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SUBSTITUTED THIOACETAMIDES 

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

REFERENCE TO RELATED APPLICATIONS 

The present application claims priority to US. Provisional 
application Serial No. 60/204,789, ?led May 16, 2000 and 
US. provisional application Serial No. 60/268,283, ?led 
Feb. 13, 2001. The disclosure of each of these applications 
is hereby incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

The present invention is related to chemical compositions, 
processes for the preparation thereof and uses of the com 
position. Particularly, the present invention relates to com 
positions that include substituted thioacetamides, and their 
use in the treatment of diseases, including treatment of 
sleepiness, promotion of wakefulness, treatment of Parkin 
son’s disease, cerebral ischemia, stroke, sleep apneas, eating 
disorders, stimulation of appetite and weight gain, treatment 
of attention de?cit hyperactivity disorder (“ADHD”), 
enhancing function in disorders associated with hypofunc 
tionality of the cerebral cortex, including, but not limited to, 
depression, schizophrenia, fatigue, in particular, fatigue 
associated with neurologic disease, such as multiple 
sclerosis, chronic fatigue syndrome, and improvement of 
cognitive dysfunction. 

BACKGROUND OF THE INVENTION 

The compounds disclosed herein are related to the bio 
logical and chemical analogs of moda?nil. Moda?nil, 
C15Hl5NO2S, also known as 2-(benZhydrylsul?nyl) 
acetamide, or 2-[(diphenylmethyl)sul?nyl]acetamide, is a 
synthetic acetamide derivative with wake-promoting 
activity, the structure of which has been described in French 
Patent No. 78 05 510 and in US. Pat. No. 4,177,290 (’290), 
and which has been approved by the United States Food and 
Drug Administration for use in the treatment of excessive 
daytime sleepiness associated with narcolepsy. Moda?nil 
has been tested for treatment of several behavioral condi 
tions in combination with various agents including 
apomorphine, amphetamine, reserpine, oxotremorine, 
hypnotics, yohimbine, 5-hydroxytryptophan, and monoam 
ine oxidase inhibitors, as described in the cited patents. A 
method of preparation of a racemic mixture is described in 
the ’290 patent and a method of preparation of a levorotatory 
isomer is described in US. Pat. No. 4,927,855 (both incor 
porated herein by reference). The levorotatory isomer is 
reported to be useful for treatment of hypersomnia, 
depression, AlZheimer’s disease and to have activity towards 
the symptoms of dementia and loss of memory, especially in 
the elderly. 

The primary pharmacological activity of moda?nil is to 
promote wakefulness. Moda?nil promotes wakefulness in 
rats (Touret et al., 1995; Edgar and Seidel, 1997), cats (Lin 
et al., 1992), canines (Shelton et al., 1995) and non-human 
primates (Hernant et a1, 1991) as well as in models mim 
icking clinical situations, such as sleep apnea (English 
bulldog sleep disordered breathing model) (Panckeri et a1, 
1996) and narcolepsy (narcoleptic canine) (Shelton et a1, 
1995). 
Moda?nil has also been described as an agent with 

activity in the central nervous system, and as a useful agent 
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2 
in the treatment of Parkinson’s disease (US. Pat. No. 
5,180,745); in the protection of cerebral tissue from 
ischemia (US. Pat. No. 5,391,576); in the treatment of 
urinary and fecal incontinence (US. Pat. No. 5,401,776); 
and in the treatment of sleep apneas and disorders of central 
origin (US. Pat. No. 5,612,379). US. Pat. No. 5,618,845 
describes moda?nil preparations of a de?ned particle siZe 
less than about 200 microns. In addition, moda?nil may be 
used in the treatment of eating disorders, or to promote 
weight gain or stimulate appetite in humans or animals (US. 
Provisional Patent Application No. 60/150,071, incorpo 
rated herein by reference), or in the treatment of attention 
de?cit hyperactivity disorder (ADHD), or fatigue, especially 
fatigue associated with multiple sclerosis (U .S. Provisional 
Patent Application No. 60/ 149,612, incorporated herein by 
reference). 

Several published patent applications describe derivative 
forms of moda?nil and the use of moda?nil derivatives in 
the treatment of various disorders. For example, PCT pub 
lication WO 99/25329 describes analogs of moda?nil in 
which the phenyl groups are substituted with a F, Cl, Br, 
CF3, NO2, NH2, CFC4 alkyl, CFC4 alkoxy, or 
methylenedioxy, and in which the amide is substituted with 
OH, CFC4 alkyl, CliC4 hydroxyalkyl, or a CFC4 hydro 
carbon radical. These compositions are described as being 
useful for treating drug-induced sleepiness, especially 
sleepiness associated with administration of morphine to 
cancer patients. 

Similarly, US. Pat. No. 4,066,686 describes benZhydryl 
sulphinyl derivatives, including moda?nil derivatives with 
an extended alkyl chain between the sul?nyl and carbonyl 
groups and where NR3R4 is NHOH. These compounds are 
described as being useful in therapy for treating disturbances 
of the central nervous system. 

PCT publication WO 95/01333 describes moda?nil 
derivatives that are useful for modifying feeding behavior. 
The modi?cations to moda?nil described include a chloro 
group at the 3 position of one of the phenyl groups, and a 
pyridyl substituted for the second phenyl, substitution of one 
or two methyl groups for hydrogens at the 2-carbon position, 
the amide hydrogens may be substituted with one or two 
groups selected from H, a pyridyl-methyl or ethyl groups, 
and further where the sulfur may not be oxidized. 
PCT publication WO 95/01171 also describes modi?ed 

moda?nil compounds that are said to be useful for modify 
ing eating behavior. The described compounds include sub 
stitutions of 4-?uoro-, 3-?uoro-, and 4 chloro- in a ?rst 
phenyl group and 4-?uoro- or 3-?uoro-substitutions in the 
second phenyl. Also described are substitutions in which the 
amide contains substitutions with an OH or isopropyl group. 

Terauchi, H, et al. described nicotinamide derivatives 
useful as ATP-ase inhibitors (Terauchi, H, et al, J. Med. 
Chem., 1997, 40, 3134321). In particular, several N-alkyl 
substituted 2-(BenZhydrylsul?nyl) nicotinamides are 
described. 

US. Pat. Nos. 4,980,372 and 4,935,240 describe benZoy 
laminophenoxybutanoic acid derivatives. In particular, sul 
?de derivatives of moda?nil containing a phenyl and sub 
stituted phenyl linker between the sul?de and carbonyl, and 
a substituted aryl in the terminal amide position, are dis 
closed. 

Other moda?nil derivatives have been disclosed wherein 
the terminal phenyl groups are constrained by a linking 
group. For example, in US. Pat. No. 5,563,169, certain 
xanthenyl and thiaxanthenyl derivatives having a substituted 
aryl in the terminal amide position are reported. 
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Other Xanthenyl and thiaxanthenyl derivatives are dis 
closed in Annis, I; Barany, G. Pept. Proc. Am. Pept. Symp. 
15th (Meeting Date 1997) 343*344, 1999 (preparation of a 
Xanthenyl derivative of Ellman’s Reagent, useful as a 
reagent in peptide synthesis); Han, Y.; Barany, G. J. Org. 
Chem., 1997, 62, 3841*3848 (preparation of S-Xanthenyl 
protected cysteine derivatives, useful as a reagent in peptide 
synthesis); and El-Sakka, I. A., et al. Arch. Pharm. 
(Weinheim), 1994, 327, 133*135 (thiaxanthenol derivatives 
of thioglycolic acid). 

Thus, there is a need for novel classes of compounds that 
possess bene?cial properties. It has been discovered that a 
class of compounds, referred to herein as substituted 

thioacetamides, are useful as agents for treating or prevent 
ing diseases or disorders, including treatment of sleepiness, 
promotion of Wakefulness, treatment of Parkinson’s disease, 
cerebral ischemia, stroke, sleep apneas, eating disorders, 
stimulation of appetite and Weight gain, treatment of atten 
tion de?cit hyperactivity disorder, enhancing function in 
disorders associated With hypofunctionality of the cerebral 
cortex, including, but not limited to, depression, 
schizophrenia, fatigue, in particular, fatigue associated With 
neurologic disease, such as multiple sclerosis, chronic 
fatigue syndrome, and improvement of cognitive dysfunc 
tion. The present invention is directed to these, as Well as 
other, important ends. 

SUMMARY OF THE INVENTION 

One aspect of the present invention provides, in part, 
various novel substituted thioacetamides. Other aspects of 
the invention also include their pharmaceutical 
compositions, methods of their preparation, and use of the 
compounds in the treatment of diseases. 

In one aspect of the invention, there are provided com 
pounds of formula (I-A): 

(LA) 
<0)q 0 

Constituent members and preferred embodiments are dis 
closed in detail infra. 

In another aspect of the invention, there are provided 
compounds of formula (I): 

(I) 
(0)“ 

| R1 0 R3 
Arl S / 

C—N 
\ 

AIz R2 R4 

Constituent members and preferred embodiments are dis 
closed in detail infra. 

Another object of the present invention is to provide 
compounds of formula (II-A): 
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Constituent members and preferred embodiments are dis 
closed in detail infra. 
An additional object of the present invention is to provide 

compounds of formula (II): 

(11) 

Constituent members and preferred embodiments are dis 
closed in detail infra. 

