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ACYLOXYALKYL CARBAMATE PRODRUGS 
OF SULFINIC ACIDS, METHODS OF 

SYNTHESIS, AND USE 

[0001] This application claims the bene?t under 35 U.S.C. 
§ 119(e) from US. Provisional Application Ser. No. 60/625, 
050 ?led Nov. 3, 2004, Which is incorporated herein by ref 
erence in its entirety. 
[0002] The disclosure relates to acyloxyalkyl carbamate 
prodrugs of 3-aminopropylsul?nic acid and analogs thereof, 
pharmaceutical compositions comprising 3-aminopropyl 
sul?nic acid and analogs thereof, methods of making pro 
drugs of 3-aminopropylsul?nic acid and analogs thereof, and 
methods of using prodrugs of 3-aminopropylsul?nic acid and 
analogs thereof, and pharmaceutical compositions thereof to 
treat various diseases or disorders. The disclosure also relates 
to prodrugs of 3-aminopropylsul?nic acid and analogs 
thereof suitable for oral administration, and for oral admin 
istration using sustained release dosage forms. 
[0003] (1)-4-Amino-3-(4-chlorophenyl)butanoic acid (ba 
clofen), (1), 

(1) 
c1 

HZN 
on, 

Baclofen 

is an analog of gamma-aminobutyric acid (GABA) that selec 
tively activates GABAB receptors resulting in neuronal hyper 
polariZation. GABAB receptors are located in laminae l-IV of 
the spinal cord, Where primary sensory ?bers end. These 
G-protein coupled receptors activate conductance by K+-se 
lective ion channels and can reduce currents mediated by 
Ca2+ channels in certain neurons. Baclofen has a presynaptic 
inhibitory effect on the release of excitatory neurotransmit 
ters and also acts postsynaptically to decrease motor neuron 
?ring (see BoWery, Trends Pharmacol. Sci. 1989, 10, 401 
407; Misgeld et al., Prog. Neurobiol. 1995, 46, 423-462, each 
of Which is incorporated herein by reference in its entirety). 
[0004] Many examples of compounds having agonistic or 
partially agonistic af?nity to GABAB receptors exist and 
include certain amino acids, aminopho sphonic acids, amino 
phosphinic acids, aminophosphonous acids, and amino 
sul?nic acids. Examples of 4-aminobutanoic acid GABAB 
receptor ligands include: 
[0005] 4-amino -3 -(2 -chlorophenyl)butanoic acid; 
[0006] 4-amino -3 -(4 -?uorophenyl)butanoic acid; 
[0007] 4-amino -3 -hydroxybutanoic acid; 
[0008] 4-amino -3 -(4 -chlorophenyl) -3 -hydroxyphenylbu 

tanoic acid; 
[0009] 4-amino -3 -(thien-2 -yl)butanoic acid; 
[001 0] 4-amino -3 -(5 -chlorothien-2 -yl)butanoic acid; 
[001 1] 4-amino -3 -(5 -bromothien-2 -yl)butanoic acid; 
[0012] 4-amino -3 -(5 -methylthien-2 -yl)butanoic acid; 
[0013] 4-amino -3 -(2 -imidaZolyl)butanoic acid; and 
[0014] 4-guanidino-3-(4 -chlorophenyl)butanoic acid. 
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[0015] Examples of aminopropylphosphonous acid and 
aminopropylphosphinic analog GABAB receptor ligands 
include: 
[0016] (3-aminopropyl)phosphonous acid; 
[0017] (4-aminobut-2-yl)phosphonous acid; 
[0018] (3-amino-2-methylpropyl)phosphonous acid; 
[0019] (3-aminobutyl)phosphonous acid; 
[0020] (3-amino-2-(4-chlorophenyl)propyl)phosphonous 

acid; 
[0021] (3-amino-2-(4-chlorophenyl)-2-hydroxypropyl) 
phosphonous acid; 

[0022] (3-amino-2-(4-?uorophenyl)propyl)phosphonous 
acid; 

[0023] (3-amino-2-phenylpropyl)phosphonous acid; 
[0024] (3-amino-2-hydroxypropyl)phosphonous acid; 
[0025] (E)-(3 -aminopropen-1-yl)phosphonous acid; 
[0026] (3-amino-2-cyclohexylpropyl)phosphonous acid; 
[0027] (3-amino-2-benZylpropyl)phosphonous acid; 
[0028] [3-amino-2-(4-methylphenyl)propyl]phosphonous 

acid; 
[0029] [3-amino-2-(4-tri?uoromethylphenyl)propyl] 
phosphonous acid; 

[003 0] [3-amino-2-(4 -methoxyphenyl)propyl]pho spho 
nous acid; 

[003 1] [3-amino-2-(4-chlorophenyl) -2 -hydroxypropyl] 
phosphonous acid; 

[0032] (3-aminopropyl)methylphosphinic acid; 
[0033] (3-amino-2-hydroxypropyl)methylphosphinic 

acid; 
[0034] (3-aminopropyl)(di?uoromethyl)phosphinic acid; 
[0035] (4-aminobut-2-yl)methylphosphinic acid; 
[003 6] (3-amino-1-hydroxypropyl)methylphosphinic 

acid; 
[0037] (3-amino-2-hydroxypropyl)(di?uoromethyl)phos 

phinic acid; 
[0038] (E)-(3 -aminopropen- 1 -yl)methylpho sphinic acid; 
[0039] (3-amino-2-oxo-propyl)methyl phosphinic acid; 
[0040] (3-aminopropyl)hydroxymethylphosphinic acid; 
[0041] (5-aminopent-3-yl)methylphosphinic acid; and 
[0042] (4-amino-1, 1 ,1 -tri?uorobut-2 -yl)methylpho sphinic 

acid. 
[0043] 3-Aminopropylsul?nic acid analog GABAB recep 
tor agonists are described in Carruthers et al., Bioorg. Med. 
Chem. Lell. 1995, 5, 237-240; Shue et al., Bioorg. Med. 
Chem. Le”. 1996, 6, 1709-1714; Carruthers et al., Bioorg. 
Med. Chem. Len. 1998, 8, 3059-3064; and Fitzpatrick et al., 
International Publication No. W0 02/ 100823, each of Which 
is incorporated herein by reference in its entirety. Examples 
of 3-aminopropylsul?nic acid analog GABAB receptor 
ligands include: 
[0044] 3-aminopropylsul?nic acid; 
[0045] (3-amino-2-(4-chlorophenyl)propyl)sul?nic acid; 
[0046] (3-amino-2-hydroxypropyl)sul?nic acid; 
[0047] (2S)-(3-amino-2-hydroxypropyl)sul?nic acid; 
[0048] (2R)-(3-amino-2-hydroxypropyl)sul?nic acid; 
[0049] (3-amino-2-?uoropropyl)sul?nic acid; 
[0050] (2S)-(3-amino-2-?uoropropyl)sul?nic acid; 
[0051] (2R)-(3-amino-2-?uoropropyl)sul?nic acid; and 
[0052] (3-amino-2-oxopropyl)sul?nic acid. 
[0053] A principal pharmacological effect of GABAB 
receptor agonists in mammals is reduction of muscle tone, 
and baclofen is frequently used in the treatment of spasticity. 
Spasticity is associated With damage to the corticospinal tract 
and is a common complication of neurological disease. Dis 



US 2008/0242723 A1 

eases and conditions in Which spasticity may be a prominent 
symptom include cerebral palsy, multiple sclerosis, stroke, 
head and spinal cord injuries, traumatic brain injury, anoxia, 
and neurodegenerative diseases. Patients With spasticity com 
plain of stiffness, involuntary spasm, and pain. These painful 
spasms may be spontaneous or triggered by a minor sensory 
stimulus, such as touching the patient. 
[0054] GABAB receptor agonists are also useful in control 
ling gastroesophageal re?ux disease (Lidums et al., Gastro 
enterology 2000, 118, 7-13; Cange et al., Aliment. Pharma 
c0l. Ther. 2002, 16, 869-873; van HerWaarden et al., Aliment. 
Pharmacol. Then 2002, 16, 1655-1662; Zhang et al., Gut 
2002, 50, 19-24; Vela et al., Aliment. Pharmacol. Ther. 2003, 
17, 243-251; Koek et al., Gut 2003, 52, 1397-1402; Ciccagli 
one et al., Gut 2003, 52, 464-470; AndreWs et al., US. Pat. 
No. 6,117,908;AndreWs et al., US. Pat. No. 6,664,069; Fara 
et al., International Publication No. WO 02/096404; and FitZ 
patrick et al., International Publication No. W0 02/ 100823, 
each of Which is incorporated herein by reference in its 
entirety). The physiologic process by Which most re?ux epi 
sodes occur is transient loWer esophageal sphincter relaxation 
(TLESR). The loWer esophageal sphincter (LES) and crural 
diaphragm each contribute to the sphincteric mechanism that 
partitions the stomach from the esophagus and guards against 
pathological gastroesophageal re?ux (GER) (Mittal et al., 
Gastroenterology 1995, 109, 601-610, Which is incorporated 
herein by reference in its entirety). TLESRs are rapid and 
prolonged relaxations of the LES and inhibitions of the crural 
diaphragm that are not initiated by sWalloWing. Gastric dis 
tension and elevation of serum cholecystokinin (CCK) after 
eating increases the frequency of TLESRs and these transient 
relaxations are important pathophysiologically as they occur 
more frequently in patients With gastroesophageal re?ux dis 
ease (GERD). TLESRs are believed to account for virtually 
all re?ux episodes in healthy individuals and most (up to 
80%) episodes in patients With GERD (Tonini et al., Drugs. 
2004, 64, 347-361, Which is incorporated herein by reference 
in its entirety). 
[0055] GABAB receptor agonists are also useful in promot 
ing alcohol abstinence in alcoholics (Gessa et al., Interna 
tional Publication No. WO 01/26638, Which is incorporated 
herein by reference in its entirety); in promoting smoking 
cessation (Gessa et al., International Publication No. WO 
01/08675, Which is incorporated herein by reference in its 
entirety); in reducing addiction liability of narcotic agents 
(Robson et al., US. Pat. No. 4,126,684, Which is incorporated 
herein by reference in its entirety); in the treatment of emesis 
(Bountra et al., US. Pat. No. 5,719,185, Which is incorpo 
rated herein by reference in its entirety); and as an anti-tussive 
for the treatment of cough (Kreutner et al., US. Pat. No. 
5,006,560, Which is incorporated herein by reference in its 
entirety). 
[0056] Typical GABAB receptor agonists such as the ZWit 
terionic 4-aminobutanoic, 3-aminopropylphosphinic, 3-ami 
nopropylphosphonous, and 3-aminopropylsul?nic acids 
noted above are polar molecules that lack the requisite physi 
cochemical characteristics for effective passive permeability 
across cellular membranes. For baclofen, passage of the drug 
across the gastrointestinal tract and the blood-brain barrier 
(BBB) is mediated primarily by active transport processes, 
rather than by passive diffusion. Accordingly, baclofen is a 
substrate for active transport mechanisms shared by neutral 
ot-amino acids such as leucine, and [3-amino acids such as 
[3-alanine and taurine (van Bree et al., Pharm. Res. 1988, 5, 
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369-371; Cercos-Fortea et al., Biopharm. Drug. Disp. 1995, 
16, 563-577; Deguchi et al., Pharm. Res. 1995, 12, 1838 
1844; and Moll-Navarro et al., J. Pharm. Sci. 1996, 85, 1248 
1254), each of Which is incorporated herein by reference in its 
entirety. 3-Aminopropylsul?nic acids are also likely to 
exploit related active transport mechanisms to permeate the 
gastrointestinal (GI) mucosa folloWing oral administration. 
[0057] Another common feature shared by baclofen and 
other ZWitterionic GABAB receptor agonists is their rapid 
clearance from the systemic circulation, Which leads to the 
necessity for frequent dosing in humans (e.g. three or four 
times daily) (see BoWery, supra; “Commercial and Pipeline 
Perspectives: Upper GI Disorders,” Data Monitor Report, 
September 2004, p. 147). Sustained released oral dosage 
formulations are a conventional solution to the problem of 
rapid systemic drug clearance, as is Well knoWn in the art (see, 
e.g., “Remington’s Pharmaceutical Sciences,” Lippincott 
Williams & Wilkins, 21st Edition, 2005). Osmotic delivery 
systems are also recogniZed methods for sustained drug deliv 
ery (see, e.g., Verma et al., Drug Dev. Ind. Pharm. 2000, 26, 
695-708). Successful application of these technologies 
depends on the drug of interest having an effective level of 
absorption from the large intestine (also referred to herein as 
the colon), Where the dosage form spends a majority of its 
time during its passage doWn the gastrointestinal tract. 
Baclofen is poorly absorbed folloWing administration into the 
colon in animal models (Merino et al., Biopharm. Drug. Disp. 
1989, 10, 279-297) presumably because the transporter pro 
teins mediating baclofen absorption in the upper region of the 
small intestine are not expressed in the large intestine. Devel 
opment of an oral controlled release formulation for baclofen 
and other ZWitterionic GABAB receptor agonists should con 
siderably improve the convenience, ef?cacy, and side effect 
pro?le of GABAB agonist therapy. HoWever, the rapid pas 
sage of conventional dosage forms through the proximal 
absorptive region of the small intestine has thus far prevented 
the successful application of sustained release technologies to 
this drug. A number of exploratory delivery technologies, 
Which rely on either mucoadhesion or gastric retention have 
been suggested to achieve sustained delivery of baclofen 
(Sinnreich, US. Pat. No. 4,996,058; Khanna, US. Pat. No. 
5,091,184; Fara et al., supra; Dudhara et al., International 
Publication No. WO 03/01 1255) though to date none of these 
appear to be able to achieve sustainedblood levels of baclofen 
in human subjects. 
[0058] Thus, there is a signi?cant need for neW prodrugs of 
3-aminopropylsul?nic acid GABAB receptor agonists Which 
are Well absorbed in the large intestine and/ or colon and hence 
suitable for oral sustained release formulations, thus improv 
ing the convenience, e?icacy, and side effect pro?le of 
GABAB agoni st therapy, particularly for the treatment of spas 
ticity and gastroesophageal re?ux disease. 
[0059] These and other needs can be satis?ed by the dis 
closure herein of acyloxyalkyl carbamate prodrugs of 3-ami 
nopropylsul?nic acid and analogs thereof, pharmaceutical 
compositions of acyloxyalkyl carbamate prodrugs of 3-ami 
nopropylsul?nic acid and analogs thereof, methods of mak 
ing acyloxyalkyl carbamate prodrugs of 3-aminopropyl 
sul?nic acid and analogs thereof, and methods of using 
acyloxyalkyl carbamate prodrugs of 3-aminopropylsul?nic 
acid and analogs thereof and/or pharmaceutical compositions 
thereof to treat various medical disorders. 
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[0060] A ?rst aspect provides a compound of Formula (I): 

(I) 

T4 R5 i? 
R1 o o N s 

\H/ X \H/ W \OH 
O R2 R3 0 R6 R7 

stereoisomers thereof, pharmaceutically acceptable salts of 
any of the foregoing, pharmaceutically acceptable solvates of 
any of the foregoing, and combinations of any of the forego 
ing, Wherein: 
[0061] R1 is selected from acyl, substituted acyl, alkyl, sub 
stituted alkyl, aryl, substituted aryl, arylalkyl, substituted ary 
lalkyl, cycloalkyl, substituted cycloalkyl, cycloheteroalkyl, 
substituted cycloheteroalkyl, heteroalkyl, substituted het 
eroalkyl, heteroaryl, substituted heteroaryl, heteroarylalkyl, 
and substituted heteroarylalkyl; 
[0062] R2 and R3 are independently selected from hydro 
gen, alkyl, substituted alkyl, alkoxycarbonyl, substituted 
alkoxycarbonyl, aryl, substituted aryl, arylalkyl, substituted 
arylalkyl, cycloalkyl, substituted cycloalkyl, heteroaryl, sub 
stituted heteroaryl, heteroarylalkyl, and substituted het 
eroarylalkyl, or R2 and R3 together With the carbon atom to 
Which they are bonded form a cycloalkyl, substituted 
cycloalkyl, cycloheteroalkyl, or substituted cycloheteroalkyl 
ring; 
[0063] R4 is selected hydrogen, Cl_6 acyl, substituted Cl_6 
acyl, Cl_6 alkyl, substituted Cl_6 alkyl, aryl, substituted aryl, 
C376 cycloalkyl, substituted C3_6 cycloalkyl, heteroaryl, substi 
tuted heteroaryl, C7_9 phenylalkyl, and substituted C7_9 phe 
nylalkyl; 
[0064] R5 is selected from hydrogen, hydroxy, mercapto, 
?uoro, chloro, bromo, oxo, and 4-chlorophenyl; and 
[0065] R6 and R7 are independently selected from hydro 
gen, C1_6 alkyl, substituted C1_6 alkyl, C1_6 alkoxy, substituted 
C1_6 alkoxy, aryl, substituted aryl, C3_6 cycloalkyl, substituted 
C3_6 cycloalkyl, heteroaryl, substituted heteroaryl, C7_9 phe 
nylalkyl, and substituted C7_9 phenylalkyl. 
[0066] A second aspect provides methods of synthesiZing a 
compound of Formula (I), comprising: 

H OH 

(H) 

(111) 
R4 :0 \H/OXOTII‘I 

o 2 R3 0 

(I) 

R5 

OH 

R7 
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contacting a compound of Formula (II) and a compound of 
Formula (III), optionally in the presence of a base, Wherein: 
[0067] R9 and R10 are independently selected from hydro 
gen, acylamino, acyloxy, alkoxycarbonylamino, alkoxycar 
bonyloxy, alkyl, substituted alkyl, alkoxy, substituted alkoxy, 
aryl, substituted aryl, arylalkyl, carbamoyloxy, dialkylamino, 
heteroaryl, hydroxy, and sulfonamido, or R9 and R10 together 
With the atoms to Which they are bonded form a substituted 
cycloalkyl, substituted cycloheteroalkyl, or substituted aryl 
ring; and 
[0068] R1, R2, R3, R4, R5, R6, and R7 are as de?ned, supra. 
[0069] A third aspect provides pharmaceutical composi 
tions comprising at least one compound of Formula (I), or 
pharmaceutically acceptable salts thereof, or pharmaceuti 
cally acceptable solvates of any of the foregoing, and a phar 
maceutically acceptable vehicle, such as a diluent, carrier, 
excipient, or adjuvant. The choice of diluent, carrier, excipi 
ent and adjuvant Will depend upon, among other factors, the 
desired mode of administration. 
[0070] A fourth aspect provides methods of treating or 
preventing gastroesophageal re?ux disease. Methods are also 
provided for treating or preventing spasticity, alcohol abuse 
or addiction, nicotine abuse or addiction, narcotics abuse or 
addiction, emesis, and cough. The methods generally involve 
administering to a patient in need of such treatment or pre 
vention a therapeutically effective amount of at least one 
compound of Formula (I) and/ or a pharmaceutical composi 
tion thereof. 

