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PROJEASE INIUBITORS 

FIELD OF THE INVENTION 

This invention relates in general to hydrazidyl, bis-hyclrazidyl and bis-

5 aminomethyJ carbonyl protease inhibitors, particularly such inhibitors of cysteine 

and serine proteases, more particularly compounds which inhibit cysteine proteases, 

even more panicularly compounds which inhibit cysteine proteases of the papain 

superfamily, yet more particularly compounds which inhibit cysteine proteases of 

the cathepsin family, most particularly compounds which inhibit cathepsin K. Such 

I 0 compounds are particularly useful for treating diseases in which cysteine proteases 

are implicated, especially diseases of excessive bone or cartilage loss, e.g., 

osteoporosis, periodontitis. and arthritis. 

BACKGROUND OF THE INVENTION 

15 Cathepsins are a family of enzymes which are pan of the papain superfamily 

of cysteine proteases. Cathepsins B, H, L. N and S have been described in the 

literature. Recently, cathepsin K polypeptide and the cDNA encoding such 

polypeptide were disclosed in U.S. Patent No. 5,501,969 (called cathepsin 0 

therein). Cathepsin K has been recently expressed, purified, and characterized. 

20 Bossard, M. J., et al., (1996) J. Biol. Chem. 271, 12517-12S24; Drake, F.H., et al., 

(1996) J. Biol Chem. 271, 12511-12516; Bromme, D .• et al., (1996) J. Biol. Chem. 

271. 2126-2132. 

Cathepsin K has been variously denoted as cathepsin 0 or cathepsin 02 in 

the literature. The designation cathepsin K is considered to be the more appropriate 

25 one. 

Cathepsins function in the nonnaJ physiological process of protein 

degradation in animals, including humans, e.g., in the degradation of connective 

tissue. However, elevated levels of these enzymes in the body can result in 

pathological conditions leading to disease. Thus, cathepsins have been implicated as 

30 causative agents in various disease states, including but not limited to, infections by 

pneumocystis carinii, trypsanoma cruzi, trypsanoma brucei brucei, and Crithidia 
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fusiculata; as well as in schistosomiasis. malaria. tumor metastasis, metachromatic 

leukodystrophy, muscular dystrophy, amytrophy, and the like. See International 

Publication Number WO 94/04172, published on March 3, 1994, and references 

cited therein. See also European Patent Application EP 0 603 873 Al, and 

5 references cited therein. Two bacterial cysteine proteases from P. gingivallis, called 

gingipains, have been implicated in the pathogenesis of gingivitis. Potempa. J ., et 

al. (1994} Perspectives in Drug Discovery and Design, 2, 445-458. 

Cathepsin K is believed to play a causative role in diseases of excessive bone 

or cartilage loss. Bone is composed of a protein matrix in which spindle- or plate-

10 shaped crystals of hydroxyapatite are incorporated. Type I collagen represents the 

major structural protein of bone comprising approximately 90% of the protein 

matrix. The remaining 10% of matrix is composed of a number of non-collagenous 

proteins. including osteocalcin. proteoglycans, osteopontin, osteonectin, 

thrombospondin, fibronectin, and bone sialoprotein. Skeletal bone undergoes 

15 remodelling at discrete foci throughout life. These foci~ or remodelling units. 

undergo a cycle consisting of a bone resorption phase followed by a phase of bone 

replacement. 

Bone resorption is carried out by osteoclasts, which are multinuclear cells of 

hematopoietic lineage. The osteoclasts adhere to the bone surface and form a tight 

20 sealing zone, followed by extensive membrane ruffling on their apical (i.e., 

resorbing) surface. This creates an enclosed extracellular compartment on the bone 

surface that is acidified by proton pumps in the ruffled membrane, and into which 

the osteoclast secretes proteolytic enzymes. The low pH of the compartment 

dissolves hydroxyapatite crystals at the bone surface, while the proteolytic enzymes 

25 digest the protein matrix. In this way. a resorption lacuna, or pit, is formed. At the 

end of this phase of the cycle, osteoblasts lay down a new protein matrix that is 

subsequently mineralized. In several disease states, such as osteoporosis and Paget's 

disease. the normal balance between bone resorption and formation is disrupted, and 

there is a net loss of bone at each cycle. Ultimately, this leads to weakening of the 

30 bone and may result in increased fracture risk with minimal trauma. 
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Several published studies have demonstrated that inhibitors of cysteine 

proteases are effective at inhibiting osteoclast-mediated bone resorption, and 

indicate an essential role for a cysteine proteases in bone resorption. For example, 

Delaisse, et aL. Biochem. J .• 1980, 192, 365. disclose a series of protease inhibitors 

5 in a mouse bone organ culture system and suggest that inhibitors of cysteine 

proteases (e.g., leupeptin, Z-Phe-Ala-CHN2) prevent bone resorption, while serine 

protease inhibitors were ineffective. Delaisse, et al., Biochem. Biophys. Res. 

Commun., 1984, 125, 441, disclose that E-64 and leupeptin are also effective at 

preventing bone resorption in vivo. as measured by acute changes in serum calcium 

10 in rats on calcium deficient diets. Lerner, et al., J. Bone Min. Res .• 1992, 7, 433, 

disclose that cystatin, an endogenous cysteine protease inhibitor, inhibits PrH 

stimulated bone resorption in mouse calvariae. Other studies, such as by Delaisse. 

et al., Bone, 1987, 8. 305, Hill, et aL, J. Cell Biochem., 1994, 56, 118, and Everts, 

et al., J. Cell. Physiol., 1992, 150, 221, also report a correlation between inhibition 

15 of cysteine protease activity and bone resorption. Tezuka, et al., J. Biol. Chem., 

1994, 269, 1106, lnaoka. et al., Biochem. Biophys. Res. Commun., 1995, 206, 89 

and Shi, et al. FEBS Lett., 1995, 357, 129 disclose that under normal conditions 

cathepsin K, a cysteine protease, is abundantly expressed in osteoclasts and may be 

the major cysteine protease present in these cells. 

20 The abundant selective expression of cathepsin K in osteoclasts strongly 

suggests that this enzyme is essential for bone resorption. Thus. selective inhibition 

of cathepsin K may provide an effective treatment for diseases of excessive bone 

loss, including, but not limited to, osteoporosis, gingival diseases such as gingivitis 

and periodontitis, Paget's disease, hypercalcemia of malignancy, and metabolic bone 

25 disease. Cathepsin K levels have also been demonstrated to be elevated in 

chondroclasts of osteoanhritic synovium. Thus, selective inhibition of cathepsin K 

may also be useful for treating diseases of excessive cartilage or matrix degradation, 

including, but not limited to, osteoarthritis and rheumatoid arthritis. Metastatic 

neoplastic cells also typically express high levels of proteolytic enzymes that 

30 degrade the surrounding matrix. Thus, selective inhibition of cathepsin K may also 

be useful for treating certain neoplastic diseases. 

3 
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Several cysteine protease inhibitors are known. Palmer, (1995) J. Med. 

Chem., 38, 3193, disclose certain vinyl sulfones which irreversibly inhibit cysteine 

proteases, such as the cathepsios B, L, S, 02 and cruzain. Other classes of 

compounds, such as aldehydes. nitriles, a-ketocarbonyl compounds, halomethyl 

5 ketones, diazomethyl ketones. (acyloxy)methyl ketones, ketomethylsulfonium salts 

and epoxy succinyl compounds have also been reported to inhibit cysteine proteases. 

See Palmer, id, and references cited lherein. 

U.S. Patent No. 4,518,528 discloses peptidyl tluoromethyl ketones as 

irreversible inhibitors of cysteine protease. Published International Patent 

IO Application No. WO 94/04172, and European Patent Application Nos. EP 0 525 

420 Al, EP 0 603 873 Al, and EP 0 611 756 A2 describe alkoxymethyl and 

mercaptomethyJ ketones which inhibit the cysteine proteases cathepsins 8, H and L. 

International Patent Application No. PCT/US94/08868 and and European Patent 

Application No. EP 0 623 592 Al describe alkoxymethyl and mcrcaptomethyl 

15 ketones which inhibit the cysteine protease IL-IP convertase. Alkoxymethyl and 

mercaptomethyl ketones have also been described as inhibitors of the serine protease 

kininogenase (International Patent Application No. PCTIGB91/01479). 

Azapeptides which are designed to deliver the azaamino acid to the active 

site of serine proteases. and which possess a good leaving group. are disclosed by 

20 Elmore et al •• Biochem. J .• 1968.107. 103~ Garter er al., Biochem. J •• 1974.139, 

555, Gray et al .• Tetrahedron, 1977, 33, 837, Gupton et al., J. Biol. Chem.. 1984. 

259, 4279, Powers et al., J. Biol. Chem .• 1984, 259, 4288, and are known to inhibit 

serine proteases. In addition, J. Med. Chem., 1992. 35, 4279, discloses certain 

azapeptide esters as cysteine protease inhibitors. 

25 Antipain and leupeptin are described as reversible iilhibitors of cysteine 

protease in McConnell et al., J. Med. Chem .• 33, 86; and also have been disclosed as 

inhibitors of serine protease in Umezawa et al., 45 Meth. Enzymol. 678. E64 and its 

synthetic analogs are also well-known cysteine protease inhibitors (Barrett, 

Biochem. J .• 201, 189. and Grinde, Biochem. Biophys. Acta, , 701, 328). 
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U.S. Patent No. 5.142,056 describes 1,3-diamido-propanones which inhibit 

HIV protease. 1.3-diamido-propanones have also been described as analgesic agents 

(U.S. Patent Nos.4, 749, 792 and 4,638,010). 

Certain heterocyclic derivatives of amino acids have been disclosed in the 

5 art. For ins~ce, Hamada. et al., PEPllDE CHEMISTRY, 1983. Proceedings of the 

21st Symposium on Peptide Chemistry (1984), and Boden, et al., Tet. Lett., 1994, 

J5, 8211 (1994) disclose thiazole derivatives; and Borg. et al., 1995, 60, 3112. 

disclose oxadiazole and triazole derivatives. 

The synthesis of azatides (polyacylhydrazides) as peptide mimetics has 

I 0 recently been disclosed by Han and Janda. J. Am. Chem. Soc. 1996, 118. 2539. 

Thus, a structurally diverse variety of cysteine protease inhibitors have been 

identified. However: these known inhl"bitors are not considered suitable for use as 

therapeutic agents in animals, especially humans, because they suffer from various 

shortcomings. These shortcomings include lack of selectivity, cytotox.icity. poor 

15 solubility. and overly rapid plasma clearance. A need therefore exists for methods 

of treating diseases caused by pathological levels of cysteine proteases, including 

cathepsins, especially cathepsin K, and for novel inhibitor compounds useful in such 

methods. 

We have now discovered a novel class of hydrazidyl, bis-hydrazidyl and bis-

20 aminomethyl carbonyl compounds which are protease inhibitors. most particularly 

of cathepsin K. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide hydrazidyl. bis-hydrazidyl 

25 and bis-aminomethyl carbonyl protease inhibitors, particularly such inhibitors of 

cysteine and serine proteases. more particularly such compounds which inhibit 

cysteine proteases, even more particularly such compounds which inhibit cysteine 

proteases of the papain superfamily. yet more particularly such compounds which 

inhibit cysteine proteases of the cathepsin family, most particularly such compounds 

30 which inhibit cathepsin K, and which are useful for treating diseases which may be 

therapeutically modified by altering the activity of such proteases. 

5 
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Accordingly. in the first aspect. this invention provides a compound 

according to Formula I. 

In another aspect, this invention provides a pharmaceutical composition 

comprising a compound according to Formula I and a pharmaceutically acceptable 

5 carrier, diluent or e~cipient. 

In yet another aspect, this invention provides a method of treating diseases in 

which the disease pathology may be therapeutically modified by inhibiting 

proteases, particularly cysteine and serine proteases, more particularly cysteine 

proteases, even more particularly cysteine proteases of the papain superfamily, yet 

10 more particularly cysteine proteases of the cathepsin family. most particularly 

cathepsin K. 

In a particular aspect, the compounds of this invention are especially useful 

for treating diseases characterized by bone loss, such as osteoporosis and gingivaJ 

diseases, such as gingivitis and periodontitis, or by excessive cartilage or matrix 

15 degradation. such as osteoarthritis and rheumatoid arthritis. 

DETAILED DESCRIPTION 

The present invention provides compounds of Formula I: 

0 

20 
II o-c-o 
I 

wherein: 

D= 

25 

6 
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where: 

A =absent, 

B= 

L = C2-6alkyl, Ar-C()..6alkyl, Het-Co--@Ikyl, CH(R66)NRfiOR68, 

CH(R66)Ar. CH(R66)0Ar', NR66R67; 

M = C(O), SQi; 

G= 

z 
~~y 

X-Y 

J = C(O), SQi; 

T =Ar, Het; 

v = c3_ 7cycJoalkyl; 

W = H, -CN, -CF3, -NQi, -COR7, -CQiR6, -CONHR6, 

-SQiNHR.6, -NHSQiR6, -NHCOR7, -O-CQR6, -SR6, 

NR'R6, NR'(C=NH)NHR.5, Cl, Br, I, F; 

X = Y= Z=N, 0, S orCR4, 

8 
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provided that at least two of X, Y and Z are heteroatoms 

and at least one of X. Y and Z is N. or one of X. Y and Z is 

C=N. C=C .or N=N and the other two are CR4 or N. 

provided that X, Y and Z together comprise at least two N; 

= indicates a single or double bond in the five-membered 

heterocycle; 

m=O, I, 2; 

n =I to 6; 

cp = 0, I, 2; 

Ar= phenyl, naphthyl, optionally substituted by one or more of 

Ph-C0-@llkyl, Het-C()-f;alkyl, Ct-6alkoxy. Ph-Co-6alkoxy, 

Het-C()..6alkoxy, OH, (CH2h-~58R59, 

. O(CH2)t_6NR58R59; 

Ar' = phenyl or naphthyl, optionally substituted by one or more of 

Ph-Co-6alkyl, Het-C0-6alkyl, C 1-(jalkoxy, Ph-C0-@llkoxy, 

Het-C()..~oxy, OH, (CH2) 1~58R59, 
O(CH2)1~58R59, or halogen; 

R' = H, CJ-6alkyl. Ar-CQ-6alkyl. Het-CQ-6alkyl; 

Rl = H, Ct-6alkYl; 

R2 = (4.(ja}ky1, C4-6allcenyl, benzy1; 

R3 = Ct-6alkyl, Ar-C0-6alkyl. Het-C()..6alkyl. R5c0-. Rssai-. 

R50C(O)-, R5NHCO-; 

R4 = H. C1-6alkyl, Ar-C0-6alkyl, Het-Co-6alkyl; 

Rs= Ar-O-(ialkyl, Het-C()..6alkyl; 

R6 = H. C1.6a)kyl, CH2CF3, Ar-C0-6alkyl, Het-C0-@lkyl; 

R7 = C1.6alkyJ, Ar-C0-6Blkyl. Het-C()_@lkyl; 

RS = H; C2-6 alkenyl; C2-6alkynyl; Het; Ar; Ct-6alkyl, 

optionally substituted by OR'. SR', NR'2. C<l2R', 

C02NR'2. N(C=NH)NH2. Het or Ar; 

R9 = H, C1-6alkyl, Ar-C0-6alkyl, Het-C()..(;alkyl; 

RIO= Ct-6alkyl. Ar-C0-6alkyl, Het-C()..6al.kyl; 

9 
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Rl3 = H, C1-611kYI. Ar-C()..68ficyl. Het-Co-6alkyl; 
R1e 

Rl4 = .AN-R9R12• Ac; 
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R15 = H, C1-6alkyl, C2-6alkenyl. C2-6alkynyl, Ar, Het, or 

C1-6alkyl optionally substituted by OR9, NR92, 

CONR92, N(C=NH)NH-, Het or Ar; 

R16 = C2-6alkyl, C2-6aJkenyl, C2-c>alkYnyl, Ar, Het, or C2-6alkyl 

optionally substituted by OR9, SR9, NR92, CCJiR9, 

CONR92, N(C=NH)NH-, Het or Ar; 

R19 = H. Ct-6alkyl, C2-~nyl, C2-6alkynyl, Ar, Het, or CJ. 

(;8lkyl optionally substituted by OR9, SR9, NR92. C02R9, 

CONR92, N(C=NH)NH-. Het or Ar; 

R17 = R72 = H. C1-68]kyl, RIO, Rl0cco)-, Rl0c(S)-, RlOocco)-; 

R21 = R26 = C5.6alkyl; C2-6alkenyl; C3-J 1cycloalkyl; T-C3. 

68lkyl; V-Ct-6BlkYI; T-C2-6alkenyl; 

T- (CH2)nCH(T)(CH2)0 ; optionally substituted by one or 

two halogens, SR20, OR20,NR20R_27 or Ct-481kyl; 

R27 = R28co, R2Boco; 

· R28 = CJ.6tilkyl; C3. 11cycloalkyl; Ar; Het; T-C1.@l)kyl; 

T-(CH2)nCH{T)(CH2)n; optionally substituted by one or 

two halogens, SR20, OR20, NR20ff.73, CJ-6alkyl; 

R20 = R22 = R23 = R24 = R25 = R73 = H, Ct-4alkyl, Ar-Co-
6alkyl, Het-C0-@lkyl; 

10 
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Cbz-leucinyl-; 2-, 3-, or 4-pyridyl mcthyloxycarbonyl­

leucinyl-; 4-imidazole acetyl-leucinyl-. phenyl acetyl­

leucinyl, N.N-dimethyl-glycinyl leucinyl, 4-pyridyl acetyl­

leucinyl, 2-pyridyl sulfonyl-leucinyl, 4-pyridyl carbonyl­

leucinyl, acetyl-leucinyl, benzoyl-leucinyl. 4-phenoxy­

benzoyl-, 2- or 3- benzyloxybenzoyl-, biphenyl acetyl. 

11 
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aJpha- isobutyl-biphenyl acetyl, Cbz-phenyJalaninyl, Cbz­

norleucinyl-, Cbz.-norvalinyl-. Cbz.-glutamyl-. Cbz-epsilon­

(t-butyJ ester)-glutamyJ; acetyJ-leucinyl-, 6- or 8- quinoJine 

carbonyl, biphenyl acetyl, alpha- isobutyJ-biphenyl acetyJ, 

acetyl, benzoyl, 2- or 3- benzyloxy benzoyl, 4-phenoxy 

benzoyl-, 

Cbz-amino acid-; 2-,3-, or 4- pyridylmethyloxycarbonyl­

aminoacid-; aryl Co-C6alkyloxy carbonyl-amino acid-, 

heteroaryl Co-C6alkyloxy carbonyl-amino acid-, 

aryl Co-C6alkyloxy carbonyl-amino acid-. 

heteroaryl Co-C6alkyloxy carbonyl-amino acid-, Cl­

C6alkyloxy carbonyl-amino acid-; C1-C6alkyl carbonyl, aryl 

Co-C6alkyl carbonyl, heteroaryl Co-C6alky1 carbonyl, 

aryl Co-C6alkyl carbonyl, heteroaryl Co-C6alkyl carbonyl, 

C 1-~alkyl sulfonyl, aryl Co-C6alky1 sulfonyl, hetcroaryJ 

Co-C6alkyl sulfonyl. aryl Co-C6alkyl sulfonyl, heteroaryl 

Co-C6alkyl sulfonyl; · 

12 
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Cbz-leucinyl-; 2-, 3-, or 4-pyridyl methyloxycarbonyl­

leucinyl-; 4-imidazole acetyl-leucinyl-, phenyl acetyl­

leucinyl, N.N-dimethyl-glycinyl leucinyl, 4-pyridyl acetyl­

leucinyl, 2-pyridyl sulfonyl-leucinyl, 4-pyridyl carbonyl­

leucinyl, acetyl-leucinyl, benzoyl-leucinyl, 4-phenoxy­

benzoyl-, 2- or 3- benzyloxybenzoyl-, biphenyl acetyl, 

13 
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alpha- isobutyl-biphenyl acetyl, Cbz-phenyJalaninyl, Cbz­

norleucinyl-, Cbz-norvalinyl-. Cbz-glutamyJ-, Cbz-epsilon­

(t-butyl ester)-glutamyl; acetyJ-leucinyl-. 6- or 8- quinoJine 

carbonyl, biphenyl acetyl, alpha- isobutyl-biphenyl acetyl, 

acetyl, benzoyl, 2- or 3- benzyloxy benzoyl, 4-phenoxy 

benzoyl-, 

Cbz-amino acid-; 2-,3-, or 4- pyridylmethyloxycarbonyl­

aminoacid-; aryl Co-C6alkyloxy carbonyl-amino acid-, 

heteroaryl Co-C6alkyloxy carbonyl-amino acid-, 

aryl Co-C6alkyloxy carbonyl-amino acid-, 

heteroaryl Co-C6alkyloxy carbonyl-amino acid-, C1-

C6alkyloxy carbonyl-amino acid-; C1-G;alkyl carbonyl, aryl 

Co-C6alkyl carbonyl, heteroaryl Co-C6alkyl carbonyl, 

aryl Co-C6alkyl carbonyl, heteroaryl Co-C6alkyl carbonyl, 

C 1-C6alkyl sulfonyl, aryl Co-C6alkyl sulfonyl, heteroaryl 

Co-C6alkyl sulfonyl, aryl Co-C6alkyl sulfonyl, heteroaryl 

Co-C6alkyl sulfonyl; 

R32 = OCH2Ar. OCH2C1.@Ikyl, aryl substituted Co-6alkyl, 

heteroaryl substituted Co-6alkyl.4-imidazole methylene; 2-, 

3-, or 4-pyridylmethylneneoxy; 4-pyridyl methylene, 2-

pyridyl sulfonyl, 4-pyridyl, aryl substituted Co-6alkyloxy, 

heteroaryl substituted Co-6alkyloxy; 

R33 = C1-6alkyl, -CH2Ph, -CH2CH2C02R34; 

R34 = -H, C1-6alkyl;. 

R35 = Ar, HetAr; 

R36 = Aryl, heteroaryl, pyridyl, isoquinolinyl; 

R37= C1-6alkyl, -CH2Ph, -CH2CH2C02R34; 

R38 = Cbz; C1-6alkyl or arjll substituted 

Cbz; C1-6alkyl-CO; benzoyl; C1-6alkyl or aryl 

substituted benzoyl; 

14 
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Cbz-lcucinyJ-; 2-, 3-. or 4-pyridyl methyloxycarbonyJ­

lcucinyl-; 4-imidazolc acctyl-leucinyl-, phenyl acetyl­

leucinyl, N,N-dimethyl-glycinyl leucinyl, 4-pyridyl acetyl­

leucinyl, 2-pyridyl sulfonyl-leucinyl, 4-pyridyl carbonyl­

leucinyl, acctyl-leocinyl, benzoyl-leucinyl, 4-phenoxy­

benzoyl-, 2- or 3- benzyloxybenzoyl-, biphenyl acetyl, 

15 
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alpha- isobutyl-biphenyl acetyl, Cbz-phenylalaninyl, Cbz­

norleucinyl-, Cbz-norvalinyl-, Cbz-glutamyl-, Cbz-epsilon­

(t-butyl ester)-glutamyl; acetyl-leucinyl-, 6- or 8- quinoline 

carbonyl, biphenyl acetyl, alpha- isobutyl-biphenyl acetyJ. 

acetyl, benzoyl, 2- or 3- benzyloxy benzoyl, 4-phenoxy 

benzoyl-. 

Cbz-amino acid-; 2-,3-, or 4- pyridylmethyloxycarbonyl­

aminoacid-; aryl Co-C6alkyloxy carbonyl-amino acid-. 

heteroaryl Co-C6alkyloxy carbonyl-amino acid-, 

aryl Co-C6alkyloxy carbonyl-amino acid-,heteroaryl 

Co--C6alkyloxy carbonyl-amino acid-, C1-C6alkyloxy 

carbonyl-amino acid-; C 1-C6alkyl carbonyl, aryl 

Co-C6alkyl carbonyl, heteroaryl Co-C6alkyl carbonyl, 

aryl Co-~alkyl carbonyl, heteroaryl Co-C6alkyl carbonyl, 

Ci -C6alkyl sulfonyl, aryl Co-C6alkyl sulfonyl, heteroaryl 

Co-C6alkyl sulfonyl, aryl Co-C6alkyl sulfonyl, heteroaryl 

Co-C6alkyl sulfonyl; 

R40 = H and C 1-6alkyl; 

R4 l = H and C 1-6alkyl; 

R42 = C 1-6alkyl, aryl substituted C 1-6alkyl and hetero aryl 

substituted C 1-6alkyl,; H when R43 is C 1-6alkyl, aryl substituted 

C1-6alkyl; and heteroaryl substituted C1-6alkyl; 

R43 = C1-6alkyl, aryl substituted C1-6alkyl and hetero aryl 

substituted C1-6alkyl,; H when R42 is C1-@Ikyl, aryl substituted 

Ct·6alkyl; and heteroaryl substituted C1-6allcyl; 

R44 = CH(R53)NR45R54, CH(R55)Ar, Cs-6alkyl; 

R45 = R46 = R47 = R48 = R49 = R50 = R51 = H, c1_6alkyl, 

Ar-Co-6Blkyl, Het-C0-6alkyl; 

R52 =Ar, Het, CH(R56)Ar, CH(R56)QAr, N(R56)Ar, Ct-6alkyl, 

CH(R56)NR46R57; 

16 
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R:>-' = C2.@lkyl, Ar·C()..6alkyl, Het-Co.6alkyl, 

R53 and R45 may be connected to fonn a pyrrolidine or 

piperidine ring; 

R54 = R57 = R47, R47C(O), R47C(S), R47QC(O); 

RSS = R56 = R58=R59=14 C1.5alkyl, Ar-Co-6alkyl, Het·C0-

6alkyl; 

R60 = R61 = R62 = R63 = R64 = H, c1_6alkyl, 

Ar-Co-6aJkyl, or Het-Co-6811cYl; 

R65 = C1-6alkyl, Ar. Het, CH(R69)Ar. CH(R69)0Ar, N(R69)Ar, 

CH(R69)NR61R70; 

· R66 = R69 = R 71 = H, C1.~l, (CH2)().6-C3.(;Cycloalkyl, 

Ar-Co-6alkyl, Het-C()..@lkyl; 

R67 = C1.681Jcyl, (CH2)0-6-C3-6cycloalkyl, Ar-Co..6alkyl, 

Het-C().6alkyl; R66 and R67 may be combined to form 

a 3-7 membered monocyclic or 7-10-membered bicyclic 

carbocyclic or heterocyclic ring, optionally substituted with 

1-4 of CJ .()alkyl, Ph-Co-6alkyl, Het-C0-6alkyl, Ci .@lkoxy, 

Pb-C().6alkoxy. Het-C()_6aikoxy, OH, (CH2)t_6NR-58R59, 

O(CH2)1 _6NR58R59; 

R68 = R70 = R62, R62C(O), R62c(S), R62QC(O), 

R62QC(O)NR59Cff(R71 )(CO); 

and pharmaceutically acceptable salts thereof. 

The compounds of Formula I are hydrazidyl, bis-hydrazidyl and bis­

aminomethyl carbonyl compounds having in common key structural features 

25 required of protease substrates, most particularly cathepsin K substrates. These 

strucrural features endow the present compounds with the appropriate molecular 

shape necessary to fit into the enzymatic active site, to bind to such active site. and 

to react with a sulfhydryl group on the active site. thereby blocking the site and 

inhibiting enzymatic biological activity. Referring to Formula I, such structural 

30 features include the central electrophilic carbonyl, a peptidyl or peptidomimetic 

molecular backbone on either side of the central carbonyl. a terminal 

17 



W097/16433 
PCT/US96/18000 -

carbobenzyloxy moiety (e.g .• Cbz-leucinyl), or a mimic thereof, on the backbone on 

one or both sides of the carbonyl, and optionally. an isobutyl side chain extending 

from the backbone on one or both sides of the carbonyl . 

. 
R 

3 I 
R,A,NY. 

2 
5 Compounds of Formula I wherein D = R and Q = 

R
0 

x-Y 
1~·-~>-w N •. / z 

R' are prefened embodiments of the present invention. For the 

sake of convenience, such compounds are referred to herein after as compounds of 

Fonnulall. 

10 More preferred embodiments of the present invention include compounds of 

Formula Il wherein: 

X=S. Y=CH, andZ=N; 

X=CH, Y=S, and Z.:N; 

X=N, Y=N, and Z=S; 

15 X=N, Y=N. and Z=O; and 

X=N. Y=N,andZ=N. 

Preferably R 1 is H. methyl or isobutyl. Preferably R 1 is isobutyl. 

Preferably R2 is isobutyl or benzyl. 

20 Preferably R3 is R5QC(0)-. particularly benzyloxycarbonyl. 

Preferably A is a D- or L- amino acid or is absent. preferably A is absent. 

Preferably Wis CN, NHR6, SR6, CONHR6 or C~R6. Suitably R6 is H, 

C14alkyl, phenyl or benzyl. Typically, Wis CQiH. C~-C1-4alkyl, C02-Ph, CQi­

CH2Ph, CONH2. NH2 or SH. 

18 
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~""' ~V.l&VWIU!S \.Vlll!'VUUU:!t Ul rUUUUICi il iUC pan.1cu1any prc1c=neu: 

(2S, l 'S)-2-(benzyloxycarbonyl}amino-N-[ 1 '-(2-carboxythiazol-4-yl)-3'­

methylbutyl}-4-methylpentanamide; 

(2S, l 'S)-2-(benzyloxycarbonyl)amino-N-[ 1 '-(2-carboxamidothiazol-4-yl)-3'-

5 methylbutyl]-4-methylpentanamide; 

(2S, l 'S)-2-(benzyloxycarbonyl)amino-N-[ l '-(2-carboethoxythiazol-4-yl)-3'­

methylbutyl]-4-methylpentanamide; 

(2S, l 'S)-2-(benzyloxycarbonyl)amino-N-[l '-(2-cyanothiazol-4-yl)-3'-methylbutyl]-

4-methylpentanamide; 

I 0 (2S, 1 'S)-2-(benzyloxycarbonyl)amino-N-[ l '-[2-(N'-benzylcarboxamido )thiazol-4-

yl]-3'-methylbutyl]-4-methylpentanamide; 

(2S,l'S)-2-(benzyloxycarbonyl)amino-N-[1'-[2-[N'-(3-

methylpropyl)carboxamido ]thiazol-4-yl) J-3'-methylbutyl]-4-methylpentanamide; 

(2S, l 'S)-2-(benzyloxycarbonyl)amino-N-[ 1 '-[2-[N'-(2-

15 pbenylethyl)carboxamido]thiazol-4-yl)]-3'-methylbutyl]-4-methylpentanamide; 

(2S,l 'S)-2-(benzyloxycarbonyl)amino-N-[1'-(4-carboethoxythiazol-2-y l}-3'­

methylbutyl]-4-methylpentanamide; 

(2S,l'S)-2-(benzyloxycarbonyl)amino-N-[l'-(4-carboxythiazol-2-yl)-3'­

methylbutyl]-4-methylpentanamidc; 

20 (2S,l 'S)-2-{benzyloxycarbonyl)amino-N-[ 1'-(4-carboetboxythiadiazol-2-yl)-3'­

metbylbutyl]-4-methylpentanamide; 

(2S, I 'S)-2-{benzyloxycarbonyl)amino-N-[ 1 '-(2-carbo-2,2,2-aitluoroetboxythiazol-

4-yl)-3'-methylbutyl]-4-methylpentanamide; 

(2S,l'S)-2-(benzyloxycarbonyl)amino-N-[l'-(4-carboethoxyoxadiazol-2-yl)-3'-

25 methylbutyl]-4-methylpentanamide; 

(2S,l'S)-2-(benzyloxycarbonyl-L-leucinyl)amino-N-[l'-(4-carboethoxythiazol-2-yl)-

3'-methylbutyl]-4-methylpentanamide; 

(2S, l 'S)-2-(benzyloxycarbonyI)amino-N-[l '-( 4-carboxamidooxadiazol-2-yl)-3'­

methylbutyl)-4-methylpentanamide; 

30 (2S.J 'S)-2-(benzyloxycarbonyl)amino-N-[l '-(2-carboetboxythiazol-4-yl)-3'­

methylbutyl]-3-phenylpropanamide; 

19 
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(2S.1 'S)-2-(bcnzyloxycarbonyl-L-leucinyl)amino-N-[ l '-(2-carboethoxythiazol-4-yl)-

3'-methylbutyl]-4-methylpentanamide; 

(2S, l 'S)-2-(benzyloxycarbonyl)amino-N-[1 '-(5-mercapto- l,2.4-oxadiazol-3-yl)-3' -

methylbutyl]-4-methylpentanamide; 

5 (2S, l 'S)-2-(benzyloxycarbonyl)amino-N-[ l '-(2-mercaptothiazol-4-yl)-3'­

methylbutyl]-4-methylpentanamide; 

(2S)-2-(benzyloxycarbonyl)amino-N-(4-carboethoxythiazol-2-yl)methyl-4-

methylpentanamide; 

(2~. l 'S)-2-(benzyloxycarbonyl)amino-N-[ l '-{2-benzyloxycarbonylthiazol-4-yl)-3'-

10 methylbutyJJ-4-methylpentanamide; 

(2S,l 'S)-2-(benzyloxycarbonyl)amino-4-methyl-N-[3'-methyl-1 '-(2-

phenoxycarbonylthiazol-4-yl)butyl]pentanamide; 

(2S, l 'S)-2-(benzyloxycarbonyl)amino-4-methyl-N-[3'-methyl-l '-[2-(2-

methylpropyloxycarbonyl)thiazol-4-y1Jbutyl]pentanamide; 

15 (2R.1 'S)-2-(benzyloxycarbonyl)amino-N-[l '-( 4-carboethoxythiazol-2-yl)ethyl]-4-

methylpentanamide; 

(2R, l 'R)-2-(benzyloxycarbonyl)amino-N-[1'-(4-carboethoxythiazol-2-yl)ethyl]-4-

methylpentanamide; and 

(2S,l'S)-N-[1'-(2-aminotbiazol-4-yl)-3'-methylbutylJ-2-(benzyloxycarbonyl)amino-

20. 4-mcthylpentanamide. 

Most particularly preferred compounds of Formula D are: 

(2S,l 'S)-2-(benzyloxycarbonyl)amino-N-[1 '-(2-carboethoxythiazol-4-yl)-3'­

methylbutyl]-4-methylpentanamide; 

(2S, l 'S)-2-(benzyloxycarbonyl)amino-N-[1'-(4-carboethoxythiazol-2-yl)-3'-

25 methylbutyl]-4-methylpentanamide; and 

2S. I 'S)-2-(bcnzyloxycarbonyl-L-leucinyl)amino-N-[1 ' -( 4-Carboethoxythiazol-2-yl)-

3'-methylbutyl]-4-methylpentanamide. 

20 
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11 

Compounds of Fonnula I wherein D = R-B-

PCTIUS96118000 . 

are preferred embodiments of the present invention. For the sake of convenience, 

such compounds are referred to herein after as compounds of Fonnula m. 
With respect to compounds of Formula m: 

5 Preferably B is 

s s '"'~Y 
More preferably Bis ~r . -c:r- or S ;.eu · 

R1s 

11 . 17 9 ~ 
Preferably R JS R A -N . 

l 0 Preferably R 12 and R 13 are H. 
R19 

Preferably Rl4 is ,,..lN-RaR12. 

Preferably Rl5, R16~ Rl8 and R19 are C1-6allcyl. 

More preferably R IS and R 18 are C4-@llcyl 

Preferably Ar is phenyl optionally substituted by one or two groups chosen from 

15 halogen, CF3, N02, SR9, OR9, NR9 or C1-48lkyl. 

Preferably Rl7 and a72 are RlOQC(O)-; and more preferably atO is Ar-Ci-481kyl. 

Preferably, Rl6 and R19 are C4-6alkyl; more preferably, Rl6 and R19 are i-Bu. 

Preferably Rl7 and a72 are Cbz. 

21 
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One particular embodiment of the invention of Formula III is a compound of 

FormulaF: 

R16 o R19 

R17, ~z~ .. ~~ ~ ,A72 
~ ,r ,, ~ ir ·~ 

x=v · o 

F 

5 wherein X. Y. Z, R 16. R 17, R 19 and R 72 are as described in Formula m. 
Most particularly preferred compounds of Formula m are; 

(lS)-N-[4-[(l-benzyloxycarbonylamino)-3-methylbutyl]thiazol-2-ylcarbonyl]-N'­

(N-benzyloxycarbonyl-L-leucinyl)hydrazide; 

N-benzyloxycarbonyl-L-leucinyl-N'-benzyloxycarbonyl-L-leucinyl-L-

10 leucinylhydrazide; and 

15 

( lS)-N-[2-(( 1-benzyloxycarbonylamino )-3-methylbutyl)thiazol-4-ylcarbonyl]-N'­

(N-benzyloxycarbonyl-L-leucinyl)hydrazide. 

R22 
21 I 

R""'w"" N ... N,,..., 
II 123 

Compounds of Formula I wherein D = 0 R andQ= 

R25 
' 26 

'N"'N"VR 

A24 8 
are preferred embodiments of the present invention. For the sake 

of convenience. such compounds are referred to herein after as compounds of 

Formula IV. 

A more preferred embodiment of the present invention is a compound of 

Formula IV wherein R21 and R26 are selected from the group consisting of: 

22 



W097/164JJ PCT/IJS96/18000 -

N-Cbz-leucinyl, N-Cbz-glycinyl, N-acetyl-leucinyl, N-Cbz-alanyl, 

and R22, R23, R24 and R25 are H. 

5 Particularly preferred embodiments of Formula IV are: 

2,2'-(N,N'-bis-benzyloxycarbonyl-L-leucinyl)carbohydrazide; 

2,2'-(N,N'-bis-cyclohexylacetyl)carbohydrazide; 

2,2' -(N,N'-bis-4-methylpentanoyl)carbohydrazide; 

2,2'-{N,N'-bis-cyclopentylacetyl)carbohydrazide; 

10 2,2'-(N,N'-bis-benzyloxycarbonylglycinyl)carbohydrazide; 

2,2'-(N,N'-bis-acetyl-L-leucinyl)carbohydrazide; 

2,2'-(N,N'-bis-benzyloxycarbonyl-L-alanyl)carbohydrazide; and 

2-(N-benzyloxycarbonyl-L-leucinyl)-2'-[N'-( 4-methylpentanoyl)]carbohydrazide. 

15 2,2'-(N,N'-bis-benzyloxycarbonyl-L-leucinyl)carbohydrazide is a 

most preferred embodiment of Formula IV. 

Compounds of Formula I wherein D = andQ= 

are preferred embodiments of the present invention. For the sake of convenience, 

20 such compounds are referred to herein after as compounds of Formula V. 

25 

In more preferred compounds of Formula V, when R30=e1-C6 alley!, R30 is 

preferably Me or-CH2CH2Me2. When a33=<:1-C6 alkyl, R33 is preferably-Pr, -

Bu, or -CH2CH2Me2. When R34=C1-<=6 alkyl, R34 is preferably -t-Bu. 

Even more preferred embodiments of Formula V include: 

bis-(Cbz-leucinyl)-1,3-diamino-propan-2-one; 

bis-1,3-( 4-phenoxy-benzoyl)-diamino-propan-2-one; 

23 
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l-(Cbz-leucinyl)-amino-3-(acetyl-leucinyl)-amino-propan-2-one; 

l-(Cbz-leucinyl)-amino-3-(Cbz-glutamyl-t-butyl ester)-amino-propan-2-one; 

1-(Cbz-leucinyl)-amino-3-(Cbz-glutamyl)-amino-propan-2-one; 

bis-1,3-(Cbz-leucinyl)-diamino-(S)-butanone-2-one; 

5 l-(Cbz-leucinyl)-amino-3-(Cbz-phenylalanyl)-amino-propan-2-one; 

l-(Cbz-leucinyl)-amino-3-(Cbz-norleucinyl)-amino-propan-2-one; 

l-(Cbz-leucinyl)-amino-3-(Cbz-norvalinyl)-amino-propan-2-one; 

bis-1,3-(Cbz-leucinyl)-diamino-5-methyl-(S)-hexan-2-one; 

l-(acetyl-leucinyl)-amino-3-(4-phenoxy-benzoyl)-amino-propan-2-one; 

10 l-(Cbz-homo-leucinyl)-amino-(Cbz-leucinyl)-3-amino-propan-2-one; 

l-(Cbz-leucinyl)-amino-3-(acetyl-leucinyl)-amino-propan-2-one is a most 

particularly preferred embodiment of the present invention of Formula V. 

R .. o-{}-j,-W' 
Compounds of Formula I wherein D = 0 and 

0 

~~-~o OR35 
I~ 

15 Q= H 0 are preferred embodiments of the present 

invention. For the sake of convenience, such compounds are referred to herein after 

as compounds of Formula VI. 

~Q 
More preferably, R35 =Ph, CN or pyridine, even more preferably, R35 

~Q 
=Ph. CN . Ph may be optionally substituted with C1.6&lkyl, C1-68lkoxy, 

20 halogens and cyano groups. When R35 =pyridine, R may be 2-pyridyl. 3-pyridyl, 

or 4-pyridyL 

24 
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Most particularly preferred embodiments of Formula VI include: 

bis-1,3-( 4-(3-chloro-2-cyano-phenoxy )-phenyl sulfonamido )-propan-2-one; 

5 bis-l ,3-( 4-phenoxy-phenyl sulfonamido )-propan-2-one. 

Compounds of Fonnula I wherein D = 

8 31 
0 
ll 36 

N-S-R 
H 11 

and Q= 0 are preferred 

embodiments of the present invention. For the sake of convenience. such 

10 compounds are referred to herein after as compounds of Formula VII. 

More preferably, R36 is selected from the group consisting of: 

B
0

B 
B:~ 

Cl ; and R37 = Me in the more preferred.compounds of 

15 Formula VII. 

Particularly preferred embodiments of Formula VII are: 

1-(Cbz-leucinyl)-amino-3-( 4-(3-chloro-2-cyano-phenoxy)-phenyl sulfonamido)­

propan-2-one; 

20 1-(Cbz-leucinyl)- amino-3-(tosyl-arnino )-propan-2-one; 

25 
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5 

10 

I-(Cbz-Jeucinyl)-amino-3-(( 4-phenoxy-phenyl)-sulfonamido )-propan-2-one; 

1-(Cbz-lcucinyJ)-amino-3-(2-dibenzofuransulfonamido )-propan-2-one; 

1-(Cbz-homo-leucinyl)-amino-3-(2-dibenzofuransulfonamido )-propan-2-one; and 

1-(Cbz-leucinyl)-amino-3-(2-dibenzofuransulfonamido )-(S)-bulan-2-one. 

l-(Cbz-leucinyl)-amino-3-((4-phenoxy-phenyl)-sulfonamido)-propan-2-one, 

l-(Cbz-leucinyl)-amino-3-(2-dibenzofuransulfonamido)-propan-2-one, and l-(Cbz­

leucinyl)-amino-3-(2-dibenzofuransulfonamido )-(S)-butan-2-one are most 

particularly preferred embodiments of Formula VII. 

Compounds of Formula I wherein D = 
R42 
I 

YN'R39 

andQ= 

41 

R are preferred embodiments of the present invention. For the sake of 

convenience, such compounds are referred to herein after as compounds of Fonnula 

vm. 
IS A more prefened embodiment of Fonnula Vill is when R43 is 2-

dibenzofuranylsulfonyl. 

Particularly preferred embodiments of Formula VIll are: 

(S)-Phenylmethyl [ l-[[[3-[benzyloxycarbonyl-leucinyl-amino]-2-oxopropyl)-1-

20 (benzyl)amino]carbonyl]-3-methylbutyl]carbamate. 

(S)-Phenylmethyl [l-[[[3-((2-dibenzofuranylsulfonyl)amino ]-2-oxopropyl]-3-

(benzyl)amino]carbonyl]-3-methylbutyl]carbamate 

(S)-Phenylmethyl [ 1-([[3-[(2-dibenzofuranylsulfonyl)amino ]-2-oxopropyl]-3-( 4-

pyridinylmethyl)amino]carbonyl]-3-methylbutyl]carbamate 

26 
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1-[[[3-[(2-dibenzofuranylsulfonyl)amino]-2-oxopropyl]-3-(4-pyridinylmethyl) 

benzamide 

(S)-Phenylmethyl [ 1-[((3-((2-dibenzofuranylsulfonyl}amino ]-2-oxopropyl]-1-(4-

pyriclinylmethyl)amino]carbonylJ-3-methylbutyl]carbamate. 

5 (S)-Phenylmethyl [ 1-[[[3-[(2-dibenzofuranylsulfonyl)amino J-2-oxopropyl]-

10 

1-( 4-pyridinylmethyl)amino)carbonyl]-3-methylbutyl]carbamate is a most 

particularly preferred embodiment of Formula VIII. 

R4B 
44 I 

R ~N._N_.... 
II 149 

Compounds of Formula I wherein D = 0 R and Q= 

AS1 
I 

'N'N .... J .... R52 
I SO 

R are preferred embodiments of the present invention. For the sake 

of convenience, such compounds are referred to. herein after as compounds of 

Formula IX. 

15 Compounds of Fonnula IX wherein: 

R44 = CH(R53)NHR.S4; 

R45, R46, R48, R49, R50 and RSI are H; 

R47 is independently CH3, benzyl, 2-pyridinylmetboxy, 4-dimetbylaminobenzyl; 

J =C(O); 

20 R52 =Ar, CH(RlO)Ar. CH(RlO)oAr. N(RIO)Ar, CH(Rl<>)NR"Rll; 

RS3 =ethyl, i-Bu; 

R54 = R47, R47c(O), R470C(O); 

R56 = H, CH3. i-Bu: 

R57 = R47, R47QC(O); 

25 Ar= phenyl or naphthyl, optionally substituted by one or more of Ph-Co-6alkyl, 

Het-Co-6alkyl. C1-6alkoxy, Ph-C0-6alkoxy, Het-Co-6alkoxy. OH, (CH2>i­

~58R59, O(CH2)1_t)NR58R59; 
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The following compounds of Formula IX are particularly preferred: 

5 2-[N-(N-benzyloxycarbonyl-L-leucinyl))-2'-[N'-(4-

phenoxyphenylsulfonyl)]carbohydrazide; 

2-[N-(N-benzyloxycarbonyl-L-alanyl)]-2'-[N-(N-benzyloxycarbOnyl-L­

leucinyl)]carbohydrazide; · 

2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N'-( 4-phenylbenzoyl)]carbohydrazide; 

10 2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N'-( 4-

methoxybenzoyl)]carbohydrazide; 

2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N'-( 4-

phenoxybenzoyl))carbohydrazide; 

2-(N-acetyl)-2'-[N'-(N-benzyloxycarbonyl-L-leucinyl)Jcarbohydrazide; 

15 2-[N-(N-acetyl-L-leucinyl)]-2'-[N'-(N-benzyloxycarbonyl-L-

alanyl))carbohydrazidc; 

2-[N-(N-acetyl-L-alanyl)]-2'-[N'-(N-benzyloxycarbonyl-L­

leucinyl)]carbohydrazide; 

2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N'-[4-(N.N-

20 dimethylaminomethyl)benzoyl)]Jcarbohydrazide; 

2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N'-[4-hydroxy-[3-(4-

morpholinomethyl)))benzoyl]carbohydrazide; 

2-[N-(N-benzyloxycarbonyl-L-leucinyl))-2'-[N'-[4-(N,N­

dimethylaminomethyl)benzyloxy ]carbonyl-L-leucinyl]carbohydrazide; 

25 2-(N-benzoyl)-2'-[N'-(N-benzyloxycarbonyl-L-leucinyl)]carbohydrazide; 

2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N'-(3-(4-

morpholinomethyl)benzoyl]Jcarbohydrazide; 

2-[N-(3-benzyloxybenzoyl))-2'-[N'-(N-benzyloxycarbonyl-L­

leucinyl)]carbohydrazide; 

30 2-[N-(N-benzyJoxycarbonyl-L-leucinyJ)]-2'-[N'-[ 4-[3-(N-N-dimethylamino )-1-

propyloxy ]benzoyl]Jcarbohydrazide; 
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2-[N-{2-benzyloxybenzoyl)J-2'-[N'-(N-benzyloxycarbonyl-L­

leucinyl)]carbohydrazide; 

2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N'-[3-( 4-

pyridylmethoxy)benzoyl]]carbohydrazide; 

5 2-[N-(4-benzyloxybenzoyl)]-2'-[N'-(N-benzyloxycarbonyl-L-

leucinyl)]carbohydrazide; 

2-[N-{N-benzyloxycarbonyl-L-leucinyl)]-2'-[N'-(3-benzyloxy-S­

methoxy)benzoyl]carbohydrazide; 

2-[N-(N-benzyloxycarbonyl-L-leucinyl)J-2'-[N-(3-benzyloxy-4,S-

10 dimethoxy)benzoyl]carbohydrazide; 

PCT/US96/18000 . 

2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N'-(3-benzyloxy-5-

ethoxy)benzoyl]carbohydrazide; 

2-[N-(N-benzyloxycarbonylglycinyl)]-2'-[N'-(N-benzyloxycarbonyl-L­

leucinyl)]carbohydrazide; 

15 2-[N-(3-bcnzyloxybenzoyl)J-2'-[N'-(N-benzyloxycarbonyl-L-

prolinyl} ]carbohydrazide; 

2-[N-(N-benzyloxycarbonyl-L-lcucinyl)]-2'-(N'-(4-

phenylphenylacetyl)]carbohydrazide; 

(2'S)-2-[N-(3-benzyloxybenzoyl)]-2'-[N'-(N-benzyloxycarbonyl-2-

20 aminobutyryl))carbohydrazide; 

2.2'-[N,N'-[bis-( 4-pbenylphenylacetyl)]]carbohydrazide; 

(2'RS)-2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[2-(4-

phenylphenoxy)propionyl]carbohydrazide;. 

2-[N-(3-benzyloxybenzoyl)]-2'-[N'-( 4-methylpentanoyl)]carbohydrazide; 

25 (2RS, 2'RS)-2,2'-[N,N'-[bis-[2-(4-phenylphenyl)-4-

methylpentanoyl)]]]carbohydrazide; 

(2'RS)-2-[N-(N-benzyloxycarbo~yl-L-leucinyl)]-2'-(N'-[2-(4-phenylphenyl)-4-

methylpentanoyl)]]carbohydrazide; 

(2'RS)-2-[N-(3-benzyloxybenzoyl)]- 2'-[N'-[2-{4-phenylphenyl)-4-

30 methylpentanoyl)J]carbohydrazide; 
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2-[N-(3-benzyloxybenzoyl)]-2'-[N'-(N-benzyloxycarbonyl-N-methyl-L­

leucinyl) ]carbohydrazide; 

2-[N-(3-benzyloxybenzoyl) }-2'-[N'-[N-(2-pyridinylmethoxycarbonyl)-L­

leucinyl]]carbohydrazide; 

5 2-[N-[3-(4-pyridylmethoxy)benzoyl]]-2'-[N'-[N-(2-pyridinylmethoxycarbonyl)-L-

leucinyl]Jcarbohydrazide; 

(2RS)-2-[N-[2-( 4-phenylpbenyl)-4-methylpentanoyl)]]-2'-[N'-[N-{2-

pyridinylmethoxycarbonyl)-L-leucinyl]]carbohydrazide; 

2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N'-[2-( 4-phenylphenyl)-4-

10 methylpentanoyl)]]carbohydrazide; 

2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N'-[2-( 4-pbenylpbenyl)-4-

methylpentanoyl)]]carbohydrazide; 

2-[N-(N-benzyloxyca,rbonyl-L-leucinyl)J-2'-(N'-[N-(4-phenylphenyl)-N-(2-

methylpropyl)carbamoyl]]carbohydrazide; 

15 2-[N-(3-benzyloxybenzoyl)]-2'-[N'-(N-methyl-L-leucinyl)]carbobydrazide; 

2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N'-(N-methyl-L­

leucinyl)]carbohydrazide. 