Another object of the present invention is to provide 
methods of treating or preventing diseases or disorders, 
including treatment of sleepiness, promotion of 
Wakefulness, treatment of Parkinson’s disease, cerebral 
ischemia, stroke, sleep apneas, eating disorders, stimulation 
of appetite and Weight gain, treatment of attention de?cit 
hyperactivity disorder, enhancing function in disorders asso 
ciated With hypofunctionality of the cerebral cortex, 
including, but not limited to, depression, schizophrenia, 
fatigue, in particular, fatigue associated With neurologic 
disease, such as multiple sclerosis, chronic fatigue 
syndrome, and improvement of cognitive dysfunction. 
Another object of the present invention is to provide 

pharmaceutical compositions comprising the compounds of 
the present invention Wherein the compositions comprise 
one or more pharmaceutically acceptable excipients and a 
therapeutically e?‘ective amount of at least one of the 
compounds of the present invention, or a pharmaceutically 
acceptable salt or ester form thereof. 

These and other objects, features and advantages of the 
substituted thioacetamides Will be disclosed in the folloWing 
detailed description of the patent disclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graph of data indicating EEG-determined 
Wakefulness in rats treated With Compound I-9 (100 mg/kg, 
ip; solid line) or methylcellulose vehicle (stippled line). 
Wakefulness is quanti?ed in 5-minute bins. N=13 rats/ 
group. *p<0.05 vs. vehicle treated animals. 

FIG. 2 is a graph of data indicating EEG-determined 
Wakefulness in rats treated With compound II-23 (100 
mg/kg, ip; solid triangles) or methylcellulose vehicle (open 
circles). Each point represents the mean percent of time 
aWake for the succeeding half hour. *p<0.05 vs. vehicle 
treated animals. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In one embodiment, the present invention provides novel 
compounds of formula (I-A): 
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(I-A) 
(O)q O 

wherein: 
Arl and Ar2 are each independently selected from C6£lo 

aryl or heteroaryl; 
Wherein each of Arl or Ar2 may be independently option 

ally substituted With li3 substituents independently 
selected from: 

a) H, C6iC1O aryl, heteroaryl, F, Cl, Br, I, iCN, iCF3, 
iNOz, iOH, iOR7, iO(CH2)pNR9RlO, ADC 
(=O)R7, iOC(=O)NR9RlO, iO(CH2)POR8, 
%H2OR8, iNRgRlo, iNR8S(=O)2R7, iNRSC 
(=O)R7, or iNR8C(=S)R7; 

b) iCHzORll; 

A 

*NR8C(=NH)NR8AR8B, 
d) iS(O)yR7, i(CH2)PS(O)yR7, %H2S(O)yR7; and 
e) CFC8 alkyl, CTC8 alkenyl, or C2£8 alkynyl, Where: 

1) each alkyl, alkenyl, or alkynyl group is unsubsti 
tuted; or 

2) each alkyl, alkenyl or alkynyl group is independently 
substituted With 1 to 3 groups independently selected 
from C6iC1O aryl, heteroaryl, F, Cl, Br, I, CF3, 
iCN, iNOZ, iOH, iOR7, iCHzORs, 
iNRgRlo, iOi(CH2)PiOH, iSi(CH2)Pi 
OH, iXl(CH2)POR7, Xl(CH2)PNR9RlO, iXl 
(CH2)pC(=O)NR9R10> iXl(CH2)pC(:O) 
NR9R10s iXl(CH2)pC(:S)NR9RlO5 *X1(CH2)P 
OC(=O)NR9RIO, iXl(CH2)PCO2R8, XI(CH2)PS 
(O)yR75 iXl(CH2)pNR8C(:O)NR9RlO5 4C(:O) 
R13: 4CO2R12: 4OC(=O)R7: 4C(=O)NR9R10, 
iOC(=O)NRl2Rl2A, O-tetrahydropyranyl, 
*C(=S)NR9R10: icHzNNRl2Rl2/ls 
iCH=NORl2, iCH=NR7, iCH=NNHCH 
(N=NH)NH2, iNR8CO2R7, iNR8C(=O) 
NRgRlo, iNR8C(=S)NR9RlO, iNHC(=NH) 
NH2, iNR8C(=O)R7, iNR8C(=S)R7, iNRSS 
(=O)2R7: iS(O)yR7$ iS(:O)2NRl2Rl2/1s 
iP(=O)(OR8)2, 4ORU, and a CsiC7 monosac 
charide Where each hydroxyl group of the monosac 
charide is independently either unsubstituted or is 
replaced by H, CFC4 alkyl, CFC4 alkoxy, or 
*0%(=0)R7; 

X1 is 40*, iSi, iN(R8)i; 
Y is selected from CFC4 alkylene, C6iCl0 arylene, 

heteroarylene, C3iC8 cycloalkylene, heterocyclylene, 
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6 
*O*, *N(R8)*, *S(O)y, *CR8A=CR8B*, 
iCH=CHiCH(R8)i, iCH(R8)iCH=CHi, or 
iCECi; With the proviso that When Y is 40*, 
iN(R8)i, or iS(O)y, m and n cannot be 0; 

R3 and R4 are the same or different and are each selected 
from H, CFC6 alkyl, iOH, and iCH(R6)i 
CONRSARSB, provided that R3 and R4 are not both OH; 
or R3 and R4, together With the nitrogen to Which they are 
attached, form a 3*7 member heterocyclyl ring; 

R6 is H, Cl£4 alkyl or the side chain of an ot-amino acid; 
R7 is CFC6 alkyl, C6£1O aryl, or heteroaryl; 
R8, RSA and R83 are each independently H, Cl£4 alkyl, or 

C6*C10 ary 1; 
R9 and R10 are independently selected from H, C l£4 alkyl, 

and C6£1O aryl; or R9 and R10 together With the nitrogen 
to Which they are attached, form a 3*7 member hetero 
cyclyl ring; 

R11 is the residue of an amino acid after the hydroxyl group 
of the carboxyl group is removed; 

R12 and RIZA are each independently selected from H, 
CFC6 alkyl, cycloalkyl, C6iC1O aryl, and heteroaryl; or 
R1 2 and RIZA, together With the nitrogen to Which they are 
attached, form a 5*7 member heterocyclyl ring; 

R13 is H, CFC6 alkyl, cycloalkyl, C6iC1O aryl, heteroaryl, 
iC(=O)R7, iC(=O)NR9RlO, or iC(=S)NR9RlO; 

mis0, l,2or3; 
nis0, l,2or3; 
p is from 1, 2, 3, or 4; 
q is 0, l, or 2; 
t is 2, 3, or 4; 
y is 0, l or 2; 
With the proviso that When Arl is phenyl and Ar2 is phenyl 

or pyridyl, then Y cannot be CFC4 alkylene; 
With the further proviso that When Arl and Ar2 are phenyl, 

q=l, m and n=0, Y is 

\ 

N/, 

and R3 is H, then R4 is not Cl£6 alkyl; 
and the stereoisomeric forms, mixtures of stereoisomeric 
forms, or pharmaceutically acceptable salt and ester forms 
thereof. 

In an additional embodiment of the invention, there are 
provided compounds of formula (I): 

(I) 
[in R1 0 R, 

AIz 

Wherein Arl and Ar2 are the same or different and are each 
selected from [thiophene, isothiaZole, phenyl, pyridyl, 
oXaZole, isoXaZole, thiaZole, imidaZole] Zhienyl, isolhiazolyl, 

60 phenyl, pyridyl, oxazolyl, isoxazolyl, Zhiazolyl, imidazolyl, 

65 

and other ?ve or six membered heterocycles comprising li3 
atoms of iNi, 40*, or iSi, provided that Arl and 
Ar2 are not both phenyl and When Arl is phenyl, Ar2 is not 
pyridyl; RliR4 are the same or different and are each 
selected from H, loWer alkyl, iOH, iCH(R6)i 
CONR6AR6B, or any of RliR4 can be taken together to form 
a 3*7 member carbocyclic or heterocyclic ring, provided 
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that R3 and R4 are not both OH; RM and R65 are indepen 
dently H or lower alkyl; and n is 0, l, or 2; and in addition, 
each of Arl or Ar2 may be independently optionally substi 
tuted With one or more substituents independently selected 
from: 

a) H, aryl, heterocyclyl, F, Cl, Br, I, iCN, iCF3, 
iNOz, iOH, iOR7, iO(CH2)PNR9RlO, ADC 
(=O)R7, iOC(=O)NR9RlO, iO(CH2)POR8, 
%H2OR8, iNRgRlo, iNR8S(=O)2R7, iNRSC 
(=O)R7, or iNR8C(=S)R7; 

b) 4CH2OR1 1, Where R11 is the residue of an amino acid 
after the hydroxyl group of the carboxyl group is 
removed; 

c) iNR8C(=O)NR9RlO, iNR8C(=S)NR9RlO, 
iCOZRIZ’ *C(:O)R1 2: *C(:O)NR9R1 0: 
iC(=S)NR9RlO, iCH=NORl2, iCH=NR7, 
i(CH2)PNR9RlO, i(CH2)PNHRl l, or 
4CH=NNR12Rl2A, Where R12 and RIZA are the same 
or different and each are independently selected from 
H, alkyl of l to 4 carbons, iOH, alkoxy of l to 4 
carbons, iOC(=O)R7, iOC(=O)NR9RlO, iOC 
(=S)NR9R1O, iomHgpNRgRw, *0(CH2)P0R8, 
substituted or unsubstituted arylalkyl having from 6 to 
10 carbons, and substituted or unsubstituted heterocy 
clylalkyl; 

d) iS(O)yRl2, i(CH2)PS(O)yR7, iCH2S(O)yRn Where 
y is 0, l or 2; and 

e) alkyl of l to 8 carbons, alkenyl of 2 to 8 carbons, or 
alkynyl of 2 to 8 carbons, Where: 
1) each alkyl, alkenyl, or alkynyl group is unsubsti 