DEFINITIONS 

[0071] Unless otherWise indicated, all numbers expressing 
quantities of ingredients, reaction conditions, and so forth 
used in the speci?cation and claims are to be understood as 
being modi?ed in all instances by the term “about” Accord 
ingly, unless indicated to the contrary, the numerical param 
eters set forth in the folloWing speci?cation and attached 
claims are approximations that may vary depending upon the 
properties sought to be obtained. At the very least, each 
numerical parameter should at least be construed in light of 
the number of reported signi?cant digits and by applying 
ordinary rounding techniques. 
[0072] Notwithstanding that the numerical ranges and 
parameters setting forth the broad scope of the embodiments 
are approximations, the numerical values set forth in the 
speci?c examples are reported as precisely as possible. Any 
numerical values, hoWever, inherently contain certain errors 
necessarily resulting form the standard deviation found in 
their respective testing measurements. 
[0073] The section headings used herein are for organiZa 
tional purposes only, and are not to be construed as limiting 
the subject matter disclosed. 
[0074] To the extent the de?nitions of terms in the publica 
tions, patents, and patent applications incorporated herein by 
reference are not the same as the de?nitions set forth in this 
speci?cation, the de?nitions in this speci?cation control for 
the entire speci?cation, including the claims. Any other de? 
nitions in the publications, patents, and patent applications 
incorporated herein by reference that are not explicitly pro 
vided in this speci?cation apply only to the embodiments 
discussed in the publications, patents, and patent applications 
incorporated herein by reference. 
[0075] “l-Acyloxy-alkyl carbamate” refers to an N-l -acy 
loxy-alkoxycarbonyl derivative of 3-aminopropylsul?nic 
acid or analog thereof as encompassed by compounds of 
Formula (I). 
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[0076] “Alkyl” by itself or as part of another substituent 
refers to a saturated or unsaturated, branched, straight-chain, 
or cyclic monovalent hydrocarbon radical derived by the 
removal of one hydrogen atom from a single carbon atom of 
a parent alkane, alkene, or alkyne. Typical alkyl groups 
include, but are not limited to, methyl; ethyls such as ethanyl, 
ethenyl, and ethynyl; propyls such as propan- l -yl, propan-2 
yl, cyclopropan- l -yl, prop- 1 -en- 1 -yl, prop-l -en-2 -yl, prop 
2-en-l -yl (allyl), cycloprop-l -en-l -yl; cycloprop-2-en- l -yl, 
prop-l -yn-l -yl, prop-2-yn-l -yl, etc.; butyls such as butan-l - 
yl, butan-2-yl, 2-methyl-propan-l-yl, 2-methyl-propan-2-yl, 
cyclobutan-l -yl, but-l -en-l -yl, but-l -en-2-yl, 2-methyl 
prop-l -en-l -yl, but-2-en- l -yl, but-2-en-2-yl, buta-l ,3-dien 
l-yl, buta- l ,3 -dien-2 -yl, cyclobut- 1 -en- 1 -yl, cyclobut-l -en 
3 -yl, cyclobuta- l ,3-dien- l -yl, but-l -yn-l -yl, but- 1 -yn-3-yl, 
but-3-yn- l -yl, etc.; and the like. 
[0077] The term “alkyl” is speci?cally intended to include 
groups having any degree or level of saturation, i.e., groups 
having exclusively single carbon-carbon bonds, groups hav 
ing one or more double carbon-carbon bonds, groups having 
one or more triple carbon-carbon bonds, and groups having 
mixtures of single, double, and triple carbon-carbon bonds. 
Where a speci?c level of saturation is intended, the expres 
sions “alkanyl,” “alkenyl,” and “alkynyl” are used. In certain 
embodiments, an alkyl group comprises from 1 to 20 carbon 
atoms, in certain embodiments, from 1 to 10 carbon atoms, 
and in certain embodiments, from 1 to 6 carbon atoms. 

[0078] “Alkanyl” by itself or as part of another substituent 
refers to a saturated branched, straight-chain, or cyclic alkyl 
radical derived by the removal of one hydrogen atom from a 
single carbon atom of a parent alkane. Examples of alkanyl 
groups include, but are not limited to, methanyl; ethanyl; 
propanyls such as propan-l -yl, propan-2-yl (isopropyl), 
cyclopropan- l -yl, etc.; butanyls such as butan- l -yl, butan-2 
yl (sec-butyl), 2-methyl-propan-l -yl (isobutyl), 2-methyl 
propan-2-yl (t-butyl), cyclobutan-l-yl, etc.; and the like. 
[0079] “Alkenyl” by itself or as part of another substituent 
refers to an unsaturated branched, straight-chain, or cyclic 
alkyl radical having at least one carbon-carbon double bond 
derived by the removal of one hydrogen atom from a single 
carbon atom of a parent alkene. The group may be in either the 
cis or trans conformation about the double bond(s). Examples 
of alkenyl groups include, but are not limited to, ethenyl; 
propenyls such as prop-l -en-l -yl, prop-l -en-2-yl, prop-2-en 
l-yl (allyl), prop-2-en-2-yl, and cycloprop- 1 -en- 1 -yl; cyclo 
prop-2-en-l-yl; butenyls such as but-l-en-l-yl, but-l-en-2 
yl, 2-methyl-prop-l -en-l -yl, but-2-en-l -yl, but-2-en- l -yl, 
but-2-en-2-yl, buta-l,3-dien-l-yl, buta-l,3-dien-2-yl, 
cyclobut-l -en-l -yl, cyclobut- l -en-3-yl, cyclobuta-l ,3-dien 
l-yl, etc.; and the like. 
[0080] “Alkynyl” by itself or as part of another substituent 
refers to an unsaturated branched, straight-chain, or cyclic 
alkyl radical having at least one carbon-carbon triple bond 
derived by the removal of one hydrogen atom from a single 
carbon atom of a parent alkyne. Examples of alkynyl groups 
include, but are not limited to, ethynyl; propynyls such as 
prop-l -yn-l -yl, prop-2-yn- l -yl, etc.; butynyls such as but-l - 
yn-l -yl, but-l -yn-3-yl, but-3 -yn-l -yl, etc.; and the like. 
[0081] “Acyl” by itself or as part of another substituent 
refers to a radical, 4C(O)R3O, where R30 is hydrogen, alkyl, 
cycloalkyl, cycloheteroalkyl, aryl, arylalkyl, heteroalkyl, het 
eroaryl, or heteroarylalkyl as de?ned herein. Examples 
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include, but are not limited to formyl, acetyl, cyclohexylcar 
bonyl, cyclohexylmethylcarbonyl, benZoyl, benZylcarbonyl, 
and the like. 
[0082] “Alkoxy” by itself or as part of another substituent 
refers to a radical iORM Where R31 represents an alkyl or 
cycloalkyl group as de?ned herein. Examples include, but are 
not limited to, methoxy, ethoxy, propoxy, butoxy, cyclohexy 
loxy, and the like. 
[0083] “Alkoxycarbonyl” by itself or as part of another 
substituent refers to a radical 4C(O)OR3 1 Where R31 repre 
sents an alkyl or cycloalkyl group as de?ned herein. 
Examples include, but are not limited to, methoxycarbonyl, 
ethoxycarbonyl, propoxycarbonyl, butoxycarbonyl, cyclo 
hexyloxycarbonyl, and the like. 
[0084] “3-Aminopropylsul?nic acid analog” refers to a 
compound of Formula (ll): 

(11) 
R4 R5 (i 
N S 

H/ \OH 
R6 R7 

[0085] Wherein: 
[0086] R4 is selected from hydrogen, C1_6 acyl, substituted 
C1_6 acyl, C1_6 alkyl, substituted C1_6 alkyl, aryl, substituted 
aryl, C3_6 cycloalkyl, substituted C3_6 cycloalkyl, heteroaryl, 
substituted heteroaryl, C7_9 phenylalkyl, and substituted C7_9 
phenylalkyl. 
[0087] R5 is selected from hydrogen, hydroxy, mercapto, 
?uoro, chloro, bromo, oxo, and 4-chlorophenyl; and 
[0088] R6 and R7 are independently selected from hydro 
gen, C1_6 alkyl substituted C1_6 alkyl, Cl_6 alkoxy, substituted 
C 16 alkoxy, aryl, substituted aryl, C3_6 cycloalkyl, substituted 
C3_6 cycloalkyl, heteroaryl, substituted heteroaryl, C7_9 phe 
nylalkyl, and substituted C7_9 phenylalkyl. 
[0089] Within the scope of this disclosure, it is to be under 
stood that When R5 is an oxo group the bond betWeen R5 and 
the carbon to Which it is bonded is a double bond. 

[0090] “Aryl” by itself or as part of another substituent 
refers to a monovalent aromatic hydrocarbon radical derived 
by the removal of one hydrogen atom from a single carbon 
atom of a parent aromatic ring system. Examples of aryl 
groups include, but are not limited to, groups derived from 
aceanthrylene, acenaphthylene, acephenanthrylene, 
anthracene, aZulene, benZene, chrysene, coronene, ?uoran 
thene, ?uorene, hexacene, hexaphene, hexylene, as-indacene, 
s-indacene, indane, indene, naphthalene, octacene, 
octaphene, octalene, ovalene, penta-2,4-diene, pentacene, 
pentalene, pentaphene, perylene, phenalene, phenanthrene, 
picene, pleiadene, pyrene, pyranthrene, rubicene, triph 
enylene, trinaphthalene, and the like. In certain embodiments, 
an aryl group comprises from 6 to 20 carbon atoms, and in 
certain embodiments, from 6 to 12 carbon atoms. 
[0091] “Arylalkyl” by itself or as part of another substituent 
refers to an acyclic alkyl radical in Which one of the hydrogen 
atoms bonded to a carbon atom, typically a terminal or sp3 
carbon atom, is replaced With an aryl group. Typical arylalkyl 
groups include, but are not limited to, benZyl, 2-phenylethan 
l-yl, 2-phenylethen-l-yl, naphthylmethyl, 2-naphthylethan 
l-yl, 2-naphthylethen-l-yl, naphthobenZyl, 2-naphthophe 
nylethan-l-yl, and the like. Where speci?c alkyl moieties are 
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intended, the nomenclature arylalkanyl, alkylalkenyl, and/or 
arylalkynyl is used. In certain embodiments, an arylalkyl 
group is C7_3O arylalkyl, e. g., the alkanyl, alkenyl, or alkynyl 
moiety of the arylalkyl group is Cl_1O and the aryl moiety is 
C6_2O, and in certain embodiments, an arylalkyl group is C7_2O 
arylalkyl, e.g., the alkanyl, alkenyl, or alkynyl moiety of the 
arylalkyl group is Cl-8 and the aryl moiety is C642. 
[0092] “AUC” is the area under a curve representing the 
concentration of a compound or metabolite thereof in a bio 
logical ?uid in a patient as a function of time folloWing 
administration of the compound to the patient. In certain 
embodiments, the compound can be a prodrug and the 
metabolite can be a drug. Examples of biological ?uids 
include plasma and blood. The AUC can be determined by 
measuring the concentration of a compound or metabolite 
thereof in a biological ?uid such as the plasma or blood using 
methods such as liquid chromatography-tandem mass spec 
trometry (LC/MS/MS), at various time intervals, and calcu 
lating the area under the plasma concentration-versus-time 
curve. Suitable methods for calculating the AUC from a drug 
concentration-versus-time curve are Well knoWn in the art. As 
relevant to the disclosure here, an AUC for 3-aminopropyl 
sul?nic acid or analogs thereof can be determined by mea 
suring the concentration of 3-aminopropylsul?nic acid or 
analogs thereof in the plasma or blood of a patient folloWing 
oral administration of a compound of Formula (I) to the 
patient. 
[0093] “Bioavailability” refers to the rate and amount of a 
drug that reaches the systemic circulation of a patient folloW 
ing administration of the drug or prodrug thereof to the patient 
and can be determined by evaluating, for example, the plasma 
or blood concentration-versus-time pro?le for the drug. 
Parameters useful in characterizing a plasma or blood con 
centration-versus-time curve include the area under the curve 

(AUC), the time to peak concentration (Tmax), and the maxi 
mum drug concentration (Cmax). 
[0094] “Bioequivalence” refers to equivalence of the rate 
and extent of absorption of a drug after administration of 
equal doses of the drug or prodrug to a patient. As used herein, 
tWo plasma or blood concentration pro?les are bioequivalent 
if the 90% con?dence interval for the ratio of the mean 
response of the tWo pro?les is Within the limits of 0.8 and 
1.25. The mean response includes at least one of the charac 
teristic parameters of a pro?le such as Cmax, Tmax, and AUC. 
[0095] “Cmax” is the maximum concentration of a drug in 
the plasma or blood of a patient folloWing administration of a 
dose of the drug or prodrug to the patient. 
[0096] “Tmax” is the time to the maximum concentration 
(Cmax) of a drug in the plasma or blood of a patient folloWing 
administration of a dose of the drug or prodrug to the patient. 
[0097] “Compounds of the Present disclosure” refers to 
compounds encompassed by structural Formula (I) and 
includes speci?c compounds disclosed herein encompassed 
by Formula (I). Compounds may be identi?ed either by their 
chemical structure and/ or chemical name. When the chemical 
structure and chemical name con?ict, the chemical structure 
is determinative of the identity of the compound. The com 
pounds described herein may contain one or more chiral 
centers and/or double bonds and therefore, may exist as ste 
reoisomers, such as double-bond isomers (i.e., geometric iso 
mers), enantiomers, or diastereomers. Accordingly, the 
chemical structures disclosed herein encompass all possible 
enantiomers and stereoisomers of the illustrated compounds 
including the stereoisomerically pure form (e.g., geometri 
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cally pure, enantiomerically pure, or diastereomerically pure) 
and enantiomeric and stereoisomeric mixtures. Enantiomeric 
and stereoisomeric mixtures can be resolved into their com 
ponent enantiomers or stereoisomers using separation tech 
niques or chiral synthesis techniques Well knoWn to the 
skilled artisan. The compounds may also exist in several 
tautomeric forms including the enol form, the keto form, and 
mixtures thereof. Accordingly, the chemical structures 
depicted herein encompass all possible tautomeric forms of 
the illustrated compounds. The disclosed compounds also 
include isotopically labeled compounds Where one or more 
atoms have an atomic mass different from the atomic mass 

conventionally found in nature. Examples of isotopes that 
may be incorporated into the compounds of the present dis 
closure include, but are not limited to, 2H, 3 H, 11C, 13 C, 14C, 
15N, 13 O, 170, etc. Compounds may exist in unsolvated forms 
as Well as solvated forms, including hydrated forms and as 
N-oxides. In general, compounds may be hydrated, solvated, 
or N-oxides. Certain compounds may exist in multiple crys 
talline or amorphous forms. In general, all physical forms are 
equivalent for the uses contemplated herein and are intended 
to be Within the scope of the present disclosure. Further, When 
partial structures of the compounds are illustrated, brackets 
indicate the point of attachment of the partial structure to the 
rest of the molecule. 

[0098] “Corresponding prodrug of 3-aminopropylsul?nic 
acid or analog thereof” refers to a compound of Formula (I) 
having the same R4, R5, R6, and R7 substituents as the 3-ami 
nopropylsul?nic acid or analog thereof of Formula (II). Like 
Wise, the “corresponding 3-aminopropylsul?nic acid or ana 
log thereof’ refers to a compound of Formula (II) having the 
same R4, R5, R6, and R7 substituents as the prodrug of 3-ami 
nopropylsul?nic acid or analog thereof of Formula (I). A 
compound of Formula (II) can have one or more correspond 
ing prodrugs of Formula (I). A prodrug of Formula (I) has a 
single corresponding 3-aminopropylsul?nic acid or analog 
thereof of Formula (II). 
[0099] “Cycloalkoxycarbonyl” by itself or as part of 
another substituent refers to a radical 4C(O)OR3 6 Where R3 6 
represents an cycloalkyl group as de?ned herein. Represen 
tative examples include, but are not limited to, cyclobutyloxy 
carbonyl, cyclohexyloxycarbonyl, and the like. 
[0100] “Cycloalkyl” by itself or as part of another substitu 
ent refers to a saturated or unsaturated cyclic alkyl radical. 
Where a speci?c level of saturation is intended, the nomen 
clature “cycloalkanyl” or “cycloalkenyl” is used. Examples 
of cycloalkyl groups include, but are not limited to, groups 
derived from cyclopropane, cyclobutane, cyclopentane, 
cyclohexane, and the like. In certain embodiments, a 
cycloalkyl group is C3_1O cycloalkyl, and in certain embodi 
ments, C3_7 cycloalkyl. 
[0101] “Cycloheteroalkyl” by itself or as part of another 
substituent refers to a saturated or unsaturated cyclic alkyl 
radical in Which one or more carbon atoms (and any associ 
ated hydrogen atoms) are independently replaced With the 
same or different heteroatom. Examples of heteroatoms to 
replace a carbon atom(s) include, but are not limited to, N, P, 
O, S, Si, etc. Where a speci?c level of saturation is intended, 
the nomenclature “cycloheteroalkanyl” or “cycloheteroalk 
enyl” is used. Cycloheteroalkyl groups include, but are not 
limited to, groups derived from epoxides, aZirines, thiiranes, 
imidaZolidine, morpholine, piperaZine, piperidine, pyraZoli 
dine, pyrrolidine, quinuclidine, and the like. 
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[0102] “Heteroalkyl, heteroalkanyl, heteroalkenyl, and 
heteroalkynyl” by themselves or as part of another substituent 
refer to alkyl, alkanyl, alkenyl, and alkynyl groups, respec 
tively, in Which one or more of the carbon atoms (and any 
associated hydrogen atoms) are independently replaced With 
the same or different heteroatomic groups. Examples of het 
eroatomic groups Which can be included in these groups 
include, but are not limited to, 40*, -S-, 4040*, 
isisi, ioisi, iNR37R38i, :Ni :, 
iN:Ni, iN:NiNR39R4°, iPR‘ui, iP(O)2i, 
iPOR‘Qi, wirxobi, isoi, isor 
iSnR43R44i, and the like, Where R37, R38, R39, R40, R41, 
R42, R43, and R44 are independently selected from hydrogen, 
alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, sub 
stituted arylalkyl, cycloalkyl, substituted cycloalkyl, cyclo 
heteroalkyl, substituted cycloheteroalkyl, heteroalkyl, substi 
tuted heteroalkyl, heteroaryl, substituted heteroaryl, 
heteroarylalkyl, and substituted heteroarylalkyl. 
[0103] “Heteroaryl” by itself or as part of another substitu 
ent, refers to a monovalent heteroaromatic radical derived by 
the removal of one hydrogen atom from a single atom of a 
parent heteroaromatic ring system. Examples of heteroaryl 
groups include, but are not limited to, groups derived from 
acridine, arsindole, carbaZole, [3-carboline, chromane, 
chromene, cinnoline, furan, imidaZole, indaZole, indole, 
indoline, indoliZine, isobenZofuran, isochromene, isoindole, 
isoindoline, isoquinoline, isothiaZole, isoxaZole, naphthyri 
dine, oxadiaZole, oxaZole, perimidine, phenanthridine, 
phenanthroline, phenaZine, phthalaZine, pteridine, purine, 
pyran, pyraZine, pyraZole, pyridaZine, pyridine, pyrimidine, 
pyrrole, pyrroliZine, quinaZoline, quinoline, quinoliZine, qui 
noxaline, tetraZole, thiadiaZole, thiaZole, thiophene, triaZole, 
xanthene, and the like. In certain embodiments, a heteroaryl 
group is from 5-20 membered heteroaryl, and in certain 
embodiments from 5-10 membered heteroaryl. In certain 
embodiments, a heteroaryl group is derived from thiophene, 
pyrrole, benZothiophene, benZofuran, indole, pyridine, 
quinoline, imidaZole, oxaZole, and pyraZine. 
[0104] “Heteroarylalkyl” by itself or as part of another 
substituent refers to an acyclic alkyl radical in Which one of 
the hydrogen atoms bonded to a carbon atom, typically a 
terminal or sp3 carbon atom, is replaced With a heteroaryl 
group. Where speci?c alkyl moieties are intended, the 
nomenclature heteroarylalkanyl, heteroarylalkenyl, and/or 
heterorylalkynyl is used. In certain embodiments, a het 
eroarylalkyl group is a 6-30 membered heteroarylalkyl, e.g., 
the alkanyl, alkenyl, or alkynyl moiety of the heteroarylalkyl 
is 1-10 membered and the heteroaryl moiety is a 5-20-mem 
bered heteroaryl, and in certain embodiments, a 6-20 mem 
bered heteroarylalkyl, e.g., the alkanyl, alkenyl, or alkynyl 
moiety of the heteroarylalkyl is 1-8 membered and the het 
eroaryl moiety is a 5-12-membered heteroaryl. 
[0105] “Immediately preceding embodiments” refers to the 
embodiments disclosed in the paragraph. 
[0106] “Parent aromatic ring system” refers to an unsatur 
ated cyclic or polycyclic ring system having a conjugated at 
electron system. Speci?cally included Within the de?nition of 
“parent aromatic ring system” are fused ring systems in 
Which one or more of the rings are aromatic and one or more 

