
PROCESSES AND INTERMEDIATES CROSS-REFERENCE [001] This application is a PCT
of 12/430, 207 filed April 27, 2009, which is a continuation-in-part of U S
Serial Number 11/506,550, filed August 18, 2006, which claims priority
under 35 U S C 119(e) to U S Serial Numbers 60/709,964, filed August 19,
2005, and 60/810,042, filed June 1, 2006, each of which is incorporated
herein in its entirety FIELD OF THE INVENTION [002] This invention relates
to processes and intermediates for the preparation of protease inhibitors,
in particular, serine protease inhibitors BACKGROUND OF THE INVENTION [003]
Infection by hepatitis C virus ("HCV") is a compelling human medical
problem HCV is recognized as the causative agent for most cases of non-A,
non-B hepatitis, with an estimated human sero-pie valence of 3% globally (A
Alberti et al , "Natural History of Hepatitis C," J Hepatology, 3 1 (Suppl
1), pp 17-24 (1999)) Nearly four million individuals may be infected in the
United States alone (M J Alter et al , "The Epidemiology of Viral Hepatitis
in the United States," Gastroenterol Clin North Am , 23, pp 437-455 (1994),
M J Alter "Hepatitis C Virus Infection in the United States," / Hepatology,
3 1 (Suppl 1), pp 88-91 (1999)) [004] Upon first exposure to HCV, only
about 20% of infected individuals develop acute clinical hepatitis while
others appear to resolve the infection spontaneously In almost 70% of
instances, however, the virus establishes a chronic infection that may
persist for decades (S Iwarson, "The Natural Course of Chronic Hepatitis,"
FEMS Microbiology Reviews, 14, pp 201-204 (1994), D Lavanchy, "Global
Surveillance and Control of Hepatitis C," J Viral Hepatitis, 6, pp 35-47
(1999)) Prolonged chronic infection can result in recurrent and
piogressively worsening liver inflammation, which often leads to more
severe disease states such as cirrhosis and hepatocellular carcinoma (M C
Kew, "Hepatitis C and Hepatocellular Caicmoma", FEMS Microbiology Reviews,
14, pp 2 11-220 (1994), I Saito et al , "Hepatitis C Virus Infection is
Associated with the Development of Hepatocellular Carcinoma," Pioc Natl
Acad Sa USA, 87, pp 6547-6549 (1990)) Unfortunately, there are no broadly
effective treatments for the debilitating piogression of chronic HCV [005]
Compounds described as protease inhibitors, and in particular serine
protease inhibitors, useful in the treatment of HCV infections are
disclosed mWO 02/18369 Also disclosed therein in this publication are
processes and intermediates for the prepaiation of these compounds, which
lead to racemization of certain steric carbon centers See, e g ,pages
223-22. There remains however, a need for economical processes for the
preparation of these compounds. SUMMARY OF THE INVENTION [006] In one
aspect, the invention provides processes and intermediates for producing a
bicyclic pyrrolidine derivative of Formula 1, which is useful in producing
protease inhibitors. 1 In Formula 1, R is an acid protecting group which
can be removed under acidic, basic, or hydrogenation conditions. Under
acidic conditions, R3 is, for example, /-butyl; under basic conditions, R3
is, for example, methyl or ethyl; under hydrogenation conditions, R3 is,
for example, benzyl. [007] Another aspect of the invention includes
processes and intermediates for the preparation of a compound of Formula 2,
which is also useful in producing protease inhibitors. 2 In Formula 2, R4
is H, an optionally substituted aliphatic, an optionally substituted
cycloaliphatic, an optionally substituted aryl, an optionally substituted
aralkyl, or an optionally substituted heteroaralkyl; R'4 is H, an
optionally substituted aliphatic, an optionally substituted aryl, an
optionally substituted aralkyl or an optionally substituted heteroaralkyl;
and R'5 is an optionally substituted aliphatic, an optionally substituted
cycloaliphatic, an optionally substituted aryl, an optionally substituted
aralkyl, or an optionally substituted heteroaralkyl; or R and R'5 together
with the atom to which they are attached may form a 3- to 7- membered
optionally substituted cycloaliphatic ring. [008] The processes and
intermediates described herein are also useful for a process for preparing
a protease-inhibiting compound of Formula 3 shown below.Referring to
Formula 3, R1 is RW-, P2-, P3-L2-P -, Or P4-L3-P3-L2-P2- ; W is a bond,
-CO-, -O-CO-, -NRx-,-NRx -C0-, -O-, or -S-; T is -C(O)-, -O-C(O)-,
-NHC(O)-, -C(O)C(O)-, or -SO2- ; R is H, an optionally substituted
aliphatic, an optionally substituted cycloaliphatic, optionally substituted
heterocycloaliphatic, an optionally substituted aryl, or an optionally
substituted heteroaryl; R is H, an aliphatic, a cycloaliphatic, a
heterocycloaliphatic, an aryl, or a heteroaryl; each of which, except for
H, is optionally substituted with one or more substituents each
independently selected from Group J, wherein Group J includes halo,
cycloaliphatic, aryl, heteroaryl, alkoxy, aroyl, heteroaroyl, acyl, nitro,
cyano, amido, amino, sulfonyl, sulfinyl, sulfanyl, sulfoxy, urea, thiourea,
sulfamoyl, sulfamide, oxo, carboxy, carbamoyl, cycloaliphaticoxy,
heterocycloaliphaticoxy, aryloxy, heteroaryloxy, aralkyloxy,
heteroarylalkoxy, alkoxycarbonyl, alkylcarbonyloxy, and hydroxy; R is an
optionally substituted aliphatic, an optionally substituted heteroalkyl, an
optionally substituted heteroaryl, an optionally substituted phenyl; or R5
and R , together withthe atoms to which they aie attached, may form a 5- to
7-membered, optionally substituted monocyclic heterocycle, or a 6- to
12-membered, optionally substituted bicychc heterocycle, in which each
heteiocycle ring optionally contains an additional heteroatom selected from
- O-, -S-, or -NRX-, Each of R7 and R ' is independently H, an optionally
substituted aliphatic, an optionally substituted heteroalkyl, an optionally
substituted heteroaryl, or an optionally substituted phenyl, or R and R ',
together with the atom to which they are attached, may form a 3- to
7-membered cycloaliphatic or heterocycloaliphatic ring, or R7 and R ,
together with the atoms to which they are attached, may form a 5- to 7-
membered optionally substituted monocyclic heterocycle, a 5- to 7-membered
optionally substituted monocyclic aryl, a 6- to 12-membeied optionally
substituted bicychc heterocycle, or a 6- to 12-membered optionally
substituted bicychc aryl, in which each heterocycle or aryl 



ring optionally contains an additional heteroatom selected from -O-, -S-,
or -NRX-, or When R and R together with the atoms to which they are
attached form a ring, R7 and the ring system formed by R and R<, may form
an 8- to 14-membered optionally substituted bicychc fused ring system,
wherein the bicychc fused ring system may further fuse with an optionally
substituted phenyl to form an optionally substituted 10- to 16- membered
tricyclic fused ring system, R is H or a protecting group, Rx is H,
aliphatic, cycloaliphatic, (cycloahphatic)aliphatic, aryl, arahphatic,
heteiocycloahphatic, (heterocycloaliphatic )ahphatic, heteroaryl, carboxy,
sulfanyl, sulfinyl, sulfonyl, (ahphatic)carbonyl, (cycloahphatic)carbonyl,
((cycloaliphatic)ahphatic)carbonyl, arylcarbonyl, (arahphatic )carbonyl,
(heterocycloaliphatic )carbonyl, ((heterocycloahphatic)aliphatic)carbonyl,
(heteroaryl)carbonyl, or (heteroarahphatic)carbonyl, R is
-(NH-CRVRV-C(O)-C(O))-NHR4or -(NH-CR4'R5'-CH(OH)-C(O))-NHR4; R4 is H, an
optionally substituted aliphatic, an optionally substituted cycloaliphatic,
an optionally substituted heterocycloaliphatic, an optionally substituted
aryl, an optionally substituted aralkyl or an optionally substituted
heteroaralkyl; and Each of R'4 and R'5 is independently H, an optionally
substituted aliphatic, an optionally substituted cycloaliphatic, an
optionally substituted heterocycloaliphatic, an optionally substituted
aryl, an optionally substituted aralkyl, an optionally substituted
heteroaralkyl, or an optionally substituted heteroaralkyl; or R4' and R5',
together with the atom to which they are attached, may form a 3- to
7-membered optionally substituted cycloaliphatic ring[009] In some
embodiments, the process for preparing compounds of Formula 3 includes the
step of carboxyldtion of an azabicyclooctane of Formula 6, R 6 wherein R'
is Ci 5 alkyl, to give a racemic mixture of cis- and
transoctahydrocyclopentafcJpyi tole-1-carboxylic acids of Formula 7. [0010]
In some embodiments, each of P2, P and P4 is independently a bond, H, an
optionally substituted aliphatic, an optionally substituted aryl, an
optionally substituted heteroaryl, an optionally substituted alkoxy, an
optionally substituted alkylsufanyl, an optionally substituted aralkoxy, an
optionally substituted aralkylsulfanyl, an optionally substituted mono- or
dialkylamino, an optionally substituted mono- or diarylamino, or an
optionally substituted mono- or diheteroarylamino. [0011] In some
embodiments, each of L2 and L3 is independently a bond, -C(O)-, or - SO2-
[0012] In some embodiments, R is a Ci 6 alkyl, Cvio cycloalkyl, Cvio
cycloalkyl-Ci 12 alkyl, C6 10 aryl, C6 10 aryl-Ci 6 alkyl, C - 10
heterocyclyl, C 10 heterocyclyl-Ci balkyl, C 10 heteroaryl, or C 10
heteroaryl-Ci 6 alkyl, each of which is optionally substituted with one to
thiee substituents each independently selected from Group J; and up to
three aliphatic carbon atoms in R may be independently replaced by a
heteroatom or group selected from O, NH, S, SO, or SO in a chemically
stable arrangement [0013] In some further embodiments, K isf0014J In some
embodiments, R is H; R7 is a C - alkyl, C - O cycloalkyl, C - O cycloalkyl-
Ci-12 alkyl, C Io aryl, C .10 aryl-Ci-6 alkyl, C3- io lieterocyclyl, C -
Ioheterocyclyl-C i.6 alkyl, C5- Oheteroaryl, or C5.10 heteroaryl-C alkyl;
and Ri is optionally substituted with one to three substituents each
independently selected from Group J ; and up to three aliphatic carbon
atoms in R ] may be replaced by a heteroatom or group selected from O, NH,
S, SO, or SOT in a chemically stable arrangement. [0015] In some further
embodiments, R7 is [0016] In still some further embodiments, R and R7',
together with the atom to which they are attached, form [0017] In some
embodiments, R is a C -Io aryl, C - 10 aryl-Q. 12 aliphatic, cycloalkyl, C
. 10 cycloalkenyl, C3 10 cycloalkyl-Ci.12 aliphatic, C3- 10
cycloalkenyl-C]_i 2 aliphatic, C -Io heterocyclyl, C3- 10 heterocyclyl-C 2
aliphatic, C5.10heteroaryl, or C5.10 heteroaryl -C1.12 aliphatic; each of
which is optionally substituted with one to three substituents each
independently selected from Group J. [0018] In some further embodiments, R
is[0019] In still some further embodiments, R is H [0020] In yet still some
further embodiments, R is and Rio is H, C M aliphatic, Q-io aryl, C -to
aryl-Ci-n aliphatic, C - I cycloalkyl, C - I cycloalkenyl, C3- io
cycloalkyl-Ci-12 aliphatic, C3-I0 cycloalkenyl-Ci-12 aliphatic, C3.io
heterocyclyl, C3-io heterocyclyl-C 1.1 aliphatic, C5-10 heteroaryl, or
Cs_io heteroaryl-Ci.n aliphatic. [0021] In still some further embodiments,
R is [0022] In yet still some further embodiments, R is ' H H H '[00231 In
some further embodiments, R is [0024] In some embodiments, the
carboxylation step in the process for preparing compounds of Formula 3
includes forming a 2-anion of the compound of Formula 6N COOR' 6 in the
presence of a complexing agent, and then treating the 2-anion with carbon
dioxide to produce a racemic mixture of
/'ram-/cw-octahydrocyclopenta[c]pyrrole-l-carboxylic acids of Formula 7
COOH COOR' [0025] In some further embodiments, the 2-anion of the compound
of Formula 6 is prepared by treating the compound of Formula 6 with a
strong lithium base in the presence of a complexing agent and an aprotic
solvent. [0026] In still some further embodiments, the base used in
preparing the 2-anion is sec-butyl lithium. [0027] In still some further
embodiments, the complexing agent used in preparing the 2- anion is
tetramethylethylenediamine, tetraethylethylenediamine, tetramethyl-1,2-
cyclohexyldiamine, sparteine, ora 3,7-di(C|_6
alkyl)-3,7-diazabicyclo[3.3.1]nonane such as, for example,
3,7-di("-propyl)-3,7-diazabicyclo[3.3.1]nonane. [0028] In still some
further embodiments, the complexing agent is tetramethylethylenediamine,
tetraethylethylenediamine, tetramethyl-l,2-cyclohexyldiamine, or
3,7-di(Ci-6 alkyl)-3,7-diazabicyclo[3.3.1]nonane. 



[0029] In still some further embodiments, the complexing agent is
D-sparteine. [0030] In some embodiments, the trans-/cis- ratio in the
racemic mixture of compounds of Formula 7 is 1 to 2. [0031] In some
embodiments, the trans-/cis- ratio in the racemic mixture of compounds of
Formula 7 is 40 to 60. [0032] In still some further embodiments, the
transVcis- ratio in the racemic mixture of compounds of Formula 7 is 1 to
1. [0033] In still some further embodiments, the trcms-/cis- ratio is 60 to
40. [0034] In still some further embodiments, the trans-Zcis- ratio is 80
to 20. [0035] In still some further embodiments, the trans-/cis- ratio is
90 to 10. [0036] In still some further embodiments, the trans-Icis- ratio
is greater than 98 to 2.[0037] In some other embodiments, the process for
preparing compounds of Formula 3 further includes equilibrating a mixture
of the compounds of Formula 7 COOH COOR' 7 in the presence of a suitable
base to produce a predominantly trans-as racemic acid of Formula 8 N -^COOH
COOR' 8 (rac) wherein the trans-/cis- ratio is greater than 80 to 20 [0038]
In some other embodiments, the process for preparing compounds of Formula 3
further includes equilibrating a trans-/cis- mixture of the compounds of
Formula 7 in the presence of a suitable base to produce a predominantly
irans-cis racemic acid of Formula 8 wherein the trans-/cis- ratio is
gieater than 90 to 10 [0039] In some other embodiments, the process for
prepa png compounds of Formula 3 further includes equilibrating a
trans-/cis- mixture of Formula 7 in the presence of a suitable base to
produce a predominantly trans cis racemic acid of Formula 8 wherein the
trans-/cisratio is greater than 98 to 2 [0040] In some further embodiments,
the base used in equilibrating the trans-/ci - mixture of Formula 7 is
lithium hexamethyldisilazide, lithium di-isopropylamide, or lithium
2,2,6,6- tetramethylpipe pdide [0041] In some further embodiments, the base
is lithium hexamethyldisilazide [0042] In some further embodiments, the
base is sec-buty\ lithium and the complexing agent is
3,7-dipropyl-3,7-diazabicyclo[3 3 ljnonane to give a mixture of racemic
trans-/t is-Nalkoxycarbonyl- octahydrocyclopenta[c]pyrrole-l-carboxylic
acids of Formula 7, in which the tran\-/c is- ratio is greater than 90 to
10 [0043] In some further embodiments, the
?r/u-N-alkoxycarbonyloctahydrocyclopenta[ c]pyrrole-l-carboxyhc acid is
frrcs-N-f-butoxycarbonyloctahydrocyclopenta[ c]pyrrole-l-carboxyhc acid
[0044] In some other embodiments, the process for prepa png compounds of
Formula 3 fuither includes resolving racemic
frm-N-alkoxycarbonyl-octahydrocyclopenta[c]pyrrole-lcarboxylic acid to
produce a (IS, 2S, 3R) fra/u-N-alkoxycarbonyloctahydrocyclopenta[
c]pyrrole-l-carboxylic acid. [0045] In some further embodiments, the
resolution of a racemic mixture of compounds includes the steps of i)
forming a salt with an optically active base; and ii) crystallizing the
salt formed by step i) to provide an optically active salt of Formula 9. 9
[0046] In some further embodiments, the optically active base used in
resolving a racemic mixture of compounds is (R) a-aminoethylbenzene. [0047]
In some further embodiments, the optically active base is (S)
1,2,3,4-tetrahydro-lnaphthylamine. [0048] In some further embodiments, the
process for preparing compounds of Formula 3 further includes the steps of
esterifying the carboxylic acid of Formula 9 with a compound containing the
R group; and removing the -COOR' protecting group to produce a compound of
Formula 1, N CO2R3 H 1 wherein R3 is an optionally substituted alkyl or
aralkyl. [0049] In still some further embodiments, R3 is ?-butyl. [0050] In
some embodiments, the process for preparing compounds of Formula 3 further
includes reacting the amino-ester of Formula 1 with RiCOOH in the presence
of a coupling reagent to produce a compound of Formula Ia. I a [0051] In
some embodiments, the reaction between the amino-ester of Formula 1 and
R]COOH can be carried out further in the presence of histamine, glycine, or
lysine, in addition to a coupling agent.[0052] In some further embodiments,
R is P2- [0053] In some further embodiments, R is P3-L2-P2- [0054] In some
further embodiments, R is P4-L -Pi-L 2-P [0055] In some further
embodiments, R is RWf0056] In some embodiments, the process for preparing
compounds of Formula 3 further includes the steps of hydiolyzing the ester
of a compound of Formula Ia, to provide a carboxylic acid and reacting the
carboxyhc acid thus obtained with a compound containing the R2 group,
wherein R2 is -(NH-CR4'Ri'-CH(OH)C(O))-NHR 4, in the presence of a coupling
reagent to produce the compound of Formula 3 . [0057] In some further
embodiments, R4 is H, an optionally substituted aliphatic, optionally
substituted cycloaliphatic, an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted aralkyl, or an optionally
substituted heteroaralkyl; R4' is H, an optionally substituted aliphatic,
an optionally substituted aryl, an optionally substituted aralkyl, or an
optionally substituted heteroaralkyl; and R5' is H, an optionally
substituted aliphatic, an optionally substituted cycloaliphatic, an
optionally substituted aryl, an optionally substituted aralkyl, or an
optionally substituted heteroaralkyl, or R4' and R5', together with the
atom to which they are attached, form a 3- to 7- membered optionally
substituted cycloaliphatic png. [0058] In some further embodiments, R2 is
[0059] The invention further relates to a process for piepapng a compound
of Formula 4[0060] In some embodiments, the process for preparing compounds
of Formula 4 includes the steps of 



