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(57) ABSTRACT 

Certain knoWn and novel pyruvate derivatives are particu 
larly active in restoring or preserving metabolic integrity in 
oXidatively competent cells that have been subjected to 
oxygen deprivation. These pyruvate-derived compounds 
include, but are not limited to oXimes, amides, pyruvate 
analogues, modi?ed pyruvate analogues, esters of pyruvate 
(e.g., polyol-pyruvate esters, pyruvate thioesters, glycerol 
pyruvate esters and dihydroXyacetone-pyruvate esters). 
Such pyruvate derivatives (including single tautomers, 
single stereoisomers and mixtures of tautomers and/or ste 
reoisomers, and the pharmaceutically acceptable salts 
thereof) are useful in the manufacture of pharmaceutical 
compositions for treating a number of conditions character 
iZed by oXidative stress. 
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PYRUVATE DERIVATIVES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority as a continuation 
in-part of co-pending provisional applications: U.S. Serial 
No. 60/288,649, ?led May 3, 2001; US. Serial No. 60/295, 
314, ?led Jun. 1, 2001; and US. Serial No. 60/368,456, ?led 
Mar. 27, 2002, each incorporated herein by reference in its 
entirety. This application is also related to co-pending appli 
cation U.S. Serial No. , ?led on even date hereWith 
and entitled “PROCESS FOR SOLID SUPPORTED SYN 
THESIS OF PYRUVATE-DERIVED COMPOUNDS”, 
incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates to pyruvate deriva 
tives, particularly to derivatives having cytoprotective activ 
ity, and speci?cally to a series of aromatic and peptidyl 
pyruvates. The invention is also directed to formulations and 
methods for treating stroke, myocardial infarction and 
chronic heart failure, as Well as other oXidative stress and/or 
in?ammation related conditions that are typically responsive 
to cellular enZyme modulation. 

BACKGROUND INFORMATION 

[0003] Pyruvate is a three-carbon (triose) ketoacid that is 
produced in biological systems in the end stages of glyco 
lysis, a product of sugar metabolism. It is also a breakdown 
product of certain amino acids (alanine, glycine, cysteine, 
serine). Pyruvate can be reduced to lactate in the cytoplasm, 
a fermentative event in mammalian cells, or oXidatively 
decarboXylated to acetyl CoA in the mitochondrion. 

[0004] There are knoWn in the art a number of pyruvate 
derivatives. It has been suggested that pyruvate and certain 
pyruvate derivatives may have utility in treating certain 
disorders and promoting health. For eXample, pyruvate is 
sold as a dietary supplement for use in promoting Weight 
loss and enhancing energy. It has also been suggested as a 
therapeutic intervention for clinical management of myo 
cardial insuf?ciency (Mallet, R. T., 2000, Proc. Soc. EXp. 
Biol. Med. 223(2): 136-148) and to prevent the adverse 
effects of myocardial ischemia (US. Pat. No. 5,294,641). 
US. Pat. Nos. 5,075,210 and 4,988,245 describe the use of 
pyruvate or pyruvate salts as a component in a cardioplegic 
solution and in preservation solutions (perfusion ?uids) for 
heart allografts before transplantation. US. Pat. No. 5,395, 
822 describes the use of certain pyruvate salts to protect 
against neuronal degeneration as a consequence of ischemia. 

[0005] US. Pat. No. 6,086,789 describes certain pyruvate 
derivatives as useful for dermatologic indications as Well as 
for treating diabetic ketosis, myocardial ischemia, injured 
organs and hypercholesterolemia. Speci?cally, it ascribes 
these activities to various esters of pyruvate, including 
polyol-pyruvate esters, pyruvate thioesters, glycerol-pyru 
vate esters, and dihydroXyacetone-pyruvate ester. Related 
US. Pat. No. 5,968,727 describes the use of pyruvate 
thiolesters, such as cysteine, methionine and homocysteine, 
and glycerol pyruvate esters and dihydroXyacetone-pyruvate 
esters, in organ preservation solutions and for treating 
ischemia. Similarly, certain pyruvate and pyruvyl amino 
acid conjugates have been suggested for use in diabetes 
(e.g., US. Pat. Nos. 5,047,427 and 5,256,697). 

Jan. 16, 2003 

[0006] It has, hoWever, remained desired to provide neW 
therapies for conditions characteriZed by oXidative stress, 
and particularly, for providing neuroprotection in the event 
of cerebral ischemia; especially desired are agents that are 
effective even if ?rst administered after a signi?cant period 
of time (e.g., about 5 or more hours) folloWing an ischemic 
insult. 

SUMMARY OF THE INVENTION 

[0007] The present invention is concerned With certain 
knoWn and novel pyruvate derivatives that are particularly 
active in restoring or preserving metabolic integrity in 
oXidatively competent cells that have been subjected to 
oxygen deprivation. These pyruvate-derived compounds 
include, e. g., but are not limited to oXimes, amides, pyruvate 
analogues, modi?ed pyruvate analogues, esters of pyruvate 
(e.g., polyol-pyruvate esters, pyruvate thioesters, glycerol 
pyruvate esters and dihydroXyacetone-pyruvate esters). 
Such pyruvate derivatives are useful in the manufacture of 
pharmaceutical compositions for treating a number of con 
ditions characteriZed by oXidative stress, and particularly, in 
providing neuroprotection in the event of cerebral ischemia, 
even When administered a signi?cant time interval after an 
ischemic insult. In particular, the compositions of the present 
invention are useful in the treatment of stroke, as demon 
strated by providing neuroprotection in a standard experi 
mental model of focal cerebral ischemia. They are also 
useful in the treatment of myocardial ischemia (myocardial 
infarction), as Well as other indications characteriZed by 
oXidative stress and/or in?ammation, including, but not 
limited to, neurodegenerative disorders such as AlZheimer’s, 
dementia, and Parkinson’s disease; diabetes; renal disease; 
premenstrual syndrome; asthma, cardiopulmonary in?am 
matory disorders; chronic heart failure; rheumatoid arthritis; 
muscle fatigue; intermittent claudication; and for the pres 
ervation of allograft tissue for transplantation. 

[0008] One aspect of the present invention concerns meth 
ods of treatment and the manufacture of medicaments there 
for, employing the compounds represented by Formula I: 

Formula I 

[0009] Wherein: 
[0010] the dashed line is a double bond one of the 

indicated positions and a single bond in the other, or 
(Where W is —N(OH)—C(O)—Rd) is a single bond 
in both positions; 

[0011] A is: optionally substituted alkyl, optionally 
substituted cycloalkyl, optionally substituted aryl, 
optionally substituted aralkyl, optionally substituted 
heteroaryl, optionally substituted heteroaralkyl, 
optionally substituted heterocyclyl, optionally sub 
stituted heterocycloalkyl, an optionally substituted 
nucleoside, an optionally substituted amino acid, an 
optionally substituted di-, tri- or tetra-peptide, 
—CH2—C(O)—C(O)—O—R‘ or —CH=C(OH)— 
C(O)—O—R‘; 
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[0012] X is: —N(R‘)—, —S—, —S(O)—, 
—S(O)2—, —S—Y—S—, or a covalent bond to the 
sulfur atom of Cys or to the nitrogen atom of 
optionally substituted heterocyclyl; 

[0013] Y is: optionally substituted aryl, optionally 
substituted heteroaryl, an optionally substituted 
nucleoside, an optionally substituted amino acid, or 
an optionally substituted di-, tri- or tetra-peptide; 

[0015] Z is: —OR, —SR, or —NRbRc; 

[0016] R‘ is: independently selected from hydrogen, 
optionally substituted alkyl, optionally substituted 
cycloalkyl or optionally substituted aryl; 

[0017] R is: hydrogen, optionally substituted alkyl, 
optionally substituted cycloalkyl, optionally substi 
tuted aryl, optionally substituted aralkyl, optionally 
substituted heteroaryl, optionally substituted het 
eroaralkyl, optionally substituted heterocyclyl or 
optionally substituted heterocycloalkyl; 

[0018] R8 is: hydrogen, optionally substituted alkyl, 
optionally substituted aryl, optionally substituted 
aralkyl, or alkenyl; 

[0019] Rb is: independently selected from hydrogen, 
optionally substituted alkyl, optionally substituted 
aryl, optionally substituted aralkyl or optionally sub 
stituted cycloalkyl; 

[0020] Rc is: independently selected from hydrogen 
or optionally substituted alkyl; and 

[0021] Rd is: hydrogen, acyl or optionally substituted 
alkyl; or 

[0022] Rb and Rc together With the nitrogen to Which 
they are attached may form a 5- to 7-membered ring, 
optionally incorporating one or tWo additional ring 
heteroatoms chosen from N, S, or O, and said ring 
being optionally substituted With one or more sub 
stituents independently selected from the group con 
sisting of =0, :5, acyl, optionally substituted 
alkenyl, optionally substituted alkyl, (optionally sub 
stituted alkoXy)carbonyl, and (optionally substituted 
amino) carbonyl; 

[0023] including single tautomers, single stereoisomers 
and mixtures of tautomers and/or stereoisomers, and the 
pharmaceutically acceptable salts thereof, provided that 
Where X is —S—, W is =0, and Z is OH, A is not 
6-amino—3,5-dicyano-4-(optionally substituted phenyl)-py 
ridin-2-yl. 
[0024] Another aspect of the present invention concerns 
the compounds represented by Formula Ia: 

Formula Ia 
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[0025] 

[0027] substituted heteroaryl selected from: 
S-chloro-1H-benZoimidaZol-2-yl, 5-methoXy-1H 
benZoimidaZol-2-yl, 4-oXo-3,4-dihydro-quinaZo 
lin-2-yl, benZoselenaZol-2-yl, and S-substituted 
benZothiaZol-2-yl; 

[0028] heterocyclyl selected from: thiaZol, 
2-thioXo-imidaZolidin-1-yl and morpholino, an 
optionally substituted nucleoside, or an optionally 
substituted di-, tri- or tetra-peptide, or 

Where: 

[0030] R is: hydrogen, optionally substituted alkyl, 
optionally substituted cycloalkyl, optionally substi 
tuted aryl, optionally substituted aralkyl, optionally 
substituted heteroaryl, optionally substituted het 
eroaralkyl, optionally substituted heterocyclyl or 
optionally substituted heterocycloalkyl; 

[0031] R‘ is: independently selected from hydrogen, 
optionally substituted alkyl, optionally substituted 
cycloalkyl or optionally substituted aryl; 

[0032] X is: —N(R‘)—, —S—, —S(O)—, 
—S(O)2—, —S—Y—S—, or a covalent bond to the 
sulfur atom of Cys or to the nitrogen atom of 
optionally substituted heterocyclyl; 

[0033] Y is: optionally substituted aryl, optionally 
substituted heteroaryl, an optionally substituted 
nucleoside, an optionally substituted amino acid, or 
an optionally substituted di-, tri- or tetra-peptide; and 

[0034] Z is: —OR or —SR; 

[0035] including single tautomers, single stereoisomers 
and mixtures of tautomers and/or stereoisomers, and the 
pharmaceutically acceptable salts thereof. The invention 
also pertains to methods of treatment, pharmaceutical for 
mulations and the manufacture of medicaments employing 
the compounds of Formula Ia. 