Compounds of Formula I wherein D = L-G- and Q= 

20 are preferred embodiments of the present invention. For the sake of convenience, 

such compounds are refened to herein after as compounds of Fonnula X. 

With respect to Formula X: 

More preferably 0 is 

25 or 

30 
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More preferably R63 and R64 are Hand R66 and R69 are i-butyl. · 

More preferably R65 is CH(R69)NR61R70, in which R69 is i-butyl and R61 

is H. More preferably R 70 is R62QC(O). in which R62 is 

I 

0 
f 
c~ 

6 or 

I 

() 
N 

Alternately. R65 is Ar or CH(R69)Ar. in which Ar in said R65 group is 

or or 

More preferably, Lis 

CH(R66)NR~68, CH(R66)Ar. NR66R67, CH(R66)QAr', Ar, or Het, in which 

R66 is i-butyl and Ar in said L group is 
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or 

or Het in said L group is 

5 

s 

-p~CI 
S02 

More preferably Lis NR66R67 or CH(R66)R60R_68. 

One particularly preferred embodiment is a compound of Formula G: 

10 

G 

Another particularly preferred embodiment is a compound of Formula H: 

R'~~,n~~,R'° 
I x':..:y 0 

Ru 

15 H 

The following compounds of Formula X are most particularly preferred: 

( lS)-N-[2-(( l-benzyloxycarbonylamino)-3-methylbutyl]thiazol-4-

20 ylcarbonyl]-N'-( 4-phenoxyphenylsulfonyl)hydrazide; 
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(lS)-N-[4-[l-(N-benzyloxycarbonyl-L-leucinylamino)-3-

methylbutyl]thiazol-2-ylc~bonyl]-N'-(N-benzyloxycarbonyl-L-leucinyl)hydrazide; 

( 1 S)-N-[2-((1-benzyloxycarbonylamino )-3-methylbutyl]thiazol-4-

ylcarbonyl)-N'-( 4-phenylphenylacetyl)hydrazide; 

5 (IS)-N-[2-[(l-benzyloxycarbonylamino)-3-methylbutyl]thiazol-4-

ylcarbonyl]-N'-[3-( 4-pryidinylmethoxy)benzoyl]hydrazide; 

N-[2-(2-chlorophenoxymethyl)thiazol-4-ylcarbonyl}-N'-[N-{ 4-

pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide; 

N-[N-{ 4-pyridinylmethoxycarbonyl)-L-leucinyl]-N'-[2-[4-(1,2,3-thiadiazol-

l O 4-yl)phenyl]thiazol-4-ylcarbonyl]hydrazide; 

N-[2-[3-( 4-chlorophenylsulfonylmethyl)thien-2-yl]thiazol-4-ylcarbonyl]-N'­

[N-( 4-pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide; 

( 1S,2'RS)-N-[2-[(1-benzyloxycarbonylamino)-3-methylbutyl]thiazol-4-

ylcarbonyl]-N'-[2'-( 4-pbenylpbenylacetyl)-4-methylpentanoyl]hydrazidc; 

15 N-[2-(3-benzyloxypbenyJ)thiazol-4-ylcarbonyl]-N'-[N-(2-

pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide; 

(IRS)-N-[2-[l-( 4-phenylphenyl)-3-methylbutyl]thiazol-4-ylcarbonyl)-N'-(N­

(4-pyridiny lmethoxycarbonyl)-L-leucinyl}hydrazide; 

N-[2-(2-benzyloxyphenyl)thiazol-4-ylcarbonyl)-N'-[N-(4-

20 pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide; 

N-[2-[N-methyl-N-( 4-phenylphenyl)amino]thiazol-4-ylcarbonyl)-N'-[N-(4-

pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide; 

N-(N-benzyloxycarbonyl-L-leucinyl)-N'-[2-( 4-phenylbenzyl)thiazol-4-

ylcarbonyl]bydrazide; 

25 N-(2-{ 4-phenylphenylbenzyl)thiazol-4-ylcarbonyl]-N'-[N-{ 4-

pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide; 

N-(N-benzyloxycarbonyl-L-leucinyl)-N'-[2-[N-(2-methylpropyl)-N­

phenylamino ]thiazol-4-ylcarbonyl]hydrazide; 

N-[2-[N-(2-methylpropyl)-N-phenylamino ]thiazol-4-ylcarbonyl]-N'-[N-( 4-

30 pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide; 
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N-[2-(2-benzyloxyphenyl)thiazol-4-ylcarbonyl]-N'-{N-(3-

pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide; 

N-(2-(2-benzyloxyphenyl)dliazol-4-ylcarbonyl]-N'-[N-(2-

pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide; 

5 N-{N-benzyloxycarbonyl-N-methyl-L-lcucinyl)-N'-[2-(2-

PCT/US9'/18000 -

benzyloxyphenyl)thiazol-4-ylcarbonyl]hydrazide; 

N-[2-[N-(2-mcthylpropyl)-N-phenylamino]thiazol-4-ylcaibonyl]-N'-[N-(2-

pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide; 

N-[2-[N-(2-methylpropyl)-N-phenylamino]thiazol-4-ylcarbonyl]-N'-[N-(3-

10 pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide; and 

N-[2-(2-methoxyphenyl)tbiazol-4-ylcarbonyl]-N'-[N-(4-

pyridinylmetboxycarbonyl)-L-leucinyl]hydrazide. 

Definitions 

15 The presetlt invention includes all hydrates, solvates, complexes 

and prodrugs of the compounds of this invention. Prodrugs are any covalently 

bonded compounds which release the active parent drug according to Formula I in 

vivo. If a chiral center or another form of an isomeric center is present in a 

compound of the present invention, all forms of such isomer or isomers, including 

20 enantiomers and diastereomcrs, are intended to be covered herein. Inventive 

compounds containing a chiral center may be used as a racemic mix.tu~ an 

enantiomerically enriched mixture. or the racemic mixture may be separated using 

well-known techniques and an individual enantiomer may be used alone. In cases in 

which compounds have unsaturated carbon-carbon double bonds, both the cis (Z) 

2S and trans (E) isomers are within the scope of this invention. In cases wherein 

compounds may exist in tautomeric forms, such as keto-enol tautomers, each 

tautomeric form is contemplated as being included within this invention whether 

existing in equilibrium or predominantly in one form. 

The meaning of any substituent at any one occurrence in Fonnula I or any 

30 subformula thereof is independent of its meaning, or any other substituent's 

meaning, at any other occurrence, unless specified otherwise. 
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Abbreviations and symbols commonly used in the peptide and chemical arts 

are used herein to describe the compounds of the present invention. In general, the 

amino acid abbreviations follow the IUPAC-IUB Joint Commission on Biochemical 

Nomenclature as described in Eur. J. Biochem., 158, 9 (1984). The term "amino 

5 acid" as used herein refers to the D- or L- isomers of alanine, arginine, asparagine, 

aspartic acid, cysteine, glutamine, glutamic acid, glycine, histidine, isoleucine, 

leucine, lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan, 

tyrosine and valine. 

"Ct-6alkyl" as applied herein is meant to include substituted and 

10 unsubstituted methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl and t-butyl, 

pentyl, n-pentyl, isopentyl, neopentyl and hexyl and the simple aliphatic isomers 

thereof. Any C t-6alkyl group may be optionally substituted independently by one 

or two halogens, SR', OR', N(R')2, C(O)N(R')2, carbamyl or C l-4alkyl, where R' is 

Ct-6alkyl. CoaJkyl means that no alkyl group is present in the moiety. Thus, Ar-

15 CoaJkyl is equivalent to Ar. 

"C3.11cycloalkyl" as applied herein is meant to include substituted and 

unsubstituted cyclopropane, cyclobutane, cycJopentane, cyclohexane, cycloheptane, 

cyclooctane, cyclononane, cyclodecane, cycloundecane. 

"C2-6 alkenyl" as applied herein means an alkyl group of 2 to 6 carbons 

20 wherein a carbon-Carbon single bond is replaced by a carbon-carbon double bond. 

Cz_6alkenyl includes ethylene. 1-propene, 2-propene, I-butene, 2-butene, isobutene 

and the several isomeric pentenes and hexenes. Both cis and trans isomers are 

included. 

"C2-6alkynyl" means an alkyl group of 2 to 6 carbons wherein one carbon-

25 carbon single bond is replaced by a carbon-carbon triple bond. C2-6 alkynyl 

includes acetylene, 1-propyne, 2-propyne, 1-butyne, 2-butyne, 3-butyne and the 

simple isomers of pentyne and hexyne. 

"Halogen" means F, CJ, Br, and I. 

"Ar" or "aryl" means= phenyl or naphthyl, optionally substituted by one or 

30 more of Ph-C()..@Ikyl, Het-C0-6alkyl, C1..()alkoxy, Ph-Co-6alkoxy, Het-Co. 

6alkoxy. OH, (CH2)i..(;NR.58R59, O(CH2)i~R58R59; where R58, R59 = H, c1_ 
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6alkyl; Het-CQ.@Ikyl. from C1-48lkyl. OR'. N(R')2. SR', CF3, N02. CN, C02R', 

CON(R'), F, a. Br and I. 

As used herein "Het" or "heterocyclic" represents a stable 5- to 7-membered 

monocyclic or a stable 7- to 10-membered bicyclic heterocyclic ring, which is either 

5 saturated or unsaturated, and which consists of carbon atoms and from one to three 

heteroatoms selected from the group consisting ofN, 0 ands. and wherein the 

nitrogen and sulfur heteroatoms may optionally be oxidized, and the nitrogen 

heteroatom may optionally be quatemized, and including any bicyclic group in 

which any of the above-defined heterocyclic rings is fused to a benzene ring. The 

10 heterocyclic ring may be attached at any heteroatom or carbon atom which results in 

the creation of a stable structure, and may optionally be substituted with one or two 

moieties selected from C14alkyl, OR', N(R')2. SR', CF3, NQi. CN, C02R', 

CON(R'), F, Cl, Br and I, where R' is C1-6allcyl. Examples of such heterocycles 

include pipericlinyl, piperazinyl, 2-oxopiperazinyl. 2-oxopiperidinyl, 2-

15 oxopyrroloclinyl, 2-oxoazepinyl, azepinyl, pym>lyl, 4-piperidonyl. pyrrolidinyl, 

pyrazolyl, pyrazolidinyl, imidazoJyl, pyridyl, pyrazinyl, oxazoliclinyl, oxazolinyl, 

oxazolyl, isoxazoJyl, morpholinyl, thiazolidinyl, thiazolinyl, thiazolyl, 

quinuclidinyl, indolyl. quinolinyl, isoquinolinyl, benzimidazolyl. benzopyranyl. 

benzoxazolyl, fucyl. pyranyl. tetrahydrofuryl. tetrahydropyranyl, thienyl, 

20 benzoxazolyl, thiamorpholinyl sulfoxide. thiamorpholinyl sulfone, and oxadiazolyl. 

"HetAr" or "heteroaryl" means any beterocyclic moiety encompassed by the 

above definition of Het which is aromatic in character, e_g., pyridine. 

X-Y u:·» 
It will be appreciated that the heterocyclic ring described when N = Z 

includes thiazoles, oxazoles. triazoles, thiadiazolcs, oxadiazoles, isoxazoles, 

25 isothiazols. imidazoles, pyrazines, pyridazines. pyrimidines, triazines and tetrazines 

which are available by routine chemical synthesis and are stable. The single and 

double bonds (i.e., .::..::> in such heterocycles are arranged based upon the heteroatoms 

present so that the heterocycle is aromatic (e.g .• it is a hetcroaryl group)- The term 

heteroatom as applied herein refers to oxygen, nitrogen and sulfur. When the 

30 heteroaryl group comprises a five membered ring, W is preferably an electron 
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withdrawing group. such as halogen, -CN. -CF3, -N02~ -COR7, -C~R6, -

CQNHR6. -S~NHR6, -NHS~R6. -NHCOR7, -O-COR6, -SR6 or NR'R6, or a 

similar electron withdrawing substituent as known in the art. 

Certain radical groups are abbreviated herein. t-Bu refers to the tertiary 

5 butyl radical, Boe refers to the t-butyloxycarbonyl radical, Fmoc refers to the 

~uorenylmethoxycarbonyl radical, Ph refers to the phenyl radical, Cbz refers to the 

benzyloxycarbonyl radical. 

Certain reagents are abbreviated herein. DCC refers to 

dicyclohexylcarbodiimide, DMAP is 2.6-dimethylaminopyridine, EDC refers to N-

10 ethyl-N'(dimethylaminopropyl)-c~imide. HOBT refers to 1-

hydroxybenzotriazole, DMF refers to dimethyl fonnamide, BOP refers to 

benzotriazol-1-yloxy-tris(dimethylamino)phosphonium hexatluorophosphate. 

DMAP is dimethylaminopyridine, Lawesson's reagent is 2,4-bis(4-metboxyphenyl)­

l,3-dithia-2,4-diphosphetane-2,4-disulfide, NMM is N-methylmorpholine, TF A 

15 refers to trifluoroacetic acid. TFAA refers to trifluoroacetic anhydride and THF 

refers to tetrahydrofuran. Jones reagent is a solution of chromium trioxide, water, 

and sulfuric acid well-known in the: art. 
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Methods of Preparation 

Compounds of Formula Il wherein X = CH, Y = S and Z = N, and W = 
CQiR 7 CN, or CONR'R 7 may be conveniently prepared by methods analogous to 

5 those described in Scheme 1. 

38 



W097/16433 
PCT/US96/18000 · 

Scheme I 
0 R1 

__ a_ ... o)lnYNi! b Jl I _OH 
0 ~- lf ---.... 

0 

1 

c 

!· 
)l ~~N 0 ~ \L/CONHR3 

i 

l' 
)l ~N 

0 ~ lL ~CN 
$ 

l 

0 

a 

' 
0 R1 

Jl~N 
D ~ \!... ~C~t 

s 

I 

a) i-BuOCOCI, NMM, CH2N:!, EtOAc, Et!P: b) HBr, AcOH. EtOAc, Et20; c) lizNCSC~t. 

EtoH; d} NaOH, H20, THF; e) i-BuOCOCl, NMM. N~. THF or BOP, EtaN. RN!iz, CH2C12; f) 

TFAA, pyridine, CH2Cl2; g) R<4oti, Boc:!O, Pyridine or R4cH, EDCI, CHaCI~ h) piperidine, DMF; 

i) BOP, EfaN, 0-~H. CHP2 

I-Scheme l is treated with isobutyl chloroformate and N-methylmorpholine 

in ethyl acetate to give a mixed anhydride which is treated with diazomethane in 

S ether to provide 2-Scbeme 1. The diazoketone is halogenated using 30% HBr in 
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acetic acid in ethyl acetate/ether solution to provide 3-Scheme 1. This material is 

treated with ethyl thiooxamate in refluxing ethanol to give 4-Scherne 1. The 

thiazole carboxylic ester is saponified by treatment with a hydroxide base (such as 
potassium hydroxide, sodium hydroxide or lithium hydroxide) to yield carboxylic 

5 acid 5-Scheme 1. The carboxylic acid is treated with isobutyl chloroformate and N­

methylmorpholine, followed by gaseous ammonia to provide primary amide~ 

Scheme 1 (R3 = H). The primary amide is treated with TFAA and pyridine in 

dichloromethane to provide 7-Scheme 1. Alternatively. 5-Sc1leme 1 can be 

convened to substituted amides, 6-Scbeme 1, by treatment with alkyl amines (such 

10 as benzylamine, 2-phenylethylamine or isobutylamine) and a peptide coupling 

reagent (such as BOP, EDC•HCYl-HOBT or N-methylmorpboline/isobutyl 

chlorofonnate) in an aprotic solvent (such as dichloromethane or DMF). The 

carboxylic acid 5-Scheme 1 can be converted to carboxylic esters 8-Scbeme 1 by 

treatment with a primary or secondary alcohol (such as 2,2,2-trifluoroethanol, 

15 isobutyl alcohol, benzyl alcohol or phenol) and a dehydrating reagent (such as 

DCODMAP, EDCI or Boc20lpyridine) in an aprotic solvent (such as 

dicbloromethane or ether). When R2 = 9-fluorenylmethoxy, treatment of 4-Scbemc 

1 with piperidine in DMF gives 9-Scheme 1. Treatment of 9-Scheme 1 with a 

carboxylic acid (such as N-Cbz-L-phenylalanine or N-Cbz-L-leucinyl-L-leucine) 

20 and a peptide coupling reagent (such as BOP) in an aprotic solvent (such as 

dichloromethane) provides 10-Scbeme 1. 

Scheme lA 

2. 

25 

a) Mel, THF; b) R'NH2. i-PrOH; c) Bromomethyl ketone, EtOH 
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Compounds of Formula II wherein X = CH. Y = S and Z = N are prepared 

by methods analogous to those described in Scheme IA. I-Scheme IA is treated 

with iodomethane in an aprotic solvent (such as THF) to afford 2-Scheme IA, 

which is treated with a primary amine in a protic solvent (such as isopropanol) to 

5 give 3-Scbeme IA. this material is then treated with a bromomethyl ketone in a 

protic solvent (such as ethanol) to provide 4-Scheme IA. 

10 

15 

Scheme 2 

1. ~OH 
BocHN- lr 

R1 R1 

__ a_.,. BocHN~NHz __ b __ .,. -~NH, 
0 0 s 

1 2 a 

R1 R1 

c BocHNAr:)-co,a d H,N'\:)-co,a .... ... 
s /J 

! .5. 

0 R1 0 R1 

e Jl~N. f .,.. Jl ~N .... 
D ~ sJ-00,,Et D ~ ;_)-CO-Ji 

I I 

a) i-BuOCOCl, NMM, NH3, THF; b) Lawesson's reagent, THF; c) BrCH2COC~Et. 
TFAA, Pyridine, CH2C!i; d) TFA; e) DC02H. EDC•HCl, HOBT, Et3N, DMF; f) 

NaOH, H20, 1llF 

Compounds of Fonnula ll wherein X = S, Y = CH and Z = N may be 

conveniently prepared by methods analogous to those described in Scheme 2. 1:. 
Scheme 2 is treated with isobutyl cblorofonnate, N-methylmorpholine and ammonia 

20 in THF to provide 2-Scheme 2. This material is convened to the thioamide, ~ 

Scheme 2. by treatment with Lawesson's reagent in an aprotic solvent (such as THF 

or toluene). 3-Scheme 2 ls converted to the thiazole by condensation with a a­

ketoester bearing a suitable leaving group for displacement by a sulfur nucleophile 
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(Cl. Br, I, OMs. 0-p-Tos) in dichloromethane. 4-Scbemc 2 is treated with TFA to 

provide 5-Scheme 2. This material is treated with a carboxylic acid (such as N-Cbz­

L-leucine, N-Cbz-D-leucine or N-Cbz-L-leucinyl-L-leucine) and a peptide coupling 

reagent ( such as BOP. EDC•HCl/1-HOBT or N-methylmorpholine/isobutyl 

S chloroformate) in an aprotic solvent (such as dichloromethane, DMF or THF) to 

10 

-
yield 6-Scheme 2. This material is saponified by treatment with a hydroxide base 

(such as potassium hydroxide. sodium hydroxide or lithium hy<Ir?xide) to yield 

carboxylic acid 7-Scbeme 2. 

Scbeme2A 

1 

v· N CO Et 

R'HN~r- 2 

0 R1 

BocR'N0 ~JN C02Et .: N I - I ,, 
R2 R' S 

1 2 

R'HNvl ~
1 

~yN C02Et 
- N I - I tJ 
R2 R' S 

.a 

15 a) Boe-amino acid. EDC•HCl, 1-HOBT. DMF; b) TFA; c) RSQCQCl, i-Pr2NEt 

Compounds of Formula II wherein X = S, Y =CH and Z = N may also be 
prepared by methods analogous to those described in Scheme 2A. 1-Scbeme 2A is 

treated with a tert-butoxycarbonyl-protected amino acid (such as N-tert-

20 butoxycarbonyl-L-leucine) and a peptide coupling reagent ( such as BOP, 

EDC•HCJ/1-HOBT or N-methylmorpholine/isobutyl chloroformate) in an aprotic 

solvent (such as dichloromethane, DMF or THF) to yield 2-Scheme 2A, which is 

treated with trifluoroacetic acid to provide 3-Scbeme 2A. This material is treated 

with a chloroformate (such as 2-biphenylmethyl chloroformate. 2-benzylbenzyl 

25 chlorofonnate, 2-naphthylmetbyl chloroformate or 2-phenoxybenzyl chloroformate) 

and a tertiary amine base (such as dilsopropylethylamine) in an aprotic solvent (such 
as methylene chloride) to provide 4-Scheme 2A. 
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Scheme 3 

A1 

__ a_~ -~OMe 

0 R1 

.Jl~s 
D ~ " rCC¥t 

N-N 
l 

0 

.2 

b ... 

d ----.... 

f ----· .... 

S a) Boc20, Et3N, THF; b) hydrazine hydrate. MeOH; c) EtO:!CCOCl, Pyridine. 

CH202; d) Lawesson's reagent, toluene; e) TFA. CH2Cl2; f) DCO:zH. 

EDC•HCJJHOBT, Et~. DMF 

10 Compounds of Formula Il wherein X and Y = N. and Z = S may be 

conveniently prepared by methods analogous to those described in Scheme 3. b 
Scheme 3 is treated with di-tert-butyl dicarbonate and triethylamine in THF to 

provide 2-Scheme 3. This material is treated with hydrazine hydrate in methanol to 

provide 3-Scheme 3. The hydrazide is acylated by treatment with ethyl oxalyl 
15 chloride and pyridine in dichloromethane to provide 4-Scbeme 3. This material is 

converted to the thiadiazole, 5-Scheme 3, by treatment with Lawesson's reagent in 

an aprotic solvent (such as THF or toluene). 5-Scheme 3 is treated with TFA to 

provide 6-Scheme 3. This material is treated with a carboxylic acid (such as N-Cbz-
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5 

10 

L-leucine) and a peptide coupling reagent (such as BOP. EDC•HCI/1-HOBT or N­
methylmorpholine/isobutyl chloroformate) in an aprotic solvent (such as 
dichloromethane. DMF or THF) to yield 7-Scheme 3. 

Scheme4 

R1 
a -~'}-co.a 

N-N 
1 2. 

b 

R1 

H,H~°r co,,EI 
N-N 

c 
0 R1 

D)l~~°rco,,EI 
N-N 

.3 ! 

~ R1 

D ~~°rcDNH, 
N-N 

d 

I 

a) SOC12• pyridine. Et20. toluene; b) TFA. CH202; c) DC~H. EDC•HCJ/HOBT. 
Et3N, DMF; d) NH3, EtOH 

Compounds of Formula II wherein X and Y = N. and Z = O. and W = 
C02Et or CONH2 may be conveniently prepared by methods analogous to those 
described in Scheme 4. I-Scheme 4 is treated with thionyl chloride and pyridine in 
ether, followed by refluxing in toluene to provide 2-Scheme 4. The resultant 

15 oxadiazole is treated with TFA to provide 3-Scbeme 4. This material is treated with 
a carboxylic acid (such as N-Cbz-L-leucine) and a peptide coupling reagent ( such 
as BOP. EDC•HCl/I-HOBT or N-methylmorpholine/isobutyl cblorofonnatc) in an 
aprotic solvent (such as dichlorometbane, DMF or THF) to yield 4-Scheme 4. The 
carboxylic ester is treated with ammonia in methanol to yield 5-Scheme 4. 

20 
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Scheme 5 

0 R2 
a ____ ,... 

5Jl ~~.......,,COaMe R N • 
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0 R1 

1 3. 

0 R2 0 

__ b -:.. R5Jl~~~0NHNtl.z 
0 R1 

c 
----:> 

! 

0 R2 N-N 

Jl ~~ II ~SH 
R5 N ~S 

H : 
0 R1 

.5. 

a) EDC•HCl/HOBT, Et3N, DMF; b) H2NNH2•H20. MeOH; c) CSC}z, Et3N, CHCh 

Compounds of Formula II wherein X and Y = N, and Z = O. and W = SH 
may be conveniently prepared by methods analogous to those described in Scheme 

5. I-Scheme 5 and 2-Scbeme 5 are treated with a peptide coupling reagent (such 

as BOP, EDC•HCI/1-HOBT or N-methylmorpholine/isobutyl cbloroformate) in an 

10 aprotic solvent (such as dichloromethane, DMF or THF) to yield 3-Scheme 5. This 

material is treated with hydrazine hydrate in methanol to provide 4-Scbeme 5. 

Treatment of 4-Scheme 5 with thiophosgene and triethylamine in chloroform 

provides 5-Scbeme 5. 

15 

45 



W097/J6433 PCT/US%/18000 -

5 

Scheme 6 

Compounds of Formula Il wherein X = CH, Y = S and Z = N, and W = SH 
or NH2 may be conveniendy prepared by methods analogous to those described in 

10 Scheme 6. Condensation of 1-Scbeme 6 with ammonium dithiocubamate in 

ethanol yielded 2-Scbeme 6. Alternatively, I-Scheme 6 can be condensed with 

thiourea in ethanol to give 3-Scbeme 6. 

Scbeme7 
15 
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Compounds of Formula II wherein X = CH, Y = N and Z = N and W=C may 

be prepared by methods analogous to those described in Scheme 7. Treatment of 1: 

Scheme 7 with diethylamine N-oxide should provide 2-Scbeme 7. Condensation of 

5 2-§cbeme 7 with a 2,3-diaminocarboxylic acid should then provide 3-Scheme 7. 

which may be converted to a variety of carboxylic acid derivatives using procedures 

previously described in other schemes. 

Compounds of Formula Ill may be generally prepared by methods common 

IO in the art of organic chemistry for coupling carboxylic acid derivatives to hydrazine . . 
Schemes 8, 9 and 10 are illustrative of a method to prepare compounds wherein B or 

Eis a heterocycle. Compounds of Fonnula X may be conveniently prepared by 

methods analogous t~ those described in Schemes 8, 9 and 19-23. 

15 Schemes 

L~Nz ~ L'rer _l[s 
LC02H a ~ 

L NJ._C02Et ~ 

0 0 
1 z .a ~ 

R63 0 

_£s _l[S I Jl 
~ 

L N J.-CONR
60NJ\ 
~ L ~N,N RH 

N I 
0 H 

A 
§ 

20 a) i. i-BuOCOCl. NMM, THF; ii. CH2N2. Et20; b) HBr, AcOH, Et20; c) 

H2NCSC02Et. EtOH; d) R63NffNH2. EtOH; e) R6Sc0zH. EDC•HCI, 1-HOBT, 

DMF. 

Compounds wherein X = CH, Y = S and Z = N, are prepared by methods 

25 analogous to those described in Scheme 22. I-Scheme 8 is treated with isobutyl 

chlorofonnate and N-metbylmorpholinc in ether to give a mixed anhydride which is 

treated with diazomethane in ether to provide 2-Scheme 8. The diazoketone is 

halogenated using 30% HBr in acetic acid in ether solution to provide 3-Scheme 8. 

This material is treated with ethyl thiooxamate in refluxing ethanol to give 4-
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Scheme 8. The thiazole carboxylic ester is treated with a hydrazine (such as 

hydrazine monohydrate or methyl hydrazine) in ethanol to yield 5-Scheme 8. This 

material is treated with a carboxylic acid (such as N-Cbz-L-leucine) and a peptide 

coupling reagent (such as EDC•HCVl-HOBT) in an aprotic solvent (such as DMF) 

5 to provide 6-Scheme 8. 

10 

Compounds wherein X = S, Y = CH and Z = N, are prepared by methods 

analogous to those described in Scheme 9. 

s~ 
L --4..N/'--CONHN~ 

5 

2 

e orf 
~ 

Scherne9 
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S H 

t)u~ JR's 
L~ 'N..,... 

N I 
0 H 

6 (J = CO, S02) 

15 a) i-BuOCOCl, NMM. NH3. THF; b) Lawesson's reagent, THF; c) i. 

Et02CCOCH2Br; ii. TFAA, Py. CH2Cl2; d) H2NNH2•H20. EtOH; e) R65s~CI. 
Py. CH2CI2; f) R65c~e. EDC•HCI. 1-HOBT. DMF. 

1-$cheme 9 is converted to 2-Scheme 9 by treatment with isobutyl 

20 cbloroformate, N-methylmorphoJine and ammonia in THF. 2-Scbeme 9 is treated 

with Lawesson's reagent in THF to provide the tbioamide 3-Scbeme 9. This 

material is converted to the thiazole by condensation with an a-ketoester followed 

by treatment with trifluoroacetic anhydride and pyridine in methylene chloride to 

afford 4-Scl1eme 21 which is converted to 5-Scbemc 9 by treatment with hydrazine 

25 monohydrate. This material is treated with a sulfonyl chloride (such as 4-

phenoxybenzenesulfonyl chloride) and pyridine in an aprotic solvent (such as 

dichloromethane) to provide 6-Scheme 9. Alternatively, 6-Scheme 9 may be 

prepared by treatment with a carboxylic acid (such as N-benzyloxycarbonyl-L­

leucine, N-benzyloxycarbonyl-N-methyl-L-leucine. N-(2-
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pyridinylmethoxycarbonyl)-L-leucine. N-(3-pyridinylmethoxycarbony 1)-L-leucine. 

N-( 4-pyridinylmethoxycarbonyl)-L-leucine, 4;..biphenylacetic acid. 3-( 4-

pyridinylmethoxy)benzioc acid. or 4-methyl-2-(4-phenylphenyl)pentanoic acid) and 

a peptide coupling reagent (such as EDC•HCJ/1-HOBT) in an aprotic solvent (such 

5 asDMF). 

IO 

R' 

J(N'(. 
Compounds wherein B = 0 R are prepared by routine methods of 

peptide synthesis as illustrated for instance by Scheme 10. 

1 

Scbeme 10 

a .... 

R16 

RP....~.Jy~yCO,El 
0 R1s 

.3 

R1& 0 

RP.... .Jy~0 ~ B-R14 
N N' ~ 
H H II 

0 R15 0 

a) EDC•HCI, HOBT, DMF; b) H2NNH2•H20. EtOH; c) Rl4_B-C<>2H, 

15 EDC•HCL, HOBT. DMF 

Treatment of a mixture of I-Scheme 10 and 2-Scbeme 10 with a peptide 

coupling reagent (such as BOP or EDC•HCJ/1-HOBT) in an aprotic solvent (such as 

DMF or clichloromethane) provides 3-Scbeme 10. This material is treated with 

hydrazine hydrate in ethanol to yield 4-Scbeme 10, which is treated with a 

20 carboxylic acid (such as N-Cbz-L-leucine) and a peptide coupling reagent (such as 

BOP or EDC•HCJ/1-HOBT) in an aprotic solvent (such as DMF or 

dichloromethane) to provide 5-Scheme l 0. 
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5 

Compounds of Formula IV wherein R22, R23, R24 are H, and R21 = R26 
are prepared by methods analogous to those described in Scheme 11. 

Scbeme 11 

H 0 H 
R21 ~ Jl ~ R21 y '~ ~,,I( 

0 H H 0 

1 2 

a) EOC.HCI, 1-HOBT, DMF 

Symmetric compounds of the Formula IX having RCO as the tenninal 
substituent on both sides are prepared by methods analogous to those described in 

10 Scheme 11. Treatment of I-Scheme 11 with a carboxylic acid (such as 4-
biphenylacetic acid or 4-methyl-2-(4-phenylphenyl)pentanoic acid) and a peptide 
coupling reagent (such as EDC•HCJ/1-HOBT) in an aprotic solvent (such as DMF) 
provides 2-Scheme 11. 

IS Nonsymmetric compounds of the Formula IX, and compounds of Formula 
IV wherein R22, R23, R24 and R25 are H. and. R2l -:1: R26, are prepared by methods · 
analogous to those described in Scheme 12. 

50 



------------------------------------------

WO 97/16433 

1 .2 

~ 0 
R44 N II d, e or f 

""w' 'N.,..A....NHNH 
II I 2 

0 H 

Scheme 12 

b 
~ 

H 0 H 
44 I )l I RYN... .,..N, N N F 

I I 
0 H H 

PCl'/US96/18000 -

1 (F = coR52. so2R52> 

a) H2NNH2·H2'>, MeOH; b) Cl2CO, PhMe; C) H2NNH2·H20, MeOH; d} R49C02H,EOC·HCI, 

1-HOBT. OMF; e) R52S02CI or R52coct, pyridine, DMF; f) R52co2COR52; g) R52CONR51NH2 

5 Treatment of 1-Scheme 12 with hydrazine hydrate in a protic solvent (such 

as methanol or ethanol) provides 2-Scheme 12. which Is treated phosgene in toluene 

to afford 3-Scheme 12. This material is treated with hydrazine hydrate in a protic 

solvent (such as methanol or ethanol) to provide 4-Scbeme 12. Treatment of 4-

Scheme 12 with a sulfonyJ chloride (such as 4-phenoxyphenylsuJfonyJ chloride), an 
10 acid chloride (such as benzoyl chloride), or a carbamoyl chloride (such as N-(2-

methylpropyl)-N-(4-phenylphenyl)carbamoyl chloride) and pyridine in DMF 
affords 5-Scheroe-12. Alternatively, 5-Scbeme-12 may be prepared by tteatment of 

+Scheme 12 with a carboxylic acid (such as N-benzyloxycarbonyl-L-alanine, N­

benzyloxycarbonyl-L-proline, N-benzyloxycarbonylglycine, (S}-N-

15 benzyloxycarbonyl-2-aminobutyric acid, N-benzyloxycarbonyl-N-methyl-L-leucine, 

N-tert-butoxycarbonyl-N-methyl-L-leucine, N-acetyl-L-leucine, N-acetyl-L-alanine, 

N-(2-pyridinylmethoxycarbonyl)-L-leucine, N-[4-(N.N­

dimcthylaminomethyl)benzyloxycarbonyl]-L-leucine, 4-phenylbenzoic acid, 4-

methoxybenzioc acid, 4-phenoxybenzoic acid, 4-(N,N-

20 dimethylaminomethyJ)benzoic acid, 4-hycroxy-3-[N-(4-morpholinomethyl) ]benzoic 

acid, 3-[N-( 4-morpholinomethyl)]benzoic acid, 2-benzyloxybenzoic acid, 3-

benzyloxybenzoic acid, 4-benzyloxybenzoic acid, 4-(3-
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dimethylaminomethylpropoxy)benzoic aci~ 3-benzyloxy-5-methoxybenzoic acid. 

3-benzyloxy-4,5-dimethoxybenzoic acid, 3-bCnzyloxy-5-ethoxybenzoic acid, 3-(4-

pyridinylmetboxy)benzoic acid, 4-biphenylacetic acid, 2-(4-
phenylphenoxy)propionic acid or4-methyl-2-(4-phenylphenyl)pentanoic acid) and a 

S peptide coupling reagent {such as BOP, EDC•HCVl-HOBT or N­

methylmorpbOJine/isobutyl cbloroformate) in an aprotic solvent (such as 

dichloromethane, DMF or THF). 5-Scbeme-12 may also be prepared by treatment 

of 4-Scheme 12 with an anhydride (such as acetic anhydride). Aitematively, J:. 
Scheme 12 may be converted directly to 5-Scheme-l by treatment with a hydrazide 

IO (such as 4-methylpentanoyl hydrazide or N-methyl-N-benzyloxycarbonyl-L­

leucinyJ hydrazide). 

15 

Scbeme 12A 

1 .2 

H O ~ Jl ~ 
R21l(~ )l d. e or f R'1l(N, ,...N, 

'N NHNt\ --- N N X 

0 
I I I . 
'- 0 H H 

R 
.4 (ACH2 = R~ I (X = COR52• S02R52) 

a) i. PhCHO. EtOH; ii. BH3·THF; b) CtaCO. PhMe; c} H2NNH2·H20• MeOH; d) R52C02'"', 

EDC·HCI, 1-HOBT, DMF; e) R52S02CI or R52cocl, pyridine, OMF; f) R52co2coR52 

Nonsymmetric compounds of Formula IV, wherein R23 '¢ H are prepared by 

methods analogous to those described in Scheme 12A. I-Scheme 12A is treated 

20 with an aldehyde {such as benzaldehyde) in a protic solvent (such as ethanol) and 

the resulting imine is treated with borane-THF complex to afford 2-Scbeme 12A. 

which is subsequently treated with phosgcne in toluene to afford 3-Scheme 12A. 
This material is treated with hydrazine hydrate in a protic solvent (such as methanol 

or ethanol) to provide 4-Scbeme 12A. Treatment of +scheme 12A with a 

25 carboxylic acid {such as N-benzyloxycarbonyl-L-leucine) and a peptide coupling 
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reagent (such as BOP, EDC•HCJ/1-HOBT or N-metbylmorpholine/isobutyl 

chloroformate) in an aprotic solvent (such as dichloromethane, DMF or THF) to 

yield 5-Scbeme-l 2A. 

S Compounds of Formulae V-VIl may be conveniently prepared by methods 

10 

analogous to those described in Schemes 13-16. 

Scheme 13 

VO~* Lb 

HaN.J:,_NHz 

a) HBTU, NMM, DMF; b) Jones, acetone 

1,3-Bis-amido propan-2-ones may be prepared by acylation of l,3-diamino­

propan-2-ol 1-Scbeme 13 with a carboxylic acid 2-Scbeme 13 or a mixture of 2 

15 different carboxylic acids (2 and 3) in equimolar amounts. and a coupling reagent 

such as a dialkyl carbodiimide such as DCC or EDCI or HBTU/ N-methyl 

morpholine, followed by oxidation of the carbinol to a ketone with an oxidant such 

as Jones reagent. 

25 

a) NMM, DMF; b) Jones, acetone 

1,3-Bis-sulfonamido propanones may be prepared by sulfonylation of 1.3-

diamino-propan-2-ol l-Scheme 14 with a sulfonyl chloride 2-Scheme 14 and a base 
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5 

such as N-methyl morpholine. followed by oxidation of the carbinol to a ketone 

with an oxidant such as Jones reagent. 

a) EDCI, HOBT, DMF; b) NMM. DMF, 3) Jones, acetone 

b.c -

1-Amido-3-sulfonamido propanones may be prepared by acylation of 1,3-

10 diamino-propan-2-ol I-Scheme 15 with a carboxylic acid 2-Scheme 15 and a 

coupling reagent such as a carbodiimide or HBTU/ N-methyl morpholine, followed 

by treatment with an appropriate sulfonyl chloride 3-Scheme 15 and a base such as 

N-methyl morpholine, followed by oxidation of the carbinol to a ketone with an 

oxidant such as Jones reagent. 

15 

Scbeme 16 
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l-Amido-3-sulfonamido allcan-2-ones that are larger than propan-2-one. 

such as butan-2-one or 5-methyl-hexan-2-one, can be prepared by converting an N­

protected peptide such as Cbz-leu-leu-OH 1-Scbeme 16 to its bromo methyl ketone 

5 3-Scbeme 16 via a diazo methyl ketone 2-Scheme 16. Then, the bromide 3=Scheme 

.1.6 is displaced with sodium azide to give the corresponding azide 4-Scbeme 16. 

Reduction of the carbonyl with a reducing agent such as sodium borohydride gives 

alcohol 5-Scbemc 16. Subsequent reduction of the azide with a reducing agent such 

as 1.3-propandithiol gives the free amine 6-Scbeme 16. Acylation or sulfonylation 

10 of the amine gives amide or sulfonamide 7-Scheme 16. Finally. oxidation of the 

carbinol with an oxidant such as Jones gives the desired compounds. 

15 

Compounds of Formula VIIl may be conveniently made using methods 

analogous to those in Schemes 17 and 18. 

HO""<], 

'· g. h, i -

a.II -
Scbeme 17 

7 

20 a) NaN3, MeOH, H20; b) Tosyl chloride, triethylam.ine. CH2Cl2; c) 

25 

Ellman dihydropyran resin (3), PPTS. O(CH2)2CI; d) PhCH2NH2. toluene, 
80 degrees C; e) HATU, N-methyl morpholine, NMP; f) HS(CH2)JSH, 

MeOH, Et3N; g) Cbz-leucine (6), HBTU, N-methyl morpholine. NMP; h) 

TFA, CH2Clz, Me2S; i) Jones reagent, acetone 

Azide opening of glycidol 1-Scheme 17, followed by tosylation of the 

primary alcohol gave tosylate 2-Scbeme 17. which was coupled to Ellman polymer 
3-Scheme 17 as described by described in J. Med .. Chem. 1995, 38, 1427-1430 to 
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produce polymer 4-Scheme 17. which was reacted with benzyl amine in toluene, 
men washed extensively wilh various solvents. Then. the azide was reduced with 
1,3-propanedithiol in MeOH, triethylamine, lhen was washed extensively wilh 
various solvents. Coupling ofCbz-Jeucine 6-Scheme 17 with the diamine 5-Scbeme 

5 11 wilh equirilolar amounts and a coupling reagent such as a dialkyl carbodiimide 
such as DCC or EDCI or HBTU/ N-methyl morpboline. Cleavage of the ether 
linkage to an alcohol was accomplished wilh tritluoroacetic acid.with various 
scavengers. Finally, oxidation of the carbinol to a ketone 7-Sch;me 17 with an 
oxidant such as Jones reagent provided the desired final product. 

10 

b.C:.cl.• -

• -
Scbeme 18 

2 

a) 4-pyridyl methyl~ isopropanol, reflux; b) Cbz-leucine. HBTU, 
15 N-methyl morpholine, DMF; c) hydrazine, MeOH, reflux; d) 2-

dibenzofuransulfonyl chloride, N-methyl morpholine, DMF; e) Jones 
reagent, acetone 

N-(2,3-Epoxypropyl)phthalimide l-$cheme 18 (Aldrich) was reluxed with 
20 an amine such as 4-pyridiyl methyl amine in isopropanol. The secondary amine .2:. 

Scbem.e 18 was then acylated with an acylating agent such as Cbz Jeucine or a 
sulfonylating reagent such as 2-dibenzofuransulfonyl chloride and base such as N­
methyl morpholine in DMF. The phthalimide was then removed with hydrazine in 
MeOH and the resulting free amine was acylated with an acylating agent such as 

25 Cbz leucine or a sulfonylating reagent such as 2-dibenzofuransulfonyl chloride and 
base such as N-methyl morpholine in DMF. 

30 

Compounds of Formula IX may conveniently be made using methods 
analogous to those in Schemes 19 and 20. 
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5 

10 

Compounds of Formula X may be conveniently made using methods 

analogous to those described in Schemes 21-27. 

Scheme 12 

>~ 
S H 0 

L-(->u~'~)llf.' 
0 R64 

i 

a) KOH. Me0H/H20; b) R66NHNH2. EtOH; c) EOC•HCI. 1-HOBT. DMF 

Compounds wherein X = CH, Y = s. Z = N and R4 ¢ H. are prepared by 

methods analogous to those described in Scheme 19. Carboxylic ester I-Scheme 19 

is treated with a hydroxide base (such as lithoum hy4roxidC. sodium hydroxide or 

potassium hydroxide) in methanol/water to provide 2-Scheine I 9. 3-Scbeme 19 is 

15 treated with a hydrazine (such as methylhydrazine) in a protic solvent (such as 

ethanol) to give 4-Scheme 19. 2-Scbeme 19 and 4-Scbeme 19 are coupled by 

treatment with a peptide coupling reagent (such as EDC•HCl/1-HOBT) in an aprotic 
solvent (such as DMF) to provide 5-Scbeme 19. 
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Scheme 20 

2. 

S a) Thiourea, EtOH; b) i. NaN<>l. 16% aqueous HBr; ii. CuBr, 16% aqueous HBr; 

iii. HBr (cat.), EtOH; c) ArB(OH)z, Pd(PPh3)4, CsF. DME; d) ArSnMe3, 

Pd(PPh3)4, PhMe; e) H2NNH2•H20. EtOH; e) R65c~H. EDC•HCl, 1-HOBT, 

DMF. 

10 Compounds wherein X = S, Y = CH, Z = N and V = 2-methoxyphenyl or 2-

benzyloxyphenyl, are prepared by methods analogous to those described in Scheme 

20. Ethyl bromopyruvate CI-Scheme 20) is treated with thiourea in refluxing 

ethanol to provide 2-Scheme 20. which is treated successively with sodium nitrite 

and copper (1) bromide in 16% aqueous HBr. and the product was heated in ethanol 

15 with a catalytic amount of HBr to give 3-Scbeme 20. Treatment of this material 

with an arylborooic acid (such as 2-benzyloxyphenylboronic acid). 

tetrakis(triphenylphosphine)palladium(O) and cesium fluoride io refluxing DME 

provides 4-Scheme 20. Alternatively. +scheme 20. may be prepared by treatment 

of 3-Scbeme 20 with an arylstannane (such as 2-trimethylstannylanisole) and 

20 tetrakis(triphenylphosphine)palladium(O) in refluxing toluene. Treatment of~ 

Scheme 20 with hydrazine hydrate in ethanol provides 5-Scheme 20, which is 

treated with a carboxylic acid (such as N-benzyloxycarbonyl-N-methyl-L-leucine. 

N-(2-pyridinylmethoxycarbonyl)-L-leucine. N-(3-pyridinylmcthoxycarbonyl)-L­

leucine or N-( 4-pyridinylmethoxycarbonyl)-L-leucine) and a peptide coupling 

58 



-----------------------------------···-··--·-----

W097/16433 
PCT/US9'/18000 -

5 

reagent (such as EDC•HCVl-HOBT) in an aprotic solvent (such as DMF) to provide 

6-Scheme 20. 

Scbcmc21 

RCOCI~ RCONHR64~ RCH2NHR67 ~ RC~NR67CSNH2 ~ 
1 2 I ! 

SJ>_ 
68 87 AN CONHNH2 

R R N 
§ 

f 
---+ 

a) R67NH2. Py, CH2Cl2; b) LiAIJ4, THF; c) i Cl2CS, Py. CHiCI2; ii. NH3, 

MeOH or I. PhCONCS. CHC13; ii. KzC03, MeOH, H20; d) EtOiCCOCH2Br, 

10 EtOH; e) H2NNH2•H20. EtOH; e) R65c<>2H. EDC•HCI. 1-HOBT. DMF. 

Compounds wherein X = s. Y. =CH, Z = N and V = NR66R.67, are prepared 

by methods analogous to those described in Scheme 21. An acid chloride {.h 

Scheme 21) is tteated with a primary amine (such as 4-aminobiphenyl or aniline) 

15 and pyridine in an aprotic solvent (such as methylene chloride) to provide 2-Scheme 

.21. which is tteated with lithium aluminum hydride in THF to afford 3-Scbeme 25. 

Treatment of 3-Schem.e 21 with thiophosgene and pyridine in methylene chloride, 

followed by tteanment with ammonia in methanol provides 4-Scheme 21. 

Alternatively, +scheme 21 may be prepared by treatment of 3-Scbeme 21 with 

20 benzoyl isothiocyanate, followed by ·tteannent of the intermediate benzoyl thiourea 

with potassium carbonate in methanol/water. 4-Scheme 21 is treated with 

hydrazine hydrate in ethanol to give 5-Scbeme 21. Treatment of 5-Scheme 21 with 

a carboxylic acid (such as N-(2-pyridinylmethoxycarbonyl)-L-leucine, N-(3-

pyridinylmethoxycarbonyl)-L-leucine or N-(4-pyridinylmethoxycarbonyl)-L-

25 leucine) and a peptide coupling reagent (such as EDC•HCl/1-HOBT) in an aprotic 

solvent (such as DMF) affords 6-Sc1teme 21. 
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1 

~ 
L'\\Nif coNHNH2 

N-N 

d 
---+ 

Scheme22 

H 
I 

~ L'\(Nq----co2Et 
N-N 

1 

~ 0 H 
L~N, J1 ~ Res 

\\ q'N"' y 
N-N I H 0 

I 

a) H2NNH2•H20. EtOH; b) LCQiC()zi-Bu, 200 °C; c) H2NNH2•H20. EtOH; d) 

R6Sco2H. EDC•HCI, 1-HOBT, DMF 

Compounds wherein X and Y = N, and Z = NH, are prepared by methods 

10 analogous to those described in Scheme 26. I-Scheme 22 is treated with hydrazine 

hydrate in ethanol to give 2-Scbeme 22. which is heated with a mixed anhydride to 

provide triazole 3-Scheme 22. This material is treated with hydrazine hydrate to 

provide +scheme µ.which is treated with a carboxylic acid (such as N­

benzyloxycarbonyl-L-leucine) and a peptide coupling reagent (such as EDC•HCJ/1-

15 HOBT) in an aprotic solvent (such as DMF) to provide 5-Scheme 22. 
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Scbeme23 

0 H R69 

L-rY~J0~-~ 
S H 0 R61 

Y
o ~ ~· 

L N : y r' f('NHRs1 
S H 0 

1 2 

0 H A69 

Ly~~,~0~,M'R" 
S H 0 Ast 

.l (M = CO, S02) 

5 a) TFA; b) R62C0:2H. EDC•HCI, 1-HOBT, DMF; c) R62sQia. i-Pr2NEt 

Compounds wherein X = S, Y = CH, Z = N. L = CH(R66)NR60ff.68 where 
R68 ¢Boe or Cbz, or R65 = CH(R69)NR61R70 where R 70 ¢Boe or Cbz are 

prepared by methods analogous to those described in Scheme 27. I-Scheme 23 is 

10 treated with trifluoroacetic acid to provide 2-Scheme 23. This material is treated 

with a carboxylic acid (such as pryazinecarboxylic acid, isonicotinic acid, 4-
imidazolylacetic acid or pipecolic acid) and a peptide coupling reagent (such as 

EDC•HCJ/1-HOBT) in an aprotic solvent (such as DMF) to provide 3-Scheme 23. 

3-Scheme 23 may also be prepared by treatment of 2-Scbeme 23 with a sulfonyl 

15 chloride (such as 2-pyridinesulfonyl chJoride) and a tertieary amine base {such as 

diisopropylethylamine) in an aprotic solvent (such as methylene chloride). 

Alternatively, treatment of 4-Scbeme 23 with trifluoroacetic acid provides .5:. 
Scbeme 23. 
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5 a) EDCI, DMF; b) 2-PhCHl<>PhSQiCI. NMM, DMF; c) TF A. DCM; d) 4-pyridyl 
acetic acid, HBTU, NMM, DMF; e) Jones 

1,3-Diamino-propan-2-ol (or an N-alkyl substituted diamino-propanol) is 
coupled to a protected leucine analog (either Cbz- or Boe-) and another carboxylic 

10 acid or sulfonyl chloride. Removal of the protective group, followed by acylation or 
sulfonylation, and oxidation of the alcohol provides the desired compounds. 
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~ H 0 

Cbz-NH~N~ 
0 

H 0 'f' ;-
N II N . 

C ~ ijNHCbZ 

0 0 

a) HBTU, NMM, DMF, allyl amine; b) mCPBA, DCM; c) MeNH2. isopropanol, 70 

5 C; d) Cbz-leucine, EDCI, DMF; e) Jones, acetone 

N-Allyl amine (or a N-alkyl-N-allyl amine} is coupled to a Cbz-amino acid 

(or sulfonylated with an aryl sulfonyl chloride), then the alkene is epoxidized with a 

peracid (or dimethyl diooxirane). The epoxide is opened with a subsituted amine. 