i) providing an N-alkoxycarbonyl-S-azabicycloP 3 0]octane, ii) forming a
2-anion of the N-alkoxycarbonyl-3-azabicyclo[3 3 0]octane in the presence
of a chelating agent, iii) treating the anion of step ii) with carbon
dioxide to produce a cis /trans mixture of
N-alkoxycarbonyl-octahydrocyclopenta[c]pyrrole-l-carboxyhc acids, iv)
treating the mixture of step iii) with a strong base to produce an
essentially pure trans- N-alkoxycarbonyl-octahydrocyclopenta[c]
ryrrole-l-carboxyhc acid, v) forming a salt of the carboxylic acid with an
optically active amine, vi) crystallizing the salt, vii) estepfying the
salt provided in step vi), viii) removing the N-alkoxycarbonyl gioup to
produce (lS,3aR,6aS)-f-butyloctahydiocyclopenta[ c)pyi tole-l-carboxylate,
/-butyl ester, ix) reacting the bicyclic of step viii) with a protected
amino acid of Formula 26, 26 wherein Z is an amine protecting group, in the
piesence of a coupling reagent, to pioduce an amide-ester of Formula 27, 27
x) removing the protecting group Z from the amide-ester of step ix) to
produce the amino compound of Formula 28,28 xi) reacting the amino compound
of Formula 28 with a protected amino acid of Formula 29 Z-HN CO2H 29 in the
presence of a coupling reagent to produce a tripeptide of Formula 30; 30
xii) removing the protecting group Z in the tripeptide of Formula 30 to
produce a free amino-tripeptide of Formula 31; 31 xiii) reacting the
amino-tripeptide of Formula 31 with pyrazine-2-carboxylic acid in the
presence of a coupling reagent to produce an amide-tripeptide ester of
Formula 33; 33 xiv) hydrolyzing the ester of the amide-tripeptide ester of
Formula 33 to produce an amide-tripeptide acid of Formula 34;34 XV)
reacting the amide-tppeptide acid of Formula 34 with an aminohydroxy-amide
of Formula 18 18 in the piesence of a coupling reagent to produce a
hydroxy-tetrapeptide of Formula 35, and 35 xvi) oxidizing the hydroxy gioup
of Formula 35 to produce the compound of Formula 4 [0061] In some
embodiments, the oxidizing reagent used in step xvi) described above is
sodium hypochloiite, and the oxidation is carried out in the presence of
2,2,6,6- tetramethylpipepdinyloxy free radical (TEMPO). [0062] In some
other embodiments, the oxidizing reagent used in step xvi) descpbed above
is 1,1-dihydro-1 ,1, 1-tpacetoxy- 1,2-benzoiodooxol-3( 1H)-one. [0063] In
some further embodiments, the process further includes dissolving the
compound of Formula 4 in an organic solvent to obtain its solution, and
then adding an acid to the solution A suitable organic solvent can be any
solvent in which the compound of Formula 4 dissolves, e g., methylene
chloride The acid can be any acid, inorganic or organic, e.g., acetic acid
or propionic acid[0064] In sti I] some further embodiments, the process
further includes concentrating the solution of the compound of Formula 4 to
obtain the compound in a solid font Such a concentrating process can be, e
g , distillation of the solvent under reduced pressure (e g , vacuum) by
natural evaporation of the solvent. The solid form in which the compound of
Formula 4 is obtained can be, e g , crystalline or semicrystalline, and can
be of higher purity than that before being dissolved into an organic
solvent and then concentrated in acid condition 10065] As such, the
invention also relates to a process of purifying the compound of Formula 4
[0066] In some embodiments, the process includes first dissolving the
compound of Formula 4 in an organic solvent to obtain its solution, adding
an acid to the solution of the compound of Formula 4, and then
concentrating the solution of the compound of Formula 4 to obtain the
compound in a solid form Examples of suitable organic solvents, acids, and
solid forms have been provided above [0067] The invention fuither features
compounds of Formula Ia, Wherein Rt is P -, R.5 is H, an aliphatic, a
cycloahphatic, a heterocycloahphatic, an aryl, or a heteroaryl; each of
which, except for H, is optionally substituted with one or more
substituents eachindependently selected from Group J consisting of halo,
cycloahphatic, aryl, heteroaryl, alkoxy, aroyl, heteroaroyl, acyl, nitro,
cyano, amido, amino, sulfonyl, sulfinyl, sulfanyl, sulfoxy, urea, thiourea,
sulfamoyl, sulfamide, oxo, carboxy, carbamoyl, cycloahphaticoxy,
heterocycloahphaticoxy, aryloxy, heteroaryloxy, aralkyloxy,
heteroarylalkoxy, alkoxycarbonyl, alkylcarbonyloxy, and hydioxy, R is an
optionally substituted aliphatic, an optionally substituted heteroalkyl, an
optionally substituted heteroaryl, an optionally substituted phenyl; or R5
and R6, together with the atoms to which they are attached, may form a 5-
to 7-membered, optionally substituted monocyclic heterocycle, or a 6- to
12-membered, optionally substituted bicyclic heterocycle, in which each
heteiocycle ring optionally contains an additional heteroatom selected from
- O-, -S-, or -NRX-, Rx is H, aliphatic, cycloahphatic,
(cycloahphatic)aliphatic, aryl, arahphatic, heterocycloahphatic,
(heterocycloaliphatic)ahphatic, heteroaryl, carboxy, sulfanyl, sulfinyl,
sulfonyl, (aliphatic )carbonyl, ((cycloaliphatic)ahphatic)carbonyl,
arylcarbonyl, (araliphatic)carbonyl, (heterocycloahphatic)carbonyl,
((heterocycloaliphatic)ahphatic)carbonyl, (heteioaryl)carbonyl, or
(heteroai ahphatic)carbonyl, Rg is H or a protecting group, and R is an
optionally substituted alkyl. [0068] In some embodiments, R is /-butyl.
[0069] In some other embodiments, P - is 



[0070] In some further embodiments, P - is [0071] The invention further
relates to compounds of Formula I a show above, in which Ri is P3-L2-P2- ;R
i is H, an aliphatic, a cycloahphatic, a heterocycloaliphatic, an aryl, or
a heteroaryl, each of which, except for H, is optionally substituted with
one or more substituents each independently selected from Group J
consisting of halo, cycloahphatic, aryl, heteroaryl, alkoxy, aroyl,
heteroaroyl, acyl, nitro, cyano, amido, amino, sulfonyl, sulfinyl,
sulfanyl, sulfoxy, urea, thiouiea, sulfamoyl, sulfamide, oxo, carboxy,
carbamoyl, cycloaliphaticoxy, heteiocycloahphaticoxy, aryloxy,
heteroaryloxy, aralkyloxy, heteroarylalkoxy, alkoxycarbonyl,
alkylcarbonyloxy, and hydroxy, R6 is an optionally substituted aliphatic,
an optionally substituted heteroalkyl, an optionally substituted
heteroaryl, an optionally substituted phenyl, or R and R6, together with
the atoms to which they are attached, may form a 5- to 7-membered,
optionally substituted monocyclic heteiocycle, or a 6- to 12-rnembered,
optionally substituted bicyclic heterocycle, in which each heterocycle ring
optionally contains an additional heteroatom selected from - O-, -S-, or
-NRX-, R7 is H, an optionally substituted aliphatic, an optionally
substituted heteioalkyl, an optionally substituted heteroaryl, or an
optionally substituted phenyl; or R7 and R , together with the atoms to
which they are attached, may form a 5- to 7- membered optionally
substituted monocyclic heterocycle, a 5- to 7-membered optionally
substituted monocyclic aryl, a 6- to 12-membered optionally substituted
bicyclic heterocycle, or a 6- to 12-membered optionally substituted
bicyclic aryl, in which each heterocycle or aryl ring optionally contains
an additional heteroatom selected from -O-, -S-, or -NRX- ; or When R and
R6 together with the atoms to which they are attached form a ring, R7 and
the ring system formed by R5 and R6 may foim an 8- to 14-membered
optionally substituted bicyclic fused nng system, wherein the bicyclic
fused ring system may further fuse with an optionally substituted phenyl to
form an optionally substituted 10- to 16- membered tricyclic fused ring
system, R is H, aliphatic, cycloahphatic, (cycloahphatic)aliphatic, aryl,
arahphatic, heterocycloaliphatic, (heterocycloaliphatic)ahphatic,
heteroaryl, carboxy, sulfanyl, sulfinyl, sulfonyl, (ahphatic)carbonyl,
(cycloahphatic)carbonyl, ((cycloaliphatic)ahphatic)carbonyl, arylcarbonyl,
(arahphatic)carbonyl, (heterocycloahphatic)carbonyl,
((heterocycloaliphatic)ahphatic)cai bonyl, (heteroaryl)carbonyl, or
(heteroarahphatic)carbonyl;Rs is H or a protecting group, and R-i is an
optionally substituted alkyl 10072] In some embodiments, R - is /-butyl
[0073] In some embodiments, P-J-L -P2- is [0074] In some embodiments, PrL
2-P - 1S [0075] Also within the scope of the present invention are the
compounds of 3,7-dipropyl-3,7- diazdbicyclo[3 3 ljnonane, and
3,7-dipropyl-3,7-diazabicyclo[3 3 l]nonan-9-one [0076] In one aspect, the
invention includes a process for piepa png a racemic mixture of cisand
trans- octahydrocyclopenta[c]pyrrole-l-carboxyhc acids of Formula 7 COOH
COOR' 7 comprising the step of carboxylation of an azabicyclooctane of
Formula 6, N COOR' 6 wherein R' is Ci alkyl [0077] In one embodiment, the
carboxylation step includes forming a 2-anion of the compound of Formula 6
N COOR'6 in the presence of a complexing agent, and treating the 2-anion
with carbon dioxide to produce a racemic mixture of /r m'-/r
-octahydrocyclopenta[c]pyrrole~l-carboxylic acids of Formula 7. l COOH
COOR' 7 [0078] In another embodiment, the 2-anion is prepared by treating
the compound of Formula 6 with a strong lithium base in the presence of a
complexing agent and an aprotic solvent. [0079] In a further embodiment,
the base is sec-butyl lithium. [0080] In a further embodiment, the
complexing agent is tetramethylethylenediamine, tetraethylethylenediamine,
tetramethyl-l,2-cyclohexyldiamine, sparteine, or 3,7-dipropyl-3,7-
diazabicyclo[3.3. l]nonane. [0081] In one embodiment, the complexing agent
is tetramethylethylenediamine, tetraethylethylenediamine,
tetramethyl-l^-cyclohexyldiamine, or 3,7-dipropyl-3,7-
diazabicyclo[3.3.1]nonane. [0082] In one embodiment, the trans-/cis- ratio
is 1 to 1. [0083] In another embodiment, the trans-/cis- ratio is 60 to 40.
[0084] In another embodiment, the trans-/cis- ratio is 80 to 20. [0085] In
another embodiment, the trans-/cis- ratio is 90 to 10. [0086] In yet
another embodiment, the trans -Zeis- ratio is greater than 98 to 2. [0087]
In one embodiment, the complexing agent is D-sparteine. [0088] In one
embodiment, the lithium base is sec-buty\ lithium and the complexing agent
is 3,7-dipropyl-3,7-diazabicyclo[3.3.1]nonane to give a mixture of racemic
trans-Zcis-Nalkoxycarbonyl- octahydrocyclopenta[c]pyrrole-l-carboxylic
acids of Formula 7, in which the trans-Zcis- ratio is greater than 90 to
10. [0089] In a further embodiment, the
/ra/u-N-alkoxycarbonyl-octahydrocyclopenta[c]pyrrole- 1-carboxylic acid is
ra y-N-/-butoxycarbonyl-octahydrocyclopenta[c]pyrrole-l-carboxylic acid.
[0090] In one aspect, the invention includes a process for preparing a
compound of Formula 4comprising the steps of i) providing an
N-alkoxycarbonyl-S-azabicycloP 3.0]octane; ii) forming a 2-anion of the
N-alkoxycarbonyl-3-azabicyclo[3.3 OJoctane in the presence of a chelating
agent, 



iii) treating the anion of step ii) with carbon dioxide to produce a
cis-/trans- mixture of
N-alkoxycarbonyl-octahydrocyclopenta[c]pyrrole-l-carboxylic acids, iv)
treating the mixture of step iii) with a strong base to produce an
essentially pure trans- N-alkoxycarbonyl-octahydrocyclopenta[c]
ryrrole-l-carboxyhc acid; v) forming a salt with an optically active amine;
vi) crystallizing the salt, vii) estepfying the acid provided in step vi);
viii) removing the N-alkoxycaibonyl group to produce
(lS,3aR,6aS)-/-butyloctahydrocyclopenta[ cjpyrrole-l-carboxylate, /-butyl
ester; ix) reacting the bicyclic aminoester of step viii) with a protected
amino acid of Formula 26, 26 wherein Z is an amine protecting group, in the
presence of a coupling reagent, to produce an amide-ester of Formula 27; 27
x) removing the protecting group Z from the amide-ester of step ix) to
produce the amino compound of Formula 28;28 xi) reacting the amino compound
of Formula 28 with a protected amino acid of Formula 29 Z-HN^CO2H 29 in the
presence ot a coupling reagent to produce a tppeptide of Formula 30, 30
xii) removing the protecting group Z in the tppeptide of Formula 30 to
produce a free amino-tppeptide of Formula 3 1, 31 xiii) reacting the
amino-tppeptide of Formula 31 with pyrazine-2-carboxylic acid in the
presence of a coupling reagent to produce an amide-tppeptide ester of
Formula 33, 33 xiv) hydrolyzing the ester of the amide-tppeptide ester of
Formula 33 to produce an amide-tppeptide acid of Formula 34,34 xv) reacting
the amide-t ppeptide acid of Formula 34 with an aminohydroxy-amide of
Formula 18 18 in the presence of a coupling reagent to produce a
hydroxy-tetrapeptide of Formula 35, and 35 xvi) oxidizing the hydioxy group
of Formula 35 to produce the compound of Formula 4 4 [0091] In one
embodiment, the oxidizing reagent used in step xvi) is sodium hypochlorite
and the oxidation is carried out in the presence of
2,2,6,6-tetramethylpipendinyloxy free radical (TEMPO). [0092] In another
embodiment, the oxidizing reagent used in step xvi) is 1, 1-dihydro- 1,1,1
- tpacetoxy-l,2-benzoiodooxol-3(lH)-one. [0093] In one embodiment, the
process further comprises dissolving the compound of Formula 4 in an
organic solvent to obtain a solution of the compound of Formula 4, and then
adding an acid to the solution. [0094] In a further embodiment, the organic
solvent is methylene chlopde, and the acid is acetic acid.[0095] In another
embodiment, the process further comprises concentrating the solution of the
compound of Formula 4 to obtain the compound in a solid form. [0096] In one
aspect, the invention includes a process of purifying the compound of
Formula 4, comprising: i) dissolving the compound of Formula 4 in an
organic solvent to obtain a solution of the compound of Formula 4, ii)
adding an acid to the solution of the compound of Formula 4, and iii)
concentrating the solution of the compound of Formula 4 to obtain the
compound in a solid form. [0097] In one embodiment, the organic solvent is
methylene chloride, and the acid is acetic acid. [0098] In one aspect, the
invention includes a process of preparing a compound of Formula 8 N COOH
COOR' 8 (rac) comprising carboxylating an azabicyclooctane of Formula 6 N
COOR 6 to give a racemic mixture of a and trans
octahydrocyclopenta[c]pyrrol-l-carboxylic acids of Formula 7 -COOH COOR' ;
and 7equilibrating a irans-/cis- mixture of the compounds of Formula 7 in
the presence of a suitable base to produce a predominantly trans-cis
racemic acid of Formula 8, wherein the trans -Zeis- ratio in the compound
of Formula 8 is greater than 80 to 20 and R' is C1.5 alkyl. [0099] In one
embodiment, the process further comprises equilibrating trans -Zeis-
mixture of the compounds of Formula 7 in the presence of a suitable base to
produce a predominantly trans-cis racemic acid of Formula 8 wherein the
trans-Zcis- ratio is greater than 90 to 10. [00100] In another embodiment,
the process further comprises equilibrating trans-Zcis - mixture of Formula
7 in the presence of a suitable base to produce a predominantly trans-cis
racemic acid of Formula 8 wherein the trans-Zcis- ratio is greater than 98
to 2. [00101] In one embodiment, the base is lithium hexamethyldisilazide,
lithium diisopropylamide, or lithium 2,2,6,6-tetramethylpiperidide. [00102]
In a further embodiment, wherein the base is lithium hexamethyldisilazide.
[00103] In one aspect, the invention includes a process of preparing a (IS,
2S, 3R) /ram-N-alkoxycarbonyl-octahydrocyclopenta[c]pyrrole-l-carboxylic
acid comprising carboxylating an azabicyclooctane of Formula 6 N 