of the rings are saturated or unsaturated, such as, for example, 
?uorene, indane, indene, phenalene, etc. Examples of parent 
aromatic ring systems include, but are not limited to, acean 
thrylene, acenaphthylene, acephenanthrylene, anthracene, 
aZulene, benZene, chrysene, coronene, ?uoranthene, ?uo 
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rene, hexacene, hexaphene, hexylene, as-indacene, s-in 
dacene, indane, indene, naphthalene, octacene, octaphene, 
octalene, ovalene, penta-2,4-diene, pentacene, pentalene, 
pentaphene, perylene, phenalene, phenanthrene, picene, ple 
iadene, pyrene, pyranthrene, rubicene, triphenylene, trinaph 
thalene, and the like. 
[0107] “Parent heteroaromatic ring system” refers to a par 
ent aromatic ring system in Which one or more carbon atoms 

(and any associated hydrogen atoms) are independently 
replaced With the same or different heteroatom. Examples of 
heteroatoms to replace the carbon atoms include, but are not 
limited to, N, P, O, S, Si, etc. Speci?cally included Within the 
de?nition of “parent heteroaromatic ring systems” are fused 
ring systems in Which one or more of the rings are aromatic 
and one or more of the rings are saturated or unsaturated, such 

as, for example, arsindole, benZodioxan, benZofuran, chro 
mane, chromene, indole, indoline, xanthene, etc. Examples of 
parent heteroaromatic ring systems include, but are not lim 
ited to, arsindole, carbaZole, [3-carboline, chromane, 
chromene, cinnoline, furan, imidaZole, indaZole, indole, 
indoline, indoliZine, isobenZofuran, isochromene, isoindole, 
isoindoline, isoquinoline, isothiaZole, isoxaZole, naphthyri 
dine, oxadiaZole, oxaZole, perimidine, phenanthridine, 
phenanthroline, phenaZine, phthalaZine, pteridine, purine, 
pyran, pyraZine, pyraZole, pyridaZine, pyridine, pyrimidine, 
pyrrole, pyrroliZine, quinaZoline, quinoline, quinoliZine, qui 
noxaline, tetraZole, thiadiaZole, thiaZole, thiophene, triaZole, 
xanthene, and the like. 

[0108] 
[0109] “Pharmaceutically acceptable” refers to approved 
or approvable by a regulatory agency of the Federal or state 
government or listed in the US. Pharmacopoeia or other 
generally recogniZed pharmacopoeia for use in animals and 
more particularly in humans. 

[0110] “Pharmaceutically acceptable salt” refers to a salt of 
a compound, Which possesses the desired pharmacological 
activity of the parent compound. Such salts include: (1) acid 
addition salts, formed With inorganic acids such as hydro 
chloric acid, hydrobromic acid, sulfuric acid, nitric acid, 
phosphoric acid, and the like; or formed With organic acids 
such as acetic acid, propionic acid, hexanoic acid, cyclopen 
tanepropionic acid, glycolic acid, pyruvic acid, lactic acid, 
malonic acid, succinic acid, malic acid, maleic acid, fumaric 
acid, tartaric acid, citric acid, benZoic acid, 3-(4-hydroxyben 
Zoyl)benZoic acid, cinnamic acid, mandelic acid, methane 
sulfonic acid, ethanesulfonic acid, 1,2-ethane-disulfonic 
acid, 2-hydroxyethanesulfonic acid, benZenesulfonic acid, 
4-chlorobenZenesulfonic acid, 2-naphthalenesulfonic acid, 
4-toluenesulfonic acid, camphorsulfonic acid, 4-methylbicy 
clo[2.2.2]-oct-2-ene-1-carboxylic acid, glucoheptonic acid, 
3-phenylpropionic acid, trimethylacetic acid, tertiary buty 
lacetic acid, lauryl sulfuric acid, gluconic acid, glutamic acid, 
hydroxynaphthoic acid, salicylic acid, stearic acid, muconic 
acid, and the like; or (2) salts formed When an acidic proton 
present in the parent compound is replaced by a metal ion, 
e.g., an alkali metal ion, an alkaline earth ion, or an aluminum 
ion; or coordinates With an organic base such as ethanola 
mine, diethanolamine, triethanolamine, N-methylglucamine, 
and the like. 

[0111] “Pharmaceutically acceptable vehicle” refers to a 
diluent, adjuvant, excipient, or carrier With Which a com 
pound is administered. 

“Patient” refers to a mammal, for example, a human. 
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[0112] “Pharmaceutical composition” refers to at least one 
compound and at least one pharmaceutically acceptable 
vehicle, With Which the compound is administered to a 
patient. 
[0113] “Preventing” or “prevention” refers to a reduction in 
risk of acquiring a disease or disorder (i.e., causing at least 
one of the clinical symptoms of the disease not to develop in 
a patient that may be exposed to or predisposed to the disease 
but does not yet experience or display symptoms of the dis 
ease). 
[0114] “Prodrug” refers to a derivative of a drug molecule 
that requires a transformation Within the body to release the 
active drug. Compounds of Formula (I) are prodrugs that can 
be metabolized Within a patient’s body to form the corre 
sponding parent drug, 3-aminopropylsul?nic acid or analogs 
thereof having Formula (II), and hence compounds of For 
mula (I) are prodrugs of the corresponding 3-aminopropyl 
sul?nic acid or analogs thereof having Formula (II). Com 
pounds of Formula (I) include pharmaceutically acceptable 
salts thereof, or pharmaceutically acceptable solvates of the 
free acid form of any of the foregoing, as Well as crystalline 
forms of any of the foregoing. Prodrugs are frequently, 
although not necessarily, pharmacologically inactive until 
converted to the parent drug. 
[0115] “Promoiety” refers to a form of protecting group 
that When used to mask a functional group Within a drug 
molecule converts the drug into a prodrug. Typically, the 
promoiety Will be attached to the drug via bond(s) that are 
cleaved by enzymatic or non-enzymatic means in vivo. 
[0116] “Protecting group” refers to a grouping of atoms, 
Which When bonded to a reactive functional group in a mol 
ecule masks, reduces, or prevents reactivity of the functional 
group. Examples of protecting groups can be found in Green 
et al., “Protective Groups in Organic Chemistry”, (Wiley, 2'” 
ed. 1991) and Harrison et al., “Compendium of Synthetic 
Organic Methods”, Vols. 1-8 (John Wiley and Sons, 1971 
1996). Examples of amino protecting groups include, but are 
not limited to, formyl, acetyl, tri?uoroacetyl, benZyl, benZy 
loxycarbonyl (CBZ), tert-butoxycarbonyl (Boc), trimethylsi 
lyl (TMS), 2-trimethylsilyl-ethanesulfonyl (SES), trityl and 
substituted trityl groups, allyloxycarbonyl, 9-?uorenylm 
ethyloxycarbonyl (FMOC), nitro-veratryloxycarbonyl 
(NVOC), and the like. Examples of hydroxy protecting 
groups include, but are not limited to, those Where the 
hydroxy group is either acylated or alkylated such as benZyl, 
and trityl ethers as Well as alkyl ethers, tetrahydropyranyl 
ethers, triallylsilyl ethers, and allyl ethers. 
[0117] “Solvate” refers to a molecular complex of a com 
pound With one or more solvent molecules in a stoichiometric 
or non-stoichiometric amount. Such solvent molecules are 
those commonly used in the pharmaceutical art, Which are 
knoWn to be innocuous to a recipient, e.g., Water, ethanol, and 
the like. A molecular complex of a compound or moiety of a 
compound and a solvent can be stabiliZed by non-covalent 
intra-molecular forces such as, for example, electrostatic 
forces, van der Waals forces, or hydrogen bonds. The term 
“hydrate” refers to a complex Where the one or more solvent 
molecules are Water. 

[0118] “Stereoisomers” refers to isomers that differ in the 
arrangement of the constituent atoms in space, and includes 
enantiomers and diastereomers. Stereoisomers that are mirror 
images of each other and optically active are termed “enan 
tiomers,” and stereoisomers that are not mirror images of one 
another are termed “diastereoisomers.” 

Oct. 2, 2008 

[0119] “Sustained release” refers to release of a compound 
of Formula (I) from a dosage form at a rate effective to 
achieve a therapeutic or prophylactic concentration of the 
compound of Formula (I), or active metabolite thereof, in the 
systemic blood circulation over a prolonged period of time 
relative to that achieved by oral administration of an imme 
diate release formulation of the compound of Formula (I). In 
some embodiments, release of a compound of Formula (I) 
occurs over a period of at least about 4 hours, such as at least 
about 8 hours, in some embodiments, at least about 12 hours, 
at least about 16 hours, at least about 20 hours, and in some 
embodiments, at least about 24 hours. 
[0120] “Substantially one diastereomer” refers to a com 
pound containing tWo or more stereogenic centers such that 
the diastereomeric excess (d.e.) of the compound is at least 
about 90%. The diastereomeric excess is the ratio of the 
percentage of one diastereomer in a mixture to that of another 
diastereomer. In some embodiments, the diastereomeric 
excess is, for example, at least about 91%, at least about 92%, 
at least about 93%, at least about 94%, at least about 95%, at 
least about 96%, at least about 97%, at least about 98%, or at 
least about 99%. 

[0121] “Substituted” refers to a group in Which one or more 
hydrogen atoms are independently replaced With the same or 
different substituent(s). Typical substituents include, but are 
not limited to, -M, iR6O, 4O“, :O, 4OR6O, iS6O, iSj 
:S, iNR6OR6l, :NR6O, %F3, %N, iOCN, iSCN, 
iNO, iNOz, :N2, iN3, iS(O)2O_, iS(O)2OH, 
*S(0)2R6°, Alswoz *OSKDZR”, *P(O)(0‘)2, 
iP(O)(OR6O)(O_), ADP(O)(OR6O)(OR6I), iC(O)R6O, 
%(S)R6O, C(O)OR6O, %(O)NR6OR6I, %(O)O_, %(S) 
OR6O, iNR62C(O)NR6OR6l, iNR62C(S)NR6OR6l, 
iNR62C(NR63 )NR6OR6 1, and 4C(NR62)NR6OR6 1 Where M 
is independently a halogen; R60, R61, R62, and R63 are inde 
pendently hydrogen, alkyl, substituted alkyl, alkoxy, substi 
tuted alkoxy, cycloalkyl, substituted cycloalkyl, cyclohet 
eroalkyl, substituted cycloheteroalkyl, aryl, substituted aryl, 
heteroaryl, or substituted heteroaryl, or R60 and R61 together 
With the nitrogen atom to Which they are bonded form a 
cycloheteroalkyl or substituted cycloheteroalkyl ring. In cer 
tain embodiments, substituents include -M, iR6O, :O, 
ADR6O, iSR6O, iSj :S, iNR6OR6l, :NR6O, %F3, 
%N, ADCN, iSCN, iNO, iNOz, :N2, iN3, iS(O) 
2R6", *OS(02)O2 *OSKDZR‘”, *P(0)(O‘)2, *P(O) 
(OR6°)(O-), *0P(O)(0R6°)(OR61), *C(O)R6°, 0(8)”, 
%(O)OR6O, iC(O)NR6OR6l, %(O)O_, and iNR62C 
(O)NR6OR61, in certain embodiments, -M, iR6O, :O, 
ADR”, iSR6O, iNR6OR6l, CF3, iCN, iNOZ, iS(O) 
2R60, iP(O)(OR6O)(O_), iOP(O)(OR6O)(OR6l), %(O) 
R60, %(O)OR6O, %(O)NR6OR6I, and %(O)O_, and in 
certain embodiments, -M, iR6O, :O, 4OR6O, iSR6O, 
iNR6OR6l, %F3, %N, iNOZ, iS(O)2R6O, A)P(O) 
(OR6O)(OR6I), %(O)R6O, %(O)OR6O, and iC(O)O_, 
Where R60, R61, and R62 are as de?ned above. 
[0122] “Treating” or “treatment” of any disease or disorder 
refers, in some embodiments, to ameliorating at least one 
disease or disorder (i.e., arresting or reducing the develop 
ment of the disease or at least one of the clinical symptoms 
thereof). In certain embodiments “treating” or “treatment” 
refers to ameliorating at least one physical parameter, Which 
may or may not be discernible by the patient. In certain 
embodiments, “treating” or “treatment” refers to inhibiting 
the disease or disorder, either physically, (e.g., stabiliZation of 
a discernible symptom), physiologically, (e.g., stabiliZation 



US 2008/0242723 A1 

of a physical parameter), or both. In certain embodiments, 
“treating” or “treatment” refers to delaying the onset of the 
disease or disorder. 
[0123] “Therapeutically effective amount” means the 
amount of compound that, When administered to a patient for 
treating or preventing a disease, is su?icient to effect such 
treatment or prevention of the disease. The “therapeutically 
effective amount” Will vary depending on the compound, the 
disease and its severity, and the age, Weight, etc., of the patient 
having the disease to be treated or prevented. 
[0124] Reference Will noW be made in detail to certain 
embodiments of compounds and methods. The disclosed 
embodiments are not intended to be limiting of the claims. To 
the contrary, the claims are intended to cover all alternatives, 
modi?cations, and equivalents of the disclosed embodiments. 

Compounds 

[0125] 
mula (I): 

Certain embodiments provide a compound of For 

(I) 
0 

0 

stereoisomers thereof, pharmaceutically acceptable salts of 
any of the foregoing, pharmaceutically acceptable solvates of 
any of the foregoing, and combinations of any of the forego 
ing, Wherein: 
[0126] R1 is selected from acyl, substituted acyl, alkyl sub 
stituted alkyl, aryl, substituted aryl, arylalkyl, substituted ary 
lalkyl, cycloalkyl, substituted cycloalkyl, cycloheteroalkyl, 
substituted cycloheteroalkyl, heteroalkyl, substituted het 
eroalkyl, heteroaryl, substituted heteroaryl, heteroarylalkyl, 
and substituted heteroarylalkyl; 
[0127] R2 and R3 are independently selected from hydro 
gen, alkyl, substituted alkyl, alkoxycarbonyl, substituted 
alkoxycarbonyl, aryl, substituted aryl, arylalkyl, substituted 
arylalkyl, cycloalkyl, substituted cycloalkyl, heteroaryl, sub 
stituted heteroaryl, heteroarylalkyl, and substituted het 
eroarylalkyl, or R1 and R3 together With the carbon atom to 
Which they are bonded form a cycloalkyl, substituted 6-cy 
cloalkyl, cycloheteroalkyl, or substituted cycloheteroalkyl 
ring; 
[0128] R4 is selected from hydrogen, C1_6 acyl, substituted 
C1_6 acyl, C1_6 alkyl, substituted C1_6 alkyl, aryl, substituted 
aryl, C3_6 cycloalkyl, substituted C3_6 cycloalkyl, heteroaryl, 
substituted heteroaryl, C7_9 phenylalkyl, and substituted C7_9 
phenylalkyl; 
[0129] R5 is selected from hydrogen, hydroxy, mercapto, 
?uoro, chloro, bromo, oxo, and 4-chlorophenyl; and 
[0130] R6 and R7 are independently selected from hydro 
gen, C1_6 alkyl, substituted C1_6 alkyl, C1_6 alkoxy, substituted 
C l_4 alkoxy, aryl, substituted aryl, C3_6 cycloalkyl, substituted 
C3_6 cycloalkyl, heteroaryl, substituted heteroaryl, C7_9 phe 
nylalkyl, and substituted C7_9 phenylalkyl. 
[0131] Within the scope of this disclosure, it is to be under 
stood that When R5 is an oxo group the bond betWeen R5 and 
the carbon to Which it is bonded is a double bond. 

