’ occurs after the completion of 
the reaction or reactions in which the functionality would 
interfere. Thus, when a sequence of reagents is specified, as it 
is in the processes of the invention, the person of ordinary 
skill can readily envision those groups that would be suitable 
as “protecting groups. Suitable groups for that purpose are 
discussed in standard textbooks in the field of chemistry, such 
as Protective Groups in Organic Synthesis by T. W. Greene 
John Wiley & Sons, New York, 1991, which is incorporated 
herein by reference. Particular attention is drawn to the chap 
ters entitled “Protection for the Hydroxyl Group, Including 
1.2- and 1,3-Diols’ (pages 10-86). 
0062. The abbreviations Me, Et, Ph, Tf, Ts and Ms repre 
sent methyl, ethyl, phenyl, trifluoromethanesulfonyl, tolu 
enesulfonyl and methanesulfonyl respectively. A comprehen 
sive list of abbreviations utilized by organic chemists (i.e. 
persons of ordinary skill in the art) appears in the first issue of 
each volume of the Journal of Organic Chemistry. The list, 
which is typically presented in a table entitled “Standard List 
of Abbreviations” is incorporated herein by reference. 
0063. While it may be possible for the compounds of 
formulae did, I and I-VIII to be administered as the raw 
chemical, it is preferable to present them as a pharmaceutical 
composition. According to a further aspect, the present inven 
tion provides a pharmaceutical composition comprising a 
compound of formula d, I or I-VIII or a pharmaceutically 
acceptable salt or solvate thereof, together with one or more 
pharmaceutically carriers thereof and optionally one or more 
other therapeutic ingredients. The carrier(s) must be “accept 

s 
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able' in the sense of being compatible with the other ingre 
dients of the formulation and not deleterious to the recipient 
thereof. 
0064. The formulations include those suitable for oral, 
parenteral (including Subcutaneous, intradermal, intramuscu 
lar, intravenous and intraarticular), rectal and topical (includ 
ing dermal, buccal, Sublingual and intraocular) administra 
tion. The most Suitable route may depend upon the condition 
and disorder of the recipient. The formulations may conve 
niently be presented in unit dosage form and may be prepared 
by any of the methods well known in the art of pharmacy. All 
methods include the step of bringing into association a com 
pound of formula db. I and I-VIII or a pharmaceutically 
acceptable salt or solvate thereof (“active ingredient') with 
the carrier, which constitutes one or more accessory ingredi 
ents. In general, the formulations are prepared by uniformly 
and intimately bringing into association the active ingredient 
with liquid carriers or finely divided solid carriers or both and 
then, if necessary, shaping the product into the desired for 
mulation. 
0065 Formulations of the present invention suitable for 
oral administration may be presented as discrete units such as 
capsules, cachets or tablets each containing a predetermined 
amount of the active ingredient; as a powder or granules; as a 
Solution or a Suspension in an aqueous liquid or a non-aque 
ous liquid; or as an oil-in-water liquid emulsion or a water 
in-oil liquid emulsion. The active ingredient may also be 
presented as a bolus, electuary or paste. 
0066. A tablet may be made by compression or molding, 
optionally with one or more accessory ingredients. Com 
pressed tablets may be prepared by compressing in a Suitable 
machine the active ingredient in a free-flowing form Such as 
a powder or granules, optionally mixed with a binder, lubri 
cant, inert diluent, lubricating, Surface active or dispersing 
agent. Molded tablets may be made by molding in a suitable 
machine a mixture of the powdered compound moistened 
with an inert liquid diluent. The tablets may optionally be 
coated or scored and may be formulated so as to provide 
Sustained, delayed or controlled release of the active ingredi 
ent therein. 
0067. The pharmaceutical compositions may include a 
“pharmaceutically acceptable inert carrier, and this expres 
Sionis intended to include one or more inert excipients, which 
include starches, polyols, granulating agents, microcrystal 
line cellulose, diluents, lubricants, binders, disintegrating 
agents, and the like. If desired, tablet dosages of the disclosed 
compositions may be coated by Standard aqueous or non 
aqueous techniques, "Pharmaceutically acceptable carrier 
also encompasses controlled release means. 
0068 Compositions of the present invention may also 
optionally include other therapeutic ingredients, anti-caking 
agents, preservatives, Sweetening agents, colorants, flavors, 
desiccants, plasticizers, dyes, and the like. Any such optional 
ingredient must, of course, be compatible with the compound 
of the invention to insure the stability of the formulation. 
0069. Examples of excipients for use as the pharmaceuti 
cally acceptable carriers and the pharmaceutically acceptable 
inert carriers and the aforementioned additional ingredients 
include, but are not limited to: 
(0070 BINDERS: corn starch, potato starch, other 
starches, gelatin, natural and synthetic gums such as acacia, 
Sodium alginate, alginic acid, other alginates, powdered 
tragacanth, guar gum, cellulose and its derivatives (e.g., ethyl 
cellulose, cellulose acetate, carboxymethyl cellulose cal 
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cium, Sodium carboxymethyl cellulose), polyvinyl pyrroli 
done, methylcellulose, pre-gelatinized starch (e.g., STARCH 
1500R and STARCH 1500 LMR, sold by Colorcon, Ltd.), 
hydroxypropyl methyl cellulose, microcrystalline cellulose 
(e.g. AVICELTM, such as, AVICEL-PH-101TM, -103TM and 
-105TM, sold by FMC Corporation, Marcus Hook, Pa., USA), 
or mixtures thereof; 
0071 FILLERS: talc, calcium carbonate (e.g., granules or 
powder), dibasic calcium phosphate, tribasic calcium phos 
phate, calcium sulfate (e.g., granules or powder), microcrys 
talline cellulose, powdered cellulose, dextrates, kaolin, man 
nitol, silicic acid, Sorbitol, starch, pre-gelatinized starch, or 
mixtures thereof; 
0072) DISINTEGRANTS: agar-agar, alginic acid, cal 
cium carbonate, microcrystalline cellulose, croScarmellose 
Sodium, crospovidone, polacrilin potassium, Sodium starch 
glycolate, potato or tapioca Starch, other starches, pre-gelati 
nized starch, clays, other algins, other celluloses, gums, or 
mixtures thereof; 
0073 LUBRICANTS: calcium stearate, magnesium 
Stearate, mineral oil, light mineral oil, glycerin, Sorbitol, man 
nitol, polyethylene glycol, other glycols, Stearic acid, sodium 
lauryl Sulfate, talc, hydrogenated vegetable oil (e.g., peanut 
oil, cottonseed oil, Sunflower oil, sesame oil, olive oil, corn oil 
and Soybean oil), Zinc Stearate, ethyl oleate, ethyl laurate, 
agar, syloid silica gel (AEROSIL 200, W.R. Grace Co., Bal 
timore, Md. USA), a coagulated aerosol of synthetic silica 
(Degussa Co., Plano, Tex. USA), a pyrogenic silicon dioxide 
(CAB-O-SIL, Cabot Co., Boston, Mass. USA), or mixtures 
thereof 
0074 ANTI-CAKING AGENTS: calcium silicate, mag 
nesium silicate, silicon dioxide, colloidal silicon dioxide, 
talc, or mixtures thereof; 
0075 ANTIMICROBIAL AGENTS: benzalkonium chlo 
ride, benzethonium chloride, benzoic acid, benzyl alcohol, 
butyl paraben, cetylpyridinium chloride, cresol, chlorobu 
tanol, dehydroacetic acid, ethylparaben, methylparaben, phe 
nol, phenylethyl alcohol, phenylmercuric acetate, phenylm 
ercuric nitrate, potassium Sorbate, propylparaben, Sodium 
benzoate, sodium dehydroacetate, Sodium propionate, Sorbic 
acid, thimersol, thymo, or mixtures thereof, and 
0076 COATINGAGENTS: sodium carboxymethylcellu 
lose, cellulose acetate phthalate, ethylcellulose, gelatin, phar 
maceutical glaze, hydroxypropyl cellulose, hydroxypropyl 
methylcellulose, hydroxypropyl methyl cellulose phthalate, 
methylcellulose, polyethylene glycol, polyvinyl acetate 
phthalate, shellac, Sucrose, titanium dioxide, camuba wax, 
microcrystalline wax, or mixtures thereof. 
0077. The dose range for adult humans is generally from 
0.005 mg to 10 g/day orally. Tablets or otherforms of presen 
tation provided in discrete units may conveniently contain an 
amount of compound of the invention which is effective at 
Such dosage or as a multiple of the same, for instance, units 
containing 5 mg to 500 mg, usually around 10 mg to 200 mg. 
The precise amount of compound administered to a patient 
will be the responsibility of the attendant physician. However, 
the dose employed will depend on a number of factors, 
including the age and sex of the patient, the precise disorder 
being treated, and its severity. 
0078 Combination therapy can be achieved by adminis 
tering two or more agents, each of which is formulated and 
administered separately, or by administering two or more 
agents in a single formulation. Other combinations are also 
encompassed by combination therapy. For example, two 
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agents can be formulated together and administered in con 
junction with a separate formulation containing a third agent. 
While the two or more agents in the combination therapy can 
be administered simultaneously, they need not be. For 
example, administration of a first agent (or combination of 
agents) can precede administration of a second agent (or 
combination of agents) by minutes, hours, days, or weeks. 
Thus, the two or more agents can be administered within 
minutes of each other or within 1, 2, 3, 6, 9, 12, 15, 18, or 24 
hours of each other or within 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 14 
days of each other or within 2, 3, 4, 5, 6, 7, 8, 9, or 10 weeks 
of each other. In some cases even longer intervals are pos 
sible. While in many cases it is desirable that the two or more 
agents used in a combination therapy be present in within the 
patient's body at the same time, this need not be so. Combi 
nation therapy can also include two or more administrations 
of one or more of the agents used in the combination. For 
example, if agent X and agent Y are used in a combination, 
one could administer them sequentially in any combination 
one or more times, e.g., in the order X-Y-X, X-X-Y, Y-X-Y. 
Y-Y-X, X-X-Y-Y, etc. 
0079. In Vivo Assay of Hypolipidemic Agents using the 
Rat Cholesterol Absorption Model. This model is based on 
models described by Burnett et al (2002), Bioorg. Med. 
Chem. Lett. 2002 Feb. 11; 12(3):315-8 and J. Lipid Res. 1999 
October; 40(10): 1747-57. Female Sprague-Dawley rats 
weighing 150-250 g are separated into groups of 3 and fasted 
overnight. The animals (4-6/group) are dosed perorally with 
300 uL test compounds in olive oil or suitable vehicle. Thirty 
minutes later, 3-5 microCuries H-cholesterol per rat are 
delivered perorally in 300 uL olive oil. After three hours, 200 
uL serum is collected, vortexed with scintillation fluid, and 
measured for radioactivity in a scintillation counter. Percent 
inhibition is defined as 100*(1-C/C), where C, and 
Crefer to H levels in serum for the test compound and for 
the vehicle only control, respectively. Percent inhibition val 
ues are reported for a fixed dose. The EDs is the dose at 
which the half-maximal effect on serum Hlevels is observed 
for a given test compound. 
0080. In Vivo Assay of Hypolipidemic Agents using the 
Mouse Cholesterol Absorption Model. Female CD-1 mice 
weighing 20-30 g are separated into groups of 3-8 and fasted 
overnight. The animals (3-8/group) are dosed perorally with 
200 uL test compound in olive oil or suitable vehicle. Thirty 
minutes later, 3-5 microCuries H-cholesterol per mouse are 
delivered perorally in 200 uL olive oil. After three hours, 100 
uL serum is collected, vortexed with scintillation fluid, and 
measured for radioactivity in a scintillation counter. Percent 
inhibition and EDs are defined as in the Rat Cholesterol 
Absorption Model above. 
I0081. In Vivo Assay of Hypolipidemic Agents Using the 
Hyperlipidemic Hamster: Hamsters are separated into groups 
of six and given a controlled cholesterol diet (Purina Chow 
#5001 containing 0.5% cholesterol) for seven days. Diet con 
Sumption is monitored to determine dietary cholesterol expo 
Sure in the face of test compounds. The animals are dosed 
with the test compound once daily beginning with the initia 
tion of diet. Dosing is by oral gavage of 0.2 mL of corn oil 
alone (control group) or solution (or Suspension) of test com 
pound in corn oil. All animals moribund or in poor physical 
condition are euthanized. After seven days, the animals are 
anesthetized by intramuscular (IM) injection of ketamine and 
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sacrificed by decapitation. Blood is collected into vacutainer 
tubes containing EDTA for plasma lipid analysis and the liver 
excised for tissue lipid analysis. Lipid analysis is conducted 
as per published procedures Schnitzer-Polokoff, R., et al. 
Comp. Biochem. Physiol., 99A, 4, 665-670 (1991) and data 
are reported as percent reduction of lipid versus control. 
0082 In Vivo Assay of Hypolipidemic Agents using the 
Hamster Acute Cholesterol Absorption Model. Male Syrian 
Hamsters weighing 120 g are separated into groups of 3-6 and 
fasted overnight. The animals (3-6/group) are dosed perorally 
with 200 uL test compound in olive oil or suitable vehicle. 
Thirty minutes later, 3-5 microCuries H-cholesterol per 
hamster are delivered perorally in 200 u, olive oil. After three 
hours, 100-200 uL serum is collected, vortexed with scintil 
lation fluid, and measured for radioactivity in a Scintillation 
counter. Percent inhibition and EDs are defined as in the Rat 
Cholesterol Absorption Model above. 
0083. The bioabsorption of the compounds herein 
described may be examined using the Caco-2 cell monolayer 
model of Hilgers et al. Pharm. Res. 7,902 (1990). 
0084 Pharmacokinetics. To study the pharmacokinetics 
of compounds, bioavailability studies are carried out in rats. 
Compounds are prepared in suitable formulations: 5% etha 
nol in olive oil for oral administration and 2% DMSO: 20% 
cyclodextrins in HO for intravenous administration. Com 
pounds are administered intravenously via tail vein injection 
and orally by gavage to independent groups of CD rats (200 
250 g). Serum is collected at various time points and assayed 
for the presence of compounds using an LC/MS/MS detec 
tion method. Samples are diluted 15-fold in 30% acetonitrile 
in water, then injected (35 uL) into a 3.2 ml/min flow of 5% 
methanol in water onto a sample extraction cartridge (Waters 
Oasis HLB Direct Connect), washed for 30 seconds, then 
loaded onto a reverse phase HPLC column (Thermo Electron 
Betasil C18 Pioneer 50x2.1 mm, 5um particle size). Samples 
are eluted from the reverse phase HPLC column with a gra 
dient: (Mobile Phase A: 5 mMammonium acetate in dHO, 
Mobile Phase B: 20% methanol in acetonitrile; 40% Bramp 
ing to 95% B over 4 minutes, and holding for 3 minutes, then 
returning to initial conditions to re-equilibrate the column for 
1 min, all at a flow rate of 0.3 ml/min.). A Micromass Quattro 
Micro (Waters Corp.; Milford, Mass.) triple quadrupole mass 
spectrometer operated in MRM mode is used for detection. 
Concentrations are calculated based on standard concentra 
tion curves of compounds. MassLynx software (Waters, 
Corp.; Milford, Mass.) is used to calculate the absolute con 
centration of test compound in each serum sample. A concen 
tration versus time plot is generated from the data in 
Microsoft Excel, Summit Software PK Solutions 2.0 or 
GraphPad Prism (GraphPad Software, Inc., San Diego, 
Calif.) to generate pharmacokinetic curves. An area under the 
curve (AUC, in length of experiment in minutes or hours) is 
calculated from the concentration vs. time data by the soft 
ware using the trapezoid method for both the orally and 
intravenously dosed animals. Oral Bioavailability (F) over 
the length of the experiment is calculated using the equation: 

0085 Representative compounds of the invention were 
tested in the Rat Cholesterol Absorption model above. The 
compounds of the invention exhibited inhibition as shown 
below in Tables 1 and 2 

*Dose)/(AUC, Dose) oral 

Example 

1 
11 
12 
13 
14 
15 
16 
17 
18 
19 
2O 
21 
22 
23 
26 
28 
56 
76 

77 

78 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 

96 
97 
98 
99 
1OO 
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TABLE 1 

R51 R52 R53 R54 R55 

OH 

OH 
OMe 

OH 
SO-Me 

OMe OMe OMe 

SO.Me 
OMe OMe 

OMe 
CHO 
CN 

SONMe2 
CHOH 

N.Me, 
CHOH 

OH Br 
O-glucuronide 
COH 

COH 
NO, 
NHAc 

NH, 
P=O(OH), 
O–C6 

glucopyranose 
O—C6-methyl 

gluco 
pyranoside 

O—C6-glucitol 
OMe OMe 
SMe 
NMe2 

CH=CH, 
OMe CHO 
NH, 
O—CH2—CH2—O 

CHCOH 
CO-Me 

Me Me 
B-naphthyl 

CF 
Me 
Me F 

O-gluco 
pyranose 

OMe OMe OMe 
OMe OMe 
Me 

CHO 
OEt 

% 
inhibition 
at 1 mg/kg 

54 
151 
72 
261 
30 
53 
40 
542 
28 
70 
70 
323 
8 

72 
43 
48 
66 
59 
68 
52 
54 
761 
56 
59 
56 

70 

51 
17 
28 
38 
51 
15 
35 
59 
30 
45 
27 
56 
17 
28 
30 
57 

69 
40 

38 
S4 
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Example 

101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 

TABLE 1-continued 

R R52 

OMe 
O-nPr 
OH 
O-iPr 
COH 
OMe 

OH 
O-nBu 
OH 
OMe 
OH 

C1-glucitol 

OEt 
OH 

OH 

OH 

COH 

OMe 

inhibition 
R at 1 mg/kg 

CHO 

Example 

42 

% 

41 
56 
21 
52 
15 
66 
49 
69 
52 
72 
72 
75 
67 

14 

Example 
i 

114 
115 
116 

117 

118 
119 
120 
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TABLE 1-continued 

R R52 

OH 
B(OH), 

Cl–CH 
glucopyranose 

SOH 
SH 

NMe" 

'% inhibition at 10 mg/kg 
*% inhibition at 3 mg/kg 
% inhibition at 5 mg/kg 

TABLE 2 

OH 

R53 R 

Cl-gluco 
pyranose 

OH 

OH 

R 5 

84 

% 
inhibition 
at 1 mg/kg 

72 
70 
81 

26 

61 
56 
23 

% inhibition 
at 1 mg/kg 

87 
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TABLE 2-continued 

% 

H 
y \ 7- V =y F 

R4 

Example % inhibition 
i R51 R52 R53 RI at 1 mg/kg 

44 OH F C 24 

46 OH F uCl 30 

49 OH H 30 21 NN 

N : 

50 OH H f y 27 

S 

51 OH H f \ 39 
S 

53 SOH H OH 78 

: 

57 OH H 73 

59 B(OH), H 70 
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TABLE 2-continued 

% 

H 
y \ /- V =V F 

R52 

i R 5. R 2 R 3 RI 

R - / 

Example % inhibition 
at 1 mg/kg 

75 C6-S-glucitol H OH 68 

: 

121 OH F OH 72 

- - 
122 P=O(OH), H 67 

123 SO-Me H OH 72 

: 

124 OH Ph 48 

125 OH H 64 
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TABLE 2-continued 

18 

R4 

Example % inhibition 
i R51 R52 R53 RI at 1 mg/kg 

127 P=O(OH), H OH 58 

: 

128 SO. Na' OH 60 

: 

The asterix indicates the point of attachment to the azetidine ring. 
% inhibition at 0.1 mg/kg 
% inhibition at 0.3 mg/kg 
"the asterisk indicates the point of attachment to the azetidine ring 

I0086. In general, the compounds of the present invention 
may be prepared by the methods illustrated in the general 
reaction schemes as, for example, described below, or by 
modifications thereof, using readily available starting mate 
rials, reagents and conventional synthesis procedures. In 
these reactions, it is also possible to make use of variants that 
are in themselves known, but are not mentioned here. 
0087. The starting materials, in the case of suitably sub 
stituted azetidinones, may be obtained by the methods 
described in WO 02/50027, WO 97/16424, WO95/26334, 
WO95/08532 and WO 93/02048, the disclosures of which 
are incorporated herein by reference. 
0088 Processes for obtaining the compounds of the inven 
tion are presented below. Although detailed syntheses are not 
presented for every example in Tables 1 and 2, the procedures 
below illustrate the methods. The other compounds were 
made in analogous fashion to those whose synthesis is exem 
plified. 
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EXAMPLE 1. 

