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(57) ABSTRACT 

The application provides for methods and compositions for 
inhibiting demyelination, promoting remyelination and/or 
treating paralysis in a Subject in need thereof. Preferably, 
Such compositions include immunoglobulins (e.g., antibod 
ies, antibody fragments, and recombinantly produced anti 
bodies or fragments), polypeptides (e.g., Soluble forms of 
the ligand proteins for integrins) and Small molecules, which 
when administered in an effective amount inhibits demyeli 
nation and/or promotes remyelination in a patient. The 
compositions and methods described herein can also utilize 
other anti-inflammatory agents used to palliate conditions 
and diseases associated with demyelination. 
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atgaggg.cccct gct cagatttittggatt ctitgg C caggagacgttgt 

tact cocq g g gacgagt ctaaaaacctaagaaccagt cct ctgcaa.ca 

agaaatgaga.ccgtctatt cagttcctggggcticttgttgttctggctt catgg 
49 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -st ep up as 

tott tactctgg cagataagttcaagga cccc.gagaacaacaaga cc.gaagtacc 
(M R P S I Q F L G L L. L. F W L H G 

LEADER 

tgcticagtgttga catccagatga cacagt ct ccatcct tact gttctgcatct ct 
O3 - - - - - - - - ---------------------------------------------- 

acgagt cacact gtagg totact.gtgtcagagg taggagtgacagacgtagaga 

A Q C) (D, I Q M T Q S P S S L S A S L. 
- FR. 

gg gaggcaaagt calc cat cacttgcaaga caa.gc.calaga cattaacaagtatat 
157 ------------------------------------------------------ ccct cogittt cagtgg tagt galacgttctgttcggttctgtaattgttcatata 

G G K V T I T C (K T S Q D I N K Y M 
CDR 

ggcttggtaccaa.ca caa.gc.ctggaaaacgt.cctaggctgct catacattacac 
2ll ------------------------------------------------------ cc.gaac catggttgttgttcgg acct tttgcaggat.ccgacgag tatgtaatgtg 

A (w Y O H K P G K R P R L L I H (Y T 
FR2 

atctgcattacagccaggcatcc.cat caaggttcagtggaagtgggtctgggag 
265 ------------------------------------------------------ tagacgtaatgtcggtcCg taggg tagttcCaagt caccitt caccca gaccctic 

S A L Q P) (G I P S R F S G s G s G R CDR2 

FIG. 11 A 
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agattattocttcaa.cat cagcaacct ggagcctgaagatattgcaactt atta 
39 ------------------------------------------------------ 

tctaataaggaagttgtagt cqttgga cct cqgactitctata acgttgaataat 

D Y S F N I S N E E P E D I A T Y Y 
FR3 

ttgttctacagtatgataatctgtgga cqtt.cggtggagg cacca agctggaaat 
373 - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

aacagatgt catact attaga cacct gcaa.gccacct c cqtggttcgacct tta 

C (L Q. Y D N L W T ) (F G G G T. K L E I 
CDR3 FR4 

caaacgggctgatgctgcacca actgtaticcatctt.cccaccatccacccggga 
427 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

gttctg.ccc.gacitacgacgtggttga Catagg taga agggtggit aggt ggg ccct 

K 

AGG-5' 
tCC 

48l. --- 
agg 

FIG. 11B 
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atgaaatgcagotgggit catgttct tcct gatgg cagtggitta caggg 
------------------------------------------------ tactittacgt.cga.cccagtacaa galagg act accgt. Caccalatgtc.cc 

(M K C S W V M. F. F. L. M A V W T G 
LEADER 

gtcaattcagaggttcagctgcagcagtctggggcagagcttgttgaagccaggg 
49 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

cagttaagttct coaagt cqacgt.cgt cag accc.cgt.ct cqaa cactt cqgtc.cc 

V N S) (E v Q L Q Q S G A E L V K P G 
FR 

gcct cagt caagttgtcct g cacaig Cttctggctt caa.cattaaaga cacctat 
- 103 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

cggagt cagttcaa.caggacgtgtcgaag accgaagttgta atttctgtggata 
A S V K L S C T A S G F N I K) (D T Y 

CDR 

atacactgttgttgaag cagaggcctgaacaggg cctggagtggattggaaggatt 
57 ------------------------------------------------------ tatgtgacacactt.cgt.ctc.cggacttgtc.ccggacct cacctaacct tcctaa 

I H) (C V K Q R P E Q G L E W I G) (R I 
FR2 

gatcctg.cgaatggittatactaaatatgaccc.gaagttccagggcaaggccact 
2ll - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

ctaggacgcttaccalatatgatttatactgggcttcaaggit cocgttccggtga 
D P A N G Y T K Y D P K F Q G] (K A T 

CDR2 

at a acagct gacacatcct coaa.ca cag cctacct gcagct cag cag cct gaca 

tattgtcg act gtgtaggaggttgttgtcg gatggacgt.cgagt cqtcgg act gt 

I T A D T S S N T A Y L Q L S S L T 
FR3 

FIG. 12A 
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FRl CDR FR2 CDR2 
l 2 3 4. 5 6 

123456789012345678901234567890 12345 678 90123456789 .012A34567890 l2345 
At Ark at A r 

21. 6 EVOLOOSGAELVKPGASVKLSCTASGFNIK DTYIH CVKQRPEQGLEWIG RIDPANGYTKYDPKFOG 

2*CL QVQLVQSGAEVKKPGASVKVSCKASGYTFT SYAMH WVRQAPGQRLEWMG WINAGNGNTKYSOKFOG 

Ha QVQLVOSGAEVKKPGASVKVSCKASGFNK DTYIH WVRQAPGQRLEWMB RIDPANGYTKYDPKFQG 
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FR3. CDR3 ER4 
7 8 9 O l 
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FIG. 14 
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HindIII, KOZAK SEOUENCE 
aagcttgcc.gc.cacca gaga.ccgt. Ct att CagttcCt999 gCOcttgttgttc 

l, -------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
ttic galacgg ciggtgg tact Ctgg Cagataagttcaagga CCCC gagaacaacaag 

M R P S I Q F L G L L L F 
LEADER 

tggctt catggtgct cagtgttgacatccagatgacacagt ct coat cotcactg 
55 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

accgaagtaccacgagt cacact gtaggit ct act gtgtcagagg taggagtgac 

W L H G A Q C) (D I Q M T Q S P S S L 
- FR1 

tctgcatctgTAgga GATAGAgt caccat cacttgcaaga caagccaaga catt 
O 9 - - - - -------------------------------------------------- 

agacgtaga CAT cct CTATCT cagtgg tagt gaacgttctgttcggttctgtaa 

S A S v G D R v T I T Cl (K T S Q D I 
. CDR 

aacaagtatatggcttgg taccala CAGACAcctggaaaaGCTcctaggctgctic 
l63 ------------------------------------------------------ ttgttcatataccgaaccatggttgTCTGTggaccttitt CGAggat.ccgacgag 

N. K. Y. M. A. (W Y Q Q T P G K A P R L. L. 
FR2 

at a cattacacatctgcattacago Cagg catcc.cat caaggttcagtggaagt 
2ll -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

tatgtaatgtgtagacgtaatgtcggit cogtaggg tagttccalagt cacctt.ca 

I H (Y T S A L Q P) (G I P S R F s G S 
CDR2 

gggtctgggagagattat ACTttcACCat cagcAGCct gCAGcctgaagatatt 
27 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

cccagaccctctictaata TGAaagTGGtagt cq TCGgacGTCggacttctataa. 
G S F. R D Y T F T I S. S. L. Q. P E D I 

FR3 

FIG 15A 
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gcaacttattattgtctacagtatgataatctgttggacgttcggtcAAgg cacc 
325 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

cgttgaataataacagatgtcatact attaga cacctgcaa.gc.caGTTccgtgg 

A T Y Y C) ( L Q Y D N L W T ) CF G Q G T 
CDR3 FR 4 

SPLICE DONOR SITE Bamhi 
aag GTGgaaatcaaacg gag t-ggat CC 

379 - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
titcCACctt tagtttgcact caccitagg 

K V E I K) 

FIG. 15B 
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HindIII KOZAK SEOUENCE 

AAGCTTGCCGCCACCATGGACTGGACCTGGCGCGTGTTTTGCCTGCTCGCCGTG 
TTCGAACGGCGGTGGTACCTGACCTGGACCGCGCACAAAACGGACGAGCGGCAC 

(M D W T W R V F C L L A V 
LEADER 

GCTCCTGGGGCCCACAGCCAGGTGCAACTAGTGCAGTCCGGCGCCGAAGTGAAG 
S5 - - - - - - - - - - - - - - - - - - - - - - - - ------------------------------ 

CGAGGACCCCGGGTGTCGGTCCACGTTGATCACGTCAGGCCGCGGCTTCACTTC 
A P G A H S) (Q V Q L V Q S G A E V K . 

AAACCCGGTGCTTCCGTGAAAGTCAGCTGTAAAGCTAGCGGTttcaa.cattaaa 
O9 -------------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - TTTGGGCCACGAAGGCACTTTCAGTCGACATTTCGATCGCCAaagttgtaattit 

K P G A S v K V S C K A S G F N I K) ( 
FR. 

gacacctatata cacTGGGTTAGACAGGCCCCtGGCCAAaGGCTggAGTGGATg 
l63 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Ctgttggatatatgt. gACCCAATCTGTCCGGgGacCGGTTt CCGACCT CACCTAC 

D T Y I H (W. V. R O A P G Q R L E W M 
CDRl FR2 

FIG. 16A 
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GGaaggattgat cotg.cgaatggtta tactaaatatgaccc.gaagttcCagggc. 
27 - - - - - - - - - - - - - - - - - - - - - --------------------------------- 

CCttcctaactaggacgcttaccalatatgatttatact gggct tca aggtoccg 

G R I D R A N G Y T K Y D P K F O G ( 
CDR2 

cggg to ACCatcACCgcaGACACCTCTgc.ca.gcACCGCCTACATGGAACTGTCC 
27 l. ------------------------------------------------------ gcc.cagTGGtagTGGcgtCTGTGGAGAcggtcgTGGCGGATGTACCTTGACAGG 

R v T I T A D T S A S T A Y M E L S 
FR3 

AGCCTGCGCTCCGAGGACACTGCAGTCTACTACTGcGccagagagggatattat 
325 ------------------------------------------------------ 

TCGGACGCGAGGCTCCTGTGACGTCAGATGATGACGCGGt ct ct coctataata 

S L R S E D T A v Y Y C A R (E G Y Y 
gg talactacggggtctatgct at g GACTAcTGGGG to AaGGaACCCTTGT CACC 

379 ccattgatgcc.ccagatacgatacCTGATgACCCCaGTtcCtTGGGAACAGTGG 
: G N Y G V Y A M D Y (W G Q G T L V T 

CDR3 FR4 

SPL. ICE-DONOR SITE. Barth I 
GTCtccTCAGGTGAGTGGATCC 

433 ---------------------- 
- CAGaggAGTCCACTCACCTAGG 

V S S 

FIG. 16B 
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(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 109 amino acids 
(B) TYPE: amino acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) . MOLECULE TYPE: protein 

N - Asp Ile Glin Met Thr Glin Ser Pro Ser Ser Leu Ser Ala Ser Leu Gly 
Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Glin Asp Asp Ile Ser Asn 
Tyr Lieu. Asn Trp Tyr Glin Gln Lys Pro Gly Gly Ser Pro Llys Lieu Leu 
Ile Tyr Tyr Ala Ser Arg Lieu. His Ser Gly Val Pro Ser Arg Phe Ser 
Gly Ser Gly Ser Gly Thr Asp Tyr Ser Leu Thr Ile Ser Asn Leu Glu 
Glin Glu Asp Ile Ala Thr Tyr Phe Cys Glin Glin Gly Asn Thr Leu Pro 
Pro Arg Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys - C 

FIG. 17A 
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(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 114 amino acids 
(B) TYPE: amino acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

N - Asp Ile Gln Met Thr Glin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 
Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Glin. Asp Ser Leu Val Xaa 
Xaa Ser Ile Ser Asn Tyr Lieu Asn Trp Tyr Glin Gln Lys Pro Gly Lys 
Ala Pro Lys Leu Lleu Ile Tyr Ala Ala Ser Ser Leu Glu Ser Gly Val 
Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr 
Ile Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Glin Glin 
Tyr Asn Ser Leu Pro Glu Trp Thr Phe, Gly. Glin Gly Thr Lys Val Glu 
Ile Lys - C 

FIG. 17B 
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(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 125 amino acids 
(B) TYPE: amino acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

N - Glu Val Glin Leu Gln Glin Ser Gly Ala Glu Lieu Val Llys Pro Gly Ala 
Ser Val Lys Leu Ser Cys Thr Ala Ser Gly Phe Asn Ile Lys Asp Thr 
Tyr Met His Trp Val Lys Glin Arg Pro Glu Glin Gly Leu Glu Trp Ile 
Gly Arg Ile Asp Pro Ala ASn Gly Asn Thr Lys Tyr Asp Pro Llys Phe 
Gln Gly Lys Ala Thr Ile Thr Ala Asp Thr Ser Ser Asn Thr Ala Tyr 
Lieu Gln Leu Ser Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys 
Ala Arg Gly Tyr Tyr Tyr Tyr Asp Ser Xaa Val Gly Tyr Tyr Ala Met 
Asp Tyr Trp Gly Glin Gly Thr Xaa Val Thr Val Ser Ser - C 

FIG. 18A 
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(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 129 amino acids 
(B) TYPE: amino acid 
(C) STRANDEDNESS : single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

N - Glin Val Gln Leu Val Glin Ser Gly Ala Glu Val Lys Lys Pro Gly Ala 
Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr 
Ala Ile Ser Trp Val Arg Glin Ala Pro Gly Glin Gly Lieu Glu Trp Met 
Gly Trp Ile Asin Pro Tyr Gly Asn Gly Asp Thr Asn Tyr Ala Glin Lys 
Phe Glin Gly Arg Val Thr Ile Thr. Ala Asp Thr Ser Thir Ser Thr Ala 
Tyr Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr 
Cys Ala Arg Ala Pro Gly Tyr Gly Ser Gly Gly Gly Cys Tyr Arg Gly Asp 
Tyr Xaa Phe Asp Tyr Trp Gly Glin Gly Thr Leu Val Thr Val Ser Ser - C 

FIG. 18B 
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COMPOSITION FOR AND TREATMENT OF 
DEMYELINATING DISEASES AND PARALYSS BY 

ADMINISTRATION OF REMYELINATING 
AGENTS 

FIELD OF THE INVENTION 

0001. This invention relates generally to compositions, 
compounds that can be used to treat demyelinating diseases 
and conditions and/or reduce paralysis in a patient. 

BACKGROUND OF THE INVENTION 

0002 Inflammation is a response of vascularized tissues 
to infection or injury and is affected by adhesion of leuko 
cytes to the endothelial cells of blood vessels and their 
infiltration into the Surrounding tissues. In normal inflam 
mation, the infiltrating leukocytes release toxic mediators to 
kill invading organisms, phagocytize debris and dead cells, 
and play a role in tissue repair and the immune response. 
However, in pathologic inflammation, infiltrating leukocytes 
are over-responsive and can cause Serious or fatal damage. 
See, e.g., Hickey, Psychoneuroimmunology II (Academic 
Press 1990). 
0003. The integrins are a family of cell-surface glyco 
proteins involved in cell-adhesion, immune cell migration 
and activation. Alpha-4 integrin is expressed by all circu 
lating leukocytes except neutrophils, and forms het 
erodimeric receptors in conjunction with either the beta-1 
(B) or beta-7 (f7) integrin Subunits, both alpha-4 beta-1 
(C.B.) and alpha-4 beta-7 (B7) play a role in migration of 
leukocytes across the vascular endothelium (Springer et al., 
Cell 1994, 76: 301-14; Butcher et al., Science 1996, 272: 
60-6) and contribute to cell activation and survival within 
the parenchyma (Damle et al., J. Immunol. 1993; 151: 
2368-79; Koopman et al., J. Immunol. 1994, 152: 3760-7; 
Leussink et al., Acta Neuropathol. 2002, 103: 131-136). 
Cl, B is constitutively expressed on lymphocytes, monocytes, 
macrophages, mast cells, basophils and eosinophils. 
0004 Alpha-4 beta-1 (also known as very late antigen-4, 
VLA-4), binds to vascular cell adhesion molecule-1 (Lobb 
et al., J. Clin. Invest. 1994, 94: 1722-8), which is expressed 
by the vascular endothelium at many sites of chronic inflam 
mation (Bevilacqua et al., 1993 Annu. Rev. Immunol. 11: 
767-804; Postigo et al., 1993 Res. Immunol. 144: 723-35). 
CB, has other ligands, including fibronectin and other 
extracellular matrix (ECM) components. 
0005 The alpha-4 beta-7 dimer interacts with mucosal 
addressin cell adhesion molecule (MAdCAM-1), and medi 
ates homing of lymphocytes to the gut (Farstad et al., 1997 
Am. J. Pathol. 150: 187-99; Issekutz, 1991 J. Immunol. 147: 
4178-84). Expression of MAdCAM-1 on the vascular endot 
helium is also increased at Sites of inflammation in the 
intestinal tract of patients with inflammatory bowel disease 
(IBD) (Briskin et al., 1997 Am. J. Pathol. 151: 97-110). 
0006 Adhesion molecules such as alpha-4 integrins are 
potential targets for therapeutic agents. For instance, the 
VLA-4 receptor of which alpha-4 integrin is a Subunit is an 
important target because of its interaction with a ligand 
residing on brain endothelial cells. Diseases and conditions 
resulting from brain inflammation have particularly Severe 
consequences. In another example, the alpha-4 beta-7 inte 
grin dimer is an important target due to its involvement in 
lymphocyte homing and pathological inflammation in the 
gastrointestinal tract. 
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0007 Alpha-4 beta-1 integrin is expressed on the extra 
cellular Surface of activated lymphocytes and monocytes, 
which have been implicated in the pathogenesis of acute 
inflammatory brain lesions and blood brain barrier (BBB) 
breakdown associated with multiple sclerosis (MS) (Coles et 
al., 1999 Ann. Neurol. 46(3): 296-304). Agents against 
alpha-4 integrin have been tested for their anti-inflammatory 
potential both in vitro and in vivo. See Yednocket al., Nature 
1992, 356: 63-66; U.S. Pat. No. 5,840,299 to Bendig et al., 
issued Nov. 24, 1998, and U.S. Pat. No. 6,001,809 to 
Thorsett et al., issued Dec. 14, 1999. The in vitro experi 
ments demonstrate that alpha-4 integrin antibodies block 
attachment of lymphocytes to brain endothelial cells. 
Experiments testing the effect of alpha-4 integrin antibodies 
on animals having the artificially induced condition simu 
lating multiple Sclerosis, experimental autoimmune 
encephalomyelitis (EAE), have demonstrated that adminis 
tration of anti-alpha-4 integrin antibodies prevents inflam 
mation of the brain and Subsequent paralysis in the animals. 
Collectively, these experiments identify anti-alpha-4 inte 
grin antibodies as potentially useful therapeutic agents for 
treating multiple Sclerosis and other inflammatory diseases 
and disorders. 

0008 To date, no therapies have been discovered which 
inhibit or prevent demyelination let alone agents that pro 
mote remyelination. For example, multiple Sclerosis impacts 
human health and costs for maintaining health more than 
any other demyelinating disease. No effective treatment 
exists for MS. It is a disease that afflicts primarily young 
adults (i.e., mean age of 30) with an incidence of 1 case per 
1,000 individuals. Experimental autoimmune encephalomy 
elitis is the major animal model used for studying MS. 
However, unlike with EAE, MS is an autoimmune disease 
with an unknown cause. Disease progression is character 
ized by an influx of immune cells into the central nerve 
System that eventually results in edema, demyelination, 
aXonal damage and loSS. 
0009 New compounds, compositions and methods for 
using these compounds and compositions to inhibit demy 
elination, to promote remyelination and/or treat paralysis 
asSociated with demyelination are needed and continue to be 
Sought out for the treatment of diseases Such as MS, as well 
as other demyelinating diseases linked with inflammation. 

SUMMARY OF THE INVENTION 

0010 Based on the above, new compositions and meth 
ods of treating these diseases are needed which will effec 
tively treat or inhibit these diseases Such that patients can 
achieve long life spans and better quality of life. 
0011. The invention relates to methods of promoting 
remyelination of nerve cells in a mammal comprising 
administering to the mammal a remyelination agent in a 
remyelinating effective amount. Preferably, the mammal in 
the methods of the present invention is a human, and the 
human Suffers from a condition that demyelinates cells. 
0012 Conditions which demyelinate cells according to 
the invention include multiple Sclerosis, congenital meta 
bolic disorder, a neuropathy with abnormal myelination, 
drug induced demyelination, radiation induced demyelina 
tion, a hereditary demyelinating condition, a prion induced 
demyelinating condition, encephalitis induced demyelina 
tion, or a Spinal cord injury. Preferably the condition is 
multiple Sclerosis. 
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0013 The invention further relates to a composition 
comprising a therapeutically effective amount of a remyeli 
nating agent, which prevents demyelination and/or promotes 
remyelination when administered to a Subject in need 
thereof. 

0.014. In the methods and compositions of the invention, 
the remyelinating agent may be an antibody, an immuno 
logically active fragment of an antibody, a compound, or 
combinations thereof. The antibody or immunologically 
active fragment thereof is preferably natalizumab (Ante 
gren(E) or an immunologically active fragment thereof. 
0.015. In the methods and compositions of the invention, 
the remyelinating agent may be a Small compound of 
formula I, IA, IB, IC, II, IIA, or IIB. The compounds are 
preferably compounds of the following formula IB 

IB 
R15 

O 
1. 2 

Air N.4 O O Air N's 
O N O 

R 121 N YR 14 
H 

R13 O 

0016 wherein: 
0017 Ar' is selected from the group consisting of aryl, 
Substituted aryl, heteroaryl, and Substituted heteroaryl; 

0018) Art is selected from the group consisting of 
aryl, Substituted aryl, heteroaryl and Substituted het 
eroaryl; 

0019) R' is selected from the group consisting of 
alkyl, Substituted alkyl, cycloalkyl, and Substituted 
cycloalkyl or R'' and R' together with the nitrogen 
atom bound to R' and the carbon atom bound to R' 
form a heterocyclic or Substituted heterocyclic 
grOup, 

0020) R' is selected from the group consisting of 
hydrogen, alkyl, and substituted alkyl, or R'' and 
R together with the nitrogen atom bound to R' and 
the carbon atom bound to R' form a heterocyclic or 
Substituted heterocyclic group; 

0021) R' is selected from the group consisting of 
hydrogen, alkyl, Substituted alkyl, cycloalkyl, Sub 
Stituted cycloalkyl, aryl, and Substituted aryl; 

0022) R' is selected from the group consisting of 
alkyl, and substituted alkyl, or R'' and R' together 
with the nitrogen atom to which they are bound form 
a heterocyclic or Substituted heterocyclic group; 

0023) R' is selected from the group consisting of 
alkyl and substituted alkyl or R' and R together 
with the nitrogen atom to which they are bound form 
a heterocyclic or Substituted heterocyclic group; and 

0024 Y is selected from the group consisting of 
O-, -NR' , and -CH- wherein R' is 

hydrogen or alkyl, 
0025 and pharmaceutically acceptable salts thereof. 
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0026. In a further embodiment, the compounds are pref 
erably compounds of the following formula IC 

IC 

Ol “Nu 
NN 2 SO2 O O 

RX 
N 

K O 

0027 wherein R* is hydroxy or Cs alkoxy and pharma 
ceutically acceptable Salts thereof. Preferably, the compound 
is N-N-(3-pyridinesulfonyl)-L-3,3-dimethyl-4-thiaprolyl 
O-1-methylpiperazin-4-ylcarbonyl-L-tyrosine isopropyl 
eSter. 

0028. In another embodiment, the compounds are pref 
erably compounds of the following formula IIB 

IIB 

O 

Art M 
SEO O 

N 
R321 R34 

33 

0029 wherein: 
0030) Ar" is selected from the group consisting of aryl, 
Substituted aryl, heteroaryl, and Substituted heteroaryl; 

0.031) R' is selected from the group consisting of 
alkyl, Substituted alkyl, cycloalkyl, and Substituted 
cycloalkyl or R. and R together with the nitrogen 
atom bound to R and the carbon atom bound to R' 
form a heterocyclic or Substituted heterocyclic 
grOup, 

0032 R is selected from the group consisting of 
hydrogen, alkyl, and substituted alkyl, or R° and 
R together with the nitrogen atom bound to R* and 
the carbon atom bound to R form a heterocyclic or 
Substituted heterocyclic group; 

0033) R' is selected from the group consisting of 
hydrogen, alkyl, Substituted alkyl, cycloalkyl, Sub 
Stituted cycloalkyl, aryl, and Substituted aryl; and 

0034) R-7 is aryl, heteroaryl, substituted aryl, substituted 
heteroaryl, heterocyclic, Substituted heterocyclic, aryloxy, 
Substituted aryloxy, aralkoxy, Substituted aralkoxy, het 
eroaryloxy, Substituted heteroaryloxy, 

0035) 
0036). In yet another embodiment, the compound is N-N- 
(3-pyridinesulfonyl)-L-3,3-dimethyl-4-thiaprolyl-O-(1- 
methylpiperazin-4-ylcarbonyl-L-tyrosine isopropyl ester. 

and pharmaceutically acceptable Salts thereof. 
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0037. The invention also relates to a pharmaceutical 
composition comprising a therapeutically effective amount 
of a compound of formula I, IA, IB, IC, II, IIA, or IIB and 
pharmaceutically acceptable Salts thereof. Preferably, the 
compound is a compound of the formula IB, IC, or IIB. In 
a preferred embodiment, the compound is N-N-(3-pyridine 
sulfonyl)-L-3,3-dimethyl-4-thiaprolyl-O-(1-methylpiper 
azin-4-ylcarbonyl-L-tyrosine isopropyl ester. 
0.038. The remyelinating agent of the invention can be 
administered alone or in combination with other remyeli 
nating agents, anti-alpha-4-agents, or anti-inflammatory 
agents. The invention further relates to pharmaceutical com 
positions comprising a pharmaceutically acceptable carrier 
and a therapeutically effective amount of a remyelinating 
agent as disclosed herein. The pharmaceutical compositions 
of the present invention may further comprise one or more 
additional agents, including other remyelinating agents, 
anti-alpha-4-agents, or anti-inflammatory agents. 

0.039 The compositions of the invention may be admin 
istered by a variety of modes of administration including 
oral, parenteral (e.g., Subcutaneous, Subdural, intravenous, 
intramuscular, intrathecal, intraperitoneal, intracerebral, 
intraarterial, or intralesional routes of administration), topi 
cal, localized (e.g., Surgical application or Surgical Supposi 
tory), rectal, and pulmonary (e.g., aerosols, inhalation, or 
powder). 
0040 Another aspect of the invention provides for a 
combination therapy comprising a therapeutically effective 
amount of a reyelinating agent and a therapeutically effec 
tive amount of an anti-inflammatory agent. Anti-inflamma 
tory agents include but are not limited to an adrenocortico 
tropic hormone (ACTH), a corticosteroid (e.g., prednisone, 
methylprednisolone, dexamethasone cortisol, cortisone, 
fludrocortisone, prednisolone, 6C.-methylprednisolone, tri 
amcinolone, and betamethasone), an interferon (e.g., inter 
feron beta-1b and interferon beta-1a), Copaxone(E), or a 
nonsteroidal anti-inflammatory drug (e.g., aspirin, a Sodium 
Salicylate, choline magnesium trisalicylate, Salsalate, 
diflunisal, SulfaSalazine, olSalazine, a para-aminophenol 
derivatives, an indole, an indene acetic acid, a heteroaryl 
acetic acid, an anthranilic acid, an enolic acid, an alkanones, 
a diaryl-Substituted furanone, a diaryl-Substituted pyrazoles, 
an indole acetic acids, and a Sulfonanilide). The remyelinat 
ing agent can be Selected from any of the compounds of 
formula I, IA, IB, IC, II, IIA, or IIB. Alternatively, the 
remyelinating agent can be an antibody against VLA-4 or an 
immunologically active fragment thereof or a polypeptide 
which binds to VLA-4 thereby preventing it from binding to 
a cognate ligand. 

0041. The combination therapy can be used to treat a 
Subject who Suffers from multiple Sclerosis, a congenital 
metabolic disorder, a neuropathy with abnormal myelina 
tion, drug induced demyelination, radiation induced demy 
elination, a hereditary demyelinating condition, a prion 
induced demyelinating condition, encephalitis induced 
demyelination, or a spinal cord injury. 

0.042 Yet another aspect of the invention provides for a 
use of a compound of formula I, IA, IB, IC, II, IIA, or IIB 
for the preparation of a medicament for the treatment of a 
demyelinating disease in a Subject in need thereof. Prefer 
ably, the compound is a compound of the formula IB, IC, or 
IIB. In a preferred embodiment, the compound is N-N-(3- 
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pyridinesulfonyl)-L-3,3-dimethyl-4-thiaprolyl-O-(1-meth 
ylpiperazin-4-ylcarbonyl-L-tyrosine isopropyl ester. 

0043. In another aspect of the invention, a method is 
provided for reversing paralysis in a Subject with a demy 
elinating disease comprising administering to the Subject a 
remyelinating agent in an amount Sufficient to inhibit lym 
phocyte infiltration of immune cells in the Spinal cord to 
promote remyelination of nerve cells in the Spinal cord and 
thereby treating paralysis in Said Subject in need thereof. 
Another aspect of the invention provides for a use of a 
remyelinating agent for the preparation of a medicament for 
the treatment of a demyelinating disease in a Subject in need 
thereof or for the treatment of paralysis in a Subject with a 
demyelinating disease. 

0044) These and other objects, advantages, and features 
of the invention will become apparent to those perSons 
skilled in the art upon reading the details of the methods and 
formulations as more fully described below. 