tuted; or 
2) each alkyl, alkenyl or alkynyl group is substituted 

With 1 to 3 groups selected from aryl of 6 to 10 
carbons, heterocyclyl, arylalkoxy, 
heterocycloalkoxy, hydroxylalkoxy, alkyloxyalkoxy, 
hydroxyalkylthio, alkoXy-alkylthio, F, Cl, Br, I, 
iCN, iNOZ, ADH, iOR7, iX2(CH2)PNR9RlO, 
iX2(CH2)pC(:O)NR9RlO$ iX2(CH2)pC(:S) 
NRQRIO, *X2<CH2)P0C(=0)NR9R1O, 4X2 
(CH2)? CO2R7, *X2(CH2)PS(O)yR7, *XACHQP 
NR8C(=O)NR9RlO, iOC(=O)R7, iOC(=O) 
NHR12, O-tetrahydropyranyl, iNRgRlo, 
iNR8CO2R7, iNR8C(=O)NR9RlO, iNRSC 
(=S)NR9RlO, iNHC(=NH)NH2, iNR8C(=O) 
R7: *NRsC(=S)R7: *NRsS(=O)2R7> iS(O)yR7$ 
*CO2R12: *C(=O)NR9R10: *C(=S)NR9R10, 
iC(=O)Rl2, iCHZORS, iCH=NNR12Rl2A, 
iCH=NORl2, iCH=NR7, iCH=NNHCH 
(N=NH)NH2> *S(=O)2NR12R12/v *P(:O) 
(OR8)2, iORn, and a monosaccharide of 5 to 7 
carbons Where each hydroxyl group of the monosac 
charide is independently either unsubstituted or is 
replaced by H, alkyl of l to 4 carbons, alkylcarbo 
nyloxy of 2 to 5 carbons, or alkoxy of l to 4 carbons, 
Where X2 is O, S, or NR8; Where 

R7 is substituted or unsubstituted alkyl, substituted or 
unsubstituted aryl, or substituted or unsubstituted het 
erocyclyl; 

R8 is H or alkyl having from 1 to 4 carbons; 
p is from 1 to 4; and Where either 

1) R9 and R10 are each independently H, unsubstituted 
alkyl of l to 4 carbons, or substituted alkyl; or 

2) R9 and R10 together form a linking group of the 
formula i(CH2)2iXli(CH2)2i, Wherein X1 is 
selected from 40*, iSi, and 4CH2i; 

and the stereoisomeric forms, mixtures of stereoisomeric 
forms, or pharmaceutically acceptable salt and ester forms 
thereof. 
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8 
In a preferred embodiment of the invention, there are 

provided compounds of formula (I) Wherein Arl and Ar2 are 
the same or different and are each selected from [thiophene, 
isothiaZole, phenyl, oXaZole, isoXaZole, thiaZole, imidaZole] 
Zhienyl, isolhiazolyl, phenyl, oxazolyl, isoxazolyl, Zhiazolyl, 
imidazolyl, or other ?ve or six membered heterocycles 
comprising 143 atoms of iNi, 40*, or iSi, provided 
that Arl and Ar2 are not both phenyl; RliR4 are the same or 
different and are each selected from H, loWer alkyl, iOH, 
4CH(R6)4CONR6AR6B, or any of RliR4 can be taken 
together to form a 347 member carbocyclic or heterocyclic 
ring, provided that R3 and R4 are not both OH; RM and R63 
are independently H or loWer alkyl; and n is 0, l, or 2; and 
in addition, 

each of Arl or Ar2 may be independently optionally 
substituted With one or more substituents independently 
selected from: 

a) H, aryl, heterocyclyl, F, Cl, Br, I, iCN, ‘C133, 
iNOz, iOH, iOR7, iO(CH2)PNR9RlO, iOC 
(=O)R7, iOC(=O)NR9RlO, iO(CH2)POR8, 
%H2OR8, iNRgRlo, iNR8S(=O)2R7, iNRSC 
(=O)R7, or iNR8C(=S)R7; 

b) 4CH2OR1 1, Where R11 is the residue of an amino acid 
after the hydroxyl group of the carboxyl group is 
removed; 

c) iNR8C(=O)NR9R1O, iNR8C(=S)NR9RlO, 
iCOZRIZ’ *C(:O)R12s *C(:O)NR9R10s 
iC(=S)NR9RlO, iCH=NORl2, iCH=NR7, 
i(CH2)PNR9RlO, i(CH2)PNHRl l, or 
4CH=NNR12Rl2A, Where R12 and RIZA are the same 
or different and each are independently selected from 
H, alkyl of l to 4 carbons, *OH, alkoxy of l to 4 
carbons, iOC(=O)R7, iOC(=O)NR9RlO, iOC 
(=S)NR9R10’ iO(CH2)pNR9RlO’ iO(CH2)pOR8$ 
substituted or unsubstituted arylalkyl having from 6 to 
10 carbons, and substituted or unsubstituted heterocy 
clylalkyl; 

d) iS(O)yRl2, i(CH2)PS(O)yR7, iCH2S(O)yRn Where 
y is 0, l or 2; and 

e) alkyl of l to 8 carbons, alkenyl of 2 to 8 carbons, or 
alkynyl of 2 to 8 carbons, Where: 
1) each alkyl, alkenyl, or alkynyl group is unsubsti 

tuted; or 
2) each alkyl, alkenyl or alkynyl group is substituted 

With 1 to 3 groups selected from aryl of 6 to 10 
carbons, heterocyclyl, arylalkoxy, 
heterocycloalkoxy, hydroxylalkoxy, alkyloxyalkoxy, 
hydroxyalkylthio, alkoXy-alkylthio, F, Cl, Br, I, 
iCN, iNOz, ADH, iOR7, iX2(CH2)PNR9RlO, 
iX2(CH2)pC(:O)NR9RlO$ iX2(CH2)pC(:S) 
NRQRIO, *X2<CH2)POC(=0)NR9R1O, 4X2 
(CH2)? CO2R7, *X2(CH2)PS(O)yR7, *XACHQP 
NR8C(=O)NR9RlO, iOC(=O)R7, iOC(=O) 
NHR12, O-tetrahydropyranyl, iNRgRlo, 
iNR8CO2R7, iNR8C(=O)NR9RlO, iNRSC 
(=S)NR9RIO, iNHC(=NH)NH2, iNR8C(=O) 
R7, iNR8C(=S)R7, iNR8S(=O)2R7, iS(O)yR7, 
*CO2R12: *C(=O)NR9R10: *C(=S)NR9R10, 
iC(=O)Rl2, iCHzORs, iCH=NNRl2Rl2A, 
iCH=NORl2, iCH=NR7, iCH=NNHCH 
(N=NH)NH2> iS(:O)2NRl2Rl2A’ *P(:O) 
(OR8)2, 4ORU, and a monosaccharide of 5 to 7 
carbons Where each hydroxyl group of the monosac 
charide is independently either unsubstituted or is 
replaced by H, alkyl of l to 4 carbons, alkylcarbo 
nyloxy of 2 to 5 carbons, or alkoxy of l to 4 carbons, 
Where X2 is O, S, or NR8; Where 
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R7 is substituted or unsubstituted alkyl, substituted or 
unsubstituted aryl, or substituted or unsubstituted het 
erocyclyl; 

R8 is H or alkyl having from 1 to 4 carbons; 

p is from 1 to 4; and Where either 
1) R9 and R10 are each independently H, unsubstituted 

alkyl of 1 to 4 carbons, or substituted alkyl; or 

2) R9 and R10 together form a linking group of the 
formula i(CH2)2iXli(CH2)2i, Wherein X1 is 
selected from 40*, iSi, and 4CH2i; 

and the stereoisomeric forms, mixtures of stereoisomeric 
forms, or pharmaceutically acceptable salt and ester forms 
thereof. 

In another embodiment of the invention, there is provided 
novel compounds of the formula (ll-A): 

Rings A and B, together With the carbon atoms to Which they 
are attached, are each independently selected from: 

a) a 6-membered aromatic carbocyclic ring in Which from 
1 to 3 carbon atoms may be replaced by hetero atoms 
selected from oxygen, nitrogen and sulfur; and 

b) a 5-membered aromatic carbocyclic ring in Which 
either: 
i) one carbon atom may be replaced With an oxygen, 

nitrogen, or sulfur atom; 
ii) tWo carbon atoms may be replaced With a sulfur and 

a nitrogen atom, an oxygen and a nitrogen atom, or 
tWo nitrogen atoms; or 

iii) three carbon atoms may be replaced With three 
nitrogen atoms, one oxygen and tWo nitrogen atoms, 
or one sulfur and tWo nitrogen atoms; 

R1 and R2 are each independently selected from: 

a) H, C6iC1O aryl, heteroaryl, F, Cl, Br, I, iCN, iCF3, 
iNOZ, iOH, iOR7, iO(CH2)PNR9RlO, ADC 
(=O)R7, iOC(=O)NR9RlO, iO(CH2)POR8, 
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TI (CH2) 111 (CHM 
c c 

/ \NH or \N/ \NH ’ 