Preparation of the intermediate 4-(2S,3R)-1-(4- 
fluorophenyl)-3-((3S)-3-(4-fluorophenyl)-3-hydrox 

ypropyl-4-oxoazetidin-2-yl)phenyl trifluo 

0089 
romethanesulfonate 
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EXAMPLE 20 

Preparation of 4'-(2S,3R)-1-(4-fluorophenyl)-3- 
(3S)-3-(4-fluorophenyl)-3-hydroxypropyl-4- 

oxoazetidin-2-ylbiphenyl-3-yl f-L-glucopyranosi 
duronic acid 

0128 

OH 

Step 1: Preparation of (1S)-1-(4-fluorophenyl)-3- 
(3R,4S)-1-(4-fluorophenyl)-2-oxo-4-(4- (trifluo 

romethyl)sulfonyloxy)-phenyl)azetidin-3-ylpropyl 
acetate 

rophenyl)-3-hydroxypropyl-4-oxoazetidin-2-yl)phenyltrif 
luoromethanesulfonate (0.16g, 0.35 mmol) was dissolved in 
dichloromethane (2 mL). To this was added acetic anhydride 
(0.04 mL, 0.45 mmol), triethylamine (0.08 mL, 0.60 mmol) 
and 4-dimethylaminopyridine (18.3 mg, 0.15 mmol). The 
reaction was stirred at room temperature for 18 h after which 
time it was diluted with water (5 mL) and extracted with 
dichloromethane (10 mL). The aqueous layer was re-ex 
tracted with dichloromethane (3x10 mL) and the organic 
fractions were combined, dried over sodium sulfate, filtered 
and concentrated. The residue was purified by chromatogra 
phy (12g silica gel, 5% to 95% ethylacetate-hexane) to afford 
(1S)-1-(4-fluorophenyl)-3-((3R,4S)-1-(4-fluorophenyl)-2- 
oxo-4-(4- (trifluoromethyl)sulfonyloxy)-phenyl)azetidin 
3-yl)propyl acetate (0.20 g, 0.35 mmol. 100%) as a clear film. 

Step 2: Preparation of (1S)-1-(4-fluorophenyl)-3- 
(2S,3R)-1-(4-fluorophenyl)-2-(3'-hydroxybiphenyl 

4-yl)-4-oxoaZetidin-3-ylpropyl acetate 

0130. The product of step 1 (0.20 g, 0.35 mmol) and tet 
rakis(triphenylphosphine)palladium(0) (20.3 mg, 0.018 
mmol) were dissolved in toluene (10 mL). 2.0 M aqueous 
potassium carbonate (0.35 mL) and a solution of 4-hydrox 

24 
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yphenylboronic acid (67.8 mg, 0.49 mmol) in ethanol (2.5 
mL) was added. The reaction was stirred vigorously for 4 hat 
refluxing temperature under a nitrogen atmosphere and then 
diluted with water (2.5 mL), extracted with ethyl acetate 
(3x10 mL), washed with brine (10 mL), dried over sodium 
Sulfate, filtered, concentrated and purified by chromatogra 
phy (12g silica gel, 5% to 95% ethyl acetate-hexane) to afford 
(1S)-1-(4-fluorophenyl)-3-(2S,3R)-1-(4-fluorophenyl)-2- 
(3'-hydroxybiphenyl-4-yl)-4-oxoazetidin-3-yl)propyl 
acetate (157 mg. 85% yield) as a clear film. 

Step 3: Preparation of (1S)-1-(4-fluorophenyl)-3- 
((3R,4S)-1-(4-fluorophenyl)-2-oxo-4-3'-(2,3,4-tri 
O-acetyl-6-hydroperoxy-3-L-gluco-hexodialdo-1,5- 
pyranosyl)oxylbiphenyl-4-yl)azetidin-3-yl)propyl 

acetate 

I0131 The product of step 2 (69.4 mg., 0.132 mmol) and 
methyl 2,3,4-tri-O-acetyl-1-O-(2.2.2-trifluoroethanimi 
doyl)-D-glucopyranuronate (49.0 mg, 0.110 mmol) were 
azeotroped with toluene (3x15 mL) and dried in vacuo for 18 
h. The dried syrup was suspended in dichloromethane (1.1 
mL) and the reaction was cooled to -25° C. Freshly distilled 
(over calcium hydride) borontrifluoride diethyl etherate was 
added and the reaction was maintained at -25°C. for 2 hand 
warmed to 10° C. over about 3.5 h. The mixture was diluted 
with saturated aqueous ammonium chloride (2 mL), extracted 
with ethyl acetate (3x10 mL), washed with brine (10 mL), 
dried over sodium sulfate, filtered, concentrated and purified 
by chromatography (12 g silica gel, 5% to 95% ethyl acetate 
hexane) to afford (1S)-1-(4-fluorophenyl)-3-((3R,4S)-1-(4- 
fluorophenyl)-2-oxo-4-3'-(2,3,4-tri-O-acetyl-6-hydroper 
oxy-3-L-gluco-hexodialdo-1,5-pyranosyl)oxylbiphenyl-4- 
y1} azetidin-3-yl)propyl acetate (57.2 mg, 87% based on 
recovered starting material) as a white foam. 

Step 4: Preparation of 4'-(2S,3R)-1-(4-fluorophe 
nyl)-3-((3S)-3-(4-fluorophenyl)-3-hydroxypropyl-4- 
oxoazetidin-2-ylbiphenyl-3-yl f-L-glucopyranosi 

duronic acid 

0.132. The product of step 3 (57.2 mg, 0.068 mmol) was 
dissolved in 1:1 methanol-triethylamine (2.8 mL). To this 
Solution was added water (4.25 mL). The reaction progress 
was monitored by TLC (5% acetic acid and 15% methanol in 
dichloromethane) and was complete after 19 hours. The 
methanol and triethylamine were evaporated in vacuo, the 
residue was acidified with 1 Naqueous hydrochloric acid (1.4 
mL), extracted with ethyl acetate (20 mL), washed with brine 
(5 mL), dried over sodium sulfate, filtered, concentrated and 
purified by chromatography (10 g silica gel, 5% acetic acid 
and 15% methanol in dichloromethane) to afford 4'-(2S, 
3R)-1-(4-fluorophenyl)-3-((3S)-3-(4-fluorophenyl)-3-hy 
droxypropyl-4-oxoaZetidin-2-ylbiphenyl-3-yl f-L-glu 
copyranosiduronic acid (32.6 mg, 73%) as an off-white foam; 
R, 0.37 (5% acetic acid and 15% methanol in dichlo 
romethane); H NMR (300 MHz, CDOD) & 7.63 (d. J=7.8 
Hz, 2H), 7.43 (d. J=8.1 Hz, 2H), 7.33 (m, 7H), 7.06 (m, 5H), 
5.03 (m. 1H), 4.63 (t, J=5.1, 5.1 Hz, 2H), 3.94 (m, 3H), 3.13 
(m. 1H) 1.91 (m, 4H) ppm; MS M-H 660.6 

  







US 2008/0167255 A1 

(t, J=8.7 Hz, 2H), 6.95 (t, J=9.0 Hz, 2H), 4.74 (t, J=6.0 Hz, 
1H), 4.68 (d. J=2.7 Hz, 1H), 3.14 (m. 1H), 2.07-1.90 (m, 4H) 
ppm; MS M-OH 488.5 

EXAMPLE 31 

1-4-(4-(2S,3R)-2-(3'-hydroxybiphenyl-4-yl)-3- 
(3S)-3-hydroxy-3-phenylpropyl-4-oxoazetidin-1- 

yl)phenyl)butyl-1-azoniabicyclo[2.2.2]octane chlo 
ride. 

0147 

Q 
C 

0148. A quaternary salt is made in the following manner. 
(3-tert-butyl (dimethyl)silyloxyphenyl)boronic acid and 
4-bromostyrene are coupled under Suzuki conditions with 
tetrakis(triphenylphosphine)palladium(0) and 2.0 Maqueous 
potassium carbonate in toluene-ethanol solvent. The product 
is reacted with chlorosulfonyl isocyanate in ethereal solvent 
followed by alkali aqueous work-up to generate a 3-lactam. 
The amide proton is exchanged for an aryl group by reaction 
with 4-iodophenylcarbonylallyl (generated from the com 
mercially available acid by borane reduction and protected 
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with allyl chloroformate) using trans-1,2-cyclohexanedi 
amine and copper (I) iodide in decane-dioxane as solvent. 
Deprotonation of the 3-position of the B-lactam with a suit 
able base. Such as lithium diisopropylamide, and Subsequent 
quenching with tert-butyl (1S)-4-iodo-1-phenylbutyl 
oxydimethylsilane (generated from the commercially avail 
able (S)-(-)-3-chloro-1-phenyl-1-propanol by protection 
with tert-butyldimethylchlorosilane and Finkelstein reaction 
with sodium iodide) provide the 3-substituted intermediate. 
The allyloxycarbonate protecting group is removed with 
ammonium formate and tetrakis(triphenylphosphine)palla 
dium(0) in tetrahydrofuran and the resulting alcohol con 
verted into the bromide using carbon tetrabromide and triph 
enylphosphine in dichloromethane. The silyl protecting 
groups are removed from the benzyl alcohol and the phenol 
using 48% hydrofluoric acid in acetonitrile. The resulting 
compound is reacted with a tertiary amine, such as quinucli 
dine, purified by HPLC and passed through a chloride ion 
exchange column to afford 1-4-(4-(2S,3R)-2-(3'-hydroxy 
biphenyl-4-yl)-3-((3S)-3-hydroxy-3-phenylpropyl-4- 
oxoazetidin-1-yl)phenyl)butyl-1-azoniabicyclo[2.2.2 
octane chloride. 

EXAMPLE 32 

0149 Illustrated in Scheme I below is the general method 
for the preparation of cholesterol absorption inhibitors of 
general formula32. Imines 2 are made by refluxing 4-cyanoa 
niline with the appropriate aldehyde in isopropanol. Conden 
sation of imine 2 with the benzyloxazolidinone compound 3 
using titanium tetrachloride, and Subsequent cyclization 
using N.O-bistrimethylacetamide and catalytic tetra-n-buty 
lammonium fluoride, affords the azetidinone 4. Reduction of 
the cyano group in 4 to the amine 5 is accomplished under 
hydrogen atmosphere over excess Raney-Nickel in ethanol 
and ammonium hydroxide. Acylation with the appropriate 
acid chloride Br(CH2)COCl, followed by reaction with 
hydrofluoric acid in acetonitrile to remove the silyl protecting 
groups, and Subsequent reaction with taurine provides the 
finally product32. It is noted that in this scheme the taurine is 
for illustration and that a large variety of functional groups 
can be substituted in its place. 

Scheme I 

/(, O O 

F s 
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-continued 
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1) Br(CH2)COCI 
2) 48% hydrofluoric acid 
3) Taurine 

EXAMPLE 33 

0150 Illustrated in Scheme II below is the general method 
for the preparation of cholesterol absorption inhibitors of 
general formula 33. The aldehyde 7 is made by Suzuki cou 

pling of 4-bromobenzaldehyde with 3-cyanophenylboronic 
acid. Refluxing 4-fluoroaniline with the aldehyde 7 in isopro 
panol makes the imine 8. Condensation of imine 8 with ben 
Zyloxazolidinone compound 3 using titanium tetrachloride 
and Subsequent cyclization, using N.O-bistrimethylaceta 
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mide and catalytic tetra-n-butylammonium fluoride, affords COCl, followed by reaction with hydrofluoric acid in aceto 
the azetidinone 9. Reduction of the cyano group in 9 to the nitrile to remove the silyl protecting groups, and reaction with 
amine 10 is accomplished under hydrogen atmosphere over taurine provides the final product 11. It is noted that in this 
excess Raney-Nickel in ethanol and ammonium hydroxide. scheme the taurine is for illustration and that a large variety of 
Acylation with the appropriate acid chloride Br(CH2) functional groups can be substituted in its place. 

Scheme II 

F 

> O / No O O 
h t -, 

Co. lul — 
NH2 NC -- 

1) Br(CH2)COCI 
2) 48% hydrofluoric acid 
3) Taurine 

O us S N 

33 
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EXAMPLE 34 

0151. Illustrated in Scheme III below is the general 
method for the preparation of cholesterol absorption inhibi 
tors of general formula 34. An imine is made by condensing 
4-bromobenzaldehyde with 4-cyanoaniline, followed by con 
densation with the benzyloxazolidinone compound 3 using 
titanium tetrachloride, and Subsequent cyclization, using 
N.O-bistrimethylacetamide and catalytic tetra-n-butylammo 
nium fluoride, to afford the azetidinone 12. Hydrofluoric acid 
in acetonitrile is used to remove the silyl protecting group, 
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and coupling to bis(pinacolato)diboron using catalytic palla 
dium affords compound 13. Suzuki coupling with intermedi 
ate 20 affords compound 14. Reduction of the cyano group is 
accomplished under hydrogen atmosphere over excess 
Raney-Nickel in ethanol and ammonium hydroxide, and 
acetate groups are removed with triethylamine-methanol-wa 
ter to provide 15. Acylation with the appropriate acid chloride 
Br(CH2)COCl followed by reaction with taurine provides 
the final product 16. It is noted that in this scheme the taurine 
is for illustration and that a large variety of functional groups 
can be substituted in its place. 

12 13 

OTf 

-( O O 
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-continued 
N 

N 
HN 

15 

1) Br(CH2)COCI 
2) Taurine 

34 

0152 Synthesis of Intermediate 20: 3-Allyloxyphenyl 
lithium is reacted with glucopyranolactone 17, followed by 
reductive cleavage of the hemiketal with triethylsilane and 
borontrifluoride diethyl etherate to provide benzyl-protected 

glycoside 18. Removal of the allyl group with palladium 
catalyst and tri-n-butyltin hydride followed by hydrogenation 
using palladium on carbon under a hydrogen atmosphere 
provides phenyl glycoside 19. Reaction with N-phenyltrif 
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luoromethanesulfonimide provides the triflate and peracety 
lation using acetic anhyride in pyridine afford intermediate 
2O. 

O 

o O 

32 
Jul. 10, 2008 

and the mixture was warmed to room temperature and stirred 
for 1.5 h. The reaction was cooled to -5°C. (ice/brine bath) 
again for 30 min, filtered through Celite R, washed with cold 

ON-r 

()-- 
1) ON-ra 

O O O O 
O O 

LI 
2) Triethylsilane, BF3OEt) 

17 18 

OTf OH 

-( 
O O -- HO O 

O 

O y- O HO OH 
O HO 

s 
EXAMPLE 35 

(4S)-4-Benzyl-3-5-(4-fluorophenyl)-5-oxopen 
tanoyl-1,3-oxazolidin-2-one 

0153 

O O O 

-l 
N O 

0154 5-(4-Fluorophenyl)-5-oxopentanoic acid (10.08 g. 
47.9 mmol) and triethylamine (6.8 mL, 4.94 g, 48.8 mmol) 
were dissolved in tetrahydrofuran (50 mL). The reaction was 
cooled to -5°C. (ice/brine bath), trimethylacetyl chloride 
(6.0 mL, 5.87 g., 48.7 mmol) was added quickly drop-wise 

19 

1:1 hexane-tetrahydrofuran (60 mL) and hexane (120 mL). 
The filtrate was concentrated, dissolved in N,N-dimethylfor 
mamide (16 mL) and to this mixture was added (S)-benzyl 
2-oxazolidinone (8.47 g, 47.8 mmol) and 4-dimethylami 
nopyridine (8.57 g. 70.2 mmol) as solids. The reaction was 
stirred at room temperature for 20h, poured into 1.0N hydro 
chloric acid (400 mL) and extracted with ethyl acetate (2x300 
mL). The organic layer was washed with water (400 mL), 
quarter saturated sodium bicarbonate solution (400 mL), 
brine (200 mL), dried over sodium sulfate, filtered, and con 
centrated. The residue was purified by crystallization from 
hot isopropyl alcohol (75 mL) with slow cooling to room 
temperature over 16 h. The crystals were filtered cold and 
washed with cold isopropyl alcohol (50 mL) to afford (4S)- 
4-benzyl-3-5-(4-fluorophenyl)-5-oxopentanoyl-1,3-ox 
azolidin-2-one (13.87 g., 78% yield) as a white crystalline 
solid; mp 114.5° C.; R, 0.29 (1:2 ethyl acetate-hexane); H 
NMR (300 MHz, CDC1) & 8.03-7.98 (m, 2H), 7.37-7.19 (m, 
5H), 7.14 (t, J=8.7 Hz, 2H), 4.72-4.64 (m, 1H), 4.25-4.15 (m, 
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2H), 3.32 (dd, J=13.3, 3.4 Hz, 1H), 3.12-3.01 (m, 4H), 2.78 
(dd, J=13.3, 9.6 Hz, 1H), 2.15 (quint., J–7.2 Hz, 2H) ppm 

EXAMPLE 36 

(4S)-4-Benzyl-3-(5S)-5-(4-fluorophenyl)-5-hy 
droxypentanoyl-1,3-oxazolidin-2-one 