BRIEF DESCRIPTIONS OF THE DRAWINGS 

004.5 FIG. 1A. Prolonged reversal of chronic experi 
mental autoimmune encephalomyelitis during N-N-(3-py 
ridinesulfonyl)-L-3,3-dimethyl-4-thiaprolyl-O-(1-meth 
ylpiperzain-4-ylcarbonyl-L-tyrosine isopropyl eSter 
treatment. EAE was induced in female Hartley guinea pigs 
via nuchal intradermal injection of 0.6 mL of a 1:1 mixture 
of homogenized isologous CNS tissue and complete Fre 
und's adjuvant (CFA), with 10 mg/mL of inactivated M 
tuberculosis. Beginning on day 40 post immunization, ani 
mals received either saline (n=20, 0.5 mL/day) or N-N-(3- 
pyridinesulfonyl)-L-3,3-dimethyl-4-thiaprolyl-O-(1-meth 
ylpiperzain-4-ylcarbonyl-L-tyrosine isopropyl ester (n=25, 
30 mg/kg, 2x/day) for 10, 20, 30 or 40 days. Over the course 
of the treatment period, the mean clinical Score of animals 
treated with N-N-(3-pyridinesulfonyl)-L-3,3-dimethyl-4- 
thiaprolyl-O-1-methylpiperzain-4-ylcarbonyl-L-tyrosine 
isopropyl ester was significantly lower than that of the Saline 
control group (p<0.001, Mann Whitney rank sum test). 
Furthermore, there were no adverse side effects observed 
during prolonged N-N-(3-pyridinesulfonyl)-L-3,3-dim 
ethyl-4-thiaprolyl-O-1-methylpiperzain-4-ylcarbonyl-L- 
tyrosine isopropyl ester administration, and no escape from 
treatment as has been previously observed with antibodies. 
0046 FIG. 1B. Return to clinically active disease fol 
lowing removal of N-N-(3-pyridinesulfonyl)-L-3,3-dim 
ethyl-4-thiaprolyl-O-1-methylpiperzain-4-ylcarbonyl-L- 
tyrosine isopropyl ester. After 30 days of treatment with 
N-N-(3-pyridinesulfonyl)-L-3,3-dimethyl-4-thiaprolyl-O- 
1-methylpiperzain-4-ylcarbonyl-L-tyrosine isopropyl 
ester, five animals were maintained for an additional 10 days 
without-small molecule administration. Once N-N-(3-py 
ridinesulfonyl)-L-3,3-dimethyl-4-thiaprolyl-O-(1-meth 
ylpiperzain-4-ylcarbonyl-L-tyrosine isopropyl ester was 
withdrawn, animals returned to clinical progression of dis 
ease. Between day 70 and day 80, the mean clinical score of 
post-N-N-(3-pyridinesulfonyl)-L-3,3-dimethyl-4-thiapro 
lyl-O-1-methylpiperzain-4-ylcarbonyl-L-tyrosine isopro 
pyl ester animals was significantly higher than that of 
animals receiving N-N-(3-pyridinesulfonyl)-L-3,3-dim 
ethyl-4-thiaprolyl-O-1-methylpiperzain-4-ylcarbonyl-L- 
tyrosine isopropyl ester throughout the treatment period 
(p<0.05, Mann Whitney rank sum test). 
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0047 FIG. 2. Pathological recovery during prolonged 
N-N-(3-pyridinesulfonyl)-L-3,3-dimethyl-4-thiaprolyl-O- 
1-methylpiperzain-4-ylcarbonyl-L-tyrosine isopropyl ester 
treatment. Panels A, C, E, G, I and K were Solochrome-R- 
cyanin (SCR) stained spinal cord Sections (magnification 
40x). Panels B, D, F, H, J and L show high magnification 
(250x) of hematoxylin-eosin (H-E) stained sections taken 
from the dorsal medial region of the corresponding SCR 
Stained photo. This Section (2A) taken from a normal guinea 
pig Shows neither inflammation nor demyelination, as does 
panel (2B), the corresponding H-E section. By day 40 
post-immunization, an animal that had received no treatment 
showed extensive meningeal inflammation and a large 
dorso-medial plaque of demyelination (2C). The density of 
infiltrating cells in this area (2D) was much higher than in 
FIG. 2. Even later in disease, at day 60 post-immunization, 
a Saline-treated animal showed a large Subpial area of 
demyelination (2E), with a very high density of cellular 
infiltrates (2F). In contrast, an animal that received 20 days 
of N-N-(3-pyridinesulfonyl)-L-3,3-dimethyl-4-thiaprolyl 
O-1-methylpiperzain-4-ylcarbonyl-L-tyrosine isopropyl 
ester treatment had a much Smaller area of demyelination 
(2G), and a much lower density of cellular infiltration within 
the lesion area (2H). The animal represented in 2I received 
40 days of saline treatment. Virtually the entire section was 
infiltrated and demyelinated, including invasion of Some 
areas of gray matter. While the cellular infiltration in 2J was 
reduced from day 60 post-immunization (see 2F), it was still 
much higher than normal levels seen in 2B. After 40 days of 
N-N-(3-pyridinesulfonyl)-L-3,3-dimethyl-4-thiaprolyl-O- 
1-methylpiperzain-4-ylcarbonyl-L-tyrosine isopropyl ester 
treatment, however, there was almost no meningeal and 
perivascular inflammation, and the myelin was apparently 
intact (2K). The cellular infiltration (2L) was practically the 
same as in a normal animal (2B). 
0.048 FIG. 3. Reduced pathological abnormality in 
chronic EAE during N-N-(3-pyridinesulfonyl)-L-3,3-dim 
ethyl-4-thiaprolyl-O-1-methylpiperzain-4-ylcarbonyl-L- 
tyrosine isopropyl ester treatment. Animals received either 
saline (n=20) or N-N-(3-pyridinesulfonyl)-L-3,3-dimethyl 
4-thiaprolyl-O-1-methylpiperzain-4-ylcarbonyl-L-ty 
rosine isopropyl ester (n=25) for 10, 20, 30 or 40 days. 
Additionally, a subgroup of animals received N-N-(3-py 
ridinesulfonyl)-L-3,3-dimethyl-4-thiaprolyl-O-(1-meth 
ylpiperzain-4-ylcarbonyl-L-tyrosine isopropyl ester for 30 
days, and then treatment was withdrawn for the remaining 
10 days of the experiment (Post-N-N-(3-pyridinesulfonyl)- 
L-3,3-dimethyl-4-thiaprolyl-O-1-methylpiperzain-4-ylcar 
bonyl-L-tyrosine isopropyl ester group). Following sacri 
fice, the brain and Spinal cord were fixed in formalin and 
embedded in paraffin. Five um sections were stained with 
hematoxylin-eosin (H-E) or Solochrome-R-cyanin, and 
blindly assigned a 4-digit pathological Score based on evalu 
ation in each of four categories: (3A) meningeal inflamma 
tion, (3B) perivascular infiltration, (3C) encephalitis, and 
(3D) demyelination. Note that non-EAE animals would have 
a Score of Zero in all categories. Over the course of the 
treatment period, animals that received N-N-(3-pyridine 
sulfonyl)-L-3,3-dimethyl-4-thiaprolyl-O-(1-methylpip 
erzain-4-ylcarbonyl-L-tyrosine isopropyl ester showed a 
Significant decrease in the mean pathological Score in each 
of the four categories with respect to Saline-treated animals 
(p<0.001, 2-way ANOVA). When N-N-(3-pyridinesulfo 
nyl)-L-3,3-dimethyl-4-thiaprolyl-O-(1-methylpiperzain-4- 

Mar. 31, 2005 

ylcarbonyl-L-tyrosine isopropyl ester was removed and 
animals were maintained for an additional 10 days without 
treatment, the mean combined pathological Score in all four 
categories returned to Significantly higher than animals that 
continued to receive the small molecule (p<0.05, Kruskal 
Wallis ANOVA on ranks with SNK test). 
0049 FIG. 4. Reduced spinal cord infiltration with N-N- 
(3-pyridinesulfonyl)-L-3,3-dimethyl-4-thiaprolyl-O-(1- 
methylpiperzain-4-ylcarbonyl-L-tyrosine isopropyl ester 
treatment. The mean number of infiltrating cells was counted 
in representative areas from twelve pie-shaped areas cover 
ing the whole spinal cord (see methods). A significant 
increase in cellular infiltration occurred with the induction of 
EAE compared to non-EAE animals (Ö, p<0.05; Kruskal 
Wallis ANOVA on ranks with SNK test). N-N-(3-pyridine 
sulfonyl)-L-3,3-dimethyl-4-thiaprolyl-O-(1-methylpip 
erzain-4-ylcarbonyl-L-tyrosine isopropyl ester-treated ani 
mals had fewer cells in the Spinal cord than Saline-treated 
animals following 10, 20, 30 or 40 days of therapy (*, 
p<0.001, two-way ANOVA). Furthermore, animals treated 
for 20, 30 or 40 days with N-N-(3-pyridinesulfonyl)-L-3, 
3-dimethyl-4-thiaprolyl-O-1-methylpiperzain-4-ylcarbo 
nyl-L-tyrosine isopropyl ester had significantly lower cell 
counts than control (d4O) EAE animals (#, p<0.05, Kruskal 
Wallis ANOVA, on ranks with SNK test). After removal of 
N-N-(3-pyridinesulfonyl)-L-3,3-dimethyl-4-thiaprolyl-O- 
1-methylpiperzain-4-ylcarbonyl-L-tyrosine isopropyl 
ester, the mean cell count in animals maintained for an 
additional 10 days without the Small molecule was signifi 
cantly increased compared to animals that received continu 
ous N-N-(3-pyridinesulfonyl)-L-3,3-dimethyl-4-thiapro 
lyl-O-1-methylpiperzain-4-ylcarbonyl-L-tyrosine 
isopropyl ester treatment (p<0.05, Kruskal Wallis ANOVA 
on ranks with SNK test). 
0050 FIG. 5. Reduced expression of inflammatory 
cytokines with N-N-(3-pyridinesulfonyl)-L-3,3-dimethyl 
4-thiaprolyl-O-1-methylpiperzain-4-ylcarbonyl-L-ty 
rosine isopropyl ester treatment. A piece of lumbar Spinal 
cord was Snap frozen in liquid nitrogen and routinely 
processed to extract RNA for quantitative PCR analysis. 
While negligible cytokine RNA levels were detected in 
non-EAE animals, expression of IL-2(B), IL-10(C) and 
MCP-1(A) were elevated in d40 control animals with CNS 
inflammation. While Saline-treated animals had increased 
inflammatory cytokine levels throughout the duration of the 
experiment, animals receiving N-N-(3-pyridineSulfonyl)- 
L-3,3-dimethyl-4-thiaprolyl-O-1-methylpiperazin-4-ylcar 
bonyl-L-tyrosine isopropyl ester showed a marked decrease 
in their expression, coincident with clinical and pathological 
recovery. Upon removal of N-N-(3-pyridinesulfonyl)-L-3, 
3-dimethyl-4-thiaprolyl-O-1-methylpiperzain-4-ylcarbo 
nyl-L-tyrosine isopropyl ester and reinfiltration of the CNS, 
expression of IL-2, IL-10 and MCP-1 again rose to levels 
comparable to those in Saline-treated animals. 
0051 FIG. 6. Expression of C. integrin on lymphocytes. 
On day 80 post immunization, heparinized blood Samples 
were collected from non-EAE animals, Saline-treated ani 
mals, N-N-(3-pyridinesulfonyl)-L-3,3-dimethyl-4-thiapro 
lyl-O-1-methylpiperzain-4-ylcarbonyl-L-tyrosine isopro 
pyl ester-treated animals and animals 10 days following 
withdrawal of N-N-(3-pyridinesulfonyl)-L-3,3-dimethyl-4- 
thiaprolyl-O-1-methylpiperzain-4-ylcarbonyl-L-tyrosine 
isopropyl ester. Samples were exposed to antibody against 
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C. integrin, then examined on a flow cytometer, gating on 
different cell populations by light Scatter. Treatment of 
animals with N-N-(3-pyridinesulfonyl)-L-3,3-dimethyl-4- 
thiaprolyl-O-1-methylpiperzain-4-ylcarbonyl-L-tyrosine 
isopropyl ester caused a large increase in B integrin bright 
lymphocytes in the circulation compared to Saline-treated 
animals. These results indicate the number of alpha-4 
expressing cells. There are more alpha-4 expressing cells 
when the compound is present then in the Saline-control 
treated animals. The X-axis represents alpha-4 expression; 
the y-axis represents cell number assessed by FACS. 
0.052 FIG. 7. Expression of C. integrin on lymphocytes 
and monocytes in the circulation at day 80 post-immuniza 
tion. Heparinized blood samples were collected from all 
groups of animals on day 80 post-immunization, eXposed to 
antibody against C. integrin, and Sorted by flow cytometry. 
Panel A shows that Treatment with N-N-(3-pyridinesulfo 
nyl)-L-3,3-dimethyl-4-thiaprolyl-O-(1-methylpiperzain-4- 
ylcarbonyl-L-tyrosine isopropyl ester caused a large 
increase in the percentage of C. integrin brightlymphocytes 
in the circulation compared to non-EAE and Saline-treated 
animals, Suggesting that activated peripheral lymphocytes 
were unable to enter the CNS in the presence of the inhibitor. 
Consistent with this idea, the percentage of these cells in the 
circulation returned to saline-treated levels when N-N-(3- 
pyridinesulfonyl)-L-3,3-dimethyl-4-thiaprolyl-O-(1-meth 
ylpiperzain-4-ylcarbonyl-L-tyrosine isopropyl ester was 
removed and CNS inflammation returned as shown in Panel 
B. The general expression of B integrin on circulating 
monocytes was increased in all EAE animals, although there 
were no discernable Subpopulations. This monocytic 
increase in C. integrin expression was not affected by 
N-N-(3-pyridinesulfonyl)-L-3,3-dimethyl-4-thiaprolyl-O- 
1-methylpiperzain-4-ylcarbonyl-L-tyrosine isopropyl 

ester, Suggesting that the inhibitor did not affect the periph 
eral immune reaction. 

0053 FIG. 8. Shadow plaques are observed in N-N-(3- 
pyridinesulfonyl)-L-3,3-dimethyl-4-thiaprolyl-O-(1-meth 
ylpiperzain-4-ylcarbonyl-L-tyrosine isopropyl ester treated 
animals. ImageS 8A-F are representative Solochrome-R- 
cyanin Stained spinal cord Sections from Separate animals 
within the treatment groups. (8A) A low power image (40x) 
shows the extent of demyelination in the spinal cord. (8B) A 
high power image (100x) of a demyelinated lesion in a "day 
O' (day 0 is at least measured 40 days post disease induction 
wherein the animal achieves a clinical Score of 2 or greater) 
control animal shows dense cellular infiltration and foamy 
macrophages containing phagocytosed myelin debris 
(arrows). (8C) Alesion from an animal that received 20 days 
of Saline treatment remains completely devoid of myelin 
(250x). (8D) In contrast, animals that received 20 days of 
N-N-(3-pyridinesulfonyl)-L-3,3-dimethyl-4-thiaprolyl-O- 
1-methylpiperzain-4-ylcarbonyl-L-tyrosine isopropyl ester 
treatment presented lesions with a diffuse blue Stain cover 
ing the plaque (250x). (8E) Severe demyelination was 
evident in the spinal cord after 40 days of vehicle treatment 
(100x). (8F) After 40 days of N-N-(3-pyridinesulfonyl)-L- 
3,3-dimethyl-4-thiaprolyl-O-1-methylpiperzain-4-ylcar 
bonyl-L-tyrosine isopropyl ester therapy, however, the 
majority of lesions showed clear myelin pallor (100x). 
0054 FIG. 9. Semithin and EM sections confirm remy 
elination with N-N-(3-pyridinesulfonyl)-L-3,3-dimethyl-4- 
thiaprolyl-O-1-methylpiperzain-4-ylcarbonyl-L-tyrosine 
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isopropyl ester treatments. Toluidine blue Semi-thin Sections 
are shown in panels 9A, 9B, and 9C (all 400x). Represen 
tative EM Sections from the same animals are shown in 
panels 9D, 9E and 9F (9D and 9E, 1100x; 9F, 1300x). 
(FIGS. 9A and 9D) Normal myelin. (9B and 9E) Day 30 of 
Saline treatment. Some Small caliber axons showed thinly 
myelinated sheaths (t), juxtaposed between complete demy 
elination (d) and normal myelin (n). Some axons are under 
going Wallerian degeneration (arrows). In this case, degen 
erating axons were observed within the normal appearing 
myelin (arrows, 9B). Electron microscopy confirmed with 
absence of myelin wrapping around large caliber axons (9E). 
(9C and 9F) Day 30 N-N-(3-pyridinesulfonyl)-L-3,3-dim 
ethyl-4-thiaprolyl-O-1-methylpiperzain-4-ylcarbonyl-L- 
tyrosine isopropyl ester treatment. In animals that received 
N-N-(3-pyridinesulfonyl)-L-3,3-dimethyl-4-thiaprolyl-O- 
1-methylpiperzain-4-ylcarbonyl-L-tyrosine isopropyl 
ester, an area of normal appearing myelin at the left of the 
image (n) sits adjacent to a large area of thinly myelinated 
axons of similar caliber (t). The area of thinly myelinated 
axons was more extensive and consisted of large caliber 
axons (9C). EM confirms multiple layers of thin myelin 
wrappings around large diameter axons indicative of remy 
elination (9F). 
0.055 FIG. 10. N-N-(3-pyridinesulfonyl)-L-3,3-dim 
ethyl-4-thiaprolyl-O-1-methylpiperzain-4-ylcarbonyl-L- 
tyrosine isopropyl ester increased both the incidence and 
area of remyelination within the spinal cord. (10A) The 
number of lesions showing myelin pallor was expressed as 
a percent of the total number of lesions within a mean of 
twelve spinal cord cross sections for each animal. N-N-(3- 
pyridinesulfonyl)-L-3,3-dimethyl-4-thiaprolyl-O-(1-meth 
ylpiperzain-4-ylcarbonyl-L-tyrosine isopropyl ester (black 
bars) increased the incidence of remyelination with respect 
to Saline-treated animals (white bars), and there was a 
time-dependent increase in the frequency of Shadow plaques 
with N-N-(3-pyridinesulfonyl)-L-3,3-dimethyl-4-thiapro 
lyl-O-1-methylpiperzain-4-ylcarbonyl-L-tyrosine isopro 
pyl ester treatment. (10B) Representation of methodology 
for determining the degree of remyelination. The shapes of 
all lesions within a spinal cord Section were traced, and the 
area within the outline was calculated. Lesions showing 
myelin pallor were also traced to yield the total area of 
remyelination for each animal, and the degree of remyeli 
nation was expressed as a percent of the total lesion area. 
(10C-F) Each scatter plot shows the total lesion area along 
the X-axis, and the percentage of that lesion showing myelin 
pallor along the y-axis. Lesions in Saline treated animals 
(white symbols) show little remyelination. In contrast, after 
20, 30 or 40 days of N-N-(3-pyridinesulfonyl)-L-3,3-dim 
ethyl-4-thiaprolyl-O-1-methylpiperzain-4-ylcarbonyl-L- 
tyrosine isopropyl ester treatment, most lesions in N-N-(3- 
pyridinesulfonyl)-L-3,3-dimethyl-4-thiaprolyl-O-(1- 
methylpiperzain-4-ylcarbonyl-L-tyrosine isopropyl ester 
treated animals (black symbols) showed variability in the 
degree of remyelination (0-100%). The mean percent areas 
are shown in the bar graphs at the right of each Scatter plot 
(saline, white bar; N-N-(3-pyridinesulfonyl)-L-3,3-dim 
ethyl-4-thiaprolyl-O-1-methylpiperzain-4-ylcarbonyl-L- 
tyrosine isopropyl ester, black bar). After 20, 30 or 40 days 
of therapy, N-N-(3-pyridinesulfonyl)-L-3,3-dimethyl-4-thi 
aprolyl-O-1-methylpiperzain-4-ylcarbonyl-L-tyrosine 
isopropyl ester-treated animals had significantly higher per 
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centages of remyelination (50%) than after 10 days of 
treatment or all saline controls (<10%). 
0056 FIGS. 11A and 11B. DNA and amino acid 
Sequences of the mouse 21.6 light chain variable region 
respectively. 

0057 FIGS. 12A and 12B. DNA and amino acid 
Sequences of the mouse 21.6 heavy chain variable region, 
respectively. 

0.058 FIG. 13. Comparisons of the amino acid sequences 
of mouse and reshaped human 21.6 light chain variable 
regions. The amino acid residues that are part of the Chothia 
canonical Sequences for the CDR loop Structures are marked 
with an asterisk. RE1 shows the FRs and CDRs from the V 
region of human RE1 light chain. La and Lb are the two 
versions of reshaped human 21.6 V region. The residues in 
the FRS of La that differ from those in the RE1 sequence are 
underlined. In Lb, only the residues in the framework 
regions that differ from those of RE1 are shown. 
0059 FIG. 14. Comparisons of the amino acid sequences 
of the mouse and reshaped human 21.6 heavy chain variable 
regions. The amino acid residues that are part of the canoni 
cal sequences for the Chothia CDR loop structures are 
marked with an asterisk. 2*CL shows the FRS and CDRS 
from the V region of human 21/28'CL antibody. Ha, Hb, 
and HC are the three versions of reshaped human 21.6 V 
region. The residues in the FRS of Ha that differ from those 
in the 21/28'CLSequence are underlined. In Hb and Ho, only 
the residues in the framework regions that differ from those 
of 21/28'CL are shown. 

0060 FIGS. 15A and 15B. cDNA and amino acid 
sequences of the first version (“a”) of reshaped human 21.6 
light chain variable region. 

0061 FIGS. 16A and 16B. DNA and amino acid 
sequences of the first version (“a”) of reshaped human 21.6 
heavy chain variable region. 

0062 FIGS. 17A and 17B. FIG. 17A is the 109 amino 
acid long Sequence of mouse kappa V regions from Sub 
group 5 used to design the reshaped human 21.6 light chain 
variable regions. FIG. 17B is the 114 amino acid long 
Sequence of human V regions from Subgroup 1 used to 
design the reshaped human 21.6 light chain variable regions. 
The sequences are further described in Table 10 infra. 
0063 FIGS. 18A and 18B. FIG. 18A is the 125 amino 
acid long consensus Sequence of mouse V regions from 
Subgroup 2c used to design the reshaped human 21.6 heavy 
chain variable regions. FIG. 18A is the 129 amino acid long 
consensus Sequence of human V regions from Subgroup 1 
used to design the reshaped human 21.6 heavy chain vari 
able regions. The sequences are further described in Table 11 
infra. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0064. Before the present methods and therapeutic agents 
are described, it is to be understood that this invention is not 
limited to particular methods and therapeutic agents 
described, as Such may, of course, vary. It is also to be 
understood that the terminology used herein is for the 
purpose of describing particular embodiments only, and is 
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not intended to be limiting, Since the Scope of the present 
invention will be limited only by the appended claims. 
0065. Where a range of values is provided, it is under 
stood that each intervening value, to the tenth of the unit of 
the lower limit unless the context clearly dictates otherwise, 
between the upper and lower limit of that range and any 
other Stated or intervening value in that Stated range is 
encompassed within the invention. The upper and lower 
limits of these Smaller ranges may independently be 
included in the Smaller, Subject to any specifically excluded 
limit in the Stated range. Where the Stated range includes one 
or both of the limits, rangeS eXcluding either both of those 
included limits are also included in the invention. Also 
contemplated are any values that fall within the cited ranges. 
0066 Unless defined otherwise, all technical and scien 

tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. Although any methods and materials 
Similar or equivalent to those described herein can also be 
used in the practice or testing of the present invention, the 
preferred methods and materials are now described. All 
publications mentioned herein are incorporated herein by 
reference to disclose and describe the methods and/or mate 
rials in connection with which the publications are cited. 
0067. 1. Abbreviations and Definitions 
0068. In accordance with this detailed description, the 
following abbreviations and definitions apply. It must be 
noted that as used herein, the Singular forms “a”, “and”, and 
“the' include plural referents unless the context clearly 
dictates otherwise. Thus, for example, reference to “an 
antibody' includes a plurality of Such antibodies and refer 
ence to “the dosage' includes reference to one or more 
dosages and equivalents thereof known to those skilled in 
the art, and So forth. 
0069. The publications discussed herein are provided 
solely for their disclosure prior to the filing date of the 
present application. Nothing herein is to be construed as an 
admission that the present invention is not entitled to ante 
date such publication by virtue of prior invention. Further, 
the dates of publication provided may be different from the 
actual publication dates, which may need to be indepen 
dently confirmed. 
0070) 1.1. Abbreviations 
0071. The following abbreviations have been used 
herein. 

0072 AC acid ceramidase 
0073 AcOH acetic acid 
0074 ACTH adrenocorticotropic hormone 
0075 ADEM acute disseminated encephalomyelitis 

0076) 
0.077 
0078 
0079) 
0080) 
0081) 

ALD adrenoleukodystrophy 
AMN adrenomyeloneuropathy 
aq or aq. aqueous 

BBB blood brain barrier 

bd broad doublet 

bm broad multiplet 
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0082) Bn benzyl 
0083) Boc tert-butoxycarbonyl 
0084) Boc-O di-tert-butyl dicarbonate BOP benzot 
riazol-1-yloxy-tris(dimethylamino)phosphonium 
hexafluorophosphate 

0085 bs broad singlet 
0086) C constant region of an immunoglobulin 
0087 CACH childhood ataxia with central nervous 
System hypomyelination 

0088 CADASIL cerebral autosomal dominant arte 
riopathy with Subcortical infarcts and leukoencepha 
lopathy 

0089 Cbz carbobenzyloxy 
0090 cDNA complementary deoxyribnucleic acid 
0091 CDR complementarity determining region 
0092 CDR1 complementarity determining region 1 
0093 CDR2 complementarity determining region 2 
0094 CDR3 complementarity determining region 3 
0.095 CFA complete Freund's adjuvant 
0.096 CHCl chloroform 
0097. CHCl dichloromethane 
0098 CIDP chronic immune demyelinating poly 
neuropathy 

0099 CJD Creutzfeld-Jakob disease 
0100 CNS central nervous system 
0101 (COCl) oxalyl chloride 
0102 COX-2 cyclooxygenase-2 
0.103 Cs Cockayne's syndrome 
0104 CSF colony stimulating factor 
0105 CTX Cerebrotendinous xanthomatosis 
01.06 d doublet 
0107 DBU 1,8-diazabicyclo5.4.0]undec-7-ene 
0108) DCC 1,3-dicyclohexylcarbodiimide 
0109) dd doublet of doublets 
0110 DMAP 4-N,N-dimethylaminopyridine 
0111 DME ethylene glycol dimethyl ether 
0112 DMF N,N-dimethylformamide 
0113 DMSO dimethylsulfoxide 
0114 DNA deoxyribonucleic acid 
0115 dt doublet of triplets 
0116 EAE experimental autoimmune encephalo 
myelitis 

0117 EBNA2 Epstein-Barr virus nuclear antigen 2 
0118 ECM extracellular matrix 
0119) EDC 1-(3-dimethylaminopropyl)-3-ethylcar 
bodiimide hydrochloride 
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0120 EDTA ethylenediaminetetraacetate 
0121 ELAMS endothelial adhesion molecules 
0.122 EM electron microscopy 
0123 EtN triethylamine 
0124 EtO diethyl ether 
0125 EtOAc ethyl acetate 
0126 EtOH ethanol 
0.127) eq or eq. equivalent 
0128 FACS fluorescence activated cell sorter 
0129 Fmoc N-(9-fluorenylmethoxycarbonyl) 
0130 FmocONSu N-(9-fluorenylmethoxycarbo 
nyl)-Succinimide 

0131 FR framework region 
0132) FR1 framework region 1 
0133) FR2 framework region 2 
0134) FR3 framework region 3 
0.135 g grams 
0.136 GAglatiramer acetate 
0.137 GALOP gait disorder, autoantibody, late-age, 
onset, polyneuropathy 

0.138 GM-CSF granulocyte monocyte colony 
Stimulating factor 

0.139 GSD Gerstmann-Straussler disease 
0140 h or hr hour 
0141 H heavy chain of an immunoglobulin 
0.142 HAMA human anti-mouse antibody 
0143 HBr hydrobromic acid 
0144 HCl hydrochloric acid 
0145 H-E hematoxylin-eosin 

0146 hex A hexoaminidase A 
0147 HIC Hydrophobic interaction chromatogra 
phy 

0.148 HIG human immunoglobulin 
0149 HMSN IV hereditary motor and sensory neu 
ropathy IV (also known as heredopathia atactica 
polyneuritiformis) 

0150. HO water 
0151 HOBT 1-hydroxybenzotriazole hydrate 

0152 HUVEC human umbilical vascular endothe 
lial cells 

0153 ICAM-1 intercellular adhesion molecule 1 
0154 Ig immunoglobulin 
0155 IgG immunoglobulin G 
0156 IgM immunoglobulin M 

0157, IL interleukin 
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0158 IL-1 interleukin-1 
0159). IL-2 interleukin-2 
0160 IL-8 interleukin-8 
0.161 KCO potassium carbonate 
0162 L light chain of an immunoglobulin 
0163 LFA-1 lymphocyte function-related antigen 
1-(also known as B integrin, CD11a/CD18 and 
CLB2) 

0164 m multiplet 
0165 MAbs monoclonal antibodies 
0166 Mac-1 CMB integrin (also known as CD11b/ 
CD18) 

0.167 MAdCAM-1 mucosal addressin cell adhesion 
molecule 

0168 MALDI/TOF MS matrix-assisted laser des 
orption ionization/time-of-flight mass spectrometry 

0169 MBP myelin basic protein 
0170 MCP-1 monocyte chemotactic protein 1 
0171 MeOH methanol 
0172 MES 2-(N-morpholino)ethanesulfonic acid 
0173 mg milligram 
0174) MgSO magnesium sulfate 
0175 min. minute 
0176 MIP-1C. macrophage inflammatory protein 1 
alpha 

0177. MIP-1B macrophage inflammatory protein 1 
beta 

0178 mL milliliter 
0179 MLD metachromatic leukodystrophy 
0180 mm millimeter 
0181 mM millimolar 
0182 mmol millimol 
0183 MOG myelin-oligodendrocyte glycoprotein 
0.184 mp melting point 
0185. MS multiple sclerosis 
0186 N normal 
0187 NaCl sodium chloride 
0188 NaCO Sodium carbonate 
0189 NaHCO, sodium bicarbonate 
0190. NaOEt sodium ethoxide 
0191 NaOH sodium hydroxide 
0.192 NHCl ammonium chloride 
0193 NMM N-methylmorpholine 
0194 NSAID nonsteroidal anti-inflammatory 
0195 PCR polymerase chain reaction 
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0196. PEG polyethylene glycol 
0197) Phe L-phenylalanine 
0198 PKU phenylketonuria 
0199 PLP proteolipid protein 
0200 PMSF phenylmethylsulfonylfluoride 
0201 POEMS polyneuropathy organomegaly endo 
crinopathy, M-protein and skin changes 

0202) Pro L-proline 
0203 PRP prion related protein 
0204 psi pounds per square inch 
0205 PtC) platinum oxide 
0206 q quartet 
0207 quint. quintet 
0208 RANTES regulated upon activation, normal 
T-cell expressed and Secreted chemokine (also 
known as small inducible cytokine A5) 

0209 RNA ribonucleic acid 
0210 rt room temperature 
0211 RT-PCR reverse transcription polymerase 
chain reaction 

0212 s singlet 
0213 SAMIs selective adhesion molecule inhibitors 
0214) sat or sat. Saturated 
0215 Scriv single chain Fv fragment 
0216 SCR solochrome-R-cyanlin 
0217 SDS sodium dodecyl sulfate 
0218 SDS-PAGE sodium dodecyl sulfate polyacry 
lamide gel electrophoresis 

0219 SP-MS secondary progressive multiple scle 
rosis 

0220 t triplet 
0221) t-BuOH tert-butanol 
0222 TFA trifluoroacetic acid 
0223) TGF-B tumor growth factor beta 
0224) THF tetrahydrofuran 
0225 TLC or tle thin layer chromatography 
0226) TNF tumor necrosis factor 
0227 TNF-C. tumor necrosis factor alpha 
0228 TNF-B tumor necrosis factor beta 
0229) Ts tosyl 
0230 TsCl tosyl chloride 
0231. TSOH tosylate 
0232 UV ultraviolet 
0233 VCAM-1 vascular cell adhesion molecule 1 
0234 V heavy chain of the variable domain 
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0235 V light chain of the variable domain 
0236 VLA-4 very late antigen 4 (also known as 
alpha-4 beta-1, 

0237) C.B.) 
0238 uL microliter 
0239 (p phenyl 

0240) 1.2. Definitions 
0241 Abbreviations for the twenty naturally occurring 
amino acids follow conventional usage (IMMUNOLOGY-A 
SYNTHESIS (2nd ed., E. S. Golub & D. R. Gren, eds., 
Sinauer Associates, Sunderland, Mass., 1991)). Stereoiso 
mers (e.g., D-amino acids) of the twenty conventional amino 
acids, unnatural amino acids Such as C.C.-disubstituted 
amino acids, N-alkyl amino acids, lactic acid, and other 
unconventional amino acids may also be Suitable compo 
nents for polypeptides of the present invention. Examples of 
unconventional amino acids include: 4-hydroxyproline, 
Y-carboxyglutamate, e-N,N,N-trimethyllysine, e-N-acetyl 
ySine, O-phosphoSerine, N-acetylserine, N-formylmethion 
ine, 3-methylhistidine, 5-hydroxylysine, ()-N-methylargin 
ine, and other similar amino acids and imino acids (e.g., 
4-hydroxyproline). Moreover, amino acids may be modified 
by glycosylation, phosphorylation and the like. 
0242. In the polypeptide notation used herein, the left 
hand direction is the amino terminal direction and the 
right-hand direction is the carboxy-terminal direction, in 
accordance with Standard usage and convention. Similarly, 
unless Specified otherwise, the left-hand end of Single 
Stranded polynucleotide Sequences is the 5' end; the left 
hand direction of double-Stranded polynucleotide Sequences 
is referred to as the 5' direction. The direction of 5' to 3' 
addition of nascent RNA transcripts is referred to as the 
transcription direction; Sequence regions on the DNA Strand 
having the same Sequence as the RNA and which are 5' to the 
5' end of the RNA transcript are referred to as “upstream 
Sequences'; Sequence regions on the DNA Strand having the 
same sequence as the RNA and which are 3' to the 3' end of 
the RNA transcript are referred to as “downstream 
Sequences.” 
0243 The phrase “polynucleotide sequence” refers to a 
Single or double-Stranded polymer of deoxyribonucleotide 
or ribonucleotide bases read from the 5' to the 3' end. It 
includes Self-replicating plasmids, infectious polymers of 
DNA or RNA and non-functional DNA or RNA. 