1) each alkyl, alkenyl, or alkynyl group is unsubsti 
tuted; or 

2) each alkyl, alkenyl or alkynyl group is independently 
substituted With 1 to 3 groups independently selected 
from C6iCl0 aryl, heteroaryl, F, Cl, Br, I, CF3, 
iCN, iNOZ, iOH, iOR7, iCH2OR8, 
iNRgRlo, iOi(CH2)PiOH, iSi(CH2)Pi 
OH, iXl(CH2)POR7, XI(CH2)PNR9RIO, iXl 
(CH2)pC(=O)NR9R10> iX1(CH2)pC(:S)NR9R1O$ 
iXl(CH2)pOC(:O)NR9RlO5 iX1(CH2)pCO2R85 
*X1<CH2)PS(O)yR7, *X1(CH2),JNR8C(=O) 
NRgRlo, iC(=O)Rl3, %O2Rl2, iOC(=O)R7, 
*C(=O)NR9R10> iOC(:O)NR12R12As 
O-tetrahydropyranyl, iC(=S)NR9R1O, 
iCH=NNRl 2Rl 2A, %H=NORl 2, iCH=NR7, 
iCH=NNHCH(N=NH)NH2, iNR8CO2R7, 
iNR8C(=O)NR9RlO, iNR8C(=S)NR9RlO, 
iNHC(=NH)NH2, iNR8C(=O)R7, iNRSC 
(=S)R7> *NRsS(=O)2R7> iS(O)yR7$ *S(=O) 
2NRl2Rl2A, iP(=O)(OR8)2, ADRU, and a CsiC7 
monosaccharide Where each hydroxyl group of the 
monosaccharide is independently either unsubsti 
tuted or is replaced by H, CFC4 alkyl, CFC4 
alkoxy, or 4OiC(=O)R7; 

R3 and R4 are the same or different and are each selected 

from H, CFC6 alkyl, iOH, and iCH(R6)i 
CONRsARgB, provided that R3 and R4 are not both OH, or 
R3 and R4, together With the nitrogen to Which they are 
attached, form a 3*7 member heterocyclyl ring; 

R6 is H, C1£4 alkyl or the side chain of an ot-amino acid; 
R7 is CFC6 alkyl, C6£ll aryl, or heteroaryl; 
R8, RSA and R85 are each independently H, C1£4 alkyl, or 

C6*C10 ary 1; 
R9 and R10 are independently selected from H, C1£4 alkyl, 

and C6£1O aryl; or R9 and R10 together With the nitrogen 
to Which they are attached, form a 3*7 member hetero 
cyclyl ring; 

R11 is the residue of an amino acid after the hydroxyl group 
of the carboxyl group is removed; 

R12 and RIZA are each independently selected from H, 
CFC6 alkyl, cycloalkyl, C6iC1O aryl, and heteroaryl; or 
R1 2 and RIZA, together With the nitrogen to Which they are 
attached, form a 5*7 member heterocyclyl ring; 

X1 is iOi, iSi, iN(R8)i; 
Y is selected from CFC4 alkylene, C6iCl0 arylene, 

heteroarylene, C3iC8 cycloalkylene, heterocyclylene, 
foe, *MRSP, ism)” *CRSFCRSF, 
iCH=CHiCH(R8)i, iCH(R8)iCH=CHi, or 
iCECi; With the proviso that When Y is 40*, 
iN(R8)i, or iS(O)y, m and n cannot be 0; 

mis0,1,2or3; 
nis0,1,2or3; 
p is from 1 to 4; 



US RE39,575 E 
11 

q is 0, 1, 2; 
r is 0, 1, 2, or 3; 
s is 0, 1, 2, or 3; 
t is 2, 3, or 4; 
y is 0, 1 or 2; 

and the stereoisomeric forms, mixtures of stereoisomeric 
forms, or pharmaceutically acceptable salt and ester forms 
thereof. 

In a further embodiment, there are provided compounds 
of formula (II): 

(II) 

Where X is i(CH2)mi, iOi, iS(O)ni, iN(R5)i, 
4CH=CHi, or 4CH24CH=CHi; m is 0, 1, 2 or 
3; n is 0, 1 or 2; RliR4 are the same or different and are 

each selected from H, loWer alkyl, iOH, 4CH(R6)i 
CONR7R8, or any of RliR4 can be taken together to 
form a 3*7 member carbocyclic or heterocyclic ring; 
R5 is H, loWer alkyl, or ‘OH; R6, R7 and R8 is H or 
loWer alkyl; and ring A, together With the carbon atoms 
to Which it is attached is selected from: 

a) a 6-membered carbocyclic ring in Which from 1 to 3 
carbon atoms may be replaced by hetero atoms selected 
from oxygen, nitrogen and sulfur; and 

b) a 5-membered carbocyclic ring in Which either: 
i) one carbon atom may be replaced With an oxygen, 

nitrogen, or sulfur atom; 
ii) tWo carbon atoms may be replaced With a sulfur and 

a nitrogen atom, an oxygen and a nitrogen atom, or 
tWo nitrogen atoms; or 

iii) three carbon atoms may be replaced With three 
nitrogen atoms, one oxygen and tWo nitrogen atoms, 
or one sulfur and tWo nitrogen atoms; 

and the stereoisomeric forms, mixtures of stereoisomeric 
forms, or pharmaceutically acceptable salt and ester forms 
thereof. 

As With any group of structurally related compounds 
Which possess a particular utility, certain groups and con 
?gurations are preferred for the compounds of the present 
invention in their end-use application. 

In some embodiments of formula (I-A) or (II-A), Y=4C 
(Rl)(R2), wherein R1 and R2 are each independently 
selected from H or C liC6 alkyl; and optionally, either R1 or 
R2 can combine With either R3 or R4 to form a 5*7 
membered heterocyclic ring. Preferably, either Rl combines 
With R3 or R4 to form 

0 0 

|| 
AI} S R4 

Y O N/ R2 % 
(CH2 w Am 
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-continued 

(6 O 
S / R4 . 

O N 

R2 / 
X (CH2 W 

respectively. 
In certain embodiments of formula (I-A), Arl and Ar2 are 

each independently selected from a ?ve or six membered 
heteroaryl comprising 1*3 atoms of iNi, 40*, or 
iSi. Preferably, q=1. In preferred embodiments, Arl and 
Ar2 are each independently selected from thienyl, 
isothiaZolyl, pyridyl, oxaZolyl, isoxaZolyl, thiaZolyl, and 
imidaZolyl, and more preferably, Arl and Ar2 are thienyl, 
and particularly Arl and Ar2 are 3-thienyl. In other preferred 
embodiments, Y is iOi, iS(O)yi, or iN(R8)i. In 
another preferred embodiment, Y is C1£4 alkylene. In an 
additional embodiment, Y is iCR8A=CR8Bi, 
iCH=CHiCH(R8)i, iCH(R8)iCH=CHi, or 
4CECi. In certain preferred embodiments, Y is C6iC1O 
arylene or heteroarylene, and preferably, m=0 or 1 and n=0 
or 1. More preferably, Y is 

Wherein X2 is 4CH2i, ‘Oi, iS(O)yi, or iN(R8)i; 
and X3, X4, and X5 are each independently selected from 
4CHi, or iNi. Most preferably, Y is phenylene. In 
another more preferred embodiment, Y is 

In yet another embodiment, Y is furanylene. In further 
preferred embodiments, Y is C3iC8 cycloalkylene or het 
erocyclylene. Preferably, Y is 

f/ o —O/’ or a; 
In other embodiments of formula (I-A), Arl is phenyl and 

Ar2 is a ?ve or six membered heteroaryl comprising 1*3 
atoms of iNi, 40*, or iSi. Preferably, q=1. In other 
preferred embodiments, Arl and Ar2 are each independently 
phenyl, thienyl, isothiaZolyl, pyridyl, oxaZolyl, isoxaZolyl, 
thiaZolyl, and imidaZolyl. In further preferred embodiments, 
Arl is phenyl and Ar2 is thienyl, isothiaZolyl, pyridyl, 
oxaZolyl, isoxaZolyl, thiaZolyl, and imidaZolyl, and more 
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preferably, Arl is phenyl and Ar2 is thienyl, and particularly, 4CHi, or iNi. Most preferably, Y is phenylene. In 
Ar2 is 3-thienyl. In other preferred embodiments, Y is another more preferred embodiment, Y is 
iOi, =S(O)y=, or =N(R8)=. In another preferred 
embodiment, Y is Cl=C4 alkylene. In an additional 

0 \ H /©\ N/ \N a or . 