0155 

OH O O 

l 
N O 

0156 (4S)-4-Benzyl-3-5-(4-fluorophenyl)-5-oxopen 
tanoyl-1,3-oxazolidin-2-one (13.87 g., 37.54 mmol) was dis 
solved indichloromethane (40 mL). Into a separate flask were 
added borane-methyl sulfide complex (3.6 mL, -38 mmol), 
1.0 M(R)-1-methyl-3,3-diphenyltetrahydro-3H-pyrrolo 1,2- 
c 1.3.2 oxazaborole in toluene (1.9 mL, 1.9 mmol) and 
dichloromethane (20 mL). This mixture was cooled to -5°C. 
(ice/methanol bath) and the ketone solution was added drop 
wise via cannula over 5 min. The reaction was stirred at -5°C. 
for 5.5 h and then quenched by slow addition of methanol (9 
mL), 5% hydrogen peroxide solution (30 mL) and 1 Maque 
ous sulfuric acid (20 mL) respectively. The reaction was 
poured into water (500 mL) and extracted with ethyl acetate 
(500 mL). The organic layer was washed with water (500 
mL), 0.1 N hydrochloric acid (300 mL) and brine (300 mL), 
dried over sodium sulfate, filtered, and concentrated to afford 
(4S)-4-benzyl-3-(5S)-5-(4-fluorophenyl)-5-hydroxypen 
tanoyl-1,3-oxazolidin-2-one, which was used in Subsequent 
reactions without further purification; R, 0.14 (1.2 ethyl 
acetate-hexane); H NMR (300 MHz, CDC1) & 7.37-7.24 
(m, 5H), 7.19 (d. J=7.3 Hz, 2H), 7.02 (t, J=8.9 Hz, 2H), 
4.72-4.61 (m, 2H), 4.21-4.13 (m, 2H), 3.27 (dd, J=13.2, 3.0 
HZ, 1H), 2.99-2.94 (m, 2H), 2.74 (dd, J=13.2, 9.6 Hz, 1H), 
2.27 (brs, 1H), 1.88-1.66 (m, 4H) ppm; MS M-OHI" 354.0 

EXAMPLE 37 

(4S)-4-Benzyl-3-(5S)-5-tert-butyl (dimethyl)silyl 
oxy-5-(4-fluorophenyl)pentanoyl-1,3-oxazolidin 

2-one 

O157 

> No O O 

-l 
N O 
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0158 (4S)-4-Benzyl-3-(5S)-5-(4-fluorophenyl)-5-hy 
droxypentanoyl-1,3-oxazolidin-2-one (37.54 mmol) was 
dissolved in N,N-dimethylformamide (40 mL) and then imi 
dazole (2.97g, 43.6 mmol) and tert-butyldimethylsilyl chlo 
ride (6.12g, 40.6 mmol) were added. The reaction was stirred 
at room temperature for 19 h, poured into 0.1N hydrochloric 
acid (500 mL) and extracted with 1:1 ethyl acetate-hexane 
(500 mL). The organic layer was washed with water (2x500 
mL), brine (300 mL), dried over sodium sulfate, filtered, and 
concentrated. The residue was purified by crystallization 
from methanol (55 mL) by heating to a light boil and cooling 
slowly to room temperature over 18 h. The crystals were 
filtered cold and washed with cold methanol (45 mL) to afford 
(4S)-4-benzyl-3-(5S)-5-tert-butyl (dimethyl)silyloxy-5- 
(4-fluorophenyl)pentanoyl-1,3-oxazolidin-2-one (16.04 g. 
88% yield) as a white crystalline solid; mp 87.6° C. R, 0.66 
(1:2 ethyl acetate-hexane); H NMR (300 MHz, CDC1) & 
7.36-7.18 (m, 7H), 6.99 (t, J=8.7 Hz, 2H), 4.69-4.61 (m, 2H), 
4.18-4.13 (m, 2H), 3.27 (dd, J=13.5, 3.2 Hz, 1H), 2.96-2.89 
(m. 2H), 2.73 (dd, J=13.5, 9.7 Hz, 1H), 1.82-1.63 (m, 4H), 
0.88 (s, 9H), 0.04 (s, 3H), -0.15 (s, 3H) ppm. MS M-OSi 
(CH),C(CH), 354.0 

EXAMPLE 38 

N-(1E)-2-(Allyloxy)-4-bromophenyl 
methyleneaniline 

0159) 

Br 

0160 4-Bromosalicylaldehyde (4.02 g, 20.0 mmol) pre 
pared from 3-bromophenol analogous to the procedure of 
Casiraghi, et. al. Journal of the Chemical Society, Perkin 
Transactions 1: Organic and Bio-Organic Chemistry (1978), 
318-21 was dissolved in anhydrous N,N-dimethylforma 
mide (13 mL). Potassium carbonate (3.9 g, 28.0 mmol) was 
added as a Solid to give a yellow Suspension. Allyl bromide 
(2.6 mL, 3.63 g, 30.0 mmol) was added via syringe. The 
reaction stirred for 17 hat room temperature and was then 
diluted with water and extracted three times with 1:1 ethyl 
acetate-hexane. The combined organic layers were washed 
with water (5x), brine, dried over sodium sulfate, filtered and 
concentrated to afford 2-(allyloxy)-4-bromobenzaldehyde 
(4.83 g, 100% yield) as a yellow solid which was used without 
further purification in the next step; R,0.38 (1:9 ethyl acetate 
hexane); MS M+H" 241.0 
0.161 2-(Allyloxy)-4-bromobenzaldehyde (5.05 g, 20.9 
mmol) was dissolved with warming in isopropanol (18 mL). 
Freshly distilled aniline (1.99 g, 21.3 mmol) was added with 
isopropanol (4 mL) and the reaction was heated to 50° C. A 
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yellow precipitate formed within 30 min and isopropanol (5 
mL) was added to aid stirring. The reaction was stirred at 50° 
C. for 16 h, by which time proton NMR showed no aldehyde 
present. The reaction was cooled with stirring. The mixture 
was diluted with hexane (20 mL), the solid was filtered and 
washed with the mother liquor, washed with hexane and air 
dried to afford N-(1E)-2-(allyloxy)-4-bromophenyl 
methyleneaniline (5.69 g, 86% yield) as a light yellow pow 
der: "HNMR (300 MHz, CDC1,) 88.87 (s, 1H),8.03 (d.J=8.4 
HZ, 1H), 743-7.36 (m, 2H), 7.27-7.17 (m, 4H), 7.099 (d. 
J=1.8 Hz, 1H), 6.06 (ddt, J=17.2, 10.5, 5.3 Hz, 1H), 5.43 (AB 
q, J–17.3, 3.0 Hz, 1H), 5.33 (AB q, J=10.5, 2.8 Hz, 1H), 4.62 
(ddd, J=5.2, 1.5, 1.5 Hz, 2H) ppm 

EXAMPLE 39 

(3R,4S)-4-(4-Bromo-2-hydroxyphenyl)-3-((3S)-3- 
tert-butyl (dimethyl)silyloxy-3-(4-fluorophenyl) 

propyl-1-phenylaZetidin-2-one 

(0162 

O 

N 
HO 

H 

KX 
Br R 

/* 
0163. 2-(Allyloxy)-4-bromobenzaldehyde (2.79 g, 8.83 
mmol) and (4S)-4-Benzyl-3-(5S)-5-tert-butyl (dimethyl) 
silyloxy-5-(4-fluorophenyl)pentanoyl-1,3-oxazolidin-2- 
one (3.3 g. 6.8 mmol) were combined in a 100-mL 3-neck 
round bottom flask fitted with a thermometer and nitrogen 
inlet. Anhydrous dichloromethane (60 mL) was added to give 
a light yellow solution which was cooled to -30°C. Diiso 
propylethylamine (2.3 mL, 1.71 g, 13.2 mmol) was added via 
syringe. Titanium tetrachloride (0.86 mL, 1.48g, 7.82 mmol) 
was added dropwise over 6 min at an internal temperature 
between -280 to -26°C. to give a reddish brown solution. 
The reaction stirred under nitrogen for 3 h between -30 to 
-25°C. and was then cooled to -35°C. and quenched slowly 
with glacial acetic acid (6 mL) over 6 min. The reaction was 
poured into a cold (0°C.) 7% tartaric acid solution (125 mL). 
Ethyl acetate (200 mL) was added and the mixture was 
warmed to room temperature with stirring. A 5% sodium 
sulfite solution (60 mL) was added and the layers were sepa 
rated. The aqueous layer was extracted with ethyl acetate 
(2x200 mL). The combined organic layers were washed with 
a saturated Sodium bicarbonate Solution, water and brine, 
dried over sodium sulfate, filtered and concentrated. The resi 
due was purified by chromatography (120 g silica gel, 1% to 
90% ethyl acetate-hexane) to afford (4S)-3-(2R,5S)-2-(S)- 
2-(allyloxy)-4-bromophenyl(anilino)methyl-5-tert-bu 
tyl(dimethyl)silyloxy-5-(4-fluorophenyl)pentanoyl-4- 
benzyl-1,3-oxazolidin-2-one (4.54 g.83% yield); R,0.38 (1:4 
ethyl acetate-hexane); MS M+H" 801.0 
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0164 (4S)-3-(2R,5S)-2-(S)-2-(Allyloxy)-4-bro 
mophenyl(anilino)methyl-5-tert-butyl (dimethyl)silyl 
oxy-5-(4-fluorophenyl)pentanoyl-4-benzyl-1,3-oxazoli 
din-2-one (1.2 g, 1.5 mmol) was dissolved in anhydrous 
methyl tert-butyl ether (10 mL) and stirred at room tempera 
ture under nitrogen. N.O-bistrimethylsilylacetamide (1.1 
mL, 4.5 mmol) was added followed by a catalytic amount (-5 
mg) of tetrabutylammonium fluoride trihydrate. The reaction 
was stirred at room temperature for 19 h, quenched at room 
temperature with glacial acetic acid (160 LL) and partitioned 
between ethyl acetate and water and separated. The aqueous 
layer was extracted with ethyl acetate. The combined organic 
layers were washed with a saturated sodium bicarbonate solu 
tion, water, brine, dried over sodium sulfate, filtered and 
concentrated. The residue was purified by chromatography 
(120 g silica gel, 1% to 85% ethyl acetate-hexane) to afford 
(3R,4S)-4-2-(allyloxy)-4-bromophenyl-3-((3S)-3-tert 
butyl (dimethyl)silyloxy-3-(4-fluorophenyl)propyl)-1-phe 
nylazetidin-2-one (816 mg, 87% yield); R, 0.56 (1:4 ethyl 
acetate-hexane) 
0.165 (3R,4S)-4-2-(Allyloxy)-4-bromophenyl)-3-((3S)- 
3-tert-butyl (dimethyl)silyloxy-3-(4-fluorophenyl)pro 
pyl-1-phenylaZetidin-2-one (1.34g, 2.15 mmol) was dis 
solved in deoxygenated tetrahydrofuran (20 mL). 
Morpholine (1.8 mL, 1.8 g. 20.6 mmol) was added with 
additional deoxygenated tetrahydrofuran (5 mL). The reac 
tion was purged with nitrogen and tetrakis(triphenylphos 
phine)palladium(0) (220 mg, 0.19 mmol) was added. The 
reaction was purged with nitrogen again. After 1.5 hat room 
temperature the reaction was diluted with ethyl acetate, 
washed twice with 1 N hydrochloric acid, saturated sodium 
bicarbonate solution, water and brine, dried over sodium sul 
fate and filtered. The solution was treated with activated char 
coal, filtered, concentrated and purified by chromatography 
(40 g silica gel, 6% to 80% ethyl acetate-hexane) to afford 
(3R,4S)-4-(4-bromo-2-hydroxyphenyl)-3-((3S)-3-tert-bu 
tyl(dimethyl)silyloxy-3-(4-fluorophenyl)propyl-1-pheny 
lazetidin-2-one (1.04g, 83% yield); R,0.38 (1:4 ethylacetate 
hexane); H NMR (300 MHz, CDC1) & 728-7.18 (m, 6H), 
7.09-6.92 (m, 6H), 5.91 (s, 1H), 4.93 (d. J=2.3 Hz, 1H), 4.65 
(t, J=5.4 Hz, 1H), 3.06 (ddd, J–4.8, 2.3, 2.3 Hz, 1H), 1.98-1. 
77 (m, 4H), 0.86 (s.9H), 0.006 (s.3H), -0.16 (s.3H) ppm. MS 
M-H 581.7 

EXAMPLE 40 

(3R,4S)-4-(4-Bromo-2-tert-butyl (dimethyl)silyl 
oxyphenyl)-3-((3S)-3-tert-butyl (dimethyl)silyl 
oxy-3-(4-fluorophenyl)propyl)-1-phenylaZetidin-2- 

O 

(0166 
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(0194 5-Bromo-2-(2S,3R)-3-((3S)-3-(4-fluorophenyl)- 
3-hydroxypropyl-4-oxo-1-phenylazetidin-2-yl)phenyl 
acetate (14.5 mg, 0.223 mmol) and 3-thioanisoleboronic acid 
(48.3 mg, 0.287 mol) were dissolved in toluene (3.0 mL) and 
ethanol (1.5 mL). A solution of 2.0 M aqueous sodium car 
bonate (0.215 mL, 0.43 mmol) and solid tetrakis(triph 
enylphosphine)palladium(0) (14.4 mg. 0.0125 mmol) were 
added and the vessel was vacuum/nitrogen purged (3x). The 
reaction was stirred vigorously for 4 h at 60° C. under a 
nitrogen atmosphere and then poured into 0.2N hydrochloric 
acid (50 mL), extracted with 1:1 ethyl acetate-hexane (75 
mL), washed with brine (50 mL), dried over sodium sulfate, 
filtered and concentrated to afford a mixture of products 
which was used directly in the next step: R, 0.79 (2:1 ethyl 
acetate-hexane) for (3R,4S)-3-((3S)-3-(4-fluorophenyl)-3- 
hydroxypropyl-4-3-hydroxy-3'-(methylthio)biphenyl-4- 
yl)-1-phenylazetidin-2-one and 0.84 (2:1 ethyl acetate-hex 
ane) for 4-(2S,3R)-3-((3S)-3-(4-fluorophenyl)-3- 
hydroxypropyl-4-oxo-1-phenylazetidin-2-yl)-3'- 
(methylthio)biphenyl-3-yl acetate. 
(0195 A 1:1 mixture of (3R,4S)-3-((3S)-3-(4-fluorophe 
nyl)-3-hydroxypropyl-4-3-hydroxy-3-(methylthio)biphe 
nyl-4-yl)-1-phenylazetidin-2-one and 4-(2S,3R)-3-((3S)-3- 
(4-fluorophenyl)-3-hydroxypropyl-4-oxo-1- 
phenylazetidin-2-yl)-3-(methylthio)biphenyl-3-yl acetate 
(0.223 mmol) was dissolved in dichloromethane (10 mL) and 
cooled to 0°C. 3-Chloroperoxybenzoic acid (64.3 mg, 0.373 
mmol) was added in portions while monitoring by LCMS to 
make the arylsulfoxide. Once addition was complete the reac 
tion was poured into quarter Saturated Sodium bicarbonate 
solution (50 mL), extracted with 1:1 ethyl acetate-hexane (75 
mL), washed brine (50 mL), dried over sodium sulfate, fil 
tered and concentrated. The residue was dissolved in dichlo 
romethane (10 mL) and the Pummerer rearrangement was 
effected by the addition of trifluoroacetic anhydride (100 uL. 
148.7 mg, 0.708 mmol). The reaction was stirred at room 
temperature for 4 h and then 3-chloroperoxybenzoic acid 
(121.7 mg, 0.705 mmol) was added to convert to the sulfone. 
The mixture was stirred for 15 min at room temperature, 
concentrated and dissolved in 3:3:1 methanol-triethylamine 
water (7 mL) to hydrolyze the acetate and trifluoroacetate 
groups. The reaction was stirred for 2 hat room temperature, 
concentrated and dissolved in dichloromethane (10 mL). 
3-Chloroperoxybenzoic acid (49.2 mg 0.285 mmol) was 
added to oxidize the compound to the sulfonic acid. The 
reaction was stirred for 10 min at room temperature, diluted 
with 1:1 ethyl acetate-hexane (50 mL) and extracted with 1% 
saturated sodium bicarbonate solution (3x50 mL). The aque 
ous layer was acidified with 1.0N hydrochloric acid (10 mL), 
extracted with ethyl acetate (2x75 mL), diluted with triethy 
lamine (1.0 mL), concentrated, purified by reverse-phase 
HPLC (Polaris C18-A 10 250x21.2 mm column, 25% to 
100% acetonitrile-0.1% trifluoroacetic acid in water) and 
passed through DoweX(R) Sodium ion exchange resin to afford 
Sodium 4'-(2S,3R)-3-((3S/R)-3-(4-fluorophenyl)-3-hy 
droxypropyl-4-oxo-1-phenylazetidin-2-yl)-3'-hydroxybi 
phenyl-3-sulfonate (45.3 mg, 36% yield) as an off-white 
solid; H NMR (300 MHz, CDOD) & 8.04-6.98 (m, 16H), 
5.17 (d. J=2.2 Hz, 0.66H), 5.14 (d. J=2.2 Hz, 0.33H), 4.70-4. 
60 (m, 1H), 3.21-3.14 (m. 1H), 2.09-1.89 (m, 4H) ppm. MS 
M-Na 546.0 

39 
Jul. 10, 2008 

EXAMPLE 54 
(3R,4S)-3-((3S)-3-tert-Butyl (dimethyl)silyloxy}- 
3-(4-fluorophenyl)propyl-4-(3'-hydroxybiphenyl-4- 

yl)-1-phenylaZetidin-2-one 
(0196) 

OH 

(0197) (3R,4S)-4-(3'-tert-Butyl (dimethyl)silyl 
oxybiphenyl-4-yl)-3-((3S)-3-tert-butyl (dimethyl)silyl 
oxy-3-(4-fluorophenyl)propyl)-1-phenylazetidin-2-one 
(0.60 g, 0.86 mmol) was stirred at room temperature in dry 
methanol (20 mL) under a nitrogen atmosphere. Potassium 
fluoride (0.10 g, 1.72 mmol) was added and the reaction 
mixture was stirred 1.5 h at room temperature. The solution 
was poured into ethyl acetate and washed Successively with 
water (2x), 10% aqueous Sodium bicarbonate, water and 
brine. The organic Solution was dried over sodium sulfate, 
filtered, concentrated and purified by chromatography over 
silica gel using ethyl acetate-hexane (gradient: 5% ethyl 
acetate to 50%) to afford (3R,4S)-3-((3S)-3-tert-butyl (dim 
ethyl)silyloxy-3-(4-fluorophenyl)propyl-4-(3'-hydroxy 
biphenyl-4-yl)-1-phenylazetidin-2-one (0.46g, 92%) as a 
white foam; H NMR (300 MHz, CDC1) & 7.57 (d. J=8.2, Hz, 
2H,) 7.37 (d. J=8.2 Hz, 2H), 6.9-7.4 (m, 12H), 6.8 (m. 1H), 
4.9 (brs, 1H), 4.67 (t, J=6.0 Hz, 1H), 4.63 (d. J–2.5 Hz, 1H), 
3.0-3.1 (m. 1H), 1.8-2.0 (m, 4H), 0.87 (s, 9H), 0.02 (s, 3H), 
–0.16 (s.3H) 

EXAMPLE 55 

4'-(2S,3R)-3-((3S)-3-tert-Butyl (dimethyl)silyl 
oxy-3-(4-fluorophenyl)propyl-4-oxo-1-phenylaze 
tidin-2-ylbiphenyl-3-yl trifluoromethanesulfonate 

(0198 
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(0199 (3R,4S)-3-((3S)-3-tert-Butyl (dimethyl)silyl 
oxy-3-(4-fluorophenyl)propyl-4-(3'-hydroxybiphenyl-4- 
yl)-1-phenylazetidin-2-one (0.46g, 0.79 mmol) was stirred at 
room temperature in dry dichloromethane (15 mL) under a 
nitrogen atmosphere. N-Phenyltrifluoromethanesulfonimide 
(0.39 g, 1.09 mmol), triethylamine (0.23 mL, 1.65 mmol) and 
4-(dimethylamino)pyridine (0.02 g, 0.2 mmol) were added in 
Succession and the reaction mixture was stirred 2 hat room 
temperature. The solution was poured into 0.5N aqueous 
hydrochloric acid (20 mL) and extracted with ethyl acetate. 
The organic phase was washed successively with water, 10% 
aqueous Sodium bicarbonate, water and brine. The organic 
solution was dried over sodium sulfate, filtered and the sol 
vent was removed in vacuo to afford 4'-(2S,3R)-3-((3S)-3- 
{Itert-butyl (dimethyl)silyloxy-3-(4-fluorophenyl)propyl 
4-oxo-1-phenylazetidin-2-ylbiphenyl-3-yl 
trifluoromethanesulfonate as a white foam (0.56g, 100%) by 
chromatography over silica gel using ethyl acetate-hexane 
(gradient: 5% ethyl acetate to 50%) H NMR (300 MHz, 
CDC1) & 6.9-7.3 (m. 17H), 4.68 (t, J=5.7 Hz, 1H), 4.65 (d. 
J=2.5 Hz, 1H), 3.0-3.1 (m, 1H), 1.8-2.0 (m, 6H), 0.88 (s.9H), 
0.02 (s.3H), -0.16 (s, 3H). 