0244. The following terms are used to describe the 
Sequence relationships between two or more polynucle 
otides: “reference Sequence”, “comparison window', 
“Sequence identity”, “percentage of Sequence identity', and 
“substantial identity”. A “reference sequence” is a defined 
Sequence used as a basis for a Sequence comparison; a 
reference Sequence may be a Subset of a larger Sequence, for 
example, as a Segment of a full-length cDNA or gene 
Sequence given in a Sequence listing, Such as a polynucle 
otide sequence of FIG. 11 or 12, or may comprise a 
complete DNA or gene Sequence. Generally, a reference 
Sequence is at least 20 nucleotides in length, frequently at 
least 25 nucleotides in length, and often at least 50 nucle 
otides in length. Since two polynucleotides may each (1) 
comprise a sequence (i.e., a portion of the complete poly 
nucleotide Sequence) that is similar between the two poly 
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nucleotides, and (2) may further comprise a sequence that is 
divergent between the two polynucleotides, Sequence com 
parisons between two (or more) polynucleotides are typi 
cally performed by comparing Sequences of the two poly 
nucleotides over a “comparison window” to identify and 
compare local regions of Sequence Similarity. A "comparison 
window', as used herein, refers to a conceptual Segment of 
at least 20 contiguous nucleotide positions wherein a poly 
nucleotide Sequence may be compared to a reference 
Sequence of at least 20 contiguous nucleotides and wherein 
the portion of the polynucleotide Sequence in the compari 
Son window may comprise additions or deletions (i.e., gaps) 
of 20 percent or leSS as compared to the reference Sequence 
(which does not comprise additions or deletions) for optimal 
alignment of the two Sequences. Optimal alignment of 
Sequences for aligning a comparison window may be con 
ducted by the local homology algorithm of Smith & Water 
man, Adv. Appl. Math. 2: 482 (1981), by the homology 
alignment algorithm of Needleman & Wunsch, J. Mol. Biol. 
48: 443 (1970), by the search for similarity method of 
Pearson & Lipman, Proc. Natl. Acad. Sci. (USA) 85: 2444 
(1988) (each of which is incorporated by reference in its 
entirety), by computerized implementations of these algo 
rithms (GAP, BESTFIT, FASTA, and TFASTA in the Wis 
consin Genetics Software Package Release 7.0, Genetics 
Computer Group, 575 Science Dr., Madison, Wis.), or by 
inspection, and the best alignment (i.e., resulting in the 
highest percentage of Sequence Similarity over the compari 
Son window) generated by the various methods is selected. 
The term "sequence identity” means that two polynucleotide 
Sequences are identical (i.e., on a nucleotide-by-nucleotide 
basis) over the window of comparison. The term “percent 
age of Sequence identity” is calculated by comparing two 
optimally aligned Sequences over the window of compari 
Son, determining the number of positions at which the 
identical nucleic acid base (e.g., A, T, C, G, U, or I) occurs 
in both Sequences to yield the number of matched positions, 
dividing the number of matched positions by the total 
number of positions in the window of comparison (i.e., the 
window size), and multiplying the result by 100 to yield the 
percentage of Sequence identity. The terms "Substantial 
identity” as used herein denotes a characteristic of a poly 
nucleotide Sequence, wherein the polynucleotide comprises 
a Sequence that has at least 85 percent Sequence identity, 
preferably at least 90 to 95 percent sequence identity, more 
usually at least 99 percent Sequence identity as compared to 
a reference Sequence over a comparison window of at least 
20 nucleotide positions, frequently over a window of at least 
25-50 nucleotides, wherein the percentage of Sequence iden 
tity is calculated by comparing the reference Sequence to the 
polynucleotide Sequence which may include deletions or 
additions which total 20 percent or less of the reference 
Sequence over the window of comparison. The reference 
Sequence may be a Subset of a larger Sequence. 
0245 AS applied to polypeptides, the term "sequence 
identity” means peptides Share identical amino acids at 
corresponding positions. The term "sequence Similarity' 
means peptides have identical or similar amino acids (i.e., 
conservative Substitutions) at corresponding positions. The 
term “substantial identity” means that two peptide 
Sequences, when optimally aligned, Such as by the programs 
GAP or BESTFIT using default gap weights, share at least 
80 percent Sequence identity, preferably at least 90 percent 
Sequence identity, more preferably at least 95 percent 
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Sequence identity or more (e.g., 99 percent Sequence iden 
tity). Preferably, residue positions that are not identical differ 
by conservative amino acid substitutions. The term “sub 
Stantial Similarity” means that two peptide Sequences share 
corresponding percentages of Sequence Similarity. 

0246 The term “substantially similar as used herein is 
intended to mean any polypeptide that has an alteration in 
the Sequence Such that a functionally equivalent amino acid 
is Substituted for one or more amino acids in the polypep 
tide, thus producing a change that has no or relatively little 
effect on the binding properties of the polypeptide. For 
example, one or more amino acid residues within the 
Sequence can be Substituted by another amino acid of a 
Similar polarity or Similar size. 
0247 The term “substantially pure” means an object 
Species is the predominant species present (i.e., on a molar 
basis it is more abundant than any other individual Species 
in the composition), and preferably a Substantially purified 
fraction is a composition wherein the object Species com 
prises at least about 50 percent (on a molar basis) of all 
macromolecular species present. Generally, a Substantially 
pure composition will comprise more than about 80 to 90 
percent of all macromolecular species present in the com 
position. Most preferably, the object species is purified to 
essential homogeneity (contaminant species cannot be 
detected in the composition by conventional detection meth 
ods) wherein the composition consists essentially of a single 
macromolecular Species. 
0248 For purposes of classifying amino acids substitu 
tions as conservative or non-conservative, amino acids are 
grouped as follows: Group I (hydrophobic sidechains): 
norleucine, met, ala, Val, leu, ile; Group II (neutral hydro 
philic side chains): cys, ser, thr; Group III (acidic side 
chains): asp, glu, Group IV (basic side chains): asn, gin, his, 
lys, arg, Group V (residues influencing chain orientation): 
gly, pro; and Group VI (aromatic side chains): trp, tyr, phe. 
Conservative Substitutions involve Substitutions between 
amino acids in the same class. Non-conservative Substitu 
tions constitute eXchanging a member of one of these classes 
for another. 

0249 Amino acids from the variable regions of the 
mature heavy and light chains of immunoglobulins are 
designated HX and LXX respectively, where “X” is a number 
designating the position of an amino acids according to the 
scheme of Kabat et al., SEQUENCES OF PROTEINS OF 
IMMUNOLOGICAL INTEREST (National Institutes of 
Health, Bethesda, Md. (1987) and (1991)) (hereinafter col 
lectively referred to as “Kabat’ incorporated by reference in 
their entirety). Kabat lists many amino acid sequences for 
antibodies for each Subclass, and list the most commonly 
occurring amino acid for each residue position in that 
Subclass. Kabat uses a method for assigning a residue 
number to each amino acid in a listed Sequence, and this 
method for assigning residue numbers has become Standard 
in the field. Kabat's Scheme is extendible to other antibodies 
not included in the compendium by aligning the antibody in 
question with one of the consensus Sequences in Kabat. The 
use of the Kabat numbering System readily identifies amino 
acids at equivalent positions in different antibodies. For 
example, an amino acid at the L50 position of a human 
antibody occupies the equivalence position to an amino acid 
position L50 of a mouse antibody. 
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0250) The term “reagent” or "agent” is used to denote a 
biologically active molecule that binds to a ligand receptor. 
For example, antibodies or fragments thereof which immu 
noreact with the VLA-4 receptor or VCAM-1 can be useful 
to promote remyelination and/or reduces paralysis in a 
Subject in a Statistically significant amount. Peptides, or 
peptidomimetics or related compounds, which can act to 
bind the cell Surface receptor, are also contemplated, and can 
be made synthetically by methods known in the art. Other 
reagents that react with a VLA-4 receptor as discussed 
herein or as apparent to those skilled in the art are also 
contemplated. 

0251 A “remyelinating agent” as used herein refers to 
any agent that promotes remyelination and/or reduces 
paralysis in a Subject in a Statistically significant amount. 
Preferably, Such agents include immunoglobulins (e.g., anti 
bodies, antibody fragments, and recombinantly produced 
antibodies or fragments), polypeptides (e.g., Soluble forms 
of the ligand proteins for integrins) and Small molecules, 
which when administered in an effective amount inhibits 
demyelination and/or promotes remyelination in a patient. 
Such may also result in the reduction of paralysis when 
administered in an effective amount to the patient. These 
agents can be Selected from anti-alpha4 integrin agents 
(preferaply anti-alpha4 beta1 antagonists) and anti 
VCAM-1 agents. However, with reference to the present 
invention, Such anti-alpha-4 integrin and anti-VCAM-1 
agents only include those which when administered in an 
effective amount inhibits demyelination and/or promotes 
remyelination and/or reduces paralysis. 

0252) The term “anti-alpha-4 integrin agent” as used 
herein refers to any agent that binds Specifically to an 
integrin comprising an alpha-4 Subunit and inhibits activity 
of the integrin. The term “integrin antagonist' includes any 
agent that inhibits alpha-4 Subunit-containing integrins from 
binding with an integrin ligand and/or receptor. Preferably, 
the integrin antagonist inhibits the alpha-4 beta-1 dimer 
from binding to its cognate ligand(s). Such antagonists can 
include anti-integrin antibodies or antibody homolog-con 
taining proteins, as well as other molecules Such as Soluble 
forms of the ligand proteins for integrins. Soluble forms of 
the ligand proteins for alpha-4 Subunit-containing integrins 
include soluble VCAM-1, VCAM-1 fusion proteins, or 
bifunctional VCAM-1/Ig fusion proteins. For example, a 
Soluble form of an integrin ligand or a fragment thereof may 
be administered to bind to integrin, and preferably compete 
for an integrin binding Site on cells, thereby leading to 
effects Similar to the administration of antagonists Such as 
anti-integrin (e.g., VLA-4) antibodies. In particular, Soluble 
integrin mutants that bind ligand but do not elicit integrin 
dependent Signaling are included within the Scope of the 
invention. 

0253). By “natalizumab’ or “Antegren(R)' is meant a 
humanized antibody against VLA-4 as described in com 
monly owned U.S. Pat. Nos. 5,840,299 and 6,033,665, 
which are herein incorporated by reference in their entirety. 
Also contemplated herein are other VLA-4 Specific antibod 
ies. Such remyelinating antibodies and immunoglobulins 
include but are not limited to those immunoglobulins 
described in U.S. Pat. Nos. 6,602,503 and 6,551,593, pub 
lished U.S. Application No. 20020197233 (Relton et al.), 
and as further discussed herein. 
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0254 The term “efficacy” as used herein in the context of 
a chronic dosage regime refers to the effectiveness of a 
particular treatment regime. Efficacy can be measured based 
on change the course of the disease in response to an agent 
of the present invention. For example, in the treatment of 
MS, efficacy can be measured by the frequency of relapses 
in relapsing-remitting MS, and by the presence or absence of 
new lesions in the central nervous System as detected using 
methods such as MRI. 

0255 The term “success” as used herein in the context of 
a chronic treatment regime refers to the effectiveness of a 
particular treatment regime. This includes a balance of 
efficacy, toxicity (e.g., Side effects and patient tolerance of a 
formulation or dosage unit), patient compliance, and the 
like. For a chronic administration regime to be considered 
“Successful’ it must balance different aspects of patient care 
and efficacy to produce the most favorable patient outcome. 
0256 The terms “specifically binds” or “binds specifi 
cally' as used herein refer to the situation in which one 
member of a specific binding pair will not show any Sig 
nificant binding to molecules other than its specific binding 
partner (e.g., an affinity of about 1000x or more for its 
binding partner). In the present invention, the Small com 
pounds, such as N-N-(3-pyridinesulfonyl)-L-3,3-dimethyl 
4-thiaprolyl-O-1-methylpiperzain-4-ylcarbonyl-L-ty 
rosine isopropyl ester, will not show Significant binding to 
any polypeptide other than an alpha-4 integrin or a receptor 
comprising an alpha-4 integrin. For example, the Small 
compounds used in the methods of the invention that bind to 
an alpha-4 integrin with a binding affinity of greater than 0.3 
nM are Said to bind Specifically to an alpha-4 integrin. 
0257 The terms “elicits an immune response' and “elic 

its a host immune response' as used herein refer to the 
production of an immune response to a receptor comprising 
an alpha-4 integrin in a Subject upon introduction of an agent 
of the invention to the Subject. An immune response in the 
Subject can be characterized by a Serum reactivity with an 
alpha-4 integrin receptor that is at least twice that of an 
untreated Subject, more preferably three times the reactivity 
of an untreated Subject, and even more preferably at least 
four times the reactivity of an untreated Subject, with Serum 
immunoreactivity measured using a Serum dilution of 
approximately 1:100. 
0258. The term “pharmaceutically acceptable carrier or 
excipient' is intended to mean any compound used in 
forming a part of the formulation that is intended to act 
merely as a carrier, i.e., not intended to have biological 
activity itself. The pharmaceutically acceptable carrier or 
excipient is generally Safe, non-toxic and neither biologi 
cally nor otherwise undesirable. A pharmaceutically accept 
able carrier or excipient as used in the Specification and 
claims includes both one and more than one Such carrier. 

0259. The terms “treating", and “treatment” and the like 
are used herein to generally mean obtaining a desired 
pharmacological and physiological effect. More Specifically, 
the reagents described herein which are used to treat a 
Subject with a demyelinating disease or condition to do one 
or more of the following: (1) prevent demyelination; (2) 
inhibit demyelination; (3) promote remyelination; (4) slow 
or halt paralysis; and (5) reduce/reverse paralysis. Thus, the 
effect may be prophylactic in terms of preventing or partially 
preventing a disease, Symptom or condition thereof and/or 
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may be therapeutic in terms of a partial or complete cure of 
a disease, condition, Symptom or adverse effect attributed to 
the disease depending on the condition or disease being 
treated. The term “treatment', as used herein, covers any 
treatment of a disease in a mammal, particularly a human, 
and includes: (a) preventing the disease from occurring in a 
Subject which may be predisposed to the disease but has not 
yet been diagnosed as having it; (b) inhibiting the disease, 
i.e., arresting its development; or (c) relieving the disease, 
i.e., causing regression of the disease and/or its Symptoms or 
conditions. The invention is directed towards treating a 
patient's Suffering from disease related to pathological 
inflammation. The present invention is involved in prevent 
ing, inhibiting, or relieving adverse effects attributed to 
pathological inflammation and demyelination over long 
periods of time and/or are Such caused by the physiological 
responses to inappropriate inflammation present in a bio 
logical System over long periods of time. 

0260 By “therapeutically effective amount” is meant an 
amount of agent, reagent, or combination of reagents dis 
closed herein that when administered to a mammal is 
Sufficient to promote remyelination of mammalian cells 
and/or reduce paralysis in an animal in a Statistically Sig 
nificant amount. 

0261. By the term “remyelinating effective amount” is 
meant an amount of an agent, reagent, or composition 
effective to inhibit demyelination and/or promote remyeli 
nation in a Subject and/or reduce paralysis. The “remyeli 
nating effective amount' will vary depending on the com 
pound or composition, the Specific disease to be treated and 
its Severity, and the age, weight, etc., of the mammal to be 
treated. 

0262 By “chronic administration” is meant administra 
tion of an agent, reagent, or combination therapy of the 
invention in an amount and periodicity to result in one or 
more of the following: (1) reduce paralysis in a Subject with 
a demyelinating disease or condition, (2) halt progression of 
paralysis in a Subject with a demyelinating disease or 
condition; (3) promote remyelination in a Subject with a 
demyelinating disease or condition; and (4) prevent demy 
elination in a Subject with a demyelinating disease or 
condition. Administration is preferably biweekly, weekly, 
monthly, or every other month, but can be daily. More 
preferably the treatment is weekly or monthly and is admin 
istered for 6 months to several years or the remainder of the 
patient's life depending on the disease or condition being 
treated. 

0263. Additional definitions relevant to the compounds 
of Formulae I, IA, IB, IC, II, IIA, and IIB are as defined 
therein. 

0264. 2. General Aspects of the Invention 
0265. The present invention is based on the surprising 
result that chronic administration of an emerging class of 
new compounds known as Selective adhesion molecule 
inhibitors (SAMIs) provides appropriate control of the 
inflammatory response in Such a manner as to promote 
remyelination. Existing inhibitors have not provided Such 
control over the inflammatory response, and disease contin 
ues to progress. What the inventors have shown herein is that 
a class of Small compounds, preferably exemplified by the 
compounds of formula I and II, preferably formula IB, IC, 
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and IIB, is useful in treating Such pathological inflammation. 
These Small compounds can be administered using a chronic 
dosage regime or a short-term dosage regime. However, the 
chronic dosage regime is preferred to maintain the Suppres 
Sion of the pathological inflammation. Thus, in order to 
realize Some of the more important advantages of the 
invention, the levels of remyelinating agents agent need to 
be maintained over a number of months or even years. 
0266. In a general sense, the method of the invention does 
not involve any particular mode of administration, Since the 
mode of administration is dependent upon the form of the 
active agent and the formulation developed to administer the 
active agent. Modes of administration include oral, 
parenteral (e.g., Subcutaneous, Subdural, intravenous, intra 
muscular, intrathecal, intraperitoneal, intracerebral, intraar 
terial, or intralesional routes of administration), topical, 
localized (e.g., Surgical application or Surgical Suppository), 
rectal, and pulmonary (e.g., aerosols, inhalation, or powder). 
Preferably, the route of administration is parenteral. The 
route of administration is based on the composition being 
administered (e.g., immunoglobulin being administered 
intravenously verSuS Small compound being administered 
orally), tissue targeting (e.g., intrathecal administration to 
target the site of a spinal cord injury), and the like, as would 
be known to the artisan of ordinary skill. 
0267 Additionally, the remyleniating agents can be com 
bined with other compounds or compositions used to treat, 
ameliorate or palliate Symptoms associated with demyeli 
nation conditions or diseases. Furthermore, the compounds 
disclosed herein can be administered alone or in combina 
tion with other agents, Such as other remyelinating agents, 
including antibodies and immunologically active fragments 
thereof (e.g., natalizumab). When administered in combina 
tion, the Small compounds may be administered in the same 
formulation as these other compounds or compositions, or in 
a separate formulation. When administered in combination, 
the remyelinating agent antibodies are generally adminis 
tered in a separate formulation than the Small compound 
remyelinating agents, other compounds, and compositions. 
When administered in combinations, the remyelinating 
agents may be administered prior to, following, or concur 
rently with the other compounds and compositions used to 
treat, ameliorate, or palliate Symptoms. The general concept 
of the invention relates to introducing relatively constant 
amounts of an active agent to a patient's circulatory System 
over a period of months or years. This chronic administra 
tion of a remyelinating agent is one that provides appropriate 
control over pathological inflammation being maintained at 
a constant level over a period of time. By maintaining 
therapeutic levels of an active agent for a period of time, 
pathological inflammation can be chronically Suppressed in 
the patient. 
0268. In a very specific sense, the invention involves 
obtaining and maintaining a receptor Saturation level in a 
human patient of a dimer comprising alpha-4 integrin in a 
range of from about 65% to 100%, more preferably between 
75% and 100%, and even more preferably between 
80-100%. These receptor saturation levels are maintained at 
these levels chronically (e.g., over a period of 6 months or 
SO) to allow for continued Suppression of pathological 
inflammation. 

0269. In general, the remyelinating agents may be 
Selected from agents that Specifically bind to an alpha-4- 
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integrin or binds Specifically an alpha-4-integrin. For 
example, the Small compounds used in the methods of the 
invention may be Selected from compounds that have a 
binding affinity for alpha-4-integrin of 0.3 to 3 nM. Also, 
antibodies Such as natalizumab, which have a binding affin 
ity for alpha-4-integrin of about 0.2 to about 0.4 nM, may 
also Selected. 

0270. In another aspect of the invention, the compounds 
and compositions described herein can be used to inhibit 
immune cell migration from the bloodstream to the central 
nervous System in the instance of, for example, multiple 
Sclerosis, or to areas which result in inflammatory-induced 
destruction of the myelin. Preferably, these agents or 
reagents inhibit immune cell migration in a manner that 
inhibits demyelination and that further may promote remy 
elination. The agents or reagents may also prevent demy 
elination and promote remyelination of the central nervous 
System for congenital metabolic disorders in which infiltrat 
ing immune cells affect the development myelin sheath, 
mainly in the CNS. The reagents preferably also reduce 
paralysis when administrered to a Subject with paralysis 
induced by a demyelinating disease or condition. 

0271 3. Indications for Treatment 
0272 Inflammatory diseases that are included for treat 
ment by the compositions, compounds and methods dis 
closed herein include generally conditions relating to demy 
elination. Histologically, myelin abnormalities are either 
demyelinating or dySmyelinating. Demyelination implies 
the destruction of myelin. Dysmyelination refers to defec 
tive formation or maintenance of myelin resulting from 
dysfunction of the oligodendrocytes. Preferably, the com 
positions and methods disclosed herein are contemplated to 
treat diseases and conditions relating to demyelination and 
aid with remyelination. Additional diseases or conditions 
contemplated for treatment include meningitis, encephalitis, 
and Spinal cord injuries and conditions generally which 
induce demyelination as a result of an inflammatory 
response. The compounds, compositions and methods dis 
closed herein are not directed towards diseases and condi 
tions wherein there is, for example, a genetic defect leading 
to improper myelin formation, e.g., dysmyelination. 

0273. The compositions, compounds and cocktails dis 
closed herein are contemplated for use in treating conditions 
and diseases associated with demyelination. Diseases and 
conditions involving demyelination include, but are not 
limited to, multiple Sclerosis, congenital metabolic disorders 
(e.g., phenylketonuria, Tay-Sachs disease, Niemann-Pick 
disease, Gaucher's disease, Hurler's Syndrome, Krabbe's 
disease and other leukodystrophies), neuropathies with 
abnormal myelination (e.g., Guillain Barré, chronic immune 
demyelinating polyneuropathy (CIDP), multifocal CIDP, 
anti-MAG syndrome, GALOP syndrome, anti-sulfatide anti 
body syndrome, anti-GM2 antibody syndrome, POEMS 
syndrome, perineuritis, IgM anti-GD1b antibody syn 
drome), drug related demyelination (e.g., caused by the 
administration of chloroquine, FK506, perhexiline, 
procainamide, and Zimeldine), other hereditary demyelinat 
ing conditions (e.g., carbohydrate-deficient glycoprotein, 
Cockayne's Syndrome, congenital hypomyelinating, con 
genital muscular dystrophy, Farber's disease, Marinesco 
Sjögren Syndrome, metachromatic leukodystrophy, Peliza 
euS-Merzbacher disease, RefSum disease, prion related 
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conditions, and Salla disease) and other demyelinating con 
ditions (e.g., meningitis, encephalitis or spinal cord injury) 
or diseases. 

0274 There are various disease models that can be used 
to Study these diseases in Vivo. For example, animal models 
include but are not limited to: 

TABLE 1. 

Disease Model Species 

EAE Mouse, rat, guinea pig 
Myelin-oligodendrocyte glycoprotein Rat 
(MOG) induced EAE 
TNF-C transgenic model of demyelination Mouse 

0275 3.1. Multiple Sclerosis 
0276 The most common demyelinating disease is mul 
tiple Sclerosis, but many other metabolic and inflammatory 
disorders result in deficient or abnormal myelination. MS is 
a chronic neurologic disease, which appears in early adult 
hood and progresses to a significant disability in most cases. 
There are approximately 350,000 cases of MS in the United 
States alone. Outside of trauma, MS is the most frequent 
cause of neurologic disability in early to middle adulthood. 
0277. The cause of MS is yet to be determined. MS is 
characterized by chronic inflammation, demyelination and 
gliosis (Scarring). Demyelination may result in either nega 
tive or positive effects on axonal conduction. Positive con 
duction abnormalities include slowed axonal conduction, 
variable conduction block that occurs in the presence of 
high-but not low-frequency trains of impulses or complete 
conduction block. Positive conduction abnormalities include 
ectopic impulse generation, Spontaneously or following 
mechanical StreSS and abnormal “cross-talk” between demy 
elinated exons. 

0278 T cells reactive against myelin proteins, either 
myelin basic protein (MBP) or myelin proteolipid protein 
(PLP) have been observed to mediate CNS inflammation in 
experimental allergic encephalomyelitis. Patients have also 
been observed as having elevated levels of CNS immuno 
globulin (Ig). It is further possible that some of the tissue 
damage observed in MS is mediated by cytokine products of 
activated T cells, macrophages or astrocytes. 
0279 Today, 80% patients diagnosed with MS live 20 
years after onset of illness. Therapies for managing MS 
include (1) treatment aimed at modification of the disease 
course, including treatment of acute exacerbation and 
directed to long-term Suppression of the disease; (2) treat 
ment of the symptoms of MS; (3) prevention and treatment 
of medical complications, and (4) management of Secondary 
personal and Social problems. 
0280 The onset of MS may be dramatic or so mild as to 
not cause a patient to Seek medical attention. The most 
common Symptoms include weakness in one or more limbs, 
Visual blurring due to optic neuritis, Sensory disturbances, 
diplopia and ataxia. The course of disease may be Stratified 
into three general categories: (1) relapsing MS, (2) chronic 
progressive MS, and (3) inactive MS. Relapsing MS is 
characterized by recurrent attacks of neurologic dysfunction. 
MS attacks generally evolve over days to weeks and may be 
followed by complete, partial or no recovery. Recovery from 
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attacks generally occurs within weeks to Several months 
from the peak of Symptoms, although rarely Some recovery 
may continue for 2 or more years. 
0281 Chronic progressive MS results in gradually pro 
gressive worsening without periods of Stabilization or remis 
Sion. This form develops in patients with a prior history of 
relapsing MS, although in 20% of patients, no relapses can 
be recalled. Acute relapses also may occur during the 
progressive course. 
0282. A third form is inactive MS. Inactive MS is char 
acterized by fixed neurologic deficits of variable magnitude. 
Most patients with inactive MS have an earlier history of 
relapsing MS. 
0283 Disease course is also dependent on the age of the 
patient. For example, favourable prognostic factors include 
early onset (excluding childhood), a relapsing course and 
little residual disability 5 years after onset. By contrast, poor 
prognosis is associated with a late age of onset (i.e., age 40 
or older) and a progressive course. These variables are 
interdependent, Since chronic progressive MS tends to begin 
at a later age that relapsing MS. Disability from chronic 
progressive MS is usually due to progressive paraplegia or 
quadriplegia (paralysis) in patients. In one aspect of the 
invention, patients will preferably be treated when the 
patient is in remission rather then in a relapsing Stage of the 
disease. 

0284. Short-term use of either adrenocorticotropic hor 
mone or oral corticosteroids (e.g., oral prednisone or intra 
venous methylprednisolone) is the only specific therapeutic 
measure for treating patients with acute exacerbation of MS. 
0285 Newer therapies for MS include treating the patient 
with interferon beta-1b, interferon beta-1a, and Copaxone(R) 
(formerly known as copolymer 1). These three drugs have 
been shown to Significantly reduce the relapse rate of the 
disease. These drugs are Self-administered intramuscularly 
or Subcutaneously. 

0286 However, none of the current treatment modalities 
inhibit demyelination, let alone promotes or allows Sponta 
neous remyelination or reduces paralysis. One aspect of the 
invention contemplates treating MS with agents disclosed 
herein either alone or in combination with other Standard 
treatment modalities. 

0287 3.2. Congenital Metabolic Disorders 
0288 Congenital metabolic disorders include phenylke 
tonuria (PKU) and other aminoacidurias, Tay-Sachs disease, 
Niemann-Pick disease, Gaucher's disease, Hurler's syn 
drome, Krabbe's disease and other leukodystrophies that 
impact the developing sheath as described more fully below. 
0289 PKU is an inherited error of metabolism caused by 
a deficiency in the enzyme phenylalanine hydroxylase. LOSS 
of this enzyme results in mental retardation, organ damage, 
unusual posture and can, in cases of maternal PKU, Severely 
compromise pregnancy. A model for Studying PKU has been 
discovered in mice. Preferably infants identified with PKU 
are Sustained on a phenylalanine free or lowered diet. An 
aspect of the invention would be to combine such diets with 
the compounds and compositions disclosed herein to prevent 
demyelination and remyelinate cells damaged due to PKU. 
0290 Classical Tay-Sachs disease appears in the subject 
at about age 6 months and will eventually result in the death 
of the Subject by age 5 years. The disease is due to the lack 
of the enzyme, hexoaminidase A (hex A), which is necessary 
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for degrading certain fatty Substances in the brain and nerve 
cells. The Substances in the absence of the enzyme accu 
mulate and lead to the destruction of nerve cells. Another 
form of heX A enzyme deficiency occurs later in life and is 
referred to as juvenile, chronic and adult onset forms of heX 
A deficiency. Symptoms are Similar to those that character 
ize classical Tay-Sachs disease. There is also an adult onset 
form of the enzyme deficiency. Currently there is no cure or 
treatment for the disease/deficiency, only the preventative 
measure of in utero testing of the fetus for the disease. Thus, 
the compounds and compositions disclosed herein may be 
useful in ameliorating or preventing the destruction of the 
cells. 

0291 Niemann-Pick disease falls into three categories: 
the acute infantile form, Type B is a leSS common, chronic, 
non-neurological form, and Type C is a biochemically and 
genetically distinct form of the disease. In a normal indi 
vidual, cellular cholesterol is imported into lysosomes for 
processing, after which it is released. Cells taken from 
subjects with Niemann-Pick have been shown to be defec 
tive in releasing cholesterol from lysosomes. This leads to an 
excessive build-up of cholesterol inside lySOSomes, causing 
processing errors. NPC1 was found to have known sterol 
Sensing regions similar to those in other proteins, which 
Suggests it plays a role in regulating cholesterol traffic. No 
successful therapies have been identified for Types A and C 
forms of Neumann-Pick. For Type C, patients are recom 
mended to follow a low-cholesterol diet. Thus, the com 
pounds and compositions disclosed herein may be useful in 
ameliorating or preventing the destruction of the cells. 
0292 Gaucher's disease is an inherited illness caused by 
a gene mutation. Normally, this gene is responsible for an 
enzyme called glucocerebrosidase that the body needs to 
break down the fat, glucocerebroside. In patients with Gau 
cher's disease, the body is not able to properly produce this 
enzyme and the fat cannot be broken down. Like Tay-Sachs 
disease, Gaucher's disease is considerably more common in 
the descendants of Jewish people from Eastern Europe 
(Ashkenazi), although individuals from any ethnic group 
may be affected. Among the Ashkenazi Jewish population, 
Gaucher's disease is the most common genetic disorder, 
with an incidence of approximately 1 in 450 perSons. In the 
general public, Gaucher's disease affects approximately 1 in 
100,000 persons. 
0293. In 1991, enzyme replacement therapy became 
available as the first effective treatment for Gaucher's dis 
ease. The treatment consists of a modified form of the 
glucocerebrosidase enzyme given intravenously. It is con 
templated that the compositions and compounds disclosed 
herein can be used alone or more preferably in combination 
with glycocerebrosidase administration to treat the disease 
in an afflicted Subject. 
0294 Hurler's syndrome, also known as mucopolysac 
charidosis type I, is a class of overlapping diseases. These 
genetic diseases share in common the cellular accumulation 

Neuropathy 

Chronic Immune Demyelinating Polyneuropathy Onset between 1-80 years. 
(CIDP) 
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of mucopolysaccharides in fibroblasts. The diseases are 
genetically distinguishable. Fibroblast and bone marrow 
transplantation does not seem to be helpful, thus compounds 
and compositions useful in ameliorating disease Severity and 
progression are needed. The compounds and compositions 
disclosed herein may be administered to a Subject to ame 
liorate disease progression and/or Severity. 

0295 Krabbe's disease (also known as Globoid cell 
leukodystrophy) is an autosomal recessive condition result 
ing from galactosylceramidase (or galactocerebrosidase) 
deficiency, a lySOSomal enzyme that catabolises a major lipid 
component of myelin. Incidence in France is an estimated 
1:150,000 births. The disease leads to demyelination of the 
central and peripheral nervous System. Onset generally 
occurs during the first year of life and the condition is 
rapidly progressive, but juvenile, adolescent or adult onset 
forms have also been reported, with a more variable rate of 
progression. Diagnosis is established from enzyme assay 
(galactosylceramidase deficiency). There are several natural 
animal models (mouse, dog, monkey). Krabbe's disease, 
like all leukodystrophies, has no known cures or effective 
treatments. One embodiment of the instant invention is to 
use the compositions and compounds disclosed herein to 
treat or ameliorate Krabbe's disease and other leukodystro 
phies. 

0296) Leukodystrophies are a group of genetically deter 
mined progressive disorders that affect the brain, Spinal cord 
and peripheral nerves. They include adrenoleukodystrophy 
(ALD), adrenomyeloneuropathy (AMN), Aicardi-Goutiers 
Syndrome, Alexander's disease, CACH (i.e., childhood 
ataxia with central nervous System hypomyelination or 
vanishing white matter disease), CADASIL (i.e., cerebral 
autosomal dominant arteriopathy with Subcortical infarcts 
and leukoencephalopathy), Canavan disease (Spongy degen 
eration), Cerebrotendinous Xanthomatosis (CTX), Krabbe's 
disease (discussed above), metachromatic leukodystrophy 
(MLD), neonatal adrenoleukodystrophy, ovarioleukodystro 
phy syndrome, Pelizaeus-Merzbacher disease (X-linked 
Spastic paraglegia), RefSum disease, Van der Knaap Syn 
drome (Vaculating leukodystrophy with Subcortical cysts) 
and Zellweger Syndrome. None of the diseases have effec 
tive treatments let alone cures. Consequently, means of 
treating or ameliorating the Symptoms of the disease, Such as 
by using the compositions and compounds disclosed herein, 
is needed. 

0297 3.3. Neuropathies with Abnormal Myelination 
0298. A variety of chronic immune polyneuropathies 
exist which result in demyelination in the patient. The age of 
onset for the conditions varies by condition. Standard treat 
ments for these diseases exist and could be combined with 
the compositions and compounds disclosed herein. Alterna 
tively, the compositions and compounds disclosed can be 
used alone. Existing Standard therapies include the follow 
Ing: 

TABLE 2 

Clinical Features Treatment 

T-cell immunosuppression 
Characterized by weakness, sensory with prednisone, cyclosporine 

A or methotrexate, HIG, 
plasma exchange 

loss, and nerve hypertrophy. 
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TABLE 2-continued 

Neuropathy Clinical Features 

Multifocal CIDP 
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Treatment 

Onset between 28 to 58 years and T cell immunosuppression 
characterized by asymmetric with prednisone 

weakness, sensory loss with a course Human immunoglobulin 
that is slowly progressive or 
relapsing-remitting. 