10 then the amine is acylated or sulfonylated. Final oxidation gives the desired 

ketones. 
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The staning materials used herein are commercially available amino acids or 

are prepared by routine methods well known to those of ordinary skill in the art and 

can be found in standard reference books, such as the COMPENDIUM OF 

ORGANIC SYNTHETIC METHODS. Vol. I-VI (published by Wiley-lnterscience). 

S Coupling methods to form amide bonds herein arc generally well known to 

the art. The methods of peptide synthesis generally set forth by Bodansky et al., 

THE PRACTICE OF PEPI'IDE SYNTHESIS, Springer-Verlag, Berlin, 1984; E. 

Gross and J. Meienhofer, THE PEPTIDES, Vol. 1. 1-284 (1979); and J.M. Stewart 

and J.D. Young, SOLID PHASE PEPTIDE SYNTHESIS, 2d Ed., Pierce Chemical 

10 Co., Rockford, Ill., 1984. are generally illustrative of the technique and are 

incorporated herein by reference. 

Synthetic methods to prepare the compounds of this invention frequently 

employ protective groups to mask a reactive functionality or minimize unwanted 

side reactions. Such protective groups are described generally in Green, T. W, 

15 PROTECTIVE GROUPS IN ORGANIC SYNTHESIS, John Wiley &: Sons, New 

York (1981). The term "amino protecting groups" generally refers to the Boe, 

acetyl, benzoyl, Fmoc and Cbz groups and derivatives thereof as known to the art. 

Methods for protection and deprotection, and replacement of an amino protecting 

group with another moiety are well known. 

20 Acid addition salts of the compounds of Formula I are prepared in a standard 

manner in a suitable solvent from the parent compound and an excess of an acid, 

such as hydrochloric, hydrobromic, hydrofluoric. sulfuric, phosphoric, acetic, 

trifluoroacetic. maleic. succinic or methanesulfonic. Certain of the compounds form 

inner salts or zwitterions which may be acceptable. Cationic salts are prepared by 

25 treating the parent compound with an excess of an alkaline reagent, such as a 

hydroxide, carbonate or alkoxide, containing the appropriate cation; or with an 

appropriate organic amine. Cations such as Li+, Na+, K+, ca++, Mg++ and NJ4+ 

are specific examples of cations present in phannaceutically acceptable saJts. 

Halides, sulfate, phosphate, alkanoates (such as acetate and trifluoroacetate), 

30 benzoates, and sulfonates (such as mesylate) are examples of anions present in 

pharmaceutically acceptable salts. 
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This invention also provides a pharmaceutical composition which comprises 

a compound according to Fonnula I and a pharmaceutically acceptable carrier, 

diluent or excipient. Accordingly, the compounds of Formula I may be used in the 

manufacture of a medicament. Phamlaceutical compositions of the compounds of 

5 Formula I prepared as hereinbefore described may be formulated as solutions or 

lyophilized powders for parenteral administtation. Powders may be reconstituted by 

addition of a suitable diluent or other pharmaceutically acceptable cmier prior to 

use. The liquid formulation may be a buffered, isotonic, aqueous solution. 

Examples of suitable diluents are normal isotonic saline solution, standard 5% 

10 dextrose in water or buffered sodium or ammonium acetate solution. Such 

formulation is especially suitable for parenteral administration, but may also be used 

for oral administration or contained in a metered dose inhaler or nebulizer for 

insufflation. It may be desirable to add excipients such as polyvinylpyrrolidone, 

gelatin, hydroxy cellulose, acacia, polyethylene glycol, mannitol, sodium chloride or 

15 sodium citrate. 

Alternately, these compounds may be encapsulated, tableted or prepared in 

an emulsion or syrup for oral administration. Pharmaceutically acceptable solid or 

liquid carriers may be added to enhance or stabilize the composition, or to facilitate 

preparation of the composition. Solid carriers include starch, lactose, calcium 

20 sulfate dihydrate, teaa alba, magnesium stearate or stearic acid, talc, pectin, acacia, 

agar or gelatin. Liquid carriers include syrup, peanut oil, olive oil, saline and water. 

The canier may also include a sustained release material such as glyceryl 

monostearate or glyceryl distearate, alone or with a wax. The amount of solid 

camer varies but, preferably, will be between about 20 mg to about 1 g per dosage 

25 unit. The pharmaceutical preparations are made following the conventional 

techniques of phannacy involving milling, mixing. granulating, and compressing, 

when necessary, for tablet forms; or milling, mixing and filling for hard gelatin 

capsule forms. When a liquid carrier is used. the preparation will be in the form of 

a syrup, elixir, emulsion or an aqueous or non-aqueous suspension. Such a liquid 

30 formulation may be administered directly p.o. or filled into a soft gelatin capsule. 
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5 

For rectal administration, the compounds of this invention may also be 

combined with excipients such as cocoa butter. glycerin. gelatin or polyethylene 

.glycols and molded into a suppository. 

Utility of the Present Invention 

The compounds of Formula I are useful as protease inhibitors. particularly as 

inhibitors of cysteine and serine proteases, more particularly as inhibitors of cysteine 

proteases. even more particularly as inhibitors of cysteine proteases of the papain 

superfamily. yet more particularly as inhibitors of cysteine proteases of the 

10 cathepsin family. most particularly as inhibitors of cathepsin K. The present 

invention also provides useful compositions and formulations of said compounds. 

including pharmaceutical compositions and formulations of said compounds. 

The present compounds are useful for treating diseases in which cysteine 

proteases are implicated, including infections by pneumocystis carinii. ttypsanoma 

15 cruzi, ttypsanoma brucei, and Crithidia fusiculata; as well as in schistosomiasis, 

malaria. tumor metastasis. metachromatic leukodystrophy, muscular dystrophy, 

amytrophy; and especially diseases in which cathepsin K is implicated. most 

particularly diseases of excessive bone or canilage loss, including osteoporosis. 

gingival disease mcluding gingivitis and periodontitis, arthritis. more specifically, 

20 osteoarthritis and rheumatoid arthritis, Paget's disease; hypercalcemia of 

malignancy, and metabolic bone disease. 

Metastatic neoplastic cells also typically express high levels of proteolytic 

enzymes that degrade the swrounding matrix, and certain tumors and metastatic 

neoplasias may be effectively treated with the compounds of this invention. 

25 The present invention also provides methods of ~atment of diseases caused 

by pathological levels of proteases, particularly cysteine and serine proteases, more 

particularly cysteine proteases, even more particularly as inhibitors of cysteine 

proteases of the papain superfamily, yet more particularly cysteine proteases of the 

cathepsin family. which methods comprise administering to an animal. particularly a 

30 mammal, most particularly a human in need thereof a compound of the present 

invention. The present invention especially provides methods of treatment of 
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diseases caused by pathological levels of cathepsin K, which methods comprise 

administering to an animal, particularly a mammal, most panicularly a human in 

need thereof an inhibitor of cathepsin K. including a compound of the present 

invention. The present invention panicularly provides methods for treating diseases 

5 in which cyst~ine proteases are implicated, including infections by pneumocystis 

carinli, trypsanoma cruzi. trypsanoma brucei, and Crithidia fusiculata; as well as in 

scbistosomiasis, malaria, tumor metastasis, metachromatic leukodystrophy, 

muscular dystrophy, amytrophy, , and especially diseases in which cathepsin K is 

implicated. most particularly diseases of excessive bone or cartilage loss. including 

l 0 osteoporosis; gingival disease including gingivitis and periodontitis. arthritis, more 

specifically, osteoarthritis and rheumatoid arthritis, Paget's disease, hypercalcemia 

of malignancy. and metabolic bone disease. 

This invention further provides a method for treating osteoporosis or 

inhibiting bone loss which comprises internal administration to a patient of an 

15 effective amount of a compound of'Fonnula I, alone or in combination with other 

inhibitors of bone resorption, such as bisphosphonates (i.e;, allendronate). hormone 

replacement therapy, anti-estrogens, or calcitonin. In addition, treatment with a 

compound of this invention and an anabolic agent, such as bone morphogenic 

protein, iproflavone, may be used to prevent bone loss or to increase bone mass. 

20 For acute therapy, parenteral administration of a compound of Formula I is 

preferred. An intravenous infusion of the compound in S% dextrose in water or 

normal saline, or a similar fonnulation with suitable excipients, is most effective, 

although an intramuscular bolus injection is also useful. Typically. the parenteral 

dose will be about 0.01 to about 100 mg/kg; preferably between 0.1 and 20 mg/kg, 

25 in a manner to maintain the concentration of drug in the plasma at a concentration 

effective to inhibit cathepsin K. The compounds are administered one to four times 

dai1y at a level to achieve a total daily dose of about 0.4 to about 400 mg/kg/day. 

The precise amount of an inventive compound which is therapeutically effective. 

and the route by which such compound is best administered, is readily determined 

30 by one of ordinary skill in the art by comparing the blood level of the agent to the 

concentration required to have a therapeutic effect 
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The compounds of this invention may also be administered orally to the 

patient. in a manner such that the concentration of drug is sufficient to inhibit bone 

resorption or to achieve any other therapeutic indication as disclosed herein_ 

Typically. a phannaceutical composition containing the compound is administered 

S at an oral dose of between about 0.1 to about 50 mg/kg in a manner consistent with 

the condition of the patient. Preferably the oral dose would be about 0.5 to about 20 

mg/kg. 

10 

15 

No unacceptable toxicological effects are expected when compounds of the 

present invention are administered in accordance with the present invention. 

Biological Assays 

The compounds of this invention may be tested in one of several biological 

assays to detennine the concentration of compound which is required to have a 

given pharmacological effecL 

Determination of cathepsin K proteolytic catalytic activity 

All assays for cathepsin K were carried out with human recombinant 

enzyme. Standard assay conditions for the determination of kinetic constants used a 

fluorogenic peptide substrate. typically Cbz-Phe-Arg-AMC, and were determined in 

20 100 mM Na acetate at pH 5.5 containing 20 mM cysteine and 5 mM EDTA. Stock 

substrate solutions were prepared at concentrations of 10 or 20 mM in DMSO with 

20 uM final substrate concentration in the assays. All assays contained 10% DMSO. 

Independent experiments found that this level of DMSO had no effect on enzyme 

activity or kinetic constants. All assays were conducted at ·ambient temperature. 

25 Product fluorescence (excitation at 360 nM; emission at 460 nM) was monitored 

with a Perceptive Biosystems Cytofluor II fluorescent plate reader. Product 

progress curves were generated over 20 to 30 minutes following fonnation of AMC 

product. 

30 
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Inhibition studies 

Potential inhibitors were evaluated using the progress curve method. Assays 

were earned out in the presence of variable concentrations of test compound. 

Reactions were initiated by addition of enzyme to buffered solutions of inhibitor and 

S substrate. Data analysis was conducted according to one of two procedures 

depending on the appearance of the progress curves in the presence of inhibitors. 

For those compounds whose progress curves were linear. apparent inhibition 

constants (Ki,app) were calculated according to equation 1 (Brandt et al., 

Biochemitsry, 1989, 28, 140): 

10 

v = VmA/fKa(l +I/Ki, app) +A) 

(1) 

where vis the velocity of the reaction with maximal velocity Vm ,A is the 

15 concentration of substrate with Michaelis constant of Ka. and I is the concentration 

of inhibitor. 

20 

For those compounds whose progress curves showed downward curvature 

characteristic of time-dependent inhibition, the data from individual sets was 

analyzed to give kobs according to equation 2: 

[AMC] = Vss t + (VO - vss) { l - exp (-kobst)} I kobs 

(2) 

where [AMC] is the concentration of product fonned over time t, vo is the initial 

25 reaction velocity and vss is the final steady state rate. Values for kobs were then 

analyzed as a linear function of inhibitor concentration to generate an apparent 

second order rate constant (kobs I inhibitor concentration or kobs I [I]) describing 

the time-dependent inhibition. A complete discussion of this kinetic treatment has 

been fully described (Morrison et al .• Adv. Enzymol. Relat. Areas Mol. Biol., 1988, 

30 61, 201). 
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Human Osteoclast Resorption Assay 

Aliquots of osteoclastoma-derived cell suspensions were removed from 

liquid nitrogen storage, wanned rapidly at 37°C and washed xl in RPMI-1640 

medium by centrifugation (1000 rpm, S min at 4°C). The medium was aspirated and 

5 replaced with murine anti-HLA-DR antibody. diluted 1:3 in RPMI-1640 medium, 

and incubated for 30 min on ice ·ne cell suspension was mixed frequently. 

The cells were washed x2 with cold RPMI-1640 by centrifugation (1000 

rpm, S min at 4°C) and then transferred to a sterile 15 mL centrifuge tube. The 

number of mononuclear cells were enumerated in an improved Neubauer counting 

10 chamber. 

Sufficient magnetic beads (5 /mononuclear cell), coated with goat anti­

mouse IgG. were removed from their stock bottle and placed into 5 mL of fresh 

medium (this washes away the toxic azide preservative). The medium was removed 

by immobilizing the beads on a magnet and is replaced with fresh medium. 

15 The beads were mixed with the cells and the suspension was incubated for 

30 min on ice. The suspension was mixed frequently. The bead-coated cells were 

immobilized on a magnet and the remaining cells (osteoclast-rich fraction) were 

decanted into a sterile 50 mL centrifuge tube. Fresh medium was added to the bead­

coated cells to dislodge any trapped osteoclasts. This wash process was repeated 

20 xlO. The bead-coated cells were discarded. 

The osteoclasts were enumerated in a counting chamber, using a large-bore 

. disposable plastic pasteur pipette to charge the chamber with the sample. The cells 

were pelleted by centrifugation and the density of osteoclasts adjusted to 

l.5xlo4/mL in EMEM medium, supplemented with 10% fetal calf serum and 

25 1. 7 g/litre of sodium bicarbonate. 3 mL aliquots of the cell suspension ( per 

treatment) were decanted into 15 mL centrifuge tubes. These cells were pelleted by 

centrifugation. To each tube 3 mL of the appropriate treatment was added (diluted 

to 50 uM in the EMEM medium). Also included were appropriate vehicle controls, 

a positive control (87MEM1 diluted to 100 uglmL) and an isotype control (IgG2a 

30 diluted to 100 uglmL). The tubes were incubate at 37°C for 30 min. 

70 



W097/16433 PCT/US96/18000 . 

0.5 mL aliquots of the cells were seeded onto sterile dentine slices in a 48-

well plate and incubated at 37°C for 2 h. Each treatment was screened in 

quadruplicate. The slices were washed in six changes ofwann PBS (10 mL I well 

in a 6-well plate) and then placed into fresh treatment or control and incubated at 

5 37°C for 48 h. The slices were then washed in phosphate buffered saline and .fixed 

in 2% glutaralclehycle (in 0.2M sodium cacodylate) for S min .• following which they 

were washed in water and incubated in buffer for S min at 37°C. The slices were 

then washed in cold water and incubated in cold acetate buffer I fast red garnet for 5 

min at 4 °C. Excess buffer was aspirated, and the slices were air dried following a 

10 wash in water. 

The TRAP positive osteoclasts were enumerated by bright-field microscopy 

and were then removed from the surface of the dentine by sonication. Pit volumes 

were detennined using the Nikon/Lasertec Il.M21W confocal microscope. 

15 General 

Nuclear magnetic resonance spectra were recorded at either 250 or 400 MHz 

using, respectively, a Bruker AM 250 or Bruker AC 400 spectrometer. CDCl3 is 

deuteriochloroform, DMSO-d6 is hexadeuteriodimethylsulfoxide, and CD30D is 

tetradeuteriometbanoL Chemical shifts are reported in parts per million {d) 

20 downfield from the internal standard tetramethylsilane. Abbreviations for NMR 

data are as follows: s = singlet, d = doublet, t = triplet, q = quartet. m = multiplet. dd 

= doublet of doublets, dt = doublet of triplets, app = apparent, br = broad. J 

indicates the NMR coupling constant measured in Hertz. Continuous wave infrared 

(IR) spectra were recorded on a Perkin-Elmer 683 infrared spectrometer. and 

25 Fourier transform infrared (FI'IR) spectra were recorded on a Nicolet Impact 400 D 

infrared spectrometer. IR and FI'IR. spectra were recorded in transmission mode, 

and band positions are reported in inverse wavenumbers (cm·l ). Mass spectra were 

taken on either VG 70 FE, PE Syx API m, or VG ZAB HF instruments. using fast 

atom bombardment (F AB) or electrospray (ES) ionization techniques. Elemental 

30 analyses were obtained using a Perkin-Elmer 240C elemental analyzer. Melting 
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points were taken on a Thomas-Hoover melting point apparatus and are uncorrected. 

All temperatures are reported in degrees Celsius. 

AnaJtech Silica Gel GF and E. Merck Silica Gel 60 F-254 thin layer plates 

were used for thin layer chromatography. Both flash and gravity chromatography 

S were carried out on E. Merck Kieselgel 60 (230-400 mesh) silica gel. 

10 

Where indicated, certain of the materials were purchased from the Aldrich 

Chemical Co., Milwaukee~ Wisconsin, Chemical Dynamics Corp.: South Plainfield, 

New Jersey, and Advanced Chemtech, Louisville, Kentucky. 

Examples 

Jn the following synthetic examples, temperature is in degrees Centigrade 

(°C). Unless otherwise indicated, all of the staning materials were oblained from 

commercial sources. Without further elaboration, it is believed that one skilled in 

the art can, using the preceding description, utilize the present invention to its fullest 

15 extent. These Examples are given to illustrate the invention, not to limit its scope. 

Reference is made to the claims for what is reserved to the inventors hereunder. 

Example I 

Pmparation of C2S. l 'Sl-2-Cben:r,y1oxycamonyllamino-N-C l '-(2-carboethoxythiazoJ+ 

20 yll-3'-metbylbutylJ+metbylpentanamide 

a) N-benzyloxycarbonyl-L-leucinyl-L-leucinyl bromomethylketone 

l-Mcthyl-3-nitro-l-nitrosoguanidine (5.9 g, 40.11 mmol} in ether (200 mL) 

is cooled to OOC. 40% potassium hydroxide is added slowly and the diazomethane is 

allowed to collect in the ether solution for 30 minutes at 0°C. 
-

25 N-Cbz-L-Leucinyl-L-Leuc~e (Bachem) (4.0 g, 10.58 mmol) is stilTed in 

tetrahydrofuran at -40°C. N-metbylmorpholine (1.07 g, 10.58 mmol. 1.16 mL) and 

isobutyl chloroform.ate (1.45 g, 10.58 mmol, 1.38 mL) are added. The mixture is 

stirred at -40°C for 15 minutes and then filtered into a cold flask to remove 

precipitated salts. To the filtered solution is added an excess of the previously 

30 prepared diazomethane solution and the mixture is allowed to stand at 0°C for 16 h. 

An excess of 30% HBr in acetic acid is added at OOC and the solution is then washed 
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successively with 1.0N citric acid, saturated aqueous sodium bicarbonate (carefully). 

and brine. The solution is dried over sodium sulfate, filtered, and evaporated to give 

the title compound as a white solid (4.10 g). · lff NMR (400 MHz, CDCI3) l; 7.34 

(m, SH), 6.51 (d, -1H), 5.15 (d, lH), 5.10 (s, 2H), 4.78 (m, lH), 4.20 (m. JH). 4.04 

5 (dd, 2H), 1.63 (m, 6H), 0.93 (m, 12H). 

b) (2S,1 'S)-2-(benzyloxycarbonyl)amino-N-[l '-(2--carboethoxythiazol-4-yl)-3' -

methylbutyl]-4-methylpentaoamide 

The compound of Example l(a) (2.0 g, 4.4 mmol) and ethyl thiooxamate 

10 (0.59 g, 4.4 mmol) were refluxed in ethanol for 4 h. The solvent was evaporated and 

the residue chromatograpbed (silica gel, 2.5% methanoVdicbloromethane) to give 

the title compound as a white solid (1.46 g). IH NMR (400 MHz: CDCJ3) 8 7.32 (s, 

lH). 7.21 (m, SH), 6.40 (d, lH). S.13 (dd, IH), 5.02 (s, 2H), 4.41(q,2H), 4.06 (m, 

lH), 1.71 (m, 2H), 1.47 (m, 4H), 1.33 (t, 3H), 0.73 (m, 12H). 

15 

Example2 

Preparation of C2S. l 'Sl-2-lbeniyloUCarbonyllamino-N-Cl '-C2-carbogythiazql-4-yll-

3'-metbylhutYll-4-metbylpentanamide 

The compound of Example 1 (c) (0.92 g. 1.88 mmol) was stirred in 

20 tetrahydrofuran at 0°C with I.ON sodium hydroxide. After stimng for 1 h, the 

solution was quenclted with l.ON citric acid and extracted three times with 

dicbloromethane. The combined organic extracts were evaporated in vacuo to give 

the title compound as a white solid (0.844 g). lff NMR (400 MHz, CDCl3) 5 7.40 

(s, lH), 7.23 (m, SH), 6.89 (d, lH), 5.22 (d, lH), 5.14 (dd, lH), 5.02 (s, 2H), 4.15 

25 (m, lH), 1.67 (m, 2H}, 1.44 (m, 4H), 0.81 (m, 12H). 

Example 3 

Pre,paration of C2S.J 'Sl-2-Cbenzyloxycarbonyllamino-N-[ l '-C2-carboxamidothiazo1-

4-yl)-3'-metbylbuiy11-4-metbylpentaoamide 

30 The compound of Example 2 (0.408 g, 0.88 mmol) in tetrahydrofuran was 

cooled to-40°C and treated with N-metbylmorpholine (0.185 g, 1.85 mmol, 0.2 
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mL) and isobutyl chloroformate (0.12 g, 0.88 mmol, 0.11 ml...). The mixture was 

stirred at -40°C for 15 minutes and then ammonia was bubbled through the solution 

for several minutes. The mixture was allowed to warm to room temperature and 

was then diluted with ethyl acetate and washed successively with I.ON citric acid, 

5 5% aqueous sodium bicarbonate, and brine. The organic solution was dried over 

magnesium sulfate, filtered, and evaporated to a residue which was 

cbromatograpbed (silica gel. 3% methanol/dicbloromethane) to give the title 

compound as a white solid (0.245 g). lH NMR (400 MHz, CDC13) ~ 7.22 (m, 5H). 

7 .04 (s, lH), 6.40 (br s, lH), 5.51 (br s, lH), 5.09 (m, lH), 5.02 (dd. 2H), 4.07 (m, 

10 lH), 1.66-1.42 (m, 6H). 0.82 (m, 12H). 

Example4 

Preparation of C2S. l 'Sl-2-CbenzyloxycarbonyDamino-N-f 1 '-C2-cyanotbiaml-4-yll-3'­

metbylbutyll+metbylpeotanamide 

15 The compound of Example 3 (0.185 g, 0.4 mmol) was dissolved in 

dichloromethane, cooled to 0°C and treated with TFAA (0.093 g, 0.44 mmol, 0.06 

mL) and pyridine (0.07 g, 0.88 mmol, 0.07 mL). After 3 h, the mixture was poured 

into a solution of saturated aqueous sodium bicarbonate and extracted with 

dichloromethane. The organic extracts were washed with 5% hydiuchloric acid and 

20 brine, dried over magnesium sulfate, filtered, and evaporated to an oil which was 

cbromatographed (silica gel, 40% ethyl acetate/hexane) to give the title compound 

as a white solid (0.095 g). lff NMR (400 MHz. CDCl3) a 7.44 (s, JH). 7.29 (s. 

SH), 6.51 (brd, lH), 5.14 (m, lH), 5.07 (s, 2H), 4.11 (m, lH), 1.78-1.41(m,6H), 

0.83 (m, 12H). 

25 

Example5 

Preparation of <2S. l 'Sl-2-CbenzylaxycarbonyI>amino-N-U '-£2-CN'­

benzylcarboxamidolthiazol-4-yll-3'-metbylbutyJ]-4-metb,ylpcntanamjde 

To a solution of the compound of Example 2 (0.12 g, 0.26 mmol) in 

30 dichloromethane under argon at room temperature is added benzylamine (0.03 g. 

0.29 mmol, 0.03 mL), BOP reagent (0.115 g, 0.26 mmol). and triethyl amine (0.026 
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g, 0.26 mmol, 0.04 mL) which is allowed to stir for 16 h. The solution is washed 

with water, then brine and the organic layer is dried over magnesium sulfate, 

filtered, and evaporated to give a residue which was cbromatographed (silica gel, 

40% ethyl acetate/hexane) to give the title compound as a white solid (0.065 g). lff 

5 NMR (400 MHz, CDC13) lS 1.S6 (br s, lH), 7.33 (m, lOH), 6.48 (br d, lH), 5.15 

(dd, lH), 5.03 (s, 2H}, 4.63 (d, 2H), 4.12 (m, lH), 1.72-1.40 (m, 6H), 0.85 (m. 

l2H). 

Example6 

10 Ptepacation of C2S. l 'Sl-2-Cbenzyloxycarbonyllamino-N-f l '-C2-fN'-C3-

methylpmpyllcarb<>xamidoltbiazol-4-y11-3'-metbylbuttll-4-metlzylpentanamide 

Following the procedure of Example S, except substituting isobutylamine for 

benzylamine, the title compound was prepared (0.074 g). lff NMR (400 MHz, 

CDC13) 8 7.27 (s, 5H), 7.19 (s, lH), 6.38 (br d, IH), 5.09 (m, lH), 5.01{s,2H), 

15 4.07 (m, lH), 3.20 (dd, 2H), 1.83 (m, IH), 1.69-1.40 (m, 6H), 0.90 (d, 6H), 0.81 

(m, 12H). 

Example? 

Preparation of C2S.1'S>-2-Cbenzyloxycarbonyllamino-N-C1 '-r.2-CN'-<2-

20 pbenyletby1)carboxamidolthiam)-4-yll-3'-metbylbuty1l-4-metbylpentanamide 

Following the procedure of Example 5, except substituting 2-

phenylethylamine for benzylamine, the title compound was prepared (0.070 g). 1 H 

NMR (400 MHz, CDCl3) lS 7.30-7.11 (m, 1lH),6.35 (br d, lH), 5.09 (m, IH), 5.01 

(s, 2H). 4.05 (m, lH), 3.64 (m, 2H), 2.87 (t. 2H), 1.69-1.40 (m, 6H}, 0.80 (m, 

25 12H). 
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Exam.ple8 

Preparation of C2S.l 'S)-2-lbenzylox;ycarbonyllamino-N-[1'-C4-carb9ethoxythiazol-2-

yll-3'-methylbutyll+metb.ylpentanamide 

a) N-tert-butoxycarbonyl-(L)-leucinamide 

5 To a solution of N-tert-butoxycarbonyl-(L)-leucine (Advanced Chemtech) 

(S.O g, 20.0 mmol) in dry THF (IOOmL) at -40°C was added isobutyl chlorofonnate 

(2.7 g, 20.0 mmol) and N-methylmorphiline (4.2 g, 42 mmol). After 15 minutes of 

stirring, ammonia was bubbled through the mixture for an additional 15 minutes, 

then warmed to room temperature and allowed to stir for 2 hoW'S. Mixture filtered 

l O and filtrate concentrated in vacuo to yield title compound as a white solid ( 4.9 g, 

19.7 mmol). 1 H NMR (400 MHz, CDC13) S 6.38 (br s, lH ). 5. 79 (hr s, lH), 5.04 

(hr d, lH), 4.13 (m, lH), 1.71-1.49 (m, 3H), 1.39 {s, 9H), 0.92 (dd, 6H). 

b) N-tert-butoxycarbonyl-L-leucinethioamide 

15 To a stirring solution of the compound of Example 8(a) (2.38 g, 10.35 

m.mol) in dJy THF was added Lawessons reagent (2.51 g, 6.21 mmol) and the 

mixture was stirred at room temperature under argon overnight. The solvent was 

evaporated and the residue cbromatographed (silica gel, 2.5% 

methanol/dichloromethane) to give the title compound as a white solid (2.3 g). lff 

20 NMR (400 MHz, CDCl3) a 8.54 (br s, IH), 7.97 (br s, lH), 5.28 (br d, lH), 4.52 

(m, lH), 1.72-1.58 (m, 3H), 1.40 (s, 9H), 0.92 (d, 6H). 

c) (lS)-1-(tert-butoxycarbonyl)amino-1-( 4-carboethoxythiazol-2-yl)-3-

methylbutane 

25 The compound of Example 8(b) (2.40 g. 9.76 mmol) was stirred in dry 

acetone {20 m.L) under argon at-10°C. Ethylbromopyruvate (2.12 g, 10.73 mmol, 

1.35 mL) was added and stirred for 1 h at-10°C. The solution was poured into a 

well stirred mixture of chlorofonn and water and then saturated with sodium 

bicarbonate. The organic phase was separated and the aqueous layer extracted with 

30 chloroform. The combined organic extracts were dried over MgS04, filtered, and 

evaporated to an oil. The oily residue was treated with TF AA (2.19 g, 10. 73 mmol, 
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1.5 mL) and pyridine (l.70 g, 21.47 mmol, 1.75 mL) in dichloromethane for 1 bat -

20°C. Excess solvent was removed in vacuo and the residue was dissolved in 

dichlorometbane. The solution was washed with saturated aqueous sodium 

bicarbonate and 1.0N KHS04 until pH 7. The solution was dried over sodium 

5 sulfate, filtered, and evaporated to an oil which was chromatographed (4% 

methanol/dicbloromethane) to give the title compound as a tan solid {1.2 g). lH 

NMR (400 MHz, CDCJ3) ~ 7.98 (s, lH). 5.04 (br d, lH}, 4.95 (m: IH), 4.31 (q, 

2H), 1.88 (m, IH), 1.63 (m, 2H), 1.40 (s, 9H), 1.32 (t, 3H), 0.85 (dd, 6H). 

10 d) {2S,l'S}-2-(benzyloxycarbonyl)amino-N-[l'-(4-carboethoxyth.iazoJ-2-yl)-3'­

methylbutyl]-4-methylpentanamide 

The compound of Example 8(c) (1.0 g. 2.92 mmol) was dissolved in neat 

1FA (1.0 ml.) and stirred for 15 minutes. The solution was diluted with methanol 

and evaporated in vacuo. A portion of the residue obtained (0.36 g, 1.49 mmol) was 

15 dissolved in dichloromethane with N-Cbz-L-leucine (0.394 g, 1.49 mmol) , BOP 

reagent (0.66 g, 1.49 mmol), and triethylamine (0.73 g, 7.2 mmol, 1.0 mL) and 

stirred at room temperature for 16 b. The solution was washed with water, then 

brine and dried over magnesium sulfate, filtered. and evaporated to a residue which 

was chromatographed (silica gel, 40% ethyl acetate/hexane) to give the title 

20 compound as a white solid (0.396 g). lff NMR (400 :MHz, CDCI3) a 7.96 (s, lH). 

7.25 (s, SH), 6.61 (br d. lH), 5.30 (m, lH), 5.09 (br d, lH), 5.01 {s, 2H), 4.33 (q, 

2H). 4.10 (m, IH), 1.90-1.58 (m. 6H), 1.29 (t, 3H). 0.81 (dd, 12H). 

Example9 

2S Preparation of C2S.l 'Sl-2-Cbenzyloxycarbonyllamino-N-[1 '-C4-carboxythiazol-2-yll-

3'-methylbutyl]-4-methylpentanamide 

Following the procedure of Example 2, except substituting (2S, l 'S)-2-

(benzyloxycarbonyl)amino-N-[1 '-(4-carboethoxythiazol-2-yl)-3'-metbylbutyl]-4- . 

methylpentanamide for (2S, l 'S)-2-(benzyloxycarbonyl)amino-N-[1 '-(2-

30 carboxythiazol-4-yl)-3'-methylbutyl]-4-methylpentanamide, the title compound was 

prepared (0.301 g). lff NMR (400 MHz, CDC13) 5 8.06 (s. lH). 7.24 (m. SH). 7.11 
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(d. lH). 5.30 (m. 2H). 5.04 {s, 2H). 4.16 (m, lH), 1.88-1.40 (m. 6H). 0.71 (dd, 

12H). 

Example 10 

5 Prellaration of C2S. l'S)=2-Cbenzylmycarbogyl>amino-N-Cl'-C+ 

carboethogythiadiazgJ-2-yD-3'-methylbutyll+metbylpentanamide 

a) N-tert-butoxycarbonyl-L-leucine methyl ester 

To a stining suspension of L-leucine methyl ester hydrochloride (Aldrich) 

(6.00 g, 33.0 mmol) and di-tert-butyl dicarbonate (7.21 g, 33.0 mmol) in TIIF (35 

10 mL) was added triethylamine (3.34 g, 33.0 mmol. 4.60 m.L). The mixture was 

allowed to stir at room temperature for 3 d. The mixture was diluted with ethyl 

acetate and washed with 1 N HCI (2 times), water, and saturated brine. then dried 

over magnesium sulfate, filtered and concentrated to give the title compound as a 

colorless oil (8.02 g. 99%). lH NMR (400 MHz, CDC13) &4.88 (d. lH), 4.33-4.31 

15 (m, lH). 7.73 (s. 3H). 1.75-1.48 (m. 3H). 1.44 (s. 9H), 0.96 (d, 3H), 0.93 (d, 3H). 

b) N-tert-butoxycarbonyl-L-leucine hydrazide 

To a stirring solution of the compound of Example lO(a) (8.02 g, 32.7 

mmol) in methanol (250 mL) was added hydrazine hydrate (16.38 g, 327 mmol, 

20 15.9 mL). After stirring for 22 b at room temperature, the ·solution was 

concentrated and the residue was azeotroped with toluene to provide the title 

compound as a white foam (8.02 g, 100%). lff NMR (400 MHz, CDCl3) 8 7.71 (br 

s, lH), 4.99 (d, 2H), 4.12-4.10 (m, lH), 3.94 (br s, 2H), 1.68-1.49 (m, 3H). 1.44 (s, 

9H). 0.95 (d. 3H), 0.92 (d. 3H). 

25 

c) (2S)-N-[2-(benzyloxycarbonyl)amino-4-metbylpentanoyl]-N­

carboethoxycarbonylhydrazide 

To a stirring solution of the compound of Example lO(b) (8.02 g. 32.7 

mmol) and pyridine (2.85 g, 36.0 mmol, 2.91 mL) in dichloromethane (200 mL) 

30 was added ethyl oxalyl chloride (4.91g.36.0 mmol, 4.02 mL). After stining at 

room temperature for 2 h, thye solution was washed with 1 N HCI~ water, saturated 
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aqueous sodium bicarbonate and saturated brine. then dried over magnesium sulfate. 

filtered, and concentrated to afford the title compound as a white foam (9.84 g, 

87%). lff NMR (400 MHz. CDC13) 8 9.32 (br s. 2H), 5.04 (d, 2H). 4.38 (q, 2H), 

4.28 (m, lH), 1. 77-1.56 (m, 3H), 1.44 (s, 9H}, 1.39 (t, 3H). 0.96 (d, 3H), 0.94 (d, 

5 3H). 

d) (lS)-l-(tert-butoxycarbonyl)amino-1-(4-carboethoxythiadiazol-2-yl)-3-

m.ethylbutane 

To a stirring solution of the compound of Example JO(c) (2.50 g, 7.24 

10 mmol) in toluene (70 mL) was added Lawesson's reagent (1.46 g, 3.62 mmol). The 

mixture was heated at reflux for 3 h. The solution was diluted with ether, washed 

with saturated aqueous sodium bicarbonate and saturated brine, then dried over 

magnesium sulfate. filtered and concentrated to leave a pale yellow oil. The crude 

material was purified by flash chromatography on 75 g of 230-400 mesh silica gel, 

15 eluting with 1:4 ethyl acetatelhexanes, to provide the title compound as a pale 

yellow solid (1.75 g. 70%). lff NMR (400 MHz, CDC13) 3 5.19 (m, lH), 5.13 (d, 

lH), 4.51 (q. 2H), 1.95 (m, lH). 1.83-1.73 (m, 2H), 1.44 (s, 9H), 1.00 (d, 3H), 0.98 

(d, 3H). 

20 e) (lS)-l-amino-1-(4-carboethoxythiadiazol-2-yl)-3-methylbutane bis­

trifluoroacetate salt 

To a stirring solution of the compound of Example lO(d) (1.75 g, 5.1 mmol) 

in dichloromethane (40 mL) was added TFA (10 mL). After stining for 5 min at 

room temperature, the solution was concentrated to give the title compound as an 

25 oily pale yellow solid (2.40 g, 100%). lff NMR (400 MHz, CDCl3) 3 9.83 (br s, 

4H). 5.20 (m, lH), 4.51(q,2H), 2.07 (m, 2H). 1.70 (m, lH), 1.44 (t, 3H), 1.00 (t, 

3H). 

f) (2S,l 'S)-2-(benzyloxycarbonyl)amino-N-[ l '-( 4-carboethoxythiadiazol-2-y l)-3'-

30 methylbutyl]-4-methylpentanamide 
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To a stirring solution of the compound of Example lO(e) (566. l mg, 1.20 

mmol), N-Cbz-L-leucine (250.5 mg, 1.32 mmol), 1-(3-dimethylaminopropyl)-3-

ethylcarbodiimide hydrochloride (253.3 mg, 1.32 mmol) and 1-

hydroxybenzotriazole (32.5 mg, 0.24 mmol) in 2.5 mL of DMF was added 

5 triethylamine (243.1mg,2.40 mmol, 0.335 ml.). After stirring at room temperature 

for 3 d, the mixture was diluted with ethyl acetate and washed with water, saturated 

aqueous sodium bicarbonate and saturated brine, then dried over magnesium sulfate, 

filtered and concentrated to give a yellow oil. The cride material was purified by 
flash chromatography on 20 g of 230-400 mesh silica gel, eluting with 1 :2 ethyl 

10 acetatelhexanes. to provide the tide compound as a white solid (271mg,46%). lH 

NMR (400 MHz, CDC13) 37.35 (s, SH). 6.n (d, IH). S.49 (m. lH). 5.12 (dd, 2H), 

4.51 (q, 2H), 4.20 (m, lH). 1.97(m, IH). 1.88 (m, IH), l.66 (m. 3H), 1.52 (m, lH), 

1.45 (t. 3H), 0.97-0.92 (m. 12H). 

15 Example 11 

Preparation of C2S. l 'Sl-2-Cbeneyloxycvbonyllamino-N-Cl '-(2-carbo-2.2.2-

trifluoroethoxyt:hiazo1+yD-3'-metbylbutyll-4-metbylpent&namide 

The compound of Example 2 (0.200 g, 0.433 mmol). 1,1,l trifluoroethanol 

(.052 g, 0.52 mmol, .04 ml.), pyridine (0.1 mL), and di-t-butyl d.icarbonate (0.104 
20 g, 0.477 mmol) were stirred in ethyl acetate at room temperature for 16 h. The 

solution was diluted with ethyl acetate and washed successively with 5% 

hydrochloric acid, 10% aqueous sodium bicarbonate, and brine. The organic layer 

was dried over magnesium sulfate, filtered, and evaporated to give a residue which 

was cbromatographed (silica gel, 20 % ethyl acetate/hexane) to give the title 

2S compound as a white solid (.098 g). lff NMR (400 MHz, CDCI3) 8 7.50 (s, 18), 

7.36 (s. SH), 6.64 (d. 1H), 5.22 (m, 2H), S.09 (s, 28), 4.73 Cm. 2H). 4.16 (m. lH), 

l.66-1.41(m,6H), 0.87 (m. 12H). 
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Example 12 

Preparation of C2S.1 'Sl-2-Cbenzyloxycarbonyllamino-N-Cl '-{4-

CarboethoxyoxadiazoJ-2-yD-3'-metbylbut;yll+metbylpentanamide 

PCT/US96/180GO -

a) (lS)-1-(tert-butoxycarbonyl)amino-l-( 4-carboethoxyoxadiazol-2-yl)-3-

S methylbutane 

To a stirring solution of the compound of Example 1 O(c) (2.50 g, 7.24 

mmol) and pyridine (1.49 g, 18.8 mmol. 1.52 mL) in ether (15 mL) was added 

thiooyl chloride (1.12 g, 9.41 mmol, 0.69 mL). After stirring at room temperature 

for 2 h, the solid was removed by filtration and the filtrate was concentrated. The 

10 residue was dissolved in toluene and heated at reflux .. After 12 h, the solution was 

concentrated to leave a brown oil. The residue was purified by flash 

chromatography on 175 g of 230-400 mesh silica gel, eluting witli 1 :4 ethyl 

acetatelhexanes. to give the title compund as a pale yellow oil (0.84 g. 35%). IH 

NMR (400 MHz, CDCl3) 3 S.14 (m, lH), 5.03 (br d, lH), 4.52 (q, 2H). 1.78-1.70 

15 (m, 3H), 1.44 (s, 9H). 0.99 (d, 6H). 

b) (IS)-l-amino-1-(4-carboethoxyoxadiazol-2-yl)-3-methylbutane 

Following the procedure of Example lO{e), except substituting (lS)-1-(tert­

butoxycarbonyl)amino-1-( 4-carboethoxyoxadiazol-2-yl)-3-methylbutane for (lS)-1-

20 (tert-butoxycarbonyl)amino-1-(4-carboethoxythiadiazol-2-yl)-3-methylbutane, the 

title compound was prepared (582 mg, 100%}. lH NMR (400.MHz, CDQ3) 84.99 

(t, lH), 4.52 (q. 2H), 2.10-2.02 (m, 2H), 1.77-1.70 (m, IH), 1.44 (t, 3H), l.00 (t, 

6H). 

25 c) (2S,l'S)-2-(benzyloxycarbonyl)amino-N-[1'-(4-carboel;hoxyoxadiazol-2-y1)-3'­

methylbutyl]-4-methylpentanamide 

Following the procedure of Example lO(f), except substituting (lS)-l­

amino-1-( 4-carboethoxyoxadiazol-2-yJ)-3-methylbutane for (lS)-1-amino-1-( 4-

carboethoxythiadiazol-2-yl)-3-methylbutane, the title compound was prepared (235 
. 1 30 mg, 39%). H NMR (400 MHz, CDCl3) 8 7.26 (s, SH), 6.64 (s, lH), S.45-5.39 (m, 
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lH). 5.12 (m, 3H), 4.52 (q. 2H). 4.20 (m. lH), 1.81 (m, 2H). 1.68-1.64 (m, 3H), 

1.54-1.50 (m, lH), 1.46 (t, 3H), 0.97-0.92 (m. 12H). 

ExanmJe 13 

5 Preparation of C2S. l 'S>-2-Cbenzyloxycarbopyl-kleucinyllamino-N-U t-c+ 
carboethox.ythiazol-2-y1>-3t-metbylbutyIJ-4-melhylp;nr.a.namide 

The compound of Example 8(c) (160.7 mg. 0.47 mmol) wis dissolved in 

neat TFA (1.0 mL) and stined for 15 minutes. The solution was diluted with 

methanol and evaporated to dryness. The residue was dissolved in DMF (2 mL) and 

10 to the resulting solution was added N-Cbz-L-Jeucinyl-L-leucine (194.0 mg, 0.52 

mmol), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (99.0 mg, 

0.52 mmol) and 1-hydroxybenzotriazole (13.0 mg, 0.094 mmol) and triethylamine 

(94.7 mg, 0.936 mmol, 0.13 ml.). After stirring at room temperature for 24 h, the 

mixture was diluted with ethyl acetate and washed with water, saturated aqueous 

15 sodium bicarbonate and saturated brine, then dried over magnesium sulfate, filtered 

and concentrated. The residue was purified by flash chromatography on 230-400 

mesh silica gel, eluting with ethyl acetatelhexanes, to provide the title compound 
1 ~ . (0.146 g). HNMR (400MHz, CDCl3) 08.04 (s, lH), 7.33 (m, 5H). 7.14(d, lH), 

6.61 (d, lH), 5.37 (m, 2H). 5.08 (m, 2H), 4.47 (m. lH), 4.39 (q, 2H), 4.18 (m, lH), 

20 1.98 - 1.45 (m, 9H), 1.38 (t, 3H). 0.94- 0.86 (m, 18H). 

Example 14 

Preparation ofC2S,l'Sl-2-Cbenzyloxycar00nvllamin0=N-[l'-C4-

carboxamiciooxadiazgl-2-yll-3'-methylbutyl1-4-metbyJpeotanamide 

25 Ammonia was bubbled through a solution of the compound of Example 12 

(96.8 mg, 0.2 mmol) in ethanol (2 mL) for S inm. After stirring an additional S 

min, the solution was concentrated to give the title compound as a white solid (91.2 
l . ~ mg, 98%). H NMR (400 MHz, CDClyCD30D) u 7.29 (s, 5H), 5.90 (d, lH), 5.30 

(t, lH), 5.04 (s, 2H), 4.15 (m, lH), 1.76 (m, 2H). 1.59-1.43 (m, 4H), 0.92-0.85 (m. 

30 12H). 
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Example 15 

J>re»aration of C2S.l 'Sl-2-Cbenzylo:gycarbonyllamino-N-[1 '-C2-carboethoxythiazol-4-

yl>-3'-methylbutyll-3-phenylprgp•p•mide 

a) N-(9-fluorenylmethoxycarbonyl)-L-Jeucinyl bromomethyl ketone 

5 Following the procedure of Example l(a), except substituting N-(9-

10 

tluorenylmethoxycarbonyl)-L-leucine for N-benzylo:xycarbonyl-L-leucinyl-L­

leucine, the title compound was prepared (5.6 g). lH NMR ( 400 MHz. CDC13) S 

7.71Cd.2H). 7.51 (d, 2H), 7.34 {dd. 2H), 7.22 (dd, 2H), 5.08 (d, IH), 4.53 (m. lH), 

4.36 (dd, 2H). 4.13 (dd, 2H), 3.89 (dd, 2H), 1.62-1.41 (m, 3H), 0.88 (m, 6H). 

b) { lS)-1-(2-carboethoxythiazol-4-yl)-l-(9-fluorenylmethoxycarbonyl)amino-3-

methylbutane 

Following the procedure of Example l(b), except substituting N-(9-

fluorenylmethoxycarbonyl)-L-leucinyl bromomethyl ketone for N-

15 Benzyloxycarbonyl-L-leucinyl-L-leucinyJ bromomethylketone, the title compound 

was prepared (4.13 g). lH NMR (400 MHz, CDC13) ~ 7.72 (d. 2H), 7.49 (d, 2H), 

7.32 (dd, 2H), 7.22 (dd, 2H), 7.19 (s, lH), 5.31 (d, lH), 4.88 (m, lH), 4.40 (q, 2H), 

4.28 (d, 2H), 4.08 (t, lH), 1.62-1.41 (m, 3H), 1.36 (t,3H), 0.88 (m, 6H). 

20 c) (lS)-l-amino-l-{2-carboethoxytbiazol-4-yl)-3-methylbutane 

25 

The compound of Example 15(b) (0.5 g., 1.1 mmol) was stirred in a 5% 

piperidine/DMF solution for 10 minutes at room temperature. The solvents were 

evaporated and the solid obtained was dried in vacuo to give the tide compound 

(0.27 g). 

d) (2S,l 'S)-2-(benzyloxycarbonyl)amino-N-[l '-(2-carboethoxythiazol-4-yl)-3'­

methylbutyl]-3-phenylpropanamide 

Following the procedure of Example 5, except substituting (I S)-l-amino-1-

(2-carboethoxythiazol-4-yl)-3-methylbutane for benzylamine, and N-Cbz-L-

30 phenylalanine for (2S,1 'S)-2-(benzyloxycarbonyl)amino-N-[1 '-(2-carboxythiazol-4-

yl)-3'-methylbutyl]-4-methylpentanamide, the title compound was prepared {0.162 
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g). IH NMR (400 MHz, CDCl3) 8 7.27 (m. SH), 7.11 (s, lH), 7.04 (m, SH), 6.12 

(d, lH), 5.24 (d, lH), 5.10 (q, lH), 5.01 (s, 2H), 4.37 (q, 2H), 4.21 (m, lH), 2.91 

(m, 2H), 1.62 (m, 3H), 1.37 (t, 3H), 0.81(m,6H). 

Exaumle 16 

Preparation of f2S.1'Sl-2-Cbenzylo&,Vcarbony1-kleuciqyllamjoo-N-C1 '-C2-

carboethoxytbiazgl-4-yl)..3'-metbylbptyll+metbylpentanami4e 

Following the procedure of Example 5, except substituting (lS)-l-amino-1-

(2-carboetboxythiazol-4-yl)-3-methylbutane for benzylamine, and N-Cbz-L-

10 Jeucinyl-L-leucine for (2S, 1 'S)-2-(benzyloxycarbonyl)amino-N-[ l '-(2-

15 

carboxytbiazol-4-yl)-3'-mcthylbutyl]-4-methylpentanamide, the title compound was 

prepared (0.098 g.). lH NMR (400 MHz. CDC13) ~ 7.39 (s, lH),"7.25 (m, SH), 

6.87 (d, lH), 6.49 (d, lH), S.30 (d, lH), S.16 (q,lH), 4.99 (s. 2H), 4.36 (q, 2H), 

4.31 (m, lH), 4.09 (m, lH), 1.74-1.38 (m. 9H), 1.32 (t, 3H), 0.80 (m, 15H). 

Example 17 

Preparation of <ZS. l 'Sl-2-CbenzyJo:gycarbonyDamjno-N-U '-<5-mercapto-1.2.4-

oxadiazol-3-yU-3'-metbylbutyl]-4-metbylpentanamide 

a) N-benzyloxycarbonyl-L-leucinyl-L-leucine methyl ester 

20 N-Cbz-L-leucine (Chemical Dynamics) (1.32 g, 4.97 mmol). L-leucine 

methyl ester hydrochloride (Aldrich) (0.99 g, 5.47 mmol), 1-hydroxybenzotriazole 

(0.14 g, 1.0 mmol) and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide 

hydrochloride (1.05 g, 5.47 mmol) were combined, dissolved in 25 mL of DMF and 

stirred at room temperatme for 15 h. The solution was diluted with ethyl acetate 

25 (250 mL) and washed successively with water, 0.1 N HCI, saturated aqeous 

NaHCO] and saturated brine. then dried (MgS04), filtered, and concentrated. The 

residue was purified by flash chromatography on 230-400 mesh silica gel, eluting 

with 1:3 ethyl acetate hexanes, to give the title compound as a white solid (1.28 g, 

66%). lff NMR (400 MHz, CDCI3) S 7.37-7.32 (m, SH), 6.28 (d, lH), 5.28 (m, 

30 3H), 4.61-4.58 (m, lH), 4.20 (m, lH), 3.74 (s, 38), 1.69-1.54 (m, 6H), 0.96-0.92 

(m, 12H). 
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b) N-benzyloxycarbonyI-L-leucinyl-L-leucinylhydrazide 

To as stirring solution of the compound of Example 17(a) (1.28 g, 3.26 

mmol) in 25 mL of methanol was added hydrazine hydrate (1.63 g, 32.6 mmol, 1.58 

S mL) and the solution was aJlowed to stir at room temperature for 15 h. The solution 

was evaporated to dryness to give the title compound as a white solid ( 1.28 g, 

100%). lff NMR (400 MHz, CDCl3) 3 8.05 (br s, IH), 7.35-7.32 (m, SH), 6.67 (d, 

lH), 5.50 (d, lH), 5.11 (s, 2H), 4.46 (m, lH), 4.21 {m, lH), 3.88 (br s, 2H), 1.64-

1.51 (m, 6H), 0.92-0.88 (m, 12H}. 