EXAMPLE 56 

(4'-(2S,3R)-3-((3S)-3-(4-Fluorophenyl)-3-hydrox 
ypropyl-4-oxo-1-phenylazetidin-2-ylbiphenyl-3-yl) 

phosphonic acid 
0200 

0201 This reaction was performed using a PersonalChe 
mistryTM microwave instrument set at normal absorbance, 
fixed hold time and 30 sec pre-stirring. A 10-mL reaction vial 
was charged with 4'-(2S,3R)-3-((3S)-3-tert-butyl (dim 
ethyl)silyloxy-3-(4-fluorophenyl)propyl-4-oxo-1-pheny 
lazetidin-2-ylbiphenyl-3-yl trifluoromethanesulfonate 
(0.27 g., 0.38 mmol), dimethyl phosphite (0.070 mL, 0.76 
mmol) and triethylamine (0.15 mL, 1.08 mmol) in toluene (4 
mL). Nitrogen was bubbled through the stirred solution for 5 
min, tetrakis(triphenylphosphine)palladium(0) (0.1 g) was 
added, and the solution was covered with a blanket of nitro 
gen and sealed. The reaction mixture was heated for 11 minat 
160° C., then cooled to room temperature and diluted with 
ethyl acetate. The yellow solution was washed successively 
with 0.5 M hydrochloric acid (20 mL) water (3x) and brine. 
The organic solution was dried over sodium sulfate, filtered 
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and the solvent was removed by rotary evaporation under 
reduced pressure. Pure dimethyl (4'-(2S,3R)-3-((3S)-3- 
tert-butyl (dimethyl)silyloxy-3-(4-fluorophenyl)propyl 
4-oxo-1-phenylazetidin-2-ylbiphenyl-3-yl)phosphonate 
was obtained as a white foam (0.26 g. 65%) by chromatog 
raphy over silica gel using ethyl acetate-hexane (gradient:5% 
ethyl acetate to 100%). H NMR (300 MHz, CDC1) & 8.00 
(dt, J=14.2, 1.5 Hz, 1H), 7.60 (d. J=8.5 Hz, 2H), 7.40 (d. J=8.5 
Hz, 2H), 6.9-7.8 (m, 12H), 4.68 (t, J=5.7 Hz, 1H), 4.64 (d. 
J=2.4 Hz, 1H), 3.81 (d. J=0.9 Hz, 1H), 3.77 (d. J=0.9 Hz, 1H), 
3.0-3.1 (m. 1H), 1.8-2.2 (m, 4H), 0.88 (s, 9H), 0.02 (s, 3H), 
-0.16 (s.3H) ppm 
(0202) A solution of dimethyl (4'-(2S,3R)-3-((3S)-3- 
tert-butyl (dimethyl)silyloxy-3-(4-fluorophenyl)propyl 
4-oxo-1-phenylazetidin-2-ylbiphenyl-3-yl)phosphonate 
(0.32 g, 0.47 mmol) in dry dichloromethane (15 mL) under 
nitrogen was cooled in an ice bath and bromotrimethylsilane 
(0.30 mL, 2.27 mmol) was dripped in over 5 min. The reaction 
mixture was stirred at room temperature for 3 h, then poured 
into ice water (20 mL) and extracted with ethyl acetate. The 
organic solution was washed successively with water (2x) 
and brine. The organic solution was dried over sodium Sul 
fate, filtered and the solvent was removed by rotary evapora 
tion under reduced pressure. The residue was purified by 
reverse-phase HPLC (Polaris C18-A10 250x21.2 mm col 
umn, 20% to 70% acetonitrile-0.1% trifluoroacetic acid in 
water) to afford (4'-(2S,3R)-3-((3S)-3-(4-fluorophenyl)-3- 
hydroxypropyl-4-oxo-1-phenylazetidin-2-ylbiphenyl-3- 
yl)phosphonic acid (0.25 g, 99%) as a white powder; "H 
NMR (300 MHz, CDOD) & 8.04 (brid, J=14.2 Hz, 1H) 7.68 
(d. J=8.5 Hz, 2H), 7.50 (d. J=8.5 Hz, 2H), 7.0–7.8 (m, 12H), 
4.93 (d. J=2.2 Hz, 1H), 4.63 (t, J=5.2 Hz, 1H), 3.1-32 (m, 
1H), 1.8-2.1 (m, 4H) ppm; MS M-H-531, 2M-H-1061 

EXAMPLE 57 

(3R,4S)-3-((3S)-3-(4-Fluorophenyl)-3-hydroxypro 
pyl-4-(3'-hydroxybiphenyl-4-yl)-1-phenylazetidin 

2-one 

0203 

OH 

0204 (3R,4S)-3-((3S)-3-(4-Fluorophenyl)-3-hydrox 
ypropyl-4-(3'-hydroxybiphenyl-4-yl)-1-phenylazetidin-2- 
one was synthesized in a manner similar to that described in 
Example 42. (3R,4S)-4-(3'-tert-Butyl (dimethyl)silyl 
oxybiphenyl-4-yl)-3-((3S)-3-tert-butyl (dimethyl)silyl 
oxy-3-(4-fluorophenyl)propyl)-1-phenylazetidin-2-one 
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(0.60 g, 0.86 mmol) was stirred at room temperature in aceto 
nitrile (18 mL) in a 40 ml polypropylene vial fitted with a 
screw cap. Hydrogen fluoride (48% aqueous, 2.0 mL, 48 
mmol) was dripped in and stirring was continued at room 
temperature overnight. The reaction mixture was poured into 
an aqueous solution of 1 N sodium hydroxide (45 mL) buff 
ered with 1 M sodium phosphate (45 mL, pH 7.4), then the pH 
of the solution was brought to pH 8 with the addition of 
aqueous 10% sodium bicarbonate solution. The mixture was 
extracted with ethyl acetate and the organic solution was 
washed successively with 10% sodium bicarbonate solution 
(2x), water (2x) and brine. The organic Solution was dried 
over sodium sulfate, filtered and the solvent was removed by 
rotary evaporation under reduced pressure. Pure (3R,4S)-3- 
(3S)-3-(4-fluorophenyl)-3-hydroxypropyl-4-(3'-hydroxy 
biphenyl-4-yl)-1-phenylaZetidin-2-one was obtained as a 
white foam (0.35 g, 87%) by chromatography over silica gel 
using ethyl acetate-hexane (gradient: 10% ethyl acetate to 
60%) H NMR (300 MHz, CDC1) & 7.56 (d. J=8.2, Hz, 2H), 
7.39 (d. J=8.2 Hz, 2H), 7.0-7.3 (m, 12H), 6.80-6.86 (m, 1H), 
5.00 (brs, 1H), 4.74 (t, J=6.2 Hz, 1H), 4.69 (d. J–2.2 Hz, 1H), 
3.1-3.2 (m. 1H), 2.20 (brs, 1H), 1.8-2.1 (m, 4H) ppm, MS 
M+HCO, 512 

EXAMPLE 58 

4'-(2S,3R)-3-((3S)-3-(4-Fluorophenyl)-3-hydrox 
ypropyl-4-oxo-1-phenylazetidin-2-ylbiphenyl-3-yl 

trifluoromethanesulfonate 

0205 

0206 (3R,4S)-3-((3S)-3-(4-Fluorophenyl)-3-hydrox 
ypropyl-4-(3'-hydroxybiphenyl-4-yl)-1-phenylazetidin-2- 
one (0.353 g, 0.77 mmol) was stirred at room temperature in 
dry dichloromethane (15 mL) under a nitrogen atmosphere. 
Phenyltrifluoromethanesulfonimide (0.38g, 1.69 mmol), tri 
ethylamine (0.23 mL, 1.65 mmol) and 4-dimethylaminopy 
ridine (0.02 g, 0.2 mmol) were added in succession and the 
reaction mixture was stirred 1 h at room temperature. The 
solution was poured into 0.5N hydrochloric acid (20 mL) and 
extracted with ethyl acetate. The organic phase was washed 
Successively with water, 10% aqueous Sodium bicarbonate, 
water and brine. The organic Solution was dried over sodium 
sulfate, filtered and the solvent was removed by rotary evapo 
ration under reduced pressure. Pure 4'-(2S,3R)-3-((3S)-3- 
(4-fluorophenyl)-3-hydroxypropyl-4-oxo-1-phenylaZeti 
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din-2-ylbiphenyl-3-yl trifluoromethanesulfonate was 
obtained as a white foam (0.35 g, 76%) by chromatography 
over silica gel using ethyl acetate-hexane (gradient: 5% ethyl 
acetate to 50%); H NMR (300 MHz, CDC1,) & 7.0-7.6 (m, 
17H), 4.74 (t, J=6.4 Hz, 1H), 4.72 (d. J–2.2 Hz, 1H), 3.1-3.2 
(m. 1H), 2.16 (br s, 1H), 1.9-2.1 (m, 4H) ppm, MS 
M+HCO, 644 

EXAMPLE 59 

(4'-(2S,3R)-3-((3S)-3-(4-Fluorophenyl)-3-hydrox 
ypropyl-4-oxo-1-phenylazetidin-2-ylbiphenyl-3-yl) 

boronic acid 

0207 

BNOH 

0208 4'-(2S,3R)-3-((3S)-3-(4-Fluorophenyl)-3-hydrox 
ypropyl-4-oxo-1-phenylazetidin-2-ylbiphenyl-3-yl trifluo 
romethanesulfonate (0.15g, 0.25 mmol), bis(pinacolato)di 
boron (0.70 g., 0.27 mmol), potassium acetate (0.80 g, 0.81 
mmol) and dichloro1, 1'-bis(diphenylphosphino)ferrocene 
palladium(II) (0.020 g, 0.03 mmol) were combined in dim 
ethylsulfoxide (7 mL) in a 40-mL screw-cap vial at room 
temperature. The mixture was covered with a nitrogen atmo 
sphere, the vial was sealed and the reaction was heated over 
night at 80° C. The reaction mixture was cooled to room 
temperature, poured into water and extracted with ethyl 
acetate. The organic phase was washed successively with 
water (2x) and brine, dried over sodium sulfate, filtered and 
the solvent was removed by rot a r y evaporation under 
reduced pressure. Pure (3R,4S)-3-((3S)-3-(4-fluorophenyl)- 
3-hydroxypropyl)-1-phenyl-4-3-(4.4.5.5-tetramethyl-1,3, 
2-dioxaborolan-2-yl)biphenyl-4-yl)azetidin-2-one WaS 
obtained as a white foam (0.097 g. 67%) by chromatography 
over silica gel using ethyl acetate-hexane (gradient: 5% ethyl 
acetate to 70%)'HNMR (300 MHz, CDC1,) 88.01 (brs, 1H), 
7.75-7.85 (m. 1H), 7.0–7.7 (m. 15H), 4.74 (t, J=6.2 Hz, 1H), 
4.69 (d. J–2.2 Hz, 1H), 3.0-3.2 (m. 1H), 1.50 (bris, 1H), 
1.8-2.1 (m, 4H), 1.35 (s, 6H), 1.24 (s, 6H) ppm, MS 
M+HCO, 577 
(0209 (3R,4S)-3-((3S)-3-(4-Fluorophenyl)-3-hydrox 
ypropyl)-1-phenyl-4-3-(4.4.5.5-tetramethyl-1,3,2-diox 
aborolan-2-yl)biphenyl-4-yl)azetidin-2-one (0.020 g, 0.034 
mmol) was dissolved in ethanol (3 mL) and water (1 mL) at 
room temperature. Solid sodium carbonate (0.10 g, 1.2 
mmol) was added and the mixture was rapidly stirred 2 hat 
room temperature. The solution was poured into 0.5N hydro 
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chloric acid (4 mL) and extracted with ethyl acetate. The 
organic phase was washed Successively with water (2x) and 
brine, then dried over sodium sulfate, filtered and the solvent 
was removed by rotary evaporation under reduced pressure. 
The residue was purified by reverse-phase HPLC (Polaris 
C18-A10 250x21.2 mm column, 40% to 75% acetonitrile 
0.1% trifluoroacetic acid in water) to afford (4'-(2S,3R)-3- 
(3S)-3-(4-fluorophenyl)-3-hydroxypropyl-4-oxo-1-pheny 
lazetidin-2-ylbiphenyl-3-yl)boronic acid as a white powder 
(0.012 g, 70%); H NMR (300 MHz, CDOD) & 7.83 (brs, 
1H), 7.0–7.7 (m, 16H), 4.92 (d. J=2.7 Hz, 1H), 4.63 (t, J=6.2 
HZ, 1H), 3.1-3.2 (m. 1H), 1.8-2.1 (m, 4H) ppm. MS 
M+HCO, 540 

EXAMPLE 60 

Dimethyl 3-(4,4,5,5-tetramethyl-1,3,2-dioxaboro 
lan-2-yl)phenylphosphonate 

0210 

O 

B 

2O P 
No1 M 
O 

0211 3-Chlorophenol (0.50 g, 3.89 mmol) was stirred at 
room temperature in dry dichloromethane (20 mL) under a 
nitrogen atmosphere. Phenyltrifluoromethanesulfonimide 
(1.80 g, 5.0 mmol), triethylamine (0.90 mL, 6.4 mmol) and 
4-dimethylaminopyridine (0.10 g, 0.8 mmol) were added in 
Succession and the reaction mixture was stirred 2 hat room 
temperature. The solution was poured into 0.5N hydrochloric 
acid (20 mL) and extracted with ethyl acetate. The organic 
phase was washed Successively with water, 10% aqueous 
Sodium bicarbonate and brine. The organic Solution was dried 
over sodium sulfate, filtered and the solvent was removed by 
rotary evaporation under reduced pressure. Pure 3-chlorophe 
nyl trifluoromethanesulfonate was obtained as a colorless oil 
(0.92 g, 91%) by chromatography over silica gel using ethyl 
acetate-hexane (gradient: 5% to 50% ethyl acetate-hexane); 
H NMR (300 MHz, CDC1) & 7. 16-7.50 (m) ppm 
0212. This reaction was performed using a PersonalChe 
mistryTM microwave instrument set at normal absorbance, 
fixed hold time and 30 sec pre-stirring. A 10-mL reaction vial 
was charged with 3-chlorophenyl trifluoromethanesulfonate 
(0.60 g, 2.30 mmol), dimethyl phosphite (0.42 mL, 4.58 
mmol) and triethylamine (0.64 mL, 4.59 mmol) in toluene (4 
mL). Nitrogen was bubbled through the stirred solution for 5 
min, the tetrakis(triphenylphosphine)palladium(0) (0.1 g) 
was added, the solution was covered with a blanket of nitro 
gen and sealed. The reaction mixture was heated 11 min at 
160° C., then cooled to room temperature and diluted with 
ethyl acetate. The yellow solution washed successively with 
water (3x) and brine. The organic solution was dried over 
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sodium sulfate, filtered and the solvent was removed by rotary 
evaporation under reduced pressure. Pure dimethyl (3-chlo 
rophenyl)phosphonate was obtained as a colorless oil (0.27g, 
57%) by chromatography over silica gel using ethyl acetate 
hexane (gradient: 5% ethyl acetate to 100%). "H NMR (300 
MHz, CDC1) & 7.77 (brid, J=13.7 Hz, 1H), 7.68 (ddt, J=13.0, 
7.5, 1.4 Hz, 1H), 7.53 (dquint. J=8.0, 1.1 Hz, 1H), 7.38-7.45 
(m. 1H), 3.79 (s.3H), 3.75 (s, 3H) ppm. MS M+H" 221, 
2M-H 441 
0213 Bis(dibenzylidineacetone)palladium(0) (0.10 g, 
0.17 mmol and tricyclohexylphosphine (0.12 g, 0.43 mmol) 
were stirred 30 min in dry dioxane (1.0 mL) under an atmo 
sphere of nitrogen at room temperature. Dimethyl (3-chlo 
rophenyl)phosphonate (0.50 g, 2.26 mmol), bis(pinacolato) 
diboron (0.70 g., 0.27 mmol) and potassium acetate (0.30 g, 
0.30 mmol) were mixed in dry dioxane (3.0 mL) at room 
temperature under a nitrogen atmosphere in a separate flask. 
A portion of the palladium catalyst solution (0.20 mL) was 
Syringed into the flask containing the chlorophosphonate and 
this mixture was heated at 80°C. Additional 0.2 mL portions 
of the catalyst Solution were Syringed into the reaction mix 
ture after 4 hand 8 h of heating at 80° C., then heating was 
continued overnight at 80°C. The reaction mixture was fil 
tered through Celite(R) and the solvent was removed by rotary 
evaporation under reduced pressure. Chromatography over 
silica gel using ethyl acetate-hexane (gradient: 0% ethyl 
acetate to 80%) dimethyl 3-(4.4.5.5-tetramethyl-1,3,2-diox 
aborolan-2-yl)phenylphosphonate as a colorless oil (0.41 g). 
"H NMR showed a 60:40 mixture of product plus recovered 
starting material. This mixture was used as is in the next 
reaction without further purification. H NMR (300 MHz, 
CDC1) & 8.22 (d. J=13.2 Hz, 1H), 7.95-8.00 (m, 1H), 7.88 
(ddt, J=13.0, 7.5, 1.4 Hz, 1H), 743-7.50 (m. 1H), 3.76 (s.3H), 
3.73 (s.3H) ppm; MS M+H 312, 2M+H" 625 