Multifocal Motor Neuropathy (MMN) Onset ranges from 25 to 70 years, HG 

(HIG) 

with twice as many men as women. B cell immunosuppression 
Features include weakness, muscle with plasma exchange 
atrophy, fasciculations, and cramps cyclophosphamide, 
which are progressive over 1-30 
years. 

Neuropathy with IgM binding to Myelin 
Associated Glycoprotein (MAG) 

Rituxan. 

Onset is usually over age 50 and is B-cell immunosuppression 
characterized by sensory loss (100%), plasma exchange 
weakness, gain disorder, tremor cyclophosphamide 
which is all slowly progressive. 

GALOPSyndrome (Gait disorder, Autoantibody, Agait disorder with polyneuropathy HIG 
Late-age, Onset, Polyneuropathy) 

POEMS Syndrome (Polyneuropathy, 
Organomegaly, Endocrinopathy, M-Protein and 
Skin changes) also known as Crow-Fukase 
Syndrome and Takatsuki disease 

0299 3.4. Drug and Radiation Induced Demyelination 
0300 Certain drugs and radiation can induce demyelina 
tion in Subjects. Drugs that are responsible for demyelina 
tion include but are not limited to chloroquine, FK506, 
perhexiline, procainamide, and Zimeldine. 
0301 Radiation also can induce demyelination. Central 
nervous system (CNS) toxicity due to radiation is believed 
to be cause by (1) damage to vessel structures, (2) deletion 
of oligodendrocyte-2 astrocyte progenitors and mature oli 
godendrocytes, (3) deletion of neural stem cell populations 
in the hippocampus, cerebellum and cortex, and generalized 
alterations of cytokine expression. Most radiation damage 
results from radiotherapies administered during the treat 
ment of certain cancers. See for review Belka et al., 2001 Br: 
J. Cancer 85: 1233-9. However, radiation exposure may also 
be an issue for astronauts (Hopewell, 1994 Adv. Space Res. 
14:433-42) as well as in the event of exposure to radioactive 
Substances. 

0302) Patients who have received drugs or been exposed 
accidentally or intentionally to radiation may experience a 
benefit by administered one of the compounds or composi 
tions disclosed herein to prevent demyelination or to pro 
mote remyelination. 
0303 3.5. Hereditary Conditions Involving Demyelina 
tion 

0304 Additional inherited syndromes/diseases that result 
in demyelination include Cockayne's Syndrome, congenital 
hypomyelinating, Farber's disease, metachromatic leukod 
yStrophy, Peliszaeus-Merzbacher disease, RefSum, prion 
related conditions and Salla disease. 

0305 Cockayne's syndrome (CS) is a rare inherited 
disorder in which people are Sensitive to Sunlight, have short 
Stature and have the appearance of premature aging. In the 
classical form of Cockayne's Syndrome (Type I), the Symp 

Onset occurs between 27 and 80 
years with weakness, sensory loss, 
reduced or absent tendon reflexes, 
skin disorders and other features. 

Rituxan. 
C-interferon 
cladribine or fludarabine 
prednisone 

Plasma exchange 
cyclophosphamide 
Osteosclerotic lesions are 
treated with irradiation. 
Widespread lesions with 
chemotherapy (Melphalan and 
prednisone). 

toms are progressive and typically become apparent after the 
age of one year. An early onset or congenital form of 
Cockayne's Syndrome (Type II) is apparent at birth. Inter 
estingly, unlike other DNA repair diseases, Cockayne's 
Syndrome is not linked to cancer. CS is a multi-System 
disorder that causes both profound growth failure of the 
Soma and brain and progressive cachexia, retinal, cochlear, 
and neurologic degeneration, with a leukodystrophy and 
demyelinating neuropathy without an increase in cancer. 
After exposure to UV (e.g., Sunlight), Subjects with Cock 
ayne's Syndrome can no longer perform transcription 
coupled repair. Two genes defective in Cockayne's Syn 
drome, CSA and CSB, have been identified so far. The CSA 
gene is found on chromosome 5. Both genes code for 
proteins that interacts with components of the transcriptional 
machinery and with DNA repair proteins. 

0306 To date, no cures or effective treatments for 
patients with this disease have been identified. Thus, one 
aspect of the invention is treatment of this disease with the 
compounds and compositions disclosed herein. 
0307 Congenital hypomyelination has several names 
including congenital dysmyelinating neuropathy, congenital 
hypomyelinating polyneuropathy, congenital hypomyelina 
tion (Onion Bulb) polyneuropathy, congenital hypomyeli 
nation neuropathy, congenital neuropathy caused by hypo 
myelination, hypomyelination neuropathy and CHN. 
Hereditary peripheral neuropathies, among the most com 
mon genetic disorders in humans, are a complex, clinically 
and genetically heterogeneous group of disorders that pro 
duce progressive deterioration of the peripheral nerves. 
Congenital hypomyelination is one of a group of disorders. 
This group includes hereditary neuropathy with liability to 
preSSure palsies, Charcot-Marie-Tooth disease, Dejerine 
Sottas Syndrome, and congenital hypomyelinating neuropa 
thy. There are no known cures or effective treatments for any 
of these disorders. 
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0308 Farber's disease has several names include: Farber 
lipogranulomatosis, ceremidase deficiency, acid ceramidase 
deficiency, AC deficiency, N-laurylsphingosine deacylase 
deficiency, and N-acylsphingosine amidohydrolase. AS cer 
tain names reveal, the disease occurs due to a deficiency of 
acid ceramidase (also known as N-acylsphingosine ami 
dohydrolase, ASAH). The lack of the enzyme results in an 
accumulation of non-Sulfonated acid mucopolysaccharide in 
the neurons and glial cells. Patients with the disease usually 
die before the age of 2 years. 
0309 Metachromatic leukodystrophy (MLD) is a genetic 
disorder caused by a deficiency of the enzyme arylsulfatase 
A. It is one of a group of genetic disorders called the 
leukodystrophies that affect growth of the myelin sheath. 
There are three forms of MLD: late infantile, juvenile, and 
adult. In the late infantile form, which is the most common, 
onset of Symptoms begins between ages 6 months and 2 
years. The infant is usually normal at birth, but eventually 
loses previously gained abilities. Symptoms include hypo 
tonia (low muscle tone), Speech abnormalities, loss of men 
tal abilities, blindness, rigidity (i.e., uncontrolled muscle 
tightness), convulsions, impaired Swallowing, paralysis, and 
dementia. Symptoms of the juvenile form begin between 
ages 4 and 14, and include impaired School performance, 
mental deterioration, ataxia, Seizures, and dementia. In the 
adult form, Symptoms, which begin after age 16, may 
include impaired concentration, depression, psychiatric dis 
turbances, ataxia, tremor, and dementia. Seizures may occur 
in the adult form, but are less common than in the other 
forms. In all three forms mental deterioration is usually the 
first sign. 
0310 Peliszaeus-Merzbacher disease (also known as 
perinatal Sudanophilic leukodystrophy) is an X-linked 
genetic disorder that causes an abnormality of a proteolipid 
protein. The abnormality results in an infant's death typi 
cally before the age of one year. There are no known 
treatments or cures for the disease. 

0311 Refsum disease (also referred to as phytanic acid 
oxidase deficiency, heredopathia atactica polyneuritiformis 
or hereditary motor and sensory neuropathy IV, HMSN IV) 
is caused by mutations in the gene, which encodes 
phytanoyl-CoA hydroxylase (PAHX or PHYH). The major 
clinical features are retinitis pigmentosa, chronic polyneur 
opathy and cerebellar Signs. Phytanic acid, an unusual 
branched chain fatty acid (3,7,11,15-tetramethyl-hexade 
canoic acid) accumulates in the tissues and body fluids of 
patients with the disease and is unable to be metabolised due 
to the lack of PAHX. Plasmapheresis performed once or 
twice monthly effectively removes the acid from the body 
and permits liberalization of dietary restrictions limiting 
phytanic acid intake. 
0312 Prion related conditions include Gerstmann 
Straussler disease (GSD), Creutzfeldt-Jakob disease (CJD), 
familial fatal insomnia and aberrant isoforms of the prion 
protein can act as infectious agents in these disorders as well 
as in kuru and Scrapie (a disease found in sheep). The term 
prion derives from “protein infectious agent” (Prusiner, 
Science 216: 136-44, 1982). There is a proteolytic cleavage 
of the prion related protein (PRP) which results in an 
amyloidogenic peptide that polymerises into insoluble fibrils 

0313 Salla disease and other types of sialurias are dis 
eases involving problems with Sialic acid Storage. They are 
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autosomal recessive neurodegenerative disorders that may 
present as a severe infantile form (i.e., ISSD) or as a slowly 
progressive adult form that is prevalent in Finland (i.e., Salla 
disease). The main Symptoms are hypotonia, cerebellar 
ataxia and mental retardation. These conditions and diseases 
are also contemplated for palliative or ameliorating treat 
mentS. 

0314 3.6. Other Demyelinating Conditions 
0315 Other conditions that result in demyelination 
include post-infectious encephalitis (also known as acute 
disseminated encephalomyelitis, ADEM), meningitis and 
injuries to the Spinal cord. The compositions and compounds 
disclosed herein are also contemplated for use in treating 
these other demyelinating conditions. 
0316 4. Remyelinating Agents 
0317. According to the present invention, the remyeli 
nating agents can be Selected from agents that Specifically 
bind to alpha-4-integrins. Various types of agents with the 
ability to bind to and inhibit alpha-4 integrin may be 
remyelinating agents and thus may be used in the practice of 
the invention. Many Such alpha-4-integrin antagonists have 
been identified and characterized, and Specific agents are 
described below. These alpha-4-integrin antagonists may be 
Screened for remyelination activity. Specifically, these 
agents may include both Small compounds and polypeptides 
(e.g., immunoglobulins). Given the teachings disclosed 
herein, one skilled in the art will be able to identify other 
agents that will be able to inhibit the alpha-4-comprising 
integrin dimers in a manner that biologically mimics or is 
Similar to the Specifically described agents to inhibit demy 
elination and/or promote remyelination and/or reduce 
paraylsis. The present invention is intended to include the 
chronic administration of Such agents. AS it is also contem 
plated to include combinations of agents, discussion of 
agents other than Small compounds is also provided. 
0318) 4.1. Compounds 
0319 Various compounds have been identified as agents, 
which interfere with VLA-4 and VCAM-1 binding. Certain 
of these compounds, when administered to a patient in an 
effective amount inhibit demyelination and/or promote 
remyelination and/or reduce paralysis. Compounds accord 
ing to the present invention include compounds within 
formulae I, IA, IB, IC, II, IIA, and IIB described in section 
4.1.1. below. 

0320 4.1.1. Compounds of Formula I and Formula II 
0321) In one aspect, the compounds that can be utilized 
as remylleinating agents are compounds defined by formula 
I below. These compounds have a binding affinity to VLA-4 
as expressed by an ICso of about 15 uM or less (measured 
as described in Example A below) and act as remyleinating 
agents: 

O R3 R5 O 

R1-S-N-CH-O-CH-C 

O R2 OH 



0322) 
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wherein 

0323) R' is selected from the group consisting of 
alkyl, Substituted alkyl, aryl, Substituted aryl, 
cycloalkyl, Substituted cycloalkyl, heterocyclic, Sub 
Stituted heterocylic, heteroaryl and Substituted het 
eroaryl; 

0324 R is selected from the group consisting of 
hydrogen, alkyl, cycloalkyl, Substituted cycloalkyl, 
cycloalkenyl, Substituted cycloalkenyl, heterocyclic, 
Substituted heterocyclic, Substituted alkyl, aryl, Sub 
stituted aryl, heteroaryl, substituted heteroaryl, and 
R and R together with the nitrogen atom bound to 
R° and the SO. group bound to R' can form a 
heterocyclic or a Substituted heterocyclic group; 

0325 R is selected from the group consisting of 
hydrogen, alkyl, Substituted alkyl, cycloalkyl, Sub 
Stituted cycloalkyl, aryl, Substituted aryl, heteroaryl, 
Substituted heteroaryl, heterocyclic, Substituted het 
erocyclic and, when R does not form a heterocyclic 
group with R', R and R together with the nitrogen 
atom bound to R and the carbon atom bound to R 
can form a heterocyclic or a Substituted heterocyclic 
grOup, 

0326 R is -(CH)-Ar-R" where R is 
selected from the group consisting of-O-Z-NRR 
and-O-Z-R" wherein Rand Rare independently 
Selected from the group consisting of hydrogen, 
alkyl, Substituted alkyl, cycloalkyl, Substituted 
cycloalkyl, heterocyclic, Substituted heterocyclic, 
and where R and R are joined to form a hetero 
cycle or a substituted heterocycle, R is selected 
from the group consisting of heterocycle and Substi 
tuted heterocycle, and Z is Selected from the group 
consisting 10 of -C(O)- and -SO-; 
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wherein: 

0333) R' is selected from the group consisting of 
alkyl, Substituted alkyl, aryl, Substituted aryl, 
cycloalkyl, Substituted cycloalkyl, heterocyclic, Sub 
Stituted heterocylic, heteroaryl and Substituted het 
eroaryl; 

0334) R is selected from the group consisting of 
hydrogen, alkyl, cycloalkyl, Substituted cycloalkyl, 
cycloalkenyl, Substituted cycloalkenyl, heterocyclic, 
Substituted heterocyclic, Substituted alkyl, aryl, Sub 
stituted aryl, heteroaryl, substituted heteroaryl, and 
R and R together with the nitrogen atom bound to 
R° and the SO. group bound to R' can form a 
heterocyclic or a Substituted heterocyclic group; 

0335) R is selected from the group consisting of 
hydrogen, alkyl, Substituted alkyl, cycloalkyl, Sub 
Stituted cycloalkyl, aryl, Substituted aryl, heteroaryl, 
Substituted heteroaryl, heterocyclic, Substituted het 
erocyclic and, when R does not form a heterocyclic 
group with R', R and R together with the nitrogen 
atom bound to R and the carbon atom bound to R 
can form a heterocyclic or a Substituted heterocyclic 
grOup, 

0336 R is -(CH-)-Ar-R where R is 
selected from the group consisting of-O-Z-NRR 
and-O-Z-R" wherein RandR are independently 
Selected from the group consisting of hydrogen, 
alkyl, Substituted alkyl, cycloalkyl, Substituted 
cycloalkyl, heterocyclic, Substituted heterocyclic, 
and where R and R are joined to form a hetero 
cycle or a substituted heterocycle, R is selected 
from the group consisting of heterocycle and Substi 
tuted heterocycle, and Z is Selected from the group 
consisting of -C(O)- and -SO-; 0327) Ar is aryl, heteroaryl, substituted aryl or Sub 

Stituted heteroaryl; 0337 Ar is aryl, heteroaryl, substituted aryl or Sub 
0328 x is an integer of from 1 to 4; Stituted heteroaryl; 

0329 Q is –C(X)NR'- wherein R7 is selected 
from the group consisting of hydrogen and alkyl, and 
X is Selected from the group consisting of oxygen 
and Sulfur, 

0330 
0331 In another embodiment, the compounds can be 
provided as prodrugs which convert (e.g., hydrolyze, 
metabolize, etc.) in Vivo to a compound of formula I above. 
In a preferred example of Such an embodiment, the carboxy 
lic acid group of the compound of formula I is modified into 
a group which, in Vivo, will convert to a carboxylic acid 
group (including salts thereof). In a particularly preferred 
embodiment, Such prodrugs are represented by compounds 
of formula IA: 

0338 X is an integer of from 1 to 4; 
0339) R' is selected from the group consisting of 
2,4-dioxo-tetrahydrofuran-3-yl (3,4-enol), amino, 
alkoxy, Substituted alkoxy, cycloalkoxy, Substituted 
cycloalkoxy, -O-(N-succinimidyl), -NH-ada 
mantyl, -O-cholest-5-en-3-3-yl, -NHOY where Y 
is hydrogen, alkyl, Substituted alkyl, aryl, and Sub 
stituted aryl, -NH(CH2)COOY where p is an inte 
ger of from 1 to 8 and Y is as defined above, 
–OCHNR'R' where R is selected from the group 
consisting of -C(O)-aryl and -C(O)-substituted 
aryland R' is selected from the group consisting of 
hydrogen and -CHCOOR' where R'' is alkyl, 
and -NHSOZ where Z is alkyl, Substituted alkyl, 
cycloalkyl, Substituted cycloalkyl, aryl, Substituted 
aryl, heteroaryl, Substituted heteroaryl, heterocyclic 
and Substituted heterocyclic, 

0340 Q is –C(X)NR7- wherein R7 is selected 
from the group consisting of hydrogen and alkyl, and 
X is Selected from the group consisting of oxygen 
and Sulfur, 

0341 

and pharmaceutically acceptable Salts thereof. 

IA 
O R3 R5 O 

R1-S-N-CH-O-CH-C-R6 

O R2 

and pharmaceutically acceptable Salts thereof 
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0342 with the following provisos 
0343 (A) when R and R together with the SO 
group pendent to R' and the nitrogen pendent to R 
form a saccharin-2-yl group, R is -CH3, R is 
p-(CH)NC(O)O-benzyl and Q is -C(O)NH 
then R is not-OC(CH); 

0344 (B) when R is p-methylphenyl, R and R 
together with the nitrogen atom pendent to R and 
the carbon atom pendent to R form a pyrrodinyl ring 
derived from D-proline; R is p-(4-methylpiperazin 
1-yl)NC(O)O-benzyl derived from D-phenylalanine 
and Q is -C(O)NH- then R is not-OC(CH4); 

0345 (C) when R is pyrimidin-2-yl, R and R 
together with the nitrogen atom bound to R and the 
carbon atom bound to R form a pyrrolidinyl ring, R 
is p-(CH)NC(O)O-benzyl and Q is 
-C(O)NH- then R is not-OC(CH4); and 

0346) (D) when R' is p-methylphenyl, RandR together 
with the nitrogen atom pendent to R and the carbon atom 
pendent to R form a (2S)-piperazin-2-carbonyl ring; R is 
p-(CH4).NC(O)O-benzyl and Q is-C(O)NH-then R is 
not-OC(CH). 
0347. Further description of the compounds of the above 
formulae I and IA and procedures and reaction conditions 
for preparing these compounds are described in U.S. Ser. 
No. 09/126,958 (filed Jul. 31, 1998 and issued as U.S. Pat. 
No. 6,489,300), herein incorporated by reference in their 
entirety. 
0348 Preferably, in the compounds of formula I and IA 
above, R is selected from the group consisting of alkyl, 
Substituted alkyl, aryl, Substituted aryl, heterocyclic, Substi 
tuted heterocylic, heteroaryl and Substituted heteroaryl. 
More preferably R' is selected from the group consisting of 
aryl, Substituted aryl, heteroaryl and Substituted heteroaryl. 
0349 Preferably R', in the compounds of formula I and 
IA above is Selected from the group consisting of phenyl, 
4-methylphenyl, 4-t-butylphenyl, 2,4,6-trimethylphenyl, 
2-fluorophenyl, 3-fluorophenyl, 4-fluorophenyl, 2,4-difluo 
rophenyl, 3,4-difluorophenyl, 3,5-difluorophenyl, 2-chlo 
rophenyl, 3-chlorophenyl, 4-chlorophenyl, 3,4-dichlorophe 
nyl, 3,5-dichlorophenyl, 3-chloro-4-fluorophenyl, 
4-bromophenyl, 2-methoxyphenyl, 3-methoxyphenyl, 
4-methoxyphenyl, 3,4-dimethoxyphenyl, 4-t-butoxyphenyl, 
4-(3'-dimethylamino-n-propoxy)-phenyl, 2-carboxyphenyl, 
2-(methoxycarbonyl)phenyl, 4-(HNC(O)-)phenyl, 
4-(H2NC(S)-)phenyl, 4-cyanophenyl, 4-trifluoromethylphe 
nyl, 4-trifluoromethoxyphenyl, 3,5-di-(trifluoromethyl)phe 
nyl, 4-nitrophenyl, 4-aminophenyl, 4-(CH3C(O)NH-)phe 
nyl, 4-(PhNHC(O)NH-)phenyl, 4-amidinophenyl, 
4-methylamidinophenyl, 4-(CHSC(=NH)-)phenyl, 
4-chloro-3-(HNS(O)-)phenyl, 1-naphthyl, 2-naphthyl, 
pyridin-2-yl, pyridin-3-yl, pyrimidin-2-yl, quinolin-8-yl, 
2-(trifluoroacetyl)-1,2,3,4-tetrahydroisoquinolin-7-yl, mor 
pholin-4-yl, 2-thienyl, 5-chloro-2-thienyl, 2,5-dichloro-4- 
thienyl, 1-N-methylimidazol-4-yl, 1-N-methylpyrazol-3-yl, 
1-N-methylpyrazol-4-yl, 1-N-butylpyrazol-4-yl, 1-N-me 
thyl-3-methyl-5-chloropyrazol-4-yl, 1-N-methyl-5-methyl 
3-chloropyrazol-4-yl, 2-thiazolyl and 5-methyl-1,3,4-thia 
diazol-2-yl. 
0350 Preferably, R, in the compounds of formula I and 
IA above is Selected from the group consisting of methyl, 
benzyl, -(CH2)-2-thienyl, and -(CH2)-(p. 
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0351). In one preferred embodiment, R and R, in the 
compounds of formula I and IA above together with the 
nitrogen atom bound to the R substituent and the carbon 
bound to the R substituent form a heterocyclic group or a 
Substituted heterocyclic group of 4 to 6 ring atoms having 1 
to 2 heteroatoms in the ring Selected from the group con 
Sisting of nitrogen, oxygen and Sulfur which ring is option 
ally substituted with 1 to 2 substituents selected from the 
group consisting of fluoro, methyl, hydroxy, OXO (=O), 
amino, phenyl, thiophenyl, thiobenzyl, (thiomorpholin-4- 
yl)C(O)O-, CHS(O)- and CHS(O)O-, or can be 
fused to another ring Such as a phenyl or cycloalkyl ring to 
provide for a fused ring heterocycle of from 10 to 14 ring 
atoms having 1 to 2 heteroatoms in the ring Selected from the 
group consisting of nitrogen, oxygen and Sulfur. Such het 
erocyclic rings include azetidinyl (e.g., L-aZetidinyl), thia 
Zolidinyl (e.g., L-thiazolidinyl), piperidinyl (e.g., L-piperidi 
nyl), piperazinyl (e.g., L-piperazinyl), dihydroindolyl (e.g., 
L-2,3-dihydroindol-2-yl), tetrahydroquinolinyl (e.g., L-1,2, 
3,4-tetrahydroquinolin-2-yl), thiomorpholinyl (e.g., L-thio 
morpholin-3-yl), pyrrolidinyl (e.g., L-pyrrolidinyl), Substi 
tuted pyrrolidinyl Such as 4-hydroxypyrrolidinyl (e.g., 4-O- 
(or f3-)hydroxy-L-pyrrolidinyl), 4-oxopyrrolidinyl (e.g., 
4-oxo-L-pyrolidinyl), 4-fluoropyrrolidinyl (e.g., 4-O-(or 
f-)fluoro-L-pyrrolidinyl),4,4-difluoropyrrolidinyl (e.g., 4.4- 
difluoro-L-pyrrolidinyl), 4-(thiomorpholin-4-ylC(O)O-)pyr 
rolidinyl (e.g., 4-O-(or B-)-(thiomorpholin-4-ylC(O)O-)-L- 
pyrrolidinyl, 4-(CH3S(O)-O-)pyrrolidinyl (e.g., 4-O-(or 
B-)(CH3S(O)-O-)-L-pyrrolidinyl, 3-phenylpyrrolidinyl 
(e.g., 3-O-(or f3-)phenyl-L-pyrrolidinyl), 3-thiophenylpyrro 
lidinyl (e.g., 3-O-(or f3-)-thiophenyl-L-pyrrolidinyl), 4-ami 
nopyrrolidinyl (e.g., 4-O-(or f3-)amino-L-pyrrolidinyl), 
3-methoxypyrrolidinyl (e.g., 3-O-(or f3-)methoxy-L-pyrro 
lidinyl), 4,4-dimethylpyrrolidinyl, Substituted piperazinyl 
Such as 4-N-Cbz-piperazinyl and 4-(CHS(O)-)piperazinyl, 
substituted thiazolidinyl such as 5,5-dimethylthiazolindin 
4-yl, 1,1-dioxo-thiazolidinyl (e.g., L-1,1-dioxo-thiazolidin 
2-yl), Substituted 1,1-dioxo-thiazolidinyl Such as L-1,1-di 
oxo-5,5-dimethylthiazolidin-2-yl, 1,1-dioxothiomorpholinyl 
(e.g., L-1,1-dioxo-thiomorpholin-3-yl) and the like. 
0352 Q, in the compounds of formula I and IA above, is 
preferably -C(O)NH- or -C(S)NH-. 
0353. In the compounds of formula I and IA above, Ar is 
preferably aryl or Substituted aryland, even more preferably, 
is phenyl or substituted phenyl. Preferably, X is 1. 
0354) In the compounds of formula I and IA above, R is 
preferably Selected from all possible isomers arising by 
Substitution with the following groups: 

0355) 3-(CH)NC(O)O-benzyl, 
0356 4-(CH)NC(O)O-benzyl, 
0357 4-(piperidin-1'-yl)C(O)O-benzyl, 
0358) 4-(piperidin-4-yl)C(O)O-benzyl, 
0359) 4-(1'-methylpiperidin-4-yl)C(O)O-benzyl, 
0360 4-(4-hydroxypiperidin-1'-yl)C(O)O-benzyl, 
0361 4-(4-formyloxypiperidin-1'-yl)C(O)O-benzyl, 
0362) 4-(4-ethoxycarbonylpiperidin-1'-yl)C(O)O- 
benzyl, 

0363 4-(4-carboxylpiperidin-1'-yl)C(O)O-benzyl, 
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TABLE 3-continued 

O R3 O R5 O 

R1-S-N-CH-C-N-CH-C-R6 

O R2 

R R2 R3 

R/R = cyclic 
-CH2-S-C(CH)- 

(L-5,5-dimethylthiazolidin-4-yl) 
R/R = cyclic 

-CH2-S-C(CH)- 
(L-5,5-dimethylthiazolidin-4-yl) 

R/R = cyclic 
-CH2-S-C(CH)- 

(L-5,5-dimethylthiazolidin-4-yl) 
R/R = cyclic 

-CH2-S-C(CH)- 
(L-5,5-dimethylthiazolidin-4-yl) 

R/R = cyclic 
-CH2-S-C(CH)- 

(L-5,5-dimethylthiazolidin-4-yl) 

1-methylpyrazol-4-yl 

1-methylpyrazol-4-yl 

pyridin-3-yl 

pyridin-3-yl 

pyridin-3-yl 

1128) In a preferred embodiment of the compounds of 
formula I and IA, the compounds are defined by formula IB 
below: 

IB 
R15 

O 
1. 2 

Air N.4 O O Air N's 
O N O 

R 121 N YR 14 
H 

R13 O 

1129 wherein: 
1130) Ar' is selected from the group consisting of 
aryl, Substituted aryl, heteroaryl, and Substituted 
heteroaryl; 

1131) Ar is selected from the group consisting of 
aryl, Substituted aryl, heteroaryl and Substituted het 
eroaryl; 

1132) R' is selected from the group consisting of 
alkyl, Substituted alkyl, cycloalkyl, and Substituted 
cycloalkyl or R'' and R' together with the nitrogen 
atom bound to R'' and the carbon atom bound to R' 
form a heterocyclic or Substituted heterocyclic 
grOup, 

1133) R' is selected from the group consisting of 
hydrogen, alkyl, and substituted alkyl, or R and 
R together with the nitrogen atom bound to R' and 
the carbon atom bound to R' form a heterocyclic or 
Substituted heterocyclic group; 

1134) R' is selected from the group consisting of 
hydrogen, alkyl, Substituted alkyl, cycloalkyl, Sub 
Stituted cycloalkyl, aryl, and Substituted aryl; 

1135) R' is selected from the group consisting of 
alkyl, and substituted alkyl, or R'' and R' together 

with the nitrogen atom to which they are bound form 
a heterocyclic or Substituted heterocyclic group; 

1136) R' is selected from the group consisting of 
alkyl and substituted alkyl or R'' and R' together 
with the nitrogen atom to which they are bound form 
a heterocyclic or Substituted heterocyclic group; and 

1137 Y is selected from the group consisting of 
O-, -NR' , and -CH2- wherein R' is 

hydrogen or alkyl, 

1138 and pharmaceutically acceptable salts thereof. 
1139 Preferably, in the compounds of formula IB above, 
R' is alkyl, substituted alkyl, or R'' and R' together with 
the nitrogen atom bound to R' and the carbon atom bound 
to R' form a heterocyclic or substituted heterocyclic group. 
Preferably, in the compounds of formula IB above, R' is 
hydrogen or alkyl. 
1140 Preferably, in the compounds of formula IB above, 
Ar' is selected from the group consisting of phenyl, 4-me 
thylphenyl, 4-t-butylphenyl, 2,4,6-trimethylphenyl, 2-fluo 
rophenyl, 3-fluorophenyl, 4-fluorophenyl, 2,4-difluorophe 
nyl, 3,4-difluorophenyl, 3,5-difluorophenyl, 2-chlorophenyl, 
3-chlorophenyl, 4-chlorophenyl, 3,4-dichlorophenyl, 3.5- 
dichlorophenyl, 3-chloro-4-fluorophenyl, 4-bromophenyl, 
2-methoxyphenyl, 3-methoxyphenyl, 4-methoxyphenyl, 
3,4-dimethoxyphenyl, 4-t-butoxyphenyl, 4-(3'-dimethy 
lamino-n-propoxy)-phenyl, 2-carboxyphenyl, 2-(methoxy 
carbonyl)phenyl, 4-(H2NC(O)-)phenyl, 4-(H2NC(S)-)phe 
nyl, 4-cyanophenyl, 4-trifluoromethylphenyl, 
4-trifluoromethoxyphenyl, 3,5-di-(trifluoromethyl)phenyl, 
4-nitrophenyl, 4-aminophenyl, 4-(CHC(O)NH-)phenyl, 
4-(PhNHC(O)NH-)phenyl, 4-amidinophenyl, 4-methyla 
midinophenyl, 4-CHSC(=NH)-phenyl, 4-chloro-3- 
HNS(O)-phenyl, 1-naphthyl, 2-naphthyl, pyridin-2-yl, 
pyridin-3-yl, pyridine-4-yl, pyrimidin-2-yl, quinolin-8-yl, 
2-(trifluoroacetyl)-1,2,3,4-tetrahydroisoquinolin-7-yl, 
2-thienyl, 5-chloro-2-thienyl, 2,5-dichloro-4-thienyl, 1-N- 
methylimidazol-4-yl, 1-N-methylpyrazol-3-yl, 1-N-meth 
ylpyrazol-4-yl, 1-N-butylpyrazol-4-yl, 1-N-methyl-3-me 
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1156 Rf is selected from the group consisting of 
hydrogen, alkyl, Substituted alkyl, cycloalkyl, Sub 
Stituted cycloalkyl, cycloalkenyl, Substituted 
cycloalkenyl, heterocyclic, Substituted heterocyclic, 
aryl, Substituted aryl, heteroaryl, Substituted het 
eroaryl, and R and R’ together with the nitrogen 
atom bound to Rf and the SO, group bound to R' 
can form a heterocyclic or a Substituted heterocyclic 
grOup, 

1157 R’ is selected from the group consisting of 
hydrogen, alkyl, Substituted alkyl, cycloalkyl, Sub 
Stituted cycloalkyl, aryl, Substituted aryl, heteroaryl, 
Substituted heteroaryl, heterocyclic, Substituted het 
erocyclic and where Rf and R together with the 
nitrogen atom bound to Rf and the carbon atom 
bound to Rican form a saturated heterocyclic group 
or a Saturated Substituted heterocyclic group with the 
proviso that when monosubstituted, the substituent 
on Said Saturated Substituted heterocyclic group is 
not carboxyl, 

1158 Q is –C(X)NR'— wherein R7 is selected 
from the group consisting of hydrogen and alkyl, 

1159 X is selected from the group consisting of 
oxygen and Sulfur, and 

1160 R’ is -CHAr’-R where Ar’ is aryl or 
heteroaryl and R is selected from the group con 
Sisting of aryl, heteroaryl, Substituted aryl, Substi 
tuted heteroaryl, heterocyclic, Substituted heterocy 
clic, aryloxy, Substituted aryloxy, aralkoxy, 
Substituted aralkoxy, heteroaryloxy, Substituted het 
eroaryloxy, heterocyclic-O-, Substituted heterocy 
clic-O-, heteroaralkoxy, and Substituted het 
eroaralkoxy, 

1161 and pharmaceutically acceptable Salts thereof. 
1162. In another embodiment, the compounds of this 
invention can also be provided as prodrugs which convert 
(e.g., hydrolyze, metabolize, etc.) in Vivo to a compound of 
formula II above. In a preferred example of such an embodi 
ment, the carboxylic acid in the compound of formula II is 
modified into a group which, in Vivo, will convert to the 
carboxylic acid (including Salts thereof). In a particularly 
preferred embodiment, Such prodrugs are represented by 
compounds of formula IIA: 