[0036] Another aspect of the present invention concerns 
the compounds represented by Formula Ib: 

Formula Ib 

N— ORa 
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[0037] Where: 

[0038] A is: optionally substituted alkyl, optionally 
substituted cycloalkyl, optionally substituted aryl, 
optionally substituted aralkyl, optionally substituted 
heteroaryl, optionally substituted heteroaralkyl, 
optionally substituted heterocyclyl, optionally sub 
stituted heterocycloalkyl, an optionally substituted 
nucleoside, an optionally substituted amino acid, an 
optionally substituted di-, tri- or tetra-peptide, 
—CH2—C(O)—C(O)—O—R‘ or —CH=C(OH)— 
C(O)—O—R‘; 

[0039] R is: hydrogen, optionally substituted alkyl, 
optionally substituted cycloalkyl, optionally substi 
tuted aryl, optionally substituted aralkyl, optionally 
substituted heteroaryl, optionally substituted het 
eroaralkyl, optionally substituted heterocyclyl or 
optionally substituted heterocycloalkyl; 

[0040] R8 is: hydrogen, optionally substituted alkyl, 
optionally substituted aryl, optionally substituted 
aralkyl, or alkenyl; 

[0041] R‘ is: independently selected from hydrogen, 
optionally substituted alkyl, optionally substituted 
cycloalkyl or optionally substituted aryl; 

[0042] X is: —S—, —S(O)—, —S—Y—S—, or a 
covalent bond to the sulfur atom of Cys or to the 
nitrogen atom of optionally substituted heterocyclyl; 

[0043] Y is: optionally substituted aryl, optionally 
substituted heteroaryl, an optionally substituted 
nucleoside, an optionally substituted amino acid, or 
an optionally substituted di-, tri- or tetra-peptide; and 

[0044] Z is: —OR or —SR; 

[0045] including single tautomers, single stereoisomers 
and mixtures of tautomers and/or stereoisomers, and the 
pharmaceutically acceptable salts thereof; provided that: 

[0046] Where X is —S—, A is not optionally substi 
tuted alkyl, benZyl or an N-arylpyrroline-2,5-dione 
substituted phenyl, 

[0047] and further provided that the compound of Formula 
1b is not: 

[0048] 2-hydroXyimino-3-p-tolylsulfanyl-propionic 
acid ethyl ester. 

[0049] The invention also pertains to methods of treat 
ment, pharmaceutical formulations and the manufacture of 
medicaments employing the compounds of Formula Ib. 

[0050] Another aspect of the present invention concerns 
the compounds represented by Formula Ic: 

Formula [C 
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[0051] Where: 

[0052] A is: optionally substituted alkyl, optionally 
substituted cycloalkyl, optionally substituted aryl, 
optionally substituted aralkyl, optionally substituted 
heteroaryl, optionally substituted heteroaralkyl, 
optionally substituted heterocyclyl, optionally sub 
stituted heterocycloalkyl, an optionally substituted 
nucleoside, an optionally substituted amino acid, an 
optionally substituted di-, tri- or tetra-peptide, 
CH2—C(O)—C(O)—O—R‘ or —CH=C(OH)— 

—S—Y—S—, or a covalent bond to the sulfur atom 
of Cys or to the nitrogen atom of optionally substi 
tuted heterocyclyl; 

[0055] Y is: optionally substituted aryl, optionally 
substituted heteroaryl, an optionally substituted 
nucleoside, an optionally substituted amino acid, or 
an optionally substituted di-, tri- or tetra-peptide; 

[0056] R‘ is: independently selected from hydrogen, 
optionally substituted alkyl, optionally substituted 
cycloalkyl or optionally substituted aryl; 

[0057] R8 is: hydrogen, optionally substituted alkyl, 
optionally substituted aryl, optionally substituted 
aralkyl, or alkenyl; 

[0058] Rb is: hydrogen, optionally substituted alkyl, 
optionally substituted aryl, optionally substituted 
aralkyl or optionally substituted cycloalkyl; 

[0059] Rc is: hydrogen or optionally substituted alkyl; and 

[0060] Rd is: hydrogen, acyl or optionally substituted 
alkyl; or Rb and Rc together With the nitrogen to Which they 
are attached may form a 5- to 7-membered ring, optionally 
incorporating one or tWo additional ring heteroatoms chosen 
from N, S, or O, and said ring being optionally substituted 
With one or more substituents independently selected from 
the group consisting of =0, :5, acyl, optionally substi 
tuted alkenyl, optionally substituted alkyl, (optionally sub 
stituted alkoXy)carbonyl, and (optionally substituted ami 
no)carbonyl; 
[0061] including single tautomers, single stereoisomers 
and mixtures of tautomers and/or stereoisomers, and the 
pharmaceutically acceptable salts thereof, provided that: 

[0062] Where X is —S—, A is not optionally substi 
tuted methyl, optionally substituted ethyl, optionally 
substituted benZyl, or triphenylmethyl, and 

[0063] Where W is =N—OR"‘ and X is a covalent 
bond to the sulfur atom of Cys, A is an optionally 
substituted di-, tri- or tetra-peptide. 

[0064] The invention also pertains to methods of treat 
ment, pharmaceutical formulations and the manufacture of 
medicaments employing the compounds of Formula Ic. 

[0065] In a preferred embodiment of Formulae I, la, Ib and 
Ic, Where A is a natural or substituted amino acid or peptide, 
A is selected from the group: Ala, Asn, Asp, Cys, Gln, Glu, 
Gly, Lys, Met, Ser and Thr, especially Ala, Asp, Cys, Glu 
and Gly. Further preferred are those compounds Where A is 
a natural or substituted di- or tri-peptide, especially natural 
peptides and most preferably the tri-peptide Glu-Cys-Gly. 
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[0066] In another such preferred embodiment, A is an 
optionally substituted heteroaryl group, especially a nitro 
gen-containing optionally substituted heteroaryl, and par 
ticularly Where A is selected from the group: imidaZole, 
triaZole, thiadiaZole, oXadiaZole, benZoselenaZol, benZoimi 
daZole and benZothiaZole. 

[0067] Further preferred in each of the foregoing embodi 
ments are those compounds Where X is —S— or a covalent 
bond. 

[0068] Another preferred embodiment of the invention 
concerns the compounds, represented by Formula II: 

o R4 

H 
N 0R5 

R1 k m N 
H II 

R3 o NHRZ 0 

Formula II 

[0069] Where: 

[0071] R2 is: hydrogen, optionally substituted alkyl, 
optionally substituted aryl, optionally substituted 
aralkyl, optionally substituted acyl; 

[0072] R3 is: independently selected from hydrogen, 
optionally substituted loWer alkyl, optionally substi 
tuted aralkyl, —CH2—SH, —CH2—S—CH2— 
C(W)—C(O)—Z, —CH2—S—CH=C(OH)— 
C(O)—Z, —CH2—S(O)—CH2—C(W)—C(O)—Z, 
or —CH2—S(O)—CH=C(OH)—C(O)—Z; 

[0073] R4 is: hydrogen, optionally substituted loWer 
alkyl, optionally substituted aralkyl, optionally sub 
stituted heteroararalkyl, —CH2—SH, —CH2—S— 

[0074] R5 is: hydrogen, optionally substituted alkyl, 
or optionally substituted aryl; 

[0075] R‘ is: independently selected from hydrogen, 
optionally substituted alkyl, or optionally substituted 

[0077] Z is: —OR, —SR, or —NRbRc; 

[0078] R is: hydrogen, optionally substituted alkyl, 
optionally substituted cycloalkyl, optionally substi 
tuted aryl, optionally substituted aralkyl, optionally 
substituted heteroaryl, optionally substituted het 
eroaralkyl, optionally substituted heterocyclyl or 
optionally substituted heterocycloalkyl; 
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[0079] R8 is: hydrogen, optionally substituted alkyl, 
optionally substituted aryl, optionally substituted 
aralkyl, or alkenyl; 

[0080] Rb is: independently selected from hydrogen, 
optionally substituted alkyl, optionally substituted 
aryl, optionally substituted aralkyl or optionally sub 
stituted cycloalkyl, 

[0081] Rc is: independently selected from hydrogen 
or optionally substituted alkyl; and 

[0082] Rd is: hydrogen, acyl or optionally substituted 
alkyl; or 

[0083] Rb and Rc together With the nitrogen to Which 
they are attached may form an 5- to 7-membered 
ring, optionally incorporating one or tWo additional 
ring heteroatoms chosen from N, S, or O, and said 
ring being optionally substituted With one or more 
substituents independently selected from the group 
consisting of =0, :5, acyl, optionally substituted 
alkenyl, optionally substituted alkyl, (optionally sub 
stituted alkoXy)carbonyl, and (optionally substituted 
amino)carbonyl; 

[0084] k is: 0, 1 or 2; 

[0085] 
[0086] n is: 0, 1, 2 or 3; 