10 

c) (2S, l 'S)-2-(benzyloxycarbonyl)amino-N-[1 '-(5-mercapto-1,2,4-oxadiazol-3-yl)-

3'-methylbutyl]-4-methylpentanamide 

To a stirring solution of the compound of Example l 7(b) (0.3 g. 0. 76 mmol) 

in 1.5 mL of chlorofonn was added triethylamine (0.155 g, 1.53 mmol, 0.213 mL} 

15 and thiophosgene (0.088 g, 0.76 mmoJ, 0.058 mL). The solution was heated at 

reflux for 3 h, then cooled to room temperature. The mixture was diluted with ethyl 

acetate, washed with water and saturated brine, dried (MgS04), filtered, and 

concentrated. The residue was purified by flash chromatography on 230-400 mesh 

silica gel, eluting with 11 % methanol in dichloromethane, to give the tide 

20 compound as a white solid (0.20 g, 61 'lb). lff NMR (400 MHz, CDCl3) 8 7.36 (m, 

6H). 6.85 (d, lH), 5.37 (d, lH), 5.14 (m. 3H), 4.24 (m. lH), 1.65 (m, 6H), 0.95-

0.87 (m, 12H). 
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Example 18 

Pre.paration of C2S.J 'Sl-2-fbenzylo;ycar00nyllamino-N-f 1 '-C2-mercaptothiazol-4-

yJ)-3'-metby1bulVll+methylpentanamide 

The compound of Example l(a) (1.0 g, 2.2 mmol) and ammonium 

5 dithiocarbamate (0.25 g .• 2.2 mmol) were dissolved in ethanol and heated to 55°C 

for 13 hours. The solvent was evaporated and the residue chromatographed (silica 

gel, 20% ethyl acetate/hexane) to give the title compound as a white solid (0.58 g). 

lff NMR (400 MHz, CDC13) S 7.24 (m. SH), 7.10 (s, lH). 6.33 (s, IH). 6.00 (d, 

lH), 5.11(q,2H), 4.94 (m, IH), 4.05 (m, lH), 1.49 (m, 68), 0.78 (m, 128). 

10 

Example 19 

Pmparation of C2Sl-2-Cbeneyloxycarbonyl>amino-N-C4-carboethoi)rthiazol-2-

yllmetby1-4-methylpentanamicie 

a) 1-(tert-butoxycarbonyl)amino-1-(4-carboethoxythiazol-2-yl)methane 

15 Following the procedure of Example 8(a)-8(c), except substituting N-tert-

butoxycarbonylglycine for N-tert-butoxycarbonyl-(L)-leucine in step (a). the title 

compound was prepared (l.9g, 58% overall). lH NMR (400 MHz, CDCI3) 8 8.11 

(s. lH), 5.31 (s, lH). 4.56 (d, 2H), 4.43 (q, 2H), 1.45 (s. 9H), 1.42 (t. 3H). 

20 b) (2S)-2-(benzyloxycarbonyl)amino-N-(4-carboethoxythiazol-2-yl)methyl-4-

methylpentanamide 

Following the procedure of Example 13, except substituting l-(tert­

butoxycarbonyl)amino-1-(4-carboethoxythiazol-2-yl)methane for (lS)-l-(rert­

butoxycarbonyl)ami.no-1-(4-carboethoxythiazol-2-yl)-3-methylbutane, and N-Cbz-

25 L-leucine for N-Cbz-L-leucinyl-L-leucine. the title compound was prepared 

(0.120g, 32%). MS (MH+): 434.2. 
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Example20 

Preparation of C2S.1 'S)-2-(benzyloxycamonyl>amino-N-Cl '-(2-

benzyloxycarbonylthiazoJ+y))-3'-metbylbutyll-4-metbylpentanamide 

The compound of Example 2 (0. 105 g., 0.22 mmol) was dissolved in 

5 dichloromethane and treated with 1-(3-dimethylaminopropyJ)-3-ethylcarbodiimide 

methiodide (0.062 g., 0.22 mmol) and benzyl alcohol (0.03 mL, 0.22 mmol). The 

mixture was allowed to stir at room temperature for 4 hours and tlie solvents were 

evaporated and the residue obtained was cheromatographed ( silica gel, 30% ethyl 

acetate/ hexane) to give the title compound as a white solid (0.04 g). lff NMR (400 

10 MHz, CDCl3) o 7.37 (s, lH), 7.26 (m, lOH), 6.50 (d, lH) , 5.33 (s, 2H), 5.11 (q. 

2H). 5.09 (m. lH). 4.99 (s. 2H). 4.04 Cm. lH), 1.49 (m. 6H), 0.78 (m. 12H). 

Example21 

Pre.paration of l2S.l'Sl-2-CbenzyloucamonyJ>amino-4-metby1-N-C3'-methyl-l '-C2-

1S phenoxycarb9nylthiazoJ+yI)butyJJpentanamjde 

20 

Following the procedure of Example 20, except substituting phenol for 

benzyl alcohol. the title compound was prepared (0.075 g). lff NMR (400 MHz, 

CDC13) 6 7.41 {s, lH), 7.26 (m, lOH), 6.49 (d, lH) , S.20 (m. lH), S.04 (m, lH}, 

5.00 (s, 2H), 4.08 (m. lH), 1.49 (m, 6H), 0.82 (m, 12H). 

Example22 

frellaration of C2S. l 'S>-2-Cbenzylo:gycarbonyllamino-4-methyl-N-C3'-metbyl-1 '-C2-

C2-metbylpro,pyloucarbon,yllthiazol-4-yllbutYJJ,pentanamide 

Following the procedure of Example 20, except substituting isobutyl alcohol 

25 for benzyl alcohol, the tide compomid was prepared (0.075 g). lff NMR (400 MHz, 

CDC13) ~ 7.25 (m, 6H), 6.50 (d, lH) , 5.11 (q, 2H), 5.09 (m. lH), 4.99 (s, 2H), 4.11 

(d, 2H), 3.91 (m, IH),2.02 (m, lH), 1.70- l.39 (m. 6H), 0.82 (d, 6H), 0.78 (m, 

12H). 
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Example23 

Preparation of C2R. I 'Sl-2-<benzyloxycarbonyllamino-N-f 1 '-<4-carboethomhiazol-
2-yJlethyll-4-metbylpentanamjde 

Following the procedure of Example 19, except substituting N-tert-

5 butoxycarbonyl-L-alanine for N-tert-butoxycarbonylglycine in step (a), and N-Cbz­

D-Jeucine for N-Cbz-L-leucine in step (b). the title compound was prepared as white 

solid (0.13Sg. 36%). MS (MH+): 448.2. 

Example24 

1 O Preparation of C2R.l 'Rl-2-Cbenzylaxycarbonyllamino-N-C l '-(4-carboethombiazol-

2-ylletbyll+met11ylpentanamide 

Following the procedure of Example 19, except substituting N-ten­

butoxycarbooyl-D-alanine for N-ten-butoxycarbonylglycine in step (a), and N-Cbz­

D-leucine ~r N-Cbz-L-lcucine in step (b). the title compound was prepared as white 

15 solid (0.1lOg,29%). MS (MH+): 448.2. 

Example25 

Preparation ofC2S.l'Sl-N-Cl'-C2-aminothiazol+yD-3'-metbylbytyll-2-

<benzyloxycarbonyllamino-4-metby)pentanamide 

20 To a stiaing solution of the compound of Example l(a) (0.85 g, l.87 mmol) 

in 4 ml. of ethanol was added thiourea (0.142 g, 1.87 mmol). The solution was 

allowed to stir at room temperature for 90 min. The solution was concentrated, the 

residue was dissolved in ethyl acetate and washed with saturated aqeous NaHC03 

and saturated brine, then dried (MgS04), filtered, and concentrated. The residue 

25 was purified by flash chromatography on 230-400 mesh silica gel, eluting with 1: l 

ethyl acetateJhexanes, to give the title compound as a white solid (0.64 g, 78% ). 1 H 

NMR (400 MHz, CDC13) 3 7.36 (m, SH), 6.30 (m, 2H), 5.12 (m, 3H). 4.95-4.91 

(m, 3H), 4.16 (m, lH), 1.63 (m. 4H), 1.49 (m. 2H), 0.93-0.89 (m, 12H). 
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Example26 

Prswaration of OS>-N-f4-CC 1-benzyloxycamon,ylamino>-3-mefuylbutyllthiazol-2-

YlcarbOQYll-N'-<N-beneylougrbonyl-L-leucinynbydrazide 

a) N-benzylo:xycarbonyl-L-leucinyl bromomethyl ketone 

S l-metbyl-3-nitro-l-nitrosoguanidine (6.65 g, 45.2 mmol) in ether (225 mL) 

is cooled to 0°C. 40% sodium hydroxide is added slowly and the diazomethane is 

allowed to collect in the ether solution for 30 minutes at 0°C. The ether solution is 

then decanted and left at 0 °C. 

N-Cbz-L-leucine (2.10 g, 7.6 mmol) was dissolved in THF (10 mL), cooled 

10 to -40 °C, and 4-methylmorpholine (0. 77 g. 7 .6 mmol, 0.83 ml.) was added, 

followed by dropwise addition of isobutyl chloroformate (1.04 g, 7.6 mmol, 0.98 

mL). After IS min, the solution was filtered into the previously prepared 0 °C 

solution of ethereal diazomethane. The resulting solution was allowed to stand at 0 

°C for 23 h. HBr (30% in acetic acid) (4S.2 mmol, 9 mL) was added and the 

15 resulting solution was stirred at 0 °C for 5 min, then washed sequentially with 0.1 N 

HCl, saturated aqueous NaHC<>3 and saturated brine, then dried (MgS04), filtered 

and concentrated to give the title compound as a colorless oil (2.43 g, 94% }. 

b) ( lS)-l-benzyloxycarbonylamino-1-(2-carboethoxythiazol-4-yl)-3-methylbutane 

20 A solution of the compound of Example 26(a) (l.57 g, 4.58 mmol) and ethyl 

thiooxamate (0.61g.4.58 mmol) in ethanol (10 mL) was heated at reflux for 4 h. 

The solution was then cooled , concentrated and the residue was purified by flash 

chromatography on 230-400 mesh silica gel, eluting with I :4 ethyl acetate/hexanes, 

to give the title compound as a yellow oil (1.0 g, 58%). 
1
H NMR (400 MHz, 

25 CDCl3) & 7.41 (s, lH), 7.34-7.31 (m, SH), 5.40 (d, lH), 5.10 (d, lH), S.05 (d, IH), 

4.98 (q, lH), 4.48 (q, 2H), 1.80-1.76 (m, 2H), 1.57-1.53 (m, lH). 1.44 (t, 3H), 0.95 

(d, 3H), 0.93 (d, 3H). 
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c) (lS)- l-benzyloxycarbonylamino-1-(2-hydrazinocarbonylthiazol-4-yl)-3-

methylbutane 

A solution of the compound of Example 26(b) (0.30 g, 0.8 mmol) and 

hydrazine hydrate (0.40 g, 8.0 mmol, 0.39 mL) in ethanol (8 mL) was allowed to 

5 stir at room temperature for 2 h. The solution was then concentrated to yielq the 

title compound as a white foam (0.28 g, 98% ). 
1
H NMR (400 MHz. CDC13) a 8.29 

(s, lH), 7.37-7.35 (m, SH). 5.18 (d. lH), 5.09 (dti. 2H), 4.95 (q, lH), 4.07 (d. 2H), 

1.71 (t, 2H), I.SS (m, lH). 0.96 (d, 3H), 0.94 (d, 3H). 

10 d) (lS)-N-[4-[(l-benzyloxycarbonylamino)-3-mcthylbutyl]thiazol-2-ylcarbonyl]-N'­

(N-benzyloxycarbonyl-L-leucinyl)hydrazide 

A solution of the compound of Example 26(c) (lOOmg, 0:28 mmol), N-Cbz­

L-leucine (80.S mg, 0.30 mmol), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide 

hydrochloride (58.2 mg, 0.30 mmol) and 1-hydroxybenzotriazole (7 .5 mg, 0.06 

15 mmol) in DMF (0.6 mmol) was allowed to stir at room temperature for 18 h. The 

solution was diluted with ethyl acetate and washed successively with water, 0.1 N 

HCl. saturated aqueous NaHCOJ and saturated brine, then dried (MgS04), filtered 

and concentrated. The residue was purified by flash chromatography on 230-400 

mesh silica gel, eluting with 1: 1 ethyl acetate/hexanes, to provide the title compound 

20 as a white solid (111.4 mg. 66%). mp 110-112 °C. 

Example27 

Pre,paration of N-benzyloX)'carbonyl-L-leucinyl-N'-benr.yloxycarbonyl-L-leucinyl­

kleuciqylbydrazide 

25 a) N-benzyloxycarbonyl-L-leucinyl-L-leucine methyl ester 

Following the procedure of Example 26(d), except L-leucine methyl ester 

hydrochloride for ( lS)-1-benzyloxycarbonylamino-1-(2-hydrazinocarbonylthiazol-

4-yJ)-3-methylbutane, the title compound was prepared as a white solid ( 1.28 g. 

66%). 
1
H NMR (400 MHz. CDC13) a 7.37-7.32 (m, SH), 6.28 (d. lH). 5.28 (m, 

30 3H). 4.61-4.58 (m, lH), 4.20 Cm. lH), 3.74 (s, 3H), 1.69-1.54 (m, 6H), 0.96-0.92 

(m, 12H). 
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b) N-bemyloxycarbonyl-L-leucinyl-L-Ieucinylhydrazide 

Following the procedure of Example 26(c). except substituting N­

benzyloxycarbonyl-L-leucinyl-L-leucine methyl ester for (lS)-1-

5 benzyloxycarbonylamino-1-(2-carboethoxythiazol-4-yl)-3-methylbutane, the title 

compound was prepared as a white solid (1.28 g, 100%). 
1
H NMR (400 MHz, 

CDCl3) 6 8.05 (br s. lH), 7.35-7.32 (m, SH), 6.67 (d, lH), 5.50 (d, IH}, 5.11 (s, 

2H}, 4.46 (m, lH). 4.21 (m, lH), 3.88 (br s, 2H}, 1.64-1.Sl (m, 6H}, 0.92-0.88 (m, 

12H). 

10 

c) N-benzyloxycarbonyl-L-leucinyl-N'-benzyloxycarbonyl-L-leucinyl-L­

leucinylhydrazide 

Following the procedure of Example 26(d}, except substituting N­

benzyloxycarbonyl-L-leucinyl-L-leucinylhydrazide for ( lS)-1-

15 benzyloxycarbonylamino-1-(2-hydrazinocarbonylthiazol-4-yl)-3-methylbutane, the 

title compound was prepared as a white solid (0.059 g). MS (M+Na1: 662.1 

Example28 

Preparation of C1Sl-N-C2-CCJ-benzylogycarb9nylamino}-3-metbylbucy1Jthiazo1-4-

20 ylcarboQyI)-N'-CN-benzylox;ycarbony1-L-leucinyllbyclrazide 

a) N-ten-butoxycarbonyl-(L)-Jeucinamide 

To a solution of N-tert-butoxycarbonyl-{L)-leucine (7.0g, 28. lmmol ) in dry 

THF (lOOmL) at -40°C was added isobutylchloroformate (3.8g, 28.lmmol) and N­

methylmorphiline (6.0, 59mmol). After 15 minutes of stirring, ammonia was 

25 bubbled through the mixture for an additional 15 minutes. then wanned to room 

temperature and allowed to stir for 2 hours. Mixture fdtexed and filtrate 

concentrated in vacuo to yield title compound as a white solid (6.S, 28.0mmol). 
1HNMR (400MHz, CDCI,) S 6.38 (br s. IH), 5.79 (br s, lH), 5.04 (br d. IH), 4.13 

(m, lH), 1.71-1.49 (m, 3H), 1.39 (s, 9H), 0.92 (dd, 6H). 

30 
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b) N-ren-butoxycarbonyl-(L)-leucinethioamide 

To a stirring solution of the compound of Example 26(a) (6.5. 28.0 mmol) in 

dry THF was added Lawesson's reagent (6.8g. 16.9 mmol) and the mixture was 

stirred at room temperature under argon overnight. The solvent was evaporated and 

5 the residue chromatographed (silica gel, 12% ethyl acetate/hexane) to give the title 

compound as a white solid (5.4g, 77'fo ). 1HNMR ( 400MHz, CDCl3) ~ 8.54 (br s, 

IH), 7.97 (br s, lH), 5.28 (br d, lH), 4.52 (m, IH), 1.72-1.58 (m, 3H), 1.40 (s, 9H). 

0.92 (m, 6H). 

10 c) (lS)-1-(tert-butoxycarbonyl)amino-1-( 4-carboethoxythiazol-2-yl)-3., 

methyl butane 

The compound of Example 26(b) (S.4g, 21.7 mmol) was stirred in dry 

acetone (lOOmL) under argon at-10°C. Ethylbromopy111vate (4.7g. 23.9mmo1) 

was added and stirred for lh at-l0°C. The solution was poured into a well stilTed 

15 mixture of chloroform and water and then into saturated sodium bicarbonate 

solution. The organic phase was separated and the aqueous layer extracted with 

chloroform. The combined organic extracts were dried over MgSO~, filtered and 

concentrated to an oil. The oily residue was treated with TFAA (5.0g, 23.9mmol) 

and pyridine (3.8g, 47 .8mmol) in dichloromethane for lh at -20°C. Excess solvent 

20 was removed in vacuo and the residue was dissolved in dichloromethane. The 

solution was washed with saturated aqueous sodium bicarbonate and I.ON KHSO, 

until pH 7. The solution was dried over magnesium sulfate. filtered and 

concentrated to an oil which was chromatographed (silica gel, 7.5% ethyl 

acetate/hexane) to give the title compound as a tan solid (4.Sg, 61%). 1HNMR 

25 (400MHz, CDC13) 3 7.98 (s, lH), 5.04 (br d, lH). 4.95 (m, IH). 4.31 (q, 2H), 1.88 

(m. lH), 1.63 (m. 2H), 1.40 (s, 9H),l.32 (t, 3H), 0.85 (dd, 6H). 

d) ( IS)-1-(Benzyloxycarbonyl)amino-1-( 4"'carboethoxythiazol-2-yl)-3-methylbutane 

The compound of Example 26(c) (0.250g, 0.731mmol) was dissolved in 

30 TF A (2mL) and stirred at room temperature for 15 minutes when diluted with 

methanol and concentrated in vacuo. The residue was dissolved in methylene 
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chloride and treated with trlethylamine (0. 739g, 7 .3 lmmol) followed by benzyl 

chloroformate (1.2g. 7.3lmmol). The solution stirred at room temperature for 2h 

when partition between ethyl acetate/water. The organic layer was washed with 

brine, collected, dried (MgSO,) and concentrated to a residue that was 

5 chromatographed (silica gel, 15% ethyl acetate/hexane) to give the title compound 

as an oil (0.198g. 72%). 1HNMR (400MHz, CDCI,) ~ 8.01 (s. lH). 7.32 (m. SH), 

5.51 (br d, IH). 5.14 (m, lH}, 5.10 (s, 28), 4.37 (q, 2H}, 1.93 (m." lH), l.81-1.67 

(m, 2H}, 1.39 (t, 3H}, 0.95 (m, 6H). 

10 e) (lS)-N-[2-[(1-benzyloxycarbonylamino)-3-methylbutyl]thiazol-4-ylcarbonyl]-N'­

(N-benzyloxycarbonyl-L-leucinyl)hydrazide 

Following the procedure of Example 26(c)-l(d), except substituting (lS)-1-

(BenzyJoxycarbonyl)amino-1-( 4-carboethoxythiazol-2-yl)-3-methyJbutane for (lS)-

1-benzyloxycarbonylamino-1-(2-carboethoxytbiazol-4-yl)-3-methyJbutane in step 

15 (c), the title compound was prepared. MS (MH}: 610.0 

Example29 

Preparation of 2.2'-CN.N'-bis-benzyloucamonyl-kleucinyllcamobydrazj<ie 

To a stirring solution ofN-Cbz-L-leucine (Chemical Dynamics Corp.) (2.94 

20 g. 11.1 mmol) in 22 mL of DMF was added carbohydrazide (0.5 g, 5.6 mmol), 1-(3-

dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (2.13 g, 11.1 mmol) and 

1-hydroxybenzotriazole (0.3 g, 2.2 mmol). After stirring at room temperature for 

22 h, the solution was poured into 500 mL of water. The precipitate was collected 

by vacuum filtration and washed with water (4 X 150 mL) and dichloromethane (4 

25 X 150 mL), then dried under vacuum to provide the title compound as a white solid 

(l.49 g, 46%). MS(ESI): 607.1 (M+Nar. 
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Example30 

Pre.paration of 2.2'-CN.N'-bis-cyclobe:gylacetyllcarbohydrazicle 

Following the procedure of Example 29, except substituting 

cyclohexylacetic acid for N-Cbz-L-leucine, the title compound was prepared (0.410 

5 g. 73%). MS(ESI): 339.3 (M+Ht. 

Bxanmle31 

Pre.paration of 2.2'-(N.N'-bis-4-me1hylpentanoyl)carboQydrazide 

Following the procedure of Example 29, except substituting 4-

10 metbylpentanoic acid for N-Cbz-L-leucine, the title compound was prepared as a 

white solid (0.212 g, 44%). MS(ESI): 287.3 (M+Hr. 

E~1e32 

Pmparation of 2.2'-CN.N'-his-2-cyclgpentyla,retyllcarbohydrazicle 

15 Following the procedure of Ex.ample 29, except substituting 

cyclopentylacetic acid for N-Cbz-L-leucine, the title compound was prepared as a 

white solid (0.345 g, 67%). MS(ESI): 311.2 (M+Hr. 

Example33 

20 Preparation of 2.2'-CN.N'-bis-benzyloxycarbonyl&)ycigyDcarbohydrazide 

25 

30 

Following the procedure of Example 29, except substituting N-Cbz-Glycine 

for N-Cbz-L-leucine. the title compound was prepared as a white solid {0.719 g, 

91 %). MS(ESI): 473.1 (M+Hf. 

Examp}e34 

Preparation of 2.2'-CN.N'-bjs-acqyl-kleucinyllcarbobydrazide 

Following the procedure of Example 29, except substituting N-acetyl-L­

leucine for N-Cbz-L-leucine, the title compound was prepared as a white solid 

(0.153 g, 23%). MS(ESI): 401.3 (M+Hr. 
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Example35 

Prqw-atiop of 2.2'-CN.N'-bis- benZylogycarbonyl-kalanyllcarbol\Y<frazide 

Following the procedure of Example 29, except substituting N-Cbz-L­

alanine for N-Cbz-L-leucine, the tide compound was prepared as a white solid 

5 (0.762 g, 91%). MS(ESI): 501.1 (M+Hf. 

Example36 

Pre,paration of 2-CN-benzyloxycamonyl-klcncinyll-2'-rN'-£4-

metbylpenl:anQyl>Jcarbohydrazide 

10 a) N-benzyloxycarbonyl-L-leucine methyl ester 

To a solution of lcucine methyl ester hydrochloride (5.0 g, 27.5 mmol) in 

1,4-dioxane (50 mL) was added sodium carbonate (30.3 mL, 2M in water) followed 

by benzyl chlorofonnate (4.69 g, 27.5 mmol). The mixture stirred at room 

temperature for 24 hours when partitioned between ethyl acetate and water. The 

15 organic layer was collected, dried (MgSO,), filtered and concentrated to give the 

title compound as a colorless oil (7.67 g, 100%). 1HNMR (400MHz, CDCl,) 6 7.39 

(m, SH), 5.38 (d, 2H), 5.12 (s, 2H), 4.42 (m, lH), 3.75 (s, 3H), 1.73 - 1.50 (m, 3H), 

0.94 (m, 6H). 

20 b) N-benzyloxycarbonyl-L-leucinyl hydrazide 

To a solution of the compound of Example 36(a) (7;67 g. 27.5 mmol) in 

methanol (40 mL} was added hydrazine monohydrate (13.5 g, 270 mmol). The 

solution was stirred at room temperature for 24 hours when partitioned between 

water and ethyl acetate. The organic layer was collected, dried (MgS04), filtered 

25 and concentrated to give the title compound as an off-white solid (7.67 g, 100%). 

'HNMR (400MHz, CDCJ,) a 8.14 (s, lH), 7.38 (m, SH), 5.64 (d, lH). 5.09 (dd, 

2H), 4.20 (m. lH), 3.81 (s br, 2H), 1.69 - 1.51 (m, 3H), 0.92 (dd, 6H). 

c) l-benzyloxycarbonylamino-3-methyl-l-( 1,3,4-oxadiazol-2-onyl)butane 

30 A solution of the compound of Example 36(b) (1.0 g, 3.58 mmol) in 

methylene chloride (12mL) was added dropwise to a solution of 4-
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nitrophenylchloroformate (0.361g.1.79 mmol) in methylene chloride (8 mL) at 

0°C. The solution wanned to room temperature and stirred for one hour when 

panitioned between ethyl acetate and water. The organic layer was washed with 

aqueous NaHC03 then collected. dried (MgSO,). filtered and concentrated to a 

5 residue which was chromatographed (20% ethyl acetate/hexane) to give the title 

compound as a pale yellow solid (0.322 g. 59%). 1HNMR (400MHz, CDC13) a 9.18 

(s. lH), 7.38 {m, SH). 5.13 (m, 3H). 4.79 {m, lH). 1.71(m.3H). 0.98 (dd. 6H). 

d) 4-methylpentanoyl hydrazide 

10 Following the procedure of Example 36(b) except substituting ethyl 

isocaproate forbenzyloxycarbonyl-L-leucinyl methyl ester. the title compound was 

prepared as a white solid (1.8 g. 100%). 1HNMR. (400MHz, CDCl3) a 7.48 (s br, 

lH), 3.62 (s br, 2H), 2.13 (t. 2H). 1.51(m,3H), 0.85 {d, 6H). 

15 e) 2-(N-benzyloxycarbonyl-L-leucinyl)-2'-[N'-(4-methylpentanoyl))carbobydrazide 

The compounds of Example 36(c) (0.100 g. 0.325 mmol) and Example 36(d) 

(0.042 g, 0.325 mmol) were combined and dissolved in ethanol (1 mL). The 

solution was brought to reflux for 24 hours then concentrated to a solid yellow 

residue which was washed with cool methylene chloride to yield the title compound 

20 as a white solid (0.053 g, 37% ). MS (.Mlf): 436.2. 
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Example37 

Prcpamtion of bis-(Cbz-leucinyD-1,3-diamino-pro.pan-2-one 

Cbz-Ieucine (500 mg, 1.88 mmol), EDCI (SSS mg, 1.88 mmol) was 

dissolved in DMF (4.0 ml) with l,3-diamino-propan-2-ol (85 mg, 0.94 mmol) and 

5 Hunig's base (0.3 ml. 1.88 mmol) and was stirred at RT overnight. The reaction 

was diluted with EtOAc (20 ml) and was extracted with water (2 x 20 ml). The 

combined organics were dried with magnesium sulfate, filtered. concentrated in 

vacuo. The intermediate was then dissolved in acetone (4.0 ml) and Jones reagent 

(2.0 ml, 1.5 M) was added dropwise and the reaction was stirred at RT overnight. 

10 The excess Jones reagent was then quenched with isopropanol (1.0 ml). then the 

reaction was diluted with EtOAc (20 ml) and was extracted with water (2x 20 ml) to 

remove the inorganic salts. The combined organics were dried with magnesium 

sulfate. filtered. concentrated, and chromatographed (silica gel, 2-5% MeOH/ 

methylene chloride) to give the title compound as a white solid (410 mg, 75%). 

IS MS(ES) M+lr=583, M+Na.=605. 

Example38 

J>r;i1aration of bis-I .3-!'4-pbenoxy-benzqy))-djamino-prqpao-2-one 

Following the procedure of Example 37, except substituting "4-phenoxy-

20 benzoic acid" for "Cbz-leucine", the title compound was prepared: MS(ES) 

M+lr=481, M+Na.=503. 

Example 39 

Preparation of l-<Cbz-le~nyl)-amjno-3-Cptyl-leucioyll-amino-pmpan-2-one 

25 Following the procedure of Example 37. except substituting "a mixture of N-

Ac-leucine and Cbz-leucine" for "Cbz-leucine", the title compound was prepmd: 

MS(ES) M+lr=491, M+Na.=513. 
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Example40 

J>m>aration of 1-CCbz-leucinyJl-amino-3-CCbz-dutam,yl-t-blJlYI estet:l-amino­

pmpan-2-one 

Following the procedure of Example 37, except substituting "a mixture of 

5 Cbz-glutamic acid gamma t-butyl ester and Cbz-leucine" for "Cbz-Jeucine", the title 

compound was prepared: MS(ES) M+Ir=655. 

Exagle41 

Preparation of 1-CCbz-leucinyJ)-amino-3-CCbz-Jlutargyll-amino-propan-2-one 

l 0 1-(Cbz-leucinyl)-amino-3-(Cbz-glutamyl-t-butyl ester)-amino-propan-2-one 

15 

(5 mg. 0.007mmol) was dissolved in a solution of trifluoroacetic acid ( 0.5 ml) and 

methylene chloride (0.5 ml), then was stirred at RT for 2 h, the reaction was dilutied 

with toluene ( 10 ml), then was concentrated in vacuo to provide the title compound: 

MS(ES) M+Ff=599. 

Example42 

Preparation of bis-1.3-CCbZ-leucinYll-diamino-<S)-butanone-2-one 

a) Cbz-leu-ala-bromo methyl ketone 

Isobutyl cbloroformate (l .46 ml, 11.3 mmol). was added dropwise to a 

20 solution of Cbz-leu-ala-OH (4.0 g, 11.3 mmol) and N-methyl morpholine (1.24 ml, 

11.3 mmol) in THF (40 ml} at -40 degrees C. The reaction was stined 15 min, then 

was filtered, and was washed with ether. Diazomethane (40. l mmol from 5.9 g of 

1-methyl-3-nitro-nitroso-guanidine and 18 ml of.40% KOH in 150 ml of ether) in 

ether (200 ml) was added and the reaction was placed in a refrigerator overnight. 

25 30% HBr/ AcOH (7 ml) was added dropwise to the Crude reaction mixture and was 

stirred 5 minutes. The solution was washed with aqueous citric acid (50 ml x 2), 

saturated aqueous sodium bicarbonate (3 x 150 ml), then brine (I 00 ml). The 

combined organics were dried with magnesium sulfate, filtered, and concentrated in 
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vacuo to give a solid which was used in the next step without purification, MS(ES) 

M+Jf'=413 and 415, M+Na+:::435 and 437. 

b) Cbz-leu-leu-azido methyl ketone 

5 Cbz-leu-ala-bromo methyl ketone (650 mg, 1.6 mmol) was dissolved in 

Dl\.fF (7 ml), then sodium azide (122 mg, 1.9 mmol) and potassium fluoride (137 

mg, 2.36 mmol) was added and the reaction was stirred overnight: The reaction was 

partitioned between EtOAc and water, then the combined organic extracts were 

dried with magnesium sulfate, filtered, concentrated in vacuo, then 

10 chomiatographed (2-S% MeOH, methylene chloride, silica gel) to provide the title 

compound as a white solid (330 mg, 53%), MS(ES) M+Na+=398 . 
.. 

c) Cbz-leu-2-amino-4-azido-propan-3-ol 

Cbz-leu-lcu-azido methyl ketone (330 mg. 0.9 mmol) was dissolved in EtOH 

15 (5 ml) and sodium borohydride (100 mg, 2.65 mmol) was added at RT and the 

reaction was stirred for 15 minutes. The reaction was quenched with water (10 ml) 

and was extracted with EtOAc (25 ml). The combined organic extracts were dried 

with magnesium sulfate, ftltered, concentrated to. give the title compound without 

further purification, MS(ES) M+Ir= 378, M+Na•=400. 

20 

d) Cbz-leu-2-amino-4-amino-propan-3-ol 

Cbz-Ieu-2-amino-4-azido-propan-3-ol (300 mg, 0.8 mmol)was dissolved in 

MeOH (4 ml) and triethyl amine (0.33 ml, 2.4 mmoJ), propan-1,3-dithioJ (0.35 ml, 

3.82 mmol) was added and the reaction was stirred overnight, concentrated in 

25 vacuo, then the white solid was washed with hexane providing the title compound 

which was Q.sed in the next reaction without further purification, MS(ES} 

M+Fr=3S2. 

e) bis-1,3-(Cbz-leucinyl)-diamino-(S)-butanone-2-ol 

30 Cbz-leu-2-amino-4-amino-propan-3-ol (140 mg, 0.4 mmol) and Cbz-leucine 

(106 mg, 0.4 mmol) were dissolved in DMF (2 ml) and N-methyl morpholine (0.08 
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ml. 0.8 mmoJ) and HBTU (151 mg, 0.4 mmol) and was stirred overnight. The 

reaction was partitioned between EtOAc and water, the combined organics were 

dried with magnesium sulfate, filtered. concentrated to give the title compound. 

MS(ES) M+lf'=599. M+Na+=621. 

f) bis-1,3-(Cbz-leucinyl)-diamino-(S)-butanone-2-one 

Bis-1,3-(Cbz-leucinyl}-diamino-(S}-butanone-2-ol (240 m"g, 0.4 mmol) was 

dissolved in acetone (2 ml}. Jones reagent (0.5 ml, 1.5 M) was added dropwise and 

the reaction was stirred at RT overnight. The excess Jones reagent was then 

10 quenched with isopropanol (1.0 ml), then the: reaction was diluted with EtOAc (20 

ml) and was extracted with water (2x 20 ml) to remove the inorganic salts. The 

combined organics were dried with magnesium sulfate. filtered, concentrated. and 

chromatographed (silica gel, 2-S% MeOH/ methylene chloride} to give the title 

compound as a white solid (80 mg, 33 %). MS(ES) M-Ir=595. 

15 

Example43 

Pm>aration of 1-CCbz-leucinyll-amino-3-CCbz-phmylalanyJ}amino-pro,pan-2-one 

Following the procedure of Example 37, except substituting "a mixture of 

Cbz-phenylalanine and Cbz-leucine" for "Cbz-leucine", the title compound was 

20 prepared (70%): MS(ES) M+H'=617. M+Na.=639. 

Example# 

Preparation of 1-CCbz-leucinyD-amino-3-CCbz-norleuciny1>-amino-pmpan-2-one 

Following the procedure of Example 37. except substituting " a mixture of 

2S Cbz-norleucine and Cbz-leucine" for "Cbz-leucine". the title compound was 

prepared: MS(ES) M+Ir=S83. M+Na.=605. 
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Examp1e45 

Preparation of l-CCbz-JeucinyJ>-amino-3-(Cbz-noryalinyl>-amino-pmpan-2-one 

Following the procedure of Example 37. except substituting "a mixture of 

Cbz-norvaline and Cbz-leucine" for "Cbz-leucine", the title compound was 

5 prepared: MS(ES) M+lr=569, M+Na+=591. 

Example46 

frepar&tion of bis-1.3-CCbz-leucinyU-diamino-5-metbyl-CS)-bexan-2-one 

a) bis- l ,3-(Cbz-leucinyl)-diamino-5-methyl-(S)-hexan-2-one 

10 Following the procedure of Example 42(a)-{f), except substituting "Cbz-leu-

lcu-OH" for "Cbz-leu-ala-OH" the title compound was prepared: MS(ES) 

M+li=639. 

Example47 

15 Preparation of l-Cacetyl-leucinyD-amino-3-(4-phenoxy-benzoyO-amino-mwao-2-

20 

.m:Kt 

Foilowing the procedure of Example 37, except substituting "a mixture of N-

Ac-Jeucine and 4-phenoxy-benzoic acid" for "Cbz-leucine", the title compound was 

prepared: MS(ES) M+Ir=440. 

Example48 

Pmparation of l-CCbz-homo-IeucinyD-amino-<Cbz-leucjnyll-3-amino-propan-2-one 

Following the procedure of .Example 37, except substituting "a mixture Cbz­

bomo-leucine and Cbz-leucine" for "Cbz-leucine". the title compound was prepared: 

25 MS(ES) M+lr=597, M+Na.=619. 
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Example49 

Pmparation of bis-l .3-C4-(3-cbloro-2-c;yano-phenoxy>-pheuyl sulfonamido>-pmpan-

~ 

4-(3-Chloro-2-cyano-phenoxy)-phenyl sulfonyl chloride (1.3 g. 4 mmol, 

5 Maybridge) was added to a solution of 1,3-diamino-propan-2-ol (0.18 g, 2 mmol) in 

DMF (10 ml)/N-methyl morpholine (0.44 ml, 4 mmol) and was stirred 3h at RT. 

The reaction was partitioned between water and EtOAc and the combined organics 

were dried with magnesium sulfate, then concentrated in vacuo. The crude bis-1.3-

( 4-(3-chloro-2-cyano-phenoxy)-phenyl sulfonamido)-propan-2-ol (0.28 g, 0.4 

10 mmol) was then dissolved in acetone (1.0 ml) and Jones reagent (0.44 ml, 1.5 M) 

was added dropwise, and the reaction was stirred ovemight at RT. The excess Jones 

reagent was then quenched with isopropanol ( 1.0 ml). then the reaction was diluted 

with EtOAc (20 ml) and was extracted with water (2x 20 ml) to remove the 

inorganic salts. The combined organics were dried with magnesium sulfate, filtered, 

15 concentrated, and chromatographed (silica gel. 2-5% MeOH/ methylene chloride) to 

give the title compound as a white solid (90 mg, 34%). MS(ES) M+ fr=671. 

M+Na.=693. 

Example SO 

20 Pmparation ofbis-l.3-C4-phenoxy-phenyl sulfonamidol-prqpan-2-one 

Following the procedure of Example 49, except substituting 4-phenoxy­

phenyl sulfonyl chloride for 4-(3-Chloro-2-cyano-phenoxy)-phenyl sulfonyl 

chloride, the title compound was prepared: MS(ES) M-lf'==551. 
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Examp1,5I 

Pnmaration of l-CCbz-JeuciQyll-amino-3-(+C3-cbloro-2-cyano-phenoxy).-phenyl 

sulfonamido)-pmpan-2-one 

Cbz-leucine (660 mg, 2.5 mmol), EDCI (480 mg, 2.5 mmol), HOBT (340 

5 mg, 2.5 mmol) was dissolved in DMF (10 ml) with 1,3-diamino-propan-2-ol (225 

mg, 2.5 mmol) and was stirred at RT overnight. N-methyl morpholine (0.41 ml, 

3.75 mmol) was added followed by 4-(3-Chloro-2-cyano-phenoxy)-phenyl sulfonyl 

chloride (820 mg, 2.5 mmol, Maybridge) was added and the reaction was stirred 3h 

at RT. The reaction was panitioned between water and EtOAc and the combined 

10 organics were dried with magnesium sulfate, then concentrated in vacuo. The crude 

l-(Cbz-leucinyl)-amino-3-(4-(3-chloro-2-cyano-phenoxy)-phenyl sulfonamido)­

propan-2-ol was then dissolved in acetone (5.0 ml) and Jones reagent (3.0 ml, 1.5 

M) was added dropwise, and the ~on was stirred overnight at RT. The excess 

Jones reagent was then quenched with isopropanol ( 1.0 ml}, then the reaction was 

15 diluted with EtOAc (20 ml) and was extracted with water {2x 20 ml) to remove the 

inorganic salts. The combined organics were dried with magnesium sulfate, :filtered, 

concentrated, and chromatographed (silica gel, 2-5% MeOH/ methylene chloride), 

then the product was triturated from methylene chloride to give the title compound 

as a white solid (26 mg, 2%). MS(ES) M+ lr=627. 

20 

Example52 

Pre.paration of 1-fCbz-JeucinyJ)- amino-3-Ctosyl-aminq)-pmpan-2-one 

Following the procedure of Example 51, except substituting tosyl chloride 

for 4-(3-Chloro-2-cyano-phenoxy)-phenyl sulfonyl chloride, the title compound was 

25 prepared: MS(ES) M-Jr=488. 
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Example53 

Preparation of 1-CCbz-Jeucinyll-amino-3-CC4-phenoxy-phenyll-sulfonamidol-

prqpan-2-one 

Following the procedure of Example 51, except substituting 4-phenoxy-

5 phenyl-sulfonyl chloride for 4-(3-Chloro-2-cyano-phenoxy)-phenyl sulfonyl 

chloride, the title compound was prepared: MS(ES) M+lr=568, M+Na.=S90. 

ExamPle54 

Prej>aration of 1-CCbz-legcinyll-amino-3-(2-dibenzofuransulfonamidol-pmpan-2-

10 .mie. 

15 

Following the procedure of Example 51, except 2-dibenzofuransulfonyl 

chloride for 4-(3-Chloro-2-cyano-phenoxy)-phenyl sulfonyl chloride, the title 

compound was prepared: MS{ES) M+H·=s66, M+Na·=588 

Exal1Jllle55 

fnalaration of l-<Cbz-homo-leuciqyll-amino-3-(2-dibenzofuransulfonamidol­

prgpao-2-one 

Following the procedure of Example 51, except 2-dibenzofuransulfonyl 

chloride for 4-(3-Chloro-2-cyano-phenoxy)-phenyl sulfonyl chloride and Cbz-

20 bomo-leucine for Cbz-leucine, the title compound was prepared: MS(ES) 

M+Na·=602. 
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Example56 

Pr;paration of 1-CCbz-leuciD)'ll-amipo-3-C2-dibenzofuransulfonamidol-CSl-butan-2-

~ 

a) l-(Cbz-leucinyl)-amino-3-(2-dibenzofuransulfonamido )-(S)-butan-2-oI 

5 Cbz-leu-2-amino-4-amino-propan-3-oI (150 mg, 0.42 mmoJ. as described in 

Example 56(a)-(d)) and 2-dibenzofuransulfonyJ chloride were dissolved in DMF (2 

ml) and N-methyJ morphonline (0.09 ml, 0.84 mmol) and were stked overnight 

The reaction was partitioned between EtOAc and water, the combined organics were 

dried with magnesium sulfate, filtered, concentrated to give the title compound, 

10 MS(ES) M+lf=582, M+Na•=604. 

b) l-(Cbz-leucinyl)-amino-3-(2-dibenzofmansulfonamido )-(S )-butan-2-one 

l-(Cbz-leucinyJ)-amino-3-(2-dibenzofuransulfonamido )-(S)-butan-2-ol (240 

mg, 0.4 mmol) was dissolved in acetone (2 ml). Jones reagent (0.S ml, l .S M) was 

15 added dropwise and the reaction was stirred at RT ovemight. The excess Jones 

reagent was then quenched with isopropanol (1.0 ml), then the reaction was diluted 

with EtOAc (20 ml) and was extracted with water (2x 20 ml) to remove the 

inorganic salts. The combined organics were dried with magnesium sulfate, filtered, 

concentrated, and cbromatographed (silica gel, 2-5% MeOH/ methylene chloride) to 

20 give the title compound as a white solid (70 mg, 29%). MS(ES) M-Ir=S78. 
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Example57 

Prepntion of CSl-Phenylmethyl Cl-U£3-CBenz.yloxycarlxmyl-leucinyl-aminoJ-2-

oxqpropyll-l-<benz.yl>aminolc&rbonyl]-3-methylbutyllcamamate 

a) 2-hydroxy-3-azido-propanol 

5 Sodium azide (1.7 g, 26 mmol) was added to a solution of glycidol (Aldrich. 

1.3 g. 17.5 mmol) in MeOH (45 ml) and water (S ml) and was heated to 65 degrees 

C for 4 h. The reaction was diluted with water (25 ml), exttacted with EtOAc (2 x 

SO ml); the combined organic layers were extracted with water (2 x 50 ml), then 

brine (50 ml), then were dried with magnesium sulfate, filtered, concentrated in 

10 vacuo, and cbromatographed (silica gel, 30 % '&OAc/ hexanes) to produce a white 

solid (1.37 g, 67%); MS(ES) M+H+=118.4. 

b) 2-hydroxy-3-azido-propan-tosylate 

Tosyl chloride (2.3 g, 12 mmol) was added to a solution of 2-hydroxy-3-

15 azido-propanol (1.17 g, 10 mmol) and ttiethyl amine (3.~ g. 36 mmol) in methylene 

chloride (50 ml) and was stirred at RT for 4h. The reaction was diluted with water 

(20 ml), extracted with EtOAc (2 x 50 ml); the combined organic layers were 

extracted with pH 7 buffer (2 x 50 ml), then were dried with magnesium sulfate, 

filtered, concentrated in vacuo, and chromatographed (silica gel, 30 % EtOAc/ 

20 hexanes) to produce a white solid (1.2 g, 44%); MS(ES) M+H+=272.2. 

c) 2-(Merrifield polymer-6-(oxymethylene-tetrahydropyran-acetal)-3-azido-propan­

tosylate 

c) 2-Hydroxy-3-azido-propan-tosylate (1.2 g, 4.4 mmol) was added to a slurry 

25 of Ellman dihydropyran polymer (cf. (3), Scheme 1) (150 mg. 0.3 mmol) in 

OCH2CH2Cl (25 ml), then pyridinium p-toluenesulfonate (0.84 g. 4.4 mmol) and 

was agitated at 80 degrees C by gentle bubbling with argon. The polymer was 

filtered, washed with DMF (2 x 10 ml), then MeOH (20 ml), then methylene 

chloride (4 x 20 ml); IR 2105 cm-1;. Magic Angle Spinning lH NMR: d 8.0, 7.4. 

30 5.0, 3.4. 
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d) 2-(Menifield polymer-6-(oxymethylene-tetrahydropyran-acetal)-3-azido-

propan-N-benzyl-amine 

Benzyl amine (0.32 g, 3 mmol) was added to a slurry of 2-(Merrifield 

polymer-6-( oxymetbylene-tetrahydropyran-acetal)-3-azido-propan-tosylate (500 

5 mg, 1 mmol) in N-methyl pyrolidinone (25 ml) and was and was agitated at 80 

degrees C by gentle bubbling with argon. The polymer was filtered, washed with 

DMF (2 x 10 ml). then MeOH (20 ml), then methylene chloride (4 x 20 ml); IR 

2105cm-1; Magic Angle Spinning lH NMR: d 7.1, 4.7, 4.0, 3.8. 

10 e) 2-(Menifield polymer-6-( oxymethylene-tetrahydropyran-acetal)-3-azido-

propan-N-benzyl-(Cbz-leucinyl)-amine 

Cbz-leucine (0.82 g. 3.0 mmol) was added to a slurry of 2.:.(Merrifield 

polymer-6-( oxymethylene-tetrahydropyran-acetal)-3-azido-propan-N-benzyl-amine 

(120 mg, 0.22 mmol) in DMF (10 ml), diisopropyl ethyl amine (1.2 ml, 6 mmol) 

15 and HATU (Perseptive Biosystems, 2.2 g, 6 mmol) and was shaken at room 

temperature overnight. The resin was filtered~ washed with DMF (3 x 10 ml). The 

above procedure was repeated, and the final resin washed with MeOH (2 x 20 ml), 

then methylene chloride (5 x 20 ml); IR 2105, l 735, 1630 cm-1 ;. Magic Angle 

Spinning lH NMR: d 7.2, 4.7, 4.1. 

20 

t) 2-(Menifield polymer-6-(oxymethylene-tetrahydropyran-acetal)-3-amino-

propan-N-benzyl-(Cbz-leucinyl)-amine 

Propanedithiol (0.5 ml, xx mmol) was added to a slurry of 2-(Merrifield 

polymer-6-(oxymethylene-tetrahydropyran-acetal)-3-azido-propan-N-benzyl-(Cbz-

25 leucinyl)-amine (150 mg, 0.27 mmol) in MeOH (5 ml) and triethylamine (0.5 ml) 

and was gently rocked overnight. The resin was filtered, washed with MeOH (2 x 

20 ml), then with DMF (1 x 10 ml), then with methylene chloride (5 x 20 ml), and 

was dried in a vacuum oven overnight; m. 1735, 1640, cm-1;. 
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g) 2-(Merrifield polymer-6-(oxymethylene-tetrahydropyran-acetal)-3-{Cbz-

leucinyl)-amino-propan-N-benzyl-(Cbz-leucinyl)-amine 

Cbz-leucine (0.82 g, 3.0mmol) was added to a sluny 2-{Merrifield polymer-

6-(oxymethylene-tetrabydropyran-acetal)-3-amino-propan-N-benzyl-(Cbz-leucinyl)-

5 amine (150 mg, 0.27 mmol) in N-methyl pyrollidinone (10 ml), diisopropyl ethyl 

amine (1.2 ml, 6 mmol) and HBTU (2.2 g, 6 mmol) and was shaken at room 

temperature overnight. The resin was filtered, washed with D.MF. (3 x 10 ml). The 

above procedure was repeated, and the final resin washed with MeOH (2 x 10 ml), 

then methylene chloride (5 x 20 ml); Magic Angle Spinning lH NMR: d 7.6, 7.4, 

10 5.1. 5.0. 3.4. 0.8. 

h) l-N-benzyl-1-Cbz-leucinyl-amino-3-Cbz-leucinyl-amino-propan-2-ol 

2-(Merrifield polymer-6-(oxymethylene-tetrahydropyran-acetal)-3-(Cbz­

leucinyl)-amino-propan-N-benzyl-(Cbz-leucinyl)-amine (150 mg, 0.27 mmol) was 

15 shaken as a slurry with 85:5:10 TFAJ water/ methylene chloride (S ml) for 4h at RT. 

The solution was filtereed and the filtrate was concentrated in vacuo, then 

chromatographed (silica gel, 5% MeOH/ methlene chloride) to produce a yellow 

solid (65 mg. 35%); MS(ES) M+H+=675.1. 

20 i) 1-N-benzyl-1-Cbz-leucinyl-amino-3-Cbz-leucinyl-amino-propan-2-one 

·1-N-benzyl-1-Cbz-leucinyl-amino-3-Cbz-leucinyl-amino-propan-2-ol (65 

mg, 0.96 mmol) was dissolved in acetone (5 ml) and Jones reagent (2 ml.excess) 

was added dropwise at room temperature and the reaction was stirred overnight. The 

excess Jones reagent was then quenched with isopropanol (5 ml) and the reaction 

25 was diluted with water (5 ml) and was extracted with EtOAc (2 x 20 ml). The 

combined organic layers were extracted with water (2 x 15 ml). then brine (10 ml), 

then were dried with magnesium sulfate, filtered, concentrated in vacuo to produce a 

yellow solid, which was chromatographed (silica gel, 50%Et0Ac/Hexanes ) to 

produce a white solid (16.8mg, 29%); MS(ES) M+H+= 673.l 

30 
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Example58 

Pn:paration of CSl-Phen.vJmethyJ U-ru3-CC2-dibqJzofunmylsuJfonyllaminoJ-2-

oxqpropyll-3-fbeney1lamin9lcarbony11-3-metbylbutyJ]carbamate 

a) N-(2-hydroxy-3-N-benzylamino-propyl)phthalimide 

5 N-(2,3-Epoxypropyl)phthalimide (Aldrich, 2.03 g, 10 mmoJ) was reluxed 

10 

with benzyl amine (1.07 g. 10 mmol) in isopropanol (15 ml) for 3h. The reaction 

was cooled to RT, then concentrated in vacuo producing a white gum, which was 

triturated with MeOH, then filtered producing a white solid (0.48 g, 15%); MS(ES) 

M+H·=311. 

b) N-(2-hydroxy-3-(N-benzyl-2-dibenzofuransulfonamide )-propyl)phthalimide 

N-(2-hydroxy-3-N-benzylamino-propyl)phthalimide (0.3 lg, 1 mmol) was 

stirred with 2-dibenzoforansulfonyl chJoride {0.27 g, 1 mmol) in N-metbyJ 

morpholine (0.8 ml) and DMF (5 ml) overnight. The reaction was diluted with 

15 water (10 ml), extracted with EtOAc (2x20 ml), the combined organic layers were 

extracted with water (3 x 20 ml), then brine (20 ml), then were dried with 

magnesium sulfate, filtered, concentrated in vacuo to produce an oil, which was 

chromatographed (silica gel, 30% EtOAc/ hexanes) to produce a white foam (0.37 

g, 69%); MS(ES) M+Ir=541, MS(ES) M+Na.=563, MS(ES- negative) M+HC02-= 

20 585 

c) 2-hydroxy-(N-benzyl-2-dibenzofuransulfonamide}:propyl-3-amine 

N-{2-bydroxy-3-(N-benzyl-2-dibenzofuransulfonamidc)-propyl)phthalimide 

(0.37 g, 0.69 mmol) was refluxed with hydrazine hydrate (0.34 g, 6.85 mmol) in 

25 MeOH (7 ml) for 1.5 h. The reaction was cooJed to RT, then was concentrated in 

vacuo. The resulting white solid was triturated with MeOH, then filtered to produce 

the desired product as a white solid (0.27 g, 96%); MS(ES) M+lr=41 l. 

d) Cbz-leuciny1-(2-hydroxy-(N-benzyl-2-dibenzofuransulfonamide) )-propyJ-3-

am.ine 

30 2-hydroxy-(N-benzyl-2-dibenzofuransulfonamide)-propyl-3-amine (0.2 g. 