IA 
R23 O 

H R25 

1163 where 
1164) R' is selected from the group consisting of 
alkyl, Substituted alkyl, aryl, Substituted aryl, 
cycloalkyl, Substituted cycloalkyl, heterocyclic, Sub 
Stituted heterocylic, heteroaryl and Substituted het 
eroaryl; 

1165 R’ is selected from the group consisting of 
hydrogen, alkyl, Substituted alkyl, cycloalkyl, Sub 
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Stituted cycloalkyl, cycloalkenyl, Substituted 
cycloalkenyl, heterocyclic, Substituted heterocyclic, 
aryl, Substituted aryl, heteroaryl, and Substituted 
heteroaryl, and R'' and R’ together with the nitro 
gen atom bound to Rf and the SO, group bound to 
R' can form a heterocyclic or a substituted hetero 
cyclic group; 

1166 R is selected from the group consisting of 
hydrogen, alkyl, Substituted alkyl, cycloalkyl, Sub 
Stituted cycloalkyl, aryl, Substituted aryl, heteroaryl, 
Substituted heteroaryl, heterocyclic, and Substituted 
heterocyclic, and R’ and R together with the 
nitrogen atom bound to R' and the carbon atom 
bound to Rican form a saturated heterocyclic group 
or a Saturated Substituted heterocyclic group with the 
proviso that when monosubstituted, the substituent 
on Said Saturated Substituted heterocyclic group is 
not carboxyl, 

1167 R’ is -CHAr’-R" where Ar’ is aryl or 
heteroaryl and R is selected from the group con 
Sisting of aryl, heteroaryl, Substituted aryl, Substi 
tuted heteroaryl, heterocyclic, Substituted heterocy 
clic, aryloxy, Substituted aryloxy, aralkoxy, 
Substituted aralkoxy, heteroaryloxy, Substituted het 
eroaryloxy, heterocyclic-O-, Substituted heterocy 
clic-O-, heteroaralkoxy, and Substituted het 
eroaralkoxy, 

1168) R' is selected from the group consisting of 
2,4-dioxo-tetrahydrofuran-3-yl (3,4-enol), amino, 
alkoxy, Substituted alkoxy, cycloalkoxy, Substituted 
cycloalkoxy, -O-(N-succinimidyl), -NH-ada 
mantyl, -O-cholest-5-en-3-3-yl, -NHOY where Y 
is hydrogen, alkyl, Substituted alkyl, aryl, and Sub 
stituted aryl, -NH(CH2)COOY where p is an inte 
ger of from 1 to 8 and Y is as defined above, 
- OCH2NR'R' where R’ is selected from the 
group consisting of -C(O)-aryland-C(O)-substi 
tuted aryl and R is selected from the group con 
sisting of hydrogen and -CHCOOR where R is 
alkyl, and -NHSOZ where Z is alky, Substituted 
alky, cycloalkyl, Substituted cycloalkyl, aryl, Substi 
tuted aryl, heteroaryl, Substituted heteroaryl, hetero 
cyclic or Substituted heterocyclic; 

1169 Q is –C(X)NR'— wherein R7 is selected 
from the group consisting of hydrogen and alkyl, and 

1170 X is selected from the group consisting of 
oxygen and Sulfur, 

1171 and pharmaceutically acceptable salts thereof. 
1172 Further description of the compounds of the above 
formulae II and IIA and procedures and reaction conditions 
for preparing these compounds are described in U.S. Ser. 
No. 09/127,346 (filed Jul. 31, 1998), Ser. No. 09/688,820 
(Continuation, filed October 17, 200 and issued as U.S. Pat. 
No. 6,583,139) and Ser. No. 10/382,988 (Continuation, filed 
Mar. 7, 2003), all of which are herein incorporated by 
reference in their entirety. 
1173 Preferably, in the compounds of formula II and IIA 
above, R is selected from the group consisting of alkyl, 
Substituted alkyl, aryl, Substituted aryl, heterocyclic, Substi 
tuted heterocylic, heteroaryl and Substituted heteroaryl. 
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More preferably R' is selected from the group consisting of 
aryl, Substituted aryl, heteroaryl and Substituted heteroaryl. 
1174) Even more preferably, in the compounds of for 
mula II and IIA above, R is selected from the group 
consisting of 4-methylphenyl, 4-chlorophenyl, 1-naphthyl, 
2-naphthyl, 4-methoxyphenyl, phenyl, 2,4,6-trimethylphe 
nyl, 2-(methoxycarbonyl)phenyl, 2-carboxyphenyl, 3.5- 
dichlorophenyl, 4-trifluoromethylphenyl, 3,4-dichlorophe 
nyl, 3,4-dimethoxyphenyl, 4-(CH3C(O)NH-)phenyl, 
4-trifluoromethoxyphenyl, 4-cyanophenyl, 3,5-di-(trifluo 
romethyl)phenyl, 4-t-butylphenyl, 4-t-butoxyphenyl, 4-ni 
trophenyl, 2-thienyl, 1-N-methyl-3-methyl-5-chloropyrazol 
4-yl, 1-N-methylimidazol-4-yl, 4-bromophenyl, 
4-amidinophenyl, 4-methylamidinophenyl, 
4-CHSC(=NH)phenyl, 5-chloro-2-thienyl, 2,5-dichloro 
4-thienyl, 1-N-methyl-4-pyrazolyl, 2-thiazolyl, 5-methyl-1, 
3,4-thiadiazol-2-yl, 4-HNC(S)phenyl, 4-aminophenyl, 
4-fluorophenyl, 2-fluorophenyl, 3-fluorophenyl, 3,5-difluo 
rophenyl, pyridin-3-yl, pyrimidin-2-yl, 4-(3'-dimethy 
lamino-n-propoxy)-phenyl, and 1-methylpyrazol-4-yl. 
1175 Preferably, Rf, in the compounds of formula II and 
IIA above, is hydrogen, methyl, phenyl, benzyl, -(CH-)- 
2-thienyl, and -(CH2)-(p. 
1176). In another preferred embodiment, R’ and R, in 
the compounds of formula II and IIA above, and R and 
R, in the compounds of formula IIB, together with the 
nitrogen atom bound to Rf or R and the carbon atom 
bound to R' or R form a saturated heterocyclic group or 
a Saturated Substituted heterocyclic group with the proviso 
that when monoSubstituted, the Substituent on Said Saturated 
Substituted heterocyclic group is not carboxyl. 
1177 Q, in the compounds of formula II and IIA above, 

is preferably -C(O)NH- or -C(S)NH-. 
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1178). In the compounds of formula II and IIA, R is 
preferably Selected from the group consisting of all possible 
isomers arising by Substitution with the following groups: 
4-(2-carboxyphenoxy)benzyl, 4-(benzyloxy)benzyl, 4-(1- 
methylpiperidin-4-yl)-O-benzyl, 4-(imidazolid-2-one-1-yl 
)benzyl, and 4-(3-formylimidazolid-2-one-1-yl)benzyl. 
1179. In the compounds of formula IIA, R is preferably 
2,4-dioxo-tetrahydrofuran-3-yl (3,4-enol), methoxy, ethoxy, 
iso-propoxy, n-butoxy, t-butoxy, cyclopentoxy, neo-pentoxy, 
2-O-iso-propyl-4-O-methylcyclohexoxy, 2-O-isopropyl-4- 
B-methylcyclohexoxy, -NH2, benzyloxy, 
-NHCHCOOH, -NHCH-CHCOOH, -NH-adamantyl, 
-NHCHCH-COOCHCH, -NHSO-p-CH-), 
-NHOR where R is hydrogen, methyl, iso-propyl or 
benzyl, O-(N-Succinimidyl), -O-cholest-5-en-3-O-yl, 
–OCH-OC(O)C(CH), —O(CH), NHC(O)W where z 
is 1 or 2 and W is Selected from the group consisting of 
pyrid-3-yl, N-methylpyridyl, and N-methyl-1,4-dihydro-py 
rid-3-yl, -NR"C(O)-R' where R' is aryl, heteroaryl or 
heterocyclic and R" is hydrogen or -CHC(O)OCHCH 
1180 Preferred compounds within the scope of formulae 

II and IIA above include by way of example the following: 
1181 N-(Toluene-4-sulfonyl)-L-prolyl-4-(C.-methyl 
benzyloxy)-L-phenylalanine 

1182 N-(Toluene-4-sulfonyl)-L-prolyl-4-(2-carbox 
yphenoxy)-L-phenylalanine 

1183 N-(Toluene-4-sulfonyl)-L-prolyl-O-(benzyl)-L- 
tyrosine 

1184 
1185 Preferred compounds of formula II and IIA above 
include those set forth in Table 4 below. 

and pharmaceutically acceptable Salts thereof. 

TABLE 4 

R23 O 

p-CH-)- R’/R = cyclic 
3 carbon atoms 
(L-pyrrolidinyl) 

p-CH-)- R’/R* = cyclic 
3 carbon atoms 
(L-pyrrolidinyl) 

p-CH-)- R’/R* = cyclic 
3 carbon atoms 
(L-pyrrolidinyl) 

p-CH-)- R’/R* = cyclic 
3 carbon atoms 
(L-pyrrolidinyl) 

p-CH-)- R’/R* = cyclic 
3 carbon atoms 
(L-pyrrolidinyl) 

p-CH-)- R’/R* = cyclic 
3 carbon atoms 
(L-pyrrolidinyl) 

p-CH-)- R’/R* = cyclic 
3 carbon atoms 
(L-pyrrolidinyl) 

p-(1-methylpiperidin-4-yl)-O-benzyl 

p-(imidazolid-2-one-1-yl)benzyl 

p-1-H-2-oxo-3-methyl tetrahydro pyrimidin-1- 

H R25 

R2s R26 wherein R is: 

p-O-(o-carboxyphenyl)-benzyl- -OH H 

p-benzyloxybenzyl- -OH H 

-OCHCH H 

-OC(CH), H 

p-3-formylimidazolid-2-one-1-yl)benzyl- -OH H 

p-(imidazolid-2-one-1-yl)benzyl- -OH H 

-Ot-Bu H 
ylbenzyl 
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H R25 

Q = -C(O)NR'- 
R21 R22 R23 R2s R26 wherein R is: 

p-CH-p- R’/R* = cyclic p-1-H-2-oxo-3-methyl tetrahydro pyrimidin-1- -OH H 
3 carbon atoms ylbenzyl 
(L-pyrrolidinyl) 

p-CH-p- R/R = cyclic 4-2-methoxy phenyl-benzyl- -Ot-Bu H 
3 carbon atoms 
(L-pyrrolidinyl) 

p-CH-p- R/R = cyclic 4-2-methoxy phenyl-benzyl- -OH H 
3 carbon atoms 
(L-pyrrolidinyl) 

p-CH-p- R’/R* = cyclic p-2,4,5-trioxo-3-(3-chlorophenyl)- -OBz. H 
3 carbon atoms tetrahydroimidazol-1-ylbenzyl 
(L-pyrrolidinyl) 

1186 In a preferred embodiment of the compounds of 1194 Preferably, in the compounds of formula IIB above, p p y p 
formula II and IIA, the compounds are defined by formula 
IIB below: 

IIB 
R37 

O 

Art M 
SFO O 

N 
R321 

33 

1187 wherein: 
1188) Ar" is selected from the group consisting of 
aryl, Substituted aryl, heteroaryl, and Substituted 
heteroaryl; 

1189 R° is selected from the group consisting of 
alkyl, Substituted alkyl, cycloalkyl, and Substituted 
cycloalkyl or R and R together with the nitrogen 
atom bound to R and the carbon atom bound to R 
form a heterocyclic or Substituted heterocyclic 
grOup, 

1190 R is selected from the group consisting of 
hydrogen, alkyl, and substituted alkyl, or R and 
R together with the nitrogen atom bound to R and 
the carbon atom bound to R form a heterocyclic or 
Substituted heterocyclic group; 

1191) R' is selected from the group consisting of 
hydrogen, alkyl, Substituted alkyl, cycloalkyl, Sub 
Stituted cycloalkyl, aryl, and Substituted aryl; and 

1192 R7 is aryl, heteroaryl, substituted aryl, substituted 
heteroaryl, heterocyclic, Substituted heterocyclic, aryloxy, 
Substituted aryloxy, aralkoxy, Substituted aralkoxy, het 
eroaryloxy, Substituted heteroaryloxy, 

1193 and pharmaceutically acceptable salts thereof. 

R’ is alkyl, substituted alkyl, or R and R together with 
the nitrogen atom bound to R and the carbon atom bound 
to R form a heterocyclic or substituted heterocyclic group 
and R' is hydrogen or alkyl. 
1195 Preferably, in the compounds of formula IIB above, 
R" is aryl, Substituted aryl, heteroaryl, Substituted het 
eroaryl, heterocyclic, or Substituted heterocyclic. In a pre 
ferred embodiment, R is substituted aryl wherein the aryl 
is substituted with one to three substituents independently 
Selected from the group consisting alkyl and alkoxy. In a 
preferred embodiment, R7 is substituted heteroaryl wherein 
the heteroaryl is substituted with one to three substituents 
independently Selected from the group consisting alkyl, 
alkoxy, and oxo. In another preferred embodiment R is 
substituted aryl or heteroaryl wherein aryl or heteroaryl is 
2,6-di-substituted. In yet another preferred embodiment R7 
is 2,6-di-substituted aryl wherein the substituents are inde 
pendently Selected from the group consisting of alkyl and 
alkoxy. In yet another preferred embodiment R is 2,6-di 
Substituted heteroaryl wherein the Substituents are indepen 
dently Selected from the group consisting of alkyl, OXO, and 
alkoxy. In another preferred embodiment, R is selected 
from the group consisting of 2,6-dialkoxyaryl, 2,6-dialkoxy 
heteroaryl, 2-alkyl-6-alkoxyaryl, 2-alkyl-6-alkoxyhet 
eroaryl, 2-OXO-6-alkoxyheteroaryl, 2-OXO-6-alkylheteroaryl, 
and optionally Substituted imidazolidin-2,4-dion-3-yl. 
1196 Preferably in the compounds of formula IIB above, 
Ar' is selected from the group consisting of 4-methylphe 
nyl, 4-chlorophenyl, 1-naphthyl, 2-naphthyl, 4-methoxyphe 
nyl, phenyl, 2,4,6-trimethylphenyl, 2-(methoxycarbon 
yl)phenyl, 2-carboxyphenyl, 3,5-dichlorophenyl, 
4-trifluoromethylphenyl, 3,4-dichlorophenyl, 3,4-dimethox 
yphenyl, 4-(CHC(O)NH-)phenyl, 4-trifluoromethox 
yphenyl, 4-cyanophenyl, 3,5-di-(trifluoromethyl)phenyl, 
4-t-butylphenyl, 4-t-butoxyphenyl, 4-nitrophenyl, 2-thienyl, 
1-N-methyl-3-methyl-5-chloropyrazol-4-yl, 1-N-meth 
ylimidazol-4-yl, 4-bromophenyl, 4-amidinophenyl, 4-me 
thylamidinophenyl, 4-CHSC(=NH)phenyl, 5-chloro-2- 
thienyl, 2,5-dichloro-4-thienyl, 1-N-methyl-4-pyrazolyl, 
2-thiazolyl, 5-methyl-1,3,4-thiadiazol-2-yl, 4-HNC(S) 
phenyl, 4-aminophenyl, 4-fluorophenyl, 2-fluorophenyl, 
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3-fluorophenyl, 3,5-difluorophenyl, pyridin-3-yl, pyrimidin 
2-yl, 4-(3'-dimethylamino-n-propoxy)-phenyl, and 1-meth 
ylpyrazol-4-yl. 
1197 When describing the compounds, compositions 
and methods of this invention, the following terms have the 
following meanings, unless otherwise indicated. 
1198 Definitions 
1199 AS used herein, “acyl” refers to the groups 
H-C(O), alkyl-C(O), substituted alkyl-C(O), alk 
enyl-C(O)-, substituted alkenyl-C(O), alkynyl-C(O), 
substituted alkynyl-C(O)-cycloalkyl-C(O), substituted 
cycloalkyl-C(O), aryl-C(O), substituted aryl-C(O), 
heteroaryl-C(O), Substituted heteroaryl-C(O), heterocy 
clic-C(O), and substituted heterocyclic-C(O)- wherein 
alkyl, Substituted alkyl, alkenyl, Substituted alkenyl, alkynyl, 
Substituted alkynyl, cycloalkyl, Substituted cycloalkyl, aryl, 
Substituted aryl, heteroaryl, Substituted heteroaryl, hetero 
cyclic and Substituted heterocyclic are as defined herein. 
1200 “Acylamino” refers to the group -C(O)NRR 
where each R is independently Selected from the group 
consisting of hydrogen, alkyl, Substituted alkyl, alkenyl, 
Substituted alkenyl, alkynyl, Substituted alkynyl, aryl, Sub 
Stituted aryl, cycloalkyl, Substituted cycloalkyl, heteroaryl, 
Substituted heteroaryl, heterocyclic, Substituted heterocyclic 
and where each R is joined to form together with the 
nitrogen atom a heterocyclic or Substituted heterocyclic ring 
wherein alkyl, Substituted alkyl, alkenyl, Substituted alkenyl, 
alkynyl, Substituted alkynyl, cycloalkyl, Substituted 
cycloalkyl, aryl, Substituted aryl, heteroaryl, Substituted het 
eroaryl, heterocyclic and Substituted heterocyclic are as 
defined herein. 

1201 “Acyloxy” refers to the groups alkyl-C(O)O-, 
substituted alkyl-C(O)O-, alkenyl-C(O)O-, substituted 
alkenyl-C(O)O-, alkynyl-C(O)O-, substituted alkynyl 
C(O)O-, aryl-C(O)O-, substituted aryl-C(O)O-, 
cycloalkyl-C(O)O-, substituted cycloalkyl-C(O)O-, het 
eroaryl-C(O)O-, substituted heteroaryl-C(O)O-, hetero 
cyclic-C(O)O-, and substituted heterocyclic-C(O)O- 
wherein alkyl, Substituted alkyl, alkenyl, Substituted alkenyl, 
alkynyl, Substituted alkynyl, cycloalkyl, Substituted 
cycloalkyl, aryl, Substituted aryl, heteroaryl, Substituted het 
eroaryl, heterocyclic and Substituted heterocyclic are as 
defined herein. 

1202) 
1203 “Substituted alkenoxy' refers to the group “substi 
tuted alkenyl-O-”. 
1204 “Alkenyl' refers to alkenyl group preferably hav 
ing from 2 to 10 carbon atoms and more preferably 2 to 6 
carbon atoms and having at least 1 and preferably from 1-2 
Sites of alkenyl unsaturation. 
1205 "Substituted alkenyl” refers to alkenyl groups hav 
ing from 1 to 5 substituents independently selected from the 
group consisting of alkoxy, Substituted alkoxy, acyl, acy 
lamino, thiocarbonylamino, acyloxy, amino, amidino, alky 
lamidino, thioamidino, aminoacyl, aminocarbonylamino, 
aminothiocarbonylamino, aminocarbonyloxy, aryl, Substi 
tuted aryl, aryloxy, Substituted aryloxy, aryloxyaryl, Substi 
tuted aryloxyaryl, halogen, hydroxyl, cyano, nitro, carboxyl, 
carboxylalkyl, carboxyl-Substituted alkyl, carboxyl-cy 
cloalkyl, carboxyl-Substituted cycloalkyl, carboxylaryl, car 

“Alkenoxy' refers to the group “alkenyl-O-”. 
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boxyl-substituted aryl, carboxylheteroaryl, carboxyl-substi 
tuted heteroaryl, carboxylheterocyclic, carboxyl-Substituted 
heterocyclic, cycloalkyl, Substituted cycloalkyl, guanidino, 
guanidinosulfone, thiol, thioalkyl, Substituted thioalkyl, 
thioaryl, Substituted thioaryl, thiocycloalkyl, Substituted 
thiocycloalkyl, thioheteroaryl, Substituted thioheteroaryl, 
thioheterocyclic, Substituted thioheterocyclic, heteroaryl, 
Substituted heteroaryl, heterocyclic, Substituted heterocy 
clic, cycloalkoxy, Substituted cycloalkoxy, heteroaryloxy, 
Substituted heteroaryloxy, heterocyclyloxy, Substituted het 
erocyclyloxy, oxycarbonylamino, oxythiocarbonylamino, 
cycloalkyloxy, Substituted cycloalkyloxy, heteroaryloxy, 
substituted heteroaryloxy, -OS(O)-alkyl, -OS(O)-sub 
stituted alkyl, -OS(O)-aryl, -OS(O)-substituted aryl, 
-OS(O)-heteroaryl, -OS(O)-substituted heteroaryl, 
-OS(O)-heterocyclic, -OS(O)-substituted heterocyclic, 
-OSO-NRR where R is hydrogen or alkyl, -NRS(O)- 
alkyl, -NRS(O)-substituted alkyl, -NRS(O)-aryl, 
-NRS(O)-substituted aryl, -NRS(O)-heteroaryl, 
-NRS(O)-substituted heteroaryl, -NRS(O)-heterocy 
clic, -NRS(O)-substituted heterocyclic, -NRS(O)- 
NR-alkyl, -NRS(O)-NR-substituted alkyl, 
-NRS(O)-NR-aryl, -NRS(O)-NR-substituted aryl, 
-NRS(O)-NR-heteroaryl, -NRS(O)-NR-substituted 
heteroaryl, -NRS(O)-NR-heterocyclic, -NRS(O)- 
NR-substituted heterocyclic where R is hydrogen or alkyl, 
mono- and di-alkylamino, mono- and di-(Substituted alky 
l)amino, mono- and di-arylamino, mono- and di-Substituted 
arylamino, mono- and di-heteroarylamino, mono- and di 
Substituted heteroarylamino, mono- and di-heterocyclic 
amino, mono- and di-Substituted heterocyclic amino, 
unsymmetric di-Substituted amines having different Sub 
Stituents independently Selected from the group consisting of 
alkyl, Substituted alkyl, aryl, Substituted aryl, heteroaryl, 
Substituted heteroaryl, heterocyclic, Substituted heterocyclic 
and Substituted alkenyl groups having amino groups blocked 
by conventional blocking groupS. Such as Boc, Cbz, formyl, 
and the like or alkenyl/Substituted alkenyl groups Substituted 
with -SO-alkyl, -SO-substituted alkyl, -SO-alkenyl, 
-SO-substituted alkenyl, -SO-cycloalkyl, -SO-sub 
Stituted cycloalkyl, -SO2-aryl, -SO-Substituted aryl, 
-SO-heteroaryl, -SO-substituted heteroaryl, -SO 
heterocyclic, -SO-Substituted heterocyclic and 
-SONRR where R is hydrogen or alkyl. 
1206 Preferably, the Substituents are independently 
Selected from the group consisting of alkoxy, Substituted 
alkoxy, acyl, acylamino, acyloxy, amino, Substituted amino, 
aminoacyl, aminocarbonylamino, aminocarbonyloxy, aryl, 
Substituted aryl, aryloxy, Substituted aryloxy, carboxyl, car 
boxyl esters, cyano, cycloalkyl, Substituted cycloalkyl, 
cycloalkyloxy, Substituted cycloalkyloxy, halogen, het 
eroaryl, Substituted heteroaryl, heteroaryloxy, Substituted 
heteroaryloxy, heterocyclic, Substituted heterocyclic, 
hydroxyl, nitro, and oxycarbonylamino. 

1207 “Alkoxy” refers to the group “alkyl-O-” which 
includes, by way of example, methoxy, ethoxy, n-propoxy, 
iso-propoxy, n-butoxy, tert-butoxy, Sec-butoxy, n-pentoxy, 
n-heXOXy, 1,2-dimethylbutoxy, and the like. 

1208 “Substituted alkoxy' refers to the group “substi 
tuted alkyl-O-”. 
1209 “Alkyl” refers to alkyl groups preferably having 
from 1 to 10 carbon atoms and more preferably 1 to 6 carbon 
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atoms. This term is exemplified by groupS. Such as methyl, 
t-butyl, n-heptyl, octyl and the like. 
1210 “Substituted alkyl” refers to an alkyl group, of 
from 1 to 10 carbon atoms, having from 1 to 5 substituents 
independently Selected from the group consisting of alkoxy, 
Substituted alkoxy, acyl, acylamino, thiocarbonylamino, 
acyloxy, amino, amidino, alkyl amidino, thioamidino, ami 
noacyl, aminocarbonylamino, aminothiocarbonylamino, 
aminocarbonyloxy, aryl, Substituted aryl, aryloxy, Substi 
tuted aryloxy, aryloxylaryl, Substituted aryloxyaryl, cyano, 
halogen, hydroxyl, nitro, carboxyl, carboxylalkyl, carboxyl 
Substituted alkyl, carboxyl-cycloalkyl, carboxyl-Substituted 
cycloalkyl, carboxylaryl, carboxyl-Substituted aryl, car 
boxylheteroaryl, carboxyl-substituted heteroaryl, carboxyl 
heterocyclic, carboxyl-Substituted heterocyclic, cycloalkyl, 
Substituted cycloalkyl, guanidino, guanidinosulfone, thiol, 
thioalkyl, substituted thioalkyl, thioaryl, Substituted thioaryl, 
thiocycloalkyl, Substituted thiocycloalkyl, thioheteroaryl, 
substituted thioheteroaryl, thioheterocyclic, substituted thio 
heterocyclic, heteroaryl, Substituted aryl, Substituted het 
eroaryl, heterocyclic, Substituted heterocyclic, cycloalkoxy, 
Substituted cycloalkoxy, heteroaryloxy, Substituted het 
eroaryloxy, heterocyclyloxy, Substituted heterocyclyloxy, 
oxycarbonylamino, Oxythiocarbonylamino, cycloalkyloxy, 
Substituted cycloalkyloxy, heteroaryloxy, Substituted het 
eroaryloxy, -OS(O)-alkyl, -OS(O)-substituted alkyl, 
-OS(O)-aryl, -OS(O)-substituted aryl, -OS(O)-het 
eroaryl, -OS(O)-substituted heteroaryl, -OS(O)-hetero 
cyclic, -OS(O)-substituted heterocyclic, -OSO-NRR 
where R is hydrogen or alkyl, -NRS(O)-alkyl, 
-NRS(O)-substituted alkyl, -NRS(O)-aryl, 
-NRS(O)-substituted aryl, -NRS(O)-heteroaryl, 
-NRS(O)-substituted heteroaryl, -NRS(O)-heterocy 
clic, -NRS(O)-substituted heterocyclic, -NRS(O)- 
NR-alkyl, -NRS(O)-NR-substituted alkyl, 
-NRS(O)-NR-aryl, -NRS(O)-NR-substituted aryl, 
-NRS(O)-NR-heteroaryl, -NRS(O)-NR-substituted 
heteroaryl, -NRS(O)-NR-heterocyclic, -NRS(O)- 
NR-substituted heterocyclic where R is hydrogen or alkyl, 
mono- and di-alkylamino, mono- and di-(Substituted alky 
l)amino, mono- and di-arylamino, mono- and di-Substituted 
arylamino, mono- and di-heteroarylamino, mono- and di 
Substituted heteroarylamino, mono- and di-heterocyclic 
amino, mono- and di-Substituted heterocyclic amino, 
unsymmetric di-Substituted amines having different Sub 
Stituents independently Selected from the group consisting of 
alkyl, Substituted alkyl, aryl, Substituted aryl, heteroaryl, 
Substituted heteroaryl, heterocyclic and Substituted hetero 
cyclic and Substituted alkyl groups having amino groups 
blocked by conventional blocking groups Such as Boc, Cbz, 
formyl, and the like or alkyl/Substituted alkyl groupS. Sub 
stituted with -SO-alkyl, -SO-substituted alkyl, -SO 
alkenyl, -SO-Substituted alkenyl, -SO-cycloalkyl, 
-SO-substituted cycloalkyl, -SO-aryl, -SO-substi 
tuted aryl, -SO-heteroaryl, -SO-substituted heteroaryl, 
-SO-heterocyclic, -SO-Substituted heterocyclic and 
-SONRR where R is hydrogen or alkyl. 
1211 Preferably, the Substituents are independently 
Selected from the group consisting of alkoxy, Substituted 
alkoxy, acyl, acylamino, acyloxy, amino, Substituted amino, 
aminoacyl, aminocarbonylamino, aminocarbonyloxy, aryl, 
Substituted aryl, aryloxy, Substituted aryloxy, carboxyl, car 
boxyl esters, cyano, cycloalkyl, Substituted cycloalkyl, 
cycloalkyloxy, Substituted cycloalkyloxy, halogen, het 
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eroaryl, Substituted heteroaryl, heteroaryloxy, Substituted 
heteroaryloxy, heterocyclic, Substituted heterocyclic, 
hydroxyl, nitro, and oxycarbonylamino. 

1212 “Alkylene' refers to linear and branched divalent 
alkyl groups having from 1 to 10 carbon atoms and more 
preferably 1 to 6 carbon atoms. This term is exemplified by 
groups such as methylene (-CH2-), 1,6-heptylene, 1.8- 
octylene, ethylene (-CH2CH2-), the propylene isomers 
(e.g., -CH2CHCH- and -CH(CH)CH-) and the 
like. 