[0087] including single tautomers, single stereoisomers 
and mixtures of tautomers and/or stereoisomers, and the 
pharmaceutically acceptable salts thereof, provided that at 
least one of R1, R3 or R4 is —CH2—S—CH2—C(W)— 
C(O)—Z, —CH2—S—CH=C(OH)—C(O)—Z, —CH2— 
S(O)—CH2—C(W)—C(O)—Z, or —CH2—S(O)— 
CH=C(OH)—C(O)—Z. The invention also pertains to 
methods of treatment, pharmaceutical formulations and the 
manufacture of medicaments employing the compounds of 
Formula II. 

m is: 0, 1 or 2; and 

[0088] Of the compounds according to Formula II, pre 
ferred are those compounds the substituents of Which are 
selected from the folloWing groups: 

[0089] R1 is: —C(O)—O—R‘ Where R‘ is hydrogen 
or loWer alkyl; 

[0090] R2 is: hydrogen; 

[0092] 
[0093] 
[0094] 
[0095] 
[0096] R is: hydrogen, optionally substituted alkyl, 

optionally substituted cycloalkyl, optionally substi 
tuted aryl, or optionally substituted aralkyl; 

[0097] R8 is: hydrogen or alkyl; 

[0098] Rb is: C1 to C4 alkyl, phenyl or benZyl; 

[0099] Rc is: hydrogen or C1 to C4 alkyl, or 

R4 is: hydrogen; 

R5 is hydrogen or loWer alkyl; 

W is: :0 or =N—OR‘; 
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[0100] Rb and Rc together With the nitrogen to Which 
they are attached form a 6-membered ring selected 
from 4-optionally substituted-piperidin-1-yl and 
morpholin-4-yl; and 

[0101] k, m and n are respectively: 0,2,1; 1,0,1; or 
2,0,1. 

[0102] Another aspect of the invention entails compounds 
made from the compounds of Formula Ia, for example, 
Where Ais cysteine, by cycliZation to give a dihydrothiaZine 
3,5-dicarboxylic acid or like derivative, as represented by 
Formula III: 

Formula III 

3.4 

RR3.3 

[0103] Where: 

[0104] the dashed line represents a double bond at 
one or the other of the indicated positions, corre 
sponding to a 3,4-dihydro-2H-[1,4]thiaZine or a 3,6 
dihydro-2H-[1,4]thiaZine (or 5,6-dihydro-2H-[1,4] 
thiaZine in the nomenclature of the compounds 
Where R3‘5 is H); 

[0105] R3‘1 is: H Where Formula III is a 3,4-dihydro 
2H-[1,4]thiaZine, and is absent Where Formula III is 
a 3,6-dihydro-2H-[1,4]thiaZine; 

[0106] R3‘2 is: H or C1 to C4 alkyl; 

[0107] R3‘3 and R3‘4 are both H or are both C1 to C4 alkyl; 
and 

[0109] including single tautomers, single stereoisomers 
and mixtures of tautomers and/or stereoisomers, and the 
pharmaceutically acceptable salts thereof. The invention 
also pertains to methods of treatment, pharmaceutical for 
mulations and the manufacture of medicaments employing 
the compounds of Formula III. 

[0110] In another aspect, the invention relates to a phar 
maceutical composition containing a therapeutically effec 
tive amount of a compound of Formulae I, la, Ib, Ic, II or III 
or a pharmaceutically acceptable salt thereof admixed With 
at least one pharmaceutically acceptable excipient. Particu 
larly preferred are those pharmaceutical compositions 
Wherein the compound of Formulae I, la, Ib, Ic, II or III is 
selected from the herein-described preferred embodiments. 

[0111] In still another aspect, the invention relates to a 
method of treatment by administering to a mammal in need 
of such treatment a therapeutically effective amount of a 
compound of Formulae I, la, Ib, Ic, II or III or a pharma 
ceutically acceptable salt thereof, Where the disease, condi 
tion or indication for Which treatment is provided is: 
ischemia including stroke, cerebral ischemia, retinal 
ischemia, myocardial ischemia, myocardial infarction and 
post-surgical cognitive dysfunction; neurodegenerative dis 
orders including AlZheimer’s, dementia and Parkinson’s 
disease; peripheral neuropathy, including spinal cord injury, 
head injury and surgical trauma; in?ammatory disorders 
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including diabetes, renal disease, premenstrual syndrome, 
asthma, cardiopulmonary in?ammatory disorders, heart fail 
ure, rheumatoid arthritis, osteoarthritis, muscle fatigue and 
intermittent claudication; and for the preservation of 
allograft tissue and organs for transplantation. Particularly 
preferred are those methods of treatment and uses in the 
manufacture of pharmaceutical compositions therefore, 
Wherein the compound of Formulae I, la, Ib, Ic, II or III is 
selected from the herein-described preferred embodiments. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0112] De?nitions 

[0113] As used in the present speci?cation, the folloWing 
Words and phrases are generally intended to have the mean 
ings as set forth beloW, except to the extent that the context 
in Which they are used indicates otherWise. 

[0114] The term “optional” or “optionally” means that the 
subsequently described event or circumstance may or may 
not occur, and that the description includes instances Where 
said event or circumstance occurs and instances in Which it 
does not. For example, “optionally substituted alkyl” means 
either “alkyl” or “substituted alkyl,” as de?ned beloW. It Will 
be understood by those skilled in the art With respect to any 
group containing one or more substituents that such groups 
are not intended to introduce any substitution or substitution 
patterns (e.g., substituted alkyl includes optionally substi 
tuted cycloalkyl groups, Which in turn are de?ned as includ 
ing optionally substituted alkyl groups, potentially ad in?ni 
tum) that are sterically impractical and/or synthetically 
non-feasible. 

[0115] Certain compound, reactant, or reaction parameter 
abbreviations are de?ned as folloWs: 

[0116] “DCM” refers to dichloromethane or methyl 
ene chloride 

[0117] “DIC” refers to N,N-diisopropylcarbodiimide. 

[0118] “DIPEA” refers to diisopropyl ethylamine. 

[0119] “DMAP” refers to 4-N,N-dimethylamino 
pyridine. 

[0120] “DMF” refers to N,N-dimethyl formamide. 

[0121] “DTT” refers to dithiothreitol. 

[0122] “EDT” refers to ethanedithiol. 

[0123] “Eq.” refers to equivalent. 

[0124] “Fmoc” refers to 9-?uorenylmethoxycarbo 
nyl. 

[0125] “GlyOH” refers to glycine. 

[0126] “HOBt” refers to N-hydroxybenZotriaZole. 

[0127] “MeOH” refers to methanol. 

[0128] “t-Bu” refers to t-butyl. 

[0129] “TBTU” refers to 2-(1H-benZotriaZole-1-yl) 
1,1,3,3-tetramethyluronium tetra?uoroborate. 

[0130] 

[0131] 

“T15” refers to triisopropylsilane. 

“TFA” refers to tri?uoroacetic acid. 
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[0132] The term “acyl” refers to the groups —C(O)—H, 
—C(O)-(optionally substituted alkyl), —C(O)-(optionally 
substituted cycloalkyl), —C(O)-(optionally substituted alk 
enyl), —C(O)-(optionally substituted cycloalkenyl), 
—C(O)-(optionally substituted aryl), —C(O)-(optionally 
substituted aralkyl), —C(O)-(optionally substituted het 
eroaryl), —C(O)-(optionally substituted heteroaralkyl), 
—C(O)-(optionally substituted heterocyclyl) and —C(O) 
(optionally substituted heterocycloalkyl). 

[0133] The term “acyloxy” refers to the moiety —O-acyl, 
including, for example, —O—C(O)-alkyl. 

[0134] The term “alkenyl” refers to the monoradical 
branched or unbranched, unsaturated or polyunsaturated 
hydrocarbon chain, having from about 2 to 20 carbon atoms, 
more preferably about 2 to 10 carbon atoms. This term is 
exempli?ed by groups such as ethenyl, but-2-enyl, and the 
like. 

[0135] The term “alkoxy” refers to the groups —O-alkyl, 
—O-alkenyl, —O-cycloalkyl, —O-cycloalkenyl, and —O 
alkynyl. Preferred alkoxy groups are —O-alkyl and include, 
by Way of example, methoxy, ethoxy, n-propoxy, iso-pro 
poxy, n-butoxy, tert-butoxy, sec-butoxy, n-pentoxy, n-hex 
oxy, 1,2-dimethylbutoxy, and the like. 

[0136] The term “substituted alkoxy” refers to the groups 
—O-(substituted alkyl), —O-(substituted alkenyl), 
—O-(substituted cycloalkyl), —O-(substituted cycloalk 
enyl), —O-(substituted alkynyl) and —O-(optionally sub 
stituted alkylene)-alkoxy. 

[0137] The term “alkyl” refers to a monoradical branched 
or unbranched saturated hydrocarbon chain preferably hav 
ing from about 1 to 20 carbon atoms, more preferably about 
1 to 10 carbon atoms, and even more preferably about 1 to 
6 carbon atoms. This term is exempli?ed by groups such as 
methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, 
n-hexyl, n-decyl, tetradecyl, and the like. 

[0138] The term “substituted alkyl” refers to:an alkyl 
group in Which 1 or more (up to about 5, preferably up to 
about 3) hydrogen atoms is replaced by a substituent inde 
pendently selected from the group: =0, :5, acyl, acyloxy, 
optionally substituted alkoxy, optionally substituted amino, 
aZido, carboxyl, (optionally substituted alkoxy)carbonyl, 
(optionally substituted amino)carbonyl, cyano, optionally 
substituted cycloalkyl, optionally substituted cycloalkenyl, 
halogen, hydroxyl, nitro, sulfanyl, sul?nyl, and sulfonyl. 
One of the preferred optional substituents for alkyl is 
hydroxy, exempli?ed by hydroxyalkyl groups, such as 2-hy 
droxyethyl, 3-hydroxypropyl, 3-hydroxybutyl, 4-hydroxy 
butyl, and the like; dihydroxyalkyl groups (glycols), such as 
2,3-dihydroxypropyl, 3,4-dihydroxybutyl, 2,4-dihydroxybu 
tyl, and the like; and those compounds knoWn as polyeth 
ylene glycols, polypropylene glycols and polybutylene gly 
cols, and the like. Another preferred substitutent for alkyl is 
optionally substituted alkoxy carbonyl, such as 1-methoxy 
carbonyl-ethyl. 
[0139] The term “alkylene” refers to a diradical derived 
from the above-de?ned monoradical, alkyl. This term is 
exempli?ed by groups such as methylene (—CH2—), eth 
ylene (—CH2CH2—), the propylene isomers [e.g., 
—CH2CH2CH2— and —CH(CH3)CH2—] and the like. 