[0132] In certain embodiments, each of R4, R6, and R7 are 
hydrogen. 
[0133] In certain embodiments, R5 is selected from hydro 
gen, hydroxy, ?uoro, oxo, and 4-chlorophenyl. In certain 
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embodiments, R5 is selected from hydrogen, hydroxy, ?uoro, 
oxo, and 4-chlorophenyl, and each of R4, R6, and R7 is hydro 
gen. 
[0134] In certain embodiments of compounds of Formula 
(I), the carbon to Which R5 is attached is of the R con?gura 
tion. In certain embodiments of compounds of Formula (I), 
the carbon to Which R5 is attached is of the S con?guration. 
[0135] In certain embodiments of compounds of Formula 
(I), R5 is selected from hydrogen, hydroxy, ?uoro, oxo, and 
4-chlorophenyl, and each of R4, R6, and R7 is hydrogen. In 
certain embodiments, R5 is hydrogen, and each of R4, R6, and 
R7 is hydrogen. In certain embodiments, R5 is oxo, and each 
of R4, R6, and R7 is hydrogen. In certain embodiments, R5 is 
hydroxy, and each of R4, R6, and R7 is hydrogen. In certain 
embodiments, R5 is hydroxy, and each of R4, R6, and R7 is 
hydrogen, and the carbon to Which R5 is bonded is of the R 
con?guration. In certain embodiments, R5 is hydroxy, and 
each of R4, R6, and R7 is hydrogen, and the carbon to Which 
R5 is bonded is of the S con?guration. In certain embodi 
ments, R5 is ?uoro, and each of R4, R6, and R7 is hydrogen. In 
certain embodiments, R5 is ?uoro, and each of R4, R6, and R7 
is hydrogen, and the carbon to Which R5 is bonded is of the R 
con?guration. In certain embodiments, R5 is ?uoro, and each 
of R4, R6, and R7 is hydrogen, and the carbon to Which R5 is 
bonded is of the S con?guration. In certain embodiments, R5 
is 4-chlorophenyl, and each of R4, R6, and R7 is hydrogen. In 
certain embodiments, R5 is 4-chlorophenyl, and each of R4, 
R6, and R7 is hydrogen, and the carbon to which R1 is bonded 
is of the R con?guration. In certain embodiments, R5 is 
4-chlorophenyl, and each of R4, R6, and R7 is hydrogen, and 
the carbon to Which R5 is bonded is of the S con?guration. 
[0136] In certain embodiments of compounds of Formula 
(I), R1 is selected from C1_6 alkyl, substituted C1_6 alkyl, C3_6 
cycloalkyl, phenyl, substituted phenyl, C7_9 phenylalkyl, and 
pyridyl. In certain embodiments of compounds of Formula 
(I), R1 is selected from methyl, ethyl, n-propyl, isopropyl, 
n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, 
sec-pentyl, neopentyl, l,l-dimethoxyethyl, l,l-diethoxy 
ethyl, phenyl, 4-methoxyphenyl, benZyl, phenethyl, styryl, 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 2-pyridyl, 
3-pyridyl, and 4-pyridyl. In certain embodiments of com 
pounds of Formula (I), R1 is selected from methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, 
n-pentyl, isopentyl, sec-pentyl, neopentyl, l,l-diethoxyethyl, 
phenyl, cyclohexyl, and 3-pyridyl. 
[0137] In certain embodiments of compounds of Formula 
(I), R2 and R3 are independently selected from hydrogen, 
alkyl, substituted alkyl, alkoxycarbonyl, substituted alkoxy 
carbonyl, aryl, substituted aryl, arylalkyl, substituted aryla 
lkyl, carbamoyl, cycloalkyl, substituted cycloalkyl, 
cycloalkoxycarbonyl, substituted cycloalkoxycarbonyl, het 
eroaryl, substituted heteroaryl, heteroarylalkyl, and substi 
tuted heteroarylalkyl. In certain embodiments of compounds 
of Formula (I), R2 and R3 are independently selected from 
hydrogen, C1_4 alkyl, substituted C1_4 alkyl, C1_4 alkoxycar 
bonyl, C3_6 cycloalkyl, C3_6 cycloalkoxycarbonyl, phenyl, 
substituted phenyl, C7_9 phenylalkyl, and pyridyl. In certain 
embodiments of compounds of Formula (I), R2 and R3 are 
independently selected from hydrogen, methyl, ethyl, n-pro 
pyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, cyclo 
pentyl, cyclohexyl, methoxycarbonyl, ethoxycarbonyl, iso 
propoxycarbonyl, cyclohexyloxycarbonyl, phenyl, benZyl, 
phenethyl, 2-pyridyl, 3-pyridyl, and 4-pyridyl. In certain 
embodiments of compounds of Formula (I), R2 is selected 
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from hydrogen, methyl, ethyl, n-propyl, isopropyl, n-butyl, 
isobutyl, sec-butyl, ter‘t-butyl, cyclopentyl, cyclohexyl, meth 
oxycarbonyl, ethoxycarbonyl, isopropoxycarbonyl, cyclo 
hexyloxycarbonyl, phenyl, benZyl, phenethyl, 2-pyridyl, 
3-pyridyl, and 4-pyridyl, and R3 is hydrogen. In certain 
embodiments of compounds of Formula (I), R2 is selected 
from hydrogen, methyl, ethyl, n-propyl, isopropyl, n-butyl, 
isobutyl, sec-butyl, phenyl, and cyclohexyl, and R3 is hydro 
gen. In certain embodiments of compounds of Formula (I), R2 
is selected from methyl, methoxycarbonyl, ethoxycarbonyl, 
isopropoxycarbonyl, and cyclohexyloxycarbonyl, and R3 is 
methyl 
[0138] In certain embodiments of compounds of Formula 
(I), R2 and R3 together With the carbon atom to Which they are 
bonded form a cycloalkyl, substituted cycloalkyl, cyclohet 
eroalkyl, or substituted cycloheteroalkyl ring. In certain 
embodiments of compounds of Formula (I), R2 and R3 
together With the carbon atom to Which they are bonded form 
a cyclobutyl, cyclopentyl, or cyclohexyl ring. 
[0139] In certain embodiments of compounds of Formula 
(I), R1 is selected from C1_6 alkyl, substituted C1_6 alkyl, C3_6 
cycloalkyl, phenyl, substituted phenyl, C7_9 phenylalkyl, and 
pyridyl, and R2 and R3 are independently selected from 
hydrogen, Cl_4 alkyl, substituted Cl_4 alkyl, Cl_4 alkoxycar 
bonyl, C3_6 cycloalkyl, C3_6 cycloalkoxycarbonyl, phenyl, 
substituted phenyl, C7_9 phenylalkyl, and pyridyl. In certain 
embodiments Where R2 and R3 are independently selected 
from hydrogen, Cl_4 alkyl, substituted C1_4 alkyl, Cl_4 
alkoxycarbonyl, C3_6 cycloalkyl, C3_6 cycloalkoxycarbonyl, 
phenyl, substituted phenyl, C7_9 phenylalkyl, and pyridyl, R1 
is selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, 
isobutyl, sec-butyl, ter‘t-butyl, n-pentyl, isopentyl, sec-pentyl, 
neopentyl, l,l-dimethoxyethyl, l,l-diethoxyethyl, phenyl, 
4-methoxyphenyl, benZyl, phenethyl, styryl, cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyl, 2-pyridyl, 3-pyridyl, 
and 4-pyridyl, and in certain embodiments, R1 is selected 
from methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, 
sec-butyl, ter‘t-butyl, n-pentyl, isopentyl, sec-pentyl, neopen 
tyl, l,l-diethoxyethyl, phenyl, cyclohexyl, and 3-pyridyl. In 
certain of the immediately preceding embodiments of com 
pounds of Formula (I), R5 is selected from hydrogen, 
hydroxy, ?uoro, oxo, and 4-chlorophenyl. 
[0140] In certain embodiments of compounds of Formula 
(I), R1 is selected from Cl_6 alkyl, substituted Cl_6 alkyl, C3_6 
cycloalkyl, phenyl, substituted phenyl, C7_9 phenylalkyl, and 
pyridyl, and R2 and R3 are independently selected from 
hydrogen, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobu 
tyl, sec-butyl, tert-butyl, cyclopentyl, cyclohexyl, methoxy 
carbonyl, ethoxycarbonyl, isopropoxycarbonyl, cyclohexy 
loxycarbonyl, phenyl, benZyl, phenethyl, 2-pyridyl, 
3-pyridyl, and 4-pyridyl. In certain of the embodiments 
Where R2 and R3 are independently selected from hydrogen, 
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-bu 
tyl, ter‘t-butyl, cyclopentyl, cyclohexyl, methoxycarbonyl, 
ethoxycarbonyl, isopropoxycarbonyl, cyclohexyloxycarbo 
nyl, phenyl, benZyl, phenethyl, 2-pyridyl, 3-pyridyl, and 
4-pyridyl, R1 is selected from methyl, ethyl, n-propyl, isopro 
pyl, n-butyl, isobutyl, sec-butyl, ter‘t-butyl, n-pentyl, isopen 
tyl, sec -pentyl, neopentyl, l,l-dimethoxyethyl, l,l-diethoxy 
ethyl, phenyl, 4-methoxyphenyl, benZyl, phenethyl, styryl, 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 2-pyridyl, 
3-pyridyl, and 4-pyridyl, and in certain embodiments, R1 is 
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-bu 
tyl, ter‘t-butyl, n-pentyl, isopentyl, sec-pentyl, neopentyl, 1,1 

Oct. 2, 2008 

diethoxyethyl, phenyl, cyclohexyl, and 3-pyridyl. In certain 
of the immediately preceding embodiments of compounds of 
Formula (I), R5 is selected from hydrogen, hydroxy, ?uoro, 
oxo, and 4-chlorophenyl, and each of R4, R6, and R7 are 
hydrogen. 
[0141] In certain embodiments of compounds of Formula 
(I), R1 is selected from Cl_6 alkyl, substituted Cl_6 alkyl, C3_6 
cycloalkyl, phenyl, substituted phenyl, C7_9 phenylalkyl, and 
pyridyl, R2 is selected from hydrogen, methyl, ethyl, n-pro 
pyl, isopropyl, n-butyl, isobutyl, sec-butyl, phenyl, and cyclo 
hexyl, and R3 is hydrogen. In certain embodiments, R1 is 
selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, 
isobutyl, sec-butyl, ter‘t-butyl, n-pentyl, isopentyl, sec-pentyl, 
neopentyl, l,l-dimethoxyethyl, l,l-diethoxyethyl, phenyl, 
4-methoxyphenyl, benZyl, phenethyl, styryl, cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyl, 2-pyridyl, 3-pyridyl, 
and 4-pyridyl, R2 is selected from hydrogen, methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, phenyl, and 
cyclohexyl, and R3 is hydrogen. In certain embodiments, R1 is 
selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, 
isobutyl, sec-butyl, ter‘t-butyl, n-pentyl, isopentyl, sec-pentyl, 
neopentyl, l,l-diethoxyethyl, phenyl, cyclohexyl, and 3-py 
ridyl, R2 is selected from hydrogen, methyl, ethyl, n-propyl, 
isopropyl, n-butyl, isobutyl, sec-butyl, phenyl, and cyclo 
hexyl, and R3 is hydrogen. In certain of the immediately 
preceding embodiments of compounds of Formula (I), R5 is 
selected from hydrogen, hydroxy, ?uoro, oxo, and 4-chlo 
rophenyl, and each of R4, R6, and R7 is hydrogen. 
[0142] In certain embodiments of compounds of Formula 
(I), R1 is selected from C1_6 alkyl, substituted C1_6 alkyl, C3_6 
cycloalkyl, phenyl, substituted phenyl, C7_9 phenylalkyl, and 
pyridyl, R2 is selected from methyl, methoxycarbonyl, 
ethoxycarbonyl, isopropoxy carbonyl, and cyclohexyloxy 
carbonyl, and R3 is methyl. In certain embodiments, R1 is 
selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, 
isobutyl, sec-butyl, ter‘t-butyl, n-pentyl, isopentyl, sec-pentyl, 
neopentyl, l,l-dimethoxyethyl, l,l-diethoxyethyl, phenyl, 
4-methoxyphenyl, benZyl, phenethyl, styryl, cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyl, 2-pyridyl, 3-pyridyl, 
and 4-pyridyl, R2 is selected from methyl, methoxycarbonyl, 
ethoxycarbonyl, isopropoxy carbonyl, and cyclohexyloxy 
carbonyl, and R3 is methyl. In certain embodiments, R1 is 
selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, 
isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, sec-pentyl 
neopentyl, l,l-diethoxyethyl, phenyl, cyclohexyl, and 3-py 
ridyl, R2 is selected from methyl, methoxycarbonyl, ethoxy 
carbonyl, isopropoxy carbonyl, and cyclohexyloxycarbonyl, 
and R3 is methyl. In certain of the immediately preceding 
embodiments of compounds of Formula (I), R5 is selected 
from hydrogen, hydroxy, ?uoro, oxo, and 4-chlorophenyl, 
and each of R4, R6, and R7 is hydrogen. 
[0143] In certain embodiments of compounds of Formula 
(I), R1 is selected from methyl, ethyl, n-propyl, isopropyl, 
n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, 
sec-pentyl, neopentyl, l,l-diethoxyethyl, phenyl, cyclo 
hexyl, 2-pyridyl, 3-pyridyl, and 4-pyridyl, R7 is selected from 
hydrogen, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobu 
tyl, sec-butyl, phenyl, and cyclohexyl, R3 is hydrogen, R5 is 
hydrogen, and each of R4, R6, and R7 is hydrogen. In certain 
embodiments of compounds of Formula (I), R1 is selected 
from methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, 
sec-butyl, ter‘t-butyl, n-pentyl, isopentyl, sec-pentyl, neopen 
tyl, l,l-diethoxyethyl, phenyl, cyclohexyl, 2-pyridyl, 3-py 
ridyl, and 4-pyridyl, R2 is selected from hydrogen, methyl, 
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n-propyl, and isopropyl, R3 is hydrogen, R5 is hydrogen, and 
each of R4, R6, and R7 is hydrogen. In certain embodiments of 
compounds of Formula (I), R1 is selected from methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, 
phenyl, cyclohexyl, and 3-pyridyl, R2 is selected from hydro 
gen, methyl, n-propyl, and isopropyl, R3 is hydrogen, R5 is 
hydrogen, and each of R4, R6, and R7 is hydrogen. 
[0144] In certain embodiments of compounds of Formula 
(I), R1 is selected from methyl, ethyl, n-propyl, isopropyl, 
n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, 
sec-pentyl, neopentyl, l,l-diethoxyethyl, phenyl, cyclo 
hexyl, 2-pyridyl, 3-pyridyl, and 4-pyridyl, R2 is selected from 
methyl, methoxycarbonyl, ethoxycarbonyl, isopropoxycar 
bonyl, and cyclohexyloxycarbonyl, R3 is methyl, R5 is hydro 
gen, and each of R4, R6, and R7 is hydrogen. 
[0145] In certain embodiments of compounds of Formula 
(I), R1 is selected from methyl, ethyl, n-propyl, isopropyl, 
n-butyl, isobutyl, sec-butyl, tert-butyl, phenyl, cyclohexyl, 
and 3-pyridyl, R2 is hydrogen, R3 is hydrogen, R5 is hydro 
gen, and each of R4, R6, and R7 is hydrogen. In certain 
embodiments of compounds of Formula (I), R1 is selected 
from methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, 
sec-butyl, tert-butyl, phenyl, cyclohexyl, and 3-pyridyl, R2 is 
methyl, R3 is hydrogen, R5 is hydrogen, and each of R4, R6, 
and R7 is hydrogen. In certain embodiments of compounds of 
Formula (I), R1 is selected from methyl, ethyl, n-propyl, iso 
propyl, n-butyl, isobutyl, sec-butyl, tert-butyl, phenyl, cyclo 
hexyl, and 3-pyridyl, R2 is n-propyl, R3 is hydrogen, R5 is 
hydrogen, and each of R4, R6, and R7 is hydrogen. In certain 
embodiments of compounds of Formula (I), R1 is selected 
from methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, 
sec-butyl, tert-butyl, phenyl, cyclohexyl, and 3-pyridyl, R2 is 
isopropyl, R3 is hydrogen, R5 is hydrogen, and each of R4, R6, 
and R7 is hydrogen. 
[0146] In certain embodiments of compounds of Formula 
(I), R1 is selected from methyl, ethyl, n-propyl, isopropyl, 
n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, 
sec-pentyl, neopentyl, l,l-diethoxyethyl, phenyl, cyclo 
hexyl, 2-pyridyl, 3-pyridyl, and 4-pyridyl, R2 is selected from 
hydrogen, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobu 
tyl, sec-butyl, phenyl, and cyclohexyl, R3 is hydrogen, R5 is 
hydroxy, and each of R4, R6, and R7 is hydrogen. In certain 
embodiments of compounds of Formula (I), R1 is selected 
from methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, 
sec-butyl, tert-butyl, n-pentyl, isopentyl, sec-pentyl, neopen 
tyl, l,l-diethoxyethyl, phenyl, cyclohexyl, 2-pyridyl, 3-py 
ridyl, and 4-pyridyl, R2 is selected from hydrogen, methyl, 
n-propyl, and isopropyl, R3 is hydrogen, R5 is hydroxy, and 
each of R4, R6, and R7 is hydrogen. In certain embodiments of 
compounds of Formula (I), R1 is selected from methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, 
phenyl, cyclohexyl, and 3-pyridyl, R2 is selected from hydro 
gen, methyl, n-propyl, and isopropyl, R3 is hydrogen, R5 is 
hydroxy, and each of R4, R6, and R7 is hydrogen. In certain of 
the immediately preceding embodiments of compounds of 
Formula (I), the carbon to Which R5 is bonded is of the R 
con?guration. In certain of the immediately preceding 
embodiments of compounds of Formula (I), the carbon to 
Which R5 is bonded is of the S con?guration. 
[0147] In certain embodiments of compounds of Formula 
(I), R1 is selected from methyl, ethyl, n-propyl, isopropyl, 
n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, 
sec-pentyl, neopentyl, l,l-diethoxyethyl, phenyl, cyclo 
hexyl, 2-pyridyl, 3-pyridyl, and 4-pyridyl, R2 is selected from 
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methyl, methoxycarbonyl, ethoxycarbonyl, isopropoxycar 
bonyl, and cyclohexyloxycarbonyl, R3 is methyl, R5 is 
hydroxy, and each of R4, R6, and R7 is hydrogen. In certain of 
the immediately preceding embodiments of compounds of 
Formula (I), the carbon to Which R5 is bonded is of the R 
con?guration. In certain of the immediately preceding 
embodiments of compounds of Formula (I), the carbon to 
Which R5 is bonded is of the S con?guration. 
[0148] In certain embodiments of compounds of Formula 
(I), R1 is selected from methyl, ethyl, n-propyl, isopropyl, 
n-butyl, isobutyl, sec-butyl, tert-butyl, phenyl, cyclohexyl, 
and 3-pyridyl, R2 is hydrogen, R3 is hydrogen, R5 is hydroxy, 
and each of R4, R6, and R7 is hydrogen. In certain embodi 
ments of compounds of Formula (I), R1 is selected from 
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-bu 
tyl, tert-butyl, phenyl, cyclohexyl, and 3-pyridyl, R2 is 
methyl, R3 is hydrogen, R5 is hydroxy, and each of R4, R6, and 
R7 is hydrogen. In certain embodiments of compounds of 
Formula (I), R1 is selected from methyl, ethyl, n-propyl, iso 
propyl, n-butyl, isobutyl, sec-butyl, tert-butyl, phenyl, cyclo 
hexyl, and 3-pyridyl, R2 is selected from n-propyl, R3 is 
hydrogen, R5 is hydroxy, and each of R4, R6, and R7 is hydro 
gen. In certain embodiments of compounds of Formula (I), R1 
is selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, 
isobutyl, sec-butyl, tert-butyl, phenyl, cyclohexyl, and 3-py 
ridyl, R2 is isopropyl, R3 is hydrogen, R5 is hydroxy, and each 
of R4, R6, and R7 is hydrogen. In certain of the immediately 
preceding embodiments of compounds of Formula (I), the 
carbon to Which R5 is bonded is of the R con?guration. In 
certain of the immediately preceding embodiments of com 
pounds of Formula (I), the carbon to Which R5 is bonded is of 
the S con?guration. 
[0149] In certain embodiments of compounds of Formula 
(I), R1 is selected from methyl, ethyl, n-propyl, isopropyl, 
n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, 
sec-pentyl, neopentyl, l,l-diethoxyethyl, phenyl, cyclo 
hexyl, 2-pyridyl, 3-pyridyl, and 4-pyridyl, R2 is selected from 
hydrogen, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobu 
tyl, sec-butyl, phenyl, and cyclohexyl, R3 is hydrogen, R5 is 
?uoro, and each of R4, R6, and R7 is hydrogen. In certain 
embodiments of compounds of Formula (I), R1 is selected 
from methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, 
sec-butyl, tert-butyl, n-pentyl, isopentyl, sec-pentyl, neopen 
tyl, l,l-diethoxyethyl, phenyl, cyclohexyl, 2-pyridyl, 3-py 
ridyl, and 4-pyridyl, R2 is selected from hydrogen, methyl, 
n-propyl, and isopropyl, R3 is hydrogen, R5 is ?uoro, and each 
of R4, R6, and R7 is hydrogen. In certain embodiments of 
compounds of Formula (I), R1 is selected from methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, 
phenyl, cyclohexyl, and 3-pyridyl, R2 is selected from hydro 
gen, methyl, n-propyl, and isopropyl, R3 is hydrogen, R5 is 
?uoro, and each of R4, R6, and R7 is hydrogen. In certain of 
the immediately preceding embodiments of compounds of 
Formula (I), the carbon to Which R5 is bonded is of the R 
con?guration. In certain of the immediately preceding 
embodiments of compounds of Formula (I), the carbon to 
Which R5 is bonded is of the S con?guration. 
[0150] In certain embodiments of compounds of Formula 
(I), R1 is selected from methyl, ethyl, n-propyl, isopropyl, 
n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, 
sec-pentyl, neopentyl, l,l-diethoxyethyl, phenyl, cyclo 
hexyl, 2-pyridyl, 3-pyridyl, and 4-pyridyl, R2 is selected from 
methyl, methoxycarbonyl, ethoxycarbonyl, isopropoxycar 
bonyl, and cyclohexyloxycarbonyl, R3 is methyl, R5 is ?uoro, 