EXAMPLE 61 

(4'-(2S,3R)-3-((3S)-3-(4-Fluorophenyl)-3-hydrox 
ypropyl-4-oxo-1-phenylazetidin-2-yl)-3-hydroxy 

biphenyl-3-yl)phosphonic acid 

0214 
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0215 (3R,4S)-4-(4-Bromo-2-tert-butyl (dimethyl)silyl 
oxyphenyl)-3-((3S)-3-tert-butyl (dimethyl)silyloxy-3- 
(4-fluorophenyl)propyl)-1-phenylaZetidin-2-one (0.080 g, 
0.11 mmol), crude dimethyl 3-(4.4.5.5-tetramethyl-1,3,2- 
dioxaborolan-2-yl)phenylphosphonate (0.054 g total, 0.030 
g calculated, 0.096 mmol) and aqueous 2 M potassium car 
bonate (0.12 mL, 0.24 mmol) were mixed in ethanol (1.0 mL) 
and toluene (3.0 mL). The solution was deoxygenated by 
bubbling nitrogen through the mixture for 5 min while stir 
ring. Tetrakis(triphenylphosphine)palladium(0) (0.05 g) was 
added and the reaction was heated for 3 hat 70° C. under an 
atmosphere of nitrogen. The reaction was cooled to room 
temperature, diluted with ethyl acetate, washed with water 
and brine, dried over sodium sulfate and concentrated by 
rotary evaporation under reduced pressure. The product was 
purified by chromatography over silica gel using ethyl 
acetate-hexane (gradient: 10% ethyl acetate to 80%) to afford 
dimethyl (3'-tert-butyl (dimethyl)silyloxy-4-(2S,3R)-3- 
(3S)-3-tert-butyl (dimethyl)silyloxy-3-(4-fluorophenyl) 
propyl-4-oxo-1-phenylaZetidin-2-ylbiphenyl-3-yl)phos 
phonate as a colorless syrup (0.065 g, 84%). "H NMR (300 
MHz, CDC1) & 6.9-8.0 (m, 16H), 5.09 (d. J–2.2 Hz, 1H), 
4.64 (d. J=6.1 Hz, 1H), 3.79 (d. J=2.4 Hz, 3H), 3.76 (d. J–2.4 
Hz, 3H), 3.05-3.15 (m. 1H), 1.8-2.0 (m, 4H), 1.06 (s, 9H), 
0.85 (s.9H), 0.36 (s.3H), 0.33 (s.3H), 0.00 (s.3H), -0.20 (s, 
3H) ppm 
0216) Dimethyl (3'-tert-butyl (dimethyl)silyloxy-4- 
(2S,3R)-3-((3S)-3-tert-butyl (dimethyl)silyloxy-3-(4- 
fluorophenyl)propyl-4-oxo-1-phenylaZetidin-2- 
ylbiphenyl-3-yl)phosphonate (0.047 g., 0.058 mmol) was 
stirred at room temperature in dry methanol (2 mL) under a 
nitrogen atmosphere. Potassium fluoride (0.02 g, 0.34 mmol) 
was added and the reaction mixture was stirred for 30 minat 
room temperature. The solution was poured into ethyl acetate 
and washed successively with water (2x), and brine. The 
organic solution was dried over Sodium Sulfate, filtered and 
the solvent was removed by rotary evaporation under reduced 
pressure. Dimethyl (4'-(2S,3R)-3-((3S)-3-tert-butyl (dim 
ethyl)silyloxy-3-(4-fluorophenyl)propyl-4-oxo-1-pheny 
lazetidin-2-yl)-3'-hydroxybiphenyl-3-yl)phosphonate was 
obtained as a colorless glass (0.041 g, 100%) was used 
directly in the next reaction without further purification; MS 
M-H 688 
0217. A solution of dimethyl (4'-(2S,3R)-3-((3S)-3- 
tert-butyl (dimethyl)silyloxy-3-(4-fluorophenyl)propyl 
4-oxo-1-phenylazetidin-2-yl)-3'-hydroxybiphenyl-3-yl) 
phosphonate (0.041 g, 0.059 mmol) in dry dichloromethane 
(5 mL) under nitrogen was cooled in ice and bromotrimeth 
ylsilane (0.030 mL, 0.30 mmol) was dripped in over 5 min. 
The reaction mixture was stirred at room temperature for 3 h, 
then methanol (1 mL) was added and the reaction was parti 
tioned between water and ethyl acetate. The organic Solution 
was washed successively with water (2x) and brine. The 
organic solution was dried over Sodium Sulfate, filtered and 
the solvent was removed by rotary evaporation under reduced 
pressure. The residue was purified by reverse-phase HPLC 
(Polaris C18-A 10 250x21.2 mm column, 30% to 59% 
acetonitrile-0.1% trifluoroacetic acid in water) to afford (4'- 
{(2S,3R)-3-((3S)-3-(4-fluorophenyl)-3-hydroxypropyl-4- 
oxo-1-phenylazetidin-2-yl)-3-hydroxybiphenyl-3-yl)phos 
phonic acid as a white powder (0.014.g., 44%); H NMR (300 
MHz, CDOD) & 8.0 (d. J=13.6 Hz, 1H), 6.9-7.8 (m, 15H), 
5.17 (d. J=2.1 Hz, 1H), 4.63 (d. J=5.2 Hz, 1H), 3.15-3.25 (m, 
1H), 1.8-2.1 (m, 4H) ppm; MS M-H 546, 2M-HI" 1093 
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EXAMPLE 62 
(1S)-2,3,4,6-Tetra-O-acetyl-1,5-anhydro-1-(3-bro 

mophenyl)-D-glucitol 
0218 

0219) D-Glucopyranose (1.0 g, 5.55 mmol) was dissolved 
in 5 mL of acetic anhydride and 7 mL of pyridine at 0°C. To 
this mixture was added 4-dimethylaminopyridine (200 mg. 
1.63 mmol), and the reaction was stirred while warming to 
room temperature. TLC (40% ethyl acetate-hexane) after 18 
h showed complete consumption of the starting material and 
formation of a higher running spot. The reaction was poured 
into 50 mL of water and extracted into dichloromethane 
(3x50 mL). The organic layers were combine, washed with 1 
N hydrochloric acid (3x20 mL), dried over sodium sulfate, 
filtered, concentrated and purified by column chromatogra 
phy (50 g silica gel, 40% ethyl acetate-hexane) to afford 
1,2,3,4,6-penta-O-acetyl-O-D-glucopyranose (2.10 g, 5.37 
mmol). 
0220, 1,2,3,4,6-penta-O-acetyl-C-D-glucopyranose (1.0 
g, 2.60 mmol) was dissolved in 20 mL of dichloromethane 
and 1.90 mL of hydrobromic acid (33% in acetic acid) at 0° 
C., and the reaction was stirred while warming to room tem 
perature. TLC (40% ethyl acetate-hexane) after 18 h showed 
complete consumption of the starting material and formation 
of a higher running spot. The reaction was slowly diluted with 
saturated sodium bicarbonate (25 mL), extracted into dichlo 
romethane (2x100 mL), dried over sodium sulfate, filtered 
and concentrated to afford 2,3,4,6-tetra-O-acetyl-C-D-glu 
copyranosyl bromide which was used without purification. 
0221 Magnesium (O) (400 mg) was suspended in 17 mL 
of anhydrous diethyl ether, and to the Suspension was added 
100 uL of 1,2-dibromoethane. 1,3-dibromobenzene (3.8 g. 
16.08 mmol) was added at a rate to keep a moderate reflux. 
After Grignard formation was complete (magnesium con 
Sumed and the reaction cooled), 2.3.4.6-tetra-O-acetyl-C-D- 
glucopyranosyl bromide (0.34g, 0.80 mmol in 8 mL of anhy 
drous diethyl ether) was added drop-wise. The reaction was 
refluxed for 5h, cooled to room temperature and poured into 
a separatory funnel with 20 mL of water. The flask was rinsed 
with 50 mL of diethyl ether and 3 mL of acetic acid (to 
dissolve the magnesium salts) and added to the seperatory 
funnel. The layers were separated and the aqueous layer was 
collected and concentrated in vacuo. The white pasty Solid 
was dissolved in 15 mL of pyridine and 10 mL of acetic 
anhydride. After 20 h at room temperate the reaction was 
poured into 150 mL of water and extracted into dichlo 
romethane (3x150 mL). The organic layers were combine, 
washed with 1 N hydrochloric acid (3x50 mL), dried over 
Sodium Sulfate, filtered, concentrated and purified by column 
chromatography (12 g silica gel, 5% to 95% ethyl acetate 

  







US 2008/0167255 A1 

drofuran (30 mL) at -78°C. over 30 min. The addition funnel 
was rinsed with anhydrous tetrahydrofuran (15 mL) and the 
reaction was allowed to stir for 30 min at -78°C. To this 
solution was added 5-O-tert-butyldimethylsilyl-1,2-O-iso 
propylidene-O-D-glucuronolactone (4.5 g. 13.6 mmol) pre 
pared according to Tetrahedron Asymmetry 7:9, 2761, 
(1996) dissolved in 30 mL of anhydrous tetrahydrofuran at 
-78° C. and the reaction stirred for 2 h. The reaction was 
quenched by the addition of Saturated ammonium chloride 
(20 mL) followed by warming to room temperature. The 
reaction was poured into ethyl acetate (30 mL) and water (10 
mL) and the layers separated. The aqueous layer was 
extracted with ethyl acetate (2x20 mL). The combined 
organic extracts were dried over anhydrous Sodium Sulfate, 
filtered, concentrated and purified by chromatography (1:1 
diethyl ether-hexane) to afford a diastereomeric mixture of 
(2S/2R,3S4S,6R,7R,8S)-3-O-tert-butyldimethylsilyl-2,3,6, 
7-tetrahydroxy-6,7-O-isopropylidene-1,5-dioxa-2-(3-bro 
mophenyl)-bicyclo 3.3.0 octane (4.77 g., 72% yield) as a 
colorless viscous oil. R, 0.51 (3:1 hexane-ethyl acetate) 

EXAMPLE 68 

(6S)-6-C-(3-Bromophenyl)-6-O-tert-butyl (dim 
ethyl)silyl-1,2-O-(1-methylethylidene)-O-D-gluco 

furanose 

0236 

0237 Sodium borohydride (11.1 mg, 0.29 mmol) was 
added to (2S/2R,3S4S,6R,7R,8S)-3-O-tert-butyldimethylsi 
lyl-2,3,6,7-tetrahydroxy-6,7-O-isopropylidene-1,5-dioxa-2- 
(3-bromophenyl)-bicyclo3.3.0 octane dissolved in absolute 
ethanol (4 mL) at room temperature. The reaction was stirred 
at room temperature for 1 h. TLC analysis (3:1 hexane-ethyl 
acetate) indicated that all the starting lactol had been con 
Sumed. 1 mL of Saturated ammonium chloride Solution was 
added and the reaction was stirred until the effervescence 
ceased. The reaction was poured into ethyl acetate (30 mL) 
and water (10 mL) and the layers separated. The aqueous 
layer was extracted 2x20 mL with ethyl acetate. The com 
bined organic extracts were dried over anhydrous sodium 
Sulfate, filtered, concentrated and purified by chromatogra 
phy (3:1 hexane:ethyl acetate) to afford (6S)-6-C-(3-bro 
mophenyl)-6-O-tert-butyl (dimethyl)silyl-1,2-O-(1-meth 
ylethylidene)-C-D-glucofuranose (125 mg. 88% yield) as a 
white waxy solid. mp 76-77° C. R, 0.24 (3:1 hexane:ethyl 
acetate); H NMR (300 MHz, CDC1) & 7.51-7.17 (m, 4H), 
5.95 (d. J=3.6 Hz, 1H), 4.90 (s, 1H), 4.53 (d. J–3.9 Hz, 1H), 
4.32 (d. J=2.7 Hz, 1H), 4.09 (dd, J=2.7 Hz, J=8.4 Hz, 1H), 
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3.75 (d. J–7.2 Hz, 1H), 2.76-2.68 (brs, 2H), 1.46 (s.3H), 1.31 
(s, 3H), 0.92 (s, 9H), 0.11 (s.3H), -0.10 (s, 3H) ppm 

EXAMPLE 69 

(6R)-6-C-(3-Bromophenyl)-1,2-O-(1-methyleth 
ylidene)-O-D-glucofuranose 

0238 

0239 Tetrabutylammonium fluoride (1 M in tetrahydro 
furan, 3.14 mL) was added dropwise to (2S/2R.3S4S,6R,7R, 
8S)-3-O-tert-butyldimethylsilyl-2,3,6,7-tetrahydroxy-6,7- 
O-isopropylidene-1,5-dioxa-2-(3-bromophenyl)-bicyclo[3. 
3.0 octane (1.53 g, 3.14 mmol) and glacial acetic acid (188.4 
mg, 3.14 mmol. 180 LL) in anhydrous tetrahydrofuran (30 
mL) at 0°C. The reaction was stirred for 30 min at 0°C. then 
warmed to room temperature and stirred an additional 30 min. 
TLC analysis (3:1 hexane-ethyl acetate) indicated that the 
starting material had been completely consumed. The reac 
tion was poured into ethyl acetate (30 mL), washed with 
saturated sodium bicarbonate (10 mL) and brine (2x10 mL). 
The aqueous layer was back extracted with ethyl acetate 
(2x20 mL). The combined organic extracts were dried over 
anhydrous sodium sulfate, filtered, concentrated and purified 
by chromatography (35 g, 40% ethyl acetate-hexane iso 
cratic) to afford (2S/2R,3S4S,6R,7R,8S)-2,3,6,7-tetrahy 
droxy-6,7-O-isopropylidene-1,5-oxa-2-(3-bromophenyl)- 
bicyclo[3.3.0 octane (1.146g, 98% yield) as a white solid; R, 
0.18 (3:1-hexane-ethyl acetate) 
0240 Sodium borohydride (116 mg, 3.1 mmol) was added 
to (2S/2R,3S4S,6R,7R,8S)-2,3,6,7-tetrahydroxy-6,7-O-iso 
propylidene-1,5-oxa-2-(3-bromophenyl)-bicyclo 3.3.0oc 
tane (1.15g, 3.1 mmol) dissolved in absolute ethanol (5 mL) 
at room temperature. The reaction was stirred at room tem 
perature for 1 h. TLC analysis (2:1 ethyl acetate-hexane) 
indicated that all the starting lactol had been consumed. 1 mL 
of saturated ammonium chloride solution was added and the 
reaction stirred until the effervescence ceased. The reaction 
was poured into ethyl acetate (30 mL) and water (10 mL) and 
the layers separated. The aqueous layer was extracted with 
ethyl acetate (2x20 mL). The combined organic extracts were 
dried over anhydrous sodium sulfate, filtered, concentrated 
and purified by chromatography (2:1 ethyl acetate-hexane to 
elute the first diastereomer then 100% ethyl acetate) to afford 
(6R)-6-C-(3-bromophenyl)-1,2-O-(1-methylethylidene)-C.- 
D-glucofuranose (511 mg. 89% yield) as a white solid; mp 
172-173° C.; R, 0.19 (2:1 ethyl acetate-hexane); H NMR 
(300 MHz, CDC1/CDOD) & 7.62-7.61 (m, 1H), 7.42-7.38 
(m. 1H), 7.21 (t, J=7.5 Hz, 1H), 5.94 (d. J–3.9 Hz, 1H), 4.86 
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(d. J–4.5 Hz, 1H), 4.48 (d. J–3.3 Hz, 1H), 4.24 (d. J=2.4 Hz, 
1H), 4.14-4.10 (m. 1H), 3.79-3.74 (m. 1H), 1.38 (s.3H), 1.30 
(s, 3H) ppm 

EXAMPLE 70 

(3R,4S)-3-((3S)-3-(4-Fluorophenyl)-3-hydroxypro 
pyl)-1-phenyl-4-4-(4.4.5,5-tetramethyl-1,3,2-diox 

aborolan-2-yl)phenylaZetidin-2-one 

0241 

0242 (3R,4S)-4-(4-Bromophenyl)-3-((3S)-3-(4-fluo 
rophenyl)-3-hydroxypropyl-1-phenylazetidin-2-one (45.1 
mg, 0.10 mmol), bis(pinacolato) diboron (27.7 mg, 0.11 
mmol), dichloro1, 1'-bis(diphenylphosphino)ferrocenepal 
ladium(II) dichloromethane adduct (2.4 mg. 0.003 mmol), 
and potassium acetate (29.7 mg, 0.30 mmol) were dissolved 
in anhydrous dimethyl sulfoxide (600 uL). The vessel was 
evacuated and flushed with argon three times then sealed and 
heated at 80°C. for 16 h. LCMS analysis indicated that some 
starting material remained so an additional aliquot of catalyst 
and bis(pinacolato)diboron were added, the solution 
degassed and heating continued for 2 h. The reaction was 
diluted into dichloromethane (30 mL) and filtered through a 
plug of Celite(R). The filtrate was washed 2x10 mL with water. 
The combined aqueous washed were back extracted with 
3x10 mL dichloromethane. The combined organic phase was 
dried over anhydrous sodium sulfate, filtered and concen 
trated in vacuo. The product was purified by chromatography 
(12 g silica gel, 20-50% ethyl acetate-hexane) to afford (3R, 
4S)-3-((3S)-3-(4-fluorophenyl)-3-hydroxypropyl)-1-phe 
nyl-4-4-(4.4.5.5-tetramethyl-1,3,2-dioxaborolan-2-yl)phe 
nyl)azetidin-2-one (41.9 mg. 85% yield) as a tanfoam;R(1:1 
hexane-ethyl acetate); H NMR (300 MHz, CDC1) & 7.81 (d. 
J=8.1 Hz, 1H), 7.35-7.18 (m,9H), 7.04-6.97 (m,3H), 4.70 (t, 
J=5.7 Hz, 1H), 4.65 (d. J=2.1 Hz, 1H), 3.08 (dt, J=7.7, 2.5, 
1H), 2.02-1.87 (im, 4H), 1.33 (s, 12H) ppm 
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EXAMPLE 71 