COOR' 6 to give a racemic mixture of cis and trans
octahydrocyclopenta[c]pyrrol-l-carboxylic acids of Formula 7 N COOH COOR' 7
equilibrating a trans-Zcis- mixture of the compounds of Formula 7 in the
presence of a suitable base to produce a predominantly trans-cis racemic
acid of Formula 8 COOH COOR' 8 wherein the trans-Zcis- ratio in the
compound of Formula 8 is greater than 80 to 20; and resolving the racemic
rans-N-alkoxycarbonyl-octahydrocyclopenta[c]pyrrole-l-carboxylic acid
mixture, wherein R' is C 5 alkyl.[00104] In one embodiment, the resolution
comprises the steps of i) forming a salt with an optically active base, and
ii) crystallizing the salt formed by step i) to provide an optically active
salt of Formula 9 + 9 [00105] In a further embodiment, the optically active
base is (R) a-aminoethylbenzene [00106] In a further embodiment, the
optically active base is (S) 1,2,3,4-tetrahydro-lnaphthylarmne. [00107] In
one aspect, the invention includes a process preparing a compound of
Formula 1 comprising carboxylating an azabicyclooctane of Formula 6 COOR' 6
to give a racemic mixture of a s and trans
octahydrocyclopentafcjpyrrol-1-carboxyhc acids of Formula 7 M^COOH COOR' ;
7 equilibrating a trans-/ci%- mixture of the compounds of Formula 7 in the
presence of a suitable base to produce a predominantly tians-cis racemic
acid of Formula 8 M COOH COOR' 8 wherein the tram -/as- ratio in the
compound of Formula 8 is greater than 80 to 20, forming a salt with an
optically active base; crystallizing the salt formed by the previous step
to provide an optically active salt of Formula 9estepfymg the carboxyhc
acid of Formula 9 with compound containing the R3 group, and removing the
-COOR' protecting group to produce a compound of Formula 1 wherein R' is Ci
alkyl and R - is an optionally substituted alkyl or aralkyl [00108] In one
embodiment, R is /-butyl [00109] In one aspect, the invention includes a
process for preparing a compound of Foimula 4 comprising the steps of i)
providing a compound of Formula 7 which was made by the process described
in claim 30, ii) forming a salt with an optically active amine, iii)
crystallizing the salt, iv) estepfying the acid provided in step iii), v)
removing the N-alkoxycarbonyl group to produce
(lS,3aR,6aS)-/-butyloctahydrocyclopenta[ c]pyrrole-l-carboxylate, /-butyl
ester, vi) reacting the bicyclic aminoester of step v) with a protected
amino acid of Formula 26, 26wherein Z is an amine protecting group, in the
presence of a coupling reagent, to produce an amide-ester of Formula 27, 27
vii) removing the protecting group Z from the amide-ester of step vi) to
produce the amino compound of Formula 28, 28 viii) reacting the amino
compound of Formula 28 with a protected amino acid of Formula 29 Z-HN CO2H
in the presence of a coupling reagent to produce a tppeptide of Formula 30,
30 ix) removing the protecting group Z in the tppeptide of Formula 30 to
produce a free amino-tppeptide of Formula 31, 3 1 x) reacting the
amino-tppeptide of Formula 3 1 with pyrazine-2-carboxylic acid in the
presence of a coupling reagent to produce an amide-tppeptide ester of
Formula 33,33 xi) hydrolyzing the ester of the amide-t p peptide ester of
Formula 33 to produce an amide-t p peptide acid of Formula 34, 34 xii)
reacting the amide-tppeptide acid of Formula 34 with an aminohydroxy-amide
of Formula 18 18 in the presence of a coupling reagent to pioduce a
hydroxy-tetrapeptide of Formula 35; and 35 xiii) oxidizing the hydroxy
group of Formula 35 to produce the compound of Formula [00110] In one
aspect, the invention includes a process for preparing a compound of
Formula 4comprising the steps of i) providing
N-alkoxycarbonyl-S-azabicycloP 3 0]octane, ii) forming a 2-anion of the
N-alkoxycarbonyl-3-azabicyclo[3 3 0]octane in the presence of a chelating
agent; iii) treating the anion of step ii) with carbon dioxide to produce a
cis-Arans- mixture of
N-alkoxycarbonyl-octahydrocyclopentafcJpyrrole-1-carboxylic acids, 



iv) treating the mixture of step iii) with a strong base to produce an
essentially pure trans-
N-alkoxycarbonyl-octahydrocyclopentafcJpyrrole-1-carboxylic acid, v)
forming a salt with an optically active amine; vi) crystallizing the salt;
vii) estepfying the acid provided in step vi), viii) removing the
N-alkoxycarbonyl group to produce (lS,3aR,6aS)-/-butyloctahydrocyclopenta[
c]pyrrole-l-carboxylate, /-butyl ester, ix) reacting the bicyclic
aminoester of step viii) with a protected amino acid of Formula 26, 26
wherein Z is an amine protecting group, in the presence of a coupling
reagent, to produce an amide-ester of Formula 27, 27 x) removing the
protecting group Z from the amide-ester of step ix) to produce the amino
compound of Formula 28,28 xi) reacting the amino compound of Formula 28
with a protected amino acid of Formula 29 Z-HN CO2H 29 in the presence of a
coupling reagent to produce a tppeptide of Formula 30, 30 xii) removing the
protecting group Z in the tppeptide of Formula 30 to produce a free
amino-tppeptide o Formula 31, 2N 31 xiii) reacting the amino-tppeptide of
Formula 31 with pyrazine-2-carboxylic acid in the presence of a coupling
reagent to produce an amide-tppeptide ester of Formula 33; 33 xiv)
hydrolyzing the ester of the amide-tppeptide ester of Formula 33 to produce
an amide-tppeptide acid of Formula 34;34 xv) reacting the amide-tppeptide
acid of Formula 34 with an aminohydroxy-amide of Formula 43 43 in the
presence of a coupling reagent to produce a hydroxy-tetrapeptide of Formula
36; and 36 xvi) oxidizing the hydroxy group of Formula 36 to produce the
compound of Formula 4 [00111] In one aspect, the invention includes a
process for preparing a compound of Formula 4 comprising the steps of: i)
providing an N-alkoxycarbonyl-3-azabicyclo[3.3.0]octane;ii) forming a
2-anion of the N-alkoxycarbonyl-3-azabicyclo[3.3.0Joctane in the presence
of a chelating agent; iii) treating the anion of step ii) with carbon
dioxide to produce a c -/tram- mixture of
N-alkoxycarbonyl-octahydrocyclopenta|cJpyrrole-l-carboxyhc acids; iv)
treating the mixture of step iii) with a strong base to produce an
essentially pure trans-
N-alkoxycarbonyl-octahydrocyclopenta[c]pyrrole-l-carboxyhc acid; v) forming
a salt with an optically active amine, vi) ciystallizing the salt; vii)
estepfying the acid piovided in step vi); viii) removing the
N-alkoxycarbonyl group to produce (lS,3aR,6aS)-/-butyloctahydrocyclopenta[
c]pyrrole-l-carboxylate, /-butyl ester; ix) reacting the bicyclic
aminoester of step viii) with a protected amino acid of Formula 26, 26
wherein Z is an amine protecting group, in the presence of a coupling
reagent, to produce an amide-ester of Formula 27; 27 x) removing the
piotecting group Z from the amide-ester of step ix) to produce the amino
compound of Formula 28; 28 xi) ieacting the amino compound of Formula 28
with a protected amino acid of Formula 29 Z-HN^CO2H 29in the presence of a
coupling reagent to produce a tppeptide of Formula 30; 30 xii) removing the
protecting group Z in the tppeptide of Formula 30 to produce a free
amino-tppeptide of Formula 31, 3 1 xiii) reacting the amino-tri peptide of
Formula 3 1 with pyrazine-2-carboxylic acid in the presence of a coupling
reagent to produce an amide-tppeptide ester of Formula 33, 33 xiv)
hydrolyzing the ester of the amide-tppeptide ester of Formula 33 to produce
an amide-tppeptide acid of Formula 34, 34 xv) reacting the amide-tppeptide
acid of Formula 34 with an aminohydroxy-amide of Formula 44 44 in the
presence of a coupling reagent to produce a hydroxy-tetrapeptide of Formula
45; and45 xvi) oxidizing the hydroxy group of Formula 45 to produce the
compound of Formula 4 [00112] In one embodiment, the oxidizing reagent used
in step xvi) is sodium hypochlorite and the oxidation is carried out in the
presence of 2,2,6,6- tetramethylpipendinyloxy free radical (TEMPO) [00113]
In another embodiment, the oxidizing reagent used in step xvi) is
1,1-dihydro- 1,1,1-triacetoxy- 1,2-benzoiodooxol-3( lH)-one [00114] In one
embodiment, the process further composes dissolving the compound of 



Formula 4 in an organic solvent to obtain a solution of the compound of
Formula 4, and then adding an acid to the solution [00115] In a further
embodiment, the organic solvent is methylene chlopde, and the acid is
acetic acid. [00116] In one embodiment, the process further comprises
concentrating the solution of the compound of Formula 4 to obtain the
compound in a solid form [00117] In one aspect, the invention includes a
compound of Formula 4 made by the any of the processes described
herein[00118] In one aspect, the invention includes a compound of Formula 7
made by the process of preparing a racernic mixture of CM- and trans-
octahydrocyclopenta[c]pyrrole-lcarboxyhc acids of Formula 7 described
herein 7 [00119] In one aspect, the invention includes a compound of
Formula 8 made by the process of preparing a compound of Formula 8
described herein. COOH COOR' 8 [00120] In one aspect, the invention
includes a compound of Formula 9 made by the process of resolving the
racemic lH-N-alkoxycarbonyl-octahydrocyclopenta[c]pyrrole-lcarboxyhc acid
mixture as described herein [00121] In one aspect, the invention includes a
compound of Formula 1 made by the process of preparing a compound of
Formula 1 by carboxylating an azabicyclooctane of Formula 6 as described
herein DESCRIPTION OF THE INVENTION I. Definitions[00122] For purposes of
this invention, the chemical elements are identified in accordance with the
Periodic Table of the Elements, CAS version, Handbook of Chemistry and
Physics, 75th Ed Additionally, general principles of organic chemistry are
described by Thomas Sorrell in Organic Chemistry, University Science Books,
Sausahto (1999), and by M.B Smith and J . March in Advanced Organic
Chemistry, 5th Ed., John Wiley & Sons, New York (2(X)I), the entire
contents of which are hereby incorporated by reference. [00123] As
described herein, compounds of the invention may optionally be substituted
with one or more substituents, such as are illustrated generally above, or
as exemplified by particular classes, subclasses, and species of the
invention. [00124] As used herein the term "aliphatic" encompasses the
terms alky], alkenyl, and alkynyl, each of which is optionally substituted
as set forth below. [00125] As used herein, an "alkyl" group refers to a
saturated aliphatic hydrocarbon group containing 1-8 (e.g., 1-6 or 1-4)
carbon atoms. An alkyl group can be straight or branched. Examples of alkyl
groups include, but are not limited to, methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, n-heptyl, or
2-ethylhexyl. An alkyl group can be substituted (i.e., optionally
substituted) with one or more substituents selected from the group J
("Group J") which consists of halo, cycloaliphatic (e.g., cycloalkyl or
cycloalkenyl), heterocycloaliphatic (e.g., heterocycloalkyl or
heterocycloalkenyl), aryl, heteroaryl, alkoxy, aroyl, heteroaroyl, acyl (e
g., (ahphatic)carbonyl, (cycloahphatic)carbonyl, or
(heterocycloahphatic)carbonyl), nitro, cyano, amido (e.g.,
(cycloalkylalkyl)carbonylamino, arylcarbonylamino, aralkylcarbonylamino,
(heterocycloalkyl )carbonylamino, (heterocycloalkylalkyl)carbonylamino,
heteroarylcarbonylamino, heteroaralkylcarbonylamino alkylaminocarbonyl,
cycloalkylaminocarbonyl, heterocycloalkylaminocarbonyl, arylaminocarbonyl,
or heteroarylaminocarbonyl), amino (e g , ahphaticamino,
cycloaliphaticamino, or heterocycloahphaticamino), sulfonyl (e.g ,
ahphatic-SO -), sulfinyl, sulfanyl, sulfoxy, urea, thiourea, sulfamoyl,
sulfamide, oxo, carboxy, carbamoyl, cycloahphaticoxy,
heterocycloahphaticoxy, aryloxy, heteroaryloxy, aralkyloxy,
heteroaryialkoxy, alkoxycarbonyl, alkylcarbonyloxy, and hydroxy. Without
limitation, some examples of substituted alkyls include carboxyalkyl (such
as HOOC-alkyl, alkoxycarbonylalkyl, and alkylcarbonyloxyalkyl), cyanoalkyl,
hydroxyalkyl, alkoxyalkyl, acylalkyl, aralkyl, (alkoxyaryl)alkyl,
(sulfonylamino)alkyl (such as (alkyl -Sq 2-ammo)alkyl), aminoalkyl,
amidoalkyl, (cycloahphatic)alkyl, or haloalkyl. [00126] As used herein, an
"alkenyl" group refers to an aliphatic carbon group that contains 2-8
(e.g., 2-6 or 2-4) carbon atoms and at least one double bond. Like an
alkylgroup, an alkenyl group can be straight 0 1 branched Examples of an
alkenyl group include, but are not limited to, ally], isoprenyl, 2-butenyl,
and 2-hexenyl An alkenyl group can be optionally substituted with one or
more substituents selected from Group J such as halo, cycloaliphatic (e g.,
cycloalkyl or cycloalkenyl), heterocycloaliphatic (e g , heterocycloalkyl
or heterocycloalkenyl), aryl, heteioaryl, alkoxy, aroyl, heteroaroyl, acyl
(e g , (ahphatic)carbonyl, or (heterocycloahphatic)carbonyl), nitro, cyano,
amido (e g , (cycloalkylalkyOcarbonylamino, arylcarbonylamino,
aralkylcarbonylamino, (heterocycloalkyl)carbonylamino,
(heterocycloalkylalkyl)carbonylamino, heteroarylcarbonylamino,
heteroaralkylcarbonylamino alkylaminocarbonyl, cycloalkylaminocarbonyl,
heterocycloalkylaminocarbonyl, arylaminocarbonyl, or
heteroarylaminocarbonyl), amino (e g , aliphaticamino, cycloahphaticamino,
heterocycloahphaticamino, or ahphaticsulfonylamino), sulfonyl (e g.,
alkyl-SO^-, cycloaliphatic-SO 2-, or aryl-SO -), sulfinyl, sulfanyl,
sulfoxy, urea, thiourea, sulfamoyl, sulfamide, oxo, carboxy, carbamoyl,
cycloahphaticoxy, heterocycloahphaticoxy, aryloxy, heteroaryloxy,
aralkyloxy, heteroaralkoxy, alkoxycarbonyl, alkylcarbonyloxy, or hydroxy
Without limitation, some examples of substituted alkenyls include
cyanoalkenyl, alkoxyalkenyl, acylalkenyl, hydroxyalkenyl, aralkenyl,
(alkoxyaryl)alkenyl, (sulfonylamino)alkenyl (such as
(alkyl-SO2-amino)alkenyl), aminoalkenyl, amidoalkenyl,
(cycloahphatic)alkenyl, or haloalkenyl [00127] As used herein, an "alkynyl"
group refers to an aliphatic carbon group that contains 2-8 (e.g , 2-6 or
2-4) carbon atoms and has at least one triple bond An alkynyl group can be
straight or branched. Examples of an alkynyl group include, but are not
limited to, propargyl and butynyl An alkynyl group can be optionally
substituted with one or more substituents selected from Group J such as
aroyl, heteroaroyl, alkoxy, cycloalkyloxy, heterocycloalkyloxy, aryloxy,
heteroaryloxy, aralkyloxy, nitro, carboxy, cyano, halo, hydroxy, sulfo,
mercapto, sulfanyl (e g , aliphaticsulfanyl or cycloaliphaticsulfanyl),
sulfinyl (e g , aliphaticsulfinyl or cycloaliphaticsulfinyl), sulfonyl
(e.g., aliphatic-SO -, aliphaticamino-SO , or cycloahphatic-SOi-), amido
(e.g , aminocarbonyl, alkylaminocarbonyl, alkylcarbonylamino,
cycloalkylaminocarbonyl, 