US 2008/0242723 A1 

and each of R4, R6, and R7 is hydrogen. In certain of the 
immediately preceding embodiments of compounds of For 
mula (I), the carbon to Which R5 is bonded is of the R con 
?guration. In other of the immediately preceding embodi 
ments of compounds of Formula (I), the carbon to Which R5 
is bonded is of the S con?guration. 
[0151] In certain embodiments of compounds of Formula 
(I), R1 is selected from methyl, ethyl, n-propyl, isopropyl, 
n-butyl, isobutyl, sec-butyl, tert-butyl, phenyl, cyclohexyl, 
and 3-pyridyl, R2 is hydrogen, R3 is hydrogen, R5 is ?uoro, 
and each of R4, R6, and R7 is hydrogen. In certain embodi 
ments of compounds of Formula (I), R1 is selected from 
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-bu 
tyl, tert-butyl, phenyl, cyclohexyl, and 3-pyridyl, R2 is 
methyl, R3 is hydrogen, R5 is ?uoro, and each of R4, R6, and 
R7 is hydrogen. In certain embodiments of compounds of 
Formula (I), R1 is selected from methyl, ethyl, n-propyl, iso 
propyl, n-butyl, isobutyl, sec-butyl, tert-butyl, phenyl, cyclo 
hexyl, and 3-pyridyl, R2 is n-propyl, R3 is hydrogen, R5 is 
?uoro, and each of R4, R6, and R7 is hydrogen. In certain 
embodiments of compounds of Formula (I), R1 is selected 
from methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, 
sec-butyl, tert-butyl, phenyl, cyclohexyl, and 3-pyridyl, R2 is 
isopropyl, R3 is hydrogen, R5 is ?uoro, and each of R4, R6, 
and R7 is hydrogen. In certain of the immediately preceding 
embodiments of compounds of Formula (I), the carbon to 
Which R5 is bonded is of the R con?guration. In certain of the 
immediately preceding embodiments of compounds of For 
mula (I), the carbon to Which R5 is bonded is of the S con 
?guration. 
[0152] In certain embodiments of compounds of Formula 
(I), R1 is selected from methyl, ethyl, n-propyl, isopropyl, 
n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, 
sec-pentyl, neopentyl, l,l-diethoxyethyl, phenyl, cyclo 
hexyl, 2-pyridyl, 3-pyridyl, and 4-pyridyl, R2 is selected from 
hydrogen, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobu 
tyl, sec-butyl, phenyl, and cyclohexyl, R3 is hydrogen, R5 is 
oxo, and each of R4, R6, and R7 is hydrogen. In certain 
embodiments of compounds of Formula (I), R1 is selected 
from methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, 
sec-butyl, tert-butyl, n-pentyl, isopentyl, sec-pentyl, neopen 
tyl, l,l-diethoxyethyl, phenyl, cyclohexyl, 2-pyridyl, 3-py 
ridyl, and 4-pyridyl, R2 is selected from hydrogen, methyl, 
n-propyl, and isopropyl, R3 is hydrogen, R5 is oxo, and each 
of R4, R6, and R7 is hydrogen. In certain embodiments of 
compounds of Formula (I), R1 is selected from methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, 
phenyl, cyclohexyl, and 3-pyridyl, R2 is selected from hydro 
gen, methyl, n-propyl, and isopropyl, R3 is hydrogen, R5 is 
oxo, and each of R4, R6, and R7 is hydrogen. 
[0153] In certain embodiments of compounds of Formula 
(I), R1 is selected from methyl, ethyl, n-propyl, isopropyl, 
n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, 
sec-pentyl, neopentyl, l,l-diethoxyethyl, phenyl, cyclo 
hexyl, 2-pyridyl, 3-pyridyl, and 4-pyridyl, R2 is selected from 
methyl, methoxycarbonyl, ethoxycarbonyl, isopropoxycar 
bonyl, and cyclohexyloxycarbonyl, R3 is methyl, R5 is oxo, 
and each of R4, R6, and R7 is hydrogen. 
[0154] In certain embodiments of compounds of Formula 
(I), R1 is selected from methyl, ethyl, n-propyl, isopropyl, 
n-butyl, isobutyl, sec-butyl, tert-butyl, phenyl, cyclohexyl, 
and 3-pyridyl, R2 is hydrogen, R3 is hydrogen, R5 is oxo, and 
each of R4, R6, and R7 is hydrogen. In certain embodiments of 
compounds of Formula (I), R1 is selected from methyl, ethyl, 
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n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, 
phenyl, cyclohexyl, and 3-pyridyl, R2 is methyl, R3 is hydro 
gen, R5 is oxo, and each of R4, R6, and R7 is hydrogen. In 
certain embodiments of compounds of Formula (I), R1 is 
selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, 
isobutyl, sec-butyl, tert-butyl, phenyl, cyclohexyl, and 3-py 
ridyl, R2 is n-propyl, R3 is hydrogen, R5 is oxo, and each of 
R4, R6, and R7 is hydrogen. In certain embodiments of com 
pounds of Formula (I), R1 is selected from methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, 
phenyl, cyclohexyl, and 3-pyridyl, R2 is isopropyl, R3 is 
hydrogen, R5 is oxo, and each of R4, R6, and R7 is hydrogen. 
[0155] In certain embodiments of compounds of Formula 
(I), R1 is selected from methyl, ethyl, n-propyl, isopropyl, 
n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, 
sec-pentyl, neopentyl, l,l-diethoxyethyl, phenyl, cyclo 
hexyl, 2-pyridyl, 3-pyridyl, and 4-pyridyl, R2 is selected from 
hydrogen, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobu 
tyl, sec-butyl, phenyl, and cyclohexyl, R3 is hydrogen, R5 is 
4-chlorophenyl, and each of R4, R6, and R7 is hydrogen. In 
certain embodiments of compounds of Formula (I), R1 is 
selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, 
isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, sec-pentyl, 
neopentyl, l,l-diethoxyethyl, phenyl, cyclohexyl, 2-pyridyl, 
3-pyridyl, and 4-pyridyl, R2 is selected from hydrogen, 
methyl, n-propyl, and isopropyl, R3 is hydrogen, R5 is 4-chlo 
rophenyl, and each of R4, R6, and R7 is hydrogen. In certain 
embodiments of compounds of Formula (I), R1 is selected 
from methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, 
sec-butyl, tert-butyl, phenyl, cyclohexyl, and 3-pyridyl, R2 is 
selected from hydrogen, methyl, n-propyl, and isopropyl, R3 
is hydrogen, R5 is 4-chlorophenyl, and each of R4, R6, and R7 
is hydrogen. In certain of the immediately preceding embodi 
ments of compounds of Formula (I), the carbon to Which R5 
is bonded is of the R con?guration. In certain of the immedi 
ately preceding embodiments of compounds of Formula (I), 
the carbon to Which R5 is bonded is of the S con?guration. 
[0156] In certain embodiments of compounds of Formula 
(I), R1 is selected from methyl, ethyl, n-propyl, isopropyl, 
n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, 
sec-pentyl, neopentyl, l,l-diethoxyethyl, phenyl, cyclo 
hexyl, 2-pyridyl, 3-pyridyl, and 4-pyridyl, R2 is selected from 
methyl, methoxycarbonyl, ethoxycarbonyl, isopropoxycar 
bonyl, and cyclohexyloxycarbonyl, R3 is methyl, R5 is 
4-chlorophenyl, and each of R4, R6, and R7 is hydrogen. In 
certain of the immediately preceding embodiments of com 
pounds of Formula (I), the carbon to Which R5 is bonded is of 
the R con?guration. In certain of the immediately preceding 
embodiments of compounds of Formula (I), the carbon to 
Which R5 is bonded is of the S con?guration. 
[0157] In certain embodiments of compounds of Formula 
(I), R1 is selected from methyl, ethyl, n-propyl, isopropyl, 
n-butyl, isobutyl, sec-butyl, tert-butyl, phenyl, cyclohexyl, 
and 3-pyridyl, R2 is hydrogen, R3 is hydrogen, R5 is 4 chlo 
rophenyl, and each of R4, R6, and R7 is hydrogen. In certain 
embodiments of compounds of Formula (I), R1 is selected 
from methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, 
sec-butyl, tert-butyl, phenyl, cyclohexyl, and 3-pyridyl, R2 is 
methyl, R3 is hydrogen, R5 is 4-chlorophenyl, and each of R4, 
R6, and R7 is hydrogen. In certain embodiments of com 
pounds of Formula (I), R1 is selected from methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, 
phenyl, cyclohexyl, and 3-pyridyl, R2 is n-propyl, R3 is 
hydrogen, R5 is 4-chlorophenyl, and each of R4, R6, and R7 is 
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hydrogen. In certain embodiments of compounds of Formula 
(I), R1 is selected from methyl, ethyl, n-propyl, isopropyl, 
n-butyl, isobutyl, sec-butyl, tert-butyl, phenyl, cyclohexyl, 
and 3-pyridyl, R2 is isopropyl, R3 is hydrogen, R5 is 4-chlo 
rophenyl, and each of R4, R6, and R7 is hydrogen. In certain of 
the immediately preceding embodiments of compounds of 
Formula (I), the carbon to Which R5 is bonded is of the R 
con?guration. In certain of the immediately preceding 
embodiments of compounds of Formula (I), the carbon to 
Which R5 is bonded is of the S con?guration. 
[0158] In certain embodiments of compounds of Formula 
(I), R2 and R3 are different and the compound of Formula (I) 
is substantially one diastereomer. In certain embodiments of 
compounds of Formula (I), the stereochemistry at the carbon 
to Which R2 and R3 are bonded is of the S-con?guration and 
the compound of Formula (I) is substantially one diastere 
omer. In certain embodiments of compounds of Formula (I), 
the stereochemistry at the carbon to Which R2 and R3 are 
bonded is of the R-con?guration, and the compound of For 
mula (I) is substantially one diastereomer. In certain embodi 
ments of compounds of Formula (I), R2 is Cl_4 alkyl, R3 is 
hydrogen and the compound of Formula (I) is substantially 
one diastereomer. In certain embodiments of compounds of 
Formula (I), R2 is C 1_ 4 alkyl, R3 is hydrogen, the stereochem 
istry at the carbon to Which R2 and R3 are bonded is of the 
S-con?guration and the compound of Formula (I) is substan 
tially one diastereomer. In certain embodiments of com 
pounds of Formula (I), R2 is C1_4 alkyl, R3 is hydrogen, the 
stereochemistry at the carbon to Which R2 and R3 are bonded 
is of the R-con?guration, and the compound of Formula (I) is 
substantially one diastereomer. 

[0159] In certain embodiments of compounds of Formula 
(I), R1 is selected from methyl, ethyl, n-propyl, isopropyl, 
n-butyl, isobutyl, sec-butyl, tert-butyl, phenyl, cyclohexyl, 
and 3-pyridyl, R2 is methyl, R3 is hydrogen, R5 is hydroxy, 
each of R4, R6, and R7 is hydrogen, the stereochemistry at the 
carbon to Which R2 and R3 are bonded is of the S-con?gura 
tion, the stereochemistry at the carbon to Which R5 is bonded 
is of the R-con?guration, and the compound of Formula (I) is 
substantially one diastereomer. In certain embodiments of 
compounds of Formula (I), R1 is selected from methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, 
phenyl, cyclohexyl, and 3-pyridyl, R2 is methyl, R3 is hydro 
gen, R5 is hydroxy, each of R4, R6, and R7 is hydrogen, the 
stereochemistry at the carbon to Which R2 and R3 are bonded 
is of the R-con?guration, the stereochemistry at the carbon to 
Which R5 is bonded is of the R-con?guration, and the com 
pound of Formula (a) is substantially one diastereomer. In 
certain embodiments of compounds of Formula (I), R1 is 
selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, 
isobutyl, sec-butyl, tert-butyl, phenyl, cyclohexyl, and 3-py 
ridyl, R2 is methyl, R3 is hydrogen, R5 is hydroxy, each of R4, 
R6, and R7 is hydrogen, the stereochemistry at the carbon to 
Which R2 and R3 are bonded is of the S-con?guration, the 
stereochemistry at the carbon to Which R5 is bonded is of the 
S-con?guration, and the compound of Formula (I) is substan 
tially one diastereomer. In certain embodiments of com 
pounds of Formula (I), R1 is selected from methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, 
phenyl, cyclohexyl, and 3-pyridyl, R2 is methyl, R3 is hydro 
gen, R5 is hydroxy, each of R4, R6, and R7 is hydrogen, the 
stereochemistry at the carbon to Which R2 and R3 are bonded 
is of the R-con?guration, the stereochemistry at the carbon to 
Which R5 is bonded is of the S-con?guration, and the com 
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pound of Formula (I) is substantially one diastereomer. In 
certain embodiments of compounds of Formula (I), R1 is 
selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, 
isobutyl, sec-butyl, tert-butyl, phenyl, cyclohexyl, and 3-py 
ridyl, R2 is n-propyl, R3 is hydrogen, R5 is hydroxy, each of 
R4, R6, and R7 is hydrogen, the stereochemistry at the carbon 
to Which R2 and R3 are bonded is of the S-con?guration, the 
stereochemistry at the carbon to Which R5 is bonded is of the 
R-con?guration, and the compound of Formula (I) is substan 
tially one diastereomer. In certain embodiments of com 
pounds of Formula (I), R1 is selected from methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, 
phenyl, cyclohexyl, and 3-pyridyl, R2 is n-propyl, R3 is 
hydrogen, R5 is hydroxy, each of R4, R6, and R7 is hydrogen, 
the stereochemistry at the carbon to Which R2 and R3 are 
bonded is of the R-con?guration, the stereochemistry at the 
carbon to Which R5 is bonded is of the R-con?guration, and 
the compound of Formula (I) is substantially one diastere 
omer. In certain embodiments of compounds of Formula (I), 
R1 is selected from methyl, ethyl, n-propyl, isopropyl, n-bu 
tyl, isobutyl, sec-butyl, tert-butyl, phenyl, cyclohexyl, and 
3-pyridyl, R2 is n-propyl, R3 is hydrogen, R5 is hydroxy, each 
of R4, R6, and R7 is hydrogen, the stereochemistry at the 
carbon to Which R2 and R3 are bonded is of the S-con?gura 
tion, the stereochemistry at the carbon to Which R5 is bonded 
is of the S-con?guration, and the compound of Formula (I) is 
substantially one diastereomer. In still other embodiments of 
compounds of Formula (I), R1 is selected from methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, 
phenyl, cyclohexyl, and 3-pyridyl, R2 is n-propyl, R3 is 
hydrogen, R5 is hydroxy, each of R4, R6, and R7 is hydrogen, 
the stereochemistry at the carbon to Which R2 and R3 are 
bonded is of the Recon?guration, the stereochemistry at the 
carbon to Which R5 is bonded is of the S-con?guration, and 
the compound of Formula (I) is substantially one diastere 
omer. In certain embodiments of compounds of Formula (I), 
R1 is selected from methyl, ethyl, n-propyl, isopropyl, n-bu 
tyl, isobutyl, sec-butyl, tert-butyl, phenyl, cyclohexyl, and 
3-pyridyl, R2 is isopropyl, R3 is hydrogen, R5 is hydroxy, each 
of R4, R6, and R7 is hydrogen, the stereochemistry at the 
carbon to Which R2 and R3 are bonded is of the S-con?gura 
tion, the stereochemistry at the carbon to Which R5 is bonded 
is of the R-con?guration, and the compound of Formula (I) is 
substantially one diastereomer. In certain embodiments of 
compounds of Formula (I), R1 is selected from methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, 
phenyl, cyclohexyl, and 3-pyridyl, R2 is isopropyl, R3 is 
hydrogen, R5 is hydroxy, each of R4, R6, and R7 is hydrogen, 
the stereochemistry at the carbon to Which R2 and R3 are 
bonded is of the R-con?guration, the stereochemistry at the 
carbon to Which R5 is bonded is of the R-con?guration, and 
the compound of Formula (I) is substantially one diastere 
omer. In certain embodiments of compounds of Formula (I), 
R1 is selected from methyl, ethyl, n-propyl, isopropyl, n-bu 
tyl, isobutyl, sec-butyl, tert-butyl, phenyl, cyclohexyl, and 
3-pyridyl, R2 is isopropyl, R3 is hydrogen, R5 is hydroxy, each 
of R4, R6, and 17 is hydrogen, the stereochemistry at the 
carbon to Which R2 and R3 are bonded is of the S-con?gura 
tion, the stereochemistry at the carbon to Which R5 is bonded 
is of the S-con?guration, and the compound of Formula (I) is 
substantially one diastereomer. In certain embodiments of 
compounds of Formula (I), R1 is selected from methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, 
phenyl, cyclohexyl, and 3-pyridyl, R2 is isopropyl, R3 is 
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hydrogen, R5 is hydroxy, each of R4, R6, and R7 is hydrogen, 
the stereochemistry at the carbon to Which R2 and R3 are 
bonded is of the R-con?guration, the stereochemistry at the 
carbon to Which R5 is bonded is of the S-con?guration, and 
the compound of Formula (I) is substantially one diastere 
omer. In certain embodiments of compounds of Formula (I), 
R1 is isopropyl, R2 is isopropyl, R3 is hydrogen, R5 is hydroxy, 
each of R4, R6, and R7 is hydrogen, the stereochemistry at the 
carbon to Which R2 and R3 are bonded is of the S-con?gura 
tion, the stereochemistry at the carbon to Which R5 is bonded 
is of the R-con?guration, and the compound of Formula (I) is 
substantially one diastereomer. In certain embodiments of 
compounds of Formula (I), R1 is isopropyl, R2 is isopropyl, 
R is hydrogen, R5 is hydroxy, each of R4, R6, and R7 is 
hydrogen, the stereochemistry at the carbon to Which R2 and 
R3 are bonded is of the R-con?guration, the stereochemistry 
at the carbon to Which R5 is bonded is of the R-con?guration, 
and the compound of Formula (I) is substantially one diaste 
reomer. In certain embodiments of compounds of Formula 
(I), R1 is isopropyl, R2 is isopropyl, R3 is hydrogen, R5 is 
hydroxy, each of R4, R6, and R7 is hydrogen, the stereochem 
istry at the carbon to Which R2 and R3 are bonded is of the 
S-Scon?guration, the stereochemistry at the carbon to Which 
R is bonded is of the S-con?guration, and the compound of 
Formula (I) is substantially one diastereomer. In certain 
embodiments of compounds of Formula (I), R1 is isopropyl, 
R is isopropyl, R3 is hydrogen, R5 is hydroxy, each of R4, R6, 
and R7 is hydrogen, the stereochemistry at the carbon to 
Which R2 and R3 are bonded is of the R-con?guration, the 
stereochemistry at the carbon to Which R5 is bonded is of the 
S-con?guration, and the compound of Formula (I) is substan 
tially one diastereomer. 