[0140] The term “substituted alkylene” refers to a diradi 
cal derived from the above-de?ned monoradical, substituted 
alkyl. Examples of substituted alkylenes are chloromethyl 
ene (—CH(Cl)—), aminoethylene (—CH(NH2)CH2—), 

Jan. 16, 2003 

methylaminoethylene (—CH(NHMe)CH2—), 2-carbox 
ypropylene isomers (—CH2CH(CO2H)CH2—), ethoxyeth 
ylene (—CH2CH2O—CH2CH2—), ethyl(N-methyl)amino 
ethylene (—CH2CH2N(CH3)CH2CH2—), 1-ethoxy-2-(2 
ethoxy-ethoxy)ethylene (—CH2CH2O—CH2CH2— 
OCH2CH2—OCH2CH2—), and the like. 

[0141] The term “amino” refers to the group —NH2. 

[0142] The term “substituted amino” refers to the group 
—NHR or —NRR Where each R is independently selected 
from the group: optionally substituted alkyl, optionally 
substituted cycloalkyl, optionally substituted alkenyl, 
optionally substituted cycloalkenyl, optionally substituted 
alkynyl, optionally substituted aryl, optionally substituted 
heteroaryl, optionally substituted heterocyclyl, acyl, option 
ally substituted alkoxy, carboxy and alkoxycarbonyl. 
[0143] The term “amino acid” or “natural amino acid” 
refers to any of the tWenty (20) common amino acids as 
generally accepted in the peptide art and represent L-amino 
acids unless otherWise designated (With the exception of 
achiral amino acids such as glycine). 

[0144] The term “substituted amino acid” refers to an 
amino acid containing one or more additional chemical 
moieties that are not normally a part of the amino acid. Such 
substitutions can be introduced by a targeted deriviatiZing 
agent that is capable of reacting With selected side chains or 
terminal residues and via other art-accepted methods. For 
example, cysteinyl residues most commonly are reacted 
With .alpha.-haloacetates (and corresponding amines), such 
as chloroacetic acid or chloroacetamide, to give carboxym 
ethyl or carboxyamidomethyl derivatives. Cysteinyl resi 
dues also are derivatiZed by reaction With bromotri?uoro 
acetone, ot-bromo-[3-(5-imidoZoyl)propionic acid, 
chloroacetyl phosphate, N-alkylmaleimides, 3-nitro-2-py 
ridyl disul?de, methyl 2-pyridyl disul?de, p-chloromer 
curibenZoate, 

[0145] 2-chloromercuri-4-nitrophenol, or chloro-7-ni 
trobenZo-2-oxa-1,3-diaZole. Carboxyl side groups 
(aspartyl or glutamyl) are selectively modi?ed by reac 
tion With carbodiimides (R‘—N—C—N—R‘) such as 
1-cyclohexyl-3-(2-morpholinyl-(4-ethyl) carbodiimide 
or 1-ethyl-3 (4 aZonia 4,4-dimethylpentyl) carbodiim 
ide. Furthermore, aspartyl and glutamyl residues are 
converted to asparaginyl and glutaminyl residues by 
reaction With ammonium ions. Glutaminyl and aspar 
aginyl residues are frequently deamidated to the cor 
responding glutamyl and aspartyl residues. Alterna 
tively, these residues are deamidated under mildly 
acidic conditions. Other modi?cations include 
hydroxylation of proline and lysine, phosphorylation of 
hydroxyl groups of seryl or theonyl residues, methyla 
tion of the .alpha.-amino groups of lysine, arginine, and 
histidine side chains (see, e.g., T. E. Creighton, Pro 
teins: Structure and Molecule Properties, W. H. Free 
man & Co., San Francisco, pp. 79-86 (1983)), acety 
lation of the N-terminal amine, and, in some instances, 
amidation of the C-terminal carboxyl groups. 

[0146] The term “aromatic” refers to a cyclic or polycyclic 
moiety having a conjugated unsaturated (4n+2)s'c electron 
system (Where n is a positive integer), sometimes referred to 
as a delocaliZed at electron system. 

[0147] The term “aryl” refers to an aromatic cyclic hydro 
carbon group of from 6 to 20 carbon atoms having a single 
ring (e.g., phenyl) or multiple condensed (fused) rings (e.g., 
naphthyl or anthryl). Preferred aryls include phenyl, naph 
thyl and the like. 
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[0148] The term “substituted aryl” refers to an aryl group 
as de?ned above, Which unless otherwise constrained by the 
de?nition for the aryl substituent, is substituted With from 1 
to 5 substituents, and preferably 1 to 3 substituents, inde 
pendently selected from the group consisting of: :0, =S, 
acyl, acyloxy, optionally substituted alkenyl, optionally sub 
stituted alkoxy, optionally substituted alkyl (such as tri 
halomethyl), optionally substituted alkynyl, optionally sub 
stituted amino, optionally substituted aryl, optionally 
substituted aryloxy, aZido, carboxyl, (optionally substituted 
alkoxy)carbonyl, (optionally substituted amino)carbonyl, 
cyano, optionally substituted cycloalkyl, optionally substi 
tuted cycloalkenyl, halogen, optionally substituted het 
eroaryl, optionally substituted heteroaryloxy, optionally sub 
stituted heterocyclyl, optionally substituted heterocyclooxy, 
hydroxyl, nitro, sulfanyl, sul?nyl, and sulfonyl. Preferred 
aryl substituents include alkyl, alkoxy, halo, cyano, nitro, 
trihalomethyl, and sul?nyl. 

[0149] The term “aryloxy” refers to the group —O-aryl. 

[0150] The term “substituted aryloxy” refers to the group 
—O-(substituted aryl). 
[0151] The term “aralkyl” refers to the moiety “—alkylene 
aryl” each having the meaning as de?ned herein. Such 
aralkyl groups are exempli?ed by benZyl, phenethyl, 
3-naphthylpropyl and the like. 

[0152] The term “substituted aralkyl” refers to the moiety 
“—(optionally substituted aklylene)-(optionally substituted 
aryl)”, each having the meaning as de?ned herein, Where at 
least one of the aryl or alkylene groups is substituted, e.g., 
4-(N-methyl-pyrrolyl)pentylene, 4-nitrobenZyl or l-meth 
oxycarbonyl-2-phenyl-ethyl. 
[0153] The term “carbonyl” refers to the di-radical 
“—C(=O)-”, Which is also illustrated as “—C(O)—”. 

[0154] The term “(optionally substituted alkoxy)carbo 
nyl” refers to the groups: —C(O)O-(optionally substituted 
alkyl), —C(O)O-(optionally substituted cycloalkyl), 
—C(O)O-(optionally substituted alkenyl), and —C(O)O 
(optionally substituted alkynyl). These moieties are also 
referred to as esters. 

[0155] The term “(optionally substituted amino)carbonyl” 
refers to the group —C(O)-(optionally substituted amino). 
This moiety is also referred to as a primary, secondary or 
tertiary carboxamide. 

[0156] The term “(optionally substituted amino)carbony 
loxy” refers to the group —O—C(O)-(optionally substituted 
amino). 
[0157] The term “carboxy” or “carboxyl” refers to the 
moiety “—C(O)OH”, Which is also illustrated as 
“—COOH”. 

[0158] The term “compound of Formula I” is intended to 
encompass the pyruvate derivatives of the invention as 
disclosed, and/or the pharmaceutically acceptable salts of 
such compounds. In addition, the compounds of this inven 
tion include the keto and enol pyruvate tautomers, individual 
stereochemical isomers (arising from the selection of sub 
stituent groups) and mixtures of tautomers and/or isomers. 

[0159] The term “cycloalkyl” refers to non-aromatic 
cyclic hydrocarbon groups of having about 3 to 40 (prefer 
ably about 4 to 15) carbon atoms having a single ring or 
multiple condensed rings. Such cycloalkyl groups include, 
by Way of example, single ring structures such as cyclopro 
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pyl, cyclobutyl, cyclopentyl, cyclooctyl, and the like, or 
multiple ring structures such as adamantanyl, cyclopen 
taphenanthren and the like. 

[0160] The term “substituted cycloalkyl” refers to a 
cycloalkyl group substituted With from 1 to 5 substituents, 
and preferably 1 to 3 substituents, independently selected 
from the group consisting of: :0, =S, acyl, acyloxy, 
optionally substituted alkenyl, optionally substituted alkoxy, 
optionally substituted alkyl (such as tri-halomethyl), option 
ally substituted alkynyl, optionally substituted amino, 
optionally substituted aryl, optionally substituted aryloxy, 
aZido, carboxyl, (optionally substituted alkoxy)carbonyl, 
(optionally substituted amino)carbonyl, cyano, optionally 
substituted cycloalkyl, optionally substituted cycloalkenyl, 
halogen, optionally substituted heteroaryl, optionally sub 
stituted heteroaryloxy, optionally substituted heterocyclyl, 
optionally substituted heterocyclooxy, hydroxyl, nitro, sul 
fanyl, sul?nyl, and sulfonyl. 

[0161] The term “halo” or “halogen” refers to ?uoro, 
chloro, bromo and iodo. 