heterocycloalkylaminocarbonyl, cycloalkylcarbonylamino, arylaminocarbonyl,
arylcarbonylamino, aralkylcarbonylamino, (heterocycloalkyl)carbonylamino,
(cycloalkylalkyl)carbonylamino, heteroaralkylcarbonylamino,
heteroarylcarbonylamino or heteroarylaminocarbonyl), urea, thiourea,
sulfamoyl, sulfamide, alkoxycarbonyl, alkylcarbonyloxy, cycloaliphatic,
heterocycloaliphatic, aryl, heteroaryl, acyl (e g.,
(cycloaliphatic)carbonyl or (heterocycloahphatic)carbonyl), amino (e g.,
aliphaticamino),sulfoxy, oxo, caiboxy, carbamoyl, (cycloahphatic)oxy, or
(heteroaryl)alkoxy [00128] As used herein, an "amido" encompasses both
"ammocarbonyl" and "carbonylamino " These terms, when used alone or in
connection with another group, refer to an arnido group such as
-N(RX)-C(O)-RY or -C(O)-N(RX)2, when used terminally, and they refer to an
amide group such as -C(O)-N(RX)- or -N(RX)-C(O)- when used internally,
wherein Rx and R are defined below Examples of amido groups include
alkylamido (such as alkylcarbonylamino or alkylaminocaibonyl),
(heterocycloahphatic)amido, (heteroaralkyl)arnido, (heteroaryl)amido,
(heterocycloalkyl)alkylamido, arylamido, aralkylamido,
(cycloalkyl)alkylamido, or cycloalkylamido [00129] As used herein, an
"amino" group refers to -NRXRY, wheiein each of Rx and Rg is independently
hydrogen, aliphatic, cycloaliphatic, (cycloahphatic)aliphatic, aryl,
arahphatic, heterocycloaliphatic, (heterocycloaliphatic)ahphatic,
heteroaryl, carboxy, sulfanyl, sulfinyl, sulfonyl, (ahphatic)carbonyl,
(cycloahphatic)carbonyl, ((cycloaliphatic)ahphatic)carbonyl, arylcarbonyl,
(araliphatic)carbonyl, (heterocycloahphatic)carbonyl,
((heterocycloaliphatic)ahphatic)carbonyl, (heteioaryl)carbonyl, or
(heteroarahphatic)carbonyl, each of which being defined herein and being
optionally substituted. Examples of amino groups include alkylamino,
dialkylamino, or arylamino When the term "amino" is not the terminal group
(e g , alkylcarbonylamino), it is represented by -NRX- Rx has the same
meaning as defined above. [00130] As used herein, an "aryl" group used
alone or as part of a larger moiety as in "aralkyl", "aralkoxy", or
"aiyloxyalkyl" refers to monocyclic (e g , phenyl), bicyclic (e g ,
indenyl, naphthalenyl, tetrahydronaphthyl, tetrahydroindenyl); and
tricyclic (e g., fluorenyl tetrahydrofluorenyl, or tetrahydroanthracenyl,
anthracenyl) png systems in which the monocyclic png system is aromatic or
at least one of the rings in a bicyclic or tricyclic png system is aromatic
The bicyclic and tricyclic groups include benzofused 2- to 3-membered
carbocychc rings. For example, a benzofused group includes phenyl fused
with two or more C4 8 carbocychc moieties. An aryl is optionally
substituted with one or more substituents such as aliphatic (e.g , alkyl,
alkenyl, or alkynyl); cycloaliphatic, (cycloahphatic)aliphatic,
heterocycloaliphatic, (heterocycloaliphatic)ahphatic; aryl; heteroaryl,
alkoxy; (cycloaliphatic)oxy, (heterocycloahphatic)oxy; aryloxy;
heteroaryloxy; (araliphatic)oxy; (heteroarahphatic)oxy; aroyl, heteroaroyl;
amino, oxo (on a non-aromatic carbocychc ring of a benzofused bicyclic or
tricyclic aryl); nitro, carboxy, amido; acyl ( e.g., ahphaticcarbonyl;
(cycloahphatic)carbonyl; ((cycloahphatic)ahphatic)carbonyl;
(arahphatic)carbonyl, (heterocycloahphatic)carbonyl,
((heterocycloahphatic)ahphatic)carbonyl; or(heteroaraliphatic)carbonyl);
sulfonyl (e.g., aliphatioSCV or amino-SO2-); sulfinyl (e.g.,
aliphatic-S(O)- or cycloaliphatic-S(O)-); sulfanyl (e.g., aliphatic-S-);
cyano; halo; hydroxy; mercapto; sulfoxy; urea; thiourea; sulfamoyl;
sulfamide; or carbamoyl. Alternatively, an aryl can be unsubstituted.
[00131] Non-limiting examples of substituted aryls include haloaryl (e.g.,
mono-, di- ( such as/7,m-dihaloaryl), or (trihalo)aryl); (carboxy)aryl
(e.g., (alkoxycarbonyl)aryl, ((aralkyl)carbonyloxy)aryl, or
(alkoxycarbonyl)aryl); (amido)aryl (e.g., (aminocarbonyl)aryl,
(((alkyiamino)alkyl)aminocarbonyl)aryl, (alkylcarbonyl)aminoaryl,
(arylaminocarbonyl)aryl, or (((heteroaryl)amino)carbonyl)aryl); aminoaryl
(e.g., ((alkylsulfonyl)amino)aryl or ((dialkyl)amino)aryl);
(cyanoalkyl)aryl; (alkoxy)aryl; (sulfamoyl)aryl (e.g.,
(aminosulfonyl)aryl); (al kyIsulfonyl )aryI ; (cyano)aryl;
(hydroxyalkyl)aryl; ((alkoxy)alkyl)aryl; (hydroxy)aryl,
((carboxy)alkyl)aryl; (((dialkyl)amino)alkyl)aryl; (nitroalkyl)aryl;
(((alkylsulfonyl)amino)alkyl)aryl; ((heterocycloaliphatic)carbonyl)aryl;
((alkylsulfonyl)alkyl)aryl; (cyanoalkyl)aryl; (hydroxyalkyl)aryl;
(alkylcarbonyl)aryl; alkylaryl; (trihaloalkyl)aryl;
/>amino-/w-alkoxycarbonylaryl; p-amino-m-cyanoaryl; />halo-maminoaryl; or
(/n-(heterocycloaliphatic)-o-(alkyl))aryl. [00132] As used herein, an
"araliphatic" group, such as "aralkyl," refers to an aliphatic group (e.g.,
a C alkyl group) that is substituted with an aryl group. "Aliphatic,"
"alkyl," and "aryl" are defined herein. An example of araliphatic such as
an aralkyl group is benzyl. [00133] As used herein, an "aralkyl" group
refers to an alkyl group (e.g., a C alkyl group) that is substituted with
an aryl group. Both "alkyl" and "aryl" have been defined above. An example
of an aralkyl group is benzyl. An aralkyl is optionally substituted with
one or more substituents such as aliphatic (e.g., substituted or
unsubstituted alkyl, alkenyl, or alkynyl, including carboxyalkyl,
hydroxyalkyl, or haloalkyl such as trifluoromethyl), cycloaliphatic (e.g.,
substituted or unsubstituted cycloalkyl or cycloalkenyl),
(cycloalkyl)alkyl, heterocycloalkyl, (heterocycloalkyl)alkyl, aryl,
heteroaryl, alkoxy, cycloalkyloxy, heterocycloalkyloxy, aryloxy,
heteroaryloxy, aralkyloxy, heteroaralkyloxy, aroyl, heteroaroyl, nitro,
carboxy, alkoxycarbonyl, alkylcarbonyloxy, amido (e.g., aminocarbonyl,
alkylcarbonylamino, cycloalkylcarbonylamino,
(cycloalkylalkyl)carbonylamino, arylcarbonylamino, aralkylcarbonylamino,
(heterocycloalkyl)carbonylamino, (heterocycloalkylalkyl)carbonylamino,
heteroarylcarbonylamino, or heteroaralkylcarbonylamino), cyano, halo,
hydroxy, acyl, mercapto, alkylsulfanyl, sulfoxy, urea, thiourea, sulfamoyl,
sulfamide, oxo, or carbamoyl. [00134] As used herein, a "bicyclic ring
system" includes 8- to 12- (e.g., 9, 10, or 11) membered structures that
form two rings, wherein the two rings have at least one atom incommon
(e.g., 2 atoms in common). Bicyclic ring systems include bicycloaliphatics
(e.g., bicycloalkyl or bicycloalkenyl), bicycloheteroaliphatics, bicyclic
aryls, and bicyclic heteroaryls. [00135] As used herein, a "cycloaliphatic"
group encompasses a "cycloalkyl" group and a "cycloalkenyl" group, each of
which being optionally substituted as set forth below. [00136] As used
herein, a "cycloalkyl" group refers to a saturated carbocyclic monoor
bicyclic (fused or bridged) ring of 3-10 (e.g., 5-10) carbon atoms.
Examples of cycloalkyl groups include cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, adamantyl, norbornyl, cubyl, octahydro-indenyl,
decahydro-naphthyl, bicyclo|3.2.1]octyl, bicyclo[2.2.2]octyl,
bicyclo[3.3.1]nonyl, bicyclo[3.3.2.]decyl, bicyclo[2.2.2]octyl, adamantyl,
azacycloalkyl, or ((aminocarbonyl)cycloalkyl)cycloalkyl. A "cycloalkenyl"
group, as used herein, refers to a non-aromatic carbocyclic ring of 3-10
(e.g., 4-8) carbon atoms having one or more double bonds. Examples of
cycloalkenyl groups include cyclopentenyl, 1,4- 



cyclohexa-di-enyl, cycloheptenyl, cyclooctenyl, hexahydro-indenyl,
octahydro-naphthyl, cyclohexenyl, cyclopentenyl, bicyclo[2.2.2]octenyl, or
bicyclo[3.3.1]nonenyl. A cycloalkyl or cycloalkenyl group can be optionally
substituted with one or more substituents selected from Group J such as
aliphatic (e.g., alkyl. alkenyl, or alkynyl), cycloaliphatic,
(cycloaliphatic) aliphatic, heterocycloaliphatic, (heterocycloaliphatic)
aliphatic, aryl, heteroaryl, alkoxy, (cycloaliphatic)oxy,
(heterocycloaliphatic)oxy, aryloxy, heteroaryloxy, (araliphatic)oxy,
(heteroaraliphatic)oxy, aroyl, heteroaroyl, amino, amido (e.g.,
(aliphatic)carbonylamino, (cycloaliphatic)carbonylamino,
((cycloaliphatic)aliphatic)carbonylamino, (aryl)carbonylamino,
(araliphatic)carbonylamino, (heterocycloaliphatic^arbonylamino.
((heterocycloaliphatic)aliphatic)carbonylamino, (heteroaryl)carbonylamino,
or ((heteroaraliphatic)carbonylamino), nitro, carboxy (e.g., HOOC-,
alkoxycarbonyl, or alkylcarbonyloxy), acyl ((e.g.,
(cycloaliphatic)carbonyl, (cycloaliphatic) aliphatic)carbonyl,
(araliphatic)carbonyl, (heterocycloaliphatic)carbonyl,
((heterocycloaliphatic)aliphatic)carbonyl, or (heteroaraliphatic)carbonyl),
cyano, halo, hydroxy, mercapto, sulfonyl (e.g., alkyl-SO - and aryl-SOo-),
sulfinyl ((e.g., alkyl-S(O)-), sulfanyl (e.g., alkyl-S-), sulfoxy, urea,
thiourea, sulfamoyl, sulfamide, oxo, or carbamoyl. [00137] As used herein,
"cyclic moiety" includes cycloaliphatic, heterocycloaliphatic, aryl, or
heteroaryl, each of which has been defined previously. [00138] As used
herein, the term "heterocycloaliphatic" encompasses a heterocycloalkyl
group and a heterocycloalkenyl group, each of which being optionally
substituted as set forth below.[00139] As used herein, a "heterocycloalkyl"
group refers to a 3-10 membered monoor bicylic (fused or bridged) (e.g., 5-
to 10-membered mono- or bicyclic) saturated ring structure, in which one or
more of the ring atoms is a heteroatom (e.g., N, O, S, or combinations
thereof). Examples of a heterocycloalkyl group include piperidyl,
piperazyl, tetrahydropyranyl, tetrahydrofuryl, 1,4-dioxolanyl,
1,4-dithianyl, 1,3-dioxolanyl, oxazolidyl, isoxazolidyl, morpholinyl,
thiomorpholyl, octahydrobenzofuryl, octahydrochromenyl,
octahydrothiochromenyl, octahydroindolyl, octahydropyrindinyl,
decahydroquinolinyl, octahydrobenzo[]thiopheneyl,
2-oxa-bicyclof2.2.2]octyl, l-aza-bicyclo[2.2.2]octyl, 3-azabicyclo[ 3.2.1
Joctyl, and 2,6-dioxa-tricyclof3.3.1.0 3'7Jnonyl. A monocyclic
heterocycloalkyl group can be fused with a phenyl moiety such as
tetrahydroisoquinoline. A "heterocycloalkenyl" group, as used herein,
refers to a mono- or bicylic (e.g., 5- to 10- membered mono- or bicyclic)
non-aromatic ring structure having one or more double bonds, and wherein
one or more of the ring atoms is a heteroatom (e.g., N, O, or S).
Monocyclic and bicycloheteroaliphatics are numbered according to standard
chemical nomenclature. [00140] A heterocycloalkyl or heterocycloalkenyl
group can be optionally substituted with one or more substituents selected
from Group J such as aliphatic (e.g., alkyl, alkenyl, or alkynyl),
cycloaliphatic, (cycloaliphatic)aliphatic, heterocycloaliphatic,
(heterocycloaliphatic)aliphatic, aryl, heteroaryl, alkoxy,
(cycloaliphatic)oxy, (heterocycloaliphatic)oxy, aryloxy, heteroaryl oxy,
(araliphatic)oxy, (heteroaraliphatic)oxy, aroyl, heteroaroyl, amino, amido
(e.g., (aliphatic)carbonylamino, (cycloaliphatic)carbonylamino,
((cycloaliphatic) aliphatic)carbonylamino, (aryl)carbonylamino,
(araliphatic)carbonylamino, (heterocycloaliphatic)carbonylamino,
((heterocycloaliphatic) aliphatic)carbonylamino, (heteroaryl)carbonylamino,
or (heteroaraliphatic)carbonylamino), nitro, carboxy (e.g., HOOC-,
alkoxycarbonyl, or alkylcarbonyloxy), acyl ((e.g.,
(cycloaliphatic)carbonyl, ((cycloaliphatic) aliphatic)carbonyl,
(araliphatic)carbonyl, (heterocycloaliphatic)carbonyl,
((heterocycloaliphatic)aliphatic)carbonyl, or (heteroaraliphatic)carbonyl),
nitro, cyano, halo, hydroxy, mercapto, sulfonyl (e.g., alkylsulfonyl or
arylsulfonyl), sulfinyl (e.g., alkylsulfinyl), sulfanyl (e.g.,
alkylsulfanyl), sulfoxy, urea, thiourea, sulfamoyl, sulfamide, oxo, or
carbamoyl)). [00141] A "heteroaryl" group, as used herein, refers to a
monocyclic, bicyclic, or tricyclic ring system having 4 to 15 ring atoms
wherein one or more of the ring atoms is a heteroatom (e.g., N, O, S, or
combinations thereof) and in which the monocyclic ring system is aromatic
or at least one of the rings in the bicyclic or tricyclic ring systems is
aromatic. A heteroaryl group includes a benzofused ring system having 2 to
3 rings. For example, abenzofused group includes benzo fused with one or
two 4 to 8 membered heterocycloaliphatic moieties (e.g , indohzyl, indolyl,
isoindolyl, 3H-indolyl, indolinyl, benzol ]furyl, benzo[i]thiophenyl,
quinohnyl, or isoquinolinyl). Some examples of heteroaryl are azetidinyl,
pypdyl, lH-indazolyl, furyl, pyrrolyl, thienyl, thiazolyl, oxazolyl,
lmidazolyl, tetrazolyl, benzofuryl, isoquinolinyl, benzthiazolyl, xanthene,
thioxanthene, phenothiazine, dihydroindole, benzo[ l,3]dioxole,
benzofbjfuryl, benzo[b]thiophenyl, indazolyl, benzimidazolyl,
benzthiazolyl, puryl, cinnolyl, quinolyl, quinazolyl, phthalazyl,
quinazolyl, quinoxalyl, isoquinolyl, 4H-quinolizyl,
benzo-l,2,5-thiadiazolyl, or 1,8- naphthypdyl [00142] Without limitation,
monocyclic heteroaryls include furyl, thiophenyl, 2Hpyrrolyl, pynolyl,
oxazolyl, thazolyl, lmidazolyl, pyrazolyl, isoxazolyl, lsothiazolyl, 1.3,4-
thiadiazolyl, 2H-pyranyl, 4-H-pranyl, pypdyl, pypdazyl, pypmidyl,
pyrazolyl, pyrazyl, or 1,3,5-tpazyl. Monocyclic heteroaryls are numbered
according to standard chemical nomenclature [00143] Without limitation,
bicyclic heteroaryls include indohzyl, indolyl, isoindolyl, 3H-indolyl,
indolinyl, benzo[ ]furyl, benzo[]thiophenyl, quinohnyl, isoquinolinyl,
indohzyl, isoindolyl, indolyl, benzo[/?]furyl, indazolyl, benzimidazyl,
benzthiazolyl, pupnyl, 4H-quinohzyl, quinolyl, isoquinolyl, cinnolyl,
phthalazyl, quinazolyl, quinoxalyl, 1,8-naphthypdyl, or ptepdyl. Bicyclic
heteroaryls are numbered according to standard chemical nomenclature.
[00144] A heteroaryl is optionally substituted with one or more
substituents such as aliphatic (e g., alkyl, alkenyl, or alkynyl);
cycloaliphatic; (cycloahphatic)aliphatic; heterocycloaliphatic,
(heterocycloaliphatic)ahphatic; aryl; heteroaryl; alkoxy;
(cycloahphatic)oxy; (heterocycloahphatic)oxy; aryloxy; heteroaryloxy;
(arahphatic)oxy; (heteroarahphatic)oxy; aroyl; heteroaroyl; amino; oxo (on
a non-aromatic carbocyclic or heterocyclic ring of a bicyclic or tricyclic
heteroaryl); carboxy; amido; acyl (e.g., aliphaticcarbonyl;
(cycloahphatic)carbonyl; ((cycloahphatic)aliphatic)carbonyl;
(arahphatic)carbonyl, (heterocycloahphatic)carbonyl; ((heterocycloaliphatic
)ahphatic)carbonyl; or (heteroarahphatic)carbonyl); sulfonyl (e.g.,
aliphaticsulfonyl or aminosulfonyl); sulfinyl (e.g., ahphaticsulfinyl);
sulfanyl (e.g., aliphaticsulfanyl), nitro; cyano; halo; hydroxy; mercapto;
sulfoxy; urea; thiourea; sulfamoyl; sulfamide; or carbamoyl. Alternatively,
a heteroaryl can be unsubstituted. 