[0160] In certain embodiments of compounds of Formula 
(I), R1 is selected from methyl, ethyl, n-propyl, isopropyl, 
n-butyl, isobutyl, sec-butyl, tert-butyl, phenyl, cyclohexyl, 
and 3-pyridyl, R2 is methyl, R3 is hydrogen, R5 is ?uoro, each 
of R4, R6, and R7 is hydrogen, the stereochemistry at the 
carbon to Which R2 and R3 are bonded is of the S-con?gura 
tion, the stereochemistry at the carbon to Which R5 is bonded 
is of the R-con?guration, and the compound of Formula (I) is 
substantially one diastereomer. In certain embodiments of 
compounds of Formula (I), R1 is selected from methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, 
phenyl, cyclohexyl, and 3-pyridyl, R2 is methyl, R3 is hydro 
gen, R5 is ?uoro, each of R4, R6, and R7 is hydrogen, the 
stereochemistry at the carbon to which R1 and R3 are bonded 
is of the R-con?guration, the stereochemistry at the carbon to 
Which R5 is bonded is of the R-con?guration, and the com 
pound of Formula (I) is substantially one diastereomer. In 
certain embodiments of compounds of Formula (I), R1 is 
selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, 
isobutyl, sec-butyl, tert-butyl, phenyl, cyclohexyl, and 3-py 
ridyl, R2 is methyl, R3 is hydrogen, R5 is ?uoro, each of R4, 
R6, and R7 is hydrogen, the stereochemistry at the carbon to 
Which R2 and R3 are bonded is of the S-con?guration, the 
stereochemistry at the carbon to Which R5 is bonded is of the 
S-con?guration, and the compound of Formula (I) is substan 
tially one diastereomer. In certain embodiments of com 
pounds of Formula (I), R1 is selected from methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, 
phenyl, cyclohexyl, and 3-pyridyl, R2 is methyl, R3 is hydro 
gen, R5 is ?uoro, each of R4, R6, and R7 is hydrogen, the 
stereochemistry at the carbon to Which R2 and R3 are bonded 
is of the R-con?guration, the stereochemistry at the carbon to 
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Which R5 is bonded is of the S-con?guration, and the com 
pound of Formula (I) is substantially one diastereomer. In 
certain embodiments of compounds of Formula (I), R1 is 
selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, 
isobutyl, sec-butyl, tert-butyl, phenyl, cyclohexyl, and 3-py 
ridyl, R2 is n-propyl, R3 is hydrogen, R5 is ?uoro, each of R4, 
R6, and R7 is hydrogen, the stereochemistry at the carbon to 
Which R2 and R3 are bonded is of the S-con?guration, the 
stereochemistry at the carbon to Which R5 is bonded is of the 
R-con?guration, and the compound of Formula (I) is substan 
tially one diastereomer. In certain embodiments of com 
pounds of Formula (I), R1 is selected from methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, 
phenyl, cyclohexyl, and 3-pyridyl, R2 is n-propyl, R3 is 
hydrogen, R5 is ?uoro, each of R4, R6, and R7 is hydrogen, the 
stereochemistry at the carbon to Which R2 and R3 are bonded 
is of the R-con?guration, the stereochemistry at the carbon to 
Which R5 is bonded is of the R-con?guration, and the com 
pound of Formula (I) is substantially one diastereomer. In 
certain embodiments of compounds of Formula (I), R1 is 
selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, 
isobutyl, sec-butyl, tert-butyl, phenyl, cyclohexyl, and 3-py 
ridyl, R2 is n-propyl, R3 is hydrogen, R5 is ?uoro, each of R4, 
R6, and R7 is hydrogen, the stereochemistry at the carbon to 
Which R2 and R3 are bonded is of the S-con?guration, the 
stereochemistry at the carbon to Which R5 is bonded is of the 
S-con?guration, and the compound of Formula (I) is substan 
tially one diastereomer. In certain embodiments of com 
pounds of Formula (I), R1 is selected from methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, 
phenyl, cyclohexyl, and 3-pyridyl, R2 is n-propyl, R3 is 
hydrogen, R5 is ?uoro, each of R4, R6, and R7 is hydrogen, the 
stereochemistry at the carbon to Which R2 and R3 are bonded 
is of the R-con?guration, the stereochemistry at the carbon to 
Which R5 is bonded is of the S-con?guration, and the com 
pound of Formula (I) is substantially one diastereomer. In 
certain embodiments of compounds of Formula (I), R1 is 
selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, 
isobutyl, sec-butyl, tert-butyl, phenyl, cyclohexyl, and 3-py 
ridyl, R2 is isopropyl, R3 is hydrogen, R5 is ?uoro, each of R4, 
R6, and R7 is hydrogen, the stereochemistry at the carbon to 
Which R2 and R3 are bonded is of the S-con?guration, the 
stereochemistry at the carbon to Which R5 is bonded is of the 
R-con?guration, and the compound of Formula (I) is substan 
tially one diastereomer. In certain embodiments of com 
pounds of Formula (I), R1 is selected from methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, 
phenyl, cyclohexyl, and 3-pyridyl, R2 is isopropyl, R3 is 
hydrogen, R5 is ?uoro, each of R4, R6, and R7 is hydrogen, the 
stereochemistry at the carbon to Which R2 and R3 are bonded 
is of the R-con?guration, the stereochemistry at the carbon to 
Which R5 is bonded is of the R-con?guration, and the com 
pound of Formula (I) is substantially one diastereomer. In 
certain embodiments of compounds of Formula (I), R1 is 
selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, 
isobutyl, sec-butyl, tert-butyl, phenyl, cyclohexyl, and 3-py 
ridyl, R2 is isopropyl, R3 is hydrogen, R5 is ?uoro, each of R4, 
R6, and R7 is hydrogen, the stereochemistry at the carbon to 
Which R2 and R3 are bonded is of the S-con?guration, the 
stereochemistry at the carbon to Which R5 is bonded is of the 
S-con?guration, and the compound of Formula (I) is substan 
tially one diastereomer. In certain embodiments of com 
pounds of Formula (I), R1 is selected from methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, 
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phenyl, cyclohexyl, and 3-pyridyl, R2 is isopropyl, R3 is 
hydrogen, R5 is ?uoro, each ofR4, R6, and R7 is hydrogen, the 
stereochemistry at the carbon to Which R2 and R3 are bonded 
is of the R-con?guration, the stereochemistry at the carbon to 
Which R5 is bonded is of the S-con?guration, and the com 
pound of Formula (I) is substantially one diastereomer. In 
certain embodiments of compounds of Formula (I), R1 is 
isopropyl, R2 is isopropyl, R3 is hydrogen, R5 is ?uoro, each 
of R4, R6, and R7 is hydrogen, the stereochemistry at the 
carbon to Which R2 and R3 are bonded is of the S-con?gura 
tion, the stereochemistry at the carbon to Which R5 is bonded 
is of the R-con?guration, and the compound of Formula (I) is 
substantially one diastereomer. In certain embodiments of 
compounds of Formula (I), R1 is isopropyl, R2 is isopropyl, 
R is hydrogen, R5 is ?uoro, each of R4, R6, and R7 is hydro 
gen, the stereochemistry at the carbon to Which R2 and R3 are 
bonded is of the R-con?guration, the stereochemistry at the 
carbon to Which R5 is bonded is of the R-con?guration, and 
the compound of Formula (I) is substantially one diastere 
omer. In certain embodiments of compounds of Formula (I), 
R1 is isopropyl, R2 is isopropyl, R3 is hydrogen, R5 is ?uoro, 
each of R4, R6, and R7 is hydrogen, the stereochemistry at the 
carbon to Which R2 and R3 are bonded is of the S-con?gura 
tion, the stereochemistry at the carbon to Which R5 is bonded 
is of the S-con?guration, and the compound of Formula (I) is 
substantially one diastereomer. In certain embodiments of 
compounds of Formula (I), R1 is isopropyl, R2 is isopropyl, 
R is hydrogen, R5 is ?uoro, each of R4, R6, and R7 is hydro 
gen, the stereochemistry at the carbon to Which R2 and R3 are 
bonded is of the R-con?guration, the stereochemistry at the 
carbon to Which R5 is bonded is of the S-con?guration, and 
the compound of Formula (I) is substantially one diastere 
omer. 

[0161] In certain embodiments of compounds of Formula 
(I), R1 is selected from methyl, ethyl, n-propyl, isopropyl, 
n-butyl, isobutyl, sec-butyl, tert-butyl, phenyl, cyclohexyl, 
and 3-pyridyl, R2 is methyl, R3 is hydrogen, R5 is 4-chlo 
rophenyl, each of R4, R6, and R7 is hydrogen, the stereochem 
istry at the carbon to Which R2 and R3 are bonded is of the 
S-Scon?guration, the stereochemistry at the carbon to Which 
R is bonded is of the R-con?guration, and the compound of 
Formula (I) is substantially one diastereomer. In certain 
embodiments of compounds of Formula (I), R1 is selected 
from methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, 
sec-butyl, tert-butyl, phenyl, cyclohexyl, and 3-pyridyl, R2 is 
methyl, R3 is hydrogen, R5 is 4-chlorophenyl, each of R4, R6, 
and R7 is hydrogen, the stereochemistry at the carbon to 
Which R2 and R3 are bonded is of the R-con?guration, the 
stereochemistry at the carbon to Which R5 is bonded is of the 
R-con?guration, and the compound of Formula (I) is substan 
tially one diastereomer. In certain embodiments of com 
pounds of Formula (I), R1 is selected from methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, 
phenyl, cyclohexyl, and 3-pyridyl, R2 is methyl, R3 is hydro 
gen, R5 is 4-chlorophenyl, each of R4, R6, and R7 is hydrogen, 
the stereochemistry at the carbon to Which R2 and R3 are 
bonded is of the S-con?guration, the stereochemistry at the 
carbon to Which R5 is bonded is of the S-con?guration, and 
the compound of Formula (I) is substantially one diastere 
omer. In certain embodiments of compounds of Formula (I), 
R1 is selected from methyl, ethyl, n-propyl, isopropyl, n-bu 
tyl, isobutyl, sec-butyl, tert-butyl, phenyl, cyclohexyl, and 
3-pyridyl, R2 is methyl, R3 is hydrogen, R5 is 4-chlorophenyl, 
each of R4, R6, and R7 is hydrogen, the stereochemistry at the 
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carbon to Which R2 and R3 are bonded is of the R-con?gura 
tion, the stereochemistry at the carbon to Which R5 is bonded 
is of the S-con?guration, and the compound of Formula (I) is 
substantially one diastereomer. In certain embodiments of 
compounds of Formula (I), R1 is selected from methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, 
phenyl, cyclohexyl, and 3-pyridyl, R2 is n-propyl, R3 is 
hydrogen, R5 is 4-chlorophenyl, each of R4, R6, and R7 is 
hydrogen, the stereochemistry at the carbon to Which R2 and 
R3 are bonded is of the S-con?guration, the stereochemistry at 
the carbon to Which R5 is bonded is of the R-con?guration, 
and the compound of Formula (I) is substantially one diaste 
reomer. In certain embodiments of compounds of Formula 
(I), R1 is selected from methyl, ethyl, n-propyl, isopropyl, 
n-butyl, isobutyl, sec-butyl, tert-butyl, phenyl, cyclohexyl, 
and 3-pyridyl, R2 is n-propyl, R3 is hydrogen, R5 is 4-chlo 
rophenyl, each of R4, R6, and R7 is hydrogen, the stereochem 
istry at the carbon to Which R2 and R3 are bonded is of the 
Rs-con?guration, the stereochemistry at the carbon to Which 
R is bonded is of the R-con?guration, and the compound of 
Formula (I) is substantially one diastereomer. In certain 
embodiments of compounds of Formula (I), R1 is selected 
from methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, 
sec-butyl, tert-butyl, phenyl, cyclohexyl, and 3-pyridyl, R2 is 
n-propyl, R3 is hydrogen, R5 is 4-chlorophenyl, each of R4, 
R6, and R7 is hydrogen, the stereochemistry at the carbon to 
Which R2 and R3 are bonded is of the S-con?guration, the 
stereochemistry at the carbon to Which R5 is bonded is of the 
S-con?guration, and the compound of Formula (I) is substan 
tially one diastereomer. In certain embodiments of com 
pounds of Formula (I), R1 is selected from methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, 
phenyl, cyclohexyl, and 3-pyridyl, R2 is n-propyl, R3 is 
hydrogen, R5 is 4-chlorophenyl, each of R4, R6, and R7 is 
hydrogen, the stereochemistry at the carbon to Which R2 and 
R3 are bonded is of the R-con?guration, the stereochemistry 
at the carbon to Which R5 is bonded is of the S-con?guration, 
and the compound of Formula (I) is substantially one diaste 
reomer. In certain embodiments of compounds of Formula 
(I), R1 is selected from methyl, ethyl, n-propyl, isopropyl, 
n-butyl, isobutyl, sec-butyl, tert-butyl, phenyl, cyclohexyl, 
and 3-pyridyl, R2 is isopropyl, R3 is hydrogen, R5 is 4-chlo 
rophenyl, each of R4, R6, and R7 is hydrogen, the stereochem 
istry at the carbon to Which R2 and R3 are bonded is of the 
S-Scon?guration, the stereochemistry at the carbon to Which 
R is bonded is of the R-con?guration, and the compound of 
Formula (I) is substantially one diastereomer. In certain 
embodiments of compounds of Formula (I), R1 is selected 
from methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, 
sec-butyl, tert-butyl, phenyl, cyclohexyl, and 3-pyridyl, R2 is 
isopropyl, R3 is hydrogen, R5 is 4-chlorophenyl, each of R4, 
R6, and R7 is hydrogen, the stereochemistry at the carbon to 
Which R2 and R3 are bonded is of the R-con?guration, the 
stereochemistry at the carbon to Which R5 is bonded is of the 
R-con?guration, and the compound of Formula (I) is substan 
tially one diastereomer. In certain embodiments of com 
pounds of Formula (I), R1 is selected from methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, 
phenyl, cyclohexyl, and 3-pyridyl, R2 is isopropyl, R3 is 
hydrogen, R5 is 4-chlorophenyl, each of R4, R6, and R7 is 
hydrogen, the stereochemistry at the carbon to Which R2 and 
R3 are bonded is of the S-con?guration, the stereochemistry at 
the carbon to Which R5 is bonded is of the S-con?guration, 
and the compound of Formula (I) is substantially one diaste 
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reomer. In certain embodiments of compounds of Formula 
(I), R1 is selected from methyl, ethyl, n-propyl, isopropyl, 
n-butyl, isobutyl, sec-butyl, tert-butyl, phenyl, cyclohexyl, 
and 3-pyridyl, R2 is isopropyl, R3 is hydrogen, R5 is 4-chlo 
rophenyl, each of R4, R6, and R7 is hydrogen, the stereochem 
istry at the carbon to Which R2 and R3 are bonded is of the 
Rs-con?guration, the stereochemistry at the carbon to Which 
R is bonded is of the S-con?guration, and the compound of 
Formula (I) is substantially one diastereomer. In certain 
embodiments of compounds of Formula (I), R1 is isopropyl, 
R is isopropyl, R3 is hydrogen, R5 is 4-chlorophenyl, each of 
R4, R6, and R7 is hydrogen, the stereochemistry at the carbon 
to Which R2 and R3 are bonded is of the S-con?guration, the 
stereochemistry at the carbon to Which R5 is bonded is of the 
R-con?guration, and the compound of Formula (I) is substan 
tially one diastereomer. In certain embodiments of com 
pounds of Formula (I), R1 is isopropyl, R2 is isopropyl, R3 is 
hydrogen, R5 is 4-chlorophenyl, each of R4, R6, and R7 is 
hydrogen, the stereochemistry at the carbon to Which R2 and 
R3 are bonded is of the R-con?guration, the stereochemistry 
at the carbon to Which R5 is bonded is of the R-con?guration, 
and the compound of Formula (I) is substantially one diaste 
reomer. In certain embodiments of compounds of Formula 
(I), R1 is isopropyl, R2 is isopropyl, R3 is hydrogen, R5 is 
4-chlorophenyl, each of R4, R6, and R7 is hydrogen, the ste 
reochemistry at the carbon to Which R2 and R3 are bonded is 
of the S-con?guration, the stereochemistry at the carbon to 
Which R5 is bonded is of the S-con?guration, and the com 
pound of Formula (I) is substantially one diastereomer. In 
certain embodiments of compounds of Formula (I), R1 is 
isopropyl, R2 is isopropyl, R3 is hydrogen, R5 is 4-chlorophe 
nyl, each of R4, R6, and R7 is hydrogen, the stereochemistry at 
the carbon to Which R2 and R3 are bonded is of the R-con 
?guration, the stereochemistry at the carbon to Which R5 is 
bonded is of the S-con?guration, and the compound of For 
mula (I) is substantially one diastereomer. 
[0162] In certain embodiments of compounds of Formula 
(I), R1 is selected from methyl, ethyl, n-propyl, isopropyl, 
n-butyl, isobutyl, sec-butyl, tert-butyl, phenyl, cyclohexyl, 
and 3-pyridyl, R2 is selected from hydrogen, methyl, n-pro 
pyl, and isopropyl, R3 is hydrogen, R5 is selected from hydro 
gen, hydroxy, ?uoro, oxo, and 4-chlorophenyl, and each of 
R4, R6, and R7 are hydrogen. 
[0163] In certain embodiments of compounds of Formula 
(I), R1 is isopropyl, R2 is isopropyl, R3 is hydrogen, R5 is 
selected from hydrogen, hydroxy, ?uoro, oxo, and 4-chlo 
rophenyl, and each of R4, R6, and R7 are hydrogen. 