(6S)-6-C-(4'-(2S,3R)-3-((3S)-3-(4-Fluorophenyl)-3- 
hydroxypropyl-4-oxo-1-phenylaZetidin-2- 

ylbiphenyl-3-yl)-D-glucopyranose 
0243 

0244 (3R,4S)-3-((3S)-3-(4-Fluorophenyl)-3-hydrox 
ypropyl-1-phenyl-4-4-(4.4.5.5-tetramethyl-1,3,2-diox 
aborolan-2-yl)phenylaZetidin-2-one (26.8 mg, 0.05 mmol), 
(6S)-6-C-(3-bromophenyl)-6-O-tert-butyl (dimethyl)silyl 
1.2-O-(1-methylethylidene)-O-D-glucofuranose (18.1 mg, 
0.04 mmol), and potassium carbonate (40 uL. 4 Naqueous) 
were dissolved in 1:1 toluene:ethanol (1 mL total volume). 
The solution was degassed by evacuating the vessel and flush 
ing with argon three times. Tetrakis(triphenylphosphine)pal 
ladium(0) (2.2 mg, 0.002 mmol) was added and the solution 
was degassed twice. The reaction was heated at 85°C. for 1 h. 
LCMS and TLC (1:1 hexane-ethyl acetate) analysis indicated 
consumption of the starting glycoside. The reaction was 
diluted into ethyl acetate (30 mL) and washed with water 
(2x10 mL). The combined aqueous washes were back 
extracted with ethyl acetate (2x10 mL). The combined 
organic extracts were dried over anhydrous Sodium sulfate, 
filtered, concentrated in vacuo and purified by chromatogra 
phy (12 g silica gel, 20-50% ethyl acetate-hexane) to afford 
(6S)-6-O-tert-butyl (dimethyl)silyl-6-C-(4'-(2S,3R)-3- 
(3S)-3-(4-fluorophenyl)-3-hydroxypropyl-4-oxo-1-pheny 
lazetidin-2-ylbiphenyl-3-yl)-1,2-O-(1-methylethylidene)- 
C-D-glucofuranose (13.5 mg, 45% yield) as a white foam; R, 
0.23 (1:1 hexane-ethyl acetate); H NMR (300 MHz, CDC1) 
& 7.58-7.22 (m, 13H), 707-6.98 (m, 4H), 5.97 (d. J=3.9 Hz, 
1H), 4.98 (d. J=2.4 Hz, 1H), 4.73 (t, J=6.3 Hz, 1H), 4.69 (d. 
J=2.1 Hz, 1H), 4.54 (d. J–3.9 HZ, 1H), 4.37 (d. J=2.4 Hz, 1H), 
3.87-3.86 (m. 1H), 3.13-3.09 (m, 1H), 2.04-1.86 (m, 4H), 
1.43 (s.3H), 1.31 (s.3H), 0.94 (s.9H), 0.12 (s.3H), -0.09 (s. 
3H) ppm 
0245 (6S)-6-O-tert-Butyl (dimethyl)silyl-6-C-(4'-(2S, 
3R)-3-((3S)-3-(4-fluorophenyl)-3-hydroxypropyl-4-oxo-1- 
phenylazetidin-2-ylbiphenyl-3-yl)-1,2-O-(1-methyleth 
ylidene)-O-D-glucofuranose (13.5 mg, 0.017 mmol) was 
dissolved inacetonitrile (5 mL) in a polypropylene centrifuge 
tube. 48%. Hydrofluoric acid (500 uL) was added at room 
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EXAMPLE 76 

6-O-(4'-(2S,3R)-1-(4-Fluorophenyl)-3-((3S)-3-(4- 
fluorophenyl)-3-hydroxypropyl-4-oxoaZetidin-2- 

ylbiphenyl-3-yl)-D-glucopyranose 
0255 

0256 Diethylazodicarboxylate (192.4 mg, 1.11 mmol. 
172 uL) was added drop-wise at 0° C. to 1,2,3,4-tetra-O- 
acetyl-3-D-glucopyranose (350.0 mg, 1.01 mmol), 3-bro 
mophenol (174.0 mg, 1.11 mmol), and triphenylphosphine 
(115.0 mg, 0.44 mmol) dissolved in dry tetrahydrofuran (2 
mL). The reaction was stirred for 16 h warming to room 
temperature. The reaction was diluted into diethyl ether (30 
mL) and washed with 5% sodium bisulfate (2x10 mL). The 
separated organic Solution was dried over anhydrous sodium 
sulfate, filtered, concentrated in vacuo and purified by chro 
matography (20% ethyl acetate-dichloromethane) to afford 
1,2,3,4-tetra-O-acetyl-6-O-(3-bromophenyl)-f-D-glucopy 
ranose (357 mg, 71% yield) 
0257 Triethylamine (1 mL) was added at room tempera 
ture to 1,2,3,4-tetra-O-acetyl-6-O-(3-bromophenyl)-f-D- 
glucopyranose (200 mg 0.40 mmol) dissolved in 5:1 metha 
nol-water (6 mL). The reaction progress was monitored by 
LCMS and TLC (20% ethyl acetate-dichloromethane). Upon 
completion, the solvents were removed in vacuo to afford 
6-O-(3-bromophenyl)-3-D-glucopyranose which was car 
ried on without further purification. 
0258 tert-Butyldimethylsilyl trifluoromethanesulfonate 
(442 mg, 1.67 mmol. 383 uL) was added dropwise at 0°C. to 
6-O-(3-bromophenyl)-3-D-glucopyranose and 4-dimethy 
laminopyridine (219 mg, 1.79 mmol) dissolved in dichlo 
romethane (3 mL). The reaction was stirred for 16h warming 
to room temperature. The reaction was diluted into dichlo 
romethane (30 mL) and washed with 5% sodium bisulfate 
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(2x10 mL). The separated organic solution was dried over 
anhydrous sodium Sulfate, filtered, concentrated in vacuo and 
purified by chromatography (50% ethyl acetate:hexane) to 
afford a 6-O-(3-bromophenyl)-3-D-glucopyranose bis-O- 
tert-butyl (dimethyl)silyl)ether (98.9 mg, 44% yield); R-0. 
14 (50% ethyl acetate-hexane) 
(0259 (3R,4S)-1-(4-Fluorophenyl)-3-((3S)-3-(4-fluo 
rophenyl)-3-hydroxypropyl-4-4-(4,4,5,5-tetramethyl-1,3, 
2-dioxaborolan-2-yl)phenylaZetidin-2-one (141.5 mg, 0.27 
mmol), 6-O-(3-bromophenyl)-3-D-glucopyranose bis-O- 
tert-butyl (dimethyl)silyl)ether (98.9 mg, 0.18 mmol), and 
potassium carbonate (175 LL, 2 Maqueous solution) were 
dissolved in 1:1 toluene-ethanol (1 mL total volume). The 
Solution was degassed by evacuating the vessel and flushing 
with argon three times. Tetrakis(triphenylphosphine)palla 
dium (10.0 mg, 0.009 mmol) was added and the solution 
degassed twice. The reaction was heated at 85°C. for 1 h. 
LCMS and TLC (1:1 hexane-ethyl acetate) analysis indicated 
consumption of the starting glycoside. The reaction was 
diluted into ethyl acetate (30 mL) and washed with water 
(2x10 mL). The combined aqueous washes were back 
extracted with ethyl acetate (2x10 mL). The combined 
organic extracts were dried over anhydrous Sodium sulfate, 
filtered, concentrated in vacuo and purified by chromatogra 
phy (12 g silica gel, 50% ethyl acetate-hexane) to afford 
6-O-(4'-(2S,3R)-1-(4-fluorophenyl)-3-((3S)-3-(4-fluo 
rophenyl)-3-hydroxypropyl-4-oxoazetidin-2-ylbiphenyl 
3-yl)-B-D-glucopyranose bis-O-tert-butyl (dimethyl)silyl 
ether (113 mg, 74% yield). H NMR (300 MHz, CDC1) & 
7.56 (d. J=7.8 Hz, 2H), 7.36-7.10 (m, 8H), 7.01-6.80 (m, 6H), 
4.70 (t, J=5.4 Hz, 1H), 4.64 (d. J=1.8 Hz, 1H), 4.56 (d. J–6.9 
HZ, 1H), 4.35-4.32 (m. 1H), 4.16-4.07 (m. 1H), 3.68-3.58 (m, 
2H), 3.51-3.46 (m, 1H), 3.38-3.32 (m, 1H), 3.11-3.09 (m, 
1H), 1.98-1.88 (m, 4H), 0.91 (s, 9H), 0.91 (s, 9H), 0.14 (s, 
6H), 0.13 (s, 6H) ppm 
0260 6-O-(4'-(2S,3R)-1-(4-Fluorophenyl)-3-((3S)-3- 
(4-fluorophenyl)-3-hydroxypropyl-4-oxoaZetidin-2- 
ylbiphenyl-3-yl)-C-D-glucopyranose bis-O-tert-butyl 
(dimethyl)silyl)ether (82.3 mg, 0.09 mmol) was dissolved in 
acetonitrile (10 mL) in a polypropylene centrifuge tube. 48% 
Hydrofluoric acid (1 mL) was added at room temperature and 
the reaction monitored by LCMS. Upon completion, 1 
equivalent of Solid sodium carbonate (2.54g, 24 mmol) was 
added and just enough water to dissolve the Solid. The reac 
tion was diluted into ethyl acetate (20 mL) and the layers 
separated. The aqueous solution was extracted with ethyl 
acetate (3x10 mL). The combined organic extracts were 
washed with saturated sodium carbonate (2x10 mL), dried 
over anhydrous Sodium sulfate, filtered, concentrated in 
vacuo and purified by reverse phase preparative HPLC (Po 
laris C18-A 10 250x21.2 mm column, 30% to 95% aceto 
nitrile-0.1% trifluoroacetic acid in water) to afford 6-O-(4'- 
(2S,3R)-1-(4-fluorophenyl)-3-((3S)-3-(4-fluorophenyl)-3- 
hydroxypropyl-4-oxoazetidin-2-ylbiphenyl-3-yl)-O-D- 
glucopyranose (54.3 mg, 89% yield). H NMR (300 MHz, 
CDC1/1% CDOD) & 7.58 (d. J–7.8 Hz, 2H), 7.39-7.24 (m, 
7H), 7.17-7.14 (m, 2H), 7.04-6.92 (m, 5H), 5.23 (d. J=3.9 Hz, 
0.6H), 4.71 (d. J=1.8 Hz, 1H), 4.66 (t, J=5.7 Hz, 1H), 4.58 (d. 
J=8.1 Hz, 0.4H), 4.40-4.30 (m. 1H), 4.25-4.14 (m, 1H), 3.57 
3.48 (m, 2H), 3.16-3.11 (m. 1H), 2.04-1.85 (m, 4H) ppm. MS 
M-OH 630.0 
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EXAMPLE 77 

Methyl 6-O-(4'-(2S,3R)-1-(4-fluorophenyl)-3- 
(3S)-3-(4-fluorophenyl)-3-hydroxypropyl-4- 

oxoazetidin-2-ylbiphenyl-3-yl)-C-D-glucopyrano 
side 

0261 

0262 Diethylazodicarboxylate (76.2 mg, 0.44 mmol. 68 
uL) was added drop-wise to methyl 2,3,4-tri-O-benzyl-O-D- 
glucopyranoside (184.8 mg, 0.40 mmol), 3-bromophenol 
(72.3 mg, 0.42 mmol), and triphenylphosphine (115.0 mg. 
0.44 mmol) dissolved in dry tetrahydrofuran (2 mL) at 0°C. 
The reaction was stirred for 16 h warming to room tempera 
ture. The reaction was diluted into dichloromethane (30 mL) 
and washed with 5% sodium bisulfate (2x10 mL). The sepa 
rated organic Solution was dried over anhydrous sodium Sul 
fate, filtered, concentrated in vacuo and purified by chroma 
tography (20% ethyl acetate-dichloromethane) to afford 
methyl 2,3,4-tri-O-benzyl-6-O-(3-bromophenyl)-O-D-glu 
copyranoside (216 mg, 87% yield) 
0263 (3R,4S)-1-(4-Fluorophenyl)-3-((3S)-3-(4-fluo 
rophenyl)-3-hydroxypropyl-4-4-(4,4,5,5-tetramethyl-1,3, 
2-dioxaborolan-2-yl)phenylaZetidin-2-one (64.1 mg, 0.12 
mmol), methyl 2,3,4-tri-O-benzyl-6-O-(3-bromophenyl)-D- 
glucopyranoside (54.6 mg, 0.09 mmol), and potassium car 
bonate (88 uL. 2 Maqueous solution) were dissolved in 1:1 
toluen-ethanol (1 mL total volume). The solution was 
degassed by evacuating the vessel and flushing with argon 
three times. Tetrakis(triphenylphosphine)palladium (5.1 mg, 
0.004 mmol) was added and the solution degassed twice. The 
reaction was heated at 85°C. for 1 h. LCMS and TLC (1:1 
hexane-ethyl acetate) analysis indicated consumption of the 
starting glycoside. The reaction was diluted into ethyl acetate 
(30 mL) and washed with water (2x10 mL). The combined 
aqueous washes were back extracted with ethyl acetate (2x10 
mL). The combined organic extracts were dried over anhy 
drous Sodium Sulfate, filtered, concentrated in vacuo and puri 
fied by chromatography (12 g silica gel, 20% to 50% ethyl 
acetate-hexane) to afford methyl 2,3,4-tri-O-benzyl-6-O-(4- 
{(2S,3R)-1-(4-fluorophenyl)-3-((3S)-3-(4-fluorophenyl)-3- 
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hydroxypropyl-4-oxoazetidin-2-ylbiphenyl-3-yl)-O-D- 
glucopyranoside (70.0 mg. 85% yield). "H NMR (300 MHz, 
CDC1) & 7.55 (d. J=8.1 Hz, 2H), 7.39-6.84 (m, 29H), 5.01 (d. 
J=10.8 Hz, 1H), 4.89-4.80 (m, 3H), 4.73-4.64 (m, 4H), 4.52 
(d. J=11.1 Hz, 1H), 4.15-4.12 (m. 2H), 4.08-4.1 (m. 1H), 
3.94-3.90 (m, 1H), 3.77-3.71 (m, 1H), 3.62 (dd, J=3.6 Hz, 
J=9.6 Hz, 1H), 3.39 (s.3H), 3.13–3.10 (m. 1H), 2.03-1.89 (m, 
4H) ppm 
0264 Methyl 2,3,4-tri-O-benzyl-6-O-(4'-(2S,3R)-1-(4- 
fluorophenyl)-3-((3S)-3-(4-fluorophenyl)-3-hydroxypro 
pyl-4-oxoaZetidin-2-ylbiphenyl-3-yl)-O-D-glucopyrano 
side (70 mg 0.08 mmol) was dissolved in absolute ethanol (3 
mL). 10% Pd/C (wet, 14% w/w) was added and the vessel 
sealed. The solution was degassed by evacuation and flushing 
with hydrogen gas at balloon pressure. The reaction was 
monitored by TLC (1:1 hexane-ethyl acetate). Upon comple 
tion, the catalyst was filtered by passing through a plug of 
CeliteR) and washing with additional ethanol. The filtrate was 
concentrated in vacuo and purified by preparative HPLC (Po 
laris C18-A 10 250x21.2 mm column, 30% to 95% aceto 
nitrile-0.1% trifluoroacetic acid in water) affording methyl 
6-O-(4'-(2S,3R)-1-(4-fluorophenyl)-3-((3S)-3-(4-fluo 
rophenyl)-3-hydroxypropyl-4-oxoazetidin-2-ylbiphenyl 
3-yl)-O-D-glucopyranoside (18.1 mg, 36% yield); H NMR 
(300 MHz, CDC1/1% CDOD) & 7.58 (d. J=8.4 Hz, 2H), 
7.38-7.23 (m, 7H), 7.17-7.14 (m, 2H), 7.04-6.92 (m, 5H), 
4.80 (d. J–3.9 Hz, 1H), 4.70 (d. J=2.4 Hz, 1H), 4.67 (t, J=5.7 
HZ, 1H), 4.37-4.33 (m. 1H), 4.26-4.21 (m. 1H), 3.92-3.87(m, 
1H), 3.74-3.45 (m, 3H), 3.42 (s, 3H), 3.18-3.10 (m, 1H), 
2.01-1.88 (m, 4H) ppm; MS M-OH" 644.0 

EXAMPLE 78 

6-O-(4'-(2S,3R)-1-(4-Fluorophenyl)-3-((3S)-3-(4- 
fluorophenyl)-3-hydroxypropyl-4-oxoaZetidin-2- 

ylbiphenyl-3-yl)-D-glucitol 
0265 

OH 

HO 2 
OH 

0266 Sodium borohydride (1.6 mg, 0.04 mmol) was 
added to 6-O-(4'-(2S,3R)-1-(4-fluorophenyl)-3-((3S)-3-(4- 
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fluorophenyl)-3-hydroxypropyl-4-oxoaZetidin-2- 
ylbiphenyl-3-yl)-D-glucopyranose (26.3 mg, 0.04 mmol) 
dissolved in 80:20 acetonitrile-water (1 mL) at room tempera 
ture. The reaction was stirred for 10 min at room temperature 
monitoring by LCMS. Upon completion, the reaction was 
diluted with 50:50 acetonitrile:water (3 mL) and filtered 
through a Whatman 0.45uM glass microfiber filter then puri 
fied by preparative HPLC (Polaris C18-A10 250x21.2 mm 
column, 30% to 95% acetonitrile-0.1% trifluoroacetic acid in 
water) affording 6-O-(4'-(2S,3R)-1-(4-fluorophenyl)-3- 
(3S)-3-(4-fluorophenyl)-3-hydroxypropyl-4-oxoazetidin 
2-yl) biphenyl-3-yl)-D-glucitol (21.2 mg, 80% yield). "H 
NMR (300 MHz, CDC1/1% CDOD) & 7.58 (d. J=8.1 Hz, 
2H), 7.39-7.24 (m, 7H), 7.17-7.15 (m, 2H), 7.04-6.92 (m, 
5H), 4.71 (d. J=2.1 Hz, 1H), 4.68 (t, J=6.3 Hz, 1H), 4.31-4.27 
(m. 1H), 0.19-4.14 (m, 1H), 4.08-402 (m, 1H), 3.97-3.95 (m, 
1H), 3.86-3.65 (m, 4H), 3.14-3.12 (m. 1H), 2.01-1.88 (m, 4H) 
ppm; MS M+HCO, 694.0 

Scheme IV 

O 

-O- 1. N 
S. X N 

R 
e 

0267 Illustrated in Scheme IV is the general method for 
the preparation of cholesterol absorption inhibitors of general 
formula IV-3. Imines IV-2 are made by refluxing anilines with 
the appropriate aldehydes in isopropanol. Condensation of 
imine IV-2 with the ester enolate of compound IV-I affords 
the azetidinone IV-3. In the case where X is sulfur, one 
equivalent of an appropriate oxidizing agent such as MCPBA 
can be used to convert to the Sulfoxide, two equivalents can be 
used to synthesize the sulfone. Where X is nitrogen, one 
equivalent of an appropriate oxidizing agent can be used to 
convert the secondary amine to a hydroxylamine (following 
deprotection). 