1213 “Substituted alkylene' refers to alkylene groups 
having from 1 to 5 substituents independently selected from 
the group consisting of alkoxy, Substituted alkoxy, acyl, 
acylamino, thiocarbonylamino, acyloxy, amino, amidino, 
alkylamidino, thioamidino, aminoacyl, aminocarbony 
lamino, aminothiocarbonylamino, aminocarbonyloxy, aryl, 
Substituted aryl, aryloxy, Substituted aryloxy, aryloxyaryl, 
Substituted aryloxyaryl, halogen, hydroxyl, cyano, nitro, 
carboxyl, carboxylalkyl, carboxyl-Substituted alkyl, car 
boxyl-cycloalkyl, carboxyl-Substituted cycloalkyl, carboxy 
laryl, carboxyl-Substituted aryl, carboxylheteroaryl, car 
boxyl-substituted heteroaryl, carboxylheterocyclic, 
carboxyl-Substituted heterocyclic, cycloalkyl, Substituted 
cycloalkyl, guanidino, guanidinosulfone, thiol, thioalkyl, 
substituted thioalkyl, thioaryl, Substituted thioaryl, thiocy 
cloalkyl, Substituted thiocycloalkyl, thioheteroaryl, Substi 
tuted thioheteroaryl, thioheterocyclic, Substituted thiohet 
erocyclic, heteroaryl, substituted heteroaryl, heterocyclic, 
Substituted heterocyclic, cycloalkoxy, Substituted 
cycloalkoxy, heteroaryloxy, Substituted heteroaryloxy, het 
erocyclyloxy, Substituted heterocyclyloxy, oxycarbony 
lamino, oxythiocarbonylamino, -OS(O)-alkyl, -OS(O)- 
substituted alkyl, -OS(O)-aryl, -OS(O)-substituted 
aryl, -OS(O)-heteroaryl, -OS(O)-substituted het 
eroaryl, -OS(O)-heterocyclic, -OS(O)-substituted het 
erocyclic, -OSO-NRR where R is hydrogen or alkyl, 
-NRS(O)-alkyl, -NRS(O)-substituted alkyl, 
-NRS(O)-aryl, -NRS(O)-substituted aryl, -NRS(O)- 
heteroaryl, -NRS(O)-substituted heteroaryl, -NRS(O)- 
heterocyclic, -NRS(O)-substituted heterocyclic, 
-NRS(O)-NR-alkyl, -NRS(O)-NR-substituted 
alkyl, -NRS(O)-NR-aryl, -NRS(O)-NR-substituted 
aryl, -NRS(O)-NR-heteroaryl, -NRS(O)-NR-sub 
stituted heteroaryl, -NRS(O)-NR-heterocyclic, 
-NRS(O)-NR-substituted heterocyclic where R is 
hydrogen or alkyl, mono- and di-alkylamino, mono- and 
di-(Substituted alkyl)amino, mono- and di-arylamino, mono 
and di-Substituted arylamino, mono- and di-heteroary 
lamino, mono- and di-Substituted heteroarylamino, mono 
and di-heterocyclic amino, mono- and di-Substituted hetero 
cyclic amino, unsymmetric di-Substituted amines having 
different Substituents independently Selected from the group 
consisting of alkyl, Substituted alkyl, aryl, Substituted aryl, 
heteroaryl, Substituted heteroaryl, heterocyclic, Substituted 
heterocyclic and Substituted alkenyl groups having amino 
groups blocked by conventional blocking groupS. Such as 
Boc, Cbz, formyl, and the like or alkenyl/substituted alkenyl 
groups substituted with -SO-alkyl, -SO-substituted 
alkyl, -SO-alkenyl, -SO-substituted alkenyl, -SO 
cycloalkyl, -SO-Substituted cycloalkyl, -SO2-aryl, 
-SO-substituted aryl, -SO-heteroaryl, -SO-substi 
tuted heteroaryl, -SO-heterocyclic, -SO-substituted 
heterocyclic and -SO2NRR where R is hydrogen or alkyl. 
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1214) “Alkynyl refers to alkynyl group preferably hav 
ing from 2 to 10 carbon atoms and more preferably 3 to 6 
carbon atoms and having at least 1 and preferably from 1-2 
Sites of alkynyl unsaturation. 
1215 “Substituted alkynyl” refers to alkynyl groups hav 
ing from 1 to 5 substituents independently selected from the 
group consisting of alkoxy, Substituted alkoxy, acyl, acy 
lamino, thiocarbonylamino, acyloxy, amino, amidino, alky 
lamidino, thioamidino, aminoacyl, aminocarbonylamino, 
aminothiocarbonylamino, aminocarbonyloxy, aryl, Substi 
tuted aryl, aryloxy, Substituted aryloxy, aryloxyaryl, Substi 
tuted aryloxyaryl, halogen, hydroxyl, cyano, nitro, carboxyl, 
carboxylalkyl, carboxyl-Substituted alkyl, carboxyl-cy 
cloalkyl, carboxyl-Substituted cycloalkyl, carboxylaryl, car 
boxyl-substituted aryl, carboxylheteroaryl, carboxyl-substi 
tuted heteroaryl, carboxylheterocyclic, carboxyl-Substituted 
heterocyclic, cycloalkyl, Substituted cycloalkyl, guanidino, 
guanidinosulfone, thiol, thioalkyl, Substituted thioalkyl, 
thioaryl, Substituted thioaryl, thiocycloalkyl, Substituted 
thiocycloalkyl, thioheteroaryl, Substituted thioheteroaryl, 
thioheterocyclic, Substituted thioheterocyclic, heteroaryl, 
Substituted heteroaryl, heterocyclic, Substituted heterocy 
clic, cycloalkoxy, Substituted cycloalkoxy, heteroaryloxy, 
Substituted heteroaryloxy, heterocyclyloxy, Substituted het 
erocyclyloxy, oxycarbonylamino, oxythiocarbonylamino, 
-OS(O)-alkyl, -OS(O)-substituted alkyl, -OS(O)- 
aryl, -OS(O)-substituted aryl, -OS(O)-heteroaryl, 
-OS(O)-substituted heteroaryl, -OS(O)-heterocyclic, 
-OS(O)-substituted heterocyclic, -OSO-NRR where 
R is hydrogen or alkyl, -NRS(O)-alkyl, -NRS(O)- 
substituted alkyl, -NRS(O)-aryl, -NRS(O)-substituted 
aryl, -NRS(O)-heteroaryl, -NRS(O)-substituted het 
eroaryl, -NRS(O)-heterocyclic, -NRS(O)-substituted 
heterocyclic, -NRS(O)-NR-alkyl, -NRS(O)-NR 
substituted alkyl, -NRS(O)-NR-aryl, -NRS(O)-NR 
Substituted aryl, -NRS(O)-NR-heteroaryl, 
-NRS(O)-NR-substituted heteroaryl, -NRS(O)-NR 
heterocyclic, -NRS(O)-NR-substituted heterocyclic 
where R is hydrogen or alkyl, mono- and di-alkylamino, 
mono- and di-(Substituted alkyl)amino, mono- and di-ary 
lamino, mono- and di-Substituted arylamino, mono- and 
di-heteroarylamino, mono- and di-Substituted heteroary 
lamino, mono- and di-heterocyclic amino, mono- and di 
Substituted heterocyclic amino, unsymmetric di-Substituted 
amines having different Substituents independently Selected 
from the group consisting of alkyl, Substituted alkyl, aryl, 
Substituted aryl, heteroaryl, Substituted heteroaryl, hetero 
cyclic, Substituted heterocyclic and Substituted alkynyl 
groups having amino groups blocked by conventional block 
ing groupS Such as Boc, Cbz, formyl, and the like or 
alkynyl/substituted alkynyl groups substituted with -SO 
alkyl, -SO-substituted alkyl, -SO-alkenyl, -SO-sub 
stituted alkenyl, -SO-cycloalkyl, -SO-substituted 
cycloalkyl, -SO-aryl, -SO-substituted aryl, -SO-het 
eroaryl, -SO-Substituted heteroaryl, -SO-heterocyclic, 
-SO-substituted heterocyclic and -SO2NRR where R is 
hydrogen or alkyl. 
1216 “Amidino” refers to the group HNC(=NH)- and 
the term “alkylamidino” refers to compounds having 1 to 3 
alkyl groups (e.g., alkylHNC(=NH)-). 
1217) 
1218 “Substituted amino” refers to the group -NRR, 
where each R group is independently Selected from the 

“Amino” refers to the group -NH2. 
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group consisting of hydrogen, alkyl, Substituted alkyl, alk 
enyl, Substituted alkenyl, cycloalkyl, Substituted cycloalkyl, 
aryl, Substituted aryl, heteroaryl, Substituted heteroaryl, het 
erocyclic, and substituted heterocyclic, provided that both R 
groups are not hydrogen; or where the R groups can be 
joined together with the nitrogen atom to form a heterocyclic 
or Substituted heterocyclic ring. 

1219 “Aminoacyl” refers to the groups-NRC(O)alkyl, 
-NRC(O)Substituted alkyl, -NRC(O)Cycloalkyl, -NR 
C(O)Substituted cycloalkyl, -NRC(O)alkenyl, -NRC(O- 
)Substituted alkenyl, -NRC(O)alkynyl, -NRC(O)Substi 
tuted alkynyl, -NRC(O)aryl, -NRC(O)Substituted aryl, 
-NRC(O)heteroaryl, -NRC(O)Substituted heteroaryl, 
-NRC(O)heterocyclic, and -NRC(O)Substituted hetero 
cyclic where R is hydrogen or alkyl and wherein alkyl, 
Substituted alkyl, alkenyl, Substituted alkenyl, alkynyl, Sub 
Stituted alkynyl, cycloalkyl, Substituted cycloalkyl, aryl, 
Substituted aryl, heteroaryl, Substituted heteroaryl, hetero 
cyclic and Substituted heterocyclic are as defined herein. 
1220 “Aminocarbonylamino” refers to the groups 
-NRC(O)NRR, -NRC(O)NR-alkyl, -NRC(O)NR-sub 
stituted alkyl, -NRC(O)NR-alkenyl, -NRC(O)NR-substi 
tuted alkenyl, -NRC(O)NR-alkynyl, -NRC(O)NR-sub 
stituted alkynyl, -NRC(O)NR-aryl, -NRC(O)NR 
substituted aryl, -NRC(O)NR-cycloalkyl, -NRC(O)NR 
substituted cycloalkyl, -NRC(O)NR-heteroaryl, and 
-NRC(O)NR-substituted heteroaryl, -NRC(O)NR-het 
erocyclic, and -NRC(O)NR-substituted heterocyclic where 
each R is independently hydrogen, alkyl or where each R is 
joined to form together with the nitrogen atom a heterocyclic 
or Substituted heterocyclic ring as well as where one of the 
amino groups is blocked by conventional blocking groups 
Such as Boc, Cbz, formyl, and the like and wherein alkyl, 
Substituted alkyl, alkenyl, Substituted alkenyl, alkynyl, Sub 
Stituted alkynyl, cycloalkyl, Substituted cycloalkyl, aryl, 
Substituted aryl, heteroaryl, Substituted heteroaryl, hetero 
cyclic and Substituted heterocyclic are as defined herein. 
1221 “Aminocarbonyloxy' refers to the groups -NR 
C(O)O-alkyl, -NRC(O)O-substituted alkyl, -NRC(O)O- 
alkenyl, -NRC(O)O-substituted alkenyl, -NRC(O)O- 
alkynyl, -NRC(O)O-substituted alkynyl, -NRC(O)O- 
cycloalkyl, -NRC(O)O-substituted cycloalkyl, 
-NRC(O)O-aryl, -NRC(O)O-substituted aryl, -NR 
C(O)O-heteroaryl, -NRC(O)O-substituted heteroaryl, 
-NRC(O)O-heterocyclic, and -NRC(O)O-substituted 
heterocyclic where R is hydrogen or alkyl and wherein alkyl, 
Substituted alkyl, alkenyl, Substituted alkenyl, alkynyl, Sub 
Stituted alkynyl, cycloalkyl, Substituted cycloalkyl, aryl, 
Substituted aryl, heteroaryl, Substituted heteroaryl, hetero 
cyclic and Substituted heterocyclic are as defined herein. 
1222 “Aminothiocarbonylamino” refers to the groups 
-NRC(S)NRR,-NRC(S)NR-alkyl, -NRC(S)NR-substi 
tuted alkyl, -NRC(S)NR-alkenyl, -NRC(S)NR-substi 
tuted alkenyl, -NRC(S)NR-alkynyl, -NRC(S)NR-substi 
tuted alkynyl, -NRC(S)NR-aryl, -NRC(S)NR-substituted 
aryl, -NRC(S)NR-cycloalkyl, -NRC(S)NR-substituted 
cycloalkyl, -NRC(S)NR-heteroaryl, and -NRC(S)NR 
substituted heteroaryl, -NRC(S)NR-heterocyclic, and 
-NRC(S)NR-substituted heterocyclic where each R is 
independently hydrogen, alkyl or where each R is joined to 
form together with the nitrogen atom a heterocyclic or 
Substituted heterocyclic ring as well as where one of the 



US 2005/OO69541 A1 

amino groups is blocked by conventional blocking groups 
Such as Boc, Cbz, formyl, and the like and wherein alkyl, 
Substituted alkyl, alkenyl, Substituted alkenyl, alkynyl, Sub 
Stituted alkynyl, cycloalkyl, Substituted cycloalkyl, aryl, 
Substituted aryl, heteroaryl, Substituted heteroaryl, hetero 
cyclic and Substituted heterocyclic are as defined herein. 
1223 “Aryl” refers to an unsaturated aromatic carbocy 

clic group of from 6 to 14 carbon atoms having a single ring 
(e.g., phenyl) or multiple condensed rings (e.g., naphthyl or 
anthryl) which condensed rings may or may not be aromatic 
(e.g., 2-benzoxazolinone, 2H-1,4-benzoxazin-3(4H)-one 
7yl, and the like) provided that the point of attachment is 
through an aromatic ring atom. Preferred aryls include 
phenyl, naphthyl and 5,6,7,8-tetrahydronaphth-2-yl. 
1224) “Substituted aryl” refers to aryl groups which are 
Substituted with from 1 to 3 Substituents selected from the 
group consisting of hydroxy, acyl, acylamino, thiocarbony 
lamino, acyloxy, alkyl, Substituted alkyl, alkoxy, Substituted 
alkoxy, alkenyl, Substituted alkenyl, alkynyl, Substituted 
alkynyl, amidino, alkylamidino, thioamidino, amino, ami 
noacyl, aminocarbonyloxy, aminocarbonylamino, ami 
nothiocarbonylamino, aryl, Substituted aryl, aryloxy, Substi 
tuted aryloxy, cycloalkoxy, Substituted cycloalkoxy, 
heteroaryloxy, Substituted heteroaryloxy, heterocyclyloxy, 
Substituted heterocyclyloxy, carboxyl, carboxylalkyl, car 
boxyl-Substituted alkyl, carboxyl-cycloalkyl, carboxyl-Sub 
Stituted cycloalkyl, carboxylaryl, carboxyl-Substituted aryl, 
carboxylheteroaryl, carboxyl-Substituted heteroaryl, car 
boxylheterocyclic, carboxyl-substituted heterocyclic, car 
boxylamido, cyano, thiol, thioalkyl, Substituted thioalkyl, 
thioaryl, Substituted thioaryl, thioheteroaryl, substituted 
thioheteroaryl, thiocycloalkyl, Substituted thiocycloalkyl, 
thioheterocyclic, Substituted thioheterocyclic, cycloalkyl, 
Substituted cycloalkyl, guanidino, guanidinosulfone, halo, 
nitro, heteroaryl, Substituted heteroaryl, heterocyclic, Sub 
Stituted heterocyclic, cycloalkoxy, Substituted cycloalkoxy, 
heteroaryloxy, Substituted heteroaryloxy, heterocyclyloxy, 
Substituted heterocyclyloxy, oxycarbonylamino, Oxythiocar 
bonylamino, -S(O)-alkyl, -S(O)-substituted alkyl, 
-S(O)-cycloalkyl, -S(O)-substituted cycloalkyl, 
-S(O)-alkenyl, -S(O)-substituted alkenyl, -S(O)- 
aryl, -S(O)-substituted aryl, -S(O)-heteroaryl, 
-S(O)-substituted heteroaryl, -S(O)-heterocyclic, 
-S(O)-substituted heterocyclic, -OS(O)-alkyl, 
-OS(O)-substituted alkyl, -OS(O)-aryl, -OS(O)-sub 
stituted aryl, -OS(O)-heteroaryl, -OS(O)-substituted 
heteroaryl, -OS(O)-heterocyclic, -OS(O)-substituted 
heterocyclic, -OSO-NRR where R is hydrogen or alkyl, 
-NRS(O)-alkyl, -NRS(O)-substituted alkyl, 
-NRS(O)-aryl, -NRS(O)-substituted aryl, -NRS(O)- 
heteroaryl, -NRS(O)-substituted heteroaryl, -NRS(O)- 
heterocyclic, -NRS(O)-substituted heterocyclic, 
-NRS(O)-NR-alkyl, -NRS(O)-NR-substituted 
alkyl, -NRS(O)-NR-aryl, -NRS(O)-NR-substituted 
aryl, -NRS(O)-NR-heteroaryl, -NRS(O)-NR-sub 
stituted heteroaryl, -NRS(O)-NR-heterocyclic, 
-NRS(O)-NR-substituted heterocyclic where R is 
hydrogen or alkyl, mono- and di-alkylamino, mono- and 
di-(Substituted alkyl)amino, mono- and di-arylamino, mono 
and di-Substituted arylamino, mono- and di-heteroary 
lamino, mono- and di-Substituted heteroarylamino, mono 
and di-heterocyclic amino, mono- and di-Substituted hetero 
cyclic amino, unsymmetric di-Substituted amines having 
different Substituents independently Selected from the group 

62 
Mar. 31, 2005 

consisting of alkyl, Substituted alkyl, aryl, Substituted aryl, 
heteroaryl, Substituted heteroaryl, heterocyclic and Substi 
tuted heterocyclic and amino groups on the Substituted aryl 
blocked by conventional blocking groups Such as Boc, Cbz, 
formyl, and the like or substituted with -SO2NRR where R 
is hydrogen or alkyl. 

1225 Preferred substituents are selected from the group 
consisting of hydroxy, acyl, acylamino, acyloxy, alkyl, Sub 
Stituted alkyl, alkoxy, Substituted alkoxy, alkenyl, Substi 
tuted alkenyl, amino, Substituted amino, aminoacyl, ami 
nocarbonyloxy, aminocarbonylamino, aryl, Substituted aryl, 
aryloxy, Substituted aryloxy, cycloalkoxy, Substituted 
cycloalkoxy, heteroaryloxy, Substituted heteroaryloxy, het 
erocyclyloxy, Substituted heterocyclyloxy, carboxyl, car 
boxyl esters, cyano, cycloalkyl, Substituted cycloalkyl, halo, 
nitro, heteroaryl, Substituted heteroaryl, heterocyclic, Sub 
Stituted heterocyclic, and oxycarbonylamino. 
1226 “Aryloxy' refers to the group aryl-O- which 
includes, by way of example, phenoxy, naphthoxy, and the 
like. 

1227 “Substituted aryloxy' refers to substituted aryl 
O-groups. 
1228 “Aryloxyaryl” refers to the group -aryl-O-aryl. 
1229 “Substituted aryloxyaryl” refers to aryloxyaryl 
groups substituted with from 1 to 3 substituents on either or 
both aryl rings Selected from the group consisting of 
hydroxy, acyl, acylamino, thiocarbonylamino, acyloxy, 
alkyl, Substituted alkyl, alkoxy, Substituted alkoxy, alkenyl, 
Substituted alkenyl, alkynyl, Substituted alkynyl, amidino, 
alkylamidino, thioamidino, amino, aminoacyl, aminocarbo 
nyloxy, aminocarbonylamino, aminothiocarbonylamino, 
aryl, Substituted aryl, aryloxy, Substituted aryloxy, 
cycloalkoxy, Substituted cycloalkoxy, heteroaryloxy, Substi 
tuted heteroaryloxy, heterocyclyloxy, Substituted heterocy 
clyloxy, carboxyl, carboxylalkyl, carboxyl-Substituted alkyl, 
carboxyl-cycloalkyl, carboxyl-Substituted cycloalkyl, car 
boxylaryl, carboxyl-Substituted aryl, carboxylheteroaryl, 
carboxyl-Substituted heteroaryl, carboxylheterocyclic, car 
boxyl-Substituted heterocyclic, carboxylamido, cyano, thiol, 
thioalkyl, Substituted thioalkyl, thioaryl, Substituted thioaryl, 
thioheteroaryl, Substituted thioheteroaryl, thiocycloalkyl, 
Substituted thiocycloalkyl, thioheterocyclic, Substituted 
thioheterocyclic, cycloalkyl, Substituted cycloalkyl, guani 
dino, guanidinosulfone, halo, nitro, heteroaryl, Substituted 
heteroaryl, heterocyclic, Substituted heterocyclic, 
cycloalkoxy, Substituted cycloalkoxy, heteroaryloxy, Substi 
tuted heteroaryloxy, heterocyclyloxy, Substituted heterocy 
clyloxy, Oxycarbonylamino, Oxythiocarbonylamino, 
-S(O)-alkyl, -S(O)-substituted alkyl, -S(O)-cy 
cloalkyl, -SO)-substituted cycloalkyl, -SO)-alkenyl, 
-S(O)-substituted alkenyl, -S(O)-aryl, -S(O)-substi 
tuted aryl, -S(O)-heteroaryl, -S(O)-substituted het 
eroaryl, -SO)-heterocyclic, -SO)-substituted hetero 
cyclic, -OS(O)-alkyl, -OS(O)-substituted alkyl, 
-OS(O)-aryl, -OS(O)-substituted aryl, -OS(O)-het 
eroaryl, -OS(O)-substituted heteroaryl, -OS(O)-hetero 
cyclic, -OS(O)-substituted heterocyclic, -OSO-NRR 
where R is hydrogen or alkyl, -NRS(O)-alkyl, 
-NRS(O)-substituted alkyl, -NRS(O)-aryl, 
-NRS(O)-substituted aryl, -NRS(O)-heteroaryl, 
-NRS(O)-substituted heteroaryl, -NRS(O)-heterocy 
clic, -NRS(O)-substituted heterocyclic, -NRS(O)- 
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NR-alkyl, -NRS(O)-NR-substituted alkyl, 
-NRS(O)-NR-aryl, -NRS(O)-NR-substituted aryl, 
-NRS(O)-NR-heteroaryl, -NRS(O)-NR-substituted 
heteroaryl, -NRS(O)-NR-heterocyclic, -NRS(O)- 
NR-substituted heterocyclic where R is hydrogen or alkyl, 
mono- and di-alkylamino, mono- and di-(Substituted alky 
l)amino, mono- and di-arylamino, mono- and di-Substituted 
arylamino, mono- and di-heteroarylamino, mono- and di 
Substituted heteroarylamino, mono- and di-heterocyclic 
amino, mono- and di-Substituted heterocyclic amino, 
unsymmetric di-Substituted amines having different Sub 
Stituents independently Selected from the group consisting of 
alkyl, Substituted alkyl, aryl, Substituted aryl, heteroaryl, 
Substituted heteroaryl, heterocyclic and Substituted hetero 
cyclic and amino groups on the Substituted aryl blocked by 
conventional blocking groupS. Such as Boc, Cbz, formyl, and 
the like or substituted with -SO2NRR where R is hydrogen 
or alkyl. 

1230) 
1231 “Substituted aralkoxy' refers to substituted aryl 
alkylene-O-groups. 
1232 “Carboxyl” refers to the group -COOH and phar 
maceutically acceptable Salts thereof. 
1233) “Carboxyl esters” refers –C(O)O-alkyl, 
-C(O)O-substituted alkyl, -C(O)O-alkenyl, -C(O)O- 
substituted alkenyl, -C(O)O-aryl, -C(O)O-substituted 
aryl, -C(O)O-cycloalkyl, -C(O)O-substituted cycloalkyl, 
-C(O)O-heteroaryl, -C(O)O-substituted heteroaryl, 
-C(O)O-heterocyclic, and -C(O)O-substituted heterocy 
clic. 

1234 “Cycloalkenyl” refers to cyclic alkenyl groups of 
form 3 to 8 carbon atoms having a Single cyclic ring. 
1235) 
1236 “Substituted cycloalkoxy' refers to -O-substi 
tuted cycloalkyl groups. 
1237 “Cycloalkyl” refers to cyclic alkyl groups of from 
3 to 12 carbon atoms having a Single or multiple condensed 
rings including, by way of example adamantyl, cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyl, cyclooctyl and the like. 
Preferably “cycloalkyl” refers to cyclic alkyl groups of from 
3 to 8 carbon atoms having a single cyclic ring. 
1238 “Substituted cycloalkyl” and “substituted cycloalk 
enyl refers to an cycloalkyl or cycloalkenyl group, prefer 
ably of from 3 to 8 carbon atoms, having from 1 to 5 
Substituents independently Selected from the group consist 
ing of oxo (=O), thioxo (=S), alkoxy, Substituted alkoxy, 
acyl, acylamino, thiocarbonylamino, acyloxy, amino, ami 
dino, alkylamidino, thioamidino, aminoacyl, aminocarbony 
lamino, aminothiocarbonylamino, aminocarbonyloxy, aryl, 
Substituted aryl, aryloxy, Substituted aryloxy, aryloxyaryl, 
Substituted aryloxyaryl, halogen, hydroxyl, cyano, nitro, 
carboxyl, carboxylalkyl, carboxyl-Substituted alkyl, car 
boxyl-cycloalkyl, carboxyl-Substituted cycloalkyl, carboxy 
laryl, carboxyl-Substituted aryl, carboxylheteroaryl, car 
boxyl-substituted heteroaryl, carboxylheterocyclic, 
carboxyl-Substituted heterocyclic, cycloalkyl, Substituted 
cycloalkyl, guanidino, guanidinosulfone, thiol, thioalkyl, 
substituted thioalkyl, thioaryl, Substituted thioaryl, thiocy 
cloalkyl, Substituted thiocycloalkyl, thioheteroaryl, Substi 
tuted thioheteroaryl, thioheterocyclic, substituted thiohet 

"Aralkoxy' refers to aryl-alkylene-O-groups. 

“Cycloalkoxy” refers to -O-cycloalkyl groups. 
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erocyclic, heteroaryl, Substituted heteroaryl, heterocyclic, 
Substituted heterocyclic, cycloalkoxy, Substituted 
cycloalkoxy, heteroaryloxy, Substituted heteroaryloxy, het 
erocyclyloxy, Substituted heterocyclyloxy, oxycarbony 
lamino, oxythiocarbonylamino, -OS(O)-alkyl, -OS(O)- 
substituted alkyl, -OS(O)-aryl, -OS(O)-substituted 
aryl, -OS(O)-heteroaryl, -OS(O)-substituted het 
eroaryl, -OS(O)-heterocyclic, -OS(O)-substituted het 
erocyclic, -OSO-NRR where R is hydrogen or alkyl, 
-NRS(O)-alkyl, -NRS(O)-substituted alkyl, 
-NRS(O)-aryl, -NRS(O)-substituted aryl, -NRS(O)- 
heteroaryl, -NRS(O)-substituted heteroaryl, -NRS(O)- 
heterocyclic, -NRS(O)-substituted heterocyclic, 
-NRS(O)-NR-alkyl, -NRS(O)-NR-substituted 
alkyl, -NRS(O)-NR-aryl, -NRS(O)-NR-substituted 
aryl, -NRS(O)-NR-heteroaryl, -NRS(O)-NR-sub 
stituted heteroaryl, -NRS(O)-NR-heterocyclic, 
-NRS(O)-NR-substituted heterocyclic where R is 
hydrogen or alkyl, mono- and di-alkylamino, mono- and 
di-(Substituted alkyl)amino, mono- and di-arylamino, mono 
and di-Substituted arylamino, mono- and di-heteroary 
lamino, mono- and di-Substituted heteroarylamino, mono 
and di-heterocyclic amino, mono- and di-Substituted hetero 
cyclic amino, unsymmetric di-Substituted amines having 
different Substituents independently Selected from the group 
consisting of alkyl, Substituted alkyl, aryl, Substituted aryl, 
heteroaryl, Substituted heteroaryl, heterocyclic and Substi 
tuted heterocyclic and Substituted alkynyl groups having 
amino groups blocked by conventional blocking groups 
such as Boc, Cbz, formyl, and the like or alkynyl/substituted 
alkynyl groups substituted with -SO-alkyl, -SO-substi 
tuted alkyl, -SO-alkenyl, -SO-substituted alkenyl, 
-SO-cycloalkyl, -SO-substituted cycloalkyl, -SO 
aryl, -SO-substituted aryl, -SO-heteroaryl, -SO-sub 
stituted heteroaryl, -SO-heterocyclic, -SO-substituted 
heterocyclic and -SO2NRR where R is hydrogen or alkyl. 

1239 Preferred substituents are selected from the group 
consisting of oxo (=O), thioxo (=S), alkoxy, Substituted 
alkoxy, acyl, acylamino, acyloxy, amino, Substituted amino, 
aminoacyl, aminocarbonylamino, aminocarbonyloxy, aryl, 
Substituted aryl, aryloxy, Substituted aryloxy, carboxyl, car 
boxyl esters, cyano, cycloalkyl, Substituted cycloalkyl, 
cycloalkyloxy, Substituted cycloalkyloxy, halogen, het 
eroaryl, Substituted heteroaryl, heteroaryloxy, Substituted 
heteroaryloxy, heterocyclic, Substituted heterocyclic, 
hydroxyl, nitro, and oxycarbonylamino. 

1240 “Guanidino” refers to the groupS 
-NRC(=NR)NRR, -NRC(=NR)NR-alkyl, 
-NRC(=NR)NR-substituted alkyl, -NRC(=NR)NR 
alkenyl, -NRC(=NR)NR-substituted alkenyl, 
-NRC(=NR)NR-alkynyl, -NRC(=NR)NR-substituted 
alkynyl, -NRC(=NR)NR-aryl, -NRC(=NR)NR-substi 
tuted aryl, -NRC(=NR)NR-cycloalkyl, 
-NRC(=NR)NR-heteroaryl, -NRC(=NR)NR-substi 
tuted heteroaryl, -NRC(=NR)NR-heterocyclic, and 
-NRC(=NR)NR-substituted heterocyclic where each R is 
independently hydrogen and alkyl as well as where one of 
the amino groups is blocked by conventional blocking 
groupS Such as Boc, Cbz, formyl, and the like and wherein 
alkyl, Substituted alkyl, alkenyl, Substituted alkenyl, alkynyl, 
Substituted alkynyl, cycloalkyl, Substituted cycloalkyl, aryl, 
Substituted aryl, heteroaryl, Substituted heteroaryl, hetero 
cyclic and Substituted heterocyclic are as defined herein. 



US 2005/OO69541 A1 

1241) “Guanidinosulfone” refers to the groups 
–NRC(=NR)NRSO-alkyl, -NRC(=NR)NRSO-sub 
stituted alkyl, -NRC(=NR)NRSO-alkenyl, 
-NRC(=NR)NRSO-substituted alkenyl, 
–NRC(=NR)NRSO-alkynyl, -NRC(=NR)NRSO 
Substituted alkynyl, –NRC(=NR)NRSO-aryl, 
-NRC(=NR)NRSO-substituted aryl, 
-NRC(=NR)NRSO-cycloalkyl, -NRC(=NR)NRSO 
substituted cycloalkyl, -NRC(=NR)NRSO-heteroaryl, 
and -NRC(=NR)NRSO-substituted heteroaryl, 
-NRC(=NR)NRSO-heterocyclic, and 
-NRC(=NR)NRSO-substituted heterocyclic where each 
R is independently hydrogen and alkyl and wherein alkyl, 
Substituted alkyl, alkenyl, Substituted alkenyl, alkynyl, Sub 
Stituted alkynyl, cycloalkyl, Substituted cycloalkyl, aryl, 
Substituted aryl, heteroaryl, Substituted heteroaryl, hetero 
cyclic and Substituted heterocyclic are as defined herein. 
1242 “Halo' or “halogen” refers to fluoro, chloro, bromo 
and iodo and preferably is fluoro, chloro or bromo. 
1243 “Heteroaryl” refers to an aromatic carbocyclic 
group of from 2 to 10 carbon atoms and 1 to 4 heteroatoms 
Selected from the group consisting of oxygen, nitrogen and 
sulfur within the ring or oxides thereof. Such heteroaryl 
groups can have a single ring (e.g., pyridyl or furyl) or 
multiple condensed rings (e.g., indolizinyl or benzothienyl) 
wherein one or more of the condensed rings may or may not 
be aromatic provided that the point of attachment is through 
an aromatic ring atom. Additionally, the heteroatoms of the 
heteroaryl group may be oxidized, i.e., to form pyridine 
N-oxides or 1,1-dioxo-1,2,5-thiadiazoles and the like. Addi 
tionally, the carbon atoms of the ring may be Substituted 
with an oxo (=O). Preferred heteroaryls include pyridyl, 
pyrrolyl, indolyl, furyl, pyridaZinyl, pyrimidinyl, pyrazinyl, 
1-oxo-1,2,5-thiadiazolyl and 1,1-dioxo-1,2,5-thiadiazolyl. 

1244: “Substituted heteroaryl” refers to heteroaryl groups 
which are Substituted with from 1 to 3 Substituents selected 
from the group consisting of hydroxy, acyl, acylamino, 
thiocarbonylamino, acyloxy, alkyl, Substituted alkyl, alkoxy, 
Substituted alkoxy, alkenyl, Substituted alkenyl, alkynyl, 
Substituted alkynyl, amidino, alkylamidino, thioamidino, 
amino, aminoacyl, aminocarbonyloxy, aminocarbony 
lamino, aminothiocarbonylamino, aryl, Substituted aryl, ary 
loxy, Substituted aryloxy, cycloalkoxy, Substituted 
cycloalkoxy, heteroaryloxy, Substituted heteroaryloxy, het 
erocyclyloxy, Substituted heterocyclyloxy, carboxyl, car 
boxylalkyl, carboxyl-Substituted alkyl, carboxyl-cycloalkyl, 
carboxyl-Substituted cycloalkyl, carboxylaryl, carboxyl 
Substituted aryl, carboxylheteroaryl, carboxyl-Substituted 
heteroaryl, carboxylheterocyclic, carboxyl-Substituted het 
erocyclic, carboxylamido, cyano, thiol, thioalkyl, Substi 
tuted thioalkyl, thioaryl, Substituted thioaryl, thioheteroaryl, 
substituted thioheteroaryl, thiocycloalkyl, Substituted thio 
cycloalkyl, thioheterocyclic, Substituted thioheterocyclic, 
cycloalkyl, Substituted cycloalkyl, guanidino, guanidinosul 
fone, halo, nitro, heteroaryl, Substituted heteroaryl, hetero 
cyclic, Substituted heterocyclic, cycloalkoxy, Substituted 
cycloalkoxy, heteroaryloxy, Substituted heteroaryloxy, het 
erocyclyloxy, Substituted heterocyclyloxy, oxycarbony 
lamino, oxythiocarbonylamino, -SO)-alkyl, -S(O)- 
substituted alkyl, -S(O)-cycloalkyl, -S(O)-substituted 
cycloalkyl, -SO)-alkenyl, -SO)-substituted alkenyl, 
-S(O)-aryl, -S(O)-substituted aryl, -S(O)-heteroaryl, 
-S(O)-substituted heteroaryl, -S(O)-heterocyclic, 
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-S(O)-substituted heterocyclic, -OS(O)-alkyl, 
-OS(O)-substituted alkyl, -OS(O)-aryl, -OS(O)-sub 
stituted aryl, -OS(O)-heteroaryl, -OS(O)-substituted 
heteroaryl, -OS(O)-heterocyclic, -OS(O)-substituted 
heterocyclic, -OSO-NRR where R is hydrogen or alkyl, 
-NRS(O)-alkyl, -NRS(O)-substituted alkyl, 
-NRS(O)-aryl, -NRS(O)-substituted aryl, -NRS(O)- 
heteroaryl, -NRS(O)-substituted heteroaryl, -NRS(O)- 
heterocyclic, -NRS(O)-substituted heterocyclic, 
-NRS(O)-NR-alkyl, -NRS(O)-NR-substituted 
alkyl, -NRS(O)-NR-aryl, -NRS(O)-NR-substituted 
aryl, -NRS(O)-NR-heteroaryl, -NRS(O)-NR-sub 
stituted heteroaryl, -NRS(O)-NR-heterocyclic, 
-NRS(O)-NR-substituted heterocyclic where R is 
hydrogen or alkyl, mono- and di-alkylamino, mono- and 
di-(Substituted alkyl)amino, mono- and di-arylamino, mono 
and di-Substituted arylamino, mono- and di-heteroary 
lamino, mono- and di-Substituted heteroarylamino, mono 
and di-heterocyclic amino, mono- and di-Substituted hetero 
cyclic amino, unsymmetric di-Substituted amines having 
different Substituents independently Selected from the group 
consisting of alkyl, Substituted alkyl, aryl, Substituted aryl, 
heteroaryl, Substituted heteroaryl, heterocyclic and Substi 
tuted heterocyclic and amino groups on the Substituted aryl 
blocked by conventional blocking groups Such as Boc, Cbz, 
formyl, and the like or substituted with -SO2NRR where R 
is hydrogen or alkyl. 