[0162] The term “heteroaryl” refers to an aromatic cyclic 
hydrocarbon group having about 1 to 40 (preferably from 
about 3 to 15) carbon atoms and about 1 to 10 hetero atoms 
(preferably about 1 to 4 heteroatoms, selected from nitrogen, 
sulfur, phosphorus, selenium and/or oxygen) Within at least 
one ring. Such heteroaryl groups can have a single ring (e. g., 
pyridyl or furyl) or multiple condensed rings (e.g., indoliZ 
inyl or benZothienyl). Preferred heteroaryls include pyridyl, 
pyrrolyl, furyl, benZoimidaZole, benZothiaZole and benZose 
lenaZol. 

[0163] The term “substituted heteroaryl” refers to a het 
eroaryl group as de?ned above, Which unless otherWise 
constrained by the de?nition for the heteroaryl substituent, 
is substituted With from 1 to 5 substituents, and preferably 
1 to 3 substituents, independently selected from the group 
consisting of: :0, =S, acyl, acyloxy, optionally substituted 
alkenyl, optionally substituted alkoxy, optionally substituted 
alkyl (such as tri-halomethyl), optionally substituted alky 
nyl, optionally substituted amino, optionally substituted 
aryl, optionally substituted aryloxy, aZido, carboxyl, 
(optionally substituted alkoxy)carbonyl, (optionally substi 
tuted amino)carbonyl, cyano, optionally substituted 
cycloalkyl, optionally substituted cycloalkenyl, halogen, 
optionally substituted heteroaryl, optionally substituted het 
eroaryloxy, optionally substituted heterocyclyl, optionally 
substituted heterocyclooxy, hydroxyl, nitro, sulfanyl, sul? 
nyl, and sulfonyl. 

[0164] The term “heteroaralkyl” refers to the moiety 
“—alkylene-heteroaryl” each having the meaning as de?ned 
herein. 

[0165] The term “substituted heteroaralkyl” refers to the 
moiety “—(optionally substituted aklylene)-(optionally sub 
stituted heteroaryl)”, each having the meaning as de?ned 
herein. 

[0166] The term “heteroaryloxy” refers to the group —O 
heteroaryl. 

[0167] The term “heteroarylene” refers to the diradical 
group derived from heteroaryl (including substituted het 
eroaryl), as de?ned above, and is exempli?ed by the groups 
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2,6-pyridylene, 2,4-pyridiylene, 1,2-quinolinylene, 1,8 
quinolinylene, 1,4-benZofuranylene, 2,5-pyridnylene, 2,5 
indolenyl and the like. 

[0168] The terms “heterocycle”, “heterocyclic” and “het 
erocyclyl” refer to a monoradical, saturated or unsaturated, 
non-aromatic cyclic hydrocarbon group having about 1 to 40 
(preferably from about 3 to 15) carbon atoms and about 1 to 
10 hetero atoms (preferably about 1 to 4 heteroatoms, 
selected from nitrogen, sulfur, phosphorus, and/or oxygen) 
Within the ring. Such heterocyclic groups can have a single 
ring or multiple condensed rings. Preferred heterocyclics 
include morpholino, piperidinyl, and the like. 

[0169] The terms “substituted heterocycle”, “substituted 
heterocyclic” and “substituted heterocyclyl” refer to a het 
erocyclyl group as de?ned above, Which unless otherWise 
constrained by the de?nition for the heterocycle, is substi 
tuted With from 1 to 5 substituents, and preferably 1 to 3 
substituents, independently selected from the group consist 
ing of: :0, =S, acyl, acyloxy, optionally substituted 
alkenyl, optionally substituted alkoxy, optionally substituted 
alkyl (such as tri-halomethyl), optionally substituted alky 
nyl, optionally substituted amino, optionally substituted 
aryl, optionally substituted aryloxy, aZido, carboxyl, 
(optionally substituted alkoxy)carbonyl, (optionally substi 
tuted amino)carbonyl, cyano, optionally substituted 
cycloalkyl, optionally substituted cycloalkenyl, halogen, 
optionally substituted heteroaryl, optionally substituted het 
eroaryloxy, optionally substituted heterocyclyl, optionally 
substituted heterocyclooxy, hydroxyl, nitro, sulfanyl, sul? 
nyl, and sulfonyl. 

[0170] The term “heterocycloalkyl” refers to the moiety 
“—alkylene-heterocycle” each having the meaning as de?ned 
herein. 

[0171] The term “substituted heterocycloalkyl” refers to 
the moiety “—(optionally substituted aklylene)-(optionally 
substituted heterocycle)”, each having the meaning as 
de?ned herein. 

[0172] The term “heterocyclooxy” refers to the group 
—O-heterocycle. 

[0173] As used herein, “pharmaceutically acceptable car 
rier” or “pharmaceutically acceptable excipient” includes 
any and all solvents, dispersion media, coatings, antibacte 
rial and antifungal agents, isotonic and absorption delaying 
agents and the like. The use of such media and agents for 
pharmaceutically active substances is Well knoWn in the art. 
Except insofar as any conventional media or agent is incom 
patible With the active ingredient, its use in the therapeutic 
compositions is contemplated. Supplementary active ingre 
dients can also be incorporated into the compositions. 

[0174] The term “pharmaceutically acceptable salt” refers 
to salts Which retain the biological effectiveness and prop 
erties of the compounds of this invention and Which are not 
biologically or otherWise undesirable. In many cases, the 
compounds of this invention are capable of forming acid 
and/or base salts by virtue of the presence of amino and/or 
carboxyl groups or groups similar thereto. Pharmaceutically 
acceptable base addition salts can be prepared from inor 
ganic and organic bases. Salts derived from inorganic bases, 
include by Way of example only, sodium, potassium, 
lithium, ammonium, calcium and magnesium salts. Salts 
derived from organic bases include, but are not limited to, 
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salts of primary, secondary and tertiary amines, such as alkyl 
amines, dialkyl amines, trialkyl amines, substituted alkyl 
amines, di(substituted alkyl) amines, tri(substituted alkyl) 
amines, alkenyl amines, dialkenyl amines, trialkenyl 
amines, substituted alkenyl amines, di(substituted alkenyl) 
amines, tri(substituted alkenyl) amines, cycloalkyl amines, 
di(cycloalkyl) amines, tri(cycloalkyl) amines, substituted 
cycloalkyl amines, disubstituted cycloalkyl amine, trisubsti 
tuted cycloalkyl amines, cycloalkenyl amines, di(cycloalk 
enyl) amines, tri(cycloalkenyl) amines, substituted cycloalk 
enyl amines, disubstituted cycloalkenyl amine, trisubstituted 
cycloalkenyl amines, aryl amines, diaryl amines, triaryl 
amines, heteroaryl amines, diheteroaryl amines, trihet 
eroaryl amines, heterocyclic amines, diheterocyclic amines, 
triheterocyclic amines, mixed di- and tri-amines Where at 
least tWo of the substituents on the amine are different and 
are selected from the group consisting of alkyl, substituted 
alkyl, alkenyl, substituted alkenyl, cycloalkyl, substituted 
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, aryl, het 
eroaryl, heterocyclic, and the like. Also included are amines 
Where the tWo or three substituents, together With the amino 
nitrogen, form a heterocyclic or heteroaryl group. 

[0175] Speci?c examples of suitable amines include, by 
Way of example only, isopropylamine, trimethyl amine, 
diethyl amine, tri(iso-propyl) amine, tri(n-propyl) amine, 
ethanolamine, 2-dimethylaminoethanol, tromethamine, 
lysine, arginine, histidine, caffeine, procaine, hydrabamine, 
choline, betaine, ethylenediamine, glucosamine, N-alkylglu 
camines, theobromine, purines, piperaZine, piperidine, mor 
pholine, N-ethylpiperidine, and the like. 

[0176] Pharmaceutically acceptable acid addition salts 
may be prepared from inorganic and organic acids. Salts 
derived from inorganic acids include hydrochloric acid, 
hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, 
and the like. Salts derived from organic acids include acetic 
acid, propionic acid, glycolic acid, pyruvic acid, oxalic acid, 
malic acid, malonic acid, succinic acid, maleic acid, fumaric 
acid, tartaric acid, citric acid, benZoic acid, cinnamic acid, 
mandelic acid, methanesulfonic acid, ethanesulfonic acid, 
p-toluene-sulfonic acid, salicylic acid, and the like. 

[0177] The term “sulfanyl” refers to the groups: —S 
(optionally substituted alkyl), —S-(optionally substituted 
aryl), —S-(optionally substituted heteroaryl), —S-(option 
ally substituted heterocyclyl). Preferred sulfanyl groups 
include, by Way of example, methylsulfanyl (—SCH3), 
n-(iso-propylsulfanyl) (—SCH(CH3)2) and the like. 

[0178] The term “sul?nyl” refers to the groups: —S(O) 
(optionally substituted alkyl), —S(O)-optionally substituted 
aryl), —S(O)-(optionally substituted heteroaryl), —S(O) 
(optionally substituted heterocyclyl). 

[0179] The term “sulfonyl” refers to the groups: —S(O2) 
(optionally substituted alkyl), —S(O2)-optionally substi 
tuted aryl), —S(O2)-(optionally substituted heteroaryl), 
—S(O2)-(optionally substituted heterocyclyl). 

[0180] The term “therapeutically effective amount” refers 
to that amount of a compound of Formula I that is suf?cient 
to effect treatment, as de?ned beloW, When administered to 
a mammal in need of such treatment. The therapeutically 
effective amount Will vary depending upon the subject and 
disease condition being treated, the Weight and age of the 
subject, the severity of the disease condition, the particular 
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compound of Formula I chosen, the dosing regimen to be 
followed, timing of administration, the manner of adminis 
tration and the like, all of Which can readily be determined 
by one of ordinary skill in the art. 

[0181] The term “treatment” or “treating” means any 
treatment of a disease or disorder in a mammal, including: 

[0182] preventing or protecting against the disease or 
disorder, that is, causing the clinical symptoms not to 
develop; 

[0183] inhibiting the disease or disorder, that is, 
arresting or suppressing the development of clinical 
symptoms; and/or 

[0184] relieving the disease or disorder, that is, caus 
ing the regression of clinical symptoms. 