Synthesis 

[0164] The compounds disclosed herein may be obtained 
via the synthetic method illustrated in Scheme 1. Those of 
ordinary skill in the art Will appreciate that a synthetic route to 
the disclosed compounds consists of attaching promoieties to 
3-aminopropylsul?nic acid analogs. Numerous methods 
have been described in the art for the synthesis of 3-amino 
propylsul?nic acid analogs (e.g., Carruthers et al., Bioorg. 
Med. Chem. Le”. 1995, 5, 237-240; Shue et al., Bioorg. Med. 
Chem. Len. 1996, 6, 1709-1714; Carruthers et al., Bioorg. 
Med. Chem. Le”. 1998, 8, 3059-3064; and Fitzpatrick et al., 
International Publication No. WO 02/ 100823, each of Which 
is incorporated herein by reference in its entirety). General 
synthetic methods useful in the synthesis of the compounds 
described herein are also available in the art (e.g., Green et al., 
“Protective Groups in Organic Chemistry,” Wiley, 2”d ed. 
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1991; Harrison et al., “Compendium of Synthetic Organic 
Methods,” Vols. 1-8 (John Wiley and Sons, 1971-1996; 
Larock “Comprehensive Organic Transformations,” VCH 
Publishers, 1989; and Paquette, “Encyclopedia of Reagents 
for Organic Synthesis,” John Wiley & Sons, 1995). 
[0165] Accordingly, starting materials useful for preparing 
compounds and intermediates thereof, and/or practicing 
methods described herein are commercially available or can 
be prepared by Well-knoWn synthetic methods. Other meth 
ods for synthesis of the prodrugs described herein are either 
described in the art or Will be readily apparent to the skilled 
artisan in vieW of the references provided herein and may be 
used to synthesiZe the compounds described herein. Accord 
ingly, the methods presented in the Schemes of the present 
disclosure are illustrative rather than comprehensive. 

[0166] A method for synthesizing compounds of Formula 
(I), illustrated in Scheme 1, employs the reaction of a 3-ami 
nopropylsul?nic acid analog of Formula (II) With a 1-(acy 
loXy)-alkyl N-hydroxysuccinimidyl carbonate compound of 
Formula (III), optionally in the presence of a base, as 
described in the co-pending application Gallop et al., Inter 
national Publication No. WO 2005/010011, Which is incor 
porated herein by reference in its entirety. 

Schemel 
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[0167] Wherein: 
[0168] R9 and R10 are independently selected from hydro 
gen, acylamino, acyloxy, alkoxycarbonylamino, alkoxycar 
bonyloxy, alkyl, substituted alkyl, alkoxy, substituted alkoxy, 
aryl, substituted aryl, arylalkyl, carbamoyloxy, dialkylamino, 
heteroaryl, hydroxy, and sulfonamido, or, R9 and R10 together 
With the atoms to Which they are bonded form a substituted 
cycloalkyl, substituted cycloheteroalkyl, or substituted aryl 
ring; and 
[0169] R1, R2, R3, R4, R5, R6, and R7 are as de?ned herein. 
[0170] In certain embodiments of the method of Scheme 1 
for synthesiZing a compound of Formula (I), R2 and R3 in the 
compound of Formula (III) are different, such that the carbon 
atom to Which these substituents are bonded is a stereogenic 
center. 
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[0171] In certain embodiments of the method of Scheme l 
for) synthesizing a compound of Formula (I), each of R9 and 
R in the compound of Formula (III) is benzoyloxy, the ste 
reochemistry at the carbon to Which R9 is bonded is of the 
R-con?guration, and the stereochemistry at the carbon to 
which R10 is bonded is of the R-con?guration. In certain 
embodiments of the method of Scheme 1 for synthesizing a 
compound of Formula (I), each of R9 and R10 in the com 
pound of Formula (III) is benzoyloxy, the stereochemistry at 
the carbon to Which R9 is bonded is of the S-con?guration, 
and the stereochemistry at the carbon to which R10 is bonded 
is of the S-con?guration. 
[0172] In certain embodiments of the method of Scheme 1 
for synthesizing a compound of Formula (I), R2 and R3 in the 
compound of Formula (I) are different and the compound of 
Formula (I) is substantially one diastereomer. In certain 
embodiments of the method of Scheme 1 for synthesizing a 
compound of Formula (I), R1 is isopropyl, R2 is isopropyl, R3 
is hydrogen, the stereochemistry at the carbon to Which R2 
and R3 are bonded is of the S-con?guration and the compound 
of Formula (I) is substantially one diastereomer. In certain 
embodiments of the method of Scheme 1 for synthesizing a 
compound of Formula (I), R1 is isopropyl, R2 is isopropyl, R3 
is hydrogen, the stereochemistry at the carbon to Which R2 
and R3 are bonded is of the R-con?guration, and the com 
pound of Formula (I) is substantially one diastereomer. 
[0173] In certain embodiments of the method of Scheme 1 
for synthesizing a compound of Formula (I), R1 is C1_6 alkyl, 
R2 is hydrogen or Cl_4 alkyl, R3 is hydrogen, R5 is selected 
from hydroxy, ?uoro, and 4-chlorophenyl, each of R4, R6, and 
R7 is hydrogen, each of R9 and R10 is benzoyloxy, and the 
stereochemistry at the carbon to which R1 is bonded is of the 
R-con?guration. In certain embodiments of the method of 
Scheme 1 for synthesizing a compound of Formula (I), R1 is 
C1_4 alkyl, R2 is hydrogen or C1_4 alkyl, R3 is hydrogen, R5 is 
selected from hydroxy, ?uoro, and 4-chlorophenyl, each of 
R4, R6, and R7 is hydrogen, each of R9 and R10 is benzoyloxy, 
and the stereochemistry at the carbon to Which R5 is bonded is 
of the S-con?guration. In certain embodiments of the method 
of Scheme 1 for synthesizing a compound of Formula (I), R1 
is C1_6 alkyl, R2 is methyl, R3 is hydrogen, R5 is selected from 
hydroxy, ?uoro, and 4-chlorophenyl, each of R4, R6, and R7 is 
hydrogen, each of R9 and R10 is benzoyloxy, and the stere 
ochemistry at the carbon to Which R5 is bonded is of the 
R-con?guration. In certain embodiments of the method of 
Scheme 1 for synthesizing a compound of Formula (I), R1 is 
C1_6 alkyl, 2 is methyl, R3 is hydrogen, R5 is selected from 
hydroxy, ?uoro, and 4-chlorophenyl, each of R4, R6, and R7 is 
hydrogen, each of R9 and R10 is benzoyloxy, and the stere 
ochemistry at the carbon to Which R5 is bonded is of the 
S-con?guration. In certain embodiments of the method of 
Scheme 1 for synthesizing a compound of Formula (I), R1 is 
Cl_6 alkyl, R2 is propyl, R3 is hydrogen, R5 is selected from 
hydroxy, ?uoro, and 4-chlorophenyl, each of R4, R6, and R7 is 
hydrogen, each of R9 and R10 is benzoyloxy, and the stere 
ochemistry at the carbon to Which R5 is bonded is of the 
R-con?guration. In certain embodiments of the method of 
Scheme 1 for synthesizing a compound of Formula (I), R1 is 
C1_6 alkyl, R2 is propyl, R3 is hydrogen, R5 is selected from 
hydroxy, ?uoro, and 4-chlorophenyl, each of R4, R6, and R7 is 
hydrogen, each of R9 and R10 is benzoyloxy, and the stere 
ochemistry at the carbon to Which R5 is bonded is of the 
S-con?guration. In certain embodiments of the method of 
Scheme 1 for synthesizing a compound of Formula (I), R1 is 
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C1_6 alkyl, R2 is isopropyl, R3 is hydrogen, R5 is selected from 
hydroxy, ?uoro, and 4-chlorophenyl, each of R4, R6, and R7 is 
hydrogen, each of R9 and R10 is benzoyloxy, and the stere 
ochemistry at the carbon to Which R5 is bonded is of the 
R-con?guration. In certain embodiments of the method of 
Scheme 1 for synthesizing a compound of Formula (I), R1 is 
C1_6 alkyl, R2 is isopropyl, R3 is hydrogen, R5 is selected from 
hydroxy, ?uoro, and 4-chlorophenyl, each of R4, R6, and R7 is 
hydrogen, each of R9 and R10 is benzoyloxy, and the stere 
ochemistry at the carbon to Which R5 is bonded is of the 
S-con?guration. 
[0174] In certain embodiments of the method of Scheme 1 
for synthesizing a compound of Formula (I), R1 is C l_6 alkyl, 
R2 is methyl, R3 is hydrogen, R5 is selected from hydroxy, 
?uoro, and 4-chlorophenyl, each of R4, R6, and R7 is hydro 
gen, each of R9 and R10 is benzoyloxy, the stereochemistry at 
the carbon to Which R2 and R3 are bonded is of the S-con?gu 
ration, the stereochemistry at the carbon to Which R5 is 
bonded is of the R-con?guration, the stereochemistry at the 
carbon to Which R9 is bonded is of the R-con?guration, and 
the stereochemistry at the carbon to which R10 is bonded is of 
the R-con?guration. In certain embodiments of the method of 
Scheme 1 for synthesizing a compound of Formula (I), R1 is 
C1_6 alkyl, R2 is methyl, R3 is hydrogen, R5 is selected from 
hydroxy, ?uoro, and 4-chlorophenyl, each of R4, R6, and R7 is 
hydrogen, each of R9 and R10 is benzoyloxy, the stereochem 
istry at the carbon to Which R2 and R3 are bonded is of the 
S-Scon?guration, the stereochemistry at the carbon to Which 
R is bonded is of the S-con?guration, the stereochemistry at 
the carbon to Which R9 is bonded is of the R-con?guration, 
and the stereochemistry at the carbon to which R10 is bonded 
is of the R-con?guration. In certain embodiments of the 
method of Scheme 1 for synthesizing a compound of Formula 
(I), R1 is C1_6 alkyl, R2 is methyl, R3 is hydrogen, R5 is 
selected from hydroxy, ?uoro, and 4-chlorophenyl, each of 
R4, R6, and R7 is hydrogen, each of R9 and R10 is benzoyloxy, 
the stereochemistry at the carbon to Which R2 and R3 are 
bonded is of the R-con?guration, the stereochemistry at the 
carbon to Which R5 is bonded is of the R-con?guration, the 
stereochemistry at the carbon to Which R9 is bonded is of the 
S-con?guration and the stereochemistry at the carbon to 
which R10 is bonded is of the S-con?guration. In certain 
embodiments of the method of Scheme 1 for synthesizing a 
compound of Formula (I), R1 is Cl_6 alkyl, R2 is methyl, R3 is 
hydrogen, R5 is selected from hydroxy, ?uoro, and 4-chlo 
rophenyl, each of R4, R6, and R7 is hydrogen, each of R9 and 
R10 is benzoyloxy, the stereochemistry at the carbon to Which 
R2 and R3 are bonded is of the R-con?guration, the stere 
ochemistry at the carbon to Which R5 is bonded is of the 
Sgcon?guration, the stereochemistry at the carbon to Which 
R is bonded is of the S-con?guration and the stereochemistry 
at the carbon to which R10 is bonded is of the S-con?guration. 
In certain embodiments of the method of Scheme 1 for syn 
thesizing a compound of Formula (I), R1 is C1_6 alkyl, R2 is 
propyl, R3 is hydrogen, R5 is selected from hydroxy, ?uoro, 
and 4-chlorophenyl, each of R4, R6, and R7 is hydrogen, each 
of R9 and R1 O is benzoyloxy, the stereochemistry at the carbon 
to Which R2 and R3 are bonded is of the S-con?guration, the 
stereochemistry at the carbon to Which R5 is bonded is of the 
Rgcon?guration, the stereochemistry at the carbon to Which 
R is bonded is of the R-con?guration, and the stereochemis 
try at the carbon to which R15 is bonded is of the R-con?gu 
ration. In certain embodiments of the method of Scheme 1 for 
synthesizing a compound of Formula (I), R1 is C1_6 alkyl, R2 
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is propyl, R3 is hydrogen, R5 is selected from hydroxy, ?uoro, 
and 4-chlorophenyl, each of R4, R6, and R7 is hydrogen, each 
of R9 and R10 is benZoyloxy, the stereochemistry at the carbon 
to Which R2 and R3 are bonded is of the S-con?guration, the 
stereochemistry at the carbon to Which R5 is bonded is of the 
S-con?guration, the stereochemistry at the carbon to Which 
R is bonded is of the R-con?guration, and the stereochemis 
try at the carbon to which R10 is bonded is of the R-con?gu 
ration. In certain embodiments of the method of Scheme 1 for 
synthesizing a compound of Formula (I), R1 is C l_6 alkyl, R2 
is propyl, R3 is hydrogen, R5 is selected from hydroxy, ?uoro, 
and 4-chlorophenyl, each of R4, R6, and R7 is hydrogen, each 
of R9 and R10 is benZoyloxy, the stereochemistry at the carbon 
to Which R2 and R3 are bonded is of the R-con?guration, the 
stereochemistry at the carbon to Which R5 is bonded is of the 
Rgcon?guration, the stereochemistry at the carbon to Which 
R is bonded is of the S-con?guration and the stereochemistry 
at the carbon to which R10 is bonded is of the S-con?guration. 
In certain embodiments of the method of Scheme 1 for syn 
thesiZing a compound of Formula (I), R1 is Cl_6 alkyl, R2 is 
propyl, R3 is hydrogen, R5 is selected from hydroxy, ?uoro, 
and 4-chlorophenyl, each of R4, R6, and R7 is y hydrogen, 
each of R9 and R10 is benZoyloxy, the stereochemistry at the 
carbon to Which R2 and R3 are bonded is of the R-con?gura 
tion, the stereochemistry at the carbon to Which R5 is bonded 
is of the S-con?guration, the stereochemistry at the carbon to 
Which R9 is bonded is of the S-con?guration and the stere 
ochemistry at the carbon to which R10 is bonded is of the 
S-con?guration. In certain embodiments of the method of 
Scheme 1 for synthesiZing a compound of Formula (I), R1 is 
C1_6 alkyl, R2 is isopropyl, R3 is hydrogen, R5 is selected from 
hydroxy, ?uoro, and 4-chlorophenyl, each of R4, R6, and R7 is 
hydrogen, each of R9 and R10 is benZoyloxy, the stereochem 
istry at the carbon to Which R2 and R3 are bonded is of the 
S-Scon?guration, the stereochemistry at the carbon to Which 
R is bonded is of the R-con?guration, the stereochemistry at 
the carbon to Which R9 is bonded is of the R-con?guration, 
and the stereochemistry at the carbon to which R10 is bonded 
is of the R-con?guration. In certain embodiments of the 
method of Scheme 1 for synthesizing a compound of Formula 
(I), R1 is C1_6 alkyl, R2 is isopropyl, R3 is hydrogen, R5 is 
selected from hydroxy, ?uoro, and 4-chlorophenyl, each of 
R4, R6, and R7 is hydrogen, each of R9 and R10 is benZoyloxy, 
the stereochemistry at the carbon to Which R2 and R3 are 
bonded is of the S-con?guration, the stereochemistry at the 
carbon to Which R5 is bonded is of the S-con?guration, the 
stereochemistry at the carbon to Which R9 is bonded is of the 
R-con?guration, and the stereochemistry at the carbon to 
which R10 is bonded is of the R-con?guration. In certain 
embodiments of the method of Scheme 1 for synthesiZing a 
compound of Formula (I), R1 is Cl_6 alkyl, R2 is isopropyl, R3 
is hydrogen, R5 is selected from hydroxy, ?uoro, and 4-chlo 
rophenyl, each of R4, R6, and R7 is hydrogen, each of R9 and 
R10 is benZoyloxy, the stereochemistry at the carbon to Which 
R2 and R3 are attached is of the R-con?guration, the stere 
ochemistry at the carbon to Which R5 is bonded is of the 
Rgcon?guration, the stereochemistry at the carbon to Which 
R is bonded is of the S-con?guration and the stereochemistry 
at the carbon to which R10 is bonded is of the S-con?guration. 
In certain embodiments of the method of Scheme 1 for syn 
thesiZing a compound of Formula (I), R1 is C1_6 alkyl, R2 is 
isopropyl, R3 is hydrogen, R5 is selected from hydroxy, 
?uoro, and 4-chlorophenyl, each of R4, R6, and R7 is hydro 
gen, each of R9 and R10 is benZoyloxy, the stereochemistry at 
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the carbon to Which R2 and R3 are bonded is of the R-con 
?guration, the stereochemistry at the carbon to Which R5 is 
bonded is of the S-con?guration, the stereochemistry at the 
carbon to Which R9 is bonded is of the S-con?guration and the 
stereochemistry at the carbon to which R10 is bonded is of the 
S-con?guration. 
[0175] In certain embodiments, the method of Scheme 1 
can be carried out in a solvent. Useful solvent include, but are 
not limited to, acetone, acetonitrile, dichloromethane, dichlo 
roethane, chloroform, toluene, tetrahydrofuran, dioxane, 
dimethylforrnamide, dimethylacetamide, N-methylpyrrolidi 
none, dimethyl sulfoxide, pyridine, ethyl acetate, methyl tert 
butyl ether, methanol, ethanol, isopropanol, tert-butanol, 
Water, or combinations thereof. In certain embodiments, the 
solvent is acetone, acetonitrile, dichloromethane, toluene, 
tetrahydrofuran, pyridine, methyl tert-butyl ether, methanol, 
ethanol, isopropanol, Water, or combinations thereof. In cer 
tain embodiments, the solvent is a mixture of acetonitrile and 
Water. In certain embodiments, the solvent is a mixture of 
acetonitrile and Water, With a volume ratio of acetonitrile to 
Water from about 1:5 to about 5:1. In certain embodiments, 
the solvent is a mixture of tetrahydrofuran and Water, With a 
volume ratio of tetrahydrofuran to Water from about 20:1 to 
about 2: 1 . In certain embodiments, the solvent is a mixture of 
methyl tert-butyl ether and Water. In certain embodiments, the 
solvent is a mixture of methyl tert-butyl ether and Water, With 
a volume ratio of methyl tert-butyl ether to Water from about 
20:1 to about 2:1. In certain embodiments, the solvent is a 
mixture of methyl tert-butyl ether and Water, Wherein the 
methyl tert-butyl ether contains from about 10% to about 50% 
acetone by volume. In certain embodiments, the solvent is 
dichloromethane, Water, or a combination thereof. In certain 
embodiments, the solvent is a biphasic mixture of dichlo 
romethane and Water. In certain embodiments, the solvent is 
a biphasic mixture of dichloromethane and Water containing 
from about 0.001 equivalents to about 0.1 equivalents of a 
phase transfer catalyst. In certain embodiments, the phase 
transfer catalyst is a tetraalkylammonium salt, and in certain 
embodiments, the phase transfer catalyst is a tetrabutylam 
monium salt. 
[0176] The method of Scheme 1 can be carried out a tem 
perature from about —20° C. to about 40° C. In certain 
embodiments, the temperature can be from about —20° C. to 
about 25° C. In certain embodiments, the temperature can be 
from about 00 C. to about 25° C. In certain embodiments, the 
temperature can be from about 25° C. to about 40° C. 
[0177] In certain embodiments of the method of Scheme 1, 
the reaction can be performed in the absence of a base. 