[00145] Non-hmiting examples of substituted heteroaryls include
(halo)heteroaryl (e.g., mono- and di-(halo)heteroaryl), (carboxy)heteroaryl
(e.g., (alkoxycarbonyl)heteroaryl); cyanoheteroaryl; ammoheteroaryl (e.g.,
((alkylsulfonyl)amino)heteroaryland((dialkyl)amino)heteroaryl);
(amido)heteroaryl (e.g., aminocarbonylheteroaryl,
((alkylcarbonyl)amino)heteroaryl,
((((alkyl)amino)alkyl)aminocarbonyl)heteroaryl,
(((heteroaryl)amino)carbonyl)heteroaryl,
((heterocycloaliphatic^arbonyOheteroaryl, or
((alkylcarbonyl)amino)heteroaryl); (cyanoalkyl)heteroaryl;
(alkoxy)heteroaryl; (sulfamoyl)heteroaryl (e.g.,
(aminosulfonyl)heteroaryl); (sulfonyl)heteroaryl ((e.g.,
(alkylsulfonyl)heteroaryl); (hydroxyalkyl)heteroaryl;
(alkoxyalkyl)heteroaryl; (hydroxy)heteroaryl; ((carboxy)alkyl)heteroaryl;
(((dialkyl)amino)alkyl)heteroaryl; (heterocycloaliphatic)heteroaryl;
(cycloaliphatic)heteroaryl; (nitroalkyl)heteroaryl;
(((alkylsulfonyl)amino)alkyl)heteroaryl; ((alkylsulfonyl)alkyl)heteroaryl;
(cyanoalkyl)heteroaryl; (acyl)heteroaryl (e.g., (alkylcarbonyl)heteroaryl);
(alkyl)heteroaryl; and (haloalkyl)heteroaryl (e.g.,
trihaloalkylheteroaryl). [00146] A "heteroaraliphatic" (such as a
heteroaralkyl group) as used herein, refers to an aliphatic group (e.g., a
Ci- alkyl group) that is substituted with a heteroaryl group. "Aliphatic,"
"alkyl," and "heteroaryl" have been defined above. [00147] A
"heteroaralkyl" group, as used herein, refers to an alkyl group (e.g., a
Ci- alkyl group) that is substituted with a heteroaryl group. Both "alkyl"
and "heteroaryl" have been defined above. A heteroaralkyl is optionally
substituted with one or more substituents such as alkyl (including
carboxyalkyl, hydroxyalkyl, and haloalkyl such as trifluoromethyl),
alkenyl, alkynyl, cycloalkyl, (cycloalkyl)alkyl, heterocycloalkyl,
(heterocycloalkyl)alkyl, aryl, heteroaryl, alkoxy, cycloalkyloxy,
heterocycloalkyloxy, aryloxy, heteroaryloxy, aralkyloxy, heteroaralkyloxy,
aroyl, heteroaroyl, nitro, carboxy, alkoxycarbonyl, alkylcarbonyloxy,
aminocarbonyl, alkylcarbonylamino, cycloalkylcarbonylamino,
(cycloalkylalkyl)carbonylamino, arylcarbonylamino, aralkylcarbonyl amino,
(heterocycloalkyl)carbonylamino, (heterocycloalkylalkyl)carbonylamino,
heteroarylcarbonylamino, heteroaralkylcarbonylamino, cyano, halo, hydroxy,
acyl, mercapto, alkylsulfanyl, sulfoxy, urea, thiourea, sulfamoyl,
sulfamide, oxo, or carbamoyl. [00148] As used herein, an "acyl" group
refers to a formyl group or RX-C(O)- (such as alkyl-C(O)-, also referred to
as "alkylcarbonyl") wherein Rx and "alkyl" have been defined previously.
Acetyl and pivaloyl are examples of acyl groups. [00149] As used herein, an
"aroyl" or "heteroaroyl" refers to an aryl-C(O)- or a heteroaryl-C(O)-. The
aryl and heteroaryl portion of the aroyl or heteroaroyl is optionally
substituted as previously defined. [00150] As used herein, an "alkoxy"
group refers to an alkyl-O- group wherein "alkyl" has been defined
previously.[00151] As used herein, a "carbamoyl" group refers to a group
having the structure -OCO- NRXRY or -NRX-CO-O-RZ wherein Rx and Rg have
been defined above and Rz can be aliphatic, aryl, araliphatic,
heterocycloaliphatic, heteroaryl, or heteroaraliphatic. [00152] As used
herein, a "carboxy" group refers to -COOH, -COORX, -OC(O)H, - 0C(0)R x when
used as a terminal group; or -OC(O)- or -C(O)O- when used as an internal
group. [00153] As used herein, a "haloaliphatic" group refers to an
aliphatic group substituted with 1-3 halogen. For instance, the term
haloalkyl includes the group -CF . [00154] As used herein, a "mercapto"
group refers to -SH. [00155] As used herein, a "sulfo" group refers to
-SO3H or -SU3RX when used terminally or -S(O) - when used internally.
[00156] As used herein, a "sulfamide" group refers to the structure
-NRX-S(O)2- NRYRZ when used terminally and -NRX-S(O)2-NRY- when used
internally, wherein Rx , Rg , and R have been defined above. [00157] As
used herein, a "sulfonamide" group refers to the structure -S(O)2-NRXRY or
~NRX-S(O)2-RZ when used terminally; or -S(O)2-NRX- or -NRX -S(O)2- when
used internally, wherein Rx , Rg , and Rz are defined above. [00158] As
used herein a "sulfanyl" group refers to -S-R when used terminally and - S-
when used internally, wherein Rx has been defined above. Examples of
sulfanyl include aliphatic-S-, cycloaliphatic-S-, aryl-S-, or the like.
[00159] As used herein a "sulfinyl" group refers to -S(O)-RX when used
terminally and -S(O)- when used internally, wherein Rx has been defined
above. Exemplary sulfinyl groups include aliphatic-S(O)-, aryl-S(O)-,
(cycloaliphatic(aliphatic)) -S(O)-, cycloalkyl-S(O)-,
heterocycloaliphatic-S(O)-, heteroaryl-S(O)-, or the like. [00160] As used
herein, a "sulfonyl" group refers to-S(O)2-R when used terminally v and
-S(O)2- when used internally, wherein R has been defined above. Exemplary
sulfonyl groups include aliphatic-S(O) 2-, aryl-S(O)2-,
((cycloaliphatic(aliphatic))-S(O) 2-, cycloaliphatic-S(O)2-,
heterocycloaliphatic-S(O)2-, heteroaryl-S(O)2-,
(cycloaliphatic(amido(aliphatic)))-S(O) 2- or the like. [00161] As used
herein, a "sulfoxy" group refers to -O-SO-RX or -SO-O-RX, when used
terminally and -0-S(O)- or -S(O)-O- when used internally, wherein Rx has
been defined above. [00162] As used herein, a "halogen" or "halo" group
refers to fluorine, chlorine, bromine, or iodine.[00163] As used herein, an
"alkoxycarbonyl" group, which is encompassed by "carboxy," used alone or in
combination with another group, refers to a group such as alkyl- O-C(O)-.
[00164] As used herein, an "alkoxyalkyl" group refers to an alkyl group
such as alkyl- O-alkyl-, wherein alkyl has been defined above. [00165] As
used herein, a "carbonyl" group refer to -C(O)-. [00166] As used herein, an
"oxo" group refers to =0. [00167] As used herein, an "aminoalkyl" group
refers to the structure (R ^N-alkyl-. [00168] As used herein, a
"cyanoalkyl" group refers to the structure (NC)-alkyl-. [00169] As used
herein, a "urea" group refers to the structure -NRX-CO-NRYR7 and a
"thiourea" group refers to the structure -NRX-CS-NRYRZ when used terminally
and -NRXCO- NRg - or -NRX-CS-NRY- when used internally, wherein Rx , Rg ,
and Rz have been defined above. [00170] As used herein, a "guanidine" group
refers to the structure - N=C(N(R XRY))N(RXRY) or -NRX-C(=NRX)NRXRY,
wherein Rx and Rg have been defined above. [00171] As used herein, an
"amidino" group refers to the structure -C=(NRX)N(RXRY), wherein Rx and R
have been defined above. 



[00172] In general, the term "vicinal" refers to the placement of
substituents on a group that includes two or more carbon atoms, wherein the
substituents are attached to adjacent carbon atoms. [00173] In general, the
term "geminal" refers to the placement of substituents on a group that
includes two or more carbon atoms, wherein the substituents are attached to
the same carbon atom. [00174] The terms "terminally" and "internally" refer
to the location of a group within a substituent. A group is terminal when
the group is present at the end of the substituent not further bonded to
the rest of the chemical structure. Carboxyalkyl, i.e., RxO(O)C-alkyl is an
example of a carboxy group used terminally. A group is internal when the
group is present in the middle of a substituent to at the end of the
substituent bound to the rest of the chemical structure. Alkylcarboxy
(e.g., alkyl-C(O)-O- or alkyl-O-C(O)-) and alkylcarboxyaryl (e.g.,
alkyl-C(O)-O-aryl- or alkyl-O-C(O)-aryl-) are examples of carboxy groups
used internally. [00175] As used herein, a "cyclic" group includes a mono-,
bi-, and tri-cyclic ring system, such as cycloaliphatic,
heterocycloaliphatic, aryl, or heteroaryl, each of which has been defined
above.[00176] As used herein, a "bridged bicyclic ring system" refers to a
bicyclic heterocyclicalipahtic ring system or bicyclic cycioaliphatic ring
system in which the rings are bridged. Examples of bridged bicyclic ring
systems include, but are not limited to, adamantanyl, norbornanyl,
bicyclo(3.2.1]octyl, bicyclo[2.2.2]octyl, bicyclo[3.3.1]nonyl,
bicyclo[3.2.3]nonyl, 2-oxabicyclo[2.2.2]octyl, l-azabicyclo|2.2.2]octyl, 3-
azabicyclo[3.2.1Joctyl, and 2,6-dioxa-tricyclol3.3.1.0 3'7]nonyl. A bridged
bicyclic ring system can be optionally substituted with one or more
substituents such as alkyl (including carboxyalkyl, hydroxyalkyl, and
haloalkyl such as trifluoromethyl), alkenyl, alkynyl, cycloalkyl,
(cycloalkyl)alkyl, heterocycloalkyl, (heterocycloalkyl)alkyl, aryl,
heteroaryl, alkoxy, cycloalkyloxy, heterocycloalkyloxy, aryloxy,
heteroaryloxy, aralkyloxy, heteroaralkyloxy, aroyl, heteroaroyl, nitro,
carboxy, alkoxycarbonyl, alkylcarbonyloxy, aminocarbonyl,
alkylcarbonylamino, cycloalkylcarbonylamino,
(cycloalkylalkyl)carbonylamino, arylcarbonylamino, aralkylcarbonylamino,
(heterocycloalkyl)carbonylamino, (heterocycloalkylalkyl)carbonylamino,
heteroarylcarbonylamino, heteroaralkylcarbonylamino, cyano, halo, hydroxy,
acyl, mercapto, alkylsulfanyl, sulfoxy, urea, thiourea, sulfamoyl,
sulfamide, oxo, or carbamoyl. [00177] As used herein, an "aliphatic chain"
refers to a branched or straight aliphatic group (e.g., alkyl groups,
alkenyl groups, or alkynyl groups). A straight aliphatic chain has the
structure -(CH2)V-, where v is 1-6. A branched aliphatic chain is a
straight aliphatic chain that is substituted with one or more aliphatic
groups. A branched aliphatic chain has the structure -(CHQ)v- where Q is
hydrogen or an aliphatic group; however, Q shall be an aliphatic group in
at least one instance. The term aliphatic chain includes alkyl chains,
alkenyl chains, and alkynyl chains, where alkyl, alkenyl, and alkynyl are
defined above. [00178] The phrase "optionally substituted" is used
interchangeably with the phrase "substituted or unsubstituted." As
described herein, compounds of the invention can optionally be substituted
with one or more substituents, such as are illustrated generally above, or
as exemplified by particular classes, subclasses, and species of the
invention. As described herein, the variables Ri, R2, and R , as well as
other variables, encompass specific groups, such as alkyl and aryl. Unless
otherwise noted, each of the specific groups for the variables Ri, R2, and
R , and other variables contained therein can be optionally substituted
with one or more substituents described herein. Each substituent of a
specific group is further optionally substituted with one to three of halo,
cyano, oxo, alkoxy, hydroxy, amino, nitro, aryl, cycioaliphatic,
heterocycloaliphatic, heteroaryl, haloalkyl, and alkyl. For instance, an
alkyl group can be substituted with alkylsulfanyl and the alkylsulfanyl can
be optionallysubstituted with one to three of halo, cyano, oxo, alkoxy,
hydroxy, amino, mtro, aryl, haloalkyi, and alkyl As an additional example,
the cycloalkyl portion of a (cycloalkyl)carbonylamino can be optionally
substituted with one to three of halo, cyano, alkoxy, hydroxy, mtro,
haloalkyi, and alkyl When two alkoxy groups are bound to the same atom or
adjacent atoms, the two alkoxy groups can form a ring together with the
atom(s) to which they are bound [00179] In general, the term "substituted,"
whether preceded by the term "optionally" or not, refers to the replacement
of hydrogen radicals in a given structure with the radical of a specified
substituent Specific substituents are described above in the definitions
and below in the description of compounds and examples thereof Unless
otherwise indicated, an optionally substituted group can have a substituent
at each substitutable position of the group, and when more than one
position in any given structure can be substituted with more than one
substituent selected from a specified group, the substituent can be either
the same or different at every position A ring substituent, such as a
heterocycloalkyl, can be bound to another ring, such as a cycloalkyl, to
form a spiro-bicyclic ring system, e g , both rings share one common atom
Combinations of substituents envisioned by this invention are those
combinations that result in the formation of stable or chemically feasible
compounds [00180] The phrase "stable or chemically feasible," as used
herein, refers to compounds that are not substantially altered when
subjected to conditions to allow for their production, detection, and
preferably their recovery, purification, and use for one or more of the
purposes disclosed herein In some embodiments, a stable compound or
chemically feasible compound is one that is not substantially altered when
kept at a temperature of 40 0C or less, in the absence of moisture or other
chemically reactive conditions, for at least a week [00181] As used herein,
an effective amount is defined as the amount required to confer a
therapeutic effect on the treated patient, and is typically determined
based on age, surface area, weight, and condition of the patient The
interrelationship of dosages for animals and humans (based on milligrams
per meter squaied of body surface) is described by Freireich et al , Cancer
Chemother Rep , 50 219 (1966) Body surface area may be approximately
determined from height and weight of the patient See, e g , Scientific
Tables, Geigy Pharmaceuticals, Ardsley, New York, 537 (1970) As used
herein, "patient" refers to a mammal, including a human [00182] Unless
otherwise stated, structures depicted herein are also meant to include all
isomeric (e g , enantiomeric, diastereomepc, and geometric (or
conformational)) forms of the structure, for example, the R and S
configurations for each asymmetric center, (Z) and (E) double bond isomers,
and (Z) and (E) conformational isomers Therefore, singlestereochemical
isomers as well as enantiomeric, diastereomepc, and geometric (or
conformational) mixtures of the present compounds are within the scope of
the invention Unless otherwise stated, all tautomeric forms of the
compounds of the invention are within 