1245 Preferably the substituents are selected from the 
group consisting of those defined above as preferred for 
substituted aryl. 
1246) “Heteroaryloxy” refers to the group -O-het 
eroaryl and “substituted heteroaryloxy' refers to the group 
-O-substituted heteroaryl. 
1247) “Heteroaralkoxy” refers to the group heteroaryl 
alkylene-O-. 

1248 “Substituted heteroaralkoxy' refers to the group 
substituted heteroaryl-alkylene-O-. 

1249) “Heterocycle” or "heterocyclic” refers to a satu 
rated or unsaturated group having a single ring or multiple 
condensed rings, from 1 to 10 carbon atoms and from 1 to 
4 hetero atoms Selected from the group consisting of nitro 
gen, Sulfur or oxygen within the ring wherein, in fused ring 
Systems, one or more the rings can be aryl or heteroaryl. 
1250 “Substituted heterocyclic” refers to heterocycle 
groups which are substituted with from 1 to 3 substituents 
Selected from the group consisting of oxo (=O), thioxo 
(=S), alkoxy, Substituted alkoxy, acyl, acylamino, thiocar 
bonylamino, acyloxy, amino, amidino, alkylamidino, thioa 
midino, aminoacyl, aminocarbonylamino, aminothiocarbo 
nylamino, aminocarbonyloxy, aryl, Substituted aryl, aryloxy, 
Substituted aryloxy, aryloxyaryl, Substituted aryloxyaryl, 
halogen, hydroxyl, cyano, nitro, carboxyl, carboxylalkyl, 
carboxyl-Substituted alkyl, carboxyl-cycloalkyl, carboxyl 
Substituted cycloalkyl, carboxylaryl, carboxyl-Substituted 
aryl, carboxylheteroaryl, carboxyl-Substituted heteroaryl, 
carboxylheterocyclic, carboxyl-Substituted heterocyclic, 
cycloalkyl, Substituted cycloalkyl, guanidino, guanidinosul 
fone, thiol, thioalkyl, Substituted thioalkyl, thioaryl, substi 
tuted thioaryl, thiocycloalkyl, Substituted thiocycloalkyl, 
thioheteroaryl, Substituted thioheteroaryl, thioheterocyclic, 
Substituted thioheterocyclic, heteroaryl, Substituted het 
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eroaryl, heterocyclic, Substituted heterocyclic, cycloalkoxy, 
Substituted cycloalkoxy, heteroaryloxy, Substituted het 
eroaryloxy, -C(O)O-aryl, -C(O)O-substituted aryl, het 
erocyclyloxy, Substituted heterocyclyloxy, oxycarbony 
lamino, oxythiocarbonylamino, -OS(O)-alkyl, -OS(O)- 
substituted alkyl, -OS(O)-aryl, -OS(O)-substituted 
aryl, -OS(O)-heteroaryl, -OS(O)-substituted het 
eroaryl, -OS(O)-heterocyclic, -OS(O)-substituted het 
erocyclic, -OSO-NRR where R is hydrogen or alkyl, 
-NRS(O)-alkyl, -NRS(O)-substituted alkyl, 
-NRS(O)-aryl, -NRS(O)-substituted aryl, -NRS(O)- 
heteroaryl, -NRS(O)-substituted heteroaryl, -NRS(O)- 
heterocyclic, -NRS(O)-substituted heterocyclic, 
-NRS(O)-NR-alkyl, -NRS(O)-NR-substituted 
alkyl, -NRS(O)-NR-aryl, -NRS(O)-NR-substituted 
aryl, -NRS(O)-NR-heteroaryl, -NRS(O)-NR-sub 
stituted heteroaryl, -NRS(O)-NR-heterocyclic, 
-NRS(O)-NR-substituted heterocyclic where R is 
hydrogen or alkyl, mono- and di-alkylamino, mono- and 
di-(Substituted alkyl)amino, mono- and di-arylamino, mono 
and di-Substituted arylamino, mono- and di-heteroary 
lamino, mono- and di-Substituted heteroarylamino, mono 
and di-heterocyclic amino, mono- and di-Substituted hetero 
cyclic amino, unsymmetric di-Substituted amines having 
different Substituents independently Selected from the group 
consisting of alkyl, Substituted alkyl, aryl, Substituted aryl, 
heteroaryl, Substituted heteroaryl, heterocyclic and Substi 
tuted heterocyclic and Substituted alkynyl groups having 
amino groups blocked by conventional blocking groups 
such as Boc, Cbz, formyl, and the like or alkynyl/substituted 
alkynyl groups substituted with -SO-alkyl, -SO-substi 
tuted alkyl, -SO-alkenyl, -SO-substituted alkenyl, 
-SO-cycloalkyl, -SO-substituted cycloalkyl, -SO 
aryl, -SO-substituted aryl, -SO-heteroaryl, -SO-sub 
stituted heteroaryl, -SO-heterocyclic, -SO-substituted 
heterocyclic and -SO2NRR where R is hydrogen or alkyl. 
1251 Preferably, the substituents are selected from the 
group consisting of the preferred Substitutents defined for 
Substituted cycloalkyl. 
1252) Examples of heterocycles and heteroaryls include, 
but are not limited to, aZetidine, pyrrole, imidazole, pyra 
Zole, pyridine, pyrazine, pyrimidine, pyridazine, indolizine, 
isolindole, indole, dihydroindole, indazole, purine, quinoliz 
ine, isoquinoline, quinoline, phthalazine, naphthylpyridine, 
quinoxaline, quinazoline, cinnoline, pteridine, carbazole, 
carboline, phenanthridine, acridine, phenanthroline, isothia 
Zole, phenazine, isoxazole, phenoxazine, phenothiazine, 
imidazolidine, imidazoline, piperidine, piperazine, indoline, 
phthalimide, 1,2,3,4-tetrahydroisoquinoline, 4,5,6,7-tet 
rahydrobenzobthiophene, thiazole, thiazolidine, 
thiophene, benzobthiophene, morpholino, morpholinyl, 
thiomorpholino, thiomorpholinyl (also referred to as thia 
morpholinyl), piperidinyl, pyrrolidine, tetrahydrofuranyl, 
and the like. 

1253) “Heterocyclyloxy” refers to the group -O-hetero 
cyclic and “Substituted heterocyclyloxy' refers to the group 
-O-substituted heterocyclic. 
1254 “N,N-Dimethylcarbamyloxy” refers to the group 
–OC(O)N(CH). 
1255 “Oxo" refers to (=O). 
(1256). “Oxyalkylene" refers to –OCHCHR- where 
R is alkyl. 
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1257 “Oxycarbonylamino” refers to the groups 
–OC(O)NH, -OC(O)NRR, —OC(O)NR-alkyl, 
-OC(O)NR-substituted alkyl, -OC(O)NR-alkenyl, 
-OC(O)NR-substituted alkenyl, -OC(O)NR-alkynyl, 
-OC(O)NR-substituted alkynyl, -OC(O)NR-cycloalkyl, 
-OC(O)NR-substituted cycloalkyl, -OC(O)NR-aryl, 
-OC(O)NR-substituted aryl, -OC(O)NR-heteroaryl, 
-OC(O)NR-substituted heteroaryl, -OC(O)NR-heterocy 
clic, and -OC(O)NR-substituted heterocyclic where R is 
hydrogen, alkyl or where each R is joined to form, together 
with the nitrogen atom a heterocyclic or Substituted hetero 
cyclic ring and wherein alkyl, Substituted alkyl, alkenyl, 
Substituted alkenyl, alkynyl, Substituted alkynyl, cycloalkyl, 
Substituted cycloalkyl, aryl, Substituted aryl, heteroaryl, Sub 
Stituted heteroaryl, heterocyclic and Substituted heterocyclic 
are as defined herein. 

1258 “Oxythiocarbonylamino” refers to the groups 
–OC(S)NH, -OC(S)NRR, —OC(S)NR-alkyl, -OC 
(S)NR-substituted alkyl, -OC(S)NR-alkenyl, -OC(S)NR 
substituted alkenyl, -OC(S)NR-alkynyl, -OC(S)NR-sub 
stituted alkynyl, -OC(S)NR-cycloalkyl, -OC(S)NR 
substituted cycloalkyl, -OC(S)NR-aryl, -OC(S)NR 
substituted aryl, -OC(S)NR-heteroaryl, -OC(S)NR 
substituted heteroaryl, -OC(S)NR-heterocyclic, and 
-OC(S)NR-substituted heterocyclic where R is hydrogen, 
alkyl or where each R is joined to form together with the 
nitrogen atom a heterocyclic or Substituted heterocyclic ring 
and wherein alkyl, Substituted alkyl, alkenyl, Substituted 
alkenyl, alkynyl, Substituted alkynyl, cycloalkyl, Substituted 
cycloalkyl, aryl, Substituted aryl, heteroaryl, Substituted het 
eroaryl, heterocyclic and Substituted heterocyclic are as 
defined herein. 

1259) “Thioalkyl” refers to the groups -S-alkyl. 
1260 “Substituted thioalkyl” refers to the group -S- 
substituted alkyl. 
1261) “Thioamidino” refers to the group RSC(=NH)– 
where R is hydrogen or alkyl. 
1262 “Thioaryl” refers to the group -S-aryl and “sub 
stituted thioaryl” refers to the group -S-Substituted aryl. 
1263) “Thiocarbonylamino” refers to the group -C(S- 
)NRR where each R is selected from the group consisting of 
hydrogen, alkyl, Substituted alky, alkenyl, Substituted alk 
enyl, alkynyl, Substituted alkynyl, aryl, Substituted aryl, 
cycloalkyl, Substituted cycloalkyl, heteroaryl, Substituted 
heteroaryl, heterocyclic, Substituted heterocyclic and where 
each R is joined to form, together with the nitrogen atom a 
heterocyclic or Substituted heterocyclic ring wherein alkyl, 
Substituted alkyl, alkenyl, Substituted alkenyl, alkynyl, Sub 
Stituted alkynyl, cycloalkyl, Substituted cycloalkyl, aryl, 
Substituted aryl, heteroaryl, Substituted heteroaryl, hetero 
cyclic and Substituted heterocyclic are as defined herein. 
1264 “Thiocycloalkyl” refers to the groups -S-cy 
cloalkyl. 
1265 “Substituted thiocycloalkyl” refers to the group 
-S-Substituted cycloalkyl. 
1266 “Thioheteroaryl” refers to the group -S.-het 
eroaryl and “substituted thioheteroaryl” refers to the group 
-S-Substituted heteroaryl. 
1267 “Thioheterocyclic” refers to the group -S.-hetero 
cyclic and “Substituted thioheterocyclic” refers to the group 
-S-Substituted heterocyclic. 
1268 “Thiol” refers to the group -SH. 
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1269 “Optionally subsituted” means that the recited 
group may be unsubstituted or the recited group may be 
Substituted. 

1270) “Pharmaceutically acceptable salt” refers to salts 
which retain the biological effectiveness and properties of 
the compounds of this invention and which are not biologi 
cally or otherwise undesirable. In many cases, the com 
pounds 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. 
1271 Pharmaceutically-acceptable base addition salts 
can be prepared from inorganic 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, 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, dialk 
enyl amines, trialkenyl amines, Substituted alkenyl amines, 
di(Substituted alkenyl) amines, tri(Substituted alkenyl) 
amines, cycloalkyl amines, di(cycloalkyl) amines, tri(cy 
cloalkyl) amines, Substituted cycloalkyl amines, disubsti 
tuted cycloalkyl amine, triSubstituted cycloalkyl amines, 
cycloalkenyl amines, di(cycloalkenyl)amines, tri(cycloalk 
enyl)amines, Substituted cycloalkenyl amines, disubstituted 
cycloalkenyl amine, triSubstituted cycloalkenyl amines, aryl 
amines, diaryl amines, triaryl amines, heteroaryl amines, 
diheteroaryl amines, triheteroaryl amines, heterocyclic 
amines, diheterocyclic amines, triheterocyclic amines, 
mixed di- and tri-amines where at least two of the Substitu 
ents on the amine are different and are Selected from the 
group consisting of alkyl, Substituted alkyl, alkenyl, Substi 
tuted alkenyl, cycloalkyl, Substituted cycloalkyl, cycloalk 
enyl, Substituted cycloalkenyl, aryl, heteroaryl, heterocyclic, 
and the like. Also included are amines where the two or three 
Substituents, together with the amino nitrogen, form a het 
erocyclic or heteroaryl group. 
1272 Examples of suitable amines include, by way of 
example only, isopropylamine, trimethyl amine, diethyl 
amine, tri(iso-propyl)amine, tri(n-propyl)amine, ethanola 
mine, 2-dimethylaminoethanol, tromethamine, lysine, argi 
nine, histidine, caffeine, procaine, hydrabamine, choline, 
betaine, ethylenediamine, glucosamine, N-alkylglucamines, 
theobromine, purines, piperazine, piperidine, morpholine, 
N-ethylpiperidine, and the like. It should also be understood 
that other carboxylic acid derivatives would be useful in the 
practice of this invention, for example, carboxylic acid 
amides, including carboxamides, lower alkyl carboxamides, 
dialkyl carboxamides, and the like. 
1273 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. 
1274. The term “pharmaceutically-acceptable cation” 
refers to the cation of a pharmaceutically-acceptable Salt. 
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1275 Compound Preparation 
1276. The compounds of this invention can be prepared 
from readily available Starting materials using the following 
general methods and procedures. It will be appreciated that 
where typical or preferred process conditions (i.e., reaction 
temperatures, times, mole ratioS of reactants, Solvents, pres 
Sures, etc.) are given, other process conditions can also be 
used unless otherwise Stated. Optimum reaction conditions 
may vary with the particular reactants or Solvent used, but 
Such conditions can be determined by one skilled in the art 
by routine optimization procedures. 
1277 Additionally, as will be apparent to those skilled in 
the art, conventional protecting groups may be necessary to 
prevent certain functional groups from undergoing undes 
ired reactions. Suitable protecting groups for various func 
tional groups as well as Suitable conditions for protecting 
and deprotecting particular functional groups are well 
known in the art. For example, numerous protecting groups 
are described in T. W. Greene and G. M. Wuts, Protecting 
Groups in Organic Synthesis, Second Edition, Wiley, New 
York, 1991, and references cited therein. 
1278. Furthermore, the compounds of this invention will 
typically contain one or more chiral centers. Accordingly, if 
desired, Such compounds can be prepared or isolated as pure 
Stereoisomers, i.e., as individual enantiomers or diastere 
omers, or as Stereoisomer-enriched mixtures. All Such Ste 
reoisomers (and enriched mixtures) are included within the 
Scope of this invention, unless otherwise indicated. Pure 
Stereoisomers (or enriched mixtures) may be prepared using, 
for example, optically active starting materials or Stereose 
lective reagents well-known in the art. Alternatively, race 
mic mixtures of Such compounds can be separated using, for 
example, chiral column chromatography, chiral resolving 
agents and the like. 
1279 According to the following compound preparation, 
R", R,R,R,R, and R7 are as defined herein for formulae 
I, IA, II, and IIA. In addition, according to the following 
compound preparation, R is equivalent to: 

1280 Ar" as herein defined for formula IB, 
1281) R' as herein defined for formulae II and IIA, 
and 

1282 Ar' as herein defined for formula IIB; 
1283 R’ is equivalent to: 

1284) R' as herein defined for formula IB, 
1285) R' as herein defined for formulae II and IIA, 
and 

1286) R' as herein defined for formula IIB; 
12871 R is equivalent to: C 

1288) R' as herein defined for formula IB, 
1289 R as herein defined for formulae II and IIA, 
and 

1290 R as herein defined for formula IIB; 
1291 R is equivalent to: 

1292 R as herein defined for formulae II and IIA; 
and 
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1293 R is equivalent to: 
1294 OH for formulae I and II, 
1295 OR'' as herein defined for formula IB, 
1296 R as herein defined for formula IIA, and 
1297 OR" as herein defined for formula IIB. 

1298. In a preferred method of synthesis, the compounds 
of formulae I, IA, II, and IIA, wherein Q is -C(O)NR' , 
and compounds of formulae IB, IC, and IIB are prepared by 
first coupling an amino acid of formula III: 

III 
R3 

R-N-CH-COOH 

1299 with a sulfonyl chloride of formula IV: 

IV 

1300 to provide an N-sulfonyl amino acid of formula V: 

O R3 

R1-S-N-CH-COOH 

O R2 

1301 This reaction is typically conducted by reacting the 
amino acid of formula III with at least one equivalent, 
preferably about 1.1 to about 2 equivalents, of Sulfonyl 
chloride IV in an inert diluent Such as dichloromethane and 
the like. Generally, the reaction is conducted at a tempera 
ture ranging from about -70° C. to about 40 C. for about 
1 to about 24 hours. Preferably, this reaction is conducted in 
the presence of a Suitable base to Scavenge the acid gener 
ated during the reaction. Suitable bases include, by way of 
example, tertiary amines, Such as triethylamine, diisopropy 
lethylamine, N-methylmorpholine and the like. Alterna 
tively, the reaction can be conducted under Schotten-Bau 
mann-type conditions using aqueous alkali, Such as Sodium 
hydroxide and the like, as the base. Upon completion of the 
reaction, the resulting N-Sulfonyl amino acid V is recovered 
by conventional methods including neutralization, extrac 
tion, precipitation, chromatography, filtration, and the like. 
1302 The amino acids of formula III employed in the 
above reaction are either known compounds or compounds 
that can be prepared from known compounds by conven 
tional Synthetic procedures. Examples of Suitable amino 
acids for use in this reaction include, but are not limited to, 
L-proline, trans-4-hydroxyl-L-proline, cis-4-hydroxyl-L- 
proline, trans-3-phenyl-L-proline, cis-3-phenyl-L-proline, 
L-(2-methyl)proline, L-pipecolinic acid, L-aZetidine-2-car 
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boxylic acid, L-indoline-2-carboxylic acid, L-1,2,3,4-tet 
rahydroisoquinoline-3-carboxylic acid, L-thiazolidine-4- 
carboxylic acid, L-(5,5-dimethyl)thiazolidine-4-carboxylic 
acid, L-thiamorpholine-3-carboxylic acid, glycine, 2-tert 
butylglycine, D.L-phenylglycine, L-alanine, C.-methylala 
nine, N-methyl-L-phenylalanine, L-diphenylalanine, Sar 
cosine, D.L-phenylsarcosine, L-aspartic acid B-tert-butyl 
ester, L-glutamic acid Y-tert-butyl ester, L-(O-benzyl)serine, 
1-aminocyclopropanecarboxylic acid, 1-aminocyclobutan 
ecarboxylic acid, 1-aminocyclopentanecarboxylic acid 
(cycloleucine) 1-aminocyclohexanecarboxylic acid, 
L-serine and the like. If desired, the corresponding carboxy 
lic acid esters of the amino acids of formula III, Such as the 
methyl esters, ethyl esters and the like, can be employed in 
the above reaction with the Sulfonyl chloride IV. Subsequent 
hydrolysis of the ester group to the carboxylic acid using 
conventional reagents and conditions, i.e., treatment with an 
alkali metal hydroxide in an inert diluent Such as methanol/ 
water, then provides the N-sulfonyl amino acid V. 
1303 Similarly, the sulfonyl chlorides of formula IV 
employed in the above reaction are either known compounds 
or compounds that can be prepared from known compounds 
by conventional Synthetic procedures. Such compounds are 
typically prepared from the corresponding Sulfonic acid, i.e., 
from compounds of the formula R-SOH, using phospho 
rous trichloride and phosphorous pentachloride. This reac 
tion is generally conducted by contacting the Sulfonic acid 
with about 2 to 5 molar equivalents of phosphorous trichlo 
ride and phosphorous pentachloride, either neat or in an inert 
Solvent, Such as dichloromethane, at temperature in the 
range of about 0°C. to about 80° C. for about 1 to about 48 
hours to afford the Sulfonyl chloride. Alternatively, the 
sulfonyl chlorides of formula IV can be prepared from the 
corresponding thiol compound, i.e., from compounds of the 
formula R-SH, by treating the thiol with chlorine (Cl-) 
and water under conventional reaction conditions. 

1304 Examples of Sulfonyl chlorides suitable for use in 
this invention include, but are not limited to, methaneSulfo 
nyl chloride, 2-propanesulfonyl chloride, 1-butaneSulfonyl 
chloride, benzeneSulfonyl chloride, 1-naphthaleneSulfonyl 
chloride, 2-naphthaleneSulfonyl chloride, p-toluenesulfonyl 
chloride, C-toluenesulfonyl chloride, 4-acetamidobenzene 
sulfonyl chloride, 4-amidinobenzenesulfonyl chloride, 
4-tert-butylbenzenesulfonyl chloride, 4-bromobenzene 
Sulfonyl chloride, 2-carboxybenzeneSulfonyl chloride, 4-cy 
anobenzenesulfonyl chloride, 3,4-dichlorobenzenesulfonyl 
chloride, 3,5-dichlorobenzenesulfonyl chloride, 3,4- 
dimethoxybenzenesulfonyl chloride, 3,5-ditrifluoromethyl 
benzenesulfonyl chloride, 4-fluorobenzenesulfonyl chloride, 
4-methoxybenzeneSulfonyl chloride, 2-methoxycarbonyl 
benzenesulfonyl chloride, 4-methylamidobenzenesulfonyl 
chloride, 4-nitrobenzenesulfonyl chloride, 4-thioamidoben 
Zenesulfonyl chloride, 4-trifluoromethylbenzenesulfonyl 
chloride, 4-trifluoromethoxybenzenesulfonyl chloride, 2,4, 
6-trimethylbenzenesulfonyl chloride, 2-phenylethanesulfo 
nyl chloride, 2-thiophenesulfonyl chloride, 5-chloro-2- 
thiophenesulfonyl chloride, 2,5-dichloro-4- 
thiophenesulfonyl chloride, 2-thiazolesulfonyl chloride, 
2-methyl-4-thiazolesulfonyl chloride, 1-methyl-4-imida 
Zolesulfonyl chloride, 1-methyl-4-pyrazolesulfonyl chlo 
ride, 5-chloro-1,3-dimethyl-4-pyrazolesulfonyl chloride, 
3-pyridinesulfonyl chloride, 2-pyrimidinesulfonyl chloride 
and the like. If desired, a sulfonyl fluoride, Sulfonyl bromide 
or Sulfonic acid anhydride may be used in place of the 



US 2005/OO69541 A1 

sulfonyl chloride in the above reaction to form the N-sul 
fonyl amino acids of formula V. 

1305 The intermediate N-sulfonyl amino acids of for 
mula V can also be prepared by reacting a Sulfonamide of 
formula VI: 

VI 

R-S-N-R 

(1306) with a carboxylic acid derivative of the formula 
L(R)CHCOOR where L is a leaving group, such as chloro, 
bromo, iodo, meSylate, tosylate and the like, and R is 
hydrogen or an alkyl group. This reaction is typically 
conducted by contacting the Sulfonamide VI with at least 
one equivalent, preferably 1.1 to 2 equivalents, of the 
carboxylic acid derivative in the presence of a Suitable base, 
Such as triethylamine, in an inert diluent, Such as DMF, at a 
temperature ranging from about 24 C. to about 37 C. for 
about 0.5 to about 4 hours. This reaction is further described 
in Zuckermann et al., J. Am. Chem. Soc., 1992, 114, 10646 
10647. Preferred carboxylic acid derivatives for use in this 
reaction are C-chloro and C.-bromocarboxylic acid esters 
such as tert-butyl bromoacetate and the like. When a car 
boxylic acid ester is employed in this reaction, the ester 
group is Subsequently hydrolyzed using conventional pro 
cedures to afford an N-sulfonyl amino acid of formula V. 
1307. The compounds of the present invention are then 
prepared by coupling the intermediate N-Sulfonyl amino 
acid of formula V with an amino acid derivative of formula 
VII: 

VII 
O 

R7-N-CH-C-R6. 
H 

1308 This coupling reaction is typically conducted using 
well-known coupling reagents Such as carbodiimides, BOP 
reagent (benzotriazol-1-yloxy-tris(dimethylamino)phospho 
nium hexafluorophosphonate) and the like. Suitable carbo 
diimides include, by way of example, dicyclohexylcarbodi 
imide (DCC), 1-(3-dimethylamino-propyl)-3- 
ethylcarbodiimide (EDC) and the like. If desired, polymer 
Supported forms of carbodiimide coupling reagents may also 
be used including, for example, those described in Tetrahe 
dron Letters, 34(48), 7685 (1993). Additionally, well-known 
coupling promoters, Such as N-hydroxySuccinimide, 1-hy 
droxybenzotriazole and the like, may be used to facilitate the 
coupling reaction. 

1309. This coupling reaction is typically conducted by 
contacting the N-sulfonylamino acid V with about 1 to about 
2 equivalents of the coupling reagent and at least one 
equivalent, preferably about 1 to about 1.2 equivalents, of 
amino acid derivative VII in an inert diluent, Such as 
dichloromethane, chloroform, acetonitrile, tetrahydrofuran, 
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N,N-dimethylformamide and the like. Generally, this reac 
tion is conducted at a temperature ranging from about 0°C. 
to about 37 C. for about 12 to about 24 hours. Upon 
completion of the reaction, the compound of the present 
invention is recovered by conventional methods including 
neutralization, extraction, precipitation, chromatography, 
filtration, and the like. 

1310 Alternatively, the N-sulfonyl amino acid V can be 
converted into an acid halide and the acid halide coupled 
with amino acid derivative VII to provide compounds of the 
present invention. The acid halide of V can be prepared by 
contacting V with an inorganic acid halide, Such as thionyl 
chloride, phosphorous trichloride, phosphorous tribromide 
or phosphorous penta-chloride, or preferably, with oxalyl 
chloride under conventional conditions. Generally, this reac 
tion is conducted using about 1 to 5 molar equivalents of the 
inorganic acid halide or oxalyl chloride, either neat or in an 
inert Solvent, Such as dichloromethane or carbon tetrachlo 
ride, at temperature in the range of about 0° C. to about 80 
C. for about 1 to about 48 hours. A catalyst, such as DMF, 
may also be used in this reaction. 

1311. The acid halide of N-sulfonyl amino acid V is then 
contacted with at least one equivalent, preferably about 1.1 
to about 1.5 equivalents, of amino acid derivative VII in an 
inert diluent, Such as dichloromethane, at a temperature 
ranging from about -70° C. to about 40 C. for about 1 to 
about 24 hours. Preferably, this reaction is conducted in the 
presence of a Suitable base to Scavenge the acid generated 
during the reaction. Suitable bases include, by way of 
example, tertiary amines, Such as triethylamine, diisopropy 
lethylamine, N-methylmorpholine and the like. Alterna 
tively, the reaction can be conducted under Schotten-Bau 
mann-type conditions using aqueous alkali, Such as Sodium 
hydroxide and the like. Upon completion of the reaction, the 
compound of the present invention is recovered by conven 
tional methods including neutralization, extraction, precipi 
tation, chromatography, filtration, and the like. 
1312 Alternatively, the compounds of the present inven 
tion can be prepared by first forming a diamino acid deriva 
tive of formula VII: 

VIII 
O R7 O 

R-N-ti-c-s-p-e-R. 

1313. The diamino acid derivatives of formula VIII can 
be readily prepared by coupling an amino acid of formula III 
with an amino acid derivative of formula VII using conven 
tional amino acid coupling techniques and reagents, Such 
carbodiimides, BOP reagent and the like, as described 
above. Diamino acid VIII can then be sulfonated using a 
sulfonyl chloride of formula IV and using the synthetic 
procedures described above to provide a compound of the 
present invention. 

1314. The amino acid derivatives of formula VII 
employed in the above reactions are either known com 
pounds or compounds that can be prepared from known 
compounds by conventional Synthetic procedures. For 
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example, amino acid derivatives of formula VII can be 
prepared by C-alkylating commercially available diethyl 
2-acetamidomalonate (Aldrich, Milwaukee, Wis., USA) 
with an alkyl or substituted alkyl halide. This reaction is 
typically conducted by treating the diethyl 2-acetamidoma 
lonate with at least one equivalent of Sodium ethoxide and 
at least one equivalent of an alkyl or Substituted alkyl halide 
in refluxing ethanol for about 6 to about 12 hours. The 
resulting C-alkylated malonate is then deacetylated, hydro 
lyzed and decarboxylated by heating in aqueous hydrochlo 
ric acid at reflux for about 6 to about 12 hours to provide the 
amino acid, typically as the hydrochloride Salt. 

1315 Examples of amino acid derivatives of formula VII 
Suitable for use in the above reactions include, but are not 
limited to, L-tyrosine methyl ester, L-3,5-diiodotyrosine 
methyl ester, L-3-iodotyrosine methyl ester, ?-(4-hydroxy 
naphth-1-yl)-L-alanine methyl ester, B-(6-hydroxy-naphth 
2-yl)-L-alanine methyl ester, and the like. If desired, of 
course, other esters or amides of the above-described com 
pounds may also be employed. 

1316 For ease of synthesis, the compounds of the present 
invention are typically prepared as an ester, i.e., where R is 
an alkoxy or Substituted alkoxy group and the like. If 
desired, the ester group can be hydrolysed using conven 
tional conditions and reagents to provide the corresponding 
carboxylic acid. Typically, this reaction is conducted by 
treating the ester with at least one equivalent of an alkali 
metal hydroxide, Such as lithium, Sodium or potassium 
hydroxide, in an inert diluent, Such as methanol or mixtures 
of methanol and water, at a temperature ranging about 0°C. 
to about 24 C. for about 1 to about 10 hours. Alternatively, 
benzyl esters may be removed by hydrogenolysis using a 
palladium catalyst, Such as palladium on carbon. The result 
ing carboxylic acids may be coupled, if desired, to amines 
Such as B-alanine ethyl ester, hydroxyamines Such as 
hydroxylamine and N-hydroxySuccinimide, alkoxyamines 
and Substituted alkoxyamines Such as O-methylhydroxy 
lamine and O-benzylhydroxylamine, and the like, using 
conventional coupling reagents and conditions as described 
above. 

1317. As will be apparent to those skilled in the art, other 
functional groups present on any of the Substituents of the 
compounds of the present invention can be readily modified 
or derivatized either before or after the above-described 
coupling reactions using well-known Synthetic procedures. 
For example, a nitro group present on a Substituent of a 
compound of the present invention or an intermediate 
thereof may be readily reduced by hydrogenation in the 
presence of a palladium catalyst, Such as palladium on 
carbon, to provide the corresponding amino group. This 
reaction is typically conducted at a temperature of from 
about 20° C. to about 50° C. for about 6 to about 24 hours 
in an inert diluent, Such as methanol. Compounds having a 
nitro group on, e.g., the RSubstituent, can be prepared, for 
example, by using a 4-nitrophenylalanine derivative and the 
like in the above-described coupling reactions. 
1318 Similarly, a pyridyl group can be hydrogenated in 
the presence of a platinum catalyst, Such as platinum oxide, 
in an acidic diluent to provide the corresponding piperidinyl 
analogue. Generally, this reaction is conducted by treating 
the pyridine compound with hydrogen at a pressure ranging 
from about 20 psi to about 60 psi, preferably about 40 psi, 
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in the presence of the catalyst at a temperature of about 20 
C. to about 50° C. for about 2 to about 24 hours in an acidic 
diluent, Such as a mixture of methanol and aqueous hydro 
chloric acid. Compounds having a pyridyl group can be 
readily prepared by using, for example, B-(2-pyridyl)-, B-(3- 
pyridyl)- or f3-(4-pyridyl)-L-alanine derivatives in the 
above-described coupling reactions. 

1319. Additionally, when a substituent of a compound of 
the present invention or an intermediate thereof contains a 
primary or Secondary amino group, Such amino groups can 
be further derivatized either before or after the above cou 
pling reactions to provide, by way of example, amides, 
Sulfonamides, ureas, thioureas, carbamates, Secondary or 
tertiary amines and the like. Compounds having a primary 
amino group on Such a Substituent may be prepared, for 
example, by reduction of the corresponding nitro compound 
as described above. Alternatively, Such compounds can be 
prepared by using an amino acid derivative of formula VII 
derived from lysine, 4-aminophenylalanine and the like in 
the above-described coupling reactions. 