0.5 mmol) was stirred with Cbz-lcucine (0.13 g, 0.5 mmol) in N-methyl mo:rpholine 

109 



W097/16433 PCT/US96/18000 

(0.6 ml) and DMF (2 ml), then HBTU (0.19 g. 0.5 mmol) was added and the 

reaction was stirred overnight at RT. The reaction was diluted with water (10 ml}. 

extracted with EtOAc (2x20 ml). A solid that was insoluble in both layers was 

filtered off. The combined organic layers were extracted with water (2 x 20 ml). 

5 then brine (20 ml). then were dried with magnesium sulfate, filtered, concentrated in 

vacuo to produce a white solid, which was used in the next reaction without further 

purification; MS(ES) M+l1= 658, MS(ES) M+Na·= 680. 

e) (S)-Phenylmcthyl [1-[[[3-[(2-dibcnzofuranylsulfonyl)amino)-2-oxopropyl]-3-

(benzyl)amino ]carbonyl]-3-methylbutyl]carbamate 

10 Cbz-leucinyl-(2-hydroxy-(N-benzyl-2-dibenzofuransulfonamide ))-propyl-3-

amine (0.16 g. 0.244 mmol) was dissolved in acetone (2 ml). Jones reagent (0.5 ml, 

1.5 M) was added added and the reaction was stirred overnight. The excess Jones 

reagent was then quenched with isopropanol (1 ml) and the reaction was diluted 

with water (10 ml) and was extracted with EtOAc (2 x 20 ml). The combined 

15 organic layers were extracted with water (2 x 20 ml), then brine (20 ml), then were 

dried with magnesium sulfate, filtered, concentrated in vacuo to ·produce a white 

solid. which was chromatographed (silica gel, 1: 1 EtOAc/ hexanes) to produce a 

white solid (0.14 g, 88%); MS(ES) M-Ir=654, MS(ES) M+Cr=690, MS(ES) 

M+HC02·= 700. 

20 

Example 59 

Pre.paration of CS>-Pbenyhnetbyl U-UC3-CC2-dibenzofuragylsulfonyl>aminol-2-

oxgpropyll-3-C4-pyridinylme&hyl>aminolcarbonyll-3-metl)ylbutyllcamamate 

Following the procedure of Example 58{a)-(e), except substituting "4-

25 pyridyl methyl amine" for n benzylamine" and, the title compound was prepared; 

MS(ES) M+Ir=6S7. 
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Example60 

Preparation of 1-UC3-U2-dibenzofuranylsulfooyDaminol-2-oxopfQllyll-3-C4-

pyridinylmethyll benpmtide 

Following the procedure of Example 58(a)-(e ). except substituting "benzoic 

5 acid" for "Cbz-leucine". the title compound was prepared; MS(ES) M-Ir=511, 

MS(ES) M+Cl"=S47. 

Example61 

Pre,garation of CSl-Phenylmetbyl r 1-C[C3-CC2-dibenzofuranylsulfonynaminol-2-

10 oxopmpyll-1-{4-pyridinylmetbyDaminoJcarbonylJ-3-metbylbutyllcarbamate 

15 

Following the procedure of Example 58(a)-(e), except substituting "4-

pyridyl methyl amine" for " benzylamine" and "Cbz-leucine and HBTU" for "2-

dibenzofuransulfonyl chloride " and "2-dibenzofuransulfonyl chloride " for "Cbz­

leucine and HBTU". the title compound was prepared; MS(ES) M+Ir=657. 

Example62 

Pcparation of 2-CN-CN-l>enzyloxycarbonyl-kleucinyDJ-2'-CN'-( 4-

phenom>J>enylsulfonyl>}carb<>hydrazide 

a) N-benzyloxycad>onyJ-L-leucine methyl ester 

20 To a stirring solution of L-leucine methyl ester hydrochloride (2.0 g, 

11.0mmol) in 1,4-dioxane (20 mL) was added Na2CO) (12.1ml.2M in water) 

followed by benzylchloroformatc ( 1.96 g, 11.5 mmol). The mixture was stirred at 

room temperature for 4h then partitioned between ethyl acetate and water. The 

organic layer was washed with brine, dried (MgS04), filtered and concentrated to 

25 yield the title compound as a colorless oil (3.1 g, 100% ). lH NMR ( 400 MHz. 

CDC13) 31 .34 (m. SH), 5.27 (d, lH}, 5.12 (s, 2H), 4.41 (s, 2H), 3.75 (s. 3H), 1.65 

(m, 3H), 0.96 (m, 6H). 
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b) N-benzylo:itycarbonyl-L-leucinylhydrazide 

To a stirring solution of the compound of Example 62(a) (3.1 g, 11.0 mmo1) 

in 15 mL of methanol was added hydrazide hydrate (5.9 g, 118 mmol). The 

solution was stirred at room temperature for 16h then concentrated to yield the title 

5 compound as an off-white solid (3.1 g, 100% ). MS(ESI): 280.2 (M+H)+. 

c) (lS)-1-benzyloxycarbonylamino-3-methyl-1-(1,3,4-oxadii.zol-2-on-5-

yl)butane 

To a stirring solution of the compound of Example 62(b) (3.0 g, 10.8 mmol) 

10 in toluene (50 ml..) was added phosgene (56 mL, l.93M in toluene). The solution 

was heated at reflux for 4h then concentrated to yield the title compound as a pale 

yellow foam (3.15 g, 96%). MS(ESI): 306.1 (M+ff)+. 

d) 2-[N-(N-bcnzyloxycarbonyl-L-leucinyl)]carbohydrazide 

15 To a stirring solution of the compound of Example 62(c} (0.147 g, 0.482 

20 

mmol) in 2 mL of methanol was added hydrazine hydrate (0.241g,4.82 mmol). 

The solution was stirred at room temperature for 24h then concentrated and purified 

by column chromatography (silica gel. methanol/dichloromethane} to yield the title 

compound as a white foam (0.097 g. 60% ). MS(ESI): 338.2 (M+ff)+. 

e) 2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N'-( 4-· 

phenoxyphenylsulfonyl)]carbohydrazide 

To a stirring solution of the compound of Example 62(d) (0.097 g, 0.288 

mmol) in 2 mL of DMF was added pyridine (0.046 g, 0.576 mmol) followed by 4-

25 phenoxyphenylsulfonylchloride (0.155 g, 0.576 mmoJ). The solution was stirred at 

room temperature for 16h then partitioned between ethyl acetate and water. The 

organic layer was washed with brine, dried (MgS04), filtered and concentrated. 

The residue was purified by column chromatography (silica gel, ethyl 

acetate/hexane) to yield the title compound as a white solid (0.052 g, 32% ). 

30 MS(ESI): 570.1 (M+H)+. 
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Example63 

Preparation of 2-[N-CN-beneyloxycarbonyJ-ka1anylU-2'-rN-CN-benzylgxycarbonyl­

kleucinyl)]carbobydrazi4e 

To a stirring solution of the compound of Example 62{d) (0.100 g, 0.297 

5 mmol) in 2 mL of DMF was added N-benzyloxycarbonyl-L-alanine (0.070 g. 0.312 

mmol), 1-hydroxybenzotriazole (0.008 g, 0.059 mmol), and 1-(3-

dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.060 g, 0.312 mmol). 

After stirring at room temperature for 16 h, the solution was poured into 150 mL of 

water. The precipitate was filtered and washed with water (150 mL) and dried 

10 under high vacuum to yield the title compound as a white solid (0.062 g, 39%). 

15 

20 

MS(ESJ): 543. l (M+H)+. 

Example64 

Preparation of 2-!N-(N-benzyloucar00o;yl-L-leucin,v1ll-2'-IN'-<4-

phenylbenzoylllcarbobydrazide 

Following the procedure of Example 63, except substituting 4-phenylbenzoic 

acid for N-benzyloxycarbonyl-L-alanine, the title compound was prepared as a 

white solid (0.121g.53%). MS(ESI): 518.1 (M+H)+. 

Examplc65 

Preparation of 2-CN-CN-l>enzyloxycarbonyl-L-leucinyl)]-2'-rN'-C 4-

methox_ybenzgylllcarbo}Jydrazide 

Following the procedure of Example 63, except substituting 4-

methoxybenzoic acid for N-benzyloxycarbonyl-L-alanine the title compound was 

25 prepared as a white solid (0.057 g. 27%). MS(ES1): 472.1 (M+H)+. 
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Example66 

Preparation of 2-rN-CN-beneylaxycarbonyl-kleucinylll-2'-CN'-f+ 

ptaenoxybenzoylllcarbohydrgide 

Following the procedure of Example 63, except substituting 4-

5 phenoxybenzoic acid for N-benzyloxycarbonyl-L-alanine the title compound was 

prepared as a white solid (0.102 g, 43%). MS(ESI): 534.1 (M+H)+. 

Example67 

Preparation of2-<N-acetyll-2'-IN'-<N-bemlaxycarbon,vl-k 

10 leucinylllcamohydrazide 

To the compound of Example 62(d) (0.100 g, 0.297 mmol) was added acetic 

anhydride (0.303 g, 2.97 mmol). The solution was stirred at room temperature for 

16h then concentrated to an off-white solid which was washed with 

dichloromethane to yield the title compound as a white solid (0.086 g, 76% ). 

15 MS(ESI): 380.1 (M+H)+. 

Example68 

Preparation of 2-CN-CN-acetyl-kleucinylll-2'-rN'-CN-beneyloucarbonyl-k 

alanylllcarb9by<lrazide 

20 a) 2-(N-(N-benzyloxycarbonyl-L-alanyl)]carbohydrazide 

2S 

Following the procedure of Example 62(a)-62(d)~ except substituting L­

alanine ethyl ester hydrochloride for L-leucine methyl ester hydrochloride in step 

(a), the title compound was prepared as a pale yellow foam ( 1.1 g. 3.8 mmol). 

MS(ESI): 296.2 (M+H)+. 

b) 2-[N-(N-acetyl-L-leucinyl)]-2'-(N1-(N-benzyloxycarbonyl-L-

alanyl)]carbohydrazide 

To a stirring solution of the compound of Example 63(d) (0.150g, 

0.508mmol) in DMF (2mL) was added N-acetyl-L-leucine (0.092g, 0.534mmol}, 1-

30 hydroxybenzotriazole (0.014g, 0.102mmo1}, and 1-(3-dimethylaminopropyl)-3-

ethylcarbodiimide hydrochloride (0.102g. 0.534mmol). After stirring at room 
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temperature for 1611, the solution was diluted with ethyl acetate. washed 

successively with water, saturated aqueous sodium bicarbonate, and brine. The 

organic layer was dried (MgS04). filtered and concentrated. The residue was 

purified by colwnn chromatography (silica gel, methanol/dichloromethane) to yield 

5 the title compound as a white solid (0.028 g, 12%). MS{ESI): 451.1 (M+H)+. 

Exagle69 

Preparation of 2-rN-CN-acetyJ-kaJaoylll-2'-IN'-CN-benzyloxycarbon.vl-k 

leucinylllcarbob.ydrazide 

10 Following the procedure of Example 68(b), except substituting N-acetyl-L-

15 

20 

alanine for N-acetyl-L-leucine and 2-[N-(N-benzyloxycarbonyl-L­

leucinyl)]carbohydrazide for 2-[N-(N-benzyloxycarbonyl-L-alanyl)]carbohydrazide, 

the title compound was prepared as a white solid (0.050 g, 25% ). MS(ESI): 473.1 

(M+Na)+. 

a) 

Example70 

Preparation of 2-CN-CN-bcnzyloxycarbonyl-klc:ucinylll-2'-IN'-£4-<N.N­

dimetbylaminometbyllbenzQyllllcarbobydrazide 

methyl 4-(N,N-dimethylaminomethyl)benzoate 

Methyl 4-(bromomethyl)benzoate (2.0 g, 8.73 mmol) was added to a 

saturated solution of dimethylamine in methanol. After sthring for 25 min, the 

solution was concentrated and the residue was partitioned between IN NaOH and 

ethyl acetate. The organic layer was washed with saturated brine, dired (MgS04), 

flltered, and concentrated to provide the title compound as a colorless liquid (1.67 g. 

25 99%). 19 NMR (250 MHz, CDCI3} 8 8.00 (d, 2H), 7.39 (d, 2H). 3.91 (s, 3H), 3.47 

(d. 2H). 2.25 (s. 6H). 

b) 4-(N,N-climethylaminomethyl)benzoic acid lithium salt 

The compound of Example 70(a) ( 1.67 g, 8.6 mmol) was dissolved in 

30 THFIH20 (1:1) and LiOH•H20 (0.39 g, 9.3 mmol) was added. The mixture was 

stirred at room temperature for O.Sh, then taken to reflux for I .Sh. The mixture was 
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concentrated, redissolved in 25mL of water and reconcentrated to yield a white solid 

(1.6 g. 100%). lff NMR (400 MHz. CD30D) 8 7.94 (d, 2H), 7.36 (d, 2H), 3.64(s, 

2H), 2.35 (s, 6H). 

5 c) 2-[N-(N-benzyloxycarbonyl-L-leucinyl))-2'-[N'-[4-(N,N-

dimethylaminomethyl)benzoyl)]]carbohydrazide 

Following the procedure of Example 68(b ). except substituting 4-(N,N­

dimethylaminomethyl)benzoic acid lithium salt for N-acetyl-L-leucine and 2-[N-(N­

benzyloxycarbonyl-L-leucinyl)]carbohydrazide for 2-[N-(N-benzyloxycarbonyl-L-

10 alanyl)]carbohydrazide, the title compound was prepared as a paJe yellow solid 

(0.050 g, 17%). MS(ESI): 499.1 (M+H)+. 

Example71 

Pre.paration of 2-CN-(N-benzylox,ycarbonyl-kleucinylll-2'-lN'-f 4-hy<iroxy-C3-C4-

15 mmphoUnomethyJ>Jlbenzoyllcarhohydrazj.de 

Following the procedure of Example 68(b), except substituting 4-hydroxy-3-

(4-morpholinomethyl)benzoic acid for N-acetyl-L-leucine and 2-[N-(N­

benzyloxycarbonyl-L-leucinyl)]carbohydrazide for 2-[N-(N-benzyloxycarbonyl-L­

alanyl)]carbohydrazide, the title compound was prepared as a white solid (0.065 g, 

20 26%). MS(ESI): 557.0 (M+H)+. 
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Example72 

Pr;paration of 2-£N-CN-benzyloxycar00nyl-kleucinylll-2'-rN'-f+CN.N­

dimcth)'laminometl\}'DbcnzyloxylcarbonYl-L-leucinyllcarb9hydrazicie 

a) a-isocyanato-L-leucine methyl ester 

5 L-leucine methyl ester hydrochloride (25 g. 0.14 mol) was dissolved in 

methylene chloride (450 mL), cooled to 0 °C, and pyridine (43.S g, 0.SS mol, 44.5 

ml.) was ad~ then a 1.93 M solution ofphosgene in toluene (0.18 mol, 92.7 ml..) 

was added slowly. After stirring at 0 °C for 2 b, the mixture was poured into 1400 

mL of 0.5 N Hcl and 900 mL of ice. The organic layer was washed with 1400 mL 

10 of0.5 N Hcl and 900 mLofice. The aqueous layers were extracted with methylene 

chloride ( 450 mL) and the combined organic layers were washed with 1400 mL of 

saturated brine and 900 mL of ice, then dried (MgS04), :filtered and concentrated. 

The residue was distilled (56-58 °C; 0.78 mmHg) to provide the title compound as a 

colorless liquid (20.4 g, 86% ). 1 H NMR (250 MHz, CDCl3) 8 4.04 (dd, lH), 3.82 

15 (s, 3H), 1.92-1.72 (m, lH), 1.69-1.62 (m. 2H), 0.96 (d, 3H), 0.94 (d, 3H). 

b} 4-(N,N-dimethylamino)benzyl alcohol 

To a stirring solution of the compound of Example 70{a) (1.63 g, 8.4 mm.ol) 

in 25 mL of ether. cooled to 0 °C, was added dropwise a 1 M solution of lithium 

20 aluminum hydride (8.4 mmol, 8.4 mL). After S min, the reaction was quenched by 

the addition of water (0.33 mL), 15% aqueous NaOH (0.33 mL) and water (1.0 

mL). The precipitate was removed by filtration, washed with ether 2 times and the 

filtrate was concentrated to provide the title compound as a colorless oil ( 1.36 g, 

98%). lH NMR (250 MHz. CDCl3) 8 7.32 (d. 2H), 7.28 (d, 2H), 4.68 (s, 2H), 3.41 

25 (s, 2H), 2.22 (s, 6H). 

c) N-[4-(N,N-dimethylaminomethyl)benzyloxycarbonyl]-L-leucine methyl 

ester 

A solution of the compound of Example 72(a) (1.0 g, 5.8 mmol) and the 

30 compound of Example 72(b) in toluene (6 mL) was heated at reflux for 24 h. The 

solution was concentrated and the residue was purified by flash chromatography on 
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60 g of 230-400 mesh silica gel, eluting with 5% methanol in methylene chloride, to 

provide the title compound as a pale yellow oil (1.71g,87%). lH NMR (400 MHz, 

CDCI3) 8 7.31 (s, 4H), 5.13 (d, lH), 5.10 (s, 2H), 4.41 (m, lH}, 3.74 (s, 3H), 3.43 

(s, 2H), 2.24 (s, 6H}, 1.70-1.62 (m, 2H), 1.52 (m, lH), 0.96 (d, 3H), 0.94 (d, 3H). 

d) N-[4-(N,N-dimethylaminomethyl)benzyloxycarbonyIJ-L-leucine litlllum salt 

Following the procedure of Example 70(b), except substitUting N-[4-(N,N­

dimethylaminomethyl)benzyloxycarbonyl]-L-leucine methyl ester for methyl 4-

(N ,N-dimethylaminomethyl)benzoate, the title compound was prepared as a white 

10 solid (1.57 g, 95%). lff NMR (400 MHz, CD30D) 3 7.35 (d, 2H), 7.30 (d, 2H), 

S.06 {dd, 2H), 4.10 (dd, lH), 3.48 (s. 2H), 2.23 (d, 6H), 1.69-1.51 (m, 3H). 0.94 (d, 

3H}, 0.93 (d, 3H). 

e) 2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N'-(4-(N.N-

l S dimethylaminomethyl)benzyloxy]carbonyl-L-leucinyJ]carbohydrazidc 

Following the procedure of Example 68(b), except substituting N-[4-(N,N­

dimethylaminomethyl)benzyloxycarbonyl]-L-leucine lithium salt for N-acetyl-L­

leucinc and 2-[N-(N-benzyloxycarbonyl-L-lcucinyl)]carbohydrazide for 2-(N-(N­

benzyloxycarbonyl-L-alanyl)]carbohydrazidc, the title compound was prepared as a 

20 white solid (0.069 g, 18%}. MS(ESI): 642.1 (M+H)+. 

Example73 

Pn;paration of 2-(N-benzQyll-2'-lN'-CN-benzyloxycarbonyl-L­

leucinyJllcadJohydrazide 

25 Following the procedure of Example 62(c) except substituting benzoyl 

chloride for 4-phenoxyphenylsulfonylchloride, the title compound was prepared as a 

white solid {6lmg. 31%). MS(ESI): 4421 (M+H)+. 
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Example74 

Pre.paration of 2-[N-CN-benzYloxycarbonyl-kleucjnylll-2'-[N'-C3-f4-

momholinometll}'llbenzQyl]Jcarbohydrazjcie 

a) methyl 3-(4-morpholinomethyl)benzoate 

5 A solution of morpholine (0.836 g, 9 ~6 mmol) and methyl 3-

(bromomethyl)benzoate in THF (5 mL) and DMF (5 ml..) was stirred at 50 °C for 

Jh. The solution was partitioned between ethyl acetate and water." The organic 

layer was washed successively with water, saturated aqueous NaHC03, and brine 

then dried (MgS04). filtered and concentrated to yield a colorless oil (0.872 g. 3.72 

10 mmo1). lff NMR (400 MHz, CDCl3) ~ 7.99 (s, lH), 7.91 (d. lH), 7.55 (d, lH), 

7.47 (t, IH), 3.94 (s, 3H), 3.72 (m, 4H), 3.53 (s, 2H), 2.46 (m. 4H). 

b) 3-( 4-morpholinomethyl)benzoic acid 

To a solution of the compound of Example 74(a) (0.872 g, 3.72 mmol) in 

15 THF (3 mL) and water (3 ml.) was added lithium hydroxide monohydrate (0.171 g, 

4.08 mmol). After stirring at room temperature for 3h, the solution was 

concentrated. The residue was redissolved in water (5 mL) and 3N HCI was added 

and the solution was lyopbilized to yield a yellow solid (0.822 g. 3.72 mmol). 

MS(ESI): 222.0 (M+H)+. 

20 

c) 2-(N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N'-[3-(4-

morpholinomethyl)benzoyl]]carbohydrazide 

Following the procedure of Example 68(b ), except substituting 3-(4-

morpholinomethyl)benzoic acid for N-acetyl-L-leucine and 2-[N-(N-

25 benzyloxycarbonyl-L-leucinyl)]carbobydrazide for 2-[N-(N-benzyloxycarbonyl-L­

alanyl)]carbohydrazide. the tide compound was prepared as a white solid (0.056 g, 

20%). MS(ESI): 541.0 (M+H)+. 
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Example75 

Jlrellaration of 2-CN-(3-benzyloxybenzgy]))-2'-rN'-CN-benzyloxycarbonyl-L­

leucinylllcarbobydrazide 

a) methyl 3-benzyloxybenzoate 

S To a suspension of Naff (0.395 g, 9.87 mmol, 60% in mineral oil) in DMF 

(20 mL) was added methyl 3-hydroxybenzoate (1.0 g, 6.58 mmol). After stirring 

for 15 min at room temperature, benzyl bromide (1.1g,6.58 mmol) was added. 

After stirring at room temperature for 3h, the solution was partitioned between ethyl 

acetate and water. The organic layer was washed with water (2 X 75 mL), saturated 

l O aqueous sodium bicarbonate, and brine, then dried (MgS04), flltered and 

concentrated to yield an off-white solid (1.013 g, 4.2 mmol). lff NMR (400 MHz, 

CDC13) 5 7.67 (m, 2H), 7.48-7.34 (m. 6H), 7.19 (m, lH), 5.12 (s~ 2H), 3.95 (s, 3H). 

b) 3-benzyloxybenzoic acid 

15 To a solution of the compound of Example 75(a) (0.400 g, 1.65 mmol) in 

THF (2 mL) and water (2 mL) was added lithium hydroxide monohydrate (0.076 g, 

1.82 mmol). After stirring at reflux for 5 h, the solution was partitioned between 

ethyl acetate and 3N HCI. The organic layer was washed with brine, dried 

(MgS04), filtered and concentrated to yield a white solid (0.355 g, 1.56 mmol). IH 

20 NMR (400 MHz, CD)OD) & 7.58 (m, 2H), 7.36-7.24 (m. 6H), 7.10 (m, lH), 5.04 

(s, 2H). 

c) 2-[N-(3-benzyloxybenzoyl)]-2'-[N'-(N-benzyloxycarbonyl-L-

leucinyl)Jcarbohydrazide 

25 Following the procedure of Example 68(b), except substituting 3-

30 

benzyloxybenzoic acid for N-acetyl-L-leucine and 2-[N-(N-bcnzyloxycarbonyl-L­

leucinyl)]carbohydrazide for 2-(N-(N-benzyloxycarbonyl-L-alanyl)]carbohydrazide, 

the title compound was prepared as a white solid (0.062 g, 25% ). MS(ESI): 548.1 

(M+ff)+. 
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Example76 

Pgparation of 2-IN-CN-beneyloxycarbojlyl-L-leucjnylll-2'-CN'-f4-C3-CN-N­

dimethYlaminol-l-pmpyloxylbenzoylllcarbohydrazide 

a) methyl 4-(3-(N,N-dimethylamino )-1-propyloxy ]benzoate 

5 To a solution of methyl 4-hydroxybenzoate (1.0 g, 6.58 mmol), 3-

dimethylamino-1-propanol (1.01g,9.87 mmol), and triphenylphosphine (2.6 g, 9.87 

mmol) at OOC in THP (20 ml.) was added dropwise diisopropyl aZodicarboxylate 

(1.99 g, 9.87 mmol). After stirring for 16 hat room temperature the solution was 

concentrated and the residue purified by column chromatography (silica gel, 

10 methanolldichloromethane) to yield the title compoWld as an oily solid (1.25 g, 5.2 

mmol). MS(ESI): 238.1 (M+H)+. 

b) 4-[3-(N,N-dimetbylamino )-1-propyloxy]benzoic acid 

Following the procedure of Example 74(b) except substituting methyl 4-(3-

15 (N,N-dimethylamino)-1-propyloxy]benzoate for methyl 3-(4-

morpholinomethyl)benzoate, the title compound was prepared as a tan solid (1.17 g. 

5.2 mmol). MS(ESI): 224.1 (M+H)+. 

c) 2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N'-[4-[3-(N-N-dimethylamino)-

20 1-propyloxy ]benzoyJ]]carbohydrazide 

Following the procedure of Example 68(b), except substituting 4-[3-(N,N­

dimethylamino)-1-propyloxy]benzoic acid for N-acetyl-L-leucine and 2-[N-(N­

benzyloxycarbonyl-L-leucinyl)]carbobydrazide for 2-[N-(N-benzyloxycarbonyl-L­

alanyl)]carbohydrazide, the title compound was prepared as a white solid (0.060 g, 

25 21 %). MS(ESI): 543.1 (M+H)+. 
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Examp1e77 

Pre,paratiop of 2-CN-C2-benzyloxybenzoylll-2'-CN'-CN-benzyloxycamonyl-L­

leucinylllcarboh,ydrazi4e 

Following the procedure of Example 68(b), except substituting 2-

5 benzyloxybenzoic acid for N-acetyl-L-leucine and 2-[N-(N-benzylOxycarbonyl-L­

leucinyl)]carbohydrazide for 2-[N-(N-benzyloxycarbonyl-L-alanyl)]carbobydrazide, 

title compound was prepared as a white solid (0.056 g, 23% ). MS(ESI): 548.1 

(M+H)+. 

10 

a) 

Example78 

Preparation of 2-CN-<N-benzyloxyc&rbonyl-L-leuciny.Dl-2'-CN'-C3-(4-

pyridy.lmethoxylbenzoylllcarbohydrazide 

methyl 4-pyridinylmethoxybenzoate 

Following the procedure of Example 76(a) except substituting methyl 3-

15 hydroxybenzoate for methyl 4-hydroxybenzoate and 4-pyridylcarbinol for 3-

20 

dimethylamino-1-propanol, the title compound was prepared as a yellow solid 

(0.599 g, 2.5 mmol). MS(ESI): 244.1 (M+H)+. 

b) 4-pyridinylmethoxybenzoic acid 

Following the procedure of Example 75(b) except substituting methyl 4-

pyridylmethoxybenzoate for methyl 3-benzyloxybenzoate the title compound was 

prepared as a yellow solid (0.386 g, 1.69 mmol). lH NMR (400 MHz, CD30D) l) 

8.54 {d, 2H), 7.64 (m, 2H), 7.57 (m, 2H), 7.40 (m, lH), 7.26 (m, lH), 5.24 (s, 2H). 

25 c) 2-[N-(N-benzyloxycarbonyl-L-leucinyl)J-2'-[N'-[3-(4-

pyridylmethoxy)benzoyl]]carbohydrazide 

Following the procedure of Example 68(b ). except substituting 4-

pyridinylmethoxybenzoic acid for N-acetyl-L-leucine and 2-[N-(N­

benzyloxycarbonyl-L-leucinyl)]carbohydrazide for 2-[N-(N-benzyloxycarbonyl-L-

30 alanyl)]carbohydrazide. title compound was prepared as a white solid (0.219 g, 

67%). MS{ESI): 549.1 (M+H)+. 
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Example79 

Pre,paration of2-CN-C4-benzylogybenzoylll-2'-CN'-(N-benzyloxycarbogy1-L-

1eucinylllcarbobydrazide 

5 Following the procedure of Example 75(a)-75(c) except substituting methyl 

4-bydroxybenzoate for methyl 3-hydroxybenzoate in step {a), the title compound 

was prepared as a white solid (0.160 g, 49%). MS(ESI): 548.1 (M+H)+. 

Example80 

10 Preparation of 2-fN-CN-benzyloxycarbogyl-kleucinyll]-2'-CN'-C3=benzyloxy-5-

methoXYlbenzoJ'Ilc:arbobydrazide 

a) methyl 3-hydroxy-5-methoxybenzoate 

A suspension of methyl 3.5-dibydroxybenzoate (2.0 g, 11.9 mmol), K2C03 

(1.6 g. 11.9 mmol). and iodomethane (1.7 g, 11.9 mmol) in acetone (100 mL) was 

15 stirred at reflux. After stining for three hours the mixture was partitioned between 

ethyl acetate and water. The organic layer was washed with brine, dried {MgS04). 

f'lltered and concentrated. The residue was purified by column chromatography to 

yield the title compound as a white solid (0.813 g, 4.4 mmol). 1 H NMR ( 400 MHz, 

CDCI3) 87.16 (m, lH), 7.12 (m, IH), 6.61 (m, lH), 5.04 (s, lH), 3.91(s,3H) 3.82 

20 (s, 3H). 

b) methyl 3-benzyloxy-S-methoxybenzoate 

Following the procedure of Example 80(a) except substituting methyl 3-

hydroxy-5-methoxybenzoate for methyl 3,S-dihydroxybenzoate and benzyl bromide 

25 for iodomethane, the tide compound was prepared as a tan oil (1.2 g, 4.4 mmol). 

lff NMR (400 MHz. CDCl3) ~ 7.45-7.31(m,6H), 7.24 (s, lH), 6.76 (m, lH). 5.09 

(s, 2H). 3.95 (s, 3H). 3.84 (s, 3H). 

30 

c) 3-benzyloxy-5-methoxybenzoic acid 

Following the procedure of Example 75(b) except substituting methyl 3-

benzyloxy-5-methoxybenzoate for methyl 3-benzyloxybenzoate, the title compound 
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was prepared as an orange solid (1.14 g. 4.4 mmol). lHNMR (400 MHz. CDCI3) o. 
7.42-7.20 (m, 7H), 6.71 (m, lH), S.05 (s, 2H), 3.80 (s, 3H). 

d) 2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2"-[N'-(3-benzyloxy-5-

5 methoxy)benzoyl]carbohydrazide 

Following the procedure of Example 68(b), except substituting 3-benzyloxy-

5-methoxybenzoic acid for N-acetyl-L-leucine and 2-[N-(N-benzyloxycarbonyl-L­

leucinyl)]carbohydrazide for 2-[N-(N-benzyloxycarbonyl-L-alanyl)]carbohydrazide, 

title compound was prepared as a white solid (0.201g,59%). MS(ESI): 578.0 

10 (M+H)+. 

ExapmJe81 

Pmparation of 2-IN-CN-l>eneyloxycarbonyl-L-leucinyl)]-2'-CN'-C3-benzylo:gy-4.5-

dimethoxylbenzoyllcarbobydl'azide 

· 15 Following the procedure of Example 68(b). except substituting 3-benzyloxy-

20 

4,S-dimethoxybenzioc acid for N-acetyl-L-leucine and 2-{N-(N-benzyloxycarbonyl­

L-leucinyl)]carbohydrazide for 2-[N-(N-benzyloxycarbonyJ-L­

alanyl)]carbohydrazide, the title compound was prepared as a white solid (0.155 g, 

43%). MS(ESI): 607.9 (M+H)+. 

Example82 

Pmparation of 2-CN-CN-benzyloX.}'Cll'bonyl-kleucinylll-2'-lN'-(3-benzyloxy-5-

ethoxylbenzoyllcarbohydrazjde 

Following the procedure of Example 80(a)-80(d) except substituting 

25 iodoetbane for iodomethane in step (a), the title compound was prepared as a white 

solid (0.162 g. 46%). MS(ESI): 592.3 (M+H)+. 
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Example83 

Preparation of 2-fN-<N-benzyloxycarb2nyl&lycioyJU-2"-[N'-CN-bepzyloxycarbruJYl­

L-Jeucinylllcarboqyd@zide 

Following the procedure of Example 68(b), except substituting N-

5 benzyloxycarbonylglycine for N-acetyl-L-leucine and 2-[N-(N-benzyloxycarbonyl­

L-leucinyl)]carbohydrazide for 2-(N-(N-benzyloxycarbonyl-L­

alanyl)]carbohydrazide, the tide compound was prepared as a white solid (0.204 g, 

65%). MS(ESI): 529.2 (M+H)+. 

10 Example84 

Pr;paration of 2-IN-<3-beqyloxybenzoyDl-2'-CN'-CN-benzyl<>ucarbonyl-L­

prolioylllcarbohydrazide 

a) 2-[N-(3-benzyloxybenzoyl)]carbohydrazide 

Following the procedure of Example 62(b)-62(d) except substituting methyl 

15 3-benzyloxybenzoate for N-benzyloxycarbonyl-L-leucine methyl ester in step (b), 

the title compound was prepared as an off white solid (0.421g,67%). MS(ESI): 

301.1 (M+H)+. 

b) 2-[N-{3-benzyloxybenzoyl)]-2'-IN'-(N-benzyloxycarbonyl-L-

20 prolinyl)]carbohydrazide 

Following the procedure of Example 68(b ), except substituting N­

benzyloxycarbonyl-L-proline for N-acetyl-L-leucine and 2-[N-(3-

benzyloxybenzoyl))carbohydrazide for 2-[N-(N-benzyloxycarbonyl-L­

alanyl)]carbobydrazide, the title compound was prepared as a white solid (0.219 g. 

25 62%). MS(ESI): 532.0 (M+H)+. 
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Example SS 

PRRaration of 2-CN-(N-benzyl<>xycarbonyl-kleucjnylll-2'-CN'-C4-

pheny)phenylacetyl)lc&rbobydrazi<le 

Following the procedure of Example 68(b), except substituting 4-

5 biphenylacetic acid for N-acetyl-L-leucine and 2-[N-(N-benzyloxycarbonyl-L­

leucinyl)]carbohydrazide for 2-[N-(N-benzyloxycarbonyl-L-alanyl)]carbohydrazide, 

the title compound was prepared as a white solid (0.224 g, 71 % ). · MS(ESI): 554.2 

(M+Na)+. 

10 Example 86 

Pn;pamtion of C2'S>-2-CN-C3-beneyioXYbenzgylll-2'-CN'-CN-benzyloucarbonyl-2-

aminobutyJyl)]carbohydrazide 

Following the procedure of Example 68(b). except substituting (S)-N­

benzyloxycarbonyJ-2-aminobutyric acid for N-acetyl-L-leucine and 2-[N-(3-

15 benzyloxybenzoyl)]carbohydrazide for 2-[N-(N-benzyloxycarbonyl-L-

alanyl)]carbohydrazide, the title compound was prepared as a white solid (0.244 g. 

70%). MS(ESI): 520.3 (M+H)+. 

Example 87 

20 Prcmaration of 2.2'-CN.N'-lbis-<4-phenylphenylacet;yllllcarbob.ydrazilie 

To a stirring solution of carbohydrazide (0.200 g, 2.22 mmol) in DMF (12 

mL) was added 4-biphenylacetic acid (1.04 g, 4.89 mmol), 1-hydroxybenzotriazole 

(0.060 g, 0.444 mmol), and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide 

hydrochloride (0.937 g. 4.89 mmol). After stirring at room temperature for 16 h, 

25 the solution .was poured into 150 mL of water. The precipitate was filtered and 

washed with water (150 m.L) and dried under high vacuum to yield the title 

compound as a white solid (0.977 g, 92%). MS(ESI): SOI.I (M+Na)+. 
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Examp1e88 

Pre.paration of C2'RSl-2-CN-£N-ben7.yloxycarbonyl-kleucinyDJ-2'-C2-£ 4-

phenylphenoxylpro.pionyUcamonvdrazide 

Following the procedure of Example 68(b ), except substituting 2-( 4-

5 phenylphenoxy)propionic acid for N-acetyl-L-leucine and 2-[N-(N­

benzyJoxycarbonyl-L-lcucinyl)]carbohydrazide for 2-[N-(N-benzyloxycarbonyl-L­

aJanyl)]carbohydrazide. the title compound was prepared as a whiie solid (0.183 g. 

73%). MS(ESI): 562.3 (M+H)+. 

10 Examp1e89 

Pmparation of 2-fN-£3-benzyloxybenzqylll-2'-CN'-(4-

methylpentanoy)llcarbohydrazide 

Following the procedure of Example 68(b ), except substituting 4-

methylpentanoic acid for N-acetyl-L-leucinc and 2-[N-(3-

15 benzyloxybenz0yJ)Jcarbohydrazide for 2-[N-(N-benzyloxycarbonyl-L-

alanyl)]carbohydrazide, the title compound was prepared as a white solid (0.079 g. 

30%). MS(ESI): 399.3 (M+H)+. 
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Example90 

Pn;paration of C2RS. 2'RS>-2.2'-CN.N-Cbis-£2-<+plieoylphenyn+ 

methy)pentanoylllllcarboh,vdrazicle 

a) 4-methyl-2-(4-phenylphenyl)pent-4-enoic acid 

S To a stirring solution of cliisopropylamine (0.537 g, 5.31 mmol) in THF (5.2 

mL) at 0 °C was added n-butyllitbium (2.1mL,5.22 mmol, 2.SM in hexane) 

dropwise. After stining for 15 min at 0 °C, the mixture was coolCd to -78 °C and a 

solution of 4-biphenylacetic acid (0.500 g, 2.36 mmol) in THF (2 mL) was added 

dropwise. After again warming to 0 °C and coolling to -78 °C, 3-bromo-2-

10 methylpropene (0.485 g, 3.54 mmol) was added to the mixture in one portion. After 

stiD'ing at -78 °C for lb, the reaction was quenched with 2 mL of water then 

concentrated. The residue was redissolved in water and extracted with ether (100 

mL). The aqueous layer was acidified (3N HCI) and extracted with ether (3 X 100 

ml..). The organic layers were combined, dried (MgS04), filtered and concentrated 

15 to yield a white solid {0.449 g, 72%). MS{ESI): 265.3 (M+H)-. 

b) 4-methyl-2-(4-phcnylphenyl)pentanoic acid 

To a stirring solution of the compound of Example 90(a) (0.449 g, 1.69 

mmol) in ethyl acetate (25 mL) was added palladium on carbon (0.225 g). After 

20 stirring under a balloon of hydrogen for 16h, the mixture was filtered through 

Celite. The filtrate was concentrated to yield an off white solid (0.430 g, 95%). 

MS(ESI): 267.4 (M+Ht. 

c) 2RS, 2'RS)-2,2'-[N,N'-[bis-[2-(4-phenylpbenyl)+ 

25 methylpentanoyl)]]]carbohydrazide 

Following the procedure of Example 87 except substituting 4-metbyl-2-(4-

phenylphenyl)pentanoic acid for 4-bipbenylacetic acid, the title compound was 

obtained, after purification by column chromatography (silica gel, 

methanoUdichloromethane), as a white solid (0.143 g, 33%). MS(ESI): 591.3 

30 (M+H)+. 
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Example91 

Preparation of C2'RSl-2-fN-CN-benzylox_vcamonyl-L-Ieuciny1ll-2'-CN'-C2-{4-

phenylphenyll+metbylpentanqyl)Jlcarbobyd@zi4e 

Following the procedure of Example 68(b), except 4-methyl-2-(4-

5 phenylphenyl)pentanoic acid for N-acetyl-L-leucine and 2-[N-(N­

benzyloxycarbonyl-L-leucinyl)]carbohydrazide for 2-[N-(N-benzyloxycarbonyl-L­

alanyl)]carbohydrazide, the title compound was prepared as a white solid (0.111 g, 

42%). MS(ESI): 588.1 (M+H)+. 

10 Example 92 

Preparation of C2'RSl-2-CN-(3-beJ1z.ylol,Vbenzoylll- 2'-CN'-(2-C 4-pbenyJphenyll+ 

metbyJpentanoyDJlcarbohydrazide 

Following the procedure of Example 68(b), except substituting 4-mcthyl-2-

(4-phenylphenyl)pentanoic acid for N-acetyl-L-leucine and 2-[N-(3-

15 benzyloxybenzoyl)]carbohydrazide for 2-[N-(N-benzyloxycarbonyJ-L­

alanyl)]carbohydrazide, the tide compound was prepared as a white solid {0.195 g, 

53%). MS(ESI): 551.1 (M+H)+. 

Example 93 

20 fre»aration of2-!N-C3-benzylo;ubenzo,ylll-2'-CN'-<N-bem:yloxycarbogyl-N-methyl-

kleucinyl)]camobydrazide 

Following the procedure of Example 68{b), except substituting N­

benzyloxycarbonyl-N-methyl-L-Jeucine for N-acetyl-L-Jeucine and 2-[N-(3-

benzyloxybenzoyl)]carbohydrazide for 2-[N-(N-benzyloxycarbonyl-L-

25 alanyl)]carbohydrazide, the title compound was prepared as a white solid (0.341 g, 

91%). MS(ESI): 562.2 (M+H)+. 
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Example94 

Prc;paratign of 2-!N-C3-benzylmybenzoylll-2'-CN'-lN-(2-

pyridinylmethoxycarbonyll-kleucinylllcarbobydrazicie 

a) N-(2-pyridinylmethoxycarbonyl)-L-leucine methyl ester 

5 Following the procedure of Example 72(c), except substituting 2-

10 

pryidylcarbinol for 4-(N,N-dimethylamino)benzyl alcohol, the title compound was 

prepared as a brown oil (8.06 g, 89%). MS(ESI): 281.2 (M+H)+~ 

b) 2-[N-(2-pyridinylylmethoxycarbonyl)-L-leucinyl]carbohydrazide 

Following the procedure of Example 62(b)-62(d) except substituting N-(2-

pyridinylmethoxycarbonyl)-L-leucine methyl ester for L-leucine methyl ester in step 

(b ), the title compound was prepared as a pale yellow foam (0.598 g, 69% ). 

MS(ESI): 339.3 (M+H)+. 

IS c) 2-[N-(3-benzyloxybenzoyl)]-2'-[N'-[N-(2-pyridiny1methoxycarbony1)-L-

leucinyl]]carbohydrazide 

Following the procedure of Example 68(b ), except substituting 3-

benzyloxybenzoic acid for N-acetyl-L-leucine and 2-[N-(2-

pyridinylylmethoxycarbonyl)-L-leucinyl]carbohydrazide for 2-[N-(N-

20 benzyloxycarbonyl-L-alanyl)]carbohydrazide, the title compound was prepared as a 

white solid (0.057 g, 33%). MS(ESI): 549.2 (M+H)+. 

Example95 

Preparation of 2-[N-£3-<+pyridylmetlmylbenzoyll]-2'-CN'-CN-(2-

25 gyridioylmetboucarbonyll-L-Ieucinylllcamohydrazide 

Following the procedure of Example 68(b), except substituting 3-(4-

pyridinylmethoxy)benzoic acid for N-acetyl-L-leucine and 2-[N-{2-

pyridinylylmethoxycarbonyl)-L-leucinyl]carbohydrazide for 2-[N-(N­

benzyloxycarbonyl-L-alanyl)]carbohydrazide, the title compound was prepared as a 

30 yellow solid(0.088 g, 27%). MS(ESI): 550.2 (M+H)+. 
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Example96 

frel>aration of C2RS>-2-CN-C2-C4-phenylphenyll±methylpentanQyDll-2'-£N'-CN-C2-

pyridinylmetboxycarbonyll-kleucigylllcarbohydrazide 

Following the procedure of Example 68(b), except 4-m.ethyl-2-(4-

5 phenylphenyl)pentanoic acid for N-acetyl-L-leucine and 2-[N-{2-

pyridinylylmethoxycarbonyl)-L-leucinyl]carbohydrazide for 2-[N-(N­

benzyloxycarbonyl-L-alanyl)]carbohydrazi~ the title compound was pre~d as a 

yellow solid (0.056 g, 24%). MS(ESI): 589.4 (M+H)+. 

10 Exam.ple97 

Pre,paration of 2-CN-CN-beneyloxycamoUYl-kleucinylll-2'-CN'-C2-C4-phenylpheqyll-

4-metbyJpentanoyl)llcarbohydrazide 

The title compound was prepared from the compound of Example 91 using 

HPLC (Sumipax OA-3100, 4.6 X 150 mm, 80/20 hexane/ethanol, J .O mUmin, 

15 retention time = 5.9 min). 

Example98 

Preparation of 2-JN-CN-benzyloxycarbonyl-kleucinylll-2'-CN'-C2-<4-phenylpbenyl>-

4-metbylpeJUiDQyl)JJcarbobydrazide 

20 The title compound was prepared from the compound of Example 91 using 

HPLC (Sumipax OA-3100. 4.6 X 150 mm. 80/20 hexane/ethanol. 1.0 mUmin, 

retention time= 8.1 min). 

131 



W097/16433 PCTIUS96118000 -

Exampl;99 

Preparation of 2-!N-(N-benzyloxycamonyl-L-leucinyUJ-2'-CN'-[N-C+ 

phenylphenyll-N-<2-methylprQPJ!llcarbamoylllcamobydrazide 

To a stirring solution ofphosgene (0.228 m.L, 0.244 mmol, 12.5% solution 

5 in benzene) was added dropwise a solution of N-(2-methylpropyl)- N-(4-

phenylphenyl)amine (0.050 g, 0.222 mmol) and triethylamine (0.025 g, 0.244 

mmol) in dichloromethane (1 mL). After stimng at room temperature for 15 min 

this solution was added dropwise to a solution of the compound of Example l(d) 

(0.083 g, 0.244 mmol) and triethylamine (0.025 g, 0.244 mmol) in dichloromethane 

10 ( 1 mL) at room temperature. After stining at room temperature for 48h, N­

methylmorpholine (0.022 g, 0.222 mmol) and DMF (2 mL) were added to the 

solution and heated at SO °C for 16h. The solution was then diluted with ethyl 

acetate (5mL) and washed successively with water, aqueous saturated NaHC03, and 

brine. The organic layer was dried (MgS04), filtered and concentrated. The 

15 residue was purified by column chromatography (silica gel, methanol/ 

dichloromethane) to yield the title compound as a yellow solid (0.023 g. 18% ). 

MS(ESI): 589.4 (M+H)+. 

20 

a) 

Example 100 

Preparation of 2-CN-C3-beneyloubenzgyl)]-2'-CN'-(N-methyl-L­

leucigylllcarbohydrazide 

2-[N-{3-benzyloxybenzoyl)]-2'-[N'-(N-tert-butoxycarbonyl-N-methyl-L-

leucinyl)]carbohydrazide 

Following the procedure of Example 68(b). except substituting N-rert-

25 butoxycarbonyl-N-methyl-IAeucine for N-acetyl-L-leucine and 2-[N-(3-

benzyloxybenzoyl)Jcarbohydrazide for 2-[N-(N-benzyloxycarbonyl-L­

alanyl)]carbohydrazide, the title compound was prepared as a white solid (0.183g, 

69% ). MS(ESI): 550.4 (M+Na)+. 
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b) 2-[N-(3-benzyloxybenzoyl)J-2'-[N'-(N-methyl-L-leucinyl)]carbohydrazide 

To a stirring solution of the compound of Example lOO(a) (0.100 g, 0.189 

mmol) in c:lichlorometbane (1 mL) was added trifluoroacetic acid (0.296 g, 2.5 

mmol). After stirring at room temperature for 15 min, the solution was 

5 concentrated and the residue was purified by column chromatography (silica gel, 

methanolldichlorometbane) to yield the title compound as a white solid (0.055 g. 

68%). MS(ESI): 428.4 (M+H)+. 

Example 101 

10 Pmparation of 2-[N-(N-benzyloxycartxmyl-kleucinylll-2'-CN'-CN-methyl-L-

leuciDYl)]carl>obydrazide 

Following the procedure of Bx.ample lOO(a)-lOO(b), except substituting 2-

[N-(N-benzyloxycarbonyl-L-leucinyl)]carbohydrazide for 2-[N-(3-

benzyloxybenzoyl)]carbohydrazide in step (a), the title compound was prepared. 

15 MS(ESI): 465.S (M+H)+. 

Example 102 

Pre.paration of C 1 Sl-N-[2-CC1-benzyloxycarbonylaminol-3-metbylbutyUthiazo14-

ylcarbonyll-N-C4-phenoXJWhenylsulfonyllhydrazide 

20 a) N-benzyloxycarbonyl-L-leucinamide 

To a stirring solution ofN-benzyloxycarbonyl-L-leucine (4.6 g, 17.3 mmol) 

in THF, cooled to -40 °C, was added N-methylmorpholine (3.68 g, 36.4 mmol; 4.0 

mL) and isobutyl chloroformate (2.37 g, 17 .3 mmol; 2.25 mL). After stirring for 15 

min, ammonia was bubbled through the solution for 5 min. The solution was 

25 wanned to room temperature, evaporated, and the residue Was dissolved in ethyl 

acetate. washed with 0.1 N Hcl, and saturated brine. then dried (MgS04). filtered 

and evaporated to dryness to give the title compound as a white solid (4.58 g. 

100%). 
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b) N-benzyloxycarbonyl-L-leucinethioamide 

A solution of the compound of Example 102(a) (4.58 g, 17 .3 mmol) and 

Lawesson's reagent (4.21 g, 10.4 mmol) in THF was allowed to stir at room 

temperature for 16 h. The solution was concentrated and the residue was purified 

5 by flash chromatography on 230-400 mesh silica gel, eluting with 1 :3 

EtOAclhexanes, to provide the title compound as a pale yellow solid (3.74 g, 77%). 

c) ( 1S)-1-bcnzyloxycarbonylamino-1-(4-carboethoxythiazol-2-yl)-3-

methylbutane 

10 The compound of Example 102(b) (2.20 g, 7.83 mmol) was dissolved in 

acetone (35 mL), cooled to-10 °C, and ethyl bromopyruvate (I°.68 g, 8.62 mmol. 

1.08 mL) was added. After stirring for 1 b, the solution was poured into methylene 

chloride/water, then into saturated aqueous NaHC03. The aqueous layer was 

extracted with methylene chloride and the combined organic layers were washed 

15 with saturated brine, dried (MgS04), filtered and concentrated. The residue was 

dissolved in methylene chloride, cooled to -20 ° C, pyridine (1.36 g, 17.2 mmol, 

1.39 mL) and trifluroracetic anhydride (1.81g,8.62 mmol, 1.22 mL) were added. 