[0178] In certain embodiments of the method of Scheme 1, 
the reaction can be performed in the presence of an inorganic 
base. In certain embodiments, the reaction can be performed 
in the presence of an alkali metal bicarbonate or alkali metal 
carbonate salt. In certain embodiments, the reaction can be 
performed in the presence of sodium bicarbonate 
[0179] In certain embodiments of the method of Scheme 1, 
the reaction can be performed in the presence of an organic 
base. In certain embodiments, the reaction can be performed 
in the presence of an organic base such as triethylamine, 
tributylamine, diisopropylethylamine, dimethylisopropy 
lamine, N-methylmorpholine, N-methylpyrrolidine, N-me 
thylpiperidine, pyridine, 2-methylpyridine, 2,6-dimethylpy 
ridine, 4-dimethylaminopyridine, 1,4-diaZabicyclo[2.2.2] 
octane, 1,8-diaZabicyclo [5 .4 .0]undec -7-ene, 1,5 - 
diaZabicyclo[4.3.0]undec-7-ene, or a combination of any of 
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the foregoing, and in certain embodiments, the reaction can 
be performed in the presence of an organic base such as 
triethylamine, diisopropylethylamine, N-methylmorpholine, 
pyridine, or a combination of any of the foregoing. 

Pharmaceutical Compositions 

[0180] Pharmaceutical compositions comprising a thera 
peutically effective amount of one or more prodrugs of 3-ami 
nopropylsul?nic acid or analog of Formula (I), such as in 
puri?ed form, together With a suitable amount of a pharma 
ceutically acceptable vehicle, so as to provide a form for 
proper administration to a patient are provided herein. Suit 
able pharmaceutical vehicles include excipients such as 
starch, glucose, lactose, sucrose, gelatin, malt, rice, ?our, 
chalk, silica gel, sodium stearate, glycerol monostearate, talc, 
sodium chloride, dried skim milk, glycerol, propylene, gly 
col, Water, ethanol, and the like. The present compositions, if 
desired, can also contain minor amounts of Wetting or emul 
sifying agents, or pH buffering agents. In addition, auxiliary, 
stabiliZing, thickening, lubricating, and coloring agents may 
be used. 
[0181] Pharmaceutical compositions may be manufactured 
by means of conventional mixing, dissolving, granulating, 
dragee-making, levigating, emulsifying, encapsulating, 
entrapping, or lyophiliZing processes. Pharmaceutical com 
positions may be formulated in conventional manner using 
one or more physiologically acceptable carriers, diluents, 
excipients, or auxiliaries, Which facilitate processing of com 
pounds disclosed herein into preparations, Which can be used 
pharmaceutically. Proper formulation can depend upon the 
route of administration chosen. 
[0182] The present pharmaceutical compositions can take 
the form of solutions, suspensions, emulsions, tablets, pills, 
pellets, capsules, capsules containing liquids, poWders, sus 
tained-release formulations, suppositories, emulsions, aero 
sols, sprays, suspensions, or any other form suitable for use. 
In some embodiments, the pharmaceutically acceptable 
vehicle is a capsule (see e.g., GrossWald et al., US. Pat. No. 
5,698,155). Other examples of suitable pharmaceutical 
vehicles have been described in the art (see “Remington’s 
Pharmaceutical Sciences,” Lippincott Williams & Wilkins, 
21st Edition, 2005). In some embodiments, compositions are 
formulated for oral delivery, particularly for sustained release 
oral administration. 
[0183] Pharmaceutical compositions for oral delivery may 
be in the form of tablets, loZenges, aqueous or oily suspen 
sions, granules, poWders, emulsions, capsules, syrups, or 
elixirs, for example. Orally administered compositions may 
contain one or more optional agents, for example, sWeetening 
agents such as fructose, aspartame or saccharin, ?avoring 
agents such as peppermint, oil of Wintergreen, or cherry col 
oring agents, and preserving agents, to provide a pharmaceu 
tically palatable preparation. Moreover, When in tablet or pill 
form, a composition may be coated to delay disintegration 
and absorption in the gastrointestinal tract, thereby providing 
a sustained action over an extended period of time. Oral 
compositions can include standard vehicles such as mannitol, 
lactose, starch, magnesium stearate, sodium saccharine, cel 
lulose, magnesium carbonate, etc. Such vehicles are gener 
ally of pharmaceutical grade. 
[0184] For oral liquid preparations such as, for example, 
suspensions, elixirs and solutions, suitable carriers, excipi 
ents, or diluents include Water, saline, alkyleneglycols (e.g., 
propylene glycol), polyalkylene glycols (e.g., polyethylene 
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glycol) oils, alcohols, slightly acidic buffers betWeen pH 4 
and pH 6 (e.g., acetate, citrate, ascorbate at betWeen about 5 
mM to about 50 mM), etc. Additionally, ?avoring agents, 
preservatives, coloring agents, bile salts, acylcarnitines, and 
the like may be added. 
[0185] When a compound of Formula (I) is acidic, it may be 
included in any of the above-described formulations as the 
free acid, a pharmaceutically acceptable salt, a solvate, or a 
hydrate. Pharmaceutically acceptable salts substantially 
retain the activity of the free acid, may be prepared by reac 
tion With bases, and tend to be more soluble in aqueous and 
other protic solvents than the corresponding free acid form. In 
certain embodiments, sodium salts of a compound of Formula 
(I) are used in the above described formulations. 

Sustained Release Oral Dosage Forms 

[0186] Prodrugs of 3-aminopropylsul?nic acid or analogs 
thereof of Formula (I) can be used With a number of different 
dosage forms, Which may be adapted to provide sustained 
release of a compound of Formula (I) upon oral administra 
tion. 
[0187] In some embodiments, a dosage form can comprise 
beads that on dissolution or diffusion release a compound of 
the present disclosure over an extended period of hours, in 
certain embodiments, over a period of at least about 6 hours, 
such as, in certain embodiments over a period of at least about 
8 hours, and in certain embodiments, over a period of at least 
about 12 hours. The beads may have a central composition or 
core comprising a compound of the present disclosure and 
pharmaceutically acceptable vehicles, including an optional 
lubricant, antioxidant and buffer. The beads may be medical 
preparations With a diameter of about 0.05 mm to about 2 mm. 
Individual beads may comprise doses of a compound of the 
present disclosure, for example, doses of up to about 40 mg of 
compound. The beads, in some embodiments, can be formed 
of non-cross-linked materials to enhance their discharge from 
the gastrointestinal tract. The beads may be coated With a 
release rate-controlling polymer that gives a timed release 
pro?le. 
[0188] The time-release beads may be manufactured into a 
tablet for therapeutically effective administration. The beads 
can be made into matrix tablets by the direct compression of 
a plurality of beads coated With, for example, an acrylic resin 
and blended With excipients such as hydroxypropylmethyl 
cellulose. The manufacture of beads has been disclosed in the 
art (Lu, Int. J. Pharm. 1994, 112, 117-124; r‘Remington ’s 
Pharmaceutical Sciences”, Lippincott Williams & Wikins, 
21st Edition, 2005; Fincher, J. Pharm. Sci. 1968, 57, 1825 
1835; and US. Pat. No. 4,083,949), as has the manufacture of 
tablets (“Remington ’s Pharmaceutical Sciences ”, Lippincott 
Williams & Wilkins, 21st Edition, 2005). 
[0189] One type of sustained release oral dosage formula 
tion that may be used With compounds of the present disclo 
sure can comprise an inert core, such as a sugar sphere, coated 
With an inner drug-containing layer and an outer membrane 
layer controlling drug release from the inner layer. A “seal 
coat” may be provided betWeen the inert core and the layer 
containing the active ingredient. When the core is comprised 
of a Water-soluble or Water-sWellable inert material, the seal 
coat can be in the form of a relatively thick layer of a Water 
insoluble polymer. Such a controlled release beads may thus 
comprise: (i) a core unit of a substantially Water-soluble or 
Water-sWellable inert material; (ii) a ?rst layer on the core unit 
of a substantially Water-insoluble polymer; (iii) a second 
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layer covering the ?rst layer and containing an active ingre 
dient; and (iv) a third layer on the second layer of polymer 
effective for controlled release of the active ingredient, 
Wherein the ?rst layer is adapted to control Water penetration 
into the core. 

[0190] In certain embodiments, the ?rst layer (ii) above 
usually constitutes more than about 2% (W/W) of the ?nal 
bead composition, such as more than about 3% (W/W), e.g., 
from about 3% to about 80% (W/W). The amount of the second 
layer (ii) above usually constitutes from about 0.05% to about 
60% (W/W), such as from about 0.1% to about 30% (W/W) of 
the ?nal bead composition. The amount of the third layer (iv) 
above usually constitutes from about 1% to about 50% (W/W), 
such as from about 2% to about 25% (W/W) of the ?nal bead 
composition. The core unit typically can have a siZe ranging 
from about 0.05 to about 2 mm. The controlled release beads 
may be provided in a multiple unit formulation, such as a 
capsule or a tablet. 

[0191] The cores can comprise a Water-soluble or sWellable 
material and may be any such material that is conventionally 
used as cores or any other pharmaceutically acceptable Water 
soluble or Water-sWellable material made into beads or pel 
lets. The cores may be spheres of materials such as sucrose/ 
starch (Sugar Spheres NF), sucrose crystals, or extruded and 
dried spheres typically comprised of excipients such as 
microcrystalline cellulose and lactose. The substantially 
Water-insoluble material in the ?rst, or sealcoat layer is gen 
erally a “GI insoluble” or “GI partially insoluble” ?lm form 
ing polymer (dispersed or dissolved in a solvent). Examples 
include, but are not limited to, ethyl cellulose, cellulose 
acetate, cellulose acetate butyrate, polymethacrylates such as 
ethyl acrylate/methyl methacrylate copolymer (Eudragit® 
NE-30-D, Eudragit® S, and Eudragit® L) and ammonio 
methacrylate copolymer types A and B (Eudragit® RL30D, 
RS30D, Eudragit® RL, and Eudragit® RS), and silicone 
elastomers. Usually, a plasticiZer is used together With the 
polymer. Examples of plasticiZers include, but are not limited 
to, dibutylsebacate, propylene glycol, triethylcitrate, tributyl 
citrate, castor oil, acetylated monoglycerides, acetyl triethyl 
citrate, acetyl butylcitrate, diethyl phthalate, dibutyl phtha 
late, triacetin, and fractionated coconut oil (medium-chain 
triglycerides). The second layer containing the active ingre 
dient can comprise the active ingredient With or Without a 
polymer as a binder. When used, the binder can be hydro 
philic and can be Water-soluble or Water-insoluble. Examples 
of polymers that may be used in the second layer containing 
the active drug are hydrophilic polymers such as, for 
example, polyvinylpyrrolidone (PVP), polyalkylene glycol 
such as polyethylene glycol, gelatine, polyvinyl alcohol, 
starch and derivatives thereof, cellulose derivatives such as 
hydroxypropylmethyl cellulose (HPMC), hydroxypropyl 
cellulose, carboxymethyl cellulose, methyl cellulose, ethyl 
cellulose, hydroxyethyl cellulose, carboxyethyl cellulose, 
and carboxymethylhydroxyethyl cellulose, acrylic acid poly 
mers, polymethacrylates, or any other pharmaceutically 
acceptable polymer. The ratio of drug to hydrophilic polymer 
in the second layer can be in the range of from about 1 : 100 to 
about 100:1 (W/W). Suitable polymers for use in the third 
layer, or membrane, for controlling the drug release may be 
selected from Water-insoluble polymers or polymers With 
pH-dependent solubility, such as, for example, ethyl cellu 
lose, hydroxypropylmethyl cellulose phthalate, cellulose 
acetate phthalate, cellulose acetate trimellitate, poly 
methacrylates, or mixtures thereof, optionally combined With 
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plasticiZers, such as those mentioned above. Optionally, the 
controlled release layer comprises, in addition to the poly 
mers above, other substance(s) With different solubility char 
acteristics, to adjust the permeability and thereby the release 
rate, of the controlled release layer. Examples of polymers 
that may be used as a modi?er together With, for example, 
ethyl cellulose include, but are not limited to, HPMC, 
hydroxyethyl cellulose, hydroxypropyl cellulose, methylcel 
lulose, carboxymethylcellulose, polyethylene glycol, polyvi 
nylpyrrolidone (PVP), polyvinyl alcohol, polymers With pH 
dependent solubility, such as cellulose acetate phthalate or 
ammonio methacrylate copolymer and methacrylic acid 
copolymer, and mixtures thereof. Additives such as sucrose, 
lactose, and pharmaceutical grade surfactants may also be 
included in the controlled release layer, if desired. 
[0192] The preparation of a multiple unit formulation can 
comprise the additional step of transforming the prepared 
beads into a pharmaceutical formulation, such as by ?lling a 
predetermined amount of the beads into a capsule, or com 
pressing the beads into tablets. Examples of multi-particulate 
sustained release oral dosage forms are described in, for 
example, US. Pat. Nos. 6,627,223 and 5,229,135. 
[0193] In certain embodiments, an oral sustained release 
pump may be used (see Langer, supra; Sefton, CRC Crit Ref 
Biomed. Eng. 1987, 14, 201; Saudek et al., N. Engl. JMed. 
1989, 321, 574). 
[0194] In certain embodiments, polymeric materials can be 
used (See “Medical Applications of Controlled Release,” 
Langer and Wise (eds.), CRC Press, Boca Raton, Fla. (1974); 
“Controlled Drug Bioavailability,” Drug Product Design and 
Performance, Smolen and Ball (eds.), Wiley, NeW York 
(1984); Langer et al., JMacromol. Sci. Rev. Macromol Chem. 
1983, 23, 61; see also Levy et al., Science 1985, 228, 190; 
During et al., Ann. Neurol. 1989, 25, 351; HoWard et al., J. 
Neurosurg. 1989, 71, 105). In some embodiments, polymeric 
materials can be used for sustained release oral delivery. 
Polymers for sustained release oral delivery include, but are 
not limited to, sodium carboxymethylcellulose, hydroxypro 
pylcellulose, hydroxypropylmethylcellulose, and hydroxy 
ethylcellulose (especially, hydroxypropylmethylcellulose). 
Other cellulose ethers have been described (Alderman, Int. J. 
Pharm. Tech. & Prod. M? 1984, 5(3), 1-9). Factors affecting 
drug release are Well knoWn to the skilled artisan and have 
been described in the art (Bamba et al., Int. J. Pharm. 1979, 2, 
307). 
[0195] In certain embodiments, enteric-coated prepara 
tions can be used for sustained release oral administration. 
Examples of coating materials for enteric-coated prepara 
tions include polymers With a pH-dependent solubility (i.e., 
pH-controlled release), polymers With a sloW or pH-depen 
dent rate of sWelling, dissolution or erosion (i.e., time-con 
trolled release), polymers that are degraded by enZymes (i.e., 
enZyme-controlled release), and polymers that form ?rm lay 
ers that are destroyed by an increase in pressure (i.e., pres 
sure-controlled release). 
[0196] In certain embodiments, drug-releasing lipid matri 
ces can be used for sustained release oral administration. An 
example is When solid microparticles of a compound of the 
present disclosure are coated With a thin controlled release 
layer of a lipid (e.g., glyceryl behenate and/or glyceryl palmi 
tostearate) as disclosed in Farah et al., US. Pat. No. 6,375,987 
and Joachim et al., US. Pat. No. 6,379,700. The lipid-coated 
particles can optionally be compressed to form a tablet. 
Another controlled release lipid-based matrix material, 
