the scope of the invention Additionally, unless otherwise stated,
structures depicted herein are also meant to include compounds that differ
only in the presence of one or more isotopically enriched atoms. For
example, compounds having the present structures except for the replacement
of hydrogen by deutenum or tritium, or the replacement of a carbon by a C-
or C-enpched carbon are within the scope of this invention. Such compounds
are useful, for example, as analytical tools or probes in biological assays
[00183] As used herein, EDC is l-O-dimethylaminopropyO-S-ethylcarbodiimide,
HOBt is 1-hydroxybenzot pazole, HOSuc is N-hydroxysuccinimide, THF is
tetrahydrofuran, TFA is tpfluoroacetic acid, DCM is dichloromethane, DMAP
is 4-dimethylaminopy pdine, DIPEA is diisopropylethylamine, DMF is
dimethylformamide, TFA is tpfluoroacetic acid, and CBZ is
ben/yloxycarbonyl, and TEMPO is 2,2,6,6-tetramethylpipe pdinyloxy. [00184]
As used herein, 1H NMR stands for proton nuclear magnetic resonance, and
TLC stands for thin layer chromatography II. Processes and Intermediates
[00185] In one embodiment, the invention provides a process and
intermediates for preparing a compound of Formula 1 as outlined in Scheme I
5 6 7 8 (rac) 9 10 1 Scheme I [00186] Referring to Scheme I,
3-azabicyclo[3.3.0]octane of Formula 5 (R. Gpot, HeIv Chim Acta , 42, 67,
(1959) is converted to a suitable alkyl carbamate of Formula 6 wherein R'
is, e g , /'-butyl or isobutyl, using known methods. See, e.g., T.W. Greene
and P G M. Wuts, Protective Groups in Organic Synthesis, 3rd edition, John
Wiley and Sons, Inc. (1999)[00187] Carboxylation of the N-
alkoxycarbonyl-3-azabicyclo[3.3.0]octane of Formula 6 is achieved by first
forming a 2-anion of Formula 6 in the presence of a chelating agent (for
formation of similar anions. See, e.g., Daniel. J . Pippel, et. al., J.
Org. Chem., 1998, 63, 2; Donald J . Gallagher et al., J. Org. Chem., 1995,
60(22), 7092-7093; Shawn T. Kerrick et al., J. Am. Chem. Soc, 1991,
113(25), 9708-9710; Donald J. Gallagher et al., J. Org. Chem., 1995,
60(25), 8148-8154; and Peter Beak et al., J. Am. Chem. Soc, 1994, 116(8),
3231-3239. The 2-anion of the alkyl carbamate of Formula 6 (not shown in
Scheme I) is prepared by treatment of compound of Formula 6 with a strong
lithium base (e.g., r-butyl lithium or secbutyl lithium) in the presence of
a complexing agent (e.g., tetrarnethylethylenediamine,
tetraethylethylenediamine, tetramethyl-l,2-cyclohexyldiarnine, or
3,7-dipropyl-3,7- diazabicyclo[3.3.1Jnonane) in a suitable aprotic solvent.
Suitable aprotic solvents include, e.g., f-butylmethyl ether,
tetrahydrofuran, and dimethoxyethane. Subsequently, the 2-anion of Formula
6 can be treated with carbon dioxide to give a racemic mixture of
trans-lcis-2- carboxylic acids of Formula 7 wherein the trans-/cis- ratio
is 30 to 70, 40 to 60, 50 to 50, 60 to 40, 80 to 20, 90 to 10, 95 to 5, or
greater than 98 to 2. [00188] In some embodiments, the complexing agent may
be optically active, such as, for example, an optical isomer of sparteine.
An optically active complexing agent can induce asymmetric carboxylation to
give a product having an enantiomeric excess (e.e.) of from about 10% to
about 95% (see, e.g., Beak et.al., J. Org. Chem., 1995, 60, 8148-8154). The
trans-/cis- mixture is equilibrated to give a predominantly trans acid of
Formula 8 wherein the trans-/cis- ratio is 80 to 20, 90 to 10, 95 to 5, or
greater than 98 to 2, in the presence of a suitable base. Suitable bases
include, e.g., lithium hexamethyldisilazide, lithium diisopropylamide, or
lithium 2,2,6,6-tetramethylpiperidine. [00189] In another embodiment, the
use of 3,7-dipropyl-3,7-diazabicyclo[3.3. l]nonane as the complexing
diamine provides the carboxylic acid of Formula 8 with a trans-lcis- ratio
of isomers of 90 to 10, 95 to 5, or greater than 98 to 2 directly and
obviates the equilibration step. [00190] The racemic mixture of the
compound of Formula 8 may be resolved to provide a single enantiomer of
Formula 9 . Known methods of resolving racemic amino acids may be used and
include, but are not limited to, crystallization of an optically active
amine salt, preparing a 2-carboxylate ester with an optically active
alcohol followed by crystallization or chromatographic separation, and
preparing an optically active Nalkoxycarbonyl derivative followed by
crystallization or chromatography. In one embodiment, the (R)
a-aminoethylbenzene or (S) l-amino-l,2,3,4-tetrahydronaphthalene salt of
compound of Formula 8 is crystallized to produce the amine salt of Formula
9.[00191] The free acid of the salt of Formula 9, obtained by extraction
of, for example, an aqueous sodium bisulfate solution is estepfied with,
for example, di-f-butyl-dicarbonate (Boc O) to give the ester of Formula 10
Removal of the -COOR' protecting group under known conditions, for example,
methane sulfonic acid in an organic solvent such as, for example,
?-butylmethyl ether or tetrahydrofuran, provides the compounds of Formula 1
[00192J In another embodiment, bicyclic pyrrohdinyl compounds of Formula 3
(as exemplified by compounds 17 shown below) may be prepared as outlined in
Scheme II Scheme II [00193] Referring to Scheme II, the camphor imine of
Formula 12 is prepared by ieaction of glycine t-butyl ester of Formula 11
with (lS)-(-)camphor in the presence of a Lewis acid such as for example,
boron trifluopde etherate Michael addition of the amine of Formula 12 to
methyl cyclopentenecarboxylate gives an adduct of Formula 13 The single
isomer of compound 13 shown is obtained by recrystalhzation of the crude
product from a mixture of isopropanol and water Removal of the camphor
imine with hydroxylamme in the presence of sodium acetate and subsequent
cychzation yields the lactam ester of Formula 14 Optionally, the reaction
mixture may be tieated with succinic anhydpde to facilitate recoveryof the
desired product of Formula 14 and the camphor derivative of Formula 15 The
lactam of Formula 14 is converted to its benzyloxycarbonyl derivative of
Formula 16 by treatment with a base such as, e g., sodium hydride, followed
by benzyl chloroformate. Reduction of the lactam of Formula 16 with a
hydride reducing agent such as, e.g., borane-dimethylsulfidepipe pdine
provides the carbamate ester of Formula 17. Removal of the
benzyloxycarbonyl protecting group may be achieved under reducing
conditions such as, e.g., hydrogen in the presence of a palladium catalyst
such as, e.g., palladium hydroxide, to give the desired bicyclic
pyrrolidine ester of Formula 17. Isolation of the ester of Formula 17 is
optionally achieved through formation of a salt such as, e.g., an oxalate
salt of Formula Ia. [00194] The invention furthei provides processes for
the preparation of compounds of Formula 2 One specific example of a
compound of Formula 2, wherein R'4 is H, R is npropyl, and R4 is
cyclopropyl, is shown below in Formula 18. 18 [00195] In one aspect,
compound 18 can be prepared as outlined in Scheme III. 



Scheme III O HN O O Cb/HN J J I CbzHNv J O CbzHN H I 19 20 21 OH OH Cb/HN
CbzHN OH H2N < ] V - IlO 22 23 [00196] In Scheme III, the
methoxymethylamide of Cbz-norvahne of Formula 20 is prepared by reaction of
Cbz-norvahne of Formula 19 with methoxymethylamine in the presence of a
coupling reagent such as, e.g., EDC. Reduction of compound of Formula 20
with a hydpde reagent such as, e.g., lithium aluminum hydride or
dnsobutylaluminumhydride at a temperature between -20 0C and 10 0C provides
a norvalmal compound of Formula 2 1 Preparation of the corresponding
cyanohydpn of Formula 22 is achieved by reacting compound of Formula 21
with an alkali metal cyanide such as, e.g., potassium cyanide, in the
presence of an alkali metal thiosulfite such as, e.g., sodium thiosulfite.
Hydrolysis of compound of Formula 22 in the presence of HCl in a suitable
solvent such as, e.g., dioxane, and at an elevated temperatures of from
about 50 0C to 110 0C leads to the corresponding 3-amino-2-hydroxyhexanoic
acid (not shown) which is converted to the Cbz derivative of Formula 23 by
reaction with Cbz-hydroxysuccinimde. The cyclopropyl amide of Formula 24 is
prepared from compound 23 by reaction with cyclopropylamine in the presence
of a coupling reagent such as, e.g., EDC. Removal of the Cb/ group to give
a compound of Formula 18 is achieved under known reducing conditions such
as, e g., hydrogen in the presence of a palladium catalyst [00197] In
another embodiment, as illustrated in Scheme IV below, a cyclopropylamide
of Formula 18 is prepared using the Passepni reaction (see, e.g., A.
Doemling et al., Angew. Chem., 2000, 112, 3300-3344). Scheme IV [00198]
Referring to Scheme IV, reaction of Cbz-valinal 21 with cyclopropyl
isocyanide of Formula 25 (available from Oakwood Products, Inc., West
Columbia, SC 29172, USA) in the presence of trifluoroacetic acid,
optionally in the presence of an asymmetric catalyst provides the
cyclopropylamide of Formula 24. See, e.g., Schreiber, et.al., Org. Lett.,
2004, 6, 4231. The intermediate tpfluoroacetate (not shown) is hydrolyzed
durmg isolation to yield compound 24 directly. Removal of the Cbz
protecting group to give the compound of Formula 18 is achieved under
reducing conditions as previously descpbed.[00199] In another embodiment,
the hydroxy-acid compounds of Formula 23 may be prepared according to
methods described in U S. Patent Nos. 6,020,518; 6,087,530 and 6,639,094,
each of which is incorporated herein by reference in its entirety. [00200]
Although the processes shown in schemes III and IV above illustrate the
synthesis of a specific compound (of Formula 18), the processes in schemes
III and IV can be used to produce other compounds of Formula 2 . [00201] In
another embodiment, as illustrated in Scheme V, this invention further
provides a process and intermediates for preparing a compound of Formula
4.Scheme V 34 [00202] Referring to Scheme V, a bicyclic aminoester of
Formula 1, wherein R is tbutyl, is reacted with a protected amino acid of
Formula 26 (wherein Z is an amine protecting group and can be removed under
acidic, basic or hydrogenating conditions different fromthose used for
removing an R protecting group) in the piesence of a coupling reagent, to
give an amide-ester of Formula 27 The protecting group Z is removed from
the amide-ester of Formula 27 to give the amine-ester compound of Formula
28 [00203] Reaction of the amino-containing compound of Formula 28 with the
protected amino acid 29 in the presence of a coupling reagent gives a
tppeptide of Formula 30 [00204] Removing the protecting group Z in the
tppeptide of Formula 30 provides a fiee amino-tripeptide of Formula 3 1
[00205] Reaction of the amino-tppeptide of Formula 3 1 with
pyrazine-2-carboxylic acid, of Formula 32, in the presence of a coupling
reagent yields the amide-tppeptide ester of Formula 33 [00206] Hydrolysis
of the ester of the amide-t ppeptide ester of Formula 33 provides the
amido-tppeptide acid of Formula 34, [00207J Reacting the amido-tppeptide
acid of Formula 34 with the amino-hydroxy amide of Formula 18 in the
presence of a coupling reagent gives the hydroxy-peptide of Formula 35
[00208] In the final step, oxidation of the hydroxy group of the compound
of Formula 35 provides the compound of Formula 4 4 Oxidation of compound 35
may be achieved with a variety of known oxidizing reagents, such as, for
example chromic acid in acetone, Dess-Martin pepodinane ( 1,1 -dihydro-
1,1,1 - tnacetoxy-l,2-benzoiodooxol-3(lH)-one), sodium hypochlonte in the
presence of TEMPO and, optionally, an alkali metal halide such as sodium
bromide [00209] In some embodiments, the configuration of the hydroxy group
of 35 is a mixture of R and S isomers in the ratio of from about 90 to 10
to about 10 to 90, typically in a ratio of about 60 to 40 to about 40 to 60
[00210] In another embodiment, the hydroxy group of compound 35 has the R
configuration with an enantiomeric excess of about 90% ee [00211] In a
further embodiment, the hydroxy group of compound 35 has the S
configuration with an enantiomeric excess of about 90% ee [00212] Any of
the intermediates obtained as descnbed herein, may be used with or without
isolation from the reaction mixture The desired protease inhibitor may be
derived byattaching the appropriate RW-, P -, PrL -P , or P4-Li-Pt-Li-P -
moiety A coupling of an amine with such a moiety may be carried out using
the corresponding carboxylic acid, or reactive equivalent thereof, under
standard amide bond-forming or coupling conditions. A typical coupling
reaction includes a suitable solvent, the amine in a concentration ranging
from about 0 0 1 to 1OM, preferably about 0 1 to about 4 OM, the requisite
carboxylic acid, a base and a peptide coupling reagent fOO213] If an amine
is used without isolation, the coupling may be carried out in situ in the
solvent of the reaction mixture used in the preparation of the amine, or in
a different solvent To this reaction mixture, the requisite carboxylic acid
may be added and the reaction 