N \S/ 

10 In yet another embodiment, Y is furanylene. In further 

Ci. In certain 

=0 or 1. More 
preferred embodiments, Y is C6=Cl0 arylene or 
heteroarylene, and preferably, m=0 or 1 and n 
preferably, Y is 

preferred embodiments, Y is C3=C8 cycloalkylene or het 
& erocyclylene. Preferably, Y is 

In an additional embodiment of formula (I-A), Y is 
20 iOi, =S(O)y=, =N(R8)=, C1=C4 alkylene, 

%R8A=CR8B=, %H=CH%H(R9)=, %H(R8)= 
CH=CH=, %EC=, 

/ 

K ) I 40 Wherein X2 is 4CH2i, ‘Oi, =S(O)y=, or =N(R8)=; 
O and X3, X4, and X5 are each independently selected from 

4CHi, or iNi. In other preferred embodiments, Y is 
In another embodiment of formula (I-A), Arl and Ar2 is 4O*,_ *S(O)yf, or *N(R8)*- In another prdfmed 

phenyl. Preferably, q=l. In other preferred embodiments, Y embodlmenb Y _15 CFC4 alkylene- In an addltlonal 
is 40*, =S(O)y=, or =N(R8)=. In another preferred 45 embodlmem’ Y 15 4CR8A:CR9B*’ *CHZCHiCH 
embodiment, Y is Cl=C4 alkylene. In an additional 
embodiment, Y is -CR8A=CR8B=, =CH=CH=CH 
(R8)=, %H(R8)=CH=CH=, or % 

Of 

or 

Wherein X2 is 4CH2=, 40*, =S(O)y=, or =N(R8)=; 
and X3, X4, and X5 are each independently selected from 
iCHi, or iNi. Most preferably, Y is phenylene. In 25 
another more preferred embodiment, Y is 

In yet another embodiment, Y is furanylene. In further 
preferred embodiments, Y is C3=C8 cycloalkylene or het- 35 
erocyclylene. Preferably, Y is 

(R8)=, 4CH(R8)=CH=CH=, or 4CECi. In certain 
preferred embodiments, Y is C6=Cl0 arylene or 
heteroarylene, and preferably, m=0 or 1 and n=0 or 1. More 
preferably, Y is 

50 

Ci. In certain 

=0 or 1. More 
preferred embodiments, Y is C6=Cl0 arylene or 

=0 or 1 andn heteroarylene, and preferably, m 
preferably, Y is 

60 or 

Wherein X2 is 4CH2i, ‘Oi, =S(O)y=, or =N(R8)=; 
65 and X3, X4, and X5 are each independently selected from 

Wherein X2 is 4CH2i, 40*, =S(O)y=, or =N(R8)*; 4CHi, or iNi. Most preferably, Y is phenylene. In 
and X3, X4, and X5 are each independently selected from another more preferred embodiment, Y is 
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In yet another embodiment, Y is furanylene. In further 
In yet another embodiment, Y is furanylene. In further preferred embodiments, Y is C3iC8 cycloalkylene or het 
preferred embodiments, Y is C3iC8 cycloalkylene or het- erocyclylene. Preferably, Y is 
erocyclylene. Preferably, Y is 

_K\/ _W/ \N—\/ 15 / N 
K), or 0). K\/, _g, or \IQ/I 

20 

m 

In yet another embodiment of formula (I-A), q=l. 

In a further embodiment of formula (I-A), Arl and Ar2 are 25 
each independently selected from phenyl and thienyl, and 
q=l. Preferably Arl and Ar2 are each independently selected Preferred embodlmems of formula _A) are Compounds 
from phenyl and 3_thieny1’ and q=1~ In other preferred Wherem Arl and Ar2 are the same or different and are each 
embodiments Y is ioi iS(O) i or iN(R )i In selected from [thiophene, isothiaZole, phenyl, pyridyl, 

s s y s 8 ' 

another preferred embodiment Y is C iC alkylene In an 30 oXaZole, isoXaZole, thiaZole, imidaZole] thienyl, isolhiazolyl, 
s l 4 ' 

additional embodiment’ Yis gcRsAcRsBis ‘CHZCHf phenyl, pyridyl, oxazolyl, isoxazolyl, Zhiazolyl, imidazolyl, 
CH(R8)i, iCH(R8)£H=CHi, or iCECi_ In Cer_ provided that Arl and Ar2 are both not phenyl and When Arl 
tain preferred embodiments, Y is C6iC 1O arylene or is phenyl’ Ar2 is not Pyridyl' 
heteroarylene, and preferably, m=0 or 1 and n=0 or 1. More 
preferably, Y is 35 Preferred embodiments of formula (I) are compounds 

Wherein Arl and Ar2 are the same or different and are each 

selected from [thiophene, isothiaZole, phenyl, oXaZole, 
\ isoXaZole, thiaZole, imidaZole] thienyl, isolhiazolyl, phenyl, 

\/ _| \ \/’/ 40 oxazolyl, isoxazolyl, Zhiazolyl, imidazolyl, proVided that Arl 
’ ) ’ and Ar2 are both not phenyl. Other preferred embodiments 

/ 

I a 

— / / —N are those Where Arl and Ar2 are each independently substi 
tuted. 

N 45 Additional preferred embodiments of formula (I) are 

x ll/l given beloW: 
\ ) i N\ ) , X3\ /X4 i 
—N —N X2 1) Compounds in Which Arl, Ar2 or both are [thiophene] 

50 thienyl, 

2) Compounds in Which Arl, Ar2 or both are [isothiaZole] 
isolhiazolyl; 

X X 3) Compounds in Which Arl, Ar2 or both are pyridyl; 

\"3 {9) \"3 \ 4) Compounds in Which Arl, Ar2 or both are [oXaZole] 

5) Compounds in Which Arl, Ar2 or both are [isoXaZole] 
isoxazolyl; 

6) Compounds in Which Arl, Ar2 or both are [thiaZole] 
60 Zhiazolyl; 

7) Compounds in Which Arl, Ar2 or both are [imidaZole] 
imidazolyl, 

wherein X2 is 4CH2i, 40*, iS(Q)yi, or iN(R8)i; 8) Compounds in Which Arl is phenyl and Ar2 is [thiophene] 
and X3, X4, and X5 are each independently selected from 65 lhienyl 
iCHi, or iNi. Most preferably, Y is phenylene. In In a preferred embodiment of the of formula (I-A), there 
another more preferred embodiment,Yis are provided compounds as represented in Table l: 
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In certain preferred embodiments of the present invention, 
there are provided compounds of formula (II) or (II-A) 
Where q 

In another embodiment of formula (II-A), X is a bond, 

icrrzcrrzi, 43*, iN(CH3)i, or iCH=CHi, and 5 
preferably X is a bond. 

In Certain embodiments of fonm?a (ILA), Y is iOi’ In additional embodiments of formula (II-A), rings A and 
iS(O)yi, iN(R8)i, CliC4 alkylenes iCRSAZCRSBi’ B, together With ‘the carbon atoms to Which they are 
iC H: C Hi CH ( R 9*’ i CH ( R 8)i C H: C Hi’ 10 attached, are each 'independently selected from phenylene, 
_ thienylene, 1soth1aZolylene, pyr1dylene, oXaZolylene, 

iczci’ isoXaZolylene, thiaZolylene, imidaZolylene. In a preferred 
embodiment, ring A is phenylene, and more preferably, rings 
A and B are phenylene. In another preferred embodiment, 
rings A and B are thienylene, and more preferably, rings A 

15 and B are 2,3-thienylene. In preferred embodiments, q=l. In 
further preferred embodiments, ring A is phenylene and ring 
B is 2,3-thienylene. In other preferred embodiments, X is a 
bond, iCH2CH2i, iOi, iN(CH3)i, 
iCH=CHi. In a more preferred embodiment, Y is 

20 iOis iS(O)yis iN(R8)is CliC4 alkylenes 
%R8A=CR8Bi, %H=CH%H(R8)i, %H(R8)i 
CH=CHi, %ECi, 

25 

and X3, X4, and X5 are each independently selected from 
iCHi, or iNi. In other preferred embodiments, Y is 
iOi, iS(O)yi, or iN(R8)i. In another preferred 
embodiment, Y is CFC4 alkylene. In an additional 
embodiment, Y is 4CR8A=CR8Bi, iCH=CHiCH 35 
(RS)*, 4CH(R8)*CH=CHi, or 4C ECi. In certain 
preferred embodiments, Y is C6iCl0 arylene or 
heteroarylene, and preferably, m 
preferably, Y is 

=0 or 1 and n=0 or 1. More 

40 
Wherein X2 is 4CH2i, iOi, iS(O)yi, or iN(R8)i, 

% / \>N \ \ / FL .1. 
|_| , A»)... 

Wherein X2 is 4CH2i, 40*, iS(O)yi, or iN(R8)i; 
and X3, X4, and X5 are each independently selected from 
iCHi, or iNi. Most preferably, Y is phenylene. In 
another more preferred embodiment, Y is 

S \ A N 

In further preferred embodiments, Y is C3iC8 cycloalkylene 
or heterocyclylene. Preferably, Y is 

Wherein X2 is 4CH2i, ‘Oi, iS(O)yi, or iN(R8)i; 
65 and X3, X4, and X5 are each independently selected from 
4CHi, or iNi. Most preferably, Y is phenylene. In 
another more preferred embodiment, Y is 
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In further preferred embodiments, Y is C3-C8 cycloalkylene 
or heterocyclylene. Preferably, Y is 

22 
Preferred embodiments of formula (11) are compounds 

Wherein ring A is selected from [thiophene, isothiaZole, 
phenyl, oXaZole, isoXaZole, thiaZole, and imidaZole] Zhienyl, 
isolhiazolyl, phenyl, oxazolyl, isoxazolyl, Zhiazolyl, imida 
zolyl. Other preferred embodiments are those Where the 
benZo ring and ring A are each independently substituted. 

Other preferred embodiments of formula (11) are given 
below: 

1) Compounds in Which A is benZo and X is a bond, ie 
10 

i(CH2)mi, Where m=0; 
/ N_\ 2) Compounds in Which A is benZo and X is -O-; 

(y ]/\ \;‘ / 3) Compounds in Which A is benZo and X is iNCH3; 
K) > or ) ' 4) Compounds in Which A is benZo and X is -S-; and 

O 15 5) Compounds in Which R3 and R4 are taken together With 
the nitrogen to Which they are attached to form a mor 
pholine ring. 