R 

1) LDATHF 
21 Xn-CO2Et 2) R 

RH 2/ 
N 

IV-1 N 

ex 
R 

IV-2 
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-continued 
e 

N O 
N 21 

-HR 
s X N 

R- Z R 
IV-3 

0268. The following examples were also prepared accord 
ing to the methods described above: 

EXAMPLE 81 

0269 (3R,4S)-4-(3',4'-dimethoxybiphenyl-4-yl)-1-(4- 
fluorophenyl)-3-((3S)-3-(4-fluorophenyl)-3-hydroxypro 
pylaZetidin-2-one 

EXAMPLE 82 

(0270 (3R,4S)-1-(4-fluorophenyl)-3-((3S)-3-(4-fluo 
rophenyl)-3-hydroxypropyl-4-3'-(methylthio)biphenyl 
4-yl azetidin-2-one 

EXAMPLE 83 

0271 (3R,4S)-4-3'-(dimethylamino)biphenyl-4-yl)-1- 
(4-fluorophenyl)-3-((3S)-3-(4-fluorophenyl)-3-hydrox 
ypropylaZetidin-2-one 

EXAMPLE 84 

0272 (3R,4S)-1-(4-fluorophenyl)-3-((3S)-3-(4-fluo 
rophenyl)-3-hydroxypropyl-4-(4-vinylbiphenyl-4-yl) 
aZetidin-2-one 

EXAMPLE 85 

(0273 4'-(2S,3R)-1-(4-fluorophenyl)-3-((3S)-3-(4-fluo 
rophenyl)-3-hydroxypropyl-4-oxoazetidin-2-yl)-5- 
methoxybiphenyl-2-carbaldehyde 

EXAMPLE 86 

0274 (3R,4S)-4-(3'-aminobiphenyl-4-yl)-1-(4-fluo 
rophenyl)-3-((3S)-3-(4-fluorophenyl)-3-hydroxypropyl 
aZetidin-2-one 

EXAMPLE 87 

0275 (3R,4S)-4-4-(2,3-dihydro-1,4-benzodioxin-6-yl) 
phenyl-1-(4-fluorophenyl)-3-((3S)-3-(4-fluorophenyl)- 
3-hydroxypropylaZetidin-2-one 

EXAMPLE 88 

(0276 (4'-(2S,3R)-1-(4-fluorophenyl)-3-((3S)-3-(4-fluo 
rophenyl)-3-hydroxypropyl-4-oxoaZetidin-2- 
ylbiphenyl-4-yl)acetic acid 
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EXAMPLE 128 

Sodium 4'-(2S,3R)-3-((3S)-3-(4-fluorophenyl)-3- 
hydroxypropyl-4-oxo-1-phenylazetidin-2-yl)-3'- 

hydroxybiphenyl-4-sulfonate 

0316 

O 

-O 

0317 5-Bromo-2-(2S,3R)-3-((3S)-3-tert-butyl (dim 
ethyl)silyloxy-3-(4-fluorophenyl)propyl-4-oxo-1-pheny 
lazetidin-2-yl)phenyl acetate (850 mg, 1.36 mmol) and 
4-thioanisoleboronic acid (252 mg, 1.50 mmol) were dis 
solved in dioxane (13.6 mL). Cesium carbonate (882 mg, 2.71 
mmol) and solid bis(1-adamantylamine)palladium(0) (113 
mg, 0.21 mmol) were added and the vessel was vacuum/ 
nitrogen purged (3x). The reaction was stirred vigorously for 
4hat 80°C. under a nitrogen atmosphere and then cooled and 
reacted with acetic anhydride (0.70 mL, 7.3 mmol) and 
4-dimethylamino-pyridine (185.6 mg, 1.52 mmol). After 15 
min, the mixture was poured into 1.0N hydrochloric acid (60 
mL), extracted with 1:1 ethyl acetate-hexane (60 mL), 
washed with brine (60 mL), dried over sodium sulfate, fil 
tered, concentrated and purified by chromatography (40 g 
silica gel, 5% to 50% ethyl acetate-hexane) to afford 4-(2S, 
3R)-3-((3S)-3-tert-butyl (dimethyl)silyloxy-3-(4-fluo 
rophenyl)propyl-4-oxo-1-phenylazetidin-2-yl)-4-(meth 
ylthio)biphenyl-3-yl acetate (478 mg, 52% yield) as a white 
foam; R, 0.41 (1:4 ethyl acetate-hexane). 
0318 4-(2S,3R)-3-((3S)-3-tert-butyl (dimethyl)silyl 
oxy-3-(4-fluorophenyl)propyl-4-oxo-1-phenylazetidin-2- 
yl)-4-(methylthio)biphenyl-3-yl acetate (478 mg, 0.713 
mmol) was dissolved in dichloromethane (20 mL) and cooled 
to 0° C. 3-Chlorobenzenecarbo-peroxoic acid (134.5 mg. 
0.779 mmol) was added in portions while monitoring by TLC 
and LCMS to make the arylsulfoxide. Once addition was 
complete the reaction was poured into quarter Saturated 
sodium bicarbonate solution (60 mL), extracted with dichlo 
romethane (60 mL) and ethyl acetate (60 mL), the combined 
organic layers were dried over sodium sulfate, filtered and 
concentrated with toluene. The residue was dissolved in 
dichloromethane (10 mL) and the Pummerer rearrangement 
was effected by the addition of trifluoroacetic anhydride (250 
uL., 372 mg, 1.77 mmol). The reaction was stirred at room 
temperature for 8.5 hand then concentrated with toluene and 
diluted with a solution of degassed methanol (3.0 mL), tri 
ethylamine (3.0 mL) and water (1.0 mL). After 2.75 h the 
golden yellow solution was concentrated, transferred into a 
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polypropylene Falcon R tube with acetonitrile (10.0 mL) and 
diluted with 48% hydrofluoric acid (1.0 mL). The reaction 
was stirred for 4 hat room temperature and then poured into 
0.5 M potassium phosphate (50 mL), extracted with ethyl 
acetate (60 mL), washed with water (60 mL) and brine (60 
mL), dried over sodium Sulfate, filtered, concentrated and 
purified by chromatography (40 g silica gel, 10% to 100% 
ethyl acetate-hexane) to afford a mixture of compounds 
(some impurities and oxidized desired material). The residue 
was used as is in the next step. 
0319. The residue was dissolved in dichloromethane (10 
mL) and added drop-wise to a solution of 3-chlorobenzen 
ecarboperoxoic acid (489 mg, 2.83 mmol) in dichlo 
romethane (10 mL). Dichloromethane (5 mL) was used to 
help transfer the material and the mixture was stirred at room 
temperature for 15 min. The reaction was quenched by addi 
tion of triethylamine (4 mL), concentrated, dissolved in 
methanol, filtered through a 0.45u Whatman(R) filter, concen 
trated again, purified by reverse-phase HPLC (Polaris C18-A 
10 250x21.2 mm column, 5% to 100% acetonitrile-0.1% 
triethylamine in water) and treated with DoweX(R) sodium ion 
exchange resin to afford sodium 4'-(2S,3R)-3-((3S)-3-(4- 
fluorophenyl)-3-hydroxypropyl-4-oxo-1-phenylaZetidin-2- 
y1}-3'-hydroxybiphenyl-4-sulfonate (249.0 mg, 57% yield) 
as a light pale purple solid; H NMR (300 MHz, CDOD) & 
7.88 (d. J=8.6 Hz, 2H), 7.59 (d. J=8.6 Hz, 2H), 7.35-7.19 (m, 
7H), 7.14-7.11 (m, 2H), 7.03-6.97 (m,3H), 5.14 (d. J=2.2 Hz, 
1H), 4.63-4.59 (m, 1H), 3.17-3.08 (m. 1H), 2.04-1.87(m, 4H) 
ppm; MS M-Na 546.0 
0320 Also within the invention are compounds described 
by Table 3, together with Table 4 and Formula VIII which is 
shown below. 

VIII 

OH 

0321) In these embodiments, R' and Rare independently 
chosen from H, F, CN, C1, CH, OCH, OCF. OCF. H. CF, 
CFH, and CHF: R is chosen from H, C1, CH, OCH, OH, 
B(OH), and SH: R is chosen from OH, SOH, POH, 
CHOH, COOH, CHO, D-glucitol, a C-glysosyl compound 
and a Sugar and only one R Substitution is allowed on any 
aromatic ring. For example, where R is —OH, all of the other 
Substituents on the corresponding aromatic ring are H. Of 
course, where a given R group is H (e.g., R') all of the 
Substituents on the corresponding aromatic ring are also H. In 
Table 4 when the R substituent position is defined as 3-, the 
Substitution occurs at the position ortho to the azetidinone 
ring. In Table 4 when the R'substituent position is defined as 
2-, the Substitution occurs at the position meta to the aZetidi 
none ring. 
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0322 Each row in Table 3 defines a unique subset of R 
group Substituents which can be systematically Substituted in TABLE 3-continued 
an iterative fashion into Formula VIII at the positions speci 
fied by each row of Table 4 to generate specific compounds Row R1 R2 R4 R5 
within Formula VIII. For example, in Table 3, row 1, R' is H. 25 Cl H OH OH 
R’ is F. R is OH, and R is OH. Substituting this set of R 26 Cl H OH D-glucitol 
groups into Formula VIII according to the placement defined 27 Cl H OH SQ 
by row 1 of Table 4 (i.e., R is ortho, R is ortho, R is 3- and 3. . 2. EH, 
R is ortho) yields 30 Cl F OH D-glucitol 

31 C. F OH SOH 
32 Cl F OH POH 
33 Cl C OH OH 
34 C C OH D-glucitol 
35 C1 C OH SOH 
36 C. C OH POH 
37 H H OH 
38 H D-glucitol 
39 H H SOH 
40 H H POH 
41 H H CHO 

OH F 42 H H COOH 
43 H H CHOH 
44 H Sugar 
45 H C-glycosyl compound 
46 H OH CHO 
47 H OH COOH 
48 H OH CHOH 
49 OH Sugar 

(3R,4S)-4-(2,3-dihydroxybiphenyl-4-yl)-3-((3S)-3- 3. g t Slycosyl compound 
3 (2-fluorophenyl)-3 -hydroxypropyl)-1 -phenylaZeti- S2 H CH D-glucitol 

din-2-one 53 H CH SOH 

0323. Similarly, (3R,4S)-4-(3,3'-dihydroxybiphenyl-4- : ; 
yl)-3-((3S)-3-(2-fluorophenyl)-3-hydroxypropyl)-1-pheny- S6 H CH COOH 
lazetidin-2-one is disclosed by the using values in Table 3, 57 H CH CHOH 
row 1 to substitute Formula VIII according to Table 4, row 2. S8 H CH Sugar 59 CH C-glycosyl compound 
0324 Tables 5-20 comprise the compounds disclosed by 60 H C OH 
substituting the substituents listed in Table 3 rows 1-16 into 61 H C D-glucitol 
Formula VIII according to the placement defined by each row 62 H C SOH 
in Table 4. It should be understood that the compounds listed 2. :2 
in Tables 5-20 are only a small subset of the compounds 6S H C COOH 
described by the systematic iterative substitution of the sub- 66 H C CHOH 
stituents in each row of Table 3 into generic Formula VIII 67 H C Sugar 
according to the placement defined by each row of Table 4. . (OH) sycosyl compound 

2 

70 B(OH), D-glucitol 
TABLE 3 71 H B(OH), SOH 

72 H B(OH), POH, 
Row R1 R2 R4 R5 73 B(OH), CHO 

74 H B(OH), COOH 
1 H OH OH 75 H B(OH), CH-OH 
2 H OH D-glucito 76 B(OH), Sugar 
3 H OH SOH 77 B(OH), C-glycosyl compound 
4 H OH POH 78 H SH OH 
5 H H OH OH 79 SH D-glucitol 
6 H H OH D-glucito 80 H SH SOH 
7 H H OH SOH 81 H SH POH 
8 H H OH POH 82 H SH CHO 
9 H C OH OH 83 H SH COOH 
10 H C OH D-glucito 84 H SH CHOH 
11 H C OH SOH 85 H SH Sugar 
12 H C OH POH 86 SH C-glycosyl compound 
13 F H OH OH 87 H OCH, OH 
14 H OH D-glucito 88 OCH D-glucitol 
15 F H OH SOH 89 H OCH SOH 
16 F H OH POH 90 H OCH POH 
17 F OH OH 91 H OCH, CHO 
18 F OH D-glucito 92 H OCH COOH 
19 F OH SOH 93 H OCH CHOH 
20 F OH POH 94 H OCH Sugar 
21 C OH OH 95 OCH, C-glycosyl compound 
22 F C OH D-glucito 96 H H OH 
23 F C OH SOH 97 H H D-glucitol 
24 F C OH POH 98 H H SOH 
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Row 

99 
OO 
O1 
O2 
O3 
O4 
05 
O6 
O7 
O8 
09 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
2O 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 

45 
46 
47 
48 
49 
50 
51 
52 
53 
S4 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 

57 

TABLE 3-continued 

R 2 R4 

H 3 

RS 

POH 
CHO 
COOH 
CHOH 
Sugar 
C-glycosyl compound 
CHO 
COOH 
CHOH 
Sugar 
C-glycosyl compound 
O 
D-glucitol 
SOH 
POH 
CHO 
COOH 

CHOH 
Sugar 
C-glycosyl compound 
O 
D-glucitol 
SOH 
POH 
CHO 
COOH 
CHOH 
Sugar 
C-glycosyl compound 
O 
D-glucitol 
SOH 
POH, 
CHO 
COOH 
CHOH 
Sugar 
C-glycosyl compound 
O 
D-glucitol 
SOH 
POH 
CHO 
COOH 

CHOH 
Sugar 
C-glycosyl compound 
O 
D-glucitol 
SOH 
POH 
CHO 
COOH 
CHOH 
Sugar 
C-glycosyl compound 
O 
D-glucitol 
SOH 
POH, 
CHO 
COOH 

CHOH 
Sugar 
C-glycosyl compound 
CHO 
COOH 

CHOH 
Sugar 
C-glycosyl compound 
O 
D-glucitol 
SOH 
POH 

Row 

73 
74 
75 
76 
77 
78 
79 
8O 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
2OO 
2O1 
2O2 
2O3 
204 
205 
2O6 
2O7 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
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TABLE 3-continued 

R2 R4 

C CH 
C CH 
C CH 
C CH 
C CH 
C C 
C C 
C C 
C C 
C C 
C C 
C C 
C C 
C C 
C B(OH), 
C B(OH), 
C B(OH), 
C B(OH), 
C B(OH), 
C B(OH), 
C B(OH), 
C B(OH), 
C B(OH), 
C SH 
C SH 
C SH 
C SH 
C SH 
C SH 
C SH 
C SH 
C SH 
C OCH, 
C OCH 
C OCH 
C OCH 
C OCH 
C OCH 
C OCH 
C OCH, 
C OCH 
CN H 
CN H 
CN H 
CN H 
CN H 
CN H 
CN H 
CN H 
CN H 
CN OH 
CN OH 
CN OH 
CN OH 
CN OH 
CN OH 
CN OH 
CN OH 
CN OH 
CN CH 
CN CH 
CN CH 
CN CH 
CN CH 
CN CH 
CN CH 
CN CH 
CN CH 
CN C 
CN C 
CN C 
CN C 
CN C 
CN C 

RS 

CHO 
COOH 

CHOH 
Sugar 
C-glycosyl compound 
O 

Sugar 

O 

C-glycosyl compound 
O 
D-glucitol 
SOH 
POH 
CHO 
COOH 

CHOH 
Sugar 
C-glycosyl compound 
O 
D-glucitol 
SOH 
POH 
CHO 
COOH 

CHOH 
Sugar 
C-glycosyl compound 
O 
D-glucitol 
SOH 
POH, 
CHO 
COOH 
CHOH 
Sugar 
C-glycosyl compound 
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Row 

247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
26S 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
28O 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
3O2 
303 
304 
305 
306 
307 
3O8 
309 
310 
311 
312 
313 
314 
315 
316 
317 
3.18 
319 
320 

58 

TABLE 3-continued 

R2 R4 

CN C 
CN C 
CN C 
CN B(OH), 
CN B(OH), 
CN B(OH), 
CN B(OH), 
CN B(OH), 
CN B(OH), 
CN B(OH), 
CN B(OH), 
CN B(OH), 
CN SH 
CN SH 
CN SH 
CN SH 
CN SH 
CN SH 
CN SH 
CN SH 
CN SH 
CN OCH 
CN OCH 
CN OCH 
CN OCH, 
CN OCH 
CN OCH 
CN OCH 
CN OCH, 
CN OCH 
CH, H 
CH, H 
CH, H 
CH, H 
CH, H 
CH, H 
CH, H 
CH, H 
CH, H 
CH, OH 
CH, OH 
CH, OH 
CH, OH 
CH, OH 
CH, OH 
CH, OH 
CH, OH 
CH, OH 
CH, CH 
CH, CH 
CH, CH 
CH, CH 
CH, CH 
CH, CH 
CH, CH 
CH, CH 
CH, CH 
CH, C 
CH, C 
CH, C 
CH, C 
CH, C 
CH, C 
CH, C 
CH, C 
CH, C 
CH, B(OH), 
CH, B(OH), 
CH, B(OH), 
CH, B(OH), 
CH, B(OH), 
CH, B(OH), 
CH, B(OH), 
CH, B(OH), 

RS 

CHOH 
Sugar 
C-glycosyl compound 

-glucitol 
OH 
OH2 
HO 
OOH 

ugar 
-glycosyl compound 

-gl l C it ol 

s H 2 

ugar 
-glycosyl compound 

s i 
Sugar 
C-glycosyl compound 

-glucitol 
OH 
OH2 
HO 
OOH 

ugar 
-glycosyl compound 

s 
ci tol 

S l 9. 8 
-glycosyl compound 

s H 2 

Sugar 
C-glycosyl compound 

-glucitol 
OH 
OH2 
HO 
OOH 

ugar 
-glycosyl compound 

-gl l C it ol 

3 H 2 

Row 

321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
3S4 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
381 
382 
383 
384 
385 
386 
387 
388 
389 
390 
391 
392 
393 
394 
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TABLE 3-continued 

R2 

B(OH), 
B(OH), 
B(OH), 
B(OH), 
B(OH), 
B(OH), 
B(OH), 
B(OH), 
SH 
SH 
SH 
SH 
SH 
SH 
SH 
SH 
SH 
OCH 

RS 

C-glycosyl compound 
O 
D-glucitol 
SOH 
POH 
CHO 
COOH 
CHOH 
Sugar 
C-glycosyl compound 
O 
D-glucitol 
SOH 
POH 
CHO 
COOH 