[0185] It Will be understood by those skilled in the art that 
in human medicine, it is not alWays possible to distinguish 
betWeen “preventing” and “suppressing” since the ultimate 
inductive event or events may be unknoWn, latent, or the 
patient is not ascertained until Well after the occurrence of 
the event or events. Therefore, as used herein the term 
“prophylaxis” is intended as an element of “treatment” to 
encompass both “preventing” and “suppressing” as de?ned 
herein. The term “protection,” as used herein, is meant to 
include “prophylaxis.” 

[0186] The term “effective amount” means a dosage suf 
?cient to provide treatment for the disorder or disease state 
being treated. This Will vary depending on the patient, the 
disease and the treatment being effected. 

[0187] The term “disorder” or “disease state” means any 
disease, condition, symptom, or indication. 

Compounds of the Invention 

[0188] The compounds employed in the practice of the 
present invention are those identi?ed above With reference 
to Formulae I, Ia, Ib, Ic, II and III, and the precursors/ 
intermediates described With reference to the Reaction 
Schemes. Formula I is addressed to certain knoWn and novel 
pyruvate derivatives as employed in novel methods of 
treatment, pharmaeutical formulations and in the manufac 
ture of medicaments for such methods of treatment. Formu 
lae Ia, Ib, Ic, II and III are addressed to novel pyruvate 
derivatives, methods of treatment, pharmaeutical formula 
tions and the manufacture of medicaments for such methods 
of treatment. 

[0189] Nomenclature 

[0190] The compounds of the present invention are named 
and numbered as described beloW, for eXample, With refer 
ence to Formulae Id, Ie, If, Ig, Ih, and IIIa. 

Formula Id 
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[0191] Formula Id represents the compound according to 
Formula Ia Where A is 2-thioXo-imidaZolidin-1-yl, R is 
ethyl, X is a covalent bond, Where tautomeric form of the 
pyruvate (represented by the dashed line in Formula I) is the 
keto tautomer. In one nomenclature system, the compound 

of Formula Id is named: 2-oXo-3-(2-thioXo-imidaZolidin-1 
yl)-propionic acid ethyl ester. The compound of Formula Id 
can also be named as: (2-thioXo-imidaZolidin-1-yl)methyl 
ketopyruvate ethyl ester. 

0 

wag 
| \N O 

A 
N NH; 

Formula Ie 

HO </ 

OH OH 

[0192] Formula Ie represents the compound of Formula Ia 
Where A is 3-[2-Amino-9-(3,4-dihydroXy-5-hydroXymethyl 
tetrahydrofuran-2-yl)-9H-purin-6-yl, R is Ethyl, and X is S, 
Which is named: 

[0193] 3-[2-amino-9-(3,4-dihydroXy-5-hydroXymethyl 
tetrahydro-furan-2-yl)-9H-purin-6-ylsulfanyl]-2-oXo-propi 
onic acid ethyl ester. 
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[0194] Formula If represents the compound of Formula Ia 
Where A is y-Asp-Cys-Glu, R is ethyl, and X is a Covalent 
Bond Where tautomeric form of the pyruvate (represented by 
the dashed line in Formula I) is the enol tautomer. This is 
also the compound of Formula II Where R1 is COOH, R2 is 
H, R3 is CH2—S—Pyruvate ethyl ester, R4 is optionally 
substituted alkyl Where the substituent is COOH, R5 is H, k 
is 0, m is 1, and n is 1. The compound of Formula If can be 
named: 2-[2-(3-amino-3-carboXy-propionylamino)-3-(2 
ethoXycarbonyl-2-hydroXyvinylsulfanyl)-propionylamino] 
pentanedioic acid. 
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Formula Ig 
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[0195] Formula Ig represents a compound of Formula Ib 
Where A is Glu-Cys-Gly, X is a covalent bond to the sulfur 
atom of Cys, W is =NOCH3, and Z is O-ethyl. It is also a 
compound of Formula II Where R1 is COOH, R2 is H, R3 is 
CH2—S—C(NOCH3)C(O)OC2H6 R4 and R5 are H, k is 0, m 
is 2, and n is 1. The compound of Formula Ig can be named 
2-amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-ethoxycar 
bonyl-2-methoxyimino-ethylsulfanyl)-ethylcarbamoyl]-bu 
tyric acid. 

Formula Ih 
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[0196] Formula Ih represents a compound of Formula Ic 
Where A is Glu-Cys-Gly, X is a covalent bond to the sulfur 
atom of Cys, W is =0, and Z is —NRbR° Where Rb and R0 
are both ethyl. It is also a compound of Formula II Where R1 
is COOH, R2 is H, R3 is CH2—S—C(O)C(O)N(C2H6)2, R4 
and R5 are H, k is 0, m is 2, and n is 1. The compound of 
Formula Ih can be named 2-amino-4-[l-(carboxymethyl 
carbamoyl)-2-(2-diethylcarbamoyl-2-oxo-ethylsulfanyl) 
ethylcarbamoyl]-butyric acid. 

Formula IIIa 
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[0197] Formula IIIa represents a compound of Formula III 
Where R3 1 is hydrogen, R3‘2 is ethyl, R3‘3 and R3‘4 are both 
methyl, and R3 5 is COOH. The compound of Formula IIIa 
can be named 2,2-dimethyl-3,4-dihydro-2H-[1,4]thiaZine-3, 
S-dicarboxylic acid S-ethyl ester. 

Synthesis of the Compounds of the Invention 

[0198] The compounds of Formulae I and II can be 
prepared by solution phase synthesis and, particularly in the 
case of the compounds of Formula II, by solid phase 
supported synthesis. These are described in greater detail 
beloW With reference to the Reaction Schemes. 

[0199] Synthetic Reaction Parameters 

[0200] The terms “solvent”, “inert organic solvent” or 
“inert solvent” mean a solvent inert under the conditions of 
the reaction being described in conjunction thereWith. Sol 
vents employed in synthesis of the compounds of the 
invention include, for example, methanol, acetone, Water, 
acetonitrile, 1,4-dioxane, dimethylformamide (“DMF”), 
benZene, toluene, tetrahydrofuran (“THF”), chloroform, 
methylene chloride (or dichloromethane), diethyl ether, 
pyridine and the like, as Well as mixtures thereof. Unless 
speci?ed to the contrary, the solvents used in the reactions 
of the present invention are inert organic solvents. 

[0201] The term “q.s.” means adding a quantity suf?cient 
to achieve a stated function, e.g., to bring a solution to the 
desired volume (i.e., 100%). 

[0202] Unless speci?ed to the contrary, the reactions 
described herein take place at atmospheric pressure Within a 
temperature range from 0° C. to 110° C. (preferably from 0° 
C. to 25° C.; most preferably at “room” or “ambient” 
temperature, e.g., 20° C.). Further, unless otherWise speci 
?ed, the reaction times and conditions are intended to be 
approximate, e.g., taking place at about atmospheric pres 
sure Within a temperature range of about 0° C. to about 110° 
C. (preferably from about 0° C. to about 25° C.; most 
preferably at about “room” or “ambient” temperature, e.g., 
approximately 20° C.) over a period of about 1 to about 10 
hours (preferably about 5 hours). Parameters given in the 
Examples are intended to be speci?c, not approximate. 

[0203] Isolation and puri?cation of the compounds and 
intermediates described herein can be effected, if desired, by 
any suitable separation or puri?cation procedure such as, for 
example, ?ltration, extraction, crystalliZation, column chro 
matography, thin-layer chromatography or thick-layer chro 
matography, or a combination of these procedures. Speci?c 
illustrations of suitable separation and isolation procedures 
can be had by reference to the examples hereinbeloW. 
HoWever, other equivalent separation or isolation proce 
dures can, of course, also be used. 

BRIEF DESCRIPTION OF REACTION 
SCHEMES 

[0204] Reaction Schemes 1, 1a, 1b and 1c illustrate the 
solution phase synthesis of the compounds of Formulae I 
and II. 

[0205] Reaction Schemes 2-6 illustrate the solid phase 
supported synthesis of peptide-pyruvate conjugate com 
pounds of Formulae Ia and II. 
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[0206] Reaction Scheme 2 illustrates synthesis of peptide 
precursors to certain compounds of Formulae I and II, using 
Fmoc and tBoc protecting groups. Solid phase supported 
synthesis of single amino acid-pyruvate conjugates, While 
not preferred, can be accomplished as illustrated and may be 
found advantageous With certain combinations of substitu 
ents. 

[0207] Reaction Scheme 3 illustrates the solid phase sup 
ported synthesis of peptide-pyruvate conjugates from Fmoc 
protected precursors, their de-protection, cleavage from the 
solid support, and isolation. 

[0208] Reaction Scheme 4 illustrates the solid phase sup 
ported synthesis of peptide-pyruvate conjugates from tBoc 
protected precursors, their de-protection, cleavage from the 
solid support, and isolation. 

[0209] Reaction Schemes 5 and 6 illustrates the solid 
phase supported coupling of different structural moieties 
onto a precursor’s terminal amino group, folloWed by pyru 
vate conjugation, de-protection, cleavage and isolation to 
give peptide-pyruvate conjugates of Formula II Where R2 is 
other than hydrogen. 

[0210] With regard to Reaction Schemes 3 through 6, it 
should be noted (for the compounds having more than one 
amino acid) that the site of pyruvate conjugation need not be 
on the illustrated amino acid, but can be from any of the 
amino acid positions. Thus, for eXample, While Formula 
300c illustrates the synthesis of a compound having the 
pyruvate conjugate at AA2, the Formula 300c is intended to 
encompass the compounds Where the —CH2—S—L group 
is on AAl, AA2 or M3, i.e., all of the folloWing: 

Formulae 300C 

RESIN—\ 

RESIN—\ 

S—L 
RESIN 

[0211] Only a single, representative position for pyruvate 
conjugation is illustrated for each of the compound in these 
reaction schemes, the others having been omitted for the 
sake of brevity. 