In an espec1ally preferred embod1ment, X 1s a bond, and Y In a particularly preferred embodiment of formula (II-A), 
is 4CH2i and n=0. there are provided compounds as represented in Table 2: 

TABLE 2 

(i O 
R ( l)r S\ i /R3 

(CH2)m_Y—(CH2)n N 
\ 

X R4 

(R2)s 

No A B X Y m n NR3R4 

11-l Benzo Benzo bond 4CH2i l 0 NH2 
11-2 Benzo Benzo bond 4CH2i l 0 NMe2 
11-3 Benzo Benzo bond 4CH2i l l NH2 
11-4 Benzo Benzo bond 4CH2i l 0 NHCH(CH3)4CONH2 
11-5 Benzo Benzo bond 4CH2i l 0 morpholino 
11-6 Benzo Benzo bond 4CH2i 2 l NH2 
11-7 Benzo Benzo bond 4CH2i 2 l NMe2 
11-8 Benzo Benzo bond 4CH(CH3)i l 0 NH2 
11-9 Benzo Benzo bond 4CH2i 0 0 NHCH(CH3)4CONH2 

11-10 Benzo Benzo bond 1 0 NH2 

11-ll Benzo Benzo bond 4C(CH3)2i l 0 NH2 

11-12 Benzo Benzo bond 1 0 NH2 

11-13 Benzo Benzo 4CH2CH2i 4CH2i l 0 NH2 
11-14 Benzo Benzo 4CH2CH2i 4CH(CH3)i l 0 NH2 

11-15 Benzo Benzo bond 1 0 NH2 

N 

*0 
11-16 Benzo Benzo bond S \ l 0 NH2 

A 
N 

11-17 Benzo Benzo bond NMe2 
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TABLE 2-continued 

W O 
(ROI S\ i /R3 

(CH2)m_Y—(CH2)n N 
\ 

X R4 

(Rzk 

No A B X Y m n NR3R4 

11-6l Benzo Benzo 4CHICHi 4C(CH3)2i l 0 NH2 
11-62 Benzo Benzo 4112c112i 4112i 1 0 NH4CH(CH3)CONH2 
11-63 Benzo Benzo 4CH2CH2i 4CH2i l 0 morpholino 

11-64 Benzo Benzo bond A l 0 NH2 

0 

11-65 Benzo Benzo bond 4CHICHi 0 0 NH2 

11-66 Benzo bond 4CH2i 0 0 NH2 

HN\ / OMe 
N 

OMe 

For example, compounds 11-1 and 11-22 have the following 
structures: 3 5 

11-1 

8 N112 

VW 40 

De?nitions 
. . 55 

As used herein, the term “alkyl” refers to a substituted or 
unsubstituted, branched or straight hydrocarbon chain of l 
to 8 carbon atoms, Which is formed by the removal of one 
hydrogen atom. In certain preferred embodiments, the alkyl 
group contains from 1 to 6 carbon atoms. In other preferred 
embodiments, the alkyl group contains from 1 to 4 carbon 60 
atoms. A designation such as “Cl-C4 alkyl” refers to an 
alkyl radical containing from 1 to 4 carbon atoms. Examples 
include methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, 
sec-butyl, t-butyl, pentyl, 2-methylpentyl, hexyl, 
2-methylhexyl, 2,3-dimethylhexyl, heptyl, octyl, etc. 65 
As used herein, the term “loWer alkyl,” refers to a C1 to 

C6 saturated straight chain, branched, or cyclic hydrocarbon, 

50 

Which are optionally substituted. LoWer alkyl groups 
include, but are not limited to, methyl, ethyl, n-propyl, 
isopropyl, n-butyl, isobutyl, t-butyl, n-pentyl, cyclopentyl, 
isopentyl, neopentyl, n-hexyl, isohexyl, cyclohexyl, 
3-methylpentyl, 2,2-dimethylbutyl, 2,3-dimethylbutyl and 
the like. 
As used herein, “alkenyl” refers to a substituted or 

unsubstituted, straight or branched hydrocarbon chain con 
taining from 2 to 8 carbon atoms having one or more 
carbon-carbon double bonds Which may occur in any stable 
point along the chain, and Which is formed by removal of 
one hydrogen atom. A designation “C2-C8 alkenyl” refers to 
an alkenyl radical containing from 2 to 8 carbon atoms. 
Examples include ethenyl, propenyl, isopropenyl, 2,4 
pentadienyl, etc. 
As used herein, “alkynyl” refers to a substituted or 

unsubstituted, straight or branched hydrocarbon radical con 
taining from 2 to 8 carbon atoms, having one or more 
carbon-carbon triple bonds Which may occur in any stable 
point along the chain, and Which is formed by removal of 
one hydrogen atom. A designation “C2-C8 alkynyl” refers to 
an alkynyl radical containing from 2 to 8 carbon atoms. 
Examples include ethynyl, propynyl, isopropynyl, 3,5 
hexadiynyl, etc. 
As used herein, “carbocycle” or “carbocyclic” refer to a 

substituted or unsubstituted, stable monocyclic or bicyclic 
hydrocarbon ring Which is saturated, partially unsaturated or 
unsaturated, and contains from 3 to 10 carbon atoms. 
Accordingly the carbocyclic group may be aromatic or 
non-aromatic. The bonds connecting the endocyclic carbon 
atoms of a carbocyclic group may be single, double, triple, 
or part of a fused aromatic moiety. Carbocycles are intended 
to include the “cycloalkyl” and “aryl” compounds de?ned 
herein. 
As used herein, the term “cycloalkyl” refers to a substi 

tuted or unsubstituted hydrocarbon ring of 3 to 7 carbon 
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atoms formed by the removal of one hydrogen atom. A 
designation such as “C5*C7 cycloalkyl” refers to a 
cycloalkyl radical containing from 5 to 7 carbon atoms. 
Examples include cyclopropyl, cyclopentyl, cyclohexyl, 
cycloheptyl, etc. 
As used herein, the terms “heterocycle” or “heterocyclic” 

refer to a substituted or unsubstituted, saturated, partially 
unsaturated or unsaturated, stable 3 to 10 membered mono 
cyclic or bicyclic ring Wherein at least one member of the 
ring is a hetero atom. Accordingly the heterocyclic group 
may be aromatic or non-aromatic. Typically, heteroatoms 
include, but are not limited to, oxygen, nitrogen, sulfur, 
selenium, and phosphorus atoms. Preferable heteroatoms are 
oxygen, nitrogen and sulfur. The nitrogen and sulfur het 
eroatoms may be optionally oxidiZed, and the nitrogen may 
be optionally substituted in non-aromatic rings. The bonds 
connecting the endocyclic atoms of a heterocyclic group 
may be single, double, triple, or part of a fused aromatic 
moiety. Heterocycles are intended to include “heterocyclyl” 
and “heteroaryl” compounds de?ned herein. 
As used herein, “heterocyclyl” refers to a substituted or 

unsubstituted, saturated, or partially unsaturated, stable 3 to 
7 membered heterocyclic ring Which is formed by removal 
of one hydrogen atom. Examples include epoxyethyl, 
pyrrolidyl, pyraZolidinyl, piperidyl, pyranyl, oxaZolinyl, 
morpholino, morpholinyl, piperaZinyl, etc. 

Examples of heterocycles include, but are not limited to, 
2-pyrrolidinyl, 2H-pyrrolyl, 4-piperidinyl, 6H-l,2,5 
thiadiaZinyl, 2H,6H-l,5,2-dithiaZinyl, [furanyl] furyl, 
furaZanyl, imidaZolidinyl, imidaZolinyl, imidaZolyl, 
isoxaZolyl, morpholinyl, oxadiaZolyl, l,2,3-oxadiaZolyl, 
l,2,4-oxadiaZolyl, 1,2,5-oxadiazolyl, l,3,4-oxadiaZolyl, 
oxazolidinyl, oxaZolyl, piperazinyl, piperidinyl, pteridinyl, 
piperidonyl, 4-piperidinyl, purinyl, pyranyl, pyraZinyl, 
pyraZolidinyl, pyraZolinyl, pyraZolyl, pyridaZinyl, pyridinyl, 
pyridyl, pyrimidinyl, pyrrolidinyl, pyrrolinyl, pyrrolyl, 
tetrahydrofuranyl, 6H-l,2,5-thiadiaZinyl, l,2,3-thiadiaZolyl, 
1,2,4-thiadiazolyl, 1,2,5-thiadiazolyl, 1,3 ,4-thiadiaZolyl, 
thiaZolyl, thienyl, thienothiaZolyl, thienooxaZolyl, 
thienoimidaZolyl, triaZinyl, 1,2,3-triazolyl, 1,2,4-triazolyl, 
1,2,5-triazolyl, l,3,4-triaZolyl, and [tetraZole] lelrazolyl. 
Suitable heterocycles are also disclosed in The Handbook of 
Chemistry and Physics, 76th Edition, CRC Press, Inc., 
l995il996, pages 2*25 to 2*26, the disclosure of Which is 
hereby incorporated by reference. 

Preferred heterocyclic groups formed With a nitrogen 
atom include, but are not limited to, pyrrolidinyl, 
piperidinyl, piperidino, morpholinyl, morpholino, 
thiomorpholino, N-methylpiperaZinyl, indolyl, isoindolyl, 
[imidaZole, imidaZoline, oxaZoline, oxaZole, triaZole, 
thiaZoline, thiaZole, isothiaZole, thiadiaZoles, triaZines, 
isoxaZole, oxindole] imidazolyl, imidazolinyl, oxazolinyl, 
oxazolyl, Zriazolyl, Zhiazolinyl, Zhiazolyl, isolhiazolyl, 
Zhiadiazolyl, Zriazinyl, isoxazolyl, oxindolyl, indoxyl, 
[pyraZole, pyraZolone, pyrimidine, pyraZine, quinoline, 
iosquinoline, and tetraZole] pyrazolyl, pyrazolonyl, 
pyrimidinyl, pyrazinyl, quinolinyl, isoquinolinyl, and tetra 
zolyl groups. 