maintained at a temperature in the range of about 0 0C to 100 0C,
preferably between about 20 0C to about 40 0C The base and peptide coupling
reagent are then added to the mixture, which is maintained at a temperature
in the range of about 0 0C to about 60 0C, preferably between about 20 0C
to about 40 0C The base is typically a tertiary amine base, such as
tpethylamine, dwyo-propylethylamine, N-methylmorpholine, DBU, DBN,
Nmethylimidazole, preferably tpethylamine or diisopropylethylarmne The
amount of base used is generally up to about 20 equivalents per equivalent
of the amine, preferably at least about 3 equivalents of base Examples of
peptide coupling reagents include DCC (dicyclohexylcarbodiimide), DIC
(duspropylcarbod pmide), di-p-toluoylcarbod pmide, BDP (1-benzot pazole
diethylphosphate-l-cyclohexyl-3-(2-morphohnylethyl)carbodumide), EDC
(l-(3-dimethylarnmopropyl)-3-ethyl-carbodiimide hydrochloride), cyanu pc
fluoride, cyanu pc chloride, TFFH (tetramethyl fluoroformamidmium
hexafluorophosphosphate), DPPA (dipheny Iphosphorazidate), BOP (benzot
pazol- 1-yloxytps(dimethylamino)phosphonium hexafluorophosphate), HBTU
(0-benzotnazol-l-yl-N,N,N',N'-tetramethyluronium hexafluoiophosphate), TBTU
(O-benzot pazol-l-yl-N,N,N',N'-tetramethyluronium tetrafluoroborate ), TSTU
(O-CN-succinimidyO-N^N'.N'-tetramethyluroniurn tetrafluoroborate), HATU (N-
[(dimethylamino)-l-H-l,2,3-t pazolo[4,5,6]-py pdin-lylmethylene]-
N-methylmethanaminium hexafluorophosphate N-oxide), BOP-Cl (bis(2-oxo-
3-oxazohdinyl)phosphinic chloride), PyBOP ((l-H-l,2,3-benzot
pazol-l-yloxy)- tps(pyrrohdino)phosphonium tetrafluorophosphate), BrOP
(bromot ps(dimethylamino)phosphomum hexafluorophosphate), DEPBT (3-
(diethoxyphosphoryloxy)-l,2,3-benzot pazin-4(3H)-one), or PyBrOP (bromot
ps(pyrrolidino)phosphonium hexafluorophosphate) EDC, HOAT, BOP-Cl and
PyBrOP are preferred peptide coupling reagents. The amount of peptide
coupling reagent is in the range of about 1 0 to about 10.0 equivalents.
Optional reagents that may be used in the amide bond-fo pning reaction
include DMAP (4-dimethylaminopy pdine) or active esterreagents, such as
HOBT (1-hydroxybenzot pazole), HOAT (hydroxyazabenzotnazole), HOSu
(hydroxysuccinirnide), HONB (endo-N-hydroxy-5-norbomene-2,3-dicarboxamide),
in amounts ranging from about 1Oto about 10 Oequivalents [00214]
Alternatively, one may treat an amine with a reactive equivalent of the Ri
carboxylic acid, such as RW-Q=O)X 1, P2-Q=O)X 1, P3-L2-P -CC=O)X1, Or
P4-L3-P3-L2-P2- Q=O)X 1, wherein Q=O)X 1 is a group that is more reactive
than COOH in the coupling reaction Examples of -CC=O)X1 groups include
groups where X1 is Cl, F, OQ=O)R (R is, e g , aliphatic or aryl), -SH, -SR,
-SAr, or -SeAr [00215] Acid and amine protecting groups as used herein are
known in the art (see, e g , T W Greene & P G M Wutz, "Protective Groups in
Organic Synthesis," 3r Edition, John Wiley & Sons, Inc (1999), and the
earlier editions of this book Examples of suitable protecting groups for
acids include r-butoxy, benzyloxy, allyloxy and methoxymethoxy Examples of
suitable protecting groups for amines include 9-fluorenylmethyl carbamate,
tbutyl carbamate, benzyl carbamate, trifluoroacetamide and
p-toluenesulfonamide A numbei of chemical groups are known that may be used
as the RW-, P -, Pi-L 2-P2, or P4-L3-P3-L2-P2- poition of the protease
inhibitor Examples of such groups are reported in the following
publications WO 97/43310, US 20020016294, WO 01/81325, WO 02/08198, WO
01/771 13, WO 02/08187, WO 02/08256, WO 02/08244, WO 03/006490, WO
01/74768, WO 99/50230, WO 98/17679, WO 02/48157, US 20020177725, WO
02/060926, US 20030008828, WO 02/481 16, WO 01/64678, WO 01/07407, WO
98/46630, WO 00/59929, WO 99/07733, WO 00/09588, US 20020016442, WO
00/09543, WO 99/07734, US 6,018,020, US 6,265,380, US 6,608,027, US
20020032175, US 20050080017, WO 98/22496, US 5,866,684, WO 02/079234, WO
00/31 129, WO 99/38888, WO 99/64442, WO 2004072243, and WO 02/18369, which
are incorporated herein by reference in their entireties [00216] Although
in Scheme V only a single stereoisomer is illustrated for the compound of
Formula 4, the present invention is, however, intended to include all
stereoisomers of Formula 4 which are depicted in Table I All these
stereoisomers can be prepared in the same method by using reagent(s)
containing carbon atom(s) of a different steric configuration, e g
,ABRASIVE ARTICLE WITH IMPROVED GRAIN RETENTION AND PERFORMANCE BACKGROUND
[0001] The present invention relates generally to abrasive articles and
more particularly to an abrasive article with improved grain retention and
performance. [0002] Abrasive articles are typically used in various
industries to machine workpieces by cutting, lapping, grinding, or
polishing. The use of abrasive articles for machining spans a wide
industrial scope from optics industries, automotive plant repair industries
to metal fabrication industries. In each of these examples, manufacturing
facilities use abrasives to remove bulk material to reach designed
dimensions, geometry, and surface characteristics of products (e.g.,
planarity, surface roughness). [0003] Manufacturers of rough grinding
abrasive articles are constantly challenged to make abrasive articles that
meet higher productivity as well as high performance requirements specified
by their customers. One particular reason why manufacturers are challenged
to make rough grinding abrasive articles that meet higher productivity and
performance requirements is that the abrasive articles are subject to not
only mechanical failure due to abrasive grain fracture or attrition or bond
fracture, but also to thermal failure at the interface of the abrasive
grain and their surrounding organic bond (i.e., grain pull-out). In
particular, the high power associated with rough grinding abrasive articles
to remove material without any coolant to remove the heat makes these
articles more prone to the latter type of failure (i.e., thermal
degradation at the interface of the abrasive grain and bond). This thermal
degradation is even more apparent when using an abrasive grain that
exhibits good resistance to mechanical fractures. Eventually, the thermal
degradation weakens the roughgrinding abrasive articles, impairing
performance and ultimately leading to a shorter life. Thermal degradation
can be especially problematic relative to ultra-thin, dry cut-off wheels,
which tend to reach thermal degrading temperatures very quickly at the
grain/bond interface. SUMMARY [0004] In one embodiment, there is an
ultra-thin, small diameter cutoff wheel, comprising: a plurality of
abrasive grains, an organic bond material and an active filler material.
The active filler material comprises an effective amount of an active
endothermic filler material that provides an endothermic reaction at normal
dry cutting conditions. [0005] In a second embodiment, there is an
ultra-thin, small diameter cutoff wheel that comprises a plurality of
abrasive grains and an organic bond material comprising an active
endothermic filler material providing an endothermic reaction added
thereto. The amount of active endothermic filler material is in a range of
about 12 to about 50 percent by volume of 



the bond. [0006] In a third embodiment, there is an ultra-thin, small
diameter cutoff wheel that comprises a plurality of abrasive grains and an
organic bond material with an active endothermic filler material added
thereto to provide an endothermic reaction that improves grain retention.
The plurality of abrasive grains are selected from the group consisting of
seeded or unseeded sol gel alumina grain, Al2(VZrO grain and combinations
thereof. The active endothermic filler material is selected from the group
consisting of sulfides, low melting point oxides and combinations
thereof.BRIEF DESCRIPTION OF THE DRAWINGS [0007] FIG. 1 is an image of an
abrasive article according to one embodiment of the present invention;
[0008] FIG. 2 is a micrograph image of a conventional abrasive article
showing a largenumber of grain pull-out according to the prior art; and
[0009] FIG. 3 is a micrograph image of an abrasive article formed according
to one embodiment of the present invention. DETAILED DESCRIPTION OF THE
EMBODIMENTS [0010] Referring to the drawings, FIG. 1 is an image of an
abrasive article 100 according to one embodiment of the present invention.
In particular, FIG. 1 shows that abrasive article 100 is an abrasive wheel
product. As is known in the art, abrasive wheel products come in a variety
of sizes such as for example, large diameter cutoff abrasive wheel
products, medium diameter cutoff abrasive wheel products and small diameter
cutoff abrasive wheel products. Generally, large diameter cutoff abrasive
wheel products have a diameter that is greater than about 1000 mm, medium
diameter cutoff abrasive wheel products have a diameter that is greater
than about 400 mm and less than about 1000 mm, while small diameter cutoff
abrasive wheel products have a diameter that is less than about 400 mm.
Although the description of the abrasive mix used to form abrasive article
100 that follows is preferably suitable for small diameter cutoff abrasive
wheel products and more particularly to ultra-thin, small diameter cutoff
abrasive wheel products that have diameters less than about 250 mm, those
skilled in the art will recognize that the abrasive mix used to form
abrasive article 100 may have applicability for large diameter cutoff
abrasive wheel products and medium diameter cutoff abrasive wheel products
as well.[0011] In one embodiment, abrasive article 100 is an ultra-thin,
small diameter bonded abrasive article formed from an abrasive mix that
comprises abrasive grains and an organic bond material with active filler
materials added thereto such as active endothermic filler material(s).
These active endothermic filler material(s) provide an endothermic reaction
at "normal dry cutting conditions" to reduce the temperature at the
interface of grains and their surrounding organic bond. Generally, active
fillers can be used in bonded abrasives to enhance grinding performance.
Active fillers, also known as reactive fillers, are designed to be
physically and/or chemically active. They generally provide extended,
increased cutting rates and coolness of cut. Depending on various
parameters, such as the size and geometry of the abrasive tool, the type of
grain and bond used, and the operating conditions encountered, active
fillers can do one or more of the following: 1.) Decrease the friction
between the abrasive grains and the workpiece being abraded; 2.) Prevent
the abrasive grains from "capping", i.e., prevent metal particles from
becoming welded to the tops of the abrasive grains. 3.) Decrease the
interface temperature between the abrasive grains and the workpiece. 4.)
Decrease the required grinding force. These actions generally can fall into
the following different mechanisms: 1.) Lubrication to reduce friction
between the abrasive grain and the workpiece. 2.) Chemical corrosion of
metal surface to prevent bonding of metal onto the tops of abrasive grains
or swarf particles from welding to the workpiece, or by modifying the
integrity of the metal surface to facilitate the formation of chips. 3.)
Prevention of bond ablation by inhibiting the free radical process of
oxidation of the bond material used to firmly hold the abrasive grain in
place.4.) Controlled bond erosion allows new grains to come into play and
discharge old worn abrasive particles. 5.) Heat dissipation by highly
endothermic reaction which helps to dissipate heat away from the grinding
interface between the abrasive grains and the workpiece. [0012] As
described herein, using at least one type of active endothermic filler
material that provides an endothermic reaction to reduce the temperature at
the interface of the abrasive grains and their surrounding organic bond at
"normal dry cutting conditions" results in improved grain retention or
utilization. A result of improved grain retention is that abrasive article
100 will have improved cutting performance and longer life than other
ultrathin cutoff abrasive wheel products formed from conventional abrasive
mixes. [0013] In this embodiment, the abrasive article 100 contains at
least one type of primary abrasive grain selected from the group of
abrasive families consisting of seeded or unseeded sol gel alumina and
Al2Os-ZrO2. A non-exhaustive list of abrasive grains from the seeded or
unseeded sol gel alumina family that may be used in embodiments of this
invention include SG grain and NQ grain, commercially available from
Saint-Gobain Abrasives, Inc. of Worcester, MA; 3M321 Cubitron grain and
3M324 Cubitron grain, both commercially available from 3M Corporation of
St. Paul, MN; and combinations thereof. A non-exhaustive list of abrasive
grains from the Al2Os-ZrO2 family that may be used in embodiments of this
invention include NZ Plus grain, commercially available from Saint-Gobain
Abrasives, Inc. of Worcester, MA; ZF grain and ZS grain, both commercially
available from Saint-Gobain Abrasives, Inc. of Worcester, MA; ZK40 grain,
commercially available from Treibacher Industry, Inc. of Toronto, Ontario
CA; and ZR25B grain and ZR25R grain, both commercially available from
Alcan, Inc. of Montreal, Quebec CA. In one embodiment, theamount of the
primary abrasive grain comprises between about 20 to about 100 percent of
the total amount of abrasive grain by volume. [0014] In one embodiment, at
least one type of secondary abrasive grain can be blended with the primary
abrasive grain to achieve either cost or performance requirements. The
secondary abrasive grain may be selected from the group consisting of
ceramic oxides (e.g., coated or non-coated fused AI2O3, monocrystal AI2O3),
nitrides (e.g., S13N4, AlN) and carbides (e.g., SiC). In one embodiment,
the amount of the secondary abrasive grain may range from about 80 to about
0 percent of the total amount of abrasive grain by volume or balance.
[0015] In one embodiment, the organic bond material is comprised
essentially of artrecognized organic bond material, such as one or more
organic resins - e.g. epoxy, polyester, phenolic, and cyanate ester resins,
or other suitable thermosetting or thermoplastic resins. Specific,
non-limiting examples of resins that can be used include the following:
resins sold 



by Dynea Oy, Finland, under the trade name Prefere and available under the
catalog/product numbers 8522G, 8528G, 8680G, and 8723G; resins sold by
Hexion Specialty Chemicals, OH, under the trade name Rutaphen.RTM. and
available under the catalog/product numbers 9507P, 8686SP, and SP223; and
resins sold by Durez Corporation, TX, under the following catalog/product
numbers: 29344, 29346, and 29722. In one embodiment, the bond material
comprises a dry resin material. [0016] In various embodiments, types and
amounts of active endothermic fillers are chosen in order to provide an
endothermic reaction at "normal dry cutting conditions." The term "normal
dry cutting conditions" refers generally to those conditions encountered at
the grain/bond interface of a small diameter, ultra-thin cutoff wheel
during dry cutting of common materials for which the wheel is designed to
cut/grind. An "effective amount" ofactive endothermic filler provides an
endothermic reaction at normal dry cutting conditions. These conditions
typically include very quick ramping to thermal degrading temperatures in
excess of 4500C. Thermal degradation can be especially problematic relative
to ultra-thin, dry cutoff wheels, which tend to transfer heat very quickly
and to reach thermal degrading temperatures very quickly at the grain/bond
interface. In the ultra-thin wheels of the present application, the active
endothermic fillers produce an endothermic reaction at the conditions
typically encountered during dry cutting and, therefore, reduce the
temperature at the grain/bond interface, resulting in much improved grain
retention and longer life. In various alternative embodiments, the active
endothermic fillers provide an endothermic reaction when temperature at the
grain/bond interface is at least about 4500C, or at least about 5000C, or
at least about 527C, or at a temperature which provides an amount of
thermal energy greater than the activation energy necessary to decompose
the active endothermic filler. It is noted that when the heating rate is
slow or if the grain/bond interface temperature is too low, exothermic
reactions may occur; therefore, the thickness of the abrasive article can
play a roll in obtaining the desired endothermic reaction. [0017] In one
embodiment, at least one type of active endothermic filler material that
provides an endothermic reaction is selected from the group of filler types
consisting of sulfides and low melting point oxides. A non-exhaustive list
of active endothermic fillers from the sulfide types that may be used in
embodiments of the present invention include pyrite, zinc sulfide, copper
sulfide, and combinations thereof. A non-exhaustive list of active
endothermic fillers from the low melting point oxides types that may be
used in embodiments of the present invention include bismuth oxide, lead
oxide, tin oxide and combinations thereof. Note that in one embodiment, it
is preferable that the active fillers of the low melting point oxides have
a melting point below about 1000 degrees Celsius.[0018] Those skilled in
the art will recognize that various other fillers may be added to the
organic bond material in order to enhance the ability of abrasive article
100 to cut, lap, grind, or polish. The fillers may include active and/or
inactive fillers. A non-exhaustive list of active fillers may include
Cryolite, PAF, KBF , K2SO4, NaCl/KCl, and combinations thereof. A
non-exhaustive list of inactive fillers may include CaO, CaCO , Ca(OFTh,
CaSiq 3, Kyanite (a mixture of Al2q 3-Siq 2), Saran (Polyvinylidene
chloride), Nephenline (Na, K) AlSiO , wood powder, coconut shell flour,
stone dust, feldspar, kaolin, quartz, short glass fibers, asbestos fibers,
balotini, surface-treated fine grain (silicon carbide, corundum etc.),
pumice stone, cork powder and combinations thereof. In a preferred
embodiment, an active filler material such as PAF, which is a mixture of
K3AlF6 and KAlF4, can be added to the organic bond material in order to
corrode metals and reduce the friction between the wheel and workpiece.
[0019] In certain embodiments, the formulation of the abrasive mix used to
form abrasive article 100 may be as follows. In one embodiment, the
abrasive grains present in this mix may range from about 35 to about 55
percent by volume of the total mix (i.e., excluding porosity). In another
embodiment, the abrasive grains present in this mix may range from about 40
to about 54 percent by volume of the total mix (i.e., excluding porosity).
In one embodiment, the organic bond material (e.g., resin) in this mix may
range from about 25 to about 45 percent by volume of the total mix. In
another embodiment, the organic bond material (e.g., resin) in this mix may
range from about 30 to about 40 percent by volume of the total mix. In one
embodiment, the active endothermic filler material in this mix may be in an
amount that ranges from about 5 to about 30 percent by volume (amount in
the total mix). In another embodiment, the active endothermic filler
material in this mix may be in anamount that ranges from about 5 to about
24 percent by volume (amount in the total mix). In other embodiments, the
active endothermic filler material in this mix may be in an amount that
ranges from about 12 to about 50 percent by volume (amount in the total
bond). While in other embodiments, the active endothermic filler material
in this mix may be in an amount that ranges from about 12 to about 35
percent by volume (amount in the total bond). The balance will be other
fillers that include active or inactive fillers. In one embodiment, the
volume ratio of the active filler material providing endothermic reaction
to the organic bond material is in the range of about 0.136 to about 1
(e.g., resin). In another embodiment, the volume ratio of the active filler
material providing endothermic reaction to the organic bond material is in
the range of about 0.136 to about 0.67 (e.g., resin). [0020] As mentioned
above, in one embodiment, abrasive article 100 is an ultra-thin, small
diameter cutoff abrasive wheel product. In certain embodiments, abrasive
article 100 has a diameter that ranges from about 75 mm to about 250 mm
and, a thickness of less than about 2.5 mm. In other embodiments, the
thickness of the wheel is between about 0.8 mm and about 2.2 mm. In various
embodiments, the wheel can have an aspect ratio that ranges from about 40
to about 160. These dimensions make ultra-thin, small diameter abrasive
article 100 well suited for dry cutting applications. The dimensions and
composition of the wheel can be chosen in accordance with the present
teachings to provide significant performance improvement. [0021] As
described herein, the abrasive article formed from the above-described
formulation does not suffer from large amounts of grain pull-out like
conventional abrasive articles. Abrasive articles formed from conventional
formulations are adversely affected by large amounts of grain pull-out
because the bond between the abrasive grains and bond material in these
mixes is unable to withstand the thermal degradation that arises from
theheat input associated with the cutting action of the abrasive article.
In accordance with the various embodiments of the present invention, it has
been determined that the temperature at the interfaces of the grains and
their surrounding organic bond at the surface level of the abrasive article
is at the highest and can range from about 600 degrees Celsius to about
1000 degrees Celsius. The organic bond material can act as an insulation
layer due to its low thermal conductivity (i.e., less than 2 W/(m-K)) and
thus the heat input from the cutting action does not substantially
penetrate the depth of the abrasive article, where other layers of
abrasives reside. Therefore, the temperature at the interfaces of the
grains and their 