[0212] Reaction Scheme 7 illustrates another solid phase 
supported approach for the synthesis and derivitiZation of 
resin-imine-pyruvates, as further described in co-pending 
applications Serial No. 60/288,649, ?led May 3, 2001, and 
Serial No. entitled “PROCESS FOR SOLID SUP 
PORTED SYNTHESIS OF PYRUVATE-DERIVED COM 
POUNDS” ?led on even date hereWith. 
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[0213] Starting Materials 

[0214] The compound ethyl-3-bromopyruvate is commer 
cially available, e.g., from Aldrich Chemical Company, 
Milwaukee, Wis. N-Fmoc- and N-tBoc-protected amino 
acids, including S-t-butylthio- and S-trityl-cysteine, are 
available, e.g., from Advanced ChemTech, Inc. of Louis 
ville, Ky. Other reactants, such as p-toluenesulfonic acid, 
3H-imidaZole-4-thiol, and solid supports such as Wang resin 
are likewise commercially available or may be readily 
prepared by those skilled in the art using commonly 
employed methodology. 
[0215] Preparation of Formula I 

Reaction Scheme 1 

101 102 

vv 
Formula I 

[0216] Referring to Reaction Scheme 1, approximately 
equimolar equivalents of a compound of Formula 101 Where 
A and X have the meanings previously described, such as: 

[0217] an aryl, aralkyl, heteroaryl or heteroaralkyl 
compound, 

[0218] a nucleoside, amino acid, di-, tri- or tetra 
peptide, 

[0219] an aryl-amide, -thiol, -sulfane, -sulfone, -mer 
captopyruvate-thiol, 

[0220] an aralkyl-amide, -thiol, -sulfane, -sulfone, 
-mercaptopyruvate-thiol, 

[0221] a heteroaryl-amide, -thiol, -sulfane, -sulfone, 
-mercaptopyruvate-thiol, or 

[0222] a heteroaralkyl-amide, -thiol, -sulfane, -sul 
fone, -mercaptopyruvate-thiol, 

[0223] (any of Which compounds of Formula 101 may 
optionally be substituted) and a compound of Formula 102 
Where Z has the meaning previously described and L is a 
leaving group such as a halide (preferably a bromide) 
together With an appropriate solvent (such as methanol, 
acetone, Water, acetonitrile, 1,4-dioXane or DMF) are con 
tacted in a suitable reaction vessel, optionally in the presence 
of an organic base (such as a tertiary amine or imidaZole). 
The reaction takes place at a temperature from 00 C. to 110° 
C. (preferably 00 C. to 25° C.) for 30 minutes to 15 hours 
(preferably 3-5 hours), folloWed by removal of the sol 
vent(s), isolation and puri?cation to give the corresponding 
product of Formula I. Additional isolation and puri?cation 
steps Well knoWn to those skilled in the art may be per 
formed, e.g., to provide single isomers and/or tautomers. 
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[0224] Preparation of Formula Ia 

Reaction Scheme 1a 

O 

A R 
\X—H + L 0/ —> 

O 

101 102.1 

0 

A R 
\ 
X . O/ 

l 
O 

FormulaIa 

[0225] Referring to Reaction Scheme Ia, the compounds 
of Formula Ia are prepared as described above With refer 
ence to Reaction Scheme 1, employing a compound of 
Formula 102.1 (e.g., an optionally alkyl- or aryl-substituted 
halopyruvate). 

[0226] Preparation of Formula Ib 

Reaction Scheme 1b 

ORa / 
N 

R“ONH2 L OR 
102.1 —> 

0 

102.2 

Formula Ia 

R“ONH2 
ORa / 

N 

1022 m, X OR 
/ 
A 

0 

Formula 1b 

[0227] Referring to Reaction Scheme Ib, a compound of 
Formula 102.1 is contacted With a compound of the formula 
RaONH2 and converted to the corresponding oXime of 
Formula 102.2, Which is then contacted With a compound of 
Formula 101 as described above With reference to Reaction 
Scheme 1. Alternatively, the compound of the formula 
RQONH2 can be employed With a compound of Formula Ia 
to give the corresponding oXime of Formula Ib. Reductive 
alkylation or acylation of a compound of Formula Ib can be 
employed to obtain the corresponding compounds of For 
mula I Where W is —N(OH)—Rd. 

[0228] In like fashion, reaction of a compound of Formula 
Ia With a compound of the formula RbRcNNH2 Will give the 
corresponding compounds of Formula I Where W is 
=N—NRbR°. 
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[0229] Preparation of Formula Ic 

Reaction Scheme 1c 

0 o 
b 

L OH L N/ R 
HNRbR° \ RC 
—> 

o 0 

102.3 102.4 

3 

/OR 
b 

/R 
R“ONH2 L N 

102.4 —> \Rc 

0 

102.5 

W 
Rb 

/ 102.4 A—XH X N 
Of \Rc 

102.5 

0 

Formula Ic 

W = O or N—ORa 

[0230] Referring to Reaction Scheme 1 c, a pyruvic acid 
of Formula 102.3 is contacted With a secondary amine of the 
formula HNRbRc to give the corresponding compound of 
Formula 102.4, Which can be converted to the corresponding 
oXime of Formula 102.5 via reaction With a compound of 
Formula RQONHZ. The compounds of Formulae 102.4 and 
102.5 can be converted to the corresponding compounds of 
Formula Ic by raction With a compound of Formula 101 
(A-XH) as described above. 

[0231] Similarly, starting With a compound of Formula Ic 
Where W is O, reaction With R"‘ONH2 or RbRcNNH2 Will 
give the corresponding compounds of Formula Ic Where W 
is =N—O—R"‘ or =N—NRbR°. Reductive alkylation or 
acylation of a compound of Formula I c can be employed to 
obtain the corresponding compounds of Formula I Where W 

is —N(OH)—Rd. 

[0232] Preparation of Formula II 

[0233] The compounds of Formula II, particularly 
polypeptides can be prepared, With feW exceptions, using 
solid phase support synthesis methods. These are illustrated 
With reference to Reaction Schemes 2 through 6. 

Reaction Scheme 2 

RESIN—\ —> 

Step 2.1 

201 202 

RESIN—\ 
203 
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-continued 

RESIN 

—> — _ 203 Step 2.2 O AAI NHZ 

204 

204 + HO —AA2—NHFmoc W 

205 

RESIN 

O—AA1—AA2—NHFmoc 

206 

RESIN—\ 
—> _ _ _ 206 Step 2.4 O AAI AAZ NHZ 

207 
_ _ H 

207 + HO AA3 NHR W 

208 

RESIN 

O—AA1—AA2—AA3—NHR" 

209 

RESIN—\ 
209 Where m’ 0 —AA1—AA2—AA3—NH2 
H- P - R is Fmoc 

210 

[0234] As illustrated in Reaction Scheme 2, Step 2.1, a 
solid support 201 (such as Wang resin) and a symmetrical 
Fmoc-protected amino acid anhydride 202 are linked 
employing Fmoc coupling/de-protecting protocols known in 
the art, to give the corresponding resin-bound, Fmoc-pro 
tected amino acid of Formula 203. For example, to approXi 
mately 10 molar equivalents of GlyOH dissolved in DCM is 
added DIC (5 eq) in small portion with stirring. Stirring is 

RESIN—\ 

300a 

RESIN—\ 

300b 

RESIN—\ 

300C 
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continued for 1 hour, after which the solution is added to the 
Wang resin (1 eq, pre-swelled in DMF) in the presence of 0.1 
molar equivalent of DMAP. The resin suspension is shaken 
for 1 hour, followed by a thorough wash with DMF. The 
resulting prepared resin 201 is coupled with 2 molar equiva 
lents of amino acid anhydride 202 using TBTU (2 eq), 
DIPEA (4 eq), followed by DMF wash (3 times). Formula 
203 is de-protected (as shown in Step 2.2), e.g., using 20% 
piperidine in DMF followed by a DMF wash (5 times), to 
give the resin-bound amino acid of Formula 204, which may 
be linked to additional amino acids (as shown in Step 2.3) 
or conjugated to pyruvate (as shown in Reaction Scheme 3). 

[0235] A resin-bound amino acid of Formula 204 is 
coupled with a protected amino acid, such as 205, to give 
resin-bound, Fmoc-protected di-peptide of Formula 206, 
which is de-protected to give the corresponding resin-bound 
di-peptide of Formula 207, which may be linked to addi 
tional amino acids (as shown in Step 2.5) or conjugated to 
pyruvate (as shown in Reaction Scheme 3). The reactions 
take place under conditions similar to those discussed above 
with respect to Steps 2.1 and 2.2. (Formula 205 is illustrated 
as Fmoc protected, but as will be apparent to those skilled 
in the art, may optionally be N-tBoc-protected). 

[0236] As illustrated in Step 2.5, the N-terminal amino 
acid unit (e.g., AA3) can be either N-Fmoc- or N-tBoc 
protected. A resin-bound di-peptide of Formula 207 is 
coupled with a protected amino acid, such as 208, to give 
resin-bound, protected tri-peptide of Formula 209. The 
reaction takes place under conditions similar to those dis 
cussed above with respect to Step 2.3. As illustrated in Step 
2.6, N-Fmoc-protected tripeptides of Formula 209 are de 
protected under conditions similar to those discussed above 
with respect to Step 2.4, and then conjugated to pyruvate 
(e.g., as shown in Reaction Scheme 3). N-tBoc-protected, 
resin-linked peptides (such as those of Formulae 206 or 209) 
are carried forward as illustrated in Reaction Scheme 4. 

Reaction Scheme 3 

RESIN—\ 

RESIN—\ 

RESIN—\ 
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-continued 

RESIN—\ 

302a 

RESIN 
301a \ 

O 30% + 102 W 
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303c 

[0237] Reaction Scheme 3 describes a synthetic route to 
the peptide-pyruvate conjugates starting from previously 
N-Fmoc-protected resin-linked peptide precursors, such as 
those of Formulae 204, 207 and 210 (corresponding to 
starting compounds 300a, 300b and 300c), Which are respec 
tively illustrated as having a protected Cysteine at AAl, AA2 
and AA2, respectively (the protecting group, e.g., t-Butyl or 
trityl being designated as “L”). The protecting groups are 
introduced With the corresponding amino acid in Steps 2.1, 
2.3 and/or 2.5. It Will be appreciated that any of amino acids 
AAl, AA2 and AA3 (or a fourth amino acid, not shoWn) can 
be Cysteine as employed in Reaction Schemes 3, 4, 5 and 6, 
to give the corresponding peptide-pyruvate conjugates at 
AAl, AA2 and/or AA3. 