After stirring for 1 h, the solution was washed with saturated squeous NaHCOJ and 

saturated brine, then dired (MgS04). filtered, and concentrated. Tge residue was 

20 purified by flash chromatography on 90 g of 230-400 mesh silica gel, eluting with 

I :3 ethyl acetate/hexanes, to provide the title compound as a pale yellow oil (2.36 g, 
1 . 80%). H NMR (400 MHz. CDCJ3) 6 8.08 (s. lH). 7.38 (m, SH), 5.42 (s, 3H), 

5.23-5.07 (m, 3H), 4.42 (q, 2H), 2.01-1.62 (m, 3H). 1.41 (t, 3H). 0.99 (d, 6H). 

25 d) (1S)-1-bcnzyloxycarbonylamino-l-(4-hydrazinocarbonylthiazol-2-yl)-3-

methyl butane 

The compound of Example 102(c) (2.16 g, 5.73 mmol) was dissolved in 

ethanol (60 mL) and hydrazine hydrate (2.87 g. 57.3 m.mol. 2.8 mL) was added and 

the solution was heated at 75 °C for 1 h. The solution was cooled and evaporated to 

30 dryness to provide the title compound as a pale yellow foam (2.01g.97%). le 
NMR (400 MHz, CDCI3) o 8.35 (bs, lH), 8.03 (s, IH), 7.37 (m, SH), 5.29 (d, lH). 
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S.14-5.09 (m, 3H), 4.07 (bs, 2H), 1.92-1.82 (m, lH), 1.79-1.66 (m, 2H), 1.00 (d, 

6H). 

e) (1 S)-N-[2-[(1-benzyloxycarbonylamino)-3-methylbutyl]tbiazol-4-

S ylcarbonyl)-N'-(4-phenoxyphenylsulfonyl)bydrazide 

To a stirring solution of the compound of Example 102(d) (275 mg, 0.76 

mmol) in dichlorometbane at room temperature is added pyridine-(180 mg, 2.28 

mmol. 0.2 ml.) and 4-phenoxybenzenesulfonyl chloride (408 mg, 1.52 mmol). The 

reaction was stirred for 16 hours and the solvents were evaporated to a residue 

10 which was chromatographed (silica gel, 40% ethyl acetate.in hexane) to give the 

title compound as a white solid (0.310 g). MS (ESI): 595.6 (M+H+). 

Example 103 

Pmparation of CIS>-N-r+U-CN-bemloxycarbonyl-kleucinylaminol-3-

15 methylbutylJthjazol-2-ylcarJxmyU-N'-CN-herlzylnxycarhnnyl-L-JeucinYDhydrazicie 

a) N-benzyloxycarbonyl-L-leucinyl-L-leucinyl bromomethylketone 

l-Methyl-3-nitro-l-nitrosoguanidine (5.9 g. 40.11 mmol) in ether (200 mL) 

is cooled to OOC. 40% potassium hydroxide is added slowly and the diazomethane is 

allowed to collect in the ether solution for 30 minutes at 0°C. 

20 N-benzyloxycarbonyl-L-Leucinyl-L-Leucine (Bachem) (4.0 g. 10.58 mm.ol) 

is stirred in tetrahydrofuran at -40°C. N-methylmorpholine (1.07 g, 10.58 mmol, 

1.16 ml.) and isobutyl chloroformate (1.45 g, 10.58 mmol; 1.38 mL) are added. 

The mixture is stirred at -40°C for 15 minutes and then filtered into a cold flask to 

remove precipitated salts. To the filtered solution is added an excess of the 

25 previously prepared diazomethane solution and the mixture is allowed to stand at 

0°C for 16 h. An excess of 30% HBr in acetic acid is added at 0°C and the solution 

is then washed successively with I .ON citric acid, saturated aqueous sodium 

bicarbonate (carefully), and brine. The solution is dried over sodium sulfate, 

filtered, and evaporated to give the title compound as a white solid (4.10 g). lH 

30 NMR (400 MHz, CDCl3) S 7.34 (m, 5H), 6.51 (d, lH), 5.15 (d, lH), 5.10 (s, 2H), 

4. 78 (m, lH), 4.20 (m, lH), 4.04 (dd, 2H), 1.63 (m. 6H), 0.93 (m, 12H). 
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b) (2S,l 'S)-2-(benzyloxycarbonyl)amino-N-[ l '-(2-carboethoxythiazol-4-yl)-3'-

methylbutyl)-4-methylpentanamide 

The compound of Example 103(a) (2.0 g, 4.4 mmol) and ethyl thiooxamate 

5 (0.59 g, 4.4 mmol) were refluxed in ethanol for 4 h. The solvent was evaporated and 

the residue cbromatographed (silica gel, 2.5% metbanol/dichlorometbane) to give 

the title compound as a white solid (1.46 g). lff NMR (400 MHz~ CDCJ3) ~ 7.32 (s. 

lH). 7.21 (m, SH), 6.40 (d, lH), 5.13 (dd. lH), 5.02 (s, 2H), 4.41(q,2H), 4.06 (m, 

lH). 1.71(m.2H), 1.47 (m. 4H), 1.33 {t, 3H), 0.73 (m. 12H). 

10 

c) (2S,l 'S)-2-(benzyloxycarbonyl)amino-N-[l '-(2-hydrazinocarbonylthiazol-4-

yl)-3'-methylbutyl]-4-methylpentanamide 

Following the procedure of Example 102(d). except substituting (2S. I 'S)-2-

(benzyloxycarbonyl)amino-N-[l '-(2-carboethoxythiazol-4-yl)-3"-methylbutyl)-4-

15 methylpentanamide for (lS)-l-benzyloxycarbonylamino-1-(4-carboethoxythiazol-2-

yl)-3-methylbutane, the title compound was prepared. MS (ESI): 476.3 (M+H+). 

d) (IS)-N-[4-[l-(N-benzyloxycarbonyl-L-1eucinylamino)-3-

methylbutyl]thiazol-2-ylcarbonyl]-N'-(N-benzyloxycarbonyl-L-leucinyl)hydrazide 

20 To a stirring solution of the compo1Uld of Example 103(c) (180 mg. 0.38 

mmol) in dimethylformamide is added N-benzyloxycarbonyl-L-leucine (111 mg. 

0.42 mmol). 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (80 mg. 

0.42 mmol), and 1-hydroxybenzotriazole (13 mg, 0.096 mmol). The reaction 

mixmre is stirred for 16 hours at room temperature, filtered, and washed twice with 

25 water. The solvent was evaporated to give the title compound as a white solid. 

(0.207 g). MS (ESI): 723.9 (M+H+). 
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Example 104 

Pre.paration of ClS>-N-C2-[Cl-bePzYIOXYCarboDYlaminol;3-metbylbutyllthiazol-4-

ylcarbonyll-N'-( 4-pbenylphenylaceiyllbydrazide 

Following the procedure of Example 103(d). except substituting (lS)-1-

5 benzyloxycarbonylamino-1-( 4-hydrazinocarbonylthiazol-2-yl)-3-methylbutane for 

(2S.l'S)-2-(benzyloxycarbonyl)amino-N-[1'-(2-hydrazinocaibonylthiazo1-4-yl)-3'­

methylbutyl]-4-methylpentaoamide, and 4-bipbenylacetic acid for N­

benzyloxycarbonyl-L-leucine, the title compound was prepared as a white solid. 

MS (ESI ): 557 .2 (M+H)+. 

10 

Example 105 

Preparation of C 1Sl-N-f2-CC l-beneylaxycarbonylaminol-3-metbylbuUrl]thiazol-4-

ylcarbonyll-N'-[3-C 4-pryidinylmethoulbenzoyllby~ide 

a) methyl 3-(4-pyridinyllmethoxy)benzoate 

15 To a stirring solution of methyl 3-bydroxybenzoate (1.0 g, 6.58 mmol). 4-

pyridylcarbinol (1.1g,9.87 mmol), and triphenylphosphine (2.6 g, 9.87 mmol) in 

THF {25 mL) at 0°C was added diisopropyl azodicarboxylate (2.0 g, 9.87 mmol) 

dropwise. After sthring at room temperature for 16h, the solution was concentrated 

and purified by column chromatography (silica gel, ethylacetatelhexane) to yield 

20 the title compound as a white solid (0.599 g, 37%). MS(ESI): 244.1 (M+H)+. 

b) 3-(4-pyridinyllmethoxy)benzoic acid 

To a stirring solution of the compound of Example lOS(a) (0.599 g, 2.47 

mmol) in THFIH20 {1: I. 10 mL) was added lithium hydroxide monohydrate (0.113 

25 g, 2. 71 mmol). After stirring at reflux for 3.Sb, 1.1 eq of lN HCJ was added and the 

mixture poured into water. The mixture was extracted with ethyl acetate (2 X 100 

mL). The organic layers were combined, washed with brine, dried (MgS04), 

filtered and concentrated to yield the title compound as a yellow solid (0.386 g, 

68% ). l H NMR (400 MHz. CD30D) ~ 8.54 (d. 2H), 7 .64 (m, 2H), 7 .57 (m. 2H), 

30 7.40 (m, lH), 7.26 (m, IH), 5.24 (s. 2H). 
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c) (lS)-N-[2-[(l-benzyloxycarbonylamino)-3-methylbutyl]thiazol-4-

ylcarbonyl]-N'-[3-(4-pryidinylmethoxy)benzoyl]hydrazide 

Following the procedure of Example 103(d), except substituting (18)-1-

benzyloxycarbonylamino-l-( 4-hydrazinocarbonylthiazol-2-yl)-3-methylbutane for 

5 (2S,1 'S)-2-(benzyloxycarbonyl)amino-N-[ l '-(2-hydrazinocarbonylthiazol-4-yl)-3'­

methylbutyl]-4-methylpentanamide, and 3-( 4-pyridinylmethoxy)benzoic acid for N­

benzyloxycarbonyl-L-leucine, the title compound was prepared a5 a white solid. 

MS (ESI): 574.2 (M+H)+. 

10 Example 106 

Pmparation of N-[2-(2-chJoropheno,.ymetbyllthiazol-4-ylcarbonyll-N'-CN-(+ 

pyridinylmetboxycarbonyl>-kleucinyllhydrazide 

a) a-isocyanato-L-leucine methyl ester 

L-leucine methyl ester hydrochloride (25 g, 0.14 mol) was dissolved in 

15 methylene chloride (450 mL), cooled to 0 °C, and pyridine (43.5 g, 0.55 mol, 44.S 

mL) was added, then a 1.93 M solution ofphosgene in toluene (0.18 mol, 92.7 mL) 

was added slowly. After stining at 0 °C for 2 h. the mixture was poured into 0.5 N 

HCI ( 1400 mL) and ice (900 mL). The organic layer was washed with 0.5 N HCJ 

(1400 mL) and ice (900 mL). The aqueous layers were extracted with methylene 

20 chloride (450 mL) and the combined organic layers were washed with saturated 

brine (1400 mL) and ice (900 mL), then dried (MgS04), filtered and concentrated. 

The residue was distilled (56-58 °C; 0.78 mmHg) to provide the title compound as a 

colorless liquid (20.4 g. 86%). lH NMR (250 MHz, CDCl3) 54.04 (dd, lH), 3.82 

(s, 3H), 1.92-1.72 (m, IH), 1.69-1.62 (m. 2H). 0.96 (d, 3H), 0.94 (d, 3H). 

25 

b) N-(4-pyridinylmetboxycarbonyl)-L-leucine methyl ester 

A solution of the compound of Example 106(a) (5.lOg, 29.8mmol) and4-

pyridylcarbinol (3.25 g, 29.8 mmol) in toluene (39 mL) was heated at reflux for 24 

h. The solution was concentrated and the residue was purified by flash 

30 chromatography on 250 g of 230-400 mesh silica gel, eluting with 3: I ethyl 

acetatelhexanes. to give the title compound (7 .86 g. 94% ). 1 H NMR (250 MHz. 
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CDC13) S 8.59 (d, 2H). 7.24 (d, 2H), 5.33 (d, lH), 5.13 (s, 3H), 4.40 (dt, IH), 3.75 

(s, 3H). 1.81-1.51 (m, 3H), 0.96 (d, 3H). 0.95 (d, 3H). 

c) N-(4-pyridinylmethoxycarbonyl)-L-leucine 

To a stirring solution the compound of Example 106(1>) (l.98g, 7.06 mmol) 

in THF (7 mL) was added 7 mL of water followed by LiOH•H20 (325 mg, 7.76 

mmol). The mixture was stirred for 30 minutes and then concentrated. The residue 

was redissolved in water (10 mL) and 3 NHCI was added (2.6 ml.). The solution 

was lyophilized to yield a white solid (2.015 g. 6.44 mmol). MS (ESI): 267 .2 

iO (M+H)+. 

d) N-(2-(2-chlorophenoxymetbyl)thiazol-4-ylcarbonyl]hydraZide 

Following the procedure of Example 102(d), except substituting ethyl 2-(2-

chlorophenoxymethyl)thiazole-4-carboxylate for (lS)- l-benzyloxycarbonylamino-

15 1-(4-carboethoxythiazol-2-yl)-3-metbylbutane, the title compound was prepared. 

MS (ESI): 284.1 (M+H)+. 

e) N-[2-(2-chlorophenoxymethyl)thiazol-4-ylcarbonyl]-N'-[N-(4-

pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide 

20 Following the procedure of Example 103(d). except.substituting N-[2-(2-

chlorophenoxymethyl)thiazol-4-ylcarbonyl]hydrazide for (2S, l 'S)-2-

(benzyloxycarbonyl)amino-N-[ l '-(2-hydrazinocarbonylthiazol-4-yl)-3'­

methylbutyl]-4-methylpentanamide, and N-(4-pyridinylmethoxycarbonyl)-L-leucine 

for N-benzyloxycarbonyl-L-leucine, the title compound was prepared as a white 

25 solid. MS (ESI): 532.1 (M+H)+. 
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Example 107 

Preparation of N-CN-<4-pyridinylmetbo:gycarbonyl}kleucinyll-N'-£2-[4-( 1.2.3-

thiadiazoI+yllphenyJlthiaml-4-ylcarbonyllhYdrazicle 

a) N-(2-(4-( 1,2,3-thiadiazol-4-yl)]thiazol+ylcarbonyl]hydrazide 

5 Following the procedure of Example 102(d), except substituting ethyl 2-(4-

(1,2,3-thiadiazol-4-yl)]thiazole-4-carboxylatc for ( lS)-1-benzyloxycarbonylamino­

l-( 4-carboethoxythiazol-2-yl)-3-metbylbutane. the title compound was prepared as a 

white solid. MS (FSI): 304.1 (M+H)+. 

10 b) N-[N-(4-pyridinylmetboxycarbonyl}L-leucinylJ-N'-[2-[4-(1,2.3-thiadiazol-

4-yl)phenyl]thiazol+ylcarbonyl]hydrazide 

FoJlowing the procedure of Example 103(d), except substituting N-[2-[4-

(1,2,3-thiadiazol-4-yl)]thiazol-4-ylcarbonyl]hydrazide for (2S,1 'S)-2-

(benzyloxycarbonyl)amino-N-[l '-(2-hydrazinocarbonylthiazol-4-yl)-3'-

15 methylbutyl]-4-methylpentanamide, and N-(4-pyridinylmethoxycarbonyl)-L-leucine 

for N-benzyloxycarbonyl-L-leucine, the title compound was prepared as a white 

solid. MS (ESI): 552.1 (M+H)+. 

Example 108 

20 Preparation of N-l2-[3-C4-chJomphenylsulfonylmetfU'llthien-2-yllthiazo1+ 

ylcarbonyll-N-CN-C4-pyridinylmethogycarbonyll-k1eucinyllbydrazide 

a) N-[2-[3-{4-chlorophenylsulfonylmethyl)thien-2-yl]thiazol-4-

carbonyl]hydrazide 

Following the procedure of Example 102(d). except substituting 2-(3-(4-

25 chlorophenylsulfonylmetbyl)thien-2-yl]thiazole-4-carboxylate for {IS)-I­

benzyloxycarbonylamino-1-(4-carboethoxytbiazol-2-yl)-3-methylbutane, the title 

compound was prepared as a white solid. MS (ESI): 414.1 {M+H)+. 
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b) N-[2-(3-( 4-chlorophenylsulfonylmethyl)thien-2-yl]thiazol-4-ylcarbonyl]-N'-

[N-( 4-pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide 

Following the procedure of Example 103(d), except substituting N-[2-[3-( 4-

chlorophenylsulfonylmethyl)tbien-2-yl]thiazol-4-carbonyl)hydrazide for (2S.l 'S)-2-

5 (benzyloxycarbony1)amino-N-[1 '-{2-hydrazinocarbonylthiazol-4-y1)-3'­

methylbuty1]-4-methylpentanamide, and N-(4--pyridinylmethoxycarbonyl)-L-leucine 

for N-benzyloxycarbonyl-L-leucine, the title compound was prepUed as a white. 

MS (ESI): 664.0 (M+H)+. 

10 Example 109 

Pmparation of Cl S.2'RS)-N-£2-C< l-bew,yloxycarbonylaminol-3-metbylbutyllthiazo]-

4-ylcarbogyJl-N'-£2'-C+phenyJphenylacetJll+meth,ylpentanQyllbydrazide 

a) 4-methyl-2-(4-pbenylphenyl)pent-4-enoic acid 

To a stirring solution of diisopropylamine (0.537 g, 5.31 mmol) in THF (5.2 

15 mL) at 0 °C was added n-butyllithium (2.1ml,5.22 mmol, 2.SM in hexane) 

dropwise. After stirring for 15 min at 0 °C, the mixture was cooled to.,. 78 °C and a 

solution of 4-biphenylacetic acid (0.500 g. 2.36 mmol) in THF (2 mL) was added 

dropwise. After again wanning to 0 °C and coolling to -78 °C, 3-bromo-2-

methylpropene (0.485 g, 3.54 mmol} was added to the mixture in one portion. After 

20 stining at -78 °C for lb, the reaction was quenched with 2 mL of water then 

concentrated. The residue was redissolved in water and extracted with ether (100 

mL). The aqueous layer was acidified (3N HCl) and extracted with ether (3 X 100 

mL). The organic layers were combined, dried (MgS04), filtered and concentrated 

to yield a white solid (0.449 g. 72%). MS(ESI)~ 265.3 (M+H)*. 

25 

b) 4-methyl-2-(4-phenylphenyl)pentanoic acid 

To a stirring solution of the compound of Example 109(a) (0.449 g, 1.69 

mmol) in ethyl acetate (25 ml.) was added palladium on carbon (0.225 g). After 

stirring under a balloon of hydrogen for 16h. the mixture was filtered through 

30 Celite. The filtrate was concentrated to yield an off white solid (0.430 g, 95% ). 

MS(ESI): 267.4 (M+H)*. 
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c) ( 1S,2'RS)-N-[2-[( 1-benzyloxycarbonylamino )-3-m.etbylbutyl]thiazol-4-

ylcarbonyl]-N'-[2'-( 4-phenylphenyJacetyl)-4-methylpentanoyl]hydrazide 

Following the procedure of Example lOl(d), except substituting (lS)-1-

5 benzyloxycarbonylamino-1-(4-hydrazinocarbonylthiazol-2-yl)-3-methylbutane for , 

(2S.1 'S)-2·{benzyloxycarbonyl)amino-N-[1 '-(2-hydrazinocarbonylthiazol-4-yl)-3'~ 

metbylbutyl]-4-metbylpentanamide. and 4-methyl-2-( 4-phenylphenyl)pentanoic acid 

for N-benzyloxycarbonyl-L-leucine. the title compound was prepared as a white 

solid. MS (ESI): 613.2 (M+ff)+. 

IO 

Example 110 

Preparation of N-C2-C3-bem;yiomhen.vllthiazol-4-ylcarbonyll-N'-rN-C2-

Rmdigy1methaxycarbony.ll-klcucinyllbyclrazjcie 

a) methyl 3-benzyloxybenzoate 

15 To a suspension of Naff (0.395 g, 9.87 mmol, 60% in mineral oil) in DMF 

(20 ml) was added methyl 3-hydroxybenzoate (1.0 g. 6.58 mmol). After stirring 

for 15 min at room temperature, beozyl bromide (1.1 g, 6.58 mmol) was added. 

After stirring at room temperature for 3h, the solution was partitioned between ethyl 

acetate and water. The organic layer was washed with water (2 X 75 mL), saturated 

20 aqueous sodium bicarbonate, and brine. then dried (MgS04), f.tltered and 

concentrated to yield an off-white solid (1.013 g, 4.2 mmol). 1 H NMR (400 MHz, 

CDC13) 8 7.67 (m. 2H), 7.48-7.34 (m. 6H), 7.19 (m, lH). 5.12 (s, 2H). 3.95 (s. 3H). 

25 

b) 3-benzyloxybenzamide 

To a suspension of ammonium hydrochloride (1.070g, 0.02 mmol) in 20 mL 

of toluene at soe, was s1owloy added a 2M solution (10 mL) of trimethylaluminium 

in toluene. After the addition was complete, the reaction mixture was allowed to 

warm at room temperature and was stirred for 2 hours until gas evolution has 

ceased. 

30 To a stining solution of the compound of Example l lO(a) (605 mg. 2.49 

mmol) in toluene was added a 0.67 M solution of MeAICINH2 ( 11 mL, 7 .49 mmol) 
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in toluene. The reaction mixture was allowed to stir overnight at reflux. The 

reaction was quenched with 5% HCJ, the organic layer was separated and the 

aqueous layer extracted three times with ethyl acetate. The organic extracts were 

combined. dried over MgS04, filtered and concentrated to afford the title compound 

5 as a white solid (409 mg, 72%). MS (ESI): 228.l (M+H)+. 

c) N-[2-(3-benzyloxyphenyl)thiazol-4-ylcarbonyl]hydrazide 

Following the procedure of Example 102(b)-102(d), except substituting 3-

benzyloxybenzamide for N-benzyloxycarbonyl-L-leucinamide in step (b), the title 

10 compound was prepared as a white solid. MS (ESI): 326.2 (M+ff)+. 

d) N-(2-pyridinylmethoxycarbonyl)-L-leucine 

Followong the procedure of Example 106(a)-106(c), except substituting 2-

pyridylcarbinol for 4-pyridylcarbinol in step (b ), the title compound was prepared. 

15 lff NMR (400 MHz, CD30D) ~ 8.50 (d, lH), 7.86 (dt, lH), 7.51 (d, IH), 7.36 (dd, 

lH), 5.20 (d, IH), 5.16 (d, lH), 4.19 (t, IH), 1.78-1.72 (m, lH), 1.62 (t, 2H), 0.97 

(d. 3H), 0.94 (d, 3H). 

e) N-[2-(3-benzyloxyphenyl)thiazol-4-ylcarbonyl]-N'-[N-(2-

20 pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide 

Following the procedure of Example 103{d), except substituting N-[2-(3-

benzyloxyphenyl)thiazol-4-ylcarbonyl]hydrazide for (2S, l 'S)-2-

(benzyloxycarbonyl)amino-N-[1 '·(2-hydrazinocarbonyltbiazoJ-4-yl)-3'­

methylbutyl]-4-methylpentanamide, and N-(2-pyridinylmethoxycarbonyl)-L-leucine 

25 for N-benzyloxycarbonyl-L-leucine, the title compound was prepared as a white 

solid (106 mg, 0.184 mm.ol). MS (ESI): 574.2 (M+H)+. 
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Example 111 

Preparation of< lRS>-N-£2-C 1-C 4-phenylphenyll-3-metbylbutyiltbiazoH­

ylcarbonyll-N'-CN-C4-pyridinylmetboxycarbonyll-kleucinyilbydrazide 

a) N-(2-[1-( 4-phenylphenyl)-3-methylbutyl)thiazol-4-ylcarbonyl]hydrazide 

5 Following the procedure of Example 102(a)-102(d), except substituting 4-

methyl-2-(4-phenylphenyl)pentanoic acid for N-benzyloxycarbonyl-L-leucine in 

step (a), the title compound was prepared as a white solid. MS (ESI): 366.3 

(M+H)+. 

10 b) ( lRS)-N-[2-[ l-( 4-phenylphenyl)-3-methylbutyl]thiazol-4-ylcarbonyl]-N'-[N-

(4-pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide 

Following the procedure of Example 103(d). except substituting N-[2-[1-(4-

phenylphenyl)-3-methylbutyl]thiazoJ-4-ylcarbonyl]bydrazide for (2S, l 'S)-2-

(benzyloxycarbonyl)amino-N-[l '-(2-hydrazinocarbonylthiazol-4-yl)-3'-

15 metbylbutyl]-4-methylpentanamide, and N-( 4-pyridinylmethoxycarbonyl)-L-leucine 

for N-benzrloxycarbonyl-L-leucine, the title compound was prepared as a white 

solid. MS (ESI): 614.3 (M+H)+. 

Example 112 

20 Preparation of N-C2-C2-bena;yloXYP®oyl>thiazol-4-ylcarbonylJ-N'-CN-C 4-

pyridinylmethoxycarbonyll-L-leucinyllhydrazide 

a) ethyl 2-aminothiazole-4-carboxylate hydrobrOmide 

To a stirring suspension of thiowea (6.0 g, 78.8 mmol) in ethanol (80 mL) 

· was added ethyl bromopyruvate (15.4 g. 78.8 mmol). The resulting solution was 

25 heated at 45 °C for 23 h. The solution was cooled at 0 °C for 24 h, and the crystals 

were collected by filtration and washed with cold ethanol to provide the title 

compound(l5.8g, 79%). lffNMR(400MHz,CD300)67.70(s, lH),4.41 (q. 

2H). 1.38 (t, 3H). 

144 



W097/16433 PCT/US96/18000 . 

b) ethyl 2-bromothiazole-4-carboxylate 

To a stirring suspension of the compound of Example 112(a) (12.15 g, 48 

mmol) in 16% aqueous HBr (150 mL). cooled to 0 °C, was added drropwis a 

solution of sodium nitrite (3.44 g, 49.8 mmol) in water (6 mL). After stirring for 35 

5 min, copper (I) bromide (7.83 g, 54.6 mmol) and 16% aqueous HBr (60 mL) were 

added and the mixture was heated at 70 °C for 1 h. The mixtte was filtered and the 

filtrate was saturated with NaCl then extracted with ethyl acetate (2 X 170 mL). 

The combined extracts were dried (MgS04), filtered and evaporated to dryness. 

The residue was combined with combined with the solid collected in the first 

10 flltration, heated at reflux in ethanol (500 mL) for 5 min, then filtered. To the 

filtrate was added 1.5 mL of 48% aqueous HBr and the solution was heated at reflux 

for 16 h, then concentrated. The residue was partitioned between saturated aqueous 

NaHC03 and ethyl acetate. The organic layer was washed with saturated brine, 

dried (MgS04), decolorized with charcoal, filtered and concentrated to provide the 

15 title compound as a pale yellow solid (7.46 g, 75%). MS (ESI): 236.0 (M+H)+. 

c) 2-benzyloxybromobenzene 

To a stirring solution of2-bromophenol (10.0 g, 57.8 mmol), and benzyl 

bromide (9.9 g, 57.8 mmol) in acetone (150 mL) was added K2C03 (12.0 g, 86.7 

20 mmol). After stirring at reflux for 4h. the mixture was partitioned between ethyl 

acetate and water. The organic layer was washed with brine, dried (MgS04), 

filtered and concentrated. The residue was purified by column chromatography 

(silica gel, ethyl acetate/hexane) to yield the title compound a5 a colorless oil (15.2 

g. 57.8 mmol). lJINMR (400.MHz, CDCI3) 87.62 (m, lH), 7.54 (m, 2H), 7.45 (m, 

25 2H), 7.37 (m. lH), 7.28 (m. IH}, 6.98 (m. lH), 6.91 (m, lH), 5.17 {s, 2H). 

d) 2-benzyloxyphenylboronic acid 

To a stining solution of the compound of Example 112( c) ( 15.2 g, 57 .8 

nunol) in THF ( 100 mL) at -78°C was added dropwise n-BuLi (23.1 mL, 2.SM in 

30 hexane, 57 .8 mmol). The mixture stined at -78°C for 25 min when added via 

cannulation to a stirring solution of triisopropylborate (54.4 g, 289 mmol) in THF 
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{100 mL) at -78°C. After wanning to room temperature and stirring for 3h. the 

mixture was poured into 3N HCI (100 mL) and extracted with ethyl acetate (3 X 

200mL). The organic layers were combined, washed successively with water and 

brine, dried (MgS04), filtered and concentrated. The residue was purified by 

5 column chromatography (silica gel, ethyl acetate/hexane) to yield the tide 

compound as a pale yellow solid (6.9 g. 30.3 mmol). 1 HNMR (400 MHz. CDC13) S 

7.90 (d. lH), 7.42 (m. 6H), 7.07 (t, lH), 7.02 (d, lH). 6.05 (s, 28), 5.16 (s, 2H). 

e) ethyl 2-(2-benzyloxyphenyl)tbiazole-4-carboxylate 

10 To a stirring solution of the compound of Example 112(b) (4.0 g, 16.9 

mmol), the compound of Example 72(d) (4.29 g, 18.8 mmol), 

tetrakis(triphenylphosphine)palladium(O) (0.65 g, 0.57 mmol) in dimethoxyethane 

(60 mL) was added cesium fluoride (8.58 g, 56.5 mmol) and the mixture was heated 

at 85 °C for 16 h. Tetrakis(tripbenylphosphine)palladium(O) (0.65 g, 057 mmol) 

15 was added and heating at 85 °C was continued for S h. The mixture was diluted 

with water (60 mL) and extracted with ethyl acetate (2 X 120 mL). The combined 

extracts were washed with saturated aqueous NaHC03 and saturated brine, dried 

(MgS04), filtered and concentrated. The residue was purified by flash 

chromatography on 180 g of230-400 mesh silica gel, eluting with 15% ethyl acetate 

20 in hexanes, to provide the title compound as a white solid (3.22 g, 56% ). MS ·(ESI): 

340.3 (M+ff)+. 

f) 2-(2-benzyloxyphenyl)thiazol-4-ylcarbonylhydrazide 

Following the procedure of Example 102(d), except substituting ethyl 2-(2-

25 benzyloxyphenyl)thiazole-4-carboxylate for ( lS)-1-benzyloxycarbonylam.ino-1-(4-

carboethoxythiazol-2-yl)-3-methylbutane, the title compound was prepared as a 

white solid MS (ESI): 326.2 (M+H)+. 
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g) N-[2-(2-benzyloxyphenyl)thiazol-4-ylcarbonyl]-N'-[N-(4-

pyridinylmethoxycarbonyl)-L-leucinyl]bydraz.ide 

Following the procedure of Example l03(d}, except substituting 2-(2-

benzyloxyphenyl)thiazole-4-ylcarbonylhydraz.ide for (2S,1 'S)-2-

5 (benzyloxycarbonyl)amino-N-[1 '-(2-hydrazinocarbonylthiazol-4-yl)-3'­

methylbutyl]-4-methylpentanamide, and N-(4-pyridinylmethoxycarbonyl)-L-leucine 

for N-benzyloxycarbonyl-L-leucine, the title compound was prepared as a white 

solid. MS (ESI): 574.3 (M+ff)+. 

10 Example 113 

Preparation of N-[2-CN-metbyl-N-<+phenylphenyDaminolthiazol+ylcarbonyll-N'­

rN-C 4-UYridinylmethoxycarbonyll-L-leucinyllhydrizide 

a) N-( 4-phenylphenyl)-2-methylpropionamide 

To a stirring solution of 4-aminobiphenyl (9.53 g, 56.3 mmol) and 

15 triethylamine (5.70 g, 56.3 mmol, 7.85 mL) in methylene chloride (60 mL). cooled 

to 0 °C, was added slowly isobutyry1 chloride (6.0 g, 56.3 mmol, S.90 mL). After 

stirring at 0 °C for 1 h, the mixture was diluted with methylene chloride (120 ml.) 

and washed with IN NaOH and saturated brine, then dreid {MgS04), filtered and 

concentrated. The residue was washed with ether and dried to provide the title 

20 compound as a pale yellow crystalline solid (9.83 g, 73% ). 1 HNMR ( 400 MHz, 

CDC13'CD30D) 8 7.58 (d, 2H), 7.SO (m, 4H). 7.40-7.25 (m, 3H), 2.55-2.49 (m, 

lH). 1.18 (d, 6H). 

25 

b) N-( 4-pbenylphenyl)-N-(2-methyJ-1-propyl)amine · 

To a stirring solution of lithium aluminum hydride (58.6 mmo1) in THF 

(58.6 mmoJ). cooled to 0 °C, was added slowly over 10 min a solution of the 

compound of Example 73(a) (9.35 g, 39.0 mm.ol) in nIF (170 mL). After the 

addition was complete. the ice bath was removed and the solution was heated at 55 

°C for 30 min. The mixture was cooled to 0 °C and water (2.22 mL) was slowly 

30 added, followed by 15% aqueous NaOH (2.22 mL) and water {6.67 ml.). The 

precipitate was removed by filtration and washed with ether 4 times. The filtrate 
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was evaporated to dryness to proveide the title compound as a pale yelJow solid 

(8.34 g. 97%). MS (ESI): 226.2 (M+H)+. 

c) N-(4-phenylphenyl)-N-(2-metbyl-1-propyl)thiourea 

To a stirring solution ofthiophosgene (98.9 mg, 2.6 mmol. 198 uL) in 

methylene chloride (6.5 mL), cooled to 0 °C, was added dropwise a solution of the 

compound of Example 73(b) (540.7 mg, 2.0 mmol) in methylene chloride (1 mL). 

After stining for 2 h. ammonia-satruated methanol (20 m.L) was added and the 

solution was stirred at room temperatur for 2 h. The solution was concentrated and 

10 the residue was partitioned between ethyl acetate and IN HCJ. The organic layer 

was washed with IN HCl twice, then with saturated brine. then dried (MgS04), 

filtered and concentrated. The residue was purified by flash chromatography on 10 

g of 230-400 mesh silica gel, eluting with I :3 ethyl acetate/hexanes, to provide the 

title compound as a pale yellow solid (470 mg, 83%). MS (ESI): 285.3 (M+H)+. 

15 

d) ethyl 2-[N-( 4-phenylphenyl)-N-(2.:.methyl-1-propyl)amirio ]thiazole-4-

carboxylate 

A solution of the compound of Example 113(c) (184.6 mg. 0.65 mmol) and 

ethyl bromopyruvate (126.6 mg. 0.65 mmol, 81.5 uL) in ethanol (2.5 mL) was 

20 heated at reflux fo 5 min, then concentrated. The residue was partitioned between 

ethyl acetate and saturated aqueous NaHC03. The aqueous layer was extracted with 

ethyl acetate and the combined organic layers were washed with saturated brine, 

dried (MgS04), filtered and concentrated. The residue was passed through a plug 

of 230-400 mesh silica gel, eluting with 12% ethyl acetate in hexanes, to provide the 

25 title compound as a pale yellow oil (230 mg, 93%). MS (ESI): 381.4 (M+H)+. 

e) N-[2-[N-( 4-phenylphenyl)-N-(2-methyl-l-propyl)amino ]thiazol-4-

ylcarbonyl]hydrazide 

Following the procedure of Example 102(d), except substituting ethyl 2-[N-

30 ( 4-phenylphenyl)-N-(2-metbyl-l-propyl)amino )thiazole-4-carboxylate for (1 S)-1-
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benzyloxycarbonylamino-1-(4-carboethoxythiazol-2-yl)-3-methylbutane, the title 

compound was prepared as a white solid. MS (ESI): 367.3 (M+H)+. 

f) N-[2-[N-methyl-N-(4-phenylphenyl)amino]thiazol-4-ylcarbonyl]-N'-[N-(4-

5 pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide 

Following the procedure of Example 103(d), except substituting N-[2-[N-(4-

phenylphenyl)-N-(2-methyl-1-propyl)amino ]thiazol-4-ylcarbonyijhydrazide for 

(2S,l'S)-2-(benzyloxycarbonyl)amino-N-[1'-(2-hydrazinocarbonylthiazol-4-yl)-3'­

methylbutyl]-4-methylpentanamide, and N-(4-pyridinylmethoxycarbonyl)-L-leucine 

IO for N-benzyloxycarbonyl-L-leucine, the title compound was prepared as a white 

solid. MS (ESI): 615.3 (M+H)+. 

15 

20 

Example 114 

Prc;paration of N-<N-l>enzylmycarbonyl-kleucinyll-N'-C2-C4-phegylbenzy0tbiazol-

4-ylcarbonyllbydrazjde 

a) N-(2-(4-phenylbenzyl)thiazol-4-ylcarbonyl]hydrazide 

Following the procedure of Example 102(a)-102(d), except substituting 4-

biphenylacetic acid for N-benzyloxycarbonyl-L-leucine in step (a), the title 

compound was prepared as a white solid. MS (ESI): 310.3 (M+H)+. 

b) N-(N-benzyloxycarbonyl-L-leucinyl)-N'-[2-( 4-phenylbenzyl)tbiazol-4-

ylcarbonyl]hydrazide 

Following the procedure of Example 103(d), except substituting N-[2-( 4-

phenylbenzyl)thiazol-4-ylcarbonyl]hydrazide for (2S, I 'S)-2-

25 (benzyloxycarbonyl)amino-N-[ l '-(2-hydrazinocarbonylthiazol-4-yl)-3'­

methylbutylJ-4-methylpentanamide, the title compound was prepared as a white 

solid (20 mg, 0.035 mmol). MS (ESI): 557.4 (M+H)+. 
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Example 115 

Pmparation of N-£2-C4phenylphenylbenzylltbiazol+ylcarbonyl]-N'-[N-C 4-

pyridinylmctboxycarbonyll-kleucioyllhydrazide 

Following the procedure of Example 103(d), except substituting N-(2-( 4-

5 phenylbenzyl)thiazol-4-ylcarbonyl]hydrazide for (2S,l 'S)-2-

(benzyloxycarbonyl)amino-N-[l '-(2-hydrazinocarbonyltbiazol-4-yl)-3',.. 

methylbutyl]-4-methylpentanamide, and N-(4-pyridinylm.ethoxycarbonyl)-L-leucine 

for N-benzyloxycarbonyl-L-leucine, the title compound was prepared as a yellow 

solid (30 mg, 0.053 mmol). MS (ESI): 558.2 (M+H)+. 

10 

Example 116 

Pn;paration of N-CN-beneylaxycarbonyl-kleucinyD-N'-f2-CN-(2-:inetbylpmpy.U-N­

phenylamjno)thjazo)-4-ylcarbonyllhydrazide 

a) N-[2-[N-phenyl-N-(2-methyl-1-propyl)amino ]thiazol-4-

15 ylcarbonyl]hydrazide 

Following the procedure of Example l 13(a)-l 13(e), except substituting 

aniline for 4-aminobiphenyl in step (a), the title compound was prepared as an 

orang-pink solid (276 mg, 0.950 mmol). MS (ESI): 291.3 (M+H)+. 

20 b) N-(N-benzyloxycarbonyl-L-leucinyl}N'-[2-[N-(2-methylpropyl)-N-

phenylamino ]thiazol-4-ylcarbonyl]hydrazide 

Following the procedure of Example 103(d), except.substituting ) N-[2-[N­

phenyl-N-{2-methyl-l-propyl)amino]thiazol-4-ylcarbonyl]hydrazide for {2S, l 'S)-2-

(benzyloxycarbonyl)amino-N-[ l '-(2-hydrazinocarbonylthiazol-4-yl)-3'-

25 methylbutyl]-4-methylpentanamide, the title compound was prepared as a white 

solid (92 mg, 0.171 mmol). MS (ESI): 560.3 (M+Na)+. 
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Example 117 

Pre,paration ofN-£2-rN-C2-metbylpmpy1l-N-phenylaminalthiazgl-4-ylcarbonyJJ-N'­

CN-<+pyridinyltnethoxycarbogyll-kleucioy1Jhydrazide 

Following the procedure of Example 113(a)-113(f). except substituting 

5 aniline for 4-aminobiphcnyl in step (a), the title compound was prepared as a yellow 

solid (50 mg, 0.092 mmol). MS (ESI): 539.4 (M+H)+. 

Example 118 

Pre,paration of N-[2-C2-benzyloXYJ!benyllthiazol-4-ylcarbonyl]-N'-[N-C3-

10 pyridin,vlmetboxycarbonyl)..L-leucinyllbydrazide 

15 

Following the procedure of Example 112(a)-l 12(g), except substituting N­

(3-pyridinylmetboxycarbonyl)-L-leucine for N-(4-pyridinylmethoxycarbonyl)-L­

leucine in step (g), the title compound was prepared as a white solid (93.8 mg, 

53%). MS (ESI): 574.3 (M+H)+. 

Ezcample 112 

Pmparation of N-C2-C2-benZYlox)!phcnyDthiazgl-4-ylcarbonyll-N'-[N-C2-

pyridinylmethoxycarbonyll=kleucinyllhydrazi4e 

Following the procedure of Example l 12(a)-l 12(g), except substituting N-

20 (2-pyridinylmethoxycarbonyl)-L-leucine for N-( 4-pyridinylmethoxycarbonyl)-L­

leucine in step (g}. the title compound was prepared as a white solid ( 149. 7 mg. 

85%). MS (ESI): 574.4 (M+H)+. 

Example 120 

25 Pgparation of N-<N-beqylogycarbouyl-N-metbyl-kleucinyD-N'-[2-(,2-

benzyloX):phenyllthiazol-4-ylcarbonyllbydrazide 

Following the procedure of Example l 12(a)-l 12(g}, except substituting N­

benzyloxycarbonyl-N-methyl-L-leucine for N-(4-pyridinylmethoxycarbonyl)-L­

leucine in step (g). the title compound was prepared as a white solid (153.5 mg, 

30 85%). MS (ESJ): 609.3 (M+ff)+. 
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Example 121 

Prqmtion of N-[2-CN-<2-metbylprOJ>yll-N-phegylaminolthiazol+ylcarbogyU-N'­

CN-<2-pyridinyJmethoxycarbonyll-kleucinyllbydrazide 

Following the procedure of Example 113(a)-113(f). except substituting 

S aniline for 4-aminobiphenyl in step (a) and N-(2-pyridinylmethoxycarbonyJ)-L­

leocine for N-( 4-pyridinylmethoxycarbonyl)-L-leucine in step (f), the title 

compound was prepared as a white solid (40 mg). MS (ESI): 539.4 {M+ff)+. 

Example 122 

10 fnalaration of N-£2-CN-C2-metbylpropyl)-N-phenylaminoltbiaml+yJcarbonyl1-N'-

CN-C3-Plridinylmethogycarbon.vll-kleucinyJlbydrazide 

Following the procedure of Example l 13(a)-113(f), except substituting 

aniline for 4-aminobiphenyl in step (a) and N-(3-pyridinylmethoxycarbonyl)-L­

leucine for N-( 4-pyridinyJmetboxycarbonyl)-L-leucine in step (f), the title 

15 compound was prepared as a white solid (42 mg). MS (ESI): 539.4 (M+ff)+. 

20 a) 

Example 123 

Pn;paration of N-£2-(2-methoX)l>henylltbiar_nl-4-ylcarbonyll-N'-CN-C+ 

pyridinylmetboxycarbonyl)-L-leucinyllbyclrazjde 

2-trimethylstannylanisole 

To a stirring solution of n-BuLi (2.6 mL, 2.SM in hexane, 6.42 mmoJ) in 

diethyl ether (2.5 mL) at-78C was added 2-bromoanisole (1.0 g, 5.35 mmol) in 

diethyl ether (2 mL) dropwise. After stirring for lb at -78C, trimethyltin chloride 

(6.4 mL, 1.0M in THF, 6.42 mmol) was added dropwise. The mixture was allowed 

25 to stir an additional 2h while slowly warming to room temperature. The mixture 

was then washed with saturated aqueous NaHCC>J. The aqueous layer was 

extracted with diethyl ether (1 X SOmL) and the organic layers were combined, 

dried (MgS04), filtered and concentrated. The residue was purified by column 

chromatography (silica gel, hexane) to yield the title compound as a colorless oil 

30 (1.11 g, 76%). lffNMR (400MHz, CDCI3) l> 7.47 (d, lH), 7.40 (t, lH), 7.05 (t, 

lH). 6.90 (d. lH), 3.36 (s, 3H), 0.34 (s. 9H). 
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b) ethyl 2-(2-methoxyphenyl)tbiazole-4-carboxylate 

A mixture of the compound of Example l 12(b) (0.250 g, 1.06 mmol), the 

compound of Example 83(a) (0.287 g, 1.06 mmol), and 

5 tetrakis(triphenylphosphine)palladium{O) (0.037 g, 0.0318 mmol) in toluene (2 mL) 

was stirred at reflux for 16h. The mixture was diluted with ethyl acetate and washed 

with water and brine. The organic layer was dried (MgS04}, flltered and 

concentrated. The residue was purified by column chromatography (silica gel, ethyl 

acetatelhexane) to yield the tide compound as a white solid (0.081g,29%). 

10 1 HNMR (400MHz, CDC13) 6 8.54 (d. lH). 8.22 (s, lH), 7.45 (t. lH), 7.11 (t. lH), 

7.05 (d, IH), 4.48 (q, 2H), 4.04 (s, 3H), 1.46 (t, 3H}. 

c) N-(2-(2-methoxyphenyl)thiazol-4-ylcarbonyl]-N'-[N-( 4-

pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide 

15 Following the procedure of Example 112(f)-112(g), except substituting ethyl 

2-(2-methoxyphenyl)thiazole-4-carboxylate for ethyl 2-(2-

benzyloxyphenyl)thiazole-4-carboxylate in step (f), the title compound was prepared 

as a white solid MS (ESI): 498.3 (M+H)+. 

20 The above description fully discloses how to make and use the compounds 

of the present invention. However, the present invention is not limited to the 

particular embodiments described hereinabove, but includes all modifications 

thereof within the scope of the following claims. The various references to journals, 

patents and other publications which are cited herein comprise the state of the art 

25 and are inco1p<>rated herein by reference as though fully set forth. 
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Example 124 

Prgration of C2S.l 'S)-N-Cl '-C4-carl>oethoxythiazol-2-yll-3'-methylbutyll+meth,v1-

2-C2-phenylbenzyloxycarbonyllamino,psmtanamide 

5 a) (28. l 'S)-2-(tcrt-butoxycarbonyl)amino-N-[1 '-(4-carboethoxytbiazol-2-yl)-3'­

methylbutyl]-4-methylpentanamide 

The compound of Example 8{c)(l.2 g. 3.5 mmol) was stiried at roo~ 

temperature in neat TFA (2.96 g, 26.0 mmol) for 15 min. The solution was the 

concentrated in vacuo and redissolved in DMF (25 mL). To the stining solution 

10 was added triethylamine (0.779 g, 7.7 mmol), BOC-Leu-OH (0.972 g, 3.9 mmol), 

1-hydroxybenzotriazole (0.095 g, 0. 7 mmol), and 1-(3-dimethylaminopropyl)-3-

ethylcarbodilmide hydrochloride (0.750 g, 3.9 mmol). After stirring at room 

temperature for 16 hours, the solution was diluted with ethyl actate and washed 

successively with water (2 X 100 mL). NaHC03, and brine. The organic layer was 

15 dried (MgS04), filtered and concentrated. The residue was purified by column 

chromatography (silica gel, ethyl acetate/hexane) to yield the title compound as a 

white solid (1.15 g, 72%). MS(ESI): 456.2 (M+H)+. 

b) (2S, l 'S)-N-( l '-( 4-carboethoxythiazol-2-yl)-3'-methylbutyl]-4-methyl-2-(2-

20 phenylbenzyJoxycarbonyJ)aminopentanamide 

To a stirring solution ofphosgene (l.5 mL. 2.9 mmol. l.93M in toluene) at 

OOC was added 2-biphenylmethanol (0.486 g, 2.64 mmol) and 

diisopropyletbylamine (0.375 g. 2.9 mmol). The solution was allowed to stir at 0°C 

for 30 min. In a separate reaction vessel, after stllring at room temperature for 10 

25 min. the compound of Example 124(a) (O.lSO g, 0.330 mmol) dissolved in TFA (2.0 

mL) was concentrated and redissolved in DMF (3 mL). This solution was added to 

the 2-biphenylmethanol solution followed by diisopropylethylamine (0.213 g~ 1.65 

mmol). After stirring at room temperature for lh, the solution was diluted with 

ethyl acetate and washed successively with water and brine. The organic layer was 

30 dried (MgS04). filtered and concentrated. The residue was purified by column 
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chromatography (silica gel, ethyl acetate/hexane) to yield the title compound as a 

white solid (0.138 g. 74%). MS(ESI): 566.3 (M+H)+. 

Example 125 

5 Pr;paration of C2S. 1 'S)-2-[C2-beneyD'beDzYloX)'carbODY])]amino-N-U '-C+ 

carboethoxythiazgl-2-yD-3'-qtbylbll\Yll+metbylpentanamide 

Following the procedure of Example 124(b ), except substituting 2-

benzylbenzyl alcohol for 2-biphenylmethanol. the title compound was prepared as a 

10 white solid (0.123 g. 64%). MS(ESI): 580.0 (M+H)+. 

Exaumle 126 

Preparation of C2S. 1 'Sl-N-U '-l4-carboethoxytbjamJ-2-yD-3'-methylbutyll-4-

metbyl-2-[C2-naphthylmetlmycarbonylllamiqentanamide 

IS Following the procedure of Example 124(b), except substituting 2-

naphthalenemethanol for 2-bipbenylmethanol, the title compound was prepared as a 

white solid (0.132 g. 74%). MS(ESI): 540.1 (M+H)+. 

Example 127 

20 Preparation of C2S. 1 'Sl-N-Cl '-C+carboethox.ythiazol-2-yD-3'-metbylbutyll-4-

metbyl-2-CC3-phenoxybenzylomarbonyI>lamino,pentanamide 

25 

Following the procedure of Example 124(b), except substituting 3-

phenoxybenzyl alcohol for biphenylmethanol. the title compound was prepared as a 

white solid (0.107 g, 56%). MS(ESI): 581.9 {M+H)+. 
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Example 128 

Pn;paration o{C2S.l'S)-2-Cbeneylaxycarbon,yllamino-N-ll'-[2-C2-

beAAVlguanidinyllthiazol-4-yll-3'-metbylbutyll-4-methyl,pentanamide 

a) S-methyl dithiobiuret hydroiodide salt 

5 To a stirring solution of dithiobiuret (5.0 g, 37 mmol) in THF (75 mL) was 

added iodomethane (13.1g,92.5 mmol, 5.76 ml). After stirring at room 

temperature for 22 ~ the solution was diluted with 150 mL of toluene and allowed 

to stand at 0 °C for 3 h. The crystals were collected by filtration and washed with 

cold 2: 1 toluenelfHF, then dried in vacuo to give the title compound as a white 

10 solid (8.7 g, 85%). MS(ESI}: 149.9 (M+H)+. 

b) 3-benzylguanidinyl tbiourea 

The compound of Example 128(b) (4.35 g. 15.7 mmol) was dissolved in 

isopropanol (80 mL) and benzylamine (1.77 g, 16.5 mmol. 1.8 mL) was added and 

15 the mixture was heated at reflux for 16 h. The bot solution was filtered and the 

filtrate was cooled to 0 °C. After 5 h, the solid was collected by filtration and 

washed twice with cold iospropanol, then dried in vacuo to provide the title 

compound as a white solid(2.59 g, 61%). MS(ESI): 209.2 (M+H)+. 