surrounding organic bond at these lower levels, which can be from 250
degrees Celsius to 350 degrees Celsius, is substantially less than the
temperatures at the interfaces of the top surface. Because the temperature
at the interfaces of the grains and their surrounding organic bond at the
surface level is very high, the bond becomes weaker (a typical thermal
decomposition temperature of an organic bond material such as a resin is
500 degrees Celsius) and eventually the grains at this level pull-out and
fall from the surface instead of being steadily worn out through the
typical attrition process. The abrasive article formed from the
above-described formulation suffers from less grain pull-out because it is
less adversely affected by thermal degradation at the interfaces of the
grains and their surrounding bond material due to the endothermic reaction
occurring to reduce the interfacial temperature. [0022] Compared to the
prior art, the abrasive articles according to embodiments of the present
invention are not adversely affected by thermal degradation at the
interface of the grains and their surrounding organic bond material because
of the dimensioning of the wheel and the formulation of the specific types
of abrasive grains and active endothermic fillers. In particular, it has
been found herein that the use of the active fillers in the formulations
noted above act to provide thermal decomposition of the active fillers that
result in a cooling effectthat lowers the temperature at the interface of
the abrasive grains and the bond. This counteracts the propensity for
rampant thermal degradation to occur. In addition to the use of these
active fillers that provide an endothermic reaction in the above-noted
formulations, it has been found that the selection and formulation of the
above-identified abrasive grains result in an abrasive product with
significantly less grain pull-out than the conventional abrasive articles.
[0023] FIG. 2 is a micrograph image 200 of a conventional abrasive article
showing a large-number of grain pull-out holes 210. Note that for ease of
illustration only a few grain pull-out holes 210 are highlighted. A closer
look at image 200 shows that this abrasive article formed according to the
prior art has a very large number of grain pull-out holes 210. An abrasive
article with this many grain pull-out holes will not perform well and
consequently will have a shorter life-span. [0024] In comparison to the
conventional abrasive article shown in FIG. 2, FIG. 3 shows a micrograph
image 300 of an abrasive article formed according to embodiments of the
present invention. As shown in FIG. 3, the abrasive article formed
according to embodiments of the present invention has significantly fewer
grain pull-out holes than the conventional abrasive article shown in FIG.
2. Although not all of the grain pull-out holes are highlighted in FIG. 3,
it is clear that there are significantly fewer grain pull-out holes in this
figure than in FIG. 2. [0025] Because the abrasive article in FIG. 3 has
significantly fewer grain pull-out holes, this article as described herein
performs cutting operations better and lasts longer than conventional
abrasive articles. One measurement of performance of an abrasive article is
the Absolute G-Ratio. The Absolute G-Ratio as described herein is attained
by mounting the abrasive article on a portable machine for a dry cutting
application that may have a maximum operation speed of about 80 m/s. A
workpiece material with typical dimensions (e.g., 600mm (length) x 100
(width) x 6 (thickness) mm) may be clamped by a vise. The number of pieces
of cuts from the workpiece material is then counted and recorded into a
computer system along with the diameter of the abrasive article. An
experienced operator then manually conducts testing by using the grinder to
perform cutting operations on the workpiece material. A data acquisition
system connected with the grinder monitors the power and current of the
grinder, and cutting time during the testing. The testing lasts until the
abrasive article is fully consumed. The diameter of the tested article is
then measured and recorded. The weight of the remaining workpiece material
is weighed and recorded as well. The computer system using a commercially
available software application determines material removal rate (MRR) and
wheel wear rate (WWR). The application calculates the Absolute G-Ratio by
dividing MRR by WWR. A higher Absolute G-Ratio indicates that the
performance of the abrasive article is better. [0026] The Relative G-Ratio,
which is the ratio of the Absolute G-Ratio of abrasive article B divided by
the Absolute G-Ratio of abrasive article A (reference), is used herein to
compare the performance of abrasive articles. Hence, the Relative G-Ratio
of abrasive article A is 1. A higher Relative G-Ratio indicates that better
performance improvement has been obtained. Using this approach, it has been
determined that the abrasive article formed herein using the above-noted
formulations has Relative G-Ratios that are greater than 1.00. Examples
below show that it is possible to obtain Relative G-Ratio values that range
from about 1.4 to about 2.4. Examples [0027] The following provides
particular examples of abrasive articles formed according to embodiments
described herein. Example 1:[0028] In this example, an abrasive article is
formed with the above-noted formulation. About 44 lbs of Al2(VZrO abrasive
grain blended with about 25 lbs of monocrystal AI2O3 abrasive grains was
added into a mixing container. At least one processing liquid was
introduced to the grains. Herein, about 5 lbs of liquid resin was added
into the abrasive grains. About 11 lbs of powder resin, about 6 lbs of PAF
and about 9 lbs of pyrite were prepared in a separate mixing container. The
mixture of the abrasive grains with the liquid resin was poured into that
separate container to mix with the powder resin, PAF, and pyrite mixture.
Then the abrasive article was formed in the same method as a conventional
abrasive article, such as, for example, the forming methods described in
U.S. Patent Number 6,866,691 Bl - which is incorporated by reference in its
entirety. The dimension of the abrasive article was 125 mm in diameter with
1 mm thickness. The performance of the abrasive article with the above
formulation was tested and its Relative G-Ratio (compared with a
conventional abrasive article at the same dimension) was 2.2. The
performance improvement was due to the fact that the thermal decomposition
of the pyrite reduced the temperature at the interface of the abrasive
grains and their surrounding organic bond, resulting in improved grain
retention and longer life. Although this disclosure is not to be limited by
proffered theories, it is contemplated that when the temperature is higher
than 527 degree Celsius, decomposition of pyrite will be the dominant
process due to the high activation energy. Example 2 : [0029] In this
example, an abrasive article was formed with the above noted formulation.
About 68 lbs of seeded or unseeded sol gel alumina AI2O3 abrasive grain was
added into a mixing container. At least one processing liquid was
introduced to the grain. Herein, about 5 lbs of liquid resin was added into
the abrasive grain. About 11 lbs of powder resin, about 6lbs of PAF and
about 10 lbs of pyrite were prepared in a separate mixing container. The
mixture of the abrasive grain with the liquid resin was poured into the
separate container to 



mix with the powder resin, PAF, and pyrite mixture. Then the abrasive
article was formed and tested in the same methods as a conventional
abrasive article which has been mentioned above. The dimension of the
abrasive article in this example was 125 mm in diameter with 1 mm
thickness. Its Relative G-Ratio was 1.6. The resulting performance
improvement was due to the fact that the thermal decomposition of the
pyrite reduces the temperature at the interface of the abrasive grain and
their surrounding organic bond, resulting in improved grain retention and a
longer life. [0030] The following provides a comparative example of an
abrasive article not formed according to embodiments described herein.
Comparative Example 1: [0031] In this example, an abrasive article was
formed with the above-noted abrasive grain, but with different active
fillers. In particular, about 44 lbs of Al2Os-ZrO2 abrasive grain blended
with about 25 lbs of monocrystal Al2C abrasive grain was added into a
mixing container. Herein, about 5 lbs of liquid resin was added into the
abrasive grain. The only difference between the formulation in this example
and the formulation above in Example 1 was that only one type of active
filler, PAF, is in the bond formulation. That is, pyrite was not in this
formulation. In particular, about 11 lbs of powder resin and about 13 lbs
of PAF were prepared in a separate mixing container. The mixture of the
abrasive grain with the liquid resin was poured into that separate
container to mix with powder resin and PAF mixture. Then the abrasive
article was formed and tested in the same method as described in Example 1.
The dimension of the abrasive article in this example was 125 mm in
diameter with 1 mm thickness. The resulting Relative G-Ratio (compared with
a conventionalabrasive article at the same dimension) was 1.1. The life of
the abrasive article or grain retention did not improve in the same scale
as in Example 1 because the endothermic reaction did not occur during the
cutting operation. [0032] While the disclosure has been particularly shown
and described in conjunction with preferred embodiments thereof, it will be
appreciated that variations and modifications will occur to those skilled
in the art. Therefore, it is to be understood that the appended claims are
intended to cover all such modifications and changes as fall within the
true spirit of the disclosure.CLAIMS What is claimed is: 1. An ultra-thin,
small diameter cutoff wheel, comprising: a plurality of abrasive grains, an
organic bond material and an active filler material, wherein the active
filler material comprises an effective amount of an active endothermic
filler material that provides an endothermic reaction at normal dry cutting
conditions. 2. The cutoff wheel according to claim 1, wherein the plurality
of abrasive grains are selected from the group consisting of seeded or
unseeded sol gel alumina grain and Al2q 3-Zrq 2 grain and combinations
thereof. 3. The cutoff wheel according to claim 1, wherein the plurality of
abrasive grains are selected from the group consisting of SG, NQ, 3M321,
3M324, NZ Plus, ZF, ZS, ZK40, ZR25B, ZR25R, and combinations thereof. 4.
The cutoff wheel according to claim 1, wherein the plurality of abrasive
grains is present in a range of about 35 to about 55 percent by
volume/total mix. 5. The cutoff wheel according to claim 1, wherein the
plurality of abrasive grains comprise a primary abrasive grain and a
secondary abrasive grain, the primary abrasive grain being selected from
the group consisting of seeded or unseeded sol gel alumina grains, Al2O -
ZrO grains and combinations thereof, and the primary grain comprises
between about 20 to about 100 percent of the total amount of abrasive grain
by volume. 6 The cutoff wheel according to claim 1, wherein the organic
bond material comprises a dry resin material. 7. The cutoff wheel according
to claim 1, wherein the organic bond material is present in a range of
about 25 to about 45 percent by volume/total mix. 8. The cutoff wheel
according to claim 1, wherein the active endothermic fillermaterial is
selected from the group of filler types consisting of sulfides and low
melting point oxides. 9. The cutoff wheel according to claim 8, wherein the
active endothermic filler material is selected from the group consisting of
pyrite, zinc sulfide, copper sulfide, lead oxide, tin oxide, bismuth oxide
and combinations thereof. 10. The cutoff wheel according to claim 1,
wherein the active filler material comprises Cryolite, PAF, KBF , K2SO4,
and NaCl/KCl and combinations thereof. 11. The cutoff wheel according to
claim 10, wherein the active endothermic filler material is present in a
range of about 25 to about 100 percent by volume of the total amount of
active filler material. 12. The cutoff wheel according to claim 1, wherein
the active endothermic filler material is present in a range of about 12 to
about 50 percent by volume in the bond material. 13. The cutoff wheel
according to claim 1, wherein the volume ratio of active endothermic filler
material to the organic bond material is in the range of about 0.136 to
about 1. 14. The cutoff wheel according to claim 1, wherein the cutoff
wheel comprises a diameter that ranges from about 75 mm to about 250 mm.
15. The cutoff wheel according to claim 1, wherein the cutoff wheel
comprises a thickness less than about 2.5 mm. 16. The cutoff wheel
according to claim 15, wherein the thickness is between about 0.8 mm and
about 2.2 mm. 17. The cutoff wheel according to claim 1, wherein the cutoff
wheel comprises an aspect ratio that ranges from about 40 to about 160. 18.
The cutoff wheel according to claim 1, wherein the cutoff wheel comprises
anabrasive wheel. 19. The cutoff wheel according to claim 18, wherein the
abrasive wheel is used for dry cutting applications, where thermal
degradation is a primary product wear mechanism. 20. An ultra-thin, small
diameter cutoff wheel, comprising: a plurality of abrasive grains and an
organic bond material comprising an active endothermic filler material
providing an endothermic reaction added thereto, the amount of active
endothermic filler material is in a range of about 12 to about 50 percent
by volume of the bond. 21. The cutoff wheel according to claim 20, wherein
the plurality of abrasive grains are selected from the group consisting of
seeded or unseeded sol gel alumina grain and Al2q 3-Zrq 2 grain and
combinations thereof. 22. The cutoff wheel according to claim 20, wherein
the plurality of abrasive grains are selected from the group consisting of
SG, NQ, 3M321, 3M324, NZ Plus, ZF, ZS, 



ZK40, ZR25B, ZR25R, and combinations thereof. 23. The cutoff wheel
according to claim 20, wherein the plurality of abrasive grains is present
in a range of about 35 to about 55 percent by volume/total mix. 24. The
cutoff wheel according to claim 20, wherein the plurality of abrasive
grains comprise a primary abrasive grain and a secondary abrasive grain,
the primary abrasive grain being selected from the group consisting of
seeded or unseeded sol gel alumina grain, Al2q 3-Zrq 2 grain and
combinations thereof, and the primary grain comprises between about 20 to
about 100 percent of the total amount of abrasive grain by volume. 25. The
cutoff wheel according to claim 24, wherein the secondary abrasive grain is
selected from the group consisting of ceramic oxides, nitrides and
carbides. 26. The cutoff wheel according to claim 20, wherein the organic
bond material comprises a dry resin material.27. The cutoff wheel according
to claim 20, wherein the organic bond material is present in a range of
about 25 to about 45 percent by volume/total mix. 28. The cutoff wheel
according to claim 20, wherein the active endothermic filler material is
selected from the group of filler types consisting of sulfides and low
melting point oxides. 29. The cutoff wheel according to claim 28, wherein
the active endothermic filler material is selected from the group
consisting of pyrite, zinc sulfide, copper sulfide, lead oxide, tin oxide,
bismuth oxide and combinations thereof. 30. The cutoff wheel according to
claim 28, wherein the volume ratio of active endothermic filler material to
the organic bond material is in the range of about 0.136 to about 1. 31.
The cutoff wheel according to claim 20, wherein the cutoff wheel comprises
a diameter that ranges from about 75 mm to about 250 mm. 32. The cutoff
wheel according to claim 20, wherein the cutoff wheel comprises a thickness
less than about 2.5 mm. 33. The cutoff wheel according to claim 32, wherein
the thickness is between about 0.8 mm and about 2.2 mm. 34. The cutoff
wheel according to claim 20, wherein the cutoff wheel comprises an aspect
ratio that ranges from about 40 to about 160. 35. The cutoff wheel
according to claim 20, wherein the cutoff wheel comprises an abrasive
wheel. 36. The cutoff wheel according to claim 35, wherein the abrasive
wheel is used for dry cutting applications, where thermal degradation is a
primary product wear mechanism. 37. An ultra-thin, small diameter cutoff
wheel, comprising: a plurality of abrasivegrains and an organic bond
material with an active endothermic filler material added thereto to
provide an endothermic reaction that improves grain retention, wherein the
plurality of abrasive grains are selected from the group consisting of
seeded or unseeded sol gel alumina grain, Al2( ZrC grain and combinations
thereof and wherein the active endothermic filler material is selected from
the group consisting of sulfides, low melting point oxides and combinations
thereof. 38. The cutoff wheel according to claim 37, wherein the plurality
of abrasive grains are selected from the group consisting of SG, NQ, 3M321,
3M324, NZ Plus, ZF, ZS, ZK40, ZR25B, ZR25R, and combinations thereof. 39.
The cutoff wheel according to claim 37, wherein the plurality of abrasive
grains is present in a range of about 35 to about 55 percent by
volume/total mix. 40. The cutoff wheel according to claim 37, wherein the
plurality of abrasive grains comprise a primary abrasive grain and a
secondary abrasive grain, the primary abrasive grain being selected from
the group consisting of seeded or unseeded sol gel alumina grain, Al2Os-ZrO
grain and combinations thereof, and the primary grain comprises between
about 20 to about 100 percent of the total amount of abrasive grain by
volume. 41. The cutoff wheel according to claim 40, wherein the secondary
abrasive grain is selected from the group consisting of ceramic oxides,
nitrides and carbides. 42. The cutoff wheel according to claim 37, wherein
the organic bond material comprises a dry resin material. 43. The cutoff
wheel according to claim 37, wherein the organic bond material is present
in a range of about 25 to about 45 percent by volume/total mix. 44. The
cutoff wheel according to claim 37, wherein the active endothermic filler
material is selected from the group consisting of pyrite, zinc sulfide,
copper sulfide, leadoxide, tin oxide, bismuth oxide and combinations
thereof. 45. The cutoff wheel according to claim 37, wherein the active
endothermic filler material is present in a range of about 12 to about 50
percent by volume in the bond material. 46. The cutoff wheel according to
claim 37, wherein the volume ratio of active endothermic filler material to
the organic bond material is in the range of about 0.136 to about 1. 47.
The cutoff wheel according to claim 37, wherein the cutoff wheel comprises
a diameter that ranges from about 75 mm to about 250 mm. 48. The cutoff
wheel according to claim 37, wherein the cutoff wheel comprises a thickness
less than about 2.5 mm. 49. The cutoff wheel according to claim 48, wherein
the thickness is between about 0.8 mm and about 2.2 mm. 50. The cutoff
wheel according to claim 37, wherein the cutoff wheel comprises an aspect
ratio that ranges from about 40 to about 160. 51. The cutoff wheel
according to claim 37, wherein the cutoff wheel comprises an abrasive
wheel. 52. The cutoff wheel according to claim 51, wherein the abrasive
wheel is used for dry cutting applications, where thermal degradation is a
primary product wear mechanism. 53. The cutoff wheel according to any of
the preceding claims, wherein the abrasive wheel comprises an inactive
filler material. 54. The cutoff wheel according to claim 53, wherein the
inactive filler material comprises CaO, CaCCh, Ca(OH)2 and combinations
thereof. 