Preferred heterocyclic groups formed With an oxygen 
atom include, but are not limited to, [furan, tetrahydrofuran, 
pyran, benZofurans, isobenZofurans, and tetrahydropyran] 
furyl, tetrahydrofuranyl, pyranyl, benzofuranyl, 
isobenzofuranyl, and lelrahydropyranyl groups. Preferred 
heterocyclic groups formed With a sulfur atom include, but 
are not limited to, [thiophene, thianaphthene, 
tetrahydrothiophene, tetrahydrothiapyran, and ben 
Zothiophenes] thienyl, Zhianaphlhyl, lelrahydrolhienyl, 
lelrahydrolhiapyranyl, and benzolhienyl. 
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28 
Preferred aromatic heterocyclic groups include, but are 

not limited to, pyridyl, pyrimidyl, pyrrolyl, furyl, thienyl, 
imidaZolyl, triaZolyl, tetraZolyl, quinolyl, isoquinolyl, [ben 
ZoimidaZolyl] benzimidazolyl, thiaZolyl, pyraZolyl, and ben 
ZothiaZolyl groups. 
As used herein, the term “substituted” refers to replace 

ment of one or more hydrogen atoms on an indicated group 

With a selected group referred to herein as a “substituent”, 
provided that the substituted atom’s valency is not exceeded, 
and that the substitution results in a stable compound. A 
substituted group has 1 to 5, preferably 1 to 3, and more 
preferably 1, independently selected substituents. Preferred 
substituents include, but are not limited to F, Cl, Br, I, OH, 
OR, NH2, NR2, NHOH, N02, CN, CF3, CF2CF3, CFC6 
alkyl, CfC6 alkenyl, CfC6 alkynyl, CFC6 alkoxy, C3iC7 
cycloalkyl, heterocyclyl, C6iC1O aryl, heteroaryl, arylalkyl, 
C(=O)R, COOH, CO2R, OiC(=O)R, C(=O)NRR', 
NRC(=O)R', NRCOzR', OC(=O)NRR', iNRC(=O) 
NRR', iNRC(=S)NRR', and iSO2NRR', Wherein R and 
R' are each independently hydrogen, CFC6 alkyl, or C6iC1O 
aryl. 
As used herein, the term “aryl” refers to a substituted or 

unsubstituted, aromatic carbocyclic ring containing from 6 
to 10 carbon atoms, Which is formed by removal of one 
hydrogen atom. Examples include phenyl, naphthyl, 
indenyl, etc. 
As used herein, the term “heteroaryl” refers to a substi 

tuted or unsubstituted 5 to 10 membered aromatic hetero 
cyclic ring, Which is formed by removal of one hydrogen 
atom. Examples include pyrrolyl, pyridyl, pyrimidinyl, 
pyraZinyl, tetraZolyl, indolyl, quinolinyl, purinyl, 
imidaZolyl, thienyl, thiaZolyl, benZothiaZolyl, [furanyl] 
furyl, benZofuranyl, l,2,4-thiadiaZolyl, isothiaZolyl, [triaZ 
oyl] Zriazolyl, tetraZolyl, isoquinolyl, benZothienyl, 
isobenZofuryl, pyraZolyl, carbaZolyl, benZimidaZolyl, 
isoxaZolyl, etc. 
As used herein, the term “alkylene” refers to a substituted 

or unsubstituted, branched or straight chained hydrocarbon 
of l to 8 carbon atoms, Which is formed by the removal of 
tWo hydrogen atoms. A designation such as “Cl£4 alky 
lene” refers to an alkylene radical containing from 1 to 4 
carbon atoms. Examples include methylene (4CH2i), 
propylidene (CH3CH2CH=), l,2-ethandiyl(iCH2CH2i), 
etc. 

As used herein, the term “cycloalkylene” refers to sub 
stituted or unsubstituted carbocyclic ring of 3 to 8 carbon 
atoms, Which is formed by removal of tWo hydrogen atoms. 
A designation such as “C3£8 cycloalkylene” refers to an 
cycloalkylene radical containing from 3 to 8 carbon atoms. 
Examples include cyclopropylene (4C3H4i), cyclopenty 
lene (iCSHSi), cyclohexylene (iC6HlOi), etc. 
As used herein, the term “heterocyclylene” refers to a 

substituted or unsubstituted, saturated, or partially 
unsaturated, stable 3 to 7 membered heterocyclic ring, Which 
is formed by removal of tWo hydrogen atoms. Examples 
include epoxyethylene, pyrrolidylene, pyrrolidylidene, 
pyraZolidinylene, piperidylene, pyranylene, 
morpholinylidene, etc. 
As used herein, the term “arylene” refers to a substituted 

or unsubstituted aromatic carbocyclic ring containing from 
6 to 10 carbon atoms, Which is formed by removal of tWo 
hydrogen atoms. Examples include phenylene (iC6H4i), 
naphthylene (4C1OH6i), etc. The “phenylene” group has 
the folloWing structure: 
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As used herein, the term “heteroarylene” refers to a 
substituted or unsubstituted 5 to 10 membered aromatic 
heterocyclic ring formed by removal of tWo hydrogen 

30 
diphenylmethyl, triphenylmethyl, phenylethyl, 
diphenylethyl, etc. 

As used herein, “C5*C7 monosaccharide” refers to simple 
sugars of the formula (CH2O)n Wherein n=5*7. The 
monosaccharides can be straight-chain or ring systems, and 
can include a saccharose unit of the formula iCH(OH)i 
C(=O)i. Examples include erythrose, threose, ribose, 
arabinose, xylose, lyxose, allose, altrose, glucose, mannose, 
gulose, idose, galactose, talose, erythulose, ribulose, 

atoms. Examples include the heteroarylene groups Which 10 . 
correspond to the respective heteroaryl compounds xyulose’ pslcose’ fructose’ Sorbose’ tagatose’ 
described above, and in particular, include thienylene erythropemulose’ threopemulose’ glycerotetrulose’ 
(iC4H2Si)s pyridylene (iC5H3Ni), pyrimidinylene glucopyranose, fructofuranose, etc. 
(4C3H2N2i), quinolinylene (iCgHsNi), thiaZolylene As used herein, the term “amino acid” refers to a molecule 
(4c3HNsi), eIC- The “thienylene” group has the fOllOW- 15 containing both an amino group and a carboxyl group. 
mg Structure: Embodiments of amino acids include ot-amino, [3amino, 

y-amino acids. The ot-amino acids have a general formula 

(SW HOOC4CH(side chain)iNH2. The amino acids can be in 
/\ /\ their D, L or racemic con?gurations. Amino acids include 

\\_// . 20 naturally-occurring and non-naturally occurring moieties. 
The naturally-occurring amino acids include the standard 20 

The “pyridylene” group has the following Structure; ot-amino acids found in proteins, such as glycine, serine, 
tyrosine, proline, histidine, glutamine, etc. Naturally 

N occurring amino acids can also include non-(ot-amino acids 
H/ \ 25 (such as [3-alanine, y-aminobutyric acid, homocysteine, 

—\// _ etc.), rare (such as 4-hydroxyproline, 5-hydroxylysine, 
/\ 3-methylhistidine, etc.) and non-protein (such as citrulline, 

omithine, canavanine, etc.) amino acids. Non-naturally 
. “ ,, 30 occurring amino acids are Well-known in the art, and include 

As used herein, the term alkoxy refers to an oxygen - - - 
. . . analogs of natural amino ac1ds. See Lehn1nger, A. L. 

radical subst1tuted With an alkyl group. Preferably, the . . "d _ . _ _ 

alkoxy group contains from 1 to 6 carbon atoms. A desig- Blochemlstryf 2 ed" WOnhPubhSherS' New York’ 1975’ 
nation Such as “CliC4 alkoxy” refers to an alkoxy Contaim 7li77, the disclosure of Which 1s incorporated here1n by 
ing from 1 to 4 carbon atoms_ Examples include methoxya reference. Non-naturally occurring amino acids also include 

ethoxys n-propoxys isopropoxys n-butOXy, isobutoxya sec- 35 (ot-amino acids Wherein the side chains are replaced butoxy, pbutoxy, em synthetic derivatives. Representative side chains of naturally 

As used herein, the term “arylalkyl” refers to an aryl- occurring and non-naturally occurring ot-amino acids are 
substituted alkyl group and includes benZyl, bromobenZyl, shoWn beloW in Table A. 

TABLE A 

HO CH2— 

HO 

HN@iCH2— 
C? 
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TABLE A-continued 

32 

m2 

As used herein, the term “subject” refers to a Warm 
blooded animal such as a mammal, preferably a human, or 
a human child, Which is af?icted With, or has the potential to 
be al?icted With one or more diseases and conditions 
described herein. 
As used herein, a “therapeutically effective amount” 

refers to an amount of a compound of the present invention 
Which is effective in reducing, eliminating, treating or con 
trolling the symptoms of the herein-described diseases and 
conditions. The term “controlling” is intended to refer to all 
processes Wherein there may be a sloWing, interrupting, 
arresting, or stopping of the progression of the diseases and 
conditions described herein, but does not necessarily indi 
cate a total elimination of all disease and condition 
symptoms, and is intended to include prophylactic treat 
ment. 