20 c) (2S,l'S)-2-(benzyloxycarbonyl)amino-N-[1'-[2-(2-benzylguanidinyl)thiazol-4-

yl]-3'-methylbutyl]-4-methylpentanamide 

25 

Following the procedure of Example (b). except substituting 3-

benzylguanidinyl thiourea for ethyl thiooxamate. the title compound was prepared 

as a white solid (102 mg. 79%). MS(ESI): 565.1 (M+H)+. 
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Example 129 

Preparation of Cl Sl-N-£4-U-CN-benzylom;arbonylaminol-3-met1)ylbutyllthiazol-2-

ylcarbonyl]-N-metbyl-N'-<N-beneyloxycarbonyl-L-leucinyllJi.vdrazide 

Following the procedure of Example 26(a)-26(d), except substituting methyl 

5 hydrazine for hydrazine in step {c), the title compound was prepared as a white 

solid. MS(ESI): 624.1 (M+H)+. 

Exanmle 130 

Pmparation of C 1 S)-N-r+rt-CN-beneylox,ycarbogyl31Dino)-3-methylbutyl]thiazol-2-

10 ylcarbonyll-N'-CN-benzyloxycarbonyl-L-leucinyl)-N-methylbydrazide 

a) N-(N-benzyloxycarbonyl-L-leucinyl)-N-methylhydrazide 

Following the procedure of Example 26(c), except substituting N­

benzyloxycarbonyl-L-leucine methyl ester for ( lS)-l-benzyloxycarbonylamino-1-

15 (2-carboethoxytbiazoJ-4"'.yl)-3-methylbutane and methyl hydrazine for hydrazine, 

the title compound was prepared. 

b) (lS)-1-benzyloxycarbonylamino-1-(2-carboxythiazol-4-yl)-3-methylbutane 

The compound of Example 26(c)(0.57 g., 1.5 mmol) was dissolved in 

20 tetrahydrofuran and treated with an excess of 1.0N sodium hydroxide. The mixture 

was allowed to stir for 4 hours. and was quenched with 1.0N citric acid. The 

solvent was evaporated and the aqueous layer extracted three times with 

dicbloromethane. The organic layers were combined and evaporated to give the 

acid as a white foam (0.SS g, 100%). 

25 

c) (lS)-N-[4-[1-(N-benzyloxycarbonylamino)-3-methylbutyl]thiazol-2-ylcarbonyl]­

N'-(N-benzyloxycarbonyl-L-leucinyl)-N'-methylbydrazide 

Following the procedure of Example 28(e). except substituting N-(N­

benzyloxycarbonyl-L-leucinyl)-N-methylhydrazide for ( 1 S)-1-

30 (benzyloxycarbonyl)amino-1-(4-carboethoxythiazol-2-yl)-3-methylbutane and (IS)-

1-benzyloxycarbonylamino-1-(2-carboxythiazoJ-4-yl)-3-methylbutane for N-
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benzyloxycarbonyl-L-leucine, the title compound was prepared as a white solid. 

MS (ESO: 624.2 (M+H)+. 

Example 131 

5 fRlm@tion of N-CN-benzylox.ycarb9nyl-kleucinyll-N'-CN-bem;yloxxcarbonyl-L­

leucinyJ)-ka1anylbydrazicie 

10 

Following the procedure of Example 27(a)-27(c), except substituting L­

alanine methyl ester for L-leucine methyl ester in step (a), the title compound was 

prepared as a white solid (225 mg. 42% ). MS(ESI): 598.1 (M+H)+. 

Example 132 

Pre.paration ofN-CN-benzylo;gycarbon,yl-kleuciuyll-N'-(N-benzyl93ycarbonyl-L­

leucinYll&Lvcin.vlbydrazide 

Following the procedure of Example 27(a)-27(c}, except substituting glycine 

15 methyl ester for L-leucine methyl ester in step (a), the title compound was prepared 

as a white solid (307 mg, 42%). MS(BSI): 584.1 (M+H)+. 

Example 133 

Pre,paration of Cl S>-N-[2-U-<N-beuyloxycarbonylaminol-3-metbylbutyll-L3.4-

20 ttiazol-5-ylcarbonyll-N'-CN-benzylpUcarbonyl-kleucipyllbydrazi<le 

a) ethyl oxalamidrazonate 

To a solution of ethyl thiooxamate (3.0 g, 22.6 mmol) in ethanol (50 ml..) 

was added hydrazine hydrate ( 1.13 g, 22.6 mmol, 1.09 mL). The mixture was 

allowed to stir for 3 hours at room temperature, while venting through a scrubber of 

25 concentrated sodium hydroxide solution. The solution was allowed to stand for 16 

hours and the ethanol was evaporated. The residue was boiled in 30% . 
dichlommethane in petroleum ether, filtered, and recrystallized to give the desired 

compound as a tan solid. (0.264 g, 9%). 
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b) (lS)-1-benzyloxycarbonylamino-1-(2-carboethoxy-l,3,4-triazol-5-yl)-3-

methylbutane 

N-beilzyloxycarbonyl-L-leucine (0.535 g, 2.0 mmol) was stirred in THF at -

S °C. Ethyl chloroformate (0.23 mL, 2.4 mmol) and triethylamine (0.25 g, 2.4 

5 mmol, 0.34 mL) were added. The compound of Example lO(a) (0.264 g, 2.0 mmol) 

was then added and the mixture was allowed to stir at room temperature overnight. 

The solvents were evaporated and the resjdue was <lissolved in xylenes and heated to 

200 °C using a Dean-Star~ apparatus. The heating was stopped after 4 hours and 

the solution was evaporated to a residue which was chromatographed (silica gel, 

10 40% ethyl acetate in hexane) to give the title compound as a white solid (0.498 g, 

69%). lff NMR (400 MHz, CDC13} 3 7.20 (m, SH). 5.71 ( d, lH), S.04 ( s, 2H), 

4.99 ( dd , lH) • 4.36 ( q , 2H) , 1.8 ( m , 2H) , 1.59 ( m • lH) , 1.31 ( t , 3H) , 0.83 ( 

dd. 6H). 

15 c) (l S)- l-benzyloxycarbonylamino- l-(2-hydrazinocarbonyl-1,3,4-triazol-5-yl)-3-

methylbutane 

Following the procedure of Example 26(c)-26(d), except substituting (lS)-1-

benzyloxycarbonylamino-1-(2-carboethoxy-l,3,4-triazol-5-yl)-3-methylbutane for 

( lS}- l-benzyloxycarbonylamino-1-(2-carboethoxythiazol-4-yl)-3-methylbutane in 

20 step (c), the title compound was prepared. MS (ESI): 594.5 (M+H)+. 

Example 134 

Preparation of ClSl-N-{N-acetyl-kleucjnyll-N'-(2-C l-<N-benzylogycar00nylaminol-

3-methy1bmyllthiazol-4-y1carbonyllhydrazide 

25 Following the procedure of Example 28(a)-28(e), except substituting N-

acetyl-L-leucine for N-benzyloxycarbonyl-L-leucine in step (e). the title compound 

was prepared as a white solid (95 mg, 67%). MS(ESI): 518.0 (M+H)+. 
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Example 135 

Pnalaration of ( 1 Sl-N-CN-ben7Jloxycarbonyl-kalaqvll-N'-C2-U-CN­

benzyl03Ycarbonylamjnol-3-metbylbub'}lthiazol±ylcamol\}'llhydrazide 

Following the procedure of Example 28(a)-28(e), except substituting N-

5 benzyloxycarbonyl-L-alanine for N-benzyloxycarbonyl-L-leucine in step (e), the 

title compound was prepared as a white solid (129 mg, 82%). MS(ESI): 568.l 

(M+H)+. 

Example 136 

10 J>mparation of USl-N-(N-acetYl-kalanyll-N'-C2-U-(N-benzylomarlxmy1aminol-3-

metbYlbutyllthiazol+ylcarbonyDl\ydrazi4e 

15 

Following the procedure of Example 28(a)-28(e), except substituting N­

acetyl-L-alanine for N-benzyloxycarbonyl-L-leucine in step (e), the title compound 

was prepared as a white solid (74 mg, 57%). MS(ESI): 498.1 (M+Na)+. 

Example 137 

Prcmaration of OS>-N-CN-acetyll-N'-£2-0-CN-benzyloxycamonylamino)-3-

methylbptyllthiazol-4-ylcarbonyllbydrazjde 

Following the procedure of Example 28(a)-28(e}, except substituting acetic 

20 acid for N-benzyloxycarbonyl-L-leucine in step (e). the title compound was 

prepared as a white solid (87 mg, 78% ). MS(ESI): 405.1 (M+H)+. 

Example 138 

Pre,paration of Cl S)-N-£2-Cl-CN-beneylo:x;ycarbonylamjnol-3-metbylbub'}lthiazol-4-

25 y1carbonyll-N'-CN-C4=pyridinylmethoucarbonYD-L-leucjnyllbydru;ide 

30 

Following the procedure of Example 28(a)-28(e), except substituting N-(4-

pyridinylmethoxycarbonyl)-L-leucine for N-benzyloxycarbonyl-L-leucine in step 

(e), the title compound was prepared as a white solid (121 mg. 72%). MS(ESI): 

611.0 (M+H)+. 
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Example 139 

Pmparation of Cl S>-N-C2-Cl-<N-ben7JJomadxmylaminol-3-metb,.vlbutYIJthiazol-4-

ylcarbonyl]- N'-rN-C2-pyridinyJmethoxyc&rbonyll-kleucinylJhydrazide 

Following the procedure of Example 28(a)-28(e), except substituting N-(2-

5 pyridinylmethoxycarbonyl)-L-leucine for N-benzyloxycarbonyl-L-leucine in step 

(e). the title compound was prepared as a white solid (125 mg, 65%). MS (ESI): 

611.2 (M+H)+. 

Example 140 

10 Preparation of C 1 Sl-N-[2-Cl-<N-benr,yloxycarbonylamino)-3-metbylbutylltbi•mJ-4-

ylcarbonyll- N1-CN-benzyloxycarbogyJ-N-metbyJ-klencinyJ)hydrazide 

Following the procedure of Example 28(a)-28( e). except substituting N­

benzyloxycarbonyl-N-methyl-L-Jeuclne for N-benzyloxycarbonyl-L-leocine in step 

(e), the title compound was prepared as a white solid (78 mg, 50%). MS (ESI): 

15 624.3 (M+H)+. 

Example 141 

Prpration of USl-N-[2-Cl-CN-benzyloxycarbonyl-N-methylaminol-3-

meth,vlbutyl)thiazol-4-ylcarixmyll-N'-CN-C4-pyridinylmethozycarOOnyll-k 

20 leucinyl]bydrazide 

Following the procedure of Example 28(a)-28(e), except substituting N­

benzyloxycarbonyl-N-methyl-L-leucine for N-tert-biltoxycarbonyl-L-leucine in step 

(a) and N-(2-pyridinylmethoxycarbonyl)-L-leucine for N-benzyloxycarbonyl-L­

leucine in step (e), the title compound was prepared as a white solid (120 mg, 72%). 

25 MS (ESI): 625.3 (M+H)+. 
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Example 142 

Prqmration of Cl 'Sl-N-(N-benzyloxycarbonyl-kleucinyl)-N'-[2-Cl-CN­

benzyloxycamonyl-N-metbylaminol-3-metll)'lbucyllthiazol+ylcarbonyllbydrazicie 

Following the procedure of Example 28(a)-28(e), except substituting N-

S benzyloxycarbonyl-N-methyl-L-leucine for N-tert-butoxycarbonyl-L-leucine iii step 

(a), the title compound was prepared as a white solid (95 mg, 74%). MS (ESI): 

624.3 (M+H)+. 

Example 143 

10 Preparation of C lS)-N-£2-Cl-CN·benzYIOl)'CarboDYl-N-metbylamino)-3-

metbylbu\}'llthiazol-4-yllcarbonyl- N'-CN-be»zyloxycarbonyl-N-metbyl-k 

Ieucinyllbydrazide 

Following the procedure of Example 28(a)-28(e), except substituting N­

bcnzyloxycarbonyl-N-metbyl-L-leucine for N-tert-butoxycarbonyl-L-leucine in step 

15 (a) and N-benzyloxycarbonyl-N-methyl-L-leucine for N-benzyloxycarbonyl-L­

leucine in step (e), the title compound was prepared as a white solid (129 mg, 59%). 

MS (ESI): 683.3 (M+H)+. 

Example 144 

20 Preparation of C 1Sl-N-[2-C1-CN-methylaminol-3-metbylbuQ'llthiazol-4-ylca.rbonyll­

N'-CN-<+pyridinylmethoucarl><myll-kleucinyllbydrazide• 

a) ( 1 S)-N-[2-[1-(N-tert-butoxycarbonyl-N-methylamino )-3-methylbutyl)thiazol-4-

ylcarbonyl]-N'-[N-(4-pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide 

Following the procedure of Example 28(a)-28(e), except substituting N-

25 tert-butoxycarbonyl-N-methyl-L-Jeucine for N-tert-butoxycarbonyl-L-leucine in 

step (a) and N-(4-pyridinylmethoxycarbonyl-L-leucine for N-benzyloxycarbonyl-L­

leucine in step (e), the title compound was prepared as a white solid. MS (ESI): 

591.4 (M+H)+. 
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b) (lS)-N-[2-[l-(N-methylamino)-3-methylbutyl]thiazol-4-ylcarbonyl]-N'-[N-(4-

pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide 

To a solution of the compound of Example 21(a) in methylene chloride (10 

mL) was added trifluoroacetic acid (3 ml.). After stiaing one hour at room 

5 remperature the solution was concentrated and the residue was redissolved in 

methylene chloride, wubed with saturated aqueous sodium bicarbonate, dried over 

MgS04 and concentrated to afford the tide compound as a white solid (259 mg, 

68% for two steps). MS (ESI): 491.4 (M+H)+. 

10 Example 145 

Pmparation of (1Sl-N-C2-C l-<N-beJmlox,ycariJgnylaminol-3-methylbutyl)tbjazol-4-

ylcarbonyll-N'-[N-(tert-butoxycarbonyll-L-leucinyllhydrazide 

Following the procedure of Example 28(a)-28(e), except substituting N-tert­

butoxycarbonyl-L-leucine for N-benzyloxycarbonyl-L-leucine in step (e), the title 

15 compound was prepared as a white solid (293 mg, 74% ). MS (BSI): 576.4 

{M+H)+. 

Example 146 

Preparation of <1 S)-N-C2-Cl-<N-benzylogycarbonylamino}3-metbYJbutylltbiazol-4-

20 ylcarbonyll-N'-[N-Ctert-butoxYcarboDYll-N-methyl-kleucinyllhydrazide 

2S 

Following the procedure of Example 28{a)-28(e). except substituting N-tert­

butoxycarbonyl-N-methyl-L-Ieucine for N-benzyloxycarbonyl-L-Ieucine in step (e). 

the title compound was prepared as a white solid ( 120 mg, 87% ). MS (ESI): 590.3 

(M+H)+. 
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Example 147 

Preparation pf C 1Sl-N-C2-[ J-CN-beneyloxycarbonylamino)-3-methylbutyllthiazol-4-

ylcarbogyll-N'-CN-metbyl-kleucinyl)bydrazide 

Following the procedure of Example 144(b). except substituting (lS)-N-[2-

5 [ 1-(N-benzyloxycarbonylamino )-3-methylbutyl]thiazol-4-ylcarbonyl]-N'-[N-(tert­

butoxycarbonyl)-N-methyl-L-leucinyl]hydrazide for (IS)-N-[2-[1-(N-tert­

butoxycarbonyl-N-metbylamino)-3-metbylbutyl]thiazol-4-ylcarbonyl]-N'-[N-( 4-

pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide, the title compound was prepared 

as a white solid {40 mg, 80%). MS (ESI): 490.3 (M+H)+. 

10 

Exam.pie 148 

Pr;paration of C1Sl-N-C2-[ l-CN-bem;yloxycarbpnylamiool-3-metb'ylbutyllthiazoJ-4-

ylcarbooyll-N'-Ckleucinyl)bydrazide 

Following the procedure of Example 144(b ), except substituting {lS)-N-[2-

15 [l-(N-benzyloxycarbonylamino)-3-methylbutyl]thiazol-4-ylcarbonyl]-N'-[N-(tert-

20 

butoxycarbonyl)-L-leucinyl]hydrazide for ( 1 S)-N-[2-[ l-(N-tert-butoxycarbonyl-N­

methylamino )-3-methylbutyl)thiazol-4-ylcarbonyl]-N'-[N-(4-

pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide, the title compound was prepared 

as a white solid (39 mg, 100%). MS (ESI): 476.4 (M+H)+. 

Example 149 

Preparation of llS)-N-C2-Cl-(N-benzyloxycarb9nylaminol-3-metbylbutyllthiazgl-4-

ylcarbooyll-N'-CN-C4-imidamJylacetyl}-kleucinyllbydrazide 

Following the procedure of Example 28(e), except substituting (lS)-N-[2-[1-

25 (N-benzyloxycarbonylamino)-3-methylbutyl]thiazol-4-ylcarbonyl]-N'-(L-

30 

leucinyl)hydrazide for ( lS}-l-(benzyloxycarbonyl)amino-1-( 4-carboethoxytbiazol-

2-yl)-3-methylbutane and 4-imidazoleacetic acid for N-benzyloxycarbonyl-L­

leucine, the title compound was prepared as a white solid (50 mg, 47% ). MS (ESI): 

584.4 (M+H)+. 
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Example 150 

Preparation of Cl Sl-N-£2-U-<N-beneylox;ycarbonyl-N-methylaminol-3-

methylbuU>llthiazol-4-yle&rbonyll-N'-IN-C3-pyridinylmethoxycarbonyl)-N-metbyl­

L-leµcigyllhydrazide 

5 a) N-methyl-L-leucine methyl ester 

10 

N-methyl-L-leucine (1.3 g, 8.95 mmol) was dissolv~ in 4M HCI, 1,4-

dioxane (10 mL) and methanol (10 mL). 1be solution was stirred· overnight at room 

temperature, then concentrated to afford the title compound as a white solid (100% ). 

MS (ESI): 160.0 (M+H)+. 

b) N-metbyl-N-(3-pyridinylmethoxycarbonyl)-L-leucine methyl ester 

To a stirring solution ofphosgene in toluene (5.63 mL, 6.025 mmol) in 

methylene chloride (10 mL}, cooled to OOC, was added dropwise a solution ofN­

methyl-L-leucine methyl ester (673 mg. 4.63 mmol) and pyridine (1.10 g, 0.97 mL, 

15 13.89 mmol) in methylene chloride (4 mL). The solution was stiired at OOC for 2 

hours. A solution of 3-pyridyl carbinol (0.56 g, 5.09 mmol, 0.49 mL) was then 

added and the reaction mixture was stirred at room temperature for 5 hours. The 

solution was concentrated, redissolved in ethyl acetate, washed with water, dried 

(MgS04), filtered and concentrated. The crude residue was purified by column 

20 chromatography on silica gel (6% methanol in methylene chloride) to afford the title 

compound as a yellow oil (88 mg, 7% ). MS (ESI): 295.4 (M+H)+. 

c) N-methyl-N-(3-pyridinylmethoxycarbonyl)-L-leucine 

Following the procedure of Example 130(b), except substituting N-methyl-

25 N-(3-pyridinylmethoxycarbonyl)-L-Jeucine methyl ester ( 1 S)-1-

benzyloxycarbonylamino-1-(2-bydrazinocarbonylthiazol+yl)-3-mcthylbutanc, the 

title compound was prepared as an orange solid (84 mg, 100%). MS (ESI): 281.3 

(M+H)+. 
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d) (IS)-N-[2-[l-{N-benzyloxycarbonyl-N-methylamino)-3-methylbutyl]thiazol-4-

ylcarbonyl]-N'-[N-(3-pyridinylmethoxycarbonyl)-N-methyl-L-leucinyl]hydrazide 

Following the procedure of Example 28(a)-28(e), except substituting N­

benzyloxycarbonyl-N-metbyl-L-leucine for N-tert-butoxycarbonyl-L-leucine in step 

5 (a) and N-methyl-N-(3-pyridinylmethoxycarbonyl)-L-Ieucine for N­

benzyloxycarbonyl-L-leucine in step (e), the title compound was prepared as a white 

solid (SS mg, 38% ). MS (ESI): 639.4 (M+H)+. 

Example lSl 

l O Preparation of C 1 Sl-N-£2-C l-CN-benzyloxycarboQyl-N-metbylaminol-3-

metbylbutyllthim>l-4-ylcarbonyl]-N'-CN-C3-pyridinylmetboXycarlxmyO-k 

leucinylJitydrazide 

Following the procedure of Example 28(a)-28(e), except substituting N­

bcnzyloxycarbonyl-N-methyl-L-leucine for N-tert-butoxycarbonyl-L-leucine in step 

15 (a) and N-(3-pyridinylmethoxycarbonyl)-L-leucine for N-benzyloxycarbonyl-L­

leucine in step (e), the title compound was prepared as a white solid (31mg,34%). 

MS (ESI): 625.4 (M+H)+. 

Example 152 

20 Preparation of Cl Sl-N-C2-U-CN-bew,yloxycad>ony1aminol=3-metbylbutyl1thiazol-4-

ylc&rbonyll- N'-£N-C3-R}'ridinylmethaxycarbouyl>-L-leucjoyllbydrazic1e 

Following the procedure of Example 28(a)-28(e). except substituting N-(3-

pyridinylmethoxycarbonyl)-L-leucine for N-benzyloxycarbonyl-L-leucine in step 

(e). the title compound was prepared as a white solid (63 mg, 42%). MS (ESI): 

25 611.5 (M+H)+. 
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Example 153 

Preparation of Cl 'Sl-N-CN-benzylaxycarbonyl-L-leucinyD-N'-Cl­

benzylogycarbonyl)-N'-C2-Cl-CN-methylaminol-3-methylbutyllthiazol-4-

ylcarbonyl]-N'-metbyJIJYdrazide 

5 Following the procedure of Example 28(a)-28(e). except substituting N-

10 

benzyloxycarbonyl-N-methyl-L-leucine for N-tert-butoxycarbonyl-L-leucine in step 

(a) and methyl hydrazine for hydrazine in step (e), the title comp0und was prepared 

as a white solid (80 mg, 70%). MS (ESI): 660.4 CM+Na)+. 

Example 154 

Preparation of ClS>-N-£2-U-(N-beneyloxycarbopylamino)-3-metl)ylhu\}'llthiazol-4-

YlcarbonYl]- N'-£N-f2-pyridinylmetboxycarbonyll-N-metbyl-L-JeQciny1lbydrazide 

a) N-methyl-N-(2-pyridinylmethoxycarbonyl)-L-leucine methyl ester 

N-(2-pyridinylmetboxycarbonyl)-L-leucine methyl ester (490 mg, 1.75 

15 mmol) was dissolved in THF (7.0 mL) and methyl iodide (0.435 mL, 6.99 mmol) 

was added. The reaction mixture was cooled to OOC in a flask protected from 

moisture. Sodium hydride dispersion (236 mg, 2.62 mmol) was added cautiously 

and the suspension was stirred for 5 hours at room temperature. Ethyl acetate was 

then added, followed by water, dropwise. The solution was concentrated in vacuo, 

20 and the oily residue partitioned between ether and water. The organic layer was 

washed with saturated aqueous NaHC03 and the combined aqueous extracts 

acidified to pH 3 with citric acid. The product was extracted with ethyl acetate, the 

extract was washed with water, 5% aqueous sodium thiosulfate and water. dried 

(MgS04), filtered and concentrated. The crude product was purified by column 

25 chromatography on silca gel (ethyl acetate/ hexane, 3: 1) to give a yellow oil (235 

mg.46%). MS (ESI): 295.4 (M+H)+. 
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b) N-metbyl-N-(2-pyridinylmetboxycarbonyl)-L-leucine 

Following the procedure of Example 130(b), except substituting N-methyl­

N-(2-pyridinylmethoxycarbonyl)-L-leucine methyl ester (lS)-l­

benzyloxycarbonylamino-1-(2-bydrazinocarbonylthiazol-4-yl)-3-methylbutane, the 

5 title compound was prepared as a white solid (223 mg, _100%). MS (ESI): 281.3 

(M+H)+. 

c) (lS)-N-[2-[1-(N-benzyloxycarbonylamino)-3-methylbutylJthiazol-4-ylcarbonyl]­

N'-(N-(2-pyridinylmethoxycarbonyl)-N-methyl-L-leucinyl]hydrazide 

10 Following the procedure of Example 28(a)-28(e), except substituting N-

15 

benzyloxycarbonyl-N-methyl-L-leucine for N-tert-butoxycarbonyl-L-leucinc in step 

(a) and N-methyl-N-(2-pyridinylmethoxycarbonyl)-L-leucine for N­

benzyloxycarbonyl-L-leucine in step (e), the title compound was prepared as a white 

solid (50 mg, 44%). MS (ESI): 639.5 (M+H)+. 

Example 155 

Preparation of OSl-N-[2-U-CN-benzylo:gycarbonyl-N-niethylamino)-3-

metbylbutyllthiazol+ylcarbonyll-N'-CN-C+pyridinylmetboxycarbonyl>-N-methyJ-. 

L-leuciullhydrazi<le 

20 a) L-leucine tert-butyl ester isocyanate 

L-leucine tert-butyl ester hydrochloride (10.185 g, 45.5 mmol) was 

dissolved in methylene chloride (100 ml..), cooled to 0 oC and pyridine (12.7 mL, 

182.0 mmol) was added, then phosgene in benzene (47 IDL, 59.1 mmol). The 

solution was stirred at 0 oC for 2 hours. The reaction mixture was washed two times 

25 with 300 mL of cold 0.5 M aqueous HCI. Each aqueous·Iayer was exctracted with 

100 mL methylene chloride. The combined organic phases were washed with a 

mixture of saturated aqueous NaCl solution and crushed ice, dried over MgS04, 

filtered and concentrated to afford the isocyanate as a yellow liquid (5.37 g. 55%). 
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b) N-(4-pyridinylmethoxycarbonyl)-L-leucine tert-butyl ester 

The compound of Example 155(a) (3.05 g, 14.32 mmol) and 4-pyridyl 

carbinol (1.56 g, 14.32 mmol) were dissolved in toluene (80 mL) and heated at 

reflux overnight. The solution was concentrated in vacuo and the residue was 

5 purified by column chromatography on silica gel (ethyl acetate/ hexane, 3: I) to 

afford the title compound as a colorless oil (2.945 g, 64% ). MS (ESI): 323.4 

(M+H)+. 

c) N-methyl-N-(4-pyridinylmethoxycarbonyl)-L-leucine tert-butyl ester 

10 Following the procedure of Example 154(a), except substituting N-(4-

pyridinylmethoxycarbonyl)-L-leucine tert-butyl ester for N-(2-

pyridinylmethoxycarbonyl)-L-leucine methyl ester, the title comp0und was prepared 

as a yellow liquid (2.038 g, 68% yield). MS (ESI): 337.5 (M+H)+. 

1 S d) N-methy1-N-( 4-pyridinylmethoxycarbonyJ)-L-leucine 

Following the procedure ·of Example 144(b ), except substituting N-methyl­

N-( 4-pyridinylmethoxycarbonyl)-L-leucine ten-butyl ester for ( IS)-N-[2-[l-(N-tert­

butoxycarbonyl-N-methylamino )-3-methylbutyl]thiazol-4-ylcarbonyl]-N'-[N-( 4-

pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide, the title compound was prepared 

20 as a white solid (343 mg, 72% yield). MS (ESI): 281.3 (M+ff)+. 

e) (lS)-N-[2-[1-(N-benzyloxycarbonyl-N-methylamino)-3-methylbutyl]thiazol-4-

ylcarbonyIJ-N'-[N-(4-pyridinylmethoxycarbonyl)-N-methyl-L-leocinyl]hydrazide 

Following the procedure of Example 28(a)-28(e), except substituting N-

25 benzyloxycarbonyl-N-methyl-L-leucine for N-tert-butoxycarbonyl-L-leucine in step 

(a) and N-metbyl;..N-( 4-pyridinylmethoxycarbonyl)-L-leucine for N­

benzyloxycarbonyl-L-leucine in step (e), the title compound was prepared as a white 

solid (50 mg. 44%). MS (ESI): 639.5 (M+H)+. 

30 
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Example 156 

Prcparatiop of 2.2'-[N.N-lbis-{N-acelVl-kleuccinyllllcarbobydrazj,cie 

Following the procedure of Example 29, except substituting N-acetyl-L­

leucine for N-benzyloxycarbonyl-L-leucine, the title compound was prepared as a 

S pale yellow solid (0. 153 g, 23% ). MS(ESI): 401.3 (M+H)+. 

Example 157 

Pr!cparation of 2-CN-CN-benzyloxycarboqyl-kleucinyUJ-2'-fN'-C4-

metbylpeotanoylllcarbobydrazide 

10 a) N-benzyloxycarbonyl-L-leucine methyl ester 

To a stirring solution ofL-leucine methyl ester (2.0 g, 11.0 mmol) in 1,4-

dioxane (20 mL) was added aqueous NazC03 solution (12.1mL,2M in HzO) 

followed by benzylchloroformate (1.96 g, 11.5 mmol). The mixture stirred at room 

temperature for 4h then panitioned between ethyl acetate and water. The organic 

15 layer was washed with saturated brine, dried (MgS04). filtered and concentrated to 

yield the title compound as a colorless oil (3. lg. 100%). lffNMR (400MHz, 

CDC13) 5 7.34 (m, 5H), 5.27 (d, IH), 5.12 (s. 2H), 4.41 (s, 2H), 3.75 (s, 38), 1.65 

(m. 3H), 0.96 (m, 6H). 

20 b) N-(N-benzyloxycarbonyl-L-leucinyl)hydrazide 

25 

To a stining solution of the compound of Example 157(a) (3.lg, 11.0mmol) 

in methanol (15 ml..) was added hydrazide hydrate (5.9 g, 118 mmol, 5.7 mL). The 

solution stirred at room temperature for 16 h then concentrated to yield the tide 

compound as an off-white solid (3.1 g, 100%). MS(ESI): 280.2 (M+H)+. 

c) l-benzyloxycarbonylamino-3-methyl-1 ·(1 ,3,4-oxadiazol-2-on-5-yl)butane 

To a stirring solution of the compound of Example 157(b) (3.0 g, 10.8 

mmol} in toluene (SO mL} was added phosgene (56 mL, l.93M in toluene). The 

solution was heated at reflux for 4h, then concentrated to yield the title compound as 

30 a pale yellow foam (3.15 g. 96%). MS(ESI): 306.l (M+H)+. 
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d) N-(4-methylpentanoyl)hydrazide 

To a stirring solution of ethyl isocaproate (2.0 g, 13.8 mmol) in ethanol (25 

mL) was added hydrazine monohydrate (6.9g. 138mmol. 6.7 ml). After stirring at 

room temperature for 48 h. the solution was concentrated to yield the title 

5 compound as a white solid. (1.8 g. 100%). lHNMR (400MHz, CDC13) 3 7.48 (s br. 

lH). 3.62 (s br, 2H), 2.13 (t, 2H), 1.51 (m, 3H), 0.85 (d, 6H). 

e) 2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N'-(4-

methylpentanoyl)]carbohydrazide 

10 The compounds of Example 157(c) (0.100 g. 0.325 mmol) and Example 

15 

34(d) (0.042 g. 0.325 mmol) were combined and dissolved in ethano1 (1 ml..). The 

solution was heated at reflux for 24 hours, then concentrated to a solid yellow 

residue which was washed with cool methylene chloride to yield the title compound 

as a white solid (0.053 g, 37% ). MS(ESI): 436.2 (M+H)+. 

Example 158 

Preparation of 2.2'-lN.N'-fbis-CN-benzyloxycadxmYJ-N-metbyJ-L­

leuciuyl)J)carb9bydrazicie 

Following the procedure of Example 29, except substituting N-

20 benzyloxycarbonyl-N-methyl-L-leucine for substituting N-benzyloxycarbonyl-L­

Jeucine, the title compound was prepared with purification by column 

chromatography (silica geJ, methanoYdichloromethane} as a white foam (0.236 g, 

23%). MS (MH+): 613.2. 
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Example 159 

Preparation of 2-fN-CN-acetyl-L-Ieucinylll-2'-CN'-CN-benzyJaxycarbonyl-L­

leuclnyl)]carbohydrazicie ) 

a) 2-[N-(N-benzyloxycarbonyl-L-leucinyl)]carbohydrazide 

5 To a stirring solution of the compound of Example 157(c) (3.15 g, 10.3 

10 

mmol) in methanol (2 mL) was added hydrazine hydrate (5.0 g. 100 mmol. 4.8 mL). 

After stirring at room temperature for 24 h, the solution was concentrated to yield 

the title compound as a pale yellow foam (3.471 g. 100%). MS(ESI): 338.2 

(M+H)+. 

b) 2-[N-(N-acetyl-L-leucinyl)]-2'-[N'-(N-benzyloxycarbonyl-L­

leucinyl)]carbohydrazide 

To a stirring solution of the compound of Example 159(a) (0.100 g, 0.297 

mmol), N-acetyl-L-leucine (0.054 g, 0.312 mmol) and 1-hydroxybenzotriazole 

15 (0.008 g, 0.0594 mmol) in DMF (2mL) was added 1-(3-dimethylaminopropyl)-3-

ethylcarbodiimide hydrochloride (0.060 g, 0.312 mmol). After stirring at room 

temperature for 16 h. the solution was poured into water and extracted with ethyl 

acetate. The organic layer was dried (MgS04), filtered and concentrated. The 

residue was purified by column chromatography (silica gel, 

20 methanol/dichloromethane) to yield the title compound as a white solid (0.052 g, 

36%). MS(ESI): 493.1 (M+H)+. 

Example 160 

Preparation of 2.2'-[N.N'-lbis-CN-(4-pyridinylmeihoxycarb9ny0-k 

25 leucinyl)]JlcarbohYdrazide 

Following the procedure of Example 29, except substituting N-(4-

pyridinylmethoxycarbonyl)-L-leucine for N-benzyloxycarbonyl-L-leucine, the title 

compound was prepared as a white solid (199 mg. 64% ). MS(ESI): 587.1 (M+H)+. 
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Pre.paration of 2.2'-CN.N'-lbis-CN-C2-PJ'rldiny1methoxyc&rbogyll-k 

legcinylllllcarbobyd@zide 

PCT/US96/18000 

Following the procedure of Example 29. except substituting N-(2-

5 pyridinylmethoxycarbonyl)-L-leucine for N-benzyloxycarbonyl-L-leucine. the title 

compound was prepared as a white solid (263 mg. 81%). MS(ESI): 587.1 (M+H)+. 

Example 162 

Pre,paration of 2-CN-CN-bew,yloxycarbonyl-L-leuciqvJ)J-2'-rN'-rN-<2-

10 pyridin,y1methoxycarbonyl)-L-leucinyllllcarix>bydrazide 

15 

Following the procedure of Example 159(a)-159(b) except substituting N-(2-

pyridinylmcthoxycarbonyl)-L-leucine lithium salt for N-acetyl-L-leucine in step (b), 

the title compound was prepared as a white solid (0.040 g. 15%). MS(ESI): 586.3 

(M+H)+. 

Example 163 

Preparation of 2-[N-(N-beneyloxyc&rbonyl-kJeucinyDl-2'-rN-CN-<4-

pyridinylmethaxycarbonyll-L-leµcinyllJJcamobydraziclc 

Following the procedure of Example 159(a)-159(b) except substituting N-(4-

20 pyridinylmethoxycarbonyl)-L-leucine lithium salt for N-acetyl-L-leucine in step (b), 

the title compound was prepared as a white solid (0.045 g, 17%). MS(ESI): 586.3 

(M+H)+. 

Example 164 

25 Pre.paration of 2-CN-CN-benzylo:gycarbonyl-kleucinyl)l-2'-CN'-IN-C3-

pyridinylmethoxycarbogyll-L-leucin,yl>Jlcarbobydrazide 

Following the procedure of Example 159(a)-159(b) except substituting N-(3-

pyridinylmethoxycarbonyl)-L-leucine lithium salt for N-acetyl-L-leucine in step (b), 

the title compound was prepared as a white solid (0.084 g, 32% ). MS(ESI): 586.3 

30 (M+H)+. 
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Example 165 

Pn;paration of 2.2'-fN.N'-lbis-<N-benzyloxyc&rbonyl-L-IeucinyJ>JJ-2-<N­

metbyllcarbobydrazide 

a} N-methyl-N-(N-benzyloxycarbonyl-L-leucinyl)hydrazide 

5 To a stirring solution of N-benzyloxycarbonyl-L-leucine methyl ester (2.2 g, 

8.15 mmol) in methanol (4 ml.) was added methylhydrazine (3.7 g, 80 mmol). 

After stirring at room temperature for 16 h. the solution was concenttated to yield 

the title compound as a yellow solid (2.14 g, 7.3 mmol). MS(ESI): 294.l (M+ff)+. 

10 b) 2,2'-[N,N'-[bis-(N-benzyloxycarbonyl-L-leucinyl)J]-2-(N-methyl)carbohydrazide 

The compound of Example 157(c) (0.250 g, 0.819 mmo1) and the compound 

of Example 165(a) (0.240 g, 0.819 mmol) were combined, dissolved in ethanol and 

heated at reflux for 24 b. The solution was concentrated and the residue purified by 

column chromatography (silica gel, methanoVdichJoromethane) to yield the title 

15 compound as a white solid (0.060 g, 12%). MS(ESI): 599.1 (M+H)+. 

Example 166 

Pre,paration of 2.2'-CN.N'-Cbis-CN-C3-pyridioylmethoxycarbouyll-k 

leucinyJ)JJJcarbob.vdrazide 
20 Following.the procedure of Example 29. except substituting N-(3-

pyridinylmethoxycarbonyl)-L-leucine for N-benzyloxycarbonyl-L-leucine, the title 

compound was prepared as a white solid (157 mg, 48%). MS(ESI): 587.0 (M+H)+. 
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Example 167 

Preparation of 1-CN-benzyll-2.2'-rN.N'-lbis-CN-benzyloxycarbonyl-k 

JeucinyWlcarbohYdrazide 

a) N-benzylidene-N'-(N-benzyloxycarbonyl-L-leucinyl)hydrazide 

5 To a solution of the compound of Example 157(b) (1 g. 3.5 mmoJ) in 

10 

ethanol (30 mL) was added benzaldehyde ( 0.33 mL, 3.2 mmol). The resulting 

mixture was heated at reflux for 4 h. The mixture was concentrated in vacuo then 

purified by flash chromatography (silica gel. 10-50% EtOAc I hexane) to yield the 

title compound as a solid (0.31g,23%). MS(ESI): 368.0 (M+H)+. 

b) N-benzyl-N'-(N-benzyloxycarbonyl-L-leucinyl)hydrazide 

To a cooled solution of compound of Example 167(a) (0.24 g. 0.65 mmol) in 

THF (5 mL) was added borane tetrahydrofuran complex (0.65 mL, 0.65 mmol; lM 

solution in THF). The resulting m.ixmre was stirred at room temperature for 4 h 

IS then concentrated in vacuo and diluted with ethyl acetate. washed with water, 

saturated brine, dried (MgS04), filtered and concentrated in vacuo to give the title 

compound as a white solid (0.25 g, 89%). MS(ESI): 370.0 (M+H)+. 

c) 1-benzyloxycarbonylamino-3-methyl-1-{3-benzyl-l,3,4-oxadiazol-2-on-5-

20 yl)butane 

25 

Following the procedure of Example 157(c), except substiblting N-benzyl­

N'-(N-benzyloxycarbonyl-L-leucinyl)hydrazide for N-(N-benzyloxycarbonyl-L­

leucinyl)hydrazide, the title compound was prepared as an oil (0.02 g. 83% ). 

MS(ESI): 396.0 (M+H)+. 

d) 1-(N-benzyl)-2-(N-(N-benzylox.ycarbonyl-L-leucinyl)]carbohydrazide 

Following the procedure of Example 159(a), except substituting 1-

benzyloxycarbonylamino-3-methyl-l-(3-benzyl-1,3,4-oxadiazol-2-on-5-yl)butane 

for l-benzyloxycarbonylamino-3-methyl-1-(1.3,4-oxadiazol-2-on-5-yl)butane in 

30 step (a), the title compound was prepared as a solid (0.013 g, 62%). MS(ESI): 

428.0 (M+ff)+. 
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d) 1-(N-beuzyl)-2,2'-[N,N'-[bis-(N-benzyloxycarbonyl-L-leucinyl)]]carbohydrazide 

Following the procedure·of Example 159(a)-1S9(b}, except substituting 1-

benzyloxycarbonylamino-3-methyl-1-(3-benzyJ-l,3,4-oxadiazol-2-on-5-yJ)butane 

5 for l-benzyloxyca.tbonylamino-3-methyl-1-(1,3,4-oxadiazol-2-on-5-yl)butane in 

step (a), the title compound was prepared as white solid (13 mg, 86%). MS(ESI): 

675.0 (M+H)+. 

Example 168 
10 Preparation of 2-CN-CN-benzyloxycarbonyl-L-leucigylll-2'-rN'-CN­

benzylo;gycarbonyl-N-metbyl-kleucinylllcarb<>bydrazjde 

15 

Following the procedure of Example 159(a)-159(b) except substituting N­

benzyloxycarbonyl-N-methyl-L-leucine for N-acetyl-L-leucine in step (b), the title 

compound was prepared as a white solid (0.141g,53%). MS(ESI): 599.4 (M+H)+. 

Example 169 

Preparation of N-C2-( 1-naphthyllthiazol-4-ylcarbonyll-N'-CN-c+ 

PJrldinylmethoxycarbonyl)-kleucinYllhydrazicle 

20 Following the procedure of Example 112(a)-l 12(g), except substituting 1-

naphtbyl borooic acid for 2-benzyloxyphenyl boronic acid in step (e), the title 

compound was prepared as a white solid (0.094 g, 58%). MS(ESI): 518.4 (M+H)+. 

Example 170 

2S Prqlaration of N-C2-C2-biphenyl)tbiazol-4-ylcartxmyll-N'-CN-(4-

pj'ridinylmethoxycarbonyll-kleucinyllhydpzjde 

30 

Following the procedure of Example 112(a)-112(g), except substituting 2-

biphenylboronic acid for 2·benzyloxypheny1 boronic acid in step (e), the title 

compound was prepared as a white solid (0.100 g, 43%). MS(ESI): 544.3 (M+H)+. 

176 



---------------------------------------·------------· 

W097/16433 PCTIUSH/18000 

Example 171 

Preparation of N-CN-benzylmcarbogyl-N-methyl-L-leucinyll-N'-£2-CN-C2-

metbyJpro,pyll-N-phegylaminolthiazoJ+yJcarbonyllbydrazide 

FoJlowing the procedure of Example 116(a)-116(b). except substituting N-

S benzyloxycarbonyl-N-metbyl-L-leucine for N-( 4-pyridinylmethoxycarbonyl)-L­

leucine in step (b). the title compound was prepared as a white solid (40 mg, 25%). 

MS (ESI): 552.5 (M+H)+. 

Example 172 

10 Pre.paration of N-CN-metbyl-N-C2-pyridinylmethoxycarbonyll-L-leucioyll-N'-C2-CN­

<2-methYIPnmvll-N-phenylamino]thiazol±YlcarboDYllhydrazide 

Following the procedure of Example 116(a)-l 16(b), except substituting N­

methyl-N-(2-pyridinylmethoxycarbonyl)-L-leucine for N-(4-

pyridinylmethoxycarbonyl)-L-leucine in step (b), the tide compound was prepared 

15 as a white solid solid (70 m~ 71 % ). MS (ESI): 553.4 (M+H)+. 

Example 173 

Pre,paration of N-£2-<2-beneyloxmhenyllthiazgl+ylcarbogyll-N'-<N-tert­

butoxycarbonyl-kleucinyllhydrazide 

20 Following the procedure ofExample 112(a)-112(g), except substituting N-

2S 

tert-butoxycarbonyl-L-leucine for N-( 4-pyridinylmethoxycarbonyl)-L-leucine in 

step (g), the title compound was prepared as a white solid (1.015 g. 94%). 

MS(ESI): 539.1 (M+H)+. 

Example 174 

Preparation of N·CN-ten-butoxycarb<>nyl-L-leucigyll-N'-£2-CN-C2-methylpnmyD·N­

phenylaminolthiazoJ+ylcarbonyllb.Ydrazide 

Following the procedure of Example l 16(a)-l l 6(b). except substituting N­

ten-butoxycarbonyl-L-leucine for N-(4-pyridinylmethoxycarbonyl)-L-leucine in 

30 step (b). the title compound was prepared as a white solid (740 mg. 85%). MS 

(ESI): 504.4 (M+H)+. 
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Example 175 

Pmparation of N-CN-te;rt-butoX)'Carbonyl-N-metbyl-kleucinyll-N'-[2-IN-C2-

methYJRropyll-N-phenylaminolthiazol±ylcarbonyllhydrazide 

5 Following the procedure of Example 116(a)-116(b), except substituting N-

10 

tert-butoxycarbonyl-N-methyl-L-leucine for N-(4-pyriclinylmetboxycarbonyl)-L­

leucine in step (b), the title compound was prepared as a white solid (610 mg, 69%). 

MS (ESI): 518.4 (M+H)+. 

Example 176 

Preparation of N-[2-<2-benzyloxyphenyUthiazol-4-ylcarbonyll-N'-CN­

p,yrazinecarboQYl-kleucioyllbydrszide 

a) N-[2-(2-benzyloxyphenyl)thiazol-4-ylcarbonyl]-N'-(L-leucinyl)bydrazide 

Following the procedure of Example 144(b), except substituting N-[2-(2-

15 benzyloxyphenyl)thiazol-4-ylcarbonyl]-N'-(N-tert-butoxycarbonyl-L-

20 

leucinyl)hydrazide for (lS)-N-[2-[ 1-(N-tert-butoxycarbonyl-N-methylamino)-3-

methylbutyl]thiazol-4-ylcarbonyl]-N'-[N-(4-pyridinylmethoxycarbonyl)-L­

leucinyl]hydrazide, the title compound was prepared as a white powder (0.766 g. 

93%). MS(ESI): 439.3 (M+H)+. 

b) N-[2-{2-benzyloxyphenyl)thiazol-4-ylcarbonyl]-N'-[N-(2-pyrazinylcarbonyl)-L­

leucinyl]hydrazide 

Following the procedure of Example 116(b), except substituting N-[2-(2-

benzyloxyphenyl)thiazol-4-ylcarbonyl]-N'-(L-leucinyl)hydrazide for N-[2-[N-

25 phenyl-N-(2-methyl-l-propyl}amino ]thiazol-4-ylcarbonyl]hydrazide and 

pyrazinecarboxylic acid for N-( 4-pyridinylmethoxycarbonyl}-L-leucine, the title 

compound was prepared as a white solid (0.146 g. 94%}. MS(ESI): 545.4 (M+H)+. 
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Example 177 

Preparation of N-f2-C2-beneylo:n:phenyllthiazo}+ylcarbonyll-N'-CN-isonicotinqyl­

kleucioyDhydrazide 

Following the procedure of Example 176(a)-176(b), except substituting 

5 isonicotinic acid for pyrazinecarboxylic acid in step (b ), the title compound was 

prepared as a white solid (0.135 g, 87%). MS(ESI): 544.3 (M+H)+. 

Example 178 

Pr;paration of N-C2-C2-dibenzofuranylltbiazol-4-ylcarbonyll-N'-£N-C4-

10 p,yridioylmethogycarbonyll-L-leucinyl]hydrazide 

15 

Following the procedure of Example l 12(a)-112(g), except substituting 2-

bromodibenzofuran for 2-benzyloxybromobenzene in step (d). the- title compound 

was prepared as a white solid (0.079 g, 49%). MS(ESI): 558.3 (M+H)+. 

Example 179 
Pre.paration of N-£2-CN-<2-methylprgpyll-N-pbenylaminolthiazol-4-ylcarbonyll-N'­

CN-pyrazinecarbonyl-kleucinyllhydrazide 

Following the procedure of Example 176(a)-176(b ), except substituting N­

(N-tert-butoxycarbonyJ-L-leucinyl)-N'-[2-[N-(2-methylpropyl)-N-

20 phenylamino ]thiazol-4-ylcarbonyl]hydrazide for N-(2-(2-benzyloxyphenyl)tbiazol-

4-ylcarbonyl]-N'-(N-tert-butoxycarbonyl-L-leucinyl)hydrazide in step (a), the title 

compound was prepared as a white solid (36 mg, 27%). MS (ESI): 510.4 (M+H)+. 

Example 180 

25 Preparation ofN-[2-CN-C2-methylproPJ'll-N-pheoylaminqlthiazol-4-ylcarbonyll-N'­

CN-metb,yl-N-p_yrazinecarbonyl-kleucigyDhydrazicle 

Following the procedure of Example 176(a)-176(b), except substituting N­

(N-tert-butoxycarbonyl-N-methyl-L-leucinyl)-N'-[2-[N-(2-methylpropyl)-N­

phenylamino ]thiazol-4-ylcarbonyl]bydrazide for N-[2-(2-benzyloxyphenyl)thiazol-

30 4-ylcatbonyl]-N'-(N-tert-butoxycarbonyl-L-leucinyl)hydrazide in step (a), the title 

compound was prepared as a white solid (70 mg, 72%). MS (ESI): 524.4 (M+H)+. 
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Exaqle 181 

Pmparation of N-(N-isonicotinoyl-L-Jeucinyl)-N'-C2..:[N-C2-methylpmpyl):N­

phenylaminolthjazgl-4-ylcarboQyl]bydrazicie 

S Following the procedure of Example 176(a)-176(b), except substituting N-

(N-tert-butoxycarbonyl-N-methyl-L-leucinyl)-N'-[2-[N-(2-methylpropyl)-N­

phenylamino]thiazol-4-ylcarbonyl]bydrazide for N-[2-(2-benzyloxyphenyl)tbiazol-

4-yJcarbonylJ-N'-(N-tert-butoxycarbonyl-L-leucinyl)hydrazide in step (a) and 

isonicotinic acid for pyrazinecarboxylic aicd in step (b ). the title compound was 

10 prepared as a white solid (28 mg, 22%). MS (ESI): 509.4 (M+H)+. 

Example 182 

Preparation of N-(N-isonicotinoyl-N-metbyl-kleucfuyll-N'-[2-£N-C2-

methylpropyll-N-phenylaminolthiazgl-4-ylcarbonyllbydrazicle 

15 Following the procedure of Ex.ample 176(a)-176(b), except substituting N-

(N-methyl-N-tert-butoxycarbonyl-N-methyl-L-leucinyl)-N'-[2-(N-(2-

methylpropyl)-N-phenylamino]thiazol-4-ylcarbonyl]hydrazide for N-[2-(2-

benzyloxyphenyl)thiazol-4-ylcarbonyl]-N'-(N-tert-butox.ycarbonyl-L­

leucinyl)bydrazide in step (a) and isonicotinic acid for pyrazinecarboxylic aicd in 

20 step (b), the title compound was prepared as a white solid (117 mg, 93%). MS 

(ESI): 523.4 (M+H)+. 
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Example 183 

Pnam@tion of N-CN-<4ilnidam)ylaceiyl)-kleucinyll-N'-[2-CN-C2-methylpmpyll-N­

phenylaminoltbjazol+ylcamonyl]bydrazide 

Following the procedure of Example I 76(a)-l 76(b), except substituting N-

5 (N-tert-butoxycarbonyl-N-methyl-L-leucinyl)-N'-[2-[N-{2-methylpropyl)-N-

pbenylamino]tbiazol-4-ylcarbonyl]hydrazide for N-[2-(2-benzyloxyphenyl)thiazol-

4-y lcarbonyl]-N'-(N-ten-butoxycarbonyl-L-leucinyl)hydrazide in step (a) and 4-

imidazolylacetic acid for pyrazinecarboxylic aicd in step (b), the title compound was 

prepared as a white solid (60 mg, 53%). lffNMR {400MHz, CDCI3) 37.62-7.23 

IO {m, 8H). 6.81 (s. lH), 4.72-4.66 (m, lH), 3.75 (d, lH). 3.55 (d, 2H), 1.96-1.93 (m. 