1320) By way of illustration, a compound of the present 
invention or an intermediate thereof having a Substituent 
containing a primary or Secondary amino group can be 
readily N-acylated using conventional acylating reagents 
and conditions to provide the corresponding amide. This 
acylation reaction is typically conducted by treating the 
amino compound with at least one equivalent, preferably 
about 1.1 to about 1.2 equivalents, of a carboxylic acid in the 
presence of a coupling reagent Such as a carbodiimide, BOP 
reagent (benzotriazol-1-yloxy-tris(dimethylamino)-phos 
phonium hexafluorophosphonate) and the like, in an inert 
diluent, Such as dichloromethane, chloroform, acetonitrile, 
tetrahydrofuran, N,N-dimethylformamide and the like, at a 
temperature ranging from about 0° C. to about 37 C. for 
about 4 to about 24 hours. Preferably, a promoter, such as 
N-hydroxysuccinimide, 1-hydroxybenzotriazole and the 
like, is used to facilitate the acylation reaction. Examples of 
carboxylic acids Suitable for use in this reaction include, but 
are not limited to, N-tert-butyloxycarbonylglycine, N-tert 
butyloxycarbonyl-L-phenylalanine, N-tert-butyloxycarbo 
nyl-L-aspartic acid benzyl ester, benzoic acid, N-tert-buty 
loxycarbonylisonipecotic acid, N-methylisonipecotic acid, 
N-tert-butyloxycarbonylnipecotic acid, N-tert-butyloxycar 
bonyl-L-tetrahydroisoquinoline-3-carboxylic acid, N-(tolu 
ene-4-Sulfonyl)-L-proline and the like. 
1321 Alternatively, a compound of the present invention 
or an intermediate thereof containing a primary or Secondary 
amino group can be N-acylated using an acyl halide or a 
carboxylic acid anhydride to form the corresponding amide. 
This reaction is typically conducted by contacting the amino 
compound with at least one equivalent, preferably about 1.1 
to about 1.2 equivalents, of the acyl halide or carboxylic acid 
anhydride in an inert diluent, Such as dichloromethane, at a 
temperature ranging from about of about -70° C. to about 
40° C. for about 1 to about 24 hours. If desired, an acylation 
catalyst such as 4-(N,N-dimethylamino)pyridine may be 
used to promote the acylation reaction. The acylation reac 
tion is preferably conducted in the presence of a Suitable 
base to Scavenge the acid generated during the reaction. 
Suitable bases include, by way of example, tertiary amines, 
Such as triethylamine, diisopropylethylamine, N-methyl 
morpholine and the like. Alternatively, the reaction can be 
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conducted under Schotten-Baumann-type conditions using 
aqueous alkali, Such as Sodium hydroxide and the like. 
1322 Examples of acyl halides and carboxylic acid anhy 
drides Suitable for use in this reaction include, but are not 
limited to, 2-methylpropionyl chloride, trimethylacetylchlo 
ride, phenylacetyl chloride, benzoyl chloride, 2-bromoben 
Zoyl chloride, 2-methylbenzoyl chloride, 2-trifluoromethyl 
benzoyl chloride, isonicotinoyl chloride, nicotinoyl 
chloride, picolinoyl chloride, acetic anhydride, Succinic 
anhydride and the like. Carbamyl chlorides, such as N,N- 
dimethylcarbamyl chloride, N,N-diethylcarbamyl chloride 
and the like, can also be used in this reaction to provide 
ureas. Similarly, dicarbonates, Such as di-tert-butyl dicar 
bonate, may be employed to provide carbamates. 

1323 In a similar manner, a compound of the present 
invention or an intermediate thereof containing a primary or 
Secondary amino group may be N-Sulfonated to form a 
Sulfonamide using a Sulfonyl halide or a Sulfonic acid 
anhydride. Sulfonyl halides and Sulfonic acid anhydrides 
Suitable for use in this reaction include, but are not limited 
to, methaneSulfonyl chloride, chloromethaneSulfonyl chlo 
ride, p-toluenesulfonyl chloride, trifluoromethaneSulfonic 
anhydride and the like. Similarly, Sulfamoyl chlorides, such 
as dimethylsulfamoyl chloride, can be used to provide 
sulfamides (e.g., >N-SO-NC). 
1324. Additionally, a primary and Secondary amino 
group present on a Substituent of a compound of the present 
invention or an intermediate thereof can be reacted with an 
isocyanate or a thioisocyanate to give a urea or thiourea, 
respectively. This reaction is typically conducted by con 
tacting the amino compound with at least one equivalent, 
preferably about 1.1 to about 1.2 equivalents, of the isocy 
anate or thioisocyanate in an inert diluent, Such as toluene 
and the like, at a temperature ranging from about 24 C. to 
about 37 C. for about 12 to about 24 hours. The isocyanates 
and thioisocyanates used in this reaction are commercially 
available or can be prepared from commercially available 
compounds using well-known Synthetic procedures. For 
example, isocyanates and thioisocyanates are readily pre 
pared by reacting the appropriate amine with phosgene or 
thiophosgene. Examples of isocyanates and thioisocyanates 
Suitable for use in this reaction include, but are not limited 
to, ethyl isocyanate, n-propyl isocyanate, 4-cyanophenyl 
isocyanate, 3-methoxyphenyl isocyanate, 2-phenylethyl iso 
cyanate, methylthioisocyanate, ethylthioisocyanate, 2-phe 
nylethyl thioisocyanate, 3-phenylpropyl thioisocyanate, 
3-(N,N-diethylamino)propylthioisocyanate, phenylthioiso 
cyanate, benzyl thioisocyanate, 3-pyridyl thioisocyanate, 
fluorescein isothiocyanate (isomer L), and the like. 
1325 Furthermore, when a compound of the present 
invention or an intermediate thereof contains a primary or 
Secondary amino group, the amino group can be reductively 
alkylated using aldehydes or ketones to form a Secondary or 
tertiary amino group. This reaction is typically conducted by 
contacting the amino compound with at least one equivalent, 
preferably about 1.1 to about 1.5 equivalents, of an aldehyde 
or ketone and at least one equivalent based on the amino 
compound of a metal hydride reducing agent, Such as 
Sodium cyanoborohydride, in an inert diluent, Such as 
methanol, tetrahydrofuran, mixtures thereof and the like, at 
a temperature ranging from about 0° C. to about 50 C. for 
about 1 to about 72 hours. Aldehydes and ketones suitable 
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for use in this reaction include, by way of example, benzal 
dehyde, 4-chlorobenzaldehyde, Valeraldehyde and the like. 
1326 In a similar manner, when a compound of the 
present invention or an intermediate thereof has a Substituent 
containing a hydroxyl group, the hydroxyl group can be 
further modified or derivatized either before or after the 
above coupling reactions to provide, by way of example, 
ethers, carbamates and the like. Compounds of formulae I 
and II having a hydroxyl group on the R substituent, for 
example, can be prepared using an amino acid derivative of 
formula VII derived from tyrosine and the like in the 
above-described reactions. 

1327 By way of example, a compound of the present 
invention or an intermediate thereof having a Substituent 
containing a hydroxyl group can be readily O-alkylated to 
form ethers. This O-alkylation reaction is typically con 
ducted by contacting the hydroxy compound with a Suitable 
alkali or alkaline earth metal base, Such as potassium car 
bonate, in an inert diluent, Such as acetone, 2-butanone and 
the like, to form the alkali or alkaline earth metal salt of the 
hydroxyl group. This Salt is generally not isolated, but is 
reacted in Situ with at least one equivalent of an alkyl or 
Substituted alkyl halide or Sulfonate, Such as an alkyl chlo 
ride, bromide, iodide, meSylate or tosylate, to afford the 
ether. Generally, this reaction is conducted at a temperature 
ranging from about 60° C. to about 150 C. for about 24 to 
about 72 hours. Preferably, a catalytic amount of sodium or 
potassium iodide is added to the reaction mixture when an 
alkyl chloride or bromide is employed in the reaction. 
1328 Examples of alkyl or substituted alkyl halides and 
Sulfonates Suitable for use in this reaction include, but are 
not limited to, tert-butyl bromoacetate, N-tert-butyl chloro 
acetamide, 1-bromoethylbenzene, ethyl C-bromophenylac 
etate, 2-(N-ethyl-N-phenylamino)ethyl chloride, 2-(N.N- 
ethylamino)ethyl chloride, 2-(N,N-diisopropylamino)ethyl 
chloride, 2-(N,N-dibenzylamino)ethyl chloride, 3-(N.N- 
ethylamino)propyl chloride, 3-(N-benzyl-N-methylamino 
)propyl chloride, N-(2-chloroethyl)morpholine, 2-(hexam 
ethyleneimino)ethyl chloride, 3-(N- 
methylpiperazine)propyl chloride, 1-(3-chlorophenyl)-4-(3- 
chloropropyl)piperazine, 2-(4-hydroxy-4- 
phenylpiperidine)ethyl chloride, N-tert-butyloxycarbonyl-3- 
piperidinemethyl tosylate and the like. 
1329. Alternatively, a hydroxyl group present on a sub 
Stituent of a compound of the present invention or an 
intermediate thereof can be O-alkylating using the Mit 
Sunobu reaction. In this reaction, an alcohol, Such as 3-(N, 
N-dimethylamino)-1-propanol and the like, is reacted with 
about 1.0 to about 1.3 equivalents of triphenylphosphine and 
about 1.0 to about 1.3 equivalents of diethylazodicarboxy 
late in an inert diluent, Such as tetrahydrofuran, at a tem 
perature ranging from about -10° C. to about 5 C. for about 
0.25 to about 1 hour. About 1.0 to about 1.3 equivalents of 
a hydroxy compound, Such as N-tert-butyltyrosine methyl 
ester, is then added and the reaction mixture is stirred at a 
temperature of about 0° C. to about 30° C. for about 2 to 
about 48 hours to provide the O-alkylated product. 
1330. In a similar manner, a compound of the present 
invention or an intermediate thereof containing a aryl 
hydroxy group can be reacted with an aryl iodide to provide 
a diaryl ether. Generally, this reaction is conducted by 
forming the alkali metal Salt of the hydroxyl group using a 
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Suitable base, Such as Sodium hydride, in an inert diluent 
Such as Xylenes at a temperature of about -25 C. to about 
10 C. The salt is then treated with about 1.1 to about 1.5 
equivalents of cuprous bromide dimethyl Sulfide complex at 
a temperature ranging from about 10 C. to about 30° C. for 
about 0.5 to about 2.0 hours, followed by about 1.1 to about 
1.5 equivalents of an aryl iodide, Such as Sodium 2-iodo 
benzoate and the like. The reaction is then heated to about 
70° C. to about 150° C. for about 2 to about 24 hours to 
provide the diaryl ether. 
1331 Additionally, a hydroxy-containing compound can 
also be readily derivatized to form a carbamate. In one 
method for preparing Such carbamates, a hydroxy compound 
of the present invention or an intermediate thereof is con 
tacted with about 1.0 to about 1.2 equivalents of 4-nitro 
phenyl chloroformate in an inert diluent, Such as dichlo 
romethane, at a temperature ranging from about -25 C. to 
about 0°C. for about 0.5 to about 2.0 hours. Treatment of the 
resulting carbonate with an excess, preferably about 2 to 
about 5 equivalents, of a trialkylamine, Such as triethy 
lamine, for about 0.5 to 2 hours, followed by about 1.0 to 
about 1.5 equivalents of a primary or Secondary amine 
provides the carbamate. Examples of amines Suitable for 
using in this reaction include, but are not limited to, pipera 
Zine, 1-methylpiperazine, 1-acetylpiperazine, morpholine, 
thiomorpholine, pyrrolidine, piperidine and the like. 

1332 Alternatively, in another method for preparing car 
bamates, a hydroxy-containing compound is contacted With 
about 1.0 to about 1.5 equivalents of a carbamyl chloride in 
an inert diluent, Such as dichloromethane, at a temperature 
ranging from about 25 C. to about 70° C. for about 2 to 
about 72 hours. Typically, this reaction is conducted in the 
presence of a Suitable base to Scavenge the acid generated 
during the reaction. Suitable bases include, by way of 
example, tertiary amines, Such as triethylamine, diisopropy 
lethylamine, N-methylmorpholine and the like. Addition 
ally, at least one equivalent (based on the hydroxy com 
pound) of 4-(N,N-dimethylamino)pyridine is preferably 
added to the reaction mixture to facilitate the reaction. 
Examples of carbamyl chlorides suitable for use in this 
reaction include, by way of example, dimethylcarbamyl 
chloride, diethylcarbamyl chloride and the like. 

1333) Likewise, when a compound of the present inven 
tion or an intermediate thereof contains a primary or Sec 
ondary hydroxyl group, Such hydroxyl groups can be readily 
converted into a leaving group and displaced to form, for 
example, amines, Sulfides and fluorides. For example, 
derivatives of 4-hydroxy-L-proline can be converted into the 
corresponding 4-amino, 4-thio or 4-fluoro-L-proline deriva 
tives via nucleophilic displacement of the derivatized 
hydroxyl group. Generally, when a chiral compound is 
employed in these reactions, the Stereochemistry at the 
carbon atom attached to the derivatized hydroxyl group is 
typically inverted. 

1334. These reactions are typically conducted by first 
converting the hydroxyl group into a leaving group, Such as 
a tosylate, by treatment of the hydroxy compound with at 
least one equivalent of a Sulfonyl halide, Such as p-toluene 
Sulfonyl chloride and the like, in pyridine. This reaction is 
generally conducted at a temperature of from about 0°C. to 
about 70° C. for about 1 to about 48 hours. The resulting 
tosylate can then be readily displaced with Sodium azide, for 

Mar. 31, 2005 

example, by contacting the tosylate with at least one equiva 
lent of Sodium azide in an inert diluent, Such as a mixture of 
N,N-dimethylformamide and water, at a temperature rang 
ing from about 0°C. to about 37 C. for about 1 to about 12 
hours to provide the corresponding azido compound. The 
azido group can then be reduced by, for example, hydroge 
nation using a palladium on carbon catalyst to provide the 
amino (-NH) compound. 
1335) Similarly, a tosylate group can be readily displaced 
by a thiol to form a sulfide. This reaction is typically 
conducted by contacting the tosylate with at least one 
equivalent of a thiol, Such as thiophenol, in the presence of 
a Suitable base, Such as 1,8-diazabicyclo5.4.0]undec-7-ene 
(DBU), in an inert diluent, such as N,N-dimethylformamide, 
at a temperature of from about 0° C. to about 37 C. for 
about 1 to about 12 hours to provide the sulfide. Addition 
ally, treatment of a tosylate with morpholinosulfur trifluo 
ride in an inert diluent, Such as dichloromethane, at a 
temperature ranging from about 0° C. to about 37 C. for 
about 12 to about 24 hours affords the corresponding fluoro 
compound. 

1336 Furthermore, a compound of the present invention 
or an intermediate thereof having a Substituent containing an 
iodoaryl group, for example, when R., of formula I or II, is 
a (4-iodophenyl)methyl group, can be readily converted 
either before or after the above coupling reactions into a 
biaryl compound. Typically, this reaction is conducted by 
treating the iodoaryl compound with about 1.1 to about 2 
equivalents of an arylzinc iodide, Such as 2-(methoxycar 
bonyl)phenylzinc iodide, in the presence of a palladium 
catalyst, Such as palladium tetra(triphenylphosphine), in an 
inert diluent, Such as tetrahydrofuran, at a temperature 
ranging from about 24 C. to about 30° C. until the reaction 
is complete. This reaction is further described, for example, 
in Rieke, J. Org. Chem. 1991, 56, 1445. 
1337. In some cases, the compounds of the present inven 
tion or intermediates thereof may contain Substituents hav 
ing one or more Sulfur atoms. Such Sulfur atoms will be 
present, for example, when the amino acid of formula III 
employed in the above reactions is derived from L-thiazo 
lidine-4-carboxylic acid, L-(5,5-dimethyl)thiazolidine-4- 
carboxylic acid, L-thiamorpholine-3-carboxylic acid and the 
like. When present, such sulfur atoms can be oxidized either 
before or after the above coupling reactions to provide a 
Sulfoxide or Sulfone compound using conventional reagents 
and reaction conditions. Suitable reagents for oxidizing a 
Sulfide compound to a Sulfoxide include, by way of example, 
hydrogen peroxide, 3-chloroperoxybenzoic acid (MCPBA), 
Sodium periodate and the like. The oxidation reaction is 
typically conducted by contacting the Sulfide compound 
with about 0.95 to about 1.1 equivalents of the oxidizing 
reagent in an inert diluent, Such as dichloromethane, at a 
temperature ranging from about -50 C. to about 75 C. for 
about 1 to about 24 hours. The resulting sulfoxide can then 
be further oxidized to the corresponding Sulfone by contact 
ing the Sulfoxide with at least one additional equivalent of an 
oxidizing reagent, Such as hydrogen peroxide, MCPBA, 
potassium permanganate and the like. Alternatively, the 
Sulfone can be prepared directly by contacting the Sulfide 
with at least two equivalents, and preferably an exceSS, of 
the oxidizing reagent. Such reactions are described further in 
March, “Advanced Organic Chemistry', 4th Ed., pp. 1202 
1202, Wiley Publishers, (1992). 
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1338. As described above, the compounds of the present 
invention having an R Substituent other an hydrogen can be 
prepared using an N-Substituted amino acid of formula III, 
Such as Sarcosine, N-methyl-L-phenylalanine and the like, in 
the above-described coupling reactions. Alternatively, Such 
compounds can be prepared by N-alkylation of a Sulfona 
mide of formula I or V (where R is hydrogen) using 
conventional Synthetic procedures. Typically, this N-alkyla 
tion reaction is conducted by contacting the Sulfonamide 
with at least one equivalent, preferably 1.1 to 2 equivalents, 
of an alkyl or Substituted alkyl halide in the presence of a 
Suitable base, Such as potassium carbonate, in an inert 
diluent, Such as acetone, 2-butanone and the like, at a 
temperature ranging from about 25 C. to about 70° C. for 
about 2 to about 48 hours. Examples of alkyl or substituted 
alkyl halides Suitable for use in this reaction include, but are 
not limited to, methyl iodide, and the like. 
1339. Additionally, the Sulfonamides of formula I or V 
wherein R is hydrogen and R is a 2-alkoxycarbonylaryl 
group can be intramolecularly cyclized to form 1,2-ben 
Zisothiazol-3-one derivatives or analogues thereof. This 
reaction is typically conducted by treating a Sulfonamide, 
Such as N-(2-methoxycarbonylphenylsulfonyl)glycine-L- 
phenylalanine benzyl ester, with about 1.0 to 1.5 equivalents 
of a Suitable base, Such as an alkali metal hydride, in a linert 
diluent, Such as tetrahydrofuran, at a temperature ranging 
from about 0° C. to about 30° C. for about 2 to about 48 
hours to afford the cyclized 1,2-benzisothiazol-3-one deriva 
tive. 

1340 Lastly, the compounds of formula I or II where Q 
is-C(S)NR'- are prepared by using an amino thionoacid 
derivative in place of amino acid III in the above described 
Synthetic procedures. Such amino thionoacid derivatives can 
be prepared by the procedures described in Shalaky et al., J. 
Org. Chem, 61:9045-9048 (1996) and Brain et al., J. Org. 
Chem, 62:3808-3809 (1997) and references cited therein. 
1341. 4.1.2. Pharmaceutical Formulations of the Com 
pounds 
1342. In general, the compounds of the Subject invention 
will be administered in a therapeutically effective amount by 
any of the accepted modes of administration for these 
compounds. The compounds can be administered by a 
variety of routes, including, but not limited to, oral, 
parenteral (e.g., Subcutaneous, Subdural, intravenous, intra 
muscular, intrathecal, intraperitoneal, intracerebral, intraar 
terial, or intralesional routes of administration), topical, 
intranasal, localized (e.g., Surgical application or Surgical 
Suppository), rectal, and pulmonary (e.g., aerosols, inhala 
tion, or powder). Accordingly, these compounds are effec 
tive as both injectable and oral compositions. The com 
pounds can be administered continuously by infusion or by 
bolus injection. Preferably, the compounds are administered 
by parenteral routes. More preferably, the compounds are 
administered by intravenous routes. Such compositions are 
prepared in a manner well known in the pharmaceutical art. 
1343. The actual amount of the compound of the subject 
invention, i.e., the active ingredient, will depend on a 
number of factors, Such as the Severity of the disease, i.e., the 
condition or disease associated with demyelination or the 
paralysis associated with demyelination to be treated, the 
age and relative health of the Subject, the potency of the 
compound used, the route and form of administration, and 
other factors. 
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1344. Toxicity and therapeutic efficacy of such com 
pounds can be determined by Standard pharmaceutical pro 
cedures in cell cultures or experimental animals, e.g., for 
determining the LDs (the dose lethal to 50% of the popu 
lation) and the EDso (the dose therapeutically effective in 
50% of the population). The dose ratio between toxic and 
therapeutic effects is the therapeutic indeX and it can be 
expressed as the ratio LDso/EDso. Compounds that exhibit 
large therapeutic indices are preferred. 
1345. The data obtained from the cell culture assays and 
animal Studies can be used in formulating a range of dosage 
for use in humans. The dosage of Such compounds lies 
preferably within a range of circulating concentrations that 
include the EDso with little or no toxicity. The dosage may 
vary within this range depending upon the dosage form 
employed and the route of administration utilized. For any 
compound used in the method of the invention, the thera 
peutically effective dose can be estimated initially from cell 
culture assayS. A dose may be formulated in animal models 
to achieve a circulating plasma concentration range which 
includes the ICso (i.e., the concentration of the test com 
pound which achieves a half-maximal inhibition of Symp 
toms) as determined in cell culture. Such information can be 
used to more accurately determine useful doses in humans. 
Levels in plasma may be measured, for example, by high 
performance liquid chromatography. The effective blood 
level of the compounds of the subject invention is preferably 
greater than or equal to 10 ng/ml. The amount of the 
pharmaceutical composition administered to the patient will 
vary depending upon what is being administered, the pur 
pose of the administration, Such as prophylaxis or therapy, 
the State of the patient, the manner of administration, and the 
like. In therapeutic applications, compositions are adminis 
tered to a patient already Suffering from a disease in an 
amount Sufficient to cure or at least partially arrest the 
Symptoms of the disease and its complications. An amount 
adequate to accomplish this is defined as “therapeutically 
effective dose.” Amounts effective for this use will depend 
on the disease condition being treated as well as by the 
judgment of the attending clinician depending upon factors 
Such as the Severity of the inflammation, the age, weight and 
general condition of the patient, and the like. 
1346. The compositions administered to a patient are in 
the form of pharmaceutical compositions described Supra. 
These compositions may be Sterilized by conventional Ster 
ilization techniques, or may be Sterile filtered. The resulting 
aqueous Solutions may be packaged for use as is, or lyo 
philized, the lyophilized preparation being combined with a 
Sterile aqueous carrier prior to administration. The pH of the 
compound preparations typically will be between 3 and 11, 
more preferably from 5 to 9 and most preferably from 7 to 
8. It will be understood that use of certain of the foregoing 
excipients, carriers, or Stabilizers will result in the formation 
of pharmaceutical Salts. 
1347 The active compound is effective over a wide 
dosage range and is generally administered in a pharmaceu 
tically or therapeutically effective amount. The therapeutic 
dosage of the compounds of the present invention will vary 
according to, for example, the particular use for which the 
treatment is made, the manner of administration of the 
compound, the health and condition of the patient, and the 
judgment of the prescribing physician. For example, for 
intravenous administration, the dose will typically be in the 
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range of about 20 ug to about 500 ug per kilogram body 
weight, preferably about 100 lug to about 300 lug per kilo 
gram body weight. Suitable dosage ranges for intranasal 
administration are generally about 0.1 ug to 1 mg per 
kilogram body weight. Effective doses can be extrapolated 
from dose-response curves derived from in vitro or animal 
model test Systems. Typically, the clinician will administer 
the compound until a dosage is reached that achieves the 
desired effect. 

1348. When employed as pharmaceuticals, the com 
pounds of the Subject invention are usually administered in 
the form of pharmaceutical compositions. This invention 
also includes pharmaceutical compositions, which contain 
as the active ingredient, one or more of the compounds of the 
Subject invention above, associated with one or more phar 
maceutically acceptable carriers or excipients. The excipient 
employed is typically one Suitable for administration to 
human Subjects or other mammals. In making the compo 
Sitions of this invention, the active ingredient is usually 
mixed with an excipient, diluted by an excipient or enclosed 
within a carrier which can be in the form of a capsule, Sachet, 
paper or other container. When the excipient Serves as a 
diluent, it can be a Solid, Semi-Solid, or liquid material, 
which acts as a vehicle, carrier or medium for the active 
ingredient. Thus, the compositions can be in the form of 
tablets, pills, powders, lozenges, Sachets, cachets, elixirs, 
Suspensions, emulsions, Solutions, Syrups, aerosols (as a 
Solid or in a liquid medium), ointments containing, for 
example, up to 10% by weight of the active compound, soft 
and hard gelatin capsules, Suppositories, Sterile injectable 
Solutions, and Sterile packaged powders. 

1349. In preparing a formulation, it may be necessary to 
mill the active compound to provide the appropriate particle 
Size prior to combining with the other ingredients. If the 
active compound is Substantially insoluble, it ordinarily is 
milled to a particle size of less than 200 mesh. If the active 
compound is Substantially water Soluble, the particle Size is 
normally adjusted by milling to provide a Substantially 
uniform distribution in the formulation, e.g. about 40 mesh. 
1350) Some examples of suitable excipients include lac 

tose, dextrose, Sucrose, Sorbitol, mannitol, Starches, gum 
acacia, calcium phosphate, alginates, tragacanth, gelatin, 
calcium Silicate, microcrystalline cellulose, polyvinylpyr 
rolidone, cellulose, Sterile water, Syrup, and methyl cellu 
lose. The formulations can additionally include: lubricating 
agents Such as talc, magnesium Stearate, and mineral oil; 
Wetting agents, emulsifying and Suspending agents, preserv 
ing agents Such as methyl- and propylhydroxy-benzoates, 
Sweetening agents, and flavoring agents. The compositions 
of the invention can be formulated So as to provide quick, 
Sustained or delayed release of the active ingredient after 
administration to the patient by employing procedures 
known in the art. 

1351. The quantity of active compound in the pharma 
ceutical composition and unit dosage form thereof may be 
varied or adjusted widely depending upon the particular 
application, the manner or introduction, the potency of the 
particular compound, and the desired concentration. The 
term “unit dosage forms' refers to physically discrete units 
Suitable as unitary dosages for human Subjects and other 
mammals, each unit containing a predetermined quantity of 
active material calculated to produce the desired therapeutic 
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effect, in association with a Suitable pharmaceutical excipi 
ent. The concentration of therapeutically active compound 
may vary from about 1 mg/ml to 1 g/ml. 
1352 Preferably, the compound can be formulated for 
parenteral administration in a Suitable inert carrier, Such as 
a Sterile physiological Saline Solution. For example, the 
concentration of compound in the carrier Solution is typi 
cally between about 1-100 mg/ml. The dose administered 
will be determined by route of administration. Preferred 
routes of administration include parenteral or intravenous 
administration. A therapeutically effective dose is a dose 
effective to produce a significant decrease in demyelination 
and a notable increase in remyelination. Preferably, the 
amount is Sufficient to produce a Statistically significant 
amount of remyelination in a Subject. 
1353. By way of example, for preparing solid composi 
tions Such as tablets, the principal active ingredient is mixed 
with a pharmaceutical excipient to form a Solid preformu 
lation composition containing a homogeneous mixture of a 
compound of the present invention. When referring to these 
preformulation compositions as homogeneous, it is meant 
that the active ingredient is dispersed evenly throughout the 
composition So that the composition may be readily Subdi 
Vided into equally effective unit dosage forms Such as 
tablets, pills and capsules. This Solid preformulation is then 
subdivided into unit dosage forms of the type described 
above containing from, for example, 0.1 to about 500 mg of 
the active ingredient of the present invention. 
1354. The tablets or pills of the present invention may be 
coated or otherwise compounded to provide a dosage form 
affording the advantage of prolonged action. For example, 
the tablet or pill can comprise an inner dosage and an outer 
dosage component, the latter being in the form of an 
envelope over the former. The two components can be 
Separated by an enteric layer, which Serves to resist disin 
tegration in the Stomach and permit the inner component to 
pass intact into the duodenum or to be delayed in release. A 
variety of materials can be used for Such enteric layers or 
coatings, Such materials including a number of polymeric 
acids and mixtures of polymeric acids with Such materials as 
shellac, cetyl alcohol, and cellulose acetate. 
1355 The liquid forms in which the novel compositions 
of the present invention may be incorporated for adminis 
tration orally or by injection include aqueous Solutions, 
Suitably flavored Syrups, aqueous or oil Suspensions, and 
flavored emulsions with edible oils. Such as corn oil, cotton 
Seed oil, Sesame oil, coconut oil, or peanut oil, as well as 
elixirs and Similar pharmaceutical vehicles. 
1356 Compositions for inhalation or insufflation include 
Solutions and Suspensions in pharmaceutically acceptable, 
aqueous or organic Solvents, or mixtures thereof, and pow 
ders. The liquid or Solid compositions may contain Suitable 
pharmaceutically acceptable excipients as described Supra. 
The compositions may be administered by the oral or nasal 
respiratory route for local or Systemic effect. Compositions 
in preferably pharmaceutically acceptable Solvents may be 
nebulized by use of inert gases. Nebulized solutions may be 
inhaled directly from the nebulizing device or the nebulizing 
device may be attached to a face mask tent, or intermittent 
positive pressure breathing machine. Solution, Suspension, 
or powder compositions may be administered, preferably 
orally or nasally, from devices which deliver the formulation 
in an appropriate manner. 
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1357. The compounds of this invention can be adminis 
tered in a Sustained release form. Suitable examples of 
Sustained-release preparations include Semipermeable 
matrices of Solid hydrophobic polymers containing the pro 
tein, which matrices are in the form of shaped articles, e.g., 
films, or microcapsules. Examples of Sustained-release 
matrices include polyesters, hydrogels (e.g., poly(2-hy 
droxyethyl-methacrylate) as described by Langer et al., J. 
Biomed. Mater. Res. 15: 167-277 (1981) and Langer, Chem. 
Tech. 12: 98-105 (1982) or poly(vinyl alcohol)), polylactides 
(U.S. Pat. No. 3,773.919), copolymers of L-glutamic acid 
and gamma ethyl-L-glutamate (Sidman et al., Biopolymers 
22:547-556, 1983), non-degradable ethylene-vinyl acetate 
(Langer et al., Supra), degradable lactic acid-glycolic acid 
copolymers such as the LUPRON DEPOTTM (i.e. injectable 
microSpheres composed of lactic acid-glycolic acid copoly 
mer and leuprolide acetate), and poly-D-(-)-3-hydroxybu 
tyric acid (EP 133,988). 
1358. The compounds of this invention can be adminis 
tered in a Sustained release form, for example a depot 
injection, implant preparation, or OSmotic pump, which can 
be formulated in Such a manner as to permit a Sustained 
release of the active ingredient. Implants for Sustained 
release formulations are well-known in the art. Implants may 
be formulated as, including but not limited to, microSpheres, 
Slabs, with biodegradable or non-biodegradable polymers. 
For example, polymers of lactic acid and/or glycolic acid 
form an erodible polymer that is well-tolerated by the host. 
The implant is placed in proximity to the site of protein 
deposits (e.g., the Site of formation of amyloid deposits 
associated with neurodegenerative disorders), So that the 
local concentration of active agent is increased at that Site 
relative to the rest of the body. 
1359 The following formulation examples illustrate 
pharmaceutical compositions of the present invention. 

FORMULATION EXAMPLE 1. 

1360 Hard gelatin capsules containing the following 
ingredients are prepared: 

Quantity 
Ingredient (mg/capsule) 

Active Ingredient 3O.O 
Starch 305.0 
Magnesium stearate 5.0 

1361 The above ingredients are mixed and filled into 
hard gelatin capsules in 340 mg quantities. 

FORMULATION EXAMPLE 2 

1362. A tablet formula is prepared using the ingredients 
below: 

Quantity 
Ingredient (mg/capsule) 

Active Ingredient 25.0 
Cellulose, microcrystalline 2OO.O 
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-continued 

Quantity 
Ingredient (mg/capsule) 

Colloidal silicon dioxide 1O.O 

Stearic acid 5.0 

1363 The components are blended and compressed to 
form tablets, each weighing 240 mg. 

FORMULATION EXAMPLE 3 

1364) A dry powder inhaler formulation is prepared con 
taining the following components: 

Ingredient Weight % 

Active Ingredient 5 
Lactose 95 

1365. The active mixture is mixed with the lactose and 
the mixture is added to a dry powder inhaling appliance. 

FORMULATION EXAMPLE 4 

1366 Tablets, each containing 30 mg of active ingredi 
ent, are prepared as follows: 

Quantity 
Ingredient (mg/capsule) 

Active Ingredient 30.0 mg 
Starch 45.0 mg 
Microcrystalline cellulose 35.0 mg 
Polyvinylpyrrolidone 4.0 mg 
(as 10% solution in water) 
Sodium carboxymethyl starch 4.5 mg 
Magnesium stearate 0.5 mg 
Talc 1.0 mg 

Total 120 mg 

1367 The active ingredient, starch and cellulose are 
passed through a No. 20 mesh U.S. sieve and mixed thor 
oughly. The solution of polyvinyl-pyrrolidone is mixed with 
the resultant powders, which are then passed through a 16 
mesh U.S. sieve. The granules so produced are dried at 50 
to 60° C. and passed through a 16 mesh U.S. sieve. The 
Sodium carboxymethyl Starch, magnesium Stearate, and talc, 
previously passed through a No. 30 mesh U.S. sieve, are 
then added to the granules, which after mixing, are com 
pressed on a tablet machine to yield tablets each weighing 
150 mg. 






















































































































































































































