As used herein, the term “pharmaceutically acceptable” 
refers to those compounds, materials, compositions, and/or 
dosage forms Which are, Within the scope of sound medical 
judgment, suitable for contact With the tissues of human 
beings and animals Without excessive toxicity, irritation, 
allergic response, or other problem complications commen 
surate With a reasonable bene?t/risk ratio. 
As used herein, “pharmaceutically acceptable salts” refer 

to derivatives of the disclosed compounds Wherein the 
parent compound is modi?ed by making acid or base salts 
thereof. The pharmaceutically acceptable salts include the 
conventional non-toxic salts or the quaternary ammonium 
salts of the parent compound formed, for example, from 
non-toxic inorganic or organic acids. For example, such 
conventional non-toxic salts include those derived from 
inorganic acids such as hydrochloric, sulfuric, sulfamic, 
phosphoric, nitric and the like; and the salts prepared from 
organic acids such as acetic, propionic, succinic, tartaric, 
citric, glutamic, benZoic, salicylic, toluenesulfonic, oxalic, 
and the like. 
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The pharmaceutically acceptable salts of the present 
invention can be synthesiZed from the parent compound 
Which contains a basic or acidic moiety by conventional 
chemical methods. Generally, such salts can be prepared by 
reacting the free acid or base forms of these compounds With 
a stoichiometric amount of the appropriate base or acid in 
Water or in an organic solvent, or in a mixture of the tWo. 
Generally, nonaqueous media like ether, ethyl acetate, 
ethanol, isopropanol, or acetonitrile are preferred. Lists of 
suitable salts are found in Remington’s Pharmaceutical 
Sciences, 17”’ ed., Mack Publishing Company, Easton, Pa., 
1985, p. 1418, the disclosure of Which is hereby incorpo 
rated by reference. 
As used herein, “prodrug” is intended to include any 

covalently bonded carriers Which release the active parent 
drug according to the compounds of the present invention in 
vivo When such prodrug is administered to a mammalian 
subject. Since prodrugs are knoWn to enhance numerous 
desirable qualities of pharmaceuticals (e.g., solubility, 
bioavailability, manufacturing, etc.), the compounds of the 
present invention may be delivered in prodrug form. Thus, 
the present invention contemplates prodrugs of the claimed 
compounds, compositions containing the same, and methods 
of delivering the same. Prodrugs of a compound of the 
present invention may be prepared by modifying functional 
groups present in the compound in such a Way that the 
modi?cations are cleaved, either in routine manipulation or 
in vivo, to the parent compound. Accordingly, prodrugs 
include, for example, compounds of the present invention 
Wherein a hydroxy, amino, or carboxy group is bonded to 
any group that, When the prodrug is administered to a 
mammalian subject, cleaves to form a free hydroxyl, free 
amino, or carboxylic acid, respectively. Examples include, 
but are not limited to, acetate, formate and benZoate deriva 
tives of alcohol and amine functional groups; and alkyl, 
cycloalkyl, aryl, and alkylaryl esters such as methyl, ethyl, 
cyclopropyl, phenyl, benZyl, and phenethyl esters, etc. 
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The present invention provides a method of treating 
diseases and conditions in a subject in need thereof com 
prising administering to said subject a therapeutically effec 
tive amount of a compound of formula (I), (I-A), (II), or 
(II-A). For example, the compounds of formula (I), (I-A), 
(II), or (II-A) can be used in the treatment of sleepiness, 
preferably sleepiness associated With narcolepsy, promotion 
of wakefulness, treatment of Parkinson’s disease, cerebral 
ischemia, stroke, sleep apneas, eating disorders, preferably 
eating disorders associated With a disease, in particular, 
Wherein the disease is anorexia nervosa, stimulation of 
appetite and Weight gain, treatment of attention de?cit 
hyperactivity disorder, enhancing function in disorders asso 
ciated With hypofunctionality of the cerebral cortex, 
including, but not limited to, depression, schizophrenia, 
fatigue, in particular, fatigue associated With neurologic 
disease, such as multiple sclerosis, chronic fatigue 
syndrome, and improvement of cognitive dysfunction. 
The identi?cation of those subjects Who are in need of 

treatment of herein-described diseases and conditions is Well 
Within the ability and knowledge of one skilled in the art. A 
clinician skilled in the art can readily identify, by the use of 
clinical tests, physical examination and medical/family 
history, those subjects Who are in need of such treatment. 
A therapeutically effective amount can be readily deter 

mined by the attending diagnostician, as one skilled in the 
art, by the use of conventional techniques and by observing 
results obtained under analogues circumstances. In deter 
mining the therapeutically e?fective amount, a number of 
factors are considered by the attending diagnostician, 
including, but not limited to: the species of subject; its siZe, 
age, and general health; the speci?c disease involved; the 
degree of involvement or the severity of the disease; the 
response of the individual subject; the particular compound 
administered; the mode of administration; the bioavailability 
characteristic of the preparation administered; the dose 
regimen selected; the use of concomitant medication; and 
other relevant circumstances. 

The amount of a compound of formula (I), (I-A), (II), or 
(II-A) Which is required to achieve the desired biological 
effect Will vary depending upon a number of factors, includ 
ing the dosage of the drug to be administered, the chemical 
characteristics (e.g., hydrophobicity) of the compounds 
employed, the potency of the compounds, the type of 
disease, the diseased state of the patient, and the route of 
administration. In general terms, the compounds of this 
invention may be provided in an aqueous physiological 
buffer solution containing about 0.1 to 10% W/v compound 
for parenteral administration. Typical dose ranges are from 
about 1 ug/kg to about 1 g/kg of body Weight per day; a 
preferred dose range is from about 0.01 mg/kg to 100 mg/kg 
of body Weight per day. A preferred daily dose for adult 
humans includes about 25, 50, 100 and 200 mg, and an 
equivalent dose in a human child. The preferred dosage of 
drug to be administered is likely to depend on such variables 
as the type and extent of progression of the disease or 
disorder, the overall health status of the particular patient, 
the relative biological efficacy of the compound selected, 
and formulation of the compound excipient, and its route of 
administration. 

The compounds of the present invention are capable of 
being administered in unit dose forms, Wherein the term 
“unit dose” means a single dose Which is capable of being 
administered to a patient, and Which can be readily handled 
and packaged, remaining as a physically and chemically 
stable unit dose comprising either the active compound 
itself, or as a pharmaceutically acceptable composition, as 
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described hereinafter. As such, typical daily dose ranges are 
from about 0.1 to 100 mg/kg of body Weight. By Way of 
general guidance, unit doses for humans range from about 
0.1 mg to about 1000 mg per day. Preferably the unit dose 
range is from about 1 to about 500 mg administered one to 
four times a day, and even more preferably from about 10 
mg to about 300 mg, tWo times a day. In an alternate method 
of describing an effective dose, a preferred oral unit dose is 
one that is necessary to achieve a blood serum level of about 
0.05 to 20 ug/ml, and more preferably, of about 1 to about 
20 ug/ml in a subject. 
Compounds provided herein can be formulated into phar 

maceutical compositions by admixture With one or more 
pharmaceutically acceptable excipients. Such compositions 
may be prepared for use in oral administration, particularly 
in the form of tablets or capsules; or parenteral 
administration, particularly in the form of liquid solutions, 
suspensions or emulsions; or intranasally, particularly in the 
form of poWders, nasal drops, or aerosols; or dermally, for 
example, topically or via trans-dermal patches. 
The compositions may conveniently be administered in 

unit dosage form and may be prepared by any of the methods 
Well knoWn in the pharmaceutical art, for example, as 
described in Remington: The Science and Practice of 
Pharmacy, 20”’ ed.; Gennaro, A. R., Ed.; Lippincott Will 
iams & Wilkins: Philadelphia, Pa., 2000. Pharmaceutically 
compatible binding agents, and/or adjuvant materials can be 
included as part of the composition. Oral compositions Will 
generally include an inert diluent carrier or an edible carrier. 
The tablets, pills, poWders, capsules, troches and the like 

can contain one or more of any of the folloWing ingredients, 
or compounds of a similar nature: a binder such as micro 
crystalline cellulose, or gum tragacanth; a diluent such as 
starch or lactose; a disintegrants such as starch and cellulose 
derivatives; a lubricant such as magnesium stearate; a 
glidant such as colloidal silicon dioxide; a sWeetening agent 
such as sucrose or saccharin; or a ?avoring agent such as 
peppermint, or methyl salicylate. Capsules can be in the 
form of a hard capsule or soft capsule, Which are generally 
made from gelatin blends optionally blended With 
plasticiZers, as Well as a starch capsule. In addition, dosage 
unit forms can contain various other materials that modify 
the physical form of the dosage unit, for example, coatings 
of sugar, shellac, or enteric agents. Other oral dosage forms 
syrup or elixir may contain sWeetening agents, 
preservatives, dyes, colorings, and ?avorings. In addition, 
the active compounds may be incorporated into fast 
dissolve, modi?ed-release or sustained-release preparations 
and formulations, and Wherein such sustained-release for 
mulations are preferably bi-modal. 

Preferred formulations include pharmaceutical composi 
tions in Which a compound of the present invention is 
formulated for oral or parenteral administration, or more 
preferably those in Which a compound of the present inven 
tion is formulated as a tablet. Preferred tablets contain 
lactose, cornstarch, magnesium silicate, croscarmellose 
sodium, povidone, magnesium stearate, or talc in any com 
bination. It is also an aspect of the present disclosure that a 
compound of the present invention may be incorporated into 
a food product or a liquid. 

Liquid preparations for administration include sterile 
aqueous or nonaqueous solutions, suspensions, and emul 
sions. The liquid compositions may also include binders, 
buffers, preservatives, chelating agents, sWeetening, ?avor 
ing and coloring agents, and the like. Nonaqueous solvents 
include alcohols, propylene glycol, polyethylene glycol, 
vegetable oils such as olive oil, and organic esters such as 








