[0238] The cysteine of a resin-linked peptide, such as 
300a, 300b and 300c, as illustrated in Step 3.1, is de 
protected by treating With dithiothreitol to give the corre 
sponding compound of Formula 301 a, 301 b or 301 c. This 
is folloWed by conjugation of the de-protected thio group 
With tWo molar equivalents of a halopyruvate of Formula 
102 by nucleophilic substitution, as illustrated in Step 3.2. 
The resulting resin-bound peptide-pyruvate conjugate of 
Formula 302a, 302b or 302c is then cleaved from the resin 
under acidic conditions, e.g., With 95% TFA (aq.), isolated 
and then puri?ed by typical methods (e.g., cold ether Wash, 
?ltration and lyophiliZation) to give the corresponding free 
peptide-pyruvate conjugate of Formula 303a, 303b or 303c. 
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-continued 

403C 

[0239] Reaction Scheme 4 describes a synthetic route to 
the peptide-pyruvate conjugates starting from N-tBoc-pro 
tected resin-linked peptide precursors, such as those of 
Formulae 206 and 209 (corresponding to starting com 
pounds 400b and 400c). Synthesis starting from an N-tBoc 
protected amino acid is illustrated With reference to com 
pound 400a. 

[0240] As in Reaction Scheme 2, the cysteine of a resin 
linked peptide, such as 400a, 400b and 400c, as illustrated 
in Step 4.1, is de-protected by treating With dithiothreitol to 
give the corresponding compound of Formula 401a, 401 b or 
401 c, folloWed by conjugation of the de-protected thio 
group With tWo molar equivalents of a halopyruvate of 
Formula 102 (Step 4.2). The resulting N-tBoc-protected 
resin-bound peptide-pyruvate conjugate of Formula 402a, 
402b or 402c is then deprotected and cleaved from the resin 
under acidic conditions, e.g., With 95% TFA (aq.), isolated 
and then puri?ed by typical methods (as above) to give the 
corresponding free peptide-pyruvate conjugate of Formula 
403a, 403b or 403c. 

Reaction Scheme 5 

RESIN 

O —AA1_NH2 +501 
—> 

Step 5.1 

500a 

RESIN—\ O 

5 02b 
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-continued 

RESIN—\ 
—> 

Step 5.1 
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-continued 

RESIN 

505a 

504a 
504b —> 
504C Step 5.4 

505c 

[0241] Reaction Scheme 5 illustrates the coupling of vari 
ous structural moieties onto the amino group of the peptide 
pyruvate conjugates of the invention, utilizing solid phase 
support synthesis. These compounds are further described 
With reference to Examples 23-27. 

[0242] As illustrated in Step 5.1, starting from previously 
N-Fmoc-protected resin-linked peptide precursors, such as 
those of Formulae 204, 207 and 210 (corresponding to 
starting compounds 500a, 500b and 500c), coupling of a 
diphenol acid 501 to the amino group of the pyruvate 
peptide is effected by using pre-activated HOBt ester (using 
DIC as a dehydrating agent) to give the corresponding 
compounds of Formulae 502a, 502b, and 502c. The thio 
protecting group is then removed (Step 5.2), followed by 
pyruvate conjugation (Step 5.3), cleavage, isolation and 
puri?cation (Step 5.4) as described above With regard to 
Reaction Scheme 3 to give the corresponding compounds of 
the invention identi?ed as Formulae 505a, 505b and 505c. 

17 
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Reaction Scheme 6 

O 

i 
‘J 

[0243] Reaction Scheme 6 illustrates an alternative 
sequence for coupling structural moieties onto the amino 
group of the peptide-pyruvate conjugates of the invention, 
beginning With cleavage of a precursor (here a diphenol acid 
coupled compound of Formula 503a, 503b or 503c) from the 
resin (Step 6.1), followed by pyruvate coupling, isolation 
and puri?cation (Step 6.2). These reactions are carried out 
under conditions similar to the respective steps in Reaction 
Scheme 5. 
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[0244] An alternative solid supported approach for the 
synthesis of compounds of Formula I is illustrated With 
respect to Reaction Scheme 7. 

Preferred Processes and Last Steps 

[0245] The preferred process for generating compounds of 
Formula Ia, Ib, Ic and III is solution phase reaction, e.g., as 
exempli?ed for the synthesis of Example 1-16. This process 
represents a simple and direct synthetic route in Which the 
A-X in Scheme 1 is readily available. Apreferred process for 
the preparation of compounds, particularly of Formula II, is 
the solid phase supported synthesis approach, e.g., as exem 
pli?ed in the synthesis of Examples 16, and 19 to 27. It 
alloWs for the synthesis of structure-de?ned and more com 
plex conjugates. This particularly alloWs for preparation of 
a large number of structurally diverse molecules using a 
parallel approach, but Would not be preferred for the syn 
thesis of large amounts of a particular compound. 

[0246] Thus, in one preferred aspect, a bromopyruvate and 
a thio-containing nucleophile are contacted and subjected to 
conditions for nucleophilic substitution. 

[0247] In another preferred aspect, a solid phase supported 
pyruvate conjugate is cleaved from the support. 

[0248] In still another preferred aspect, a solid support 
free cystein-containing peptide is conjugated With a bro 
mopyruvate. 

[0249] A compound of Formula I is contacted With a 
pharmaceutically acceptable acid to form the corresponding 
acid addition salt. 

[0250] Apharmaceutically acceptable acid addition salt of 
Formula I is contacted With a base to form the corresponding 
free base of Formula I. 

Preferred Compounds 

[0251] In a preferred embodiment Where A is a natural or 
substituted amino acid or peptide, A is selected from the 
group: Ala, Asn, Asp, Cys, Gin, Glu, Gly, Lys, Met, Ser and 
Thr, especially Ala, Asp, Cys, Glu and Gly. Further preferred 
are those compounds Where A is a natural or substituted di 
or tri-peptide, especially natural peptides. Most preferred is 
the tri-peptide Glu-Cys-Gly. 

[0252] In another preferred embodiment, A is an option 
ally substituted heteroaryl group, especially a nitrogen 
containing optionally substituted heteroaryl, and particularly 
Where A is selected from the group: imidaZole, triaZole, 
thiadiaZole, oxadiaZole, benZoselenaZole, benZoimidaZole 
and benZothiaZole. 

[0253] Further preferred in each of the foregoing embodi 
ments are those compounds Where X is —S— or a covalent 
bond. 

[0254] With overall regard to Formulae I, Ia, Ib and Ic, 
preferred are those compounds, pharmaceutical formula 
tions, methods of treatment and the manufacture of medi 
caments having the folloWing combinations and permuta 
tions of substituent groups (sub-grouped, respectively, in 
increasing order of preference, each sub-grouping being 
intended as combinable With other sub-groupings): 

[0255] A is optionally substituted alkyl, optionally 
substituted aryl, optionally substituted aralkyl, 
optionally substituted heteroaryl, optionally substi 
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tuted heterocyclyl, optionally substituted heterocy 
cloalkyl, an optionally substituted amino acid, or an 
optionally substituted di-, tri- or tetra-peptide. 

[0256] Particularly Where A is: an optionally sub 
stituted amino acid selected from Ala, Asp, Cys, 
Glu and Gly, or an optionally substituted di- or 
tri-peptide the amino acids of Which are selected 
from Ala, Asp, Cys, Glu and Gly. 

[0257] Preferably Where Ais the tri-peptide Glu 
Cys-Gly. 
[0258] More preferably Where X is a covalent 
bond to the sulfur atom of Cys. 

[0259] Preferably Where A is substituted alkyl 
selected from: —CH2—CH(OH)—CH2—OH, 
and —CH(CH3)—C(O)—N(H)—CH2—COOH); 
optionally substituted heteroaryl selected from: 
benZoselenaZol-2-yl, S-(chloro or methoxy)-sub 
stituted-1H-benZoimidaZol-2-yl, and S-(chloro, 
methoxy or nitro)-substituted-benZothiaZol-2-yl; 
heterocyclyl selected from: 4,5-dihydro-thiaZol-2 
yl, 2-thioxo-imidaZolidin-1-yl and morpholino; or 
an optionally substituted di-, tri- or tetra-peptide. 

[0260] Particularly Where X is —S— or or a 
covalent bond to the sulfur atom of Cys or to the 
nitrogen atom of optionally substituted heterocy 
clyl. 

[0261] Particularly Where W is :0 or =N—OR"‘. 

[0262] Particularly Where Z is —OR or —NRbRc. 

[0263] W is :0 or =N—OR"‘. 

[0264] Particularly Where Z is —OR or —NRbRc. 

[0265] Particularly Where W is =0 and Z is —OR 

[0266] Preferably Where R is hydrogen or C1 to 
C8 alkyl. 
[0267] More preferably Where R is hydrogen, 

ethyl or n-butyl. 

[0268] Preferably Where A is substituted alkyl 
selected from: 

[0269] optionally substituted heteroaryl 
selected from: benZoselenaZol-2-yl, S-(chloro 
or methoxy)-substituted-1H-benZoimidaZol-2 
yl, and S-(chloro, methoxy or nitro)-substituted 
benZothiaZol-2-yl; heterocyclyl selected from: 
4,5-dihydro-thiaZol-2-yl, 2-thioxo-imidaZoli 
din-1-yl and morpholino; or an optionally sub 
stituted di-, tri- or tetra-peptide. 

[0270] More preferably Where X is —S— or 
or a covalent bond to the sulfur atom of Cys 
or to the nitrogen atom of optionally substi 
tuted heterocyclyl. 

[0271] Most preferably Where R is hydro 
gen or C1 to C8 alkyl. 

[0272] Preferably Where X is —S— or or a 
covalent bond to the sulfur atom of Cys or to the 
nitrogen atom of optionally substituted hetero 
cyclyl. 










































