CHOH 
Sugar 
C-glycosyl compound 
O 
D-glucitol 
SOH 
POH 
CHO 
COOH 

CHOH 
Sugar 
C-glycosyl compound 
O 
D-glucitol 
SOH 
POH 
CHO 
COOH 
CHOH 
Sugar 
C-glycosyl compound 

Sugar 

Sugar 
C-glycosyl compound 
O 
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Row 

395 
396 
397 
398 
399 
400 
401 
402 
403 
404 
40S 
406 
407 
408 
409 
410 
411 
412 
413 
414 
415 
416 
417 
418 
419 
420 
421 
422 
423 
424 
425 
426 
427 
428 
429 
430 
431 
432 
433 
434 
435 
436 
437 
438 
439 
440 
441 
442 
443 
444 
445 
446 
447 
448 
449 
450 
451 
452 
453 
454 
455 
456 
457 
458 
459 
460 
461 
462 
463 
464 
465 
466 
467 
468 

59 

TABLE 3-continued 

R1 R2 R4 

OCH3 OCH, 
OCH3b OCH, 
OCH3 OCH, 
OCH3 OCH, 
OCH3 OCH, 
OCH3b OCH, 
OCH3 OCH, 
OCH3 OCH, 

RS 

D-glucitol 
SOH 
POH 
CHO 
COOH 

CHOH 
Sugar 
C-glycosyl compound 
O 

C-glycosyl compound 
CHO 
COOH 
CHOH 
Sugar 
C-glycosyl compound 
O 

Sugar 

Row 

469 
470 
471 
472 
473 
474 
475 
476 
477 
478 
479 
480 
481 
482 
483 
484 
485 
486 
487 
488 
489 
490 
491 
492 
493 
494 
495 
496 
497 
498 
499 
500 
5O1 
502 
503 
SO4 
505 
SO6 
507 
SO8 
509 
510 
511 
512 
513 
S1.4 
515 
S16 
517 
518 
519 
520 
521 
522 
523 
524 
525 
526 
527 
528 
529 
530 
531 
532 
533 
534 
535 
536 
537 
538 
539 
S4O 
S41 
S42 

R 1 
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TABLE 3-continued 

R2 RS 

Sugar 
C-glycosyl compound 
CHO 
COOH 
CHOH 
Sugar 
C-glycosyl compound 
O 

O 

C-glycosyl compound 
CHO 
COOH 

CHOH 
Sugar 
C-glycosyl compound 
O 
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Row 

875 
876 
877 
878 
879 
880 
881 
882 
883 
884 
885 
886 
887 
888 
889 
890 
891 
892 
893 
894 
895 
896 
897 
898 
899 
900 
901 
902 
903 
904 
905 
906 
907 
908 
909 
910 
911 
912 
913 
914 
915 
916 
917 
918 
919 
920 
921 
922 
923 
924 
925 
926 
927 
928 
929 
930 
931 
932 
933 
934 
935 
936 
937 
938 
939 
940 
941 
942 
943 
944 
945 
946 
947 
948 

69 

TABLE 3-continued 

OCH3b SH 
OCH3b SH 
OCH3b SH 
OCH3b SH 
OCH3b SH 
OCH3b SH 
OCH3b SH 
OCH3b 
OCH3b 
OCH3b 
OCH3b 
OCH3b 
OCH3b 
OCH3b 
OCH3b 
OCH3b 

B(OH), 
B(OH), 
B(OH), 
B(OH), 
B(OH), 
B(OH), 
B(OH), 
B(OH), 
SH 
SH 
SH 
SH 
SH 
SH 
SH 
SH 
SH 
OCH3 
OCH3 
OCH3 
OCH3 

RS 

SOH 
POH, 
CHO 
COOH 
CHOH 
Sugar 
C-glycosyl compound 
O 

O 

C-glycosyl compound 
O 
D-glucitol 
SOH 
POH 

Row 

949 
950 
951 
952 
953 
954 
955 
956 
957 
958 
959 
960 
961 
962 
963 
964 
96S 
966 
967 
968 
969 
970 
971 
972 
973 
974 
975 
976 
977 
978 
979 
98O 
981 
982 
983 
984 
985 
986 
987 
988 
989 
990 
991 
992 
993 
994 
995 
996 
997 
998 
999 
2OOO 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 

OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
OC 
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TABLE 3-continued 

R2 

OCH3 
OCH3 
OCH3 
OCH3 
OCH3 

B(OH), 
B(OH), 
B(OH), 
B(OH), 
B(OH), 
B(OH), 
B(OH), 
B(OH), 
SH 
SH 
SH 
SH 
SH 
SH 
SH 
SH 
SH 
OCH3 
OCH3 
OCH3 
OCH3 
OCH3 
OCH3 
OCH3 
OCH3 
OCH3 

RS 

CHO 
COOH 

CHOH 
Sugar 
C-glycosyl compound 
O 

Sugar 

O 

C-glycosyl compound 
O 
D-glucitol 
SOH 
POH 
CHO 
COOH 

CHOH 
Sugar 
C-glycosyl compound 
O 
D-glucitol 
SOH 
POH 
CHO 
COOH 

CHOH 
Sugar 
C-glycosyl compound 
O 
D-glucitol 
SOH 
POH, 
CHO 
COOH 
CHOH 
Sugar 
C-glycosyl compound 
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TABLE 3-continued TABLE 3-continued 

Row R1 R2 R4 RS Row R1 R2 R4 RS 

2171 OCH3b CH C D-glucitol 224.5 OCH3 OCH3 B(OH), POH, 
2172 OCH3b CH, C SOH 2246 OCH3 OCH3b B(OH), CHO 
2173 OCH3 CH C POH 2247 OCH3 OCH3 B(OH), COOH 
2174 OCH3 CH, C CHO 2248 OCH3 OCH3 B(OH), CH-OH 
2175 OCH3b CH C COOH 2249 OCH3 OCH3 B(OH), sugar 
2176 OCH3b CH, C CHOH 2250 OCH3 OCH3 B(OH), C-glycosyl compound 
2177 OCH3 CH C Sugar 2251 OCH3b OCH3 SH OH 
2178 OCH3b CH C C-glycosyl compound 2252 OCH3b OCH3 SH D-glucitol 
2179 OCH3b CH B(OH), OH 2253 OCH3b OCH3 SH SOH 
2180 OCH3 CH, B(OH)2 D-glucitol 2254 OCH3b OCH3 SH POH 
2181 OCH3 CH, B(OH), SOH 2255 OCH3b OCH3 SH CHO 
2182 OCH3 CH, B(OH), POH, 2256 OCH3b OCH3 SH COOH 
2183 OCH3 CH B(OH), CHO 2257 OCH3b OCH3 SH CHOH 
2184 OCH3 CH, B(OH), COOH 2258 OCH3b OCH3 SH Sugar 
2185 OCH3 CH B(OH), CH-OH 2259 OCH3b OCH3 SH C-glycosyl compound 
2186 OCH3b CH, B(OH)2 Sugar 2260 OCH3b OCH3b OCH3 OH 
21.87 OCH 3. CH, B(OH), C-glycosyl compound 2261 OCH3b OCH3b OCH3 D-glucitol 
21st QCH, CH, SH OH 2262 OCH3b OCH3b OCH3 SOH 
219 QCH, CH, SH D-glucitol 2263 OCH3b OCH3b OCH3 POH 
2190 QCH, CH, SH SOH 2264 OCH3b OCH3b OCH3 CHO 
219 OCH3, CH, SH POH, 2265 OCH3b OCH3b OCH3 COOH 
292 OCH, CH, SH CHO 2266 OCH3 OCH3 OCH3 CH-OH 
2193 OCH3 CH SH COOH b b 
2194 OCH3b CH, SH CH-OH 2267 OCH3 OCH3 OCH3 Sugar 
2195 OCH3b CH SH sugar 2268 OCH3b OCH3b OCH3 C-glycosyl compound 
21.96 OCH3b CH, SH C-glycosyl compound 
2197 OCH3b CH, OCH3 OH "optionally substituted with one, two or three F 
2198 OCH3b CH, OCH3 D-glucitol optionally substituted with two or three F 
2199 OCH3 CH OCH3 SOH 
2200 OCH3 CH, OCH3 POH 
2201 OCH3 CH OCH3 CHO TABLE 4 
2202 OCH3 CH, OCH3 COOH 
2203 OCH3b CH, OCH3 CHOH row number R1 R2 R4 R5 
2204 OCH3 CH, OCH3 Sugar 
2205 OCH3b CH, OCH3 C-glycosyl compound 1 Old ortho 3- Old 
2206 OCH3b OCH3b H OH 2 Old ortho 3- (8. 
2207 OCH3b OCH3b H D-glucitol 3 Old ortho 3- 88 
2208 OCH3b OCH3b H SOH 4 Old ortho 2- Old 
2209 OCH3b OCH3b H POH 5 Old ortho 2- (8. 
2210 OCH3b OCH3b H CHO 6 Old ortho 2- 88 
2211 OCH3b OCH3b H COOH 7 Old metal 3- Old 
2212 OCH3b OCH3b H CHOH 8 Old metal 3- (8. 
2213 OCH3b OCH3b H Sugar 9 Old metal 3- 88 
2214 OCH3b OCH3b H C-glycosyl compound 10 Old metal 2- Old 
2215 OCH3b OCH3b OH OH 11 Old metal 2- (8. 
2216 OCH3b OCH3b OH D-glucitol 12 Old metal 2- 88 
2217 OCH3b OCH3b OH SOH 13 Old para 3- Old 
2218 OCH3b OCH3b OH POH, 14 Old para 3- (8. 
2219 OCH3b OCH3b OH CHO 15 Old para 3- 88 
2220 OCH3b OCH3b OH COOH 16 Old para 2- Old 
2221 OCH3b OCH3b OH CHOH 17 Old para 2- (8. 
2222 OCH3b OCH3b OH Sugar 18 Old para 2- 88 
2223 OCH3b OCH3b OH C-glycosyl compound 19 (8. ortho 3- Old 
2224 OCH3b OCH3b CH3 OH 2O (8. ortho 3- (8. 
2225 OCH3b OCH3b CH3 D-glucitol 21 (8. ortho 3- 88 
2226 OCH3b OCH3b CH3 SOH 22 (8. ortho 2- Old 
2227 OCH3b OCH3b CH3 POH 23 (8. ortho 2- (8. 
2228 OCH3b OCH3b CH3 CHO 24 (8. ortho 2- 88 
2229 OCH3b OCH3b CH3 COOH 25 (8. metal 3- Old 
2230 OCH3b OCH3b CH3 CHOH 26 (8. metal 3- (8. 
2231 OCH3b OCH3b CH3 Sugar 27 (8. metal 3- 88 
2232 OCH3b OCH3b CH3 C-glycosyl compound 28 (8. metal 2- Old 
2233 OCH3b OCH3b C OH 29 (8. metal 2- (8. 
2234 OCH3b OCH3b C D-glucitol 30 (8. metal 2- 88 
2235 OCH3b OCH3b C SOH 31 (8. para 3- Old 
2236 OCH3b OCH3b C POH 32 (8. para 3- (8. 
2237 OCH3b OCH3b C CHO 33 (8. para 3- 88 
2238 OCH3b OCH3b C COOH 34 (8. para 2- Old 
2239 OCH3b OCH3b C CHOH 35 (8. para 2- (8. 
2240 OCH3b OCH3b C Sugar 36 (8. para 2- 88 
2241 OCH3b OCH3b C C-glycosyl compound 37 para ortho 3- Old 
2242 OCH3 OCH3 B(OH), OH 38 para ortho 3- (8. 
2243 OCH3 OCH3 B(OH), D-glucitol 39 para ortho 3- 88 
2244 OCH3 OCH3 B(OH), SOH 40 para ortho 2- Old 
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-continued 

(3S)-3-hydroxy-3-phenylpropyl 
(3S)-3-hydroxy-3-phenylpropyl 

- 
- 
- 
- 

1-139. (canceled) 
140. A compound of formula 

Ri 

HO 

--Or 
wherein 
R" and Rare chosen from H. Cland F; and 
R is chosen from OH and SOH. 
141. A compound according to claim 140 of formula 

Rii 

HO 

wherein the substituent at position 3 of the azetidin-2-one is 
of the Rabsolute configuration, the substituent at position 4 of 
the azetidin-2-one is of the Sabsolute configuration and the 
benzylic hydroxyl is of the S absolute configuration. 

142. A compound according to claim 141 wherein R is 
OH. 

143. (3R,4S)-4-(3,3'-dihydroxybiphenyl-4-yl)-3-((3S)-3- 
(4-fluorophenyl)-3-hydroxypropyl-1-phenylaZetidin-2-one 
according to claim 142. 

144. A compound according to claim 141 wherein R is 
SOH. 

145. 4'-(2S,3R)-1-(4-Fluorophenyl)-3-((3S)-3-(4-fluo 
rophenyl)-3-hydroxypropyl-4-oxoazetidin-2-ylbiphenyl 
3-sulfonic acid; 4'-(2S,3R)-3-3-(4-fluorophenyl)-3-hy 
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(3S)-3-hydroxy-3-phenylpropyl-4-oxoazetidin-2-yl)-3'-hydroxybiphenyl-4-yl)phosphonic acid 
4-oxoazetidin-2-yl)-2'-hydroxybiphenyl-2-yl)phosphonic acid 
4-oxoazetidin-2-yl)-2'-hydroxybiphenyl-3-yl)phosphonic acid 

(3S)-3-hydroxy-3-phenylpropyl-4-oxoazetidin-2-yl)-2'-hydroxybiphenyl-4-yl)phosphonic acid 

droxypropyl-4-oxo-1-phenylaZetidin-2-yl)-3'- 
hydroxybiphenyl-3-sulfonic acid; or 4'-(2S,3R)-3-((3S)-3- 
(4-fluorophenyl)-3-hydroxypropyl-4-oxo-1- 
phenylazetidin-2-yl)-3'-hydroxybiphenyl-4-sulfonic acid 
according to claim 144. 

146. Sodium 4'-(2S,3R)-3-((3S)-3-(4-fluorophenyl)-3- 
hydroxypropyl-4-oxo-1-phenylaZetidin-2-yl)-3-hydroxy 
biphenyl-4-sulfonate. 

147. A pharmaceutical formulation comprising a com 
pound according to claim 140 and a pharmaceutically accept 
able carrier. 

148. A pharmaceutical formulation according to claim 147 
additionally comprising an inhibitor of cholesterol biosyn 
thesis. 

149. A method for treating a disorder of lipid metabolism 
comprising administering to a mammal a therapeutically 
effective amount of a compound having the formula shown in 
claim 140, wherein said disorder is chosen from hypercho 
lesterolemia, hyperlipidemia, arteriosclerosis and Sitoster 
olemia. 

150. A pharmaceutical formulation according to claim 148 
wherein said inhibitor of cholesterol biosynthesis is an HMG 
CoA reductase inhibitor. 

151. A pharmaceutical formulation according to claim 150 
wherein said HMG-CoA reductase inhibitor is chosen from 
the group consisting of lovastatin, simvastatin, pravastatin, 
rosuvastatin, mevastatin, atorvastatin, cerivastatin, pitavasta 
tin, fluvastatin, bervastatin, crilvastatin, carvastatin, rivasta 
tin, sirrivastatin, glenvastatin and dalvastatin. 

152. A pharmaceutical formulation according to claim 147 
additionally comprising at least one bile acid sequestrant. 

153. A pharmaceutical formulation according to claim 152 
wherein the at least one bile acid sequestrant is selected from 
the group consisting of cholestyramine, colestipol, coleseve 
lam hydrochloride and mixtures thereof. 

154. A pharmaceutical formulation according to claim 147 
additionally comprising at least one nicotinic acid or deriva 
tive thereof selected from the group consisting of nicotinic 
acid, niceritrol, nicofuranose, acipimoX and mixtures thereof. 

155. A pharmaceutical formulation according to claim 147 
additionally comprising at least one peroxisome proliferator 
activated receptor alpha activator. 

156. A pharmaceutical formulation according to claim 155 
wherein said peroxisome proliferator-activated receptor 
alpha activator is a fibric acid derivative. 

157. A pharmaceutical formulation according to claim 156 
wherein said fibric acid derivative is selected from the group 
consisting offenofibrate, clofibrate, gemfibrozil, ciprofibrate, 
bezafibrate, clinofibrate, binifibrate, lifibrol and mixtures 
thereof. 

158. A pharmaceutical formulation according to claim 147 
additionally comprising at least one cholesterol ester transfer 
protein (CETP) inhibitor. 

159. An article of manufacture comprising a container, 
instructions, and a pharmaceutical formulation according to 
claim 147, wherein the instructions are for the administration 
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of the pharmaceutical formulation for a purpose chosen from: 
the prevention or treatment of a disorder of lipid metabolism; 
reducing the plasma or tissue concentration of at least one 
5C-cholestanol or cholest-5-enol other than (3 B)-cholest-5- 
ene-3-ol, reducing the blood plasma or serum concentrations 
of LDL cholesterol: reducing the concentrations of choles 
terol and cholesterol ester in the blood plasma or serum; 
increasing the fecal excretion of cholesterol; reducing the 
incidence of coronary heart disease-related events; reducing 
blood plasma or serum concentrations of C-reactive protein 
(CRP); treating or preventing vascular inflammation; reduc 
ing blood plasma or serum concentrations of triglycerides; 
increasing blood plasma or serum concentrations of HDL 
cholesterol; reducing blood plasma or serum concentrations 
of apolipoprotein B. 

160. A method according to claim 149, wherein said dis 
order of lipid metabolism is hyperlipidemia. 

161. A method according to claim 149, wherein said dis 
order of lipid metabolism is arteriosclerosis. 

162. A method according to claim 149, wherein said dis 
order of lipid metabolism is sitosterolemia. 

163. A method for inhibiting the absorption of cholesterol 
from the intestine of a mammal, which comprises adminis 

79 
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tering an effective cholesterol-absorption-inhibiting amount 
of a compound according to claim 140 to the mammal. 

164. A method of reducing plasma or tissue concentration 
of at least one 5C.-cholestanol or cholest-5-enol other than 
(3B)-cholest-5-ene-3-ol, comprising administering to a mam 
mal in need of such treatment an effective amount of a com 
pound according to claim 140. 

165. A method for reducing the blood plasma or serum 
concentrations of LDL cholesterol in a mammal, which com 
prises administering an effective cholesterol reducing amount 
of a compound according to claim 140 to the mammal. 

166. A method for reducing the concentrations of choles 
terol and cholesterol ester in the blood plasma or serum of a 
mammal, which comprises administering an effective choles 
terol and cholesterol ester reducing amount of a compound 
according to claim 140 to the mammal. 

167. A method for increasing the fecal excretion of choles 
terol in a mammal, which comprises administering an effec 
tive cholesterol fecal excretion increasing amount of a com 
pound according to claim 140 to the mammal. 

c c c c c 