2H), 1.76-1.54 (m, 3H), 0.96-0.84 (m, 12H). 

Exaumie 184 

Pre.paration of N-£2-CN-<2-methylpmpyll-N-pheuylaminolthiazol-4-ylcarbonyll-N'-

15 CN-picolinoyl-L-leucinyllhydrazide 

Following the procedure of Example 176(a)-176(b), except substituting N­

(N-ten-butoxycarbonyl-N-methyl-L-leucinyl)-N'-[2-[N-(2-methylpropyl)-N­

phenylamino ]thiazol+ylcarbonyl]hydrazide for N-[2-(2-benzyloxyphenyl)thiazol-

4-ylcarbonyl]-N'-(N-tert-butoxycarbonyl-L-leucinyl)hydrazide in step (a) and 

20 picolinic acid for pyrazinecarboxylic aicd in step {b). the title compound was 

prepared as a white solid (50 mg, 44%). MS (ESI): 509.5 (M+H)+. 

Example 185 

Prqzaration of N-C2-C2-beozylaxmflen.vllthiazol+ylcarb<>nyllmetqyl CN-( 4-

25 pyrid.iny}metboxycarbonyl)-kleucinamj® 

a) 2-(2-benzyloxyphenylthiazole-4-carboxylic acid 

Following the procedure of Example lOS(b), except substituting ethyl 2-(2-

benzyloxypbenyl)thiazole-4-carboxylate for methyl 3-( 4-

pyridinyllmethoxy)benzoate, the title compound was prepared as a white solid 

30 (0.361g.90%). MS(ESI): 312.2 (M+H)+. 
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b) 2-(2-benzyloxyphenyl)thiazol-4-yl bromomethyl ketone 

Following the procedure of Example 103(a). except substituting 2-(2-

benzyloxyphenylthiazole-4-carboxylic acid for N-benzyloxycarbonyl-L-Leucinyl-L­

Leucine, the title compound was prepared as a white solid (0.327 g, 73%). 

5 MS(ESI): 388.2 (M+H)+. 

c} 2-(2-benzyloxyphenyl)thiazol-4-yl azidomethyl ketone 

A solution of the compound of Example 185(b), (0.319 g, 0.822 mmol), 

sodium azide (0.064 g. 0.987 mmol), and potassium fluoride (0.072 g, 1.23 mmol) 

10 in DMF (6 ml..) was sti!Ted at room temperature for 16 h. The solution was then 

diluted with ethyl acetate and washed successively with water, saturated aqueous 

sodium hydrogen carbonate. and brine. The organic layer was dried (MgS04), 

filtered and concentrated. The residue was purified by column chromatography 

(silica gel, ethyl acetate/hexane) to yield the title compound as a white solid (0.087 

15 g, 30%). MS(ESI): 373.3 (M+Na)+. • 

d) 2-azido-1-(2-(2-benzyloxyphenyl)thiazol-4-yl]-l-hydroxyetbane 

To a stirring solution of the compound of Example 185(c) (0.087 g, 0.249 

mmol) in THF (1 mL) at OOC, was added sodium borohydride (0.031 g, 0.820 

20 mmol) slowly. After 20 min the mixture was diluted with ethyl acetate and washed 

with water then brine. The organic layer was dried (MgS04). filtered and 

concentrated to yield the title compound as a white solid (0.084 g. 96% ). 1 HNMR 

(400MHz. CDCl3) l) 8.41 (m, lH), 7.50 (m, 2H), 7.38 (m, 4H), 7.11(m.3H), 5.31 

(s, 2H), 5.08 (t, IH). 3.69 (m, 2H), 3.58 (s b, lH). 

25 

e) 2-amino-1-[2-(2-benzyloxyphenyl)tbiazol-4-yl]-1-hyclroxyethane 

To a stirring solution of the compound of Example 185(d) (0-084 g, 0.239 

mmol) in methanol (2 mL) was added stannous chloride dihydrate (0.108 g, 0.478 

mmol). After stirring at mom temperature for 16 h, the mixture was diluted with 

30 ethyl acetate and washed successively with water, saturated aqueous NaHC03, and 

brine. The organic layer was dried (MgS04), filtered and concentrated. The 
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residue was purified by column chromatography (silica gel, 

methanol/dichloromethane) to yield the title compound as a white solid (0.07 5g, 

96% ). MS(ESI): 327.3 (M+H)+. 

5 f) l-[2-(2-benzyloxyphenyl)thiazol-4-yl]-1-hydroxy-2-(4-

pyridinylmethoxycarbonyl-L-leucinylamino)ethane 

Following the procedure of Example 116(b ), except substituting 2-amino-1-

(2-(2-benzyloxyphenyl)thiazol-4-yl]-1-hydroxyethane for N-[2-[N-phenyl-N-(2-

methyl-1-propyl)amino]thiazol-4-ylcarbonyl]hydrazide, the title compound was 

10 prepared as a white solid (0.075 g, 57%). MS(ESI): 575.4 (M+H)+. 

g) N-[2-(2-benzyloxyphenyl)thiazol-4-ylcarbonyl]methyl [N-( 4-

pyridinylmethoxycarbonyl)-L-leucinamide 

To a stining solution of the compound of Example 185(1) (0.075 g, 0.131 

15 mmol) in dichloromethane {l ml.) was added MnQi (0.300 g, 3.45 mmol). After 

stirring at room temperature for 24 h, the mixture was flltered and the filtrate was 

concentrated. The residue was purified by column chromatography (silica gel, 

methanol/dichloromethane) to yield the title compound as a pale yellow solid (0.017 

g. 23%). MS(ESI): 573.4 (M+H)+. 

20 

ExalDple 186 

Pmparation of N-£2-CN-metDyl-N-<2-methylpmpyDamino)tbiazol-4-ylcarbon,vll-N'­

CN-C 4-R}'ridinylmethoxye&rbogyll-L-leucinyllbydrazide 

a) N-benzoyl-N'-methyl-N'-(2-methylpropyl)thiourea 

25 To a stirring solution of N-methylisobutylamine (3.21 g, 36.8 mmol. 4.45 

mL) in 40 mL of CHCl3 was added benzoyl isothiocyanate (6.0 g. 36.8 nunol. 4.95 

mL). After stirring for 45 min, the solution was concentrated to yield the title 

compound as a pale yellow solid (9.22 g. 100%). lHNMR. (400MHz, CDCI3; 2:1 

mixture of rotamers) ~ 7.86 (d. 2H). 7.60 (t, lH). 7.50 (t, 2H). 3.90 (d. 2H). 3.44 (s, 

30 3H), 3.41 (d, 2H), 3.27 (s, 3H), 2.35-2.32 (m, IH), 2.13 (m, IH). l.06 (d, 6H). 0.90 

(d, 6H). 
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b) N-methyl-N-(2-methylpropyl)thiourea 

The compound of Example 186(a) (9.22 g, 36.8 mmol) was suspended in 80 

mL of 1:1 metbanoVwater and solid potassium carbonate (15.27 g, 110 mmol) was 

5 added. The mixture was heated at reflux for 48 h, then cooled and partitioned 

between ethyl acetate and water. The aqueous layer was extracted with ethyl acetate 

(2X). The combined organic layers were washed with saturated brine, dried 

(MgS04), filtered and concentrated to provide the title compound as a pale yellow 

crystalline solid (4.82 g, 89%). MS(ESI): 147.0 (M+H)+. 

10 

c) N-[2-[N-methyl-N-(2-methylpropyl)amino]tbiazol-4-ylcarbonyl]-N'-[N-(4-

pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide 

Following the procedure of Example l l 3(d)-l 13(f), except substituting N­

methyl-N-(2-methylpropyl)thiourea for N-(4-phenylphenyl)-N-(2-methyl-1-

15 propyl)tbiourea in step (d). the title compound was prepared as a white solid (202 

mg, 97% ). MS(ESI): 477 .4 (M+H)+. 

Example 187 

Pre,paration ofN-CN-metbyl-N-picolinoyl-L-leucinyll-N'-[2-CN-C2-methylpmpyl)-N-

20 phepylaminoltbiaml+y1carbonyllbydrazide 

Following the procedure of Example 176(a)-176(b), except substituting.N­

(N-methyl-N-ren-butoxycarbonyl-N-methyl-L-leucinyl)-N'-[2-[N-(2-

methylpropyl)-N-phenylamino]thiazol-4-ylcarbonyl]hydrazide for N-(2-(2-

benzyloxyphenyl)tbiazol-4-ylcarbonyl]-N'-(N-ren-butoxycarbonyl-L-

25 leucinyl)hydrazide in step (a) and picolinic acid for pyrazinecarboxylic aicd in step 

(b), the title compound was prepared as a white solid (30 mg. 41 % ). MS (ESI): 

523.S (M+H)+. 
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Example 188 

Preparation of N-£2-<2-beneylpUpheoyllthiazol-4-ylcarbonyll-N'-CN-<2-

pyridinesulfonyll-kleucinyUbydrazide 

a) 2-pyridinesulfonylchloride 

5 Through a stirring solution of 2-mercaptopyridine (2.235 g, 20 mmol) in 

water (7.5 mL) and concentrated HCI (26 mL) at 0 °C was bubbled CJ2. After 

30min. 75 mL of ice water was added and extracted with cold ether (2 X 75mL). 

The organic layers were combined and washed successively with cold 10% aqueous 

NaHC03, and cold brine. The organic layer was dried (MgS04), filtered and 

10 concentrated to yield the title compound as a clear oil. (3.1g,87%). 

b) N-[2-(2-benzyloxyphenyl)thiazol-4-ylcarbonyl]-N'-[N-(2-pyridinesulfonyl)-L­

leucinyl]hydrazide 

To a stirring solution of the compound of Example 176(a) (0.125 g. 0.285 

15 mmol), and the compound of Example 188(a) (0.101 g, 0.571 mmol) in 

dichlorometbane (2 mL) was added N-methylmorpholine (0.057 g, 0.571 mmol). 

After stirring at room temperature for 10 min the solution was diluted with ethyl 

acetate and washed successively with water and brine. The organic layer was dried 

(MgS04), filtered and concentrated. The residue was purified by colunm 

20 chromatography (silica gel, ethyl acetate/hexane) to yield the title compound as a 

pale yellow solid (0.100 g, 61%). MS(ESI): 580.2 (M+H)+. 

Example 189 

Pre,paration of N-£2-IN-C2-methytlmmyll-N-phenylaminolthiazol-4-ylcarb9nyll-N'-

25 [N-C2-PJ'rldinesulfoD,,Yll-kleucinylllzyd@zide 

Following the procedure of Example 188(b). except substituting N-(L­

leucinyl)-N'-[2-[N-(2-methylpropyl)-N-phenylamino ]thiazol-4-

ylcarbonyl]hydrazide for N-[2-(2-benzyloxyphenyl)thiazol-4-ylcarbonyl]-N'-(L­

leucinyl)hydrazide, the title compound was prepared as an orange solid (56 mg. 

30 48%). MS (ESI): 545.3 (M+ff)+. 
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Example 190 
J>mtaratjon of N-C2-CN-C2-metbylpnmyD-N-phenylaminolthiazol+ylcarbony11-N'­

CN-metbyl-N-C2-pyridinesulfonyJ>-kleucinyllbydrazide 

Following the procedure of Example 188(b). except substituting N-(N-

5 methyl-L-leucinyl)-N'-[2-[N-(2-methylpropyl)-N-phenylamino]thiazol-4-

ylcarbonyl]hydrazide for N-[2-(2-benzyloxyphenyJ)thiazol-4-ylcarbonyl]-N'-(L­

leucinyl)hydrazide, the title compound was prepared as an orange ·solid (53 mg. 

40% ). MS (ESI): 559.3 (M+H)+. 

10 Example 191 

Preparation of N-[2-lN-methyl-N-<2-methylpnmyl)aminolthiazol+ylcamonyll-N'­

rN-!3-pyridinylmetbomarbonyI>-kleucinylllzydrazide 

Following the procedure of Example 186(~)-186(c), except substituting N­

(3-pyridinylmethoxycarbonyl)-L-Jeucine for N-(4-pyridinylmethoxycarbonyl)-L-

15 leucine in step (c), the title compound was prepared as a white solid (138 mg. 66%). 

MS (ESI): 477.4 (M+H)+. 

Example 192 

Preparation of N-C2-[N-C2-methylpmpyl)-N-phenylamino]thiazol+ylcarbonyll-N'-

20 rN-metbyl-N-(4-pyridinylmethoxycarbonyJ>-L-leucioyllbydrazjde 

25 

Following the procedure of Example l 16(a)-l l 6(b}, except substituting N­

methyl-N-( 4-pyridinylmethoxycarbonyl)-L-Jeucine for N-( 4-

pyridinylmethoxycarbonyl)-L-leucine in step (b), the title compound was prepared 

as a white solid solid (74 mg, 41 % ). MS (ESI): 553.4 (M+H)+. 
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Example 193 

Pre,paration of N-[2-CN-C2-rnethyhmmyl)-N-phenylaminoltbiazol-4-ylcarbonyJJ-N'­

CN-methyl-N-C3-PJ'rldinylmetbAA.Vcarbonyll-kleucinyllbydmide 

FoJlowing the procedure of Example 1l6(a)-l l 6(b ), except substituting N-

5 methyl-N-(3-pyridinylmethoxycarbonyl)-L-leucine for N-(4-

pyridinylmethoxycarbonyl)-L-leucine in step (b), the title compound was prepared 

as a white solid solid (SO mg, 38% ). MS (ESI): 553.4 (M+H)+. 

Example 194 

10 Pre.paration of N-[2-C2-benzyloxwheoyllthiazol-4-ylcarbonyll-N'-rN-methyl-N-C3-

p_yridinylrnetlmycarbonyll-L-leucinyllbydrazide 

Following the procedure of Example 112(a)-l 12(g), except substituting N­

methyl-N-(4-pyridinylmetboxycarbooyl)-L-leucine for N-(4-

pyridinylmethoxycarbonyl)-L-leucine in step (g), the title compound was prepared 

15 as a white solid (0.028 g.15%). MS(ESI): 588.4 (M+H)+. 

Example 195 

J>re.t>aration of N-CN-metbyJ-N-C+pyridinylmetboucarhonyll-kleucinyll-N'-f2-Cl­

MPhtbYllthiazol-4-ylcarbonyl]bydrazide 

20 Following the procedure of Example l 12(a)-112(g). except substituting 1-

25 

naphthyl boronic acid for 2-benzyloxyphcnyl boronic acid in step (e) and N-methyl­

N-(4-pyridinylmethoxycarbonyl)-L-leucine for N-(4-pyridinylmethoxycarbonyl)-L­

leucine in step (g). the title compound was prepared as a white solid (0.072 g. 36% ). 

MS(ESI): 532.4 (M+H)+. 

Example 196 

Pre,paration ofN-[2-[N.N-Cbisl-2-metbylpropyllaminolthiazol-4-ylcarbonyll-N'-[N­

( 4-pyridinylmethoxycarbonyl)-kleucinyllbydrazide 

Following the procedure of Example 186(a)-186(c), except substituting N,N-

30 diisobntylamine for N-methylisobutylamine in step (a), the title compound was 

prepared as a yellow solid (60 mg, 39%). MS (ESI): 519.S (M+H)+. 
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Example 197 

Preparation of N-CN-benzyloxycarbonyl-L-leucinyl):N'-[2-CN.N-Cbisl-2-

metbylpro,pyllaminolthiazol:4-ylcarbonyllbydrazide 

S Following the procedure of Example 186(a)-186(c), except substituting N.N-

10 

diisobutylamine for N-methylisobutylamine in step (a) and N-benzyloxycarbonyl-L­

leucine for N-(+pyridinylmethoxycarbonyl)-L-leucine in the fioai step, the title 

compound was prepared as a yellow solid (131mg,69%). MS (ESI): 518.4 

(M+H)+. 

Example 198 

Pre,paration of N-C2-C +morpholinoltbiazol-+ylcadxmyl}-N'-CN-(4-

midinylmethomarbonyll-L-leucinyUhydrazide 

Following the procedure of Example 186(a)-186(c), except substituting 

15 morpholine for N-methylisobutylamine in step (a), the title compound was prepared 

as a white solid (45 mg, 31%). MS (ESI}: 477.3 (M+H)+. 

Example 199 

Pn;paration of N-C2-[2-C4pyridinylmetboxy)phenyDthiazgl-4-ylcarbonyll-N'-[N-(4-

20 pyridinylmetboxycarbonyl)-klevcinyUhydrazide 

a) 2-methoxymethoxybromobenzene 

To a stirring suspension of sodium hydride ( 1.2 g, 52.1 mmol, 60% 

dispersion in mineral oil) in DMF (75 mL) at 0 °C was added 2-bromophenol (6.0 g, 

34.7 mmol) dropwise. After stining for 20 min, bromomethyl methyl ether (4.3 g, 

25 34.7 mmol) was added. After stiITing for 16 hat room temperature, the mixture was 

poured into water (250 ml..) and extracted with hexane. The organic layer was 

washed with brine, dried (MgS04), filtemf and concentrated. The residue was 

purified by column chromatography (silica gel, hexane) to yield the title compound 

as a colorless oil (4.0 g, 53%). lffNMR (400MHz. CDCI3) a 7.55 (d, lH). 7.28 (t, 

30 lH), 7.16 (d, lH), 6.91 (t, lH), 5.25 (s, 2H), 3.54 (s, 3H) . 
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b) ethyl 2-(2-methoxymethoxyphenyl)tbiazole-4-carboxylate 

Following the procedure of Example 112(a)-112(b) and 112(d)-l 12(e). 

except substituting 2-methoxymethoxybromobenzene for 2-

benzyloxybromobenzene in step (d), the tide compound was prepared. MS(ESI): 

S 294.3 (M+H)+. 

c) ethyl 2-(2-hydroxyphenyl)tbiazole-4-carboxylate 

To a stirring solution of the compound of Example l 99(b) (0.839 g, 2.86 

mmol) in ethanol (25 mL) was added 10 drops of concentrated hydrochloric acid. 

10 After stirring at reflux for 2 h the soJution was concentrated then redissolved in 

ethyl acetate. The solution was washed successively with saturated sodium 

bicarbonate, and brine, dried (MgS04), filtered and concentrated to yield the title 

compound·as a pale yellow solid (0.674 g, 95%). MS(ESI): 250.2 (M+H)+. 

15 d) ethyl 2-[2-( 4-pyridylmethoxy)phenyl]thiazole-4-carboxylate 

To a stirring solution of the compound of Example 199(c) (0.125 g, 0.502 

mmol), 4-pyridylcarbinol (0.071g,0.653 mmoJ), and triphenylphosphine (0.171 g, 

0.653 mmol) in THF (5 mL) at.0°C was added diisopropyl azodicarboxylate (0.132 

g, 0.653 mmol) dropwise. After stirring at room temperature for 16 h, the solution 

20 was concentrated and purified by column chromatography (silica gel, ethyl 

acetate/hexane) to yield the title compound as a white solid (0.100 g, 59%). 

MS(ESI): 341.3 (M+H)+. 

e) N-[2-[2-( 4-pyridinylmethoxy)phenyl]tbiazoJ-4-ylcarbonyl]-N'-[N-(4-

25 pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide 

30 

Following the procedure of Example l 12(f)-112(g}. except substituting ethyl 

2-[2-( 4-pyridylmethoxy)phenyl]tbiazole-4-carboxylate for ethyl 2-(2-

benzyloxyphenyl)thiazole-4-carboxylate in step (f). the title compound was prepared 

as a white soJid (l46mg, 83%). MS(ESI): 575.4 (M+H)+. 
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Example200 

Pre.paration of N-C2-C2-paphtbyllthiamJ+ylcarbonyll-N'-rN-C 4-

P.)'ridiqylmethoxycarbonyl)-L-leuciuyllhydrazide 

PCT/US96/18000 

Following the procedme of Example 112(a)-l 12(g), except substituting 2-

5 naphthylboronic acid for 2-benzyloxyphenyl boronic acid in step (e), the title 

compound was prepared as a white solid (226 mg, 75%). MS (ESI): 518.4 

(M+H)+. 

Example201 

10 Pre.paration of N-£2-[N.N..fbis)-2-metbyjpro,pyllamino)thiazol+yJcarbgnyll-N'-rN­

methyl-N-C4-pyridinylmethoxyc&rbony1>-kleucinyl1hydrazide 

Following the procedure of Example 186(a)-186(c), except substituting N,N­

diisobutylamine for N-metbylisobutylamine in step (a) and N-mcthyl-N-(4-

pyridinylmethoxycarbonyl)-L-leucine for N-(4-pyridinylmethoxycarbonyl)-L-

15 leucine in the fmal step, the title compound was prepared as a yellow solid (30 mg, 

25%). MS (ESI): 533.3 (M+H)+. 

Example202 

Preparation of N-CN-benzylo:ucarbonyl-L-leucinyl)-N'-[2-(+morpholinolthiazol-4-

20 ylcarb9nyllhycirazide 

Following the procedure of Example 186(a)-186(c), except substituting 

morpholine for N-methylisobutylamine in step (a) and N-benzyloxycarbonyJ-L­

leucine for N-(4-pyridinylmethoxycarbonyl)-L-leucinc in the fmal step, the title 

compound was prepared as a white solid (115 mg, 67% ). MS (ESI): 576.4 

25 (M+ff)+. 
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Example203 

Prepration of N-JN-C4-RYtidigylmetbox.vcarbony1>-k1euciny1l-N'-[2-C4-

thiomorpholinoltbjaz;ol+ylcarbonyllby4razide 

Following the procedure of Example 186(a)-186( c). except substituting 

5 tbiomorpholine for N-methylisobutylamine in step (a), the tide compound was 

prepared as a white solid (35 mg. 20%). MS (ESI); 493.4 (M+H)+. 

Example204 

Preparation of N-CN-beneyloxycarbonyl-kleucinyl)-N'-[2-C4-

1 O thiomor.phoJinn\thjazoJ-4-ylcarbonyllbydrazide 

15 

Following the procedure of Example 186(a)-186(c), except substituting 

thiomorpholine for N-methylisobutylamine in step (a) and N-bcniyloxycarbonyl-L­

leucine for N-(4-pyridinylmethoxycarbonyl)-L-leucine in the final step. the title 

compound was prepared as a white solid (20 mg, 20% ). MS (ESI); 492.3 (M+H)+. 

Example2Q5 

J>na>aration of N-[2-C2.3-ethylenr4iou+methox!PhenyDthiazol-4-ylcarbonyU-N'­

rN-<4-pyridinyltnetbox;ycarbonyl)-kleucinyllhydrazide 

Following the procedure of Example l 12(a)-112(g), except substituting 2,3-

20 ethylenedioxy-4-methoxybromobenzene for 2-benzyloxybromobenzene in step (d). 

the tide compound was prepared as a white solid (31mg.26%). MS (ESI): 556.4 

(M+H)+. 

Examp1e206 

25 Preparation of N-f2-fN.N-lbis)-2-methYlJ>m»Yllaminolthiazol-4-yLcarb9nyl]-N'-CN­

metbyl-N-(3-pyridinylmetboxycarbonyJ)-kleucinyllbydr,azide 

Following the procedure of Example 186(a)-186( c ). except substituting N,,N­

diisobutylamine for N-methylisobutylamine in step (a) and N-methyl-N-(3-

pyridinylmethoxycarbonyl)-L-leucine for N-(4-pyridinylmetboxycarbonyl)-L-

30 leucine in the fmal step, the title compound was prepared as a yellow solid (30 mg, 

30%). MS (ESI): 533.5 (M+H)+. 
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Example207 

Preparation of N-£2-CN-cyclo.pmpylmetbyl-N-pmpylamino)thjam)-4-ylcarbonyll­

N'-CN-C4-pyridinylmetboucarbonYl>-kleucinyllbydrazide 

5 Following the procedure of Example 186(a)-186(c), except substituting N-

10 

cyclopropylmethylpropylamine for N-methylisobutylamine in step (a), the title 

compound was prepared as a yellow solid (60 mg, 23% ). MS (ESI): 503.3 

(M+ff)+. 

Example208 

fmaration of N-CN-<+pyridinylmethmi;ycad>onyl)-kleuclnyll-N'-£2-C8-

guinolyllthiazo)-4-ylcarbonyllhydrazicie 

Following the procedure of Example J 12(a)-112(g), except substituting 8-

bromoquinoline for 2-benzyloxybromobenzene in step (d), the title compound was 

15 prepared as a white solid (134 mg, 56%). MS (ESI): 519.3 (M+H)+. 

Examp1e209 
Pre.para.lion ofN-rN-metbyl-N-(4-pyridinyllnethoxycarbonyll-kleucinxll-N'-[2-C8-

QWnOlyllthiazol+ylcarboQ.vllbydrazide 

20 Following the procedure of Example 112(a)-l 12(g). except substituting 8-

25 

bromoquinoline for 2-benzyloxybromobenzene in step (d) and N-methyl-N-(4-

pyridinylmethoxycarbonyl)-L-leucine for N-(4-pyridinylmethoxycarbonyl)-L­

leucine in step (g}, the title compound was prepared as a white solid (53 mg, 22%). 

MS (ESI): 533.3 (M+H)+. 
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Example210 

'fm!aration of 1-N-{N-Cbz-leucinyD-amino-3-N-C4-biphenyl-sulfonyI>-amino­

pro,pao-2-one 
a) 4-biphenyl sulfonyl chloride 

S 4-Biphenyl sulfonic acid (2.4 g, 10 mmol) was heated to 100 C with 

phosphorus pentachloride (2.1g,10 mmol) overnight. The reaction was cooled to 

RT. diluted with water, filtered and washed with water. The solid. was then 

triturated with EtOAc-ether and the beige solid was used in the next reaction 

without further purification. 

10 b) 1-N-(N-Cbz-leucinyl)-amino-3-N-(4-biphenyl-sulfonyl)-amino-propan-2-one 

15 

Following the procedure of Example Sl(a), except substituting "4-bipbenyl 

sulfonyl chloride" for "4-(3-Chloro-2-cyano-phenoxy)-phenyl sulfonyl chloride", 

the title compound was prepared: MS(ES) M-H·=550. 

Examp1e211 

Pre.paration of 1-N-C N-Cbz-leucinyll-amino-3-N-C3-biphenyl-sulfonyD-amino­

pmpan-2-one 

a) 3-biphenyl-sulfonyl chloride 

20 3-Biphenyl bromide (9.3 g, 40 mmol) was dissolved in THF (40 ml) and a 

Grignard reagent was prepared in standard fashion with magnesium powder (1.2 g, 

50 mmol). The reaction was cannulated into a solution of sulfuryl chloride (10.5 g, 

6.4 ml, 80 mmol) in hexanes (25 ml) and was strirred at RT for 2h. The reaction 

was quenched with ice-water, extracted with ether, dried with magnesium sulfate, 

25 filtered, concentrated, and was used in the next reaction without further purification. 

b) 1-N-( N-Cbz-leucinyl)-amino-3-N-(3-biphenyl-sulfonyl)-amino-propan-2-one 

Following the procedure of Example Sl(a), except substituting "3-biphenyl 

30 sulfonyl chloride" for •14-{3-Chloro-2-cyano-phenoxy)-phenyl sulfonyl chloride .. , 

the title compound was prepared: MS(ES) M-lf =550. 
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Exam1Jle212 

Prq!aration of 1-N-< N-Cbz-leucinyll-amino-3-N-C2-beneylox,y-phenyl-1ulfonyll­

amino-pmpan-2-one 

S a) 2-benzyloxy-phenyl-sulfonyl chloride 

Following the procedure of Example 211(a). except substituting "2-

benzyloxy-phenyl bromide II for "3•hiphenyl bromide"' the title compound was 

prepared and was used in the next step without further purification. 

10 b) 1-N-( N-Cbz-leucinyl)-amino-3-N-(2-benzyloxy-phenyl-sulfonyl)-amino-propan-

2-one 

Following the procedure of Example Sl(a). except substit'Uting "2-

benzyloxy phenyl sulfonyl chloride " for "4-(3-Chloro-2-cyano-phenoxy)-phenyl 

sulfonyl chloride", the title compound was prepared: MS(ES) M+lr= 581, M+Na·= 

15 604, 2M+Na·= 1185. 

Example213 

Preparation of 1-N-C N-Cbz-1eucinyll-amino-3-N-C4-phenoxy-phegyl-su)fonyU­

amino-pro,pan-2-one 

20 a) 4-phenoxy-phenyl-sulfonyl chloride 

Following the procedure of Example 21 l(a), except substituting "4-phenoxy 

phenyl bromide" for "3-biphenyl bromide", the title compound was prepared and 

was used in the next step without further purification. 

25 b) 1-N-( N-Cbz-leucinyl)-amino-3-N-(4-phenoxy-phcnyl-sulfonyl)-amino-propan-2-

30 

one 

Following the procedure of Example Sl(a), except substituting "4-phenoxy­

phenyl-sulfonyl chloride " for "4-(3-Chloro-2-cyano-phenoxy)-phenyl sulfonyl 

chloride". the title compound was prepared: MS(ES) M+H"= 568, M+Na·= 590. 
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Example214 

Preparation of 1-N-C N-Cbz-leucinyll-amino-3-N-C2-dibenzofl1ran-sulfonyl)-amiQo­

imu>an-2-one 

a) 4-phenoxy-phenyl-sulfonyl chloride 

5 Following the procedure of Example 210 (a), except substituting "2-

dibenzofuran-sulfonic acid" for 114-biphenyl-sulfonic acid'\ the title compound was 

prepared and wa5 used in the next step without further purification. 

b) 1-N-( N-Cbz-leucinyl)-amino-3-N-(2-dibenzofuran-sulfonyl)-amioo-propan-2-

10 one 

15 

Following the procedure of Example Sl(a), except substituting "4-phenoxy 

phenyl sulfonyl chloride" for "4-(3-Cbloro-2-cyano-phenoxy)-phenyl sulfonyl 

chloride", the title compound was prepared: MS(ES) M+H+= 566. M+Na·= 588. 

Example215 

Preparation of 1-N-C N-Cbz-leucinyll-amino-3-N-C3.4-dimethoXy-pbenyl- sulfonyl)­

amino-pmpan-2-one 

Following the procedure of Example 51, except substituting "3.4-

dimetboxy-phenyl-sulfonyl chloride" for "4-(3..cbloro-2-cyano-phenoxy)-phenyl 

20 sulfonyl chloride", the title compound was prepared: MS(ES) M+H·= 536, 

M+NlL(= 553. 

fuample 216 

Preparation of 1-N-C N-Cbz-leucinyD-amino-3-N-C2.5-dichlorothio,phene-3-

2S su]fonyl)-amino-pnman-2-one 

30 

Following the procedure of Example 51, except substituting "2,5-

dichlorothiophene-3-sulfonyl chloride " for "4-(3-Cbloro-2-cyano-phenoxy)-phenyl 

sulfonyJ chloride", the title compound was prepared: MS(ES) M+Nl4 ·= 567, 

2M+H·= 1101. 
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Example217 

PICJ,laration of J-N-C N-Cbz-}eucioyU-amino-3-N-(pbenyl-sulfone-5-thio.phene-2-

sulfonyll-amino-pmpan-2-one 

Following the procedure of Example 51, except substituting "·phenyl 

S sulfone-5-thiophene-2-sulfonyl chloride 11 for "4-(3-Chloro-2-cyano-phenoxy)­

phenyl sulfonyl chloride", the title compound was prepared: MS(ES) M +Ir= 622. 

Example 218 

PreJ>arati,on of 1-N-C N-Cbz-leucinyll-amino-3-N-C8-quinolinc-sulfonyU-amino-

10 pm:pan-2-one 

15 

Following the procedure of Example S l. except substituting "8-quinoline­

sulfonyl chloride " for "4-(3-Chloro-2-cyano-phenoxy)-phenyl sulfonyl chloride", 

the title compound was prepared: MS(ES) M +Ir= 527. 

Example 219 

Pmparation of 1-N-< N-Cbz-leucinyll-amino-3-N-<2-pyridyl-sulfonyll-amino­

pmpan-2-one 

Following the procedure of Example 51, except substituting "2-pyridyl­

sulfonyl chloride" (as described in J. Org. Chem. 1989, 54, 392) for "4-(3-Chloro-

20 2-cyano-phenoxy)-phenyl sulfonyl chloride", the title compound was prepared: 

MS(ES) M+Jr= 477, M+ Na+= 499. 
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Example220 

Pmparation of 1-N-C N-Gbz-Jeµcinyll-amino-3-N-C2-pyridyl-sulfonyll-amino­

prqpao-2-one 

a) 1-N-(N-Cbz-leucinyl)-amino-3-N-( 4-phenoxy-phenyl-sulfonyl)-amino-propan-2-

5 ol 

1,3-Diamino propan-2-ol (6.75 g, 75 mmol) was dissolved in DMF (lOOml) 

and Cbz-leucine (20g, 75.S mmol), HOBT-bydrate (I lg, 81.5 mmol), and EDCI 

(lS.Sg, 81.2 mmol) were added. The reaction was stirred overnight at RT. A 

portion of the reaction mixture (30 ml) was concentrated in vacuo, then ether (SO 

10 ml) and MeOH (30 ml) were added A IN solution of hydrochloric acid in ether 

was added (1 M, 30 ml) and a white gum formed, which was washed several times 

with ether. MeOH-acetone were added and heated until the gum became a white 

solid. The white solid was dissolved in DMF (25 ml) and DIEA (Sm.I), then 4-

phenoxy phenyl sulfonyl chloride was added. The reaction was stirred for 2h, 

15 concentrated in vacuo, then chromatographed (silica gel, 1: 1 EtOAc: hexanes) to 

provide the desired product as a white solid. 

b) Leucinyl-amino-3-N-(4-phenoxy phenyl sulfonyl)-amino-propan-2-ol 

l-N-(Cbz-leucinyl)-amino-3-N-(4-phenoxy-phenyl-sulfonyl)-amino-propan-

20 2-ol (l.Og, 1.8 mmol) was dissolved in EtOH (30 ml), then 10% Pd/C (0.22g) was 

added followed by 6N hydrochloric acid (2.5 ml), and the reaction was stirred under 

a baloon of hydrogen gas for 4h at RT. The reaction mixture was filtered, 

concentrated, and azeotroped with toluene to provide a white glass which was used 

in the next reaction without further purification. 

25 

c) 1-N-(N-4-pyridyl acetyl-leucinyl)-amino-3-N-(4-phenoxy-phenyl-sulfonyl)­

amino-propan-2-ol 

Leucinyl-amino-3-N-(4-phenoxy phenyl sulfonyl)-amino-propan-2-ol (0.36 

g. 0.76 mmol) was dissolved in DMF (5 ml), then NMM (0.45 ml, 4 mmol) was 

30 added followed by 4-pyridyl acetic acid (0.13g, 0.75 mmol) and HBTU (0.29g, 0.76 

mmol) and the reaction was stirred at RT overnight. The reaction mixture was 
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concentrated in vacuo, then chromatographed (silica gel, 5%MeOH: methylene 

chloride) to provide the desired product as a white solid (90 mg. MS(ES): M+H+ = 
SSS. 

5 d) l-N-(N-4-pyridyl acetyl-leucinyl)-amino-3-N-(4-phenoxy-phenyl-sulfonyl)-

amino-propan-2-one 

l-N-(N-4-pyridyl-acetyl-leucinyl)-amino-3-N-(4-phenoxy~phenyl-sulfonyl)­

amino-propan-2-ol (45 mg, 0.08 mmol) was dissolved in acetone (Sml), then IN 

hydrochloric acid (2 ml) was added. The reaction was concentrated in vacuo, then 

1 O redissolved in acetone. Jones reagent (1.5 M, several drops) was added and the 

reaction mixture was stirred for 6h at RT. lsopropanol (0.5 ml) was added and the 

reaction mixture was concentrated in vacuo. The reaction was diluted with pH 7 

buffer and then was extracted with EtOAc, dried with magnesium sulfate, :filtered, 

concentrated in vacuo, then chromatographed (silica gel. 5% MeOH-methylene 

15 chloride) to give the desired product as a white solid (27 mg. 50%): MS(ES): 

M+H+=553. 

Example221 

Preparation of 1-N-C N-2-midYl-sulfooyl-leucinyll-amino-3-N-C4-phenoxy-

20 phenyl-snlfonyl>-amino-pmpan-2-one 

25 

Following the procedure of Example 220(a)-(d), except substituting "2-

pyridyl-sulfonyl chloride" (as described in J. Org. Chem. 1989, 54, 392) for "4-

pyridyl-acetic acid and HBTU", the title compound was prepared: MS(ES) M+Ir= 

475,M+Na+=497,.2M+Na+= 1171. 

Example222 

Preparation of 1-N-CN-mm:pholino-carbooyl-leucinyll-amino-3-N-C 4-phenoxy­

phenyl-sulfonyll-amino-proJUlD-2-0ne 

Following the procedure of Example 220(a)-(d), except substituting" N-

30 morpholino-carbonyl chloride'' for "4-pyridyl acetic acid and HBTU", the title 

compound was prepared: MS(ES) M+lf= 547, M+ Na+= 569, 2M+ Na+= 1115. 
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Example223 

Prqwation of 1-N-< N±pyridyl-carbonyl-leucinyll-amino-3-N-C4-phenax.v­

phenyl-sulfonyll-amino-gropan-2-one 

5 Following the procedure of Example 220(a)-(d). except substituting" 4-

pyridyl-carboxylic acid" for "4-pyridyl acetic acid", the title compound was 

prepared: MS(ES) M +Ir= 539. 

Example224 

10 J>rmaratjon of 1-N-< N-acetYl-leucinyll-amino-3-N-C4-pbenox,y-phenyl-sulfogyll-

15 

arnino-PIQPan-2-one 

Following the procedure of Example 220(a)-(d), except substituting "acetyl 

chloride" for "4-pyridyl-acetic acid and HBTU'\ the title compound was prepared: 

MS(ES) M +If= 476, M+ Na+= 498, 2M+ Na+= 973. 

Example225 

Prq>aratjoo of 1-N-C N-imidazole acetyl-Jeucinyll-amino-3-N-C 4-phenoxy-phenyl­

sulfonyll-amino-prgpan-2-one 

Following the procedure of Example 220(a)-(d), except substituting 

20 "imidazole acetic acid" for "4-pyridyl acetic acid", the title compound was prepared: 

MS(ES) M+lf'= 542. 

Example226 

Preparation of 1-N-C N-4-c&rboxymet})yl benzoyl-leucinyll-amino-3-N-C4-phtmoxy-

25 phenyl-sulfooyll-amino-propan-2-one 

Following the procedure of Example 220{a).;(d). except substituting "4-

carboxymethyl benzoic acid" for "4-pyridyl acetic acid", the title compound was 

prepared: MS(ES) M+lr= 596, M+ Na+= 618, 2M+ Na+= 1213. 
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Example227 

Pre,paration of 1-N-( N-<N.N-dimetb.vl glycinyl>-leucinyll-amino-3-N-<+phenou­

phenyl-sulfonyll-amino-prgpan-2-one 

Following the procedure of Example 220(a)-(d). except substituting "N,N-

5 dimethyl glycine" for "4-pyridyl acetic acid", the title compound was prepared: 

MS(ES) M+lr= 519. 

Example228 

J>re.varation of 1-N-< N-8-guinoline-sulfonamide-leucinyll-amino-3-N-<4-phenoxy-

10 phenyl-sulfonyll-amino-pro,pan-2-one 

Following the procedure of Example 220(a)-(d), except s~bstituting "8-

quinoline sulfonyl chloride" for "4-pyridyl-acetic acid and HBTU". the title 

compound was prepared: MS(ES) M +Ir= 625. 
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Example229 

Pre,paration of 1-N-C N-Cbz-leucinyD-aroino-3-N:(8-guinoline-carbonyJ}amiM­

pro,pan-2-one 

l,3-Diamino propan-2-ol (6.75 g. 75 mmol) was dissolved in DMF (lOOml) 

5 and Cbz-leucine (20g, 75.S mmol), HOST-hydrate (llg, 81.5 mmol), and EDCI 

(15.Sg, 81.2 mmol) was added. The reaction was stirred overnight at RT. A portion 

of the ·reaction mixture (30 ml) was concentrated in vacuo. then ether (50 ml) and 

MeOH (30 ml) were added. A lN solution of hydrochloric acid in ether was added 

(1 M, 30 ml) and a white gum formed, which was washed several times with ether. 

10 MeOH-acetone were added and heated until the gum became a white solid. The 

white solid (0.44g, 1.1 mmol) was dissolved in DMF (3 ml) and NM.M (0.33ml, 0.3 

mmol), then 8-quinoline carboxylic acid (0.17g, l.O mmol), and HBTU (0.38g, 1.0 

mmol) were added and the reaction was stirred at RT overnight. The reaction 

mixture was concentrated in vacuo, then chromatographed (silica gel, 7:2 BtOAc: 

15 hexanes). The solid was then dissolved in acetone (Sml), then IN hydrochloric acid 

(2 ml) was added The reaction was concentrated in vacuo. then redissolved in 

acetone. Jones reagent (1.S M, several drops) was added and the reaction mixture 

was stirred for 6h at RT. Isopropanol (0.5 ml) was added and the reaction mixture 

was concentrated in vacuo. The reaction was diluted with pH 7 buffer and then was 

20 extracted with EtOAc, dried with magnesium sul(are, filtered, concentrated in 

vacuo, then chromatographed (silica gel, S% MeOH-methylene chloride) to give the 

desired product as a white solid (23 mg. 41 %): MS(ES): M+H+ = 491. 

Example230 

25 Pre,paration of 1-N:( N-Cbz-leucinyll-amino-3-N-C6-guinolioe-carbonyll-amino= 

prgpan-2-one 

30 

Following the procedure of Example 229, except substituting "6-quinoline­

carboxylic acid" for "8~quinoline carboxylic acid", the title compound was 

prepared: MS(ES) M+H°= 491. 
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Example231 

Preparation of 1-N-C N-Cbz-}eugnyll-amino-3-N-C2-! 4-bipbenyl)..4-metl\Yl­

pmpanamidel-propan-2=0ne 

Following the procedure of Example 229, except substituting "2-isobutyl-4-

5 biphenyl acetic acid " for "8-quinoline carboxylic acid ", the title compound was 

prepared: MS(ES) M+lr= 586, M+ Na+= 608, 2M+ Na+= 1193. 

Example232 

Preparation of 1-N-C N-Chz-leucioYl>-amjno-3-N-C N+pyridyl-metbyleneoxy 

10 carbonyl-leucinyll-amino-prqpao-2-one 

15 

20 

Following the procedure of Example 229, except substituting "4-pyridyl 

methyleneoxy carbonyl leucine" for "8-quinoline-carboxylic acid .... the title 

compound was prepared: MS(ES} M +ff= 584. 

Ex&mple233 

Preparation of 1-N-C N-Cbz-leucioyl)-amino-3-N-lbenzqyl>-amino-pmpan-2-one 

Following the procedure of Example 229, except substituting "benzoyl 

chloride" for "8-quinoline carboxylic acid and HBTU", the title compound was 

prepared: MS(ES} M+li= 440, M+ Na+= 462, 2M+ Na+= 901. 

Example234 

Pr;paration of t-N-C N-Cbz-leucinyll-amiD0=3-N-{2.4-dimetbyl-3-sulfonyI>-amino­

PJOl)an-2-one 

Following the procedure of Example 51, except substituting "2,4-dimethyl-

25 3-sulfonyl chloride" for "4-(3-Chloro-2-cyano-phenoxy)-phenyl sulfonyl chloride", 

the title compound was prepared: MS(ES) M+ff= 494. 
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ExampJe235 

Preparation of l-N-CN-Cbz-leucinyll-amino-3-N-Cl.3-dimetbyl-5-cbloro- pyrazole-

4-sulfonyll-amipo-pmpan-2-one 

Following the procedure of Example 51. except substituting "1,3-dimcthyJ-

5 5-chloro- pyrazoJe-4-sulfonyl chloride" for "4-(3-Chloro-2-cyano-phenoxy)-phenyl 

sulfonyl chloride", the title compound was prepared: MS(ES) M+lr= 494. 

Bxample 236 

Preparation of l-N-<N-4-11yridyl-inethyleru;oxy carbonyl-leuciny1l-amino-3-N-C 4-

10 phenox;y-pbenyl-sulfonyD-amino-pro.pan-2-one 

15 

Following the procedure of Example 213(a), except substituting "4-pyridyl­

methyleneoxy carbonyl-leucine" for .. Cbz-leucine", the title compound was 

prepared: MS(ES) M+lf = 569. 

Example237 

J>re.paratjon of 1-N-C N-3-pyridyl-methyleneoxy carbonyl-lcucinyll-amino-3-N-<4-

phenoxy-phenyl-sulfonyll-amino-pmpan-2-one 

Following the procedure of Example 213(a), except substituting "3-pyridyl­

methyleneoxy carbonyl-leucine" for" Cbz-leucine", the title compound was 

20 prepared: MS(ES) M+Jr= 569. 

Example238 

Preparation of 1-N-C N-2-mrrldl'l-methyleueox,y-carbonyl-leucinyll-amino-3-N-C4-

phenoxy-pheuyl-sulfonyll-amino-pro,pao-2-one 

25 Following the procedure of Example 213(a), except substituting "2-pyridyl-

methyleneoxy carbonyl-leucine" for ~· Cbz-leucine", the title compound was 

prepared: MS(ES) M+lf = 569. 
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Example239 

Pmparation of 1-N-C N+camoxy-bew.Qyl-JeucigyD-amino-3-N-<4-phen<>u­

PheDYl-sulfonyl>-amino-propan-2-one 

1-N-(4-carboxy methyl-benzoyl-leucinyl)-amino-3-N-( 4-phenoxy-phenyl-

5 sulfonyl)-amino-propan-2-one {0.105g. 0.176 mmol) was dissolved in MeOH (5 ml) 

and water (1 ml), then LiOH-hydrate (15 mg, 0.35 mmol) was added and the 

reaction was stirred at RT for lb. The reaction was diluted with water, acidified 

with 6N hydrochloric acid (1 ml). then with EtOAc (2 x 10 ml). The combined 

organics were dried with magnesium sulfate, filtered, concentrated, 

10 chromatographed (silica gel, 50:50: 1 EtOAc: hexanes: AcOH) to give the desired 

product as a white solid (35.6 mg, 35% ): MS(ES) M +Ii= 582, M+ Na+ = 604. 

Example240 

Preparation of 1-N:..( N-Me-N-Cbz-Jeucinyll-amino-3-N-c+pbenoxy-phenyJ-

15 sulfonyl)-aminO=PTQPao-2-one 

20 

Following the procedure of Example 213(a), except "N-Me-N-Cbz-leucine" 

for " Cbz-leucine". the title compound was prepared: MS(ES) M +Ir= 582, M+ Na+ 

= 604, 2M+ Na+= 1185. 

Example241 

Preparation of 1-N-C 4-phenoxy benzoyU-amino-3-N-C4-phenoxy-phenyl- sulfonyJ>­

amino-RWJZilll-2-one 

Following the procedure of Example 213(a), except "4-phenoxy benzoic 

acid'" for" Cbz-leucine". the title compound was prepared: MS(ES) M+H'= 517. 

25 M+ Na+= 539~ 2M+ Na+= 1055. 
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Example242 

Pre.paration of l-N-C3-pbenoxY-beDZQy1l-amino-3-N-C 4-phenaxy-phenyl- sulfonyll-

amino-propan-2-one 

Following the procedure of Example 213(a), except "3-pbenoxy benzoic 

5 acid" for" Cbz-leucine", the title compound was prepared: MS(ES) M+lf"= 517, 

M+ Na+= 539, 2M+ Na+= 1055. 

Bxamp1e243 

Preparation of 1-N-{4-pbenoxy benzpYll-amjno-3-N-C4-pbenoxy-phenyl- sulfonvI>-

10 amino-pmpan-2-one 

15 

Following the procedure of Example 213(a), except "4-phenoxy benzoic 

acid" for" Cbz-leucine", the title compound was prepared: MS(ES) M+lr= 517, 

M+ Na+= 539, 2M+ Na+= 1055. M-H+ = 515. 

Example244 

Preparation of 1-N-<+biphenyl acetyll-amino-3-N-<4-pheoox,y-phenyl-sulfonyll­

amino-mwan-2-one 

Following the procedure of Example 213(a), except "4-biphenyl acetic acid 

" for " Cbz-leucine". the title compound was prepared: MS(ES) M +If"= 515, M+ 

20 Na+= 537. 2M+ Na+= 1051. 

Example245 

Preparation of 1-N-<2-benzylou beDZQYll-amino-3-N-(4-phenoxy-phenyl­

sulfonyll-amino-pmpan-2-one 

25 Following the procedure of Example 213(a), except "2-benzyloxy- benzoic 

acid 11 for" Cbz-leucine", the title compound was prepared: MS(ES) M+lf'= 531, 

M+ Na+= 553, 2M+ Na+= 1083. 
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Eurgple 246 

Prgration of 1-N-C N-Cbz-leucigyD-amino-3-N-C 4-beneyloxy-benzoyll-amino­

. prgpan-2-one 

Following the procedure of Example 229, except substituting "4-benzyloxy-

5 beozoic acid" for "8-quinoline carboxylic acid ''. the title compound was prepared: 

MS(ES) M+li= 546, M+ Na+= 568, 2M+ Na+= 1113. 

Example247 

Piqwation of 1-N..(2-C4-bjp1ienyl>+methy1-pentamidol-3-N-C 4-phenm;y-phenyJ-

10 sulfonyl)-amjno-prgpan-2-one 

15 

Following the procedure of Example 213(a), except 2-(4-biphenyl)-4-

methyl-pentanoic acid " for " Cbz-leucine", the title compound was prepared: 

MS(ES) M +Ir= 571, M+ Na+= 593. 

Example248 

Preparation of 1-N-<2-<3-bipbenyll+methyl-pentamidol-3-N-<4-phenoxy-phenyl­

sulfonyll-amino-pnpn-2-one 

a) 3-bromo-phenyl methyl acetate 

3-Bromo phenyl acetic acid (2.15g, 10 mmol) was dissolved in ether, then 

20 was treated with a solution of diazometbane until the yellow color persisted. The 

reaction was then quenched with AcOH, concentrated in vacuo and was used in the 

next reaction without further purification. 

b) 3-biphenyl methyl acetate 

3-bromo-phenyl methyl acetate (2.29g, 10 mmol) was dissolved in toluene 

25 (30 ml). Then, phenyl boronic acid ( l.46g, 12 mmol) was added followed by 

aqueous sodium carbonate (2M, 4.24 ml, 40 mmol), then 

tetrakis(triphenyJphosphine) palladium (0.35g, 0.3 mmol) and was refluxed 

overnight. The reaction was cooled to RT, diluted with saturated ammonium 

chloride, then extracted with EtOAc ( 2 x 10 ml). The combined organics were 

30 dried with magnesium sulfate, filtered, concentrated, and chromatographed (silica 
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gel, 5% EtOAc: hexanes) to provide the desired product as a white solid (l.93g, 

84%): MS(ES): M+H·= 263. 

c) 3-biphenyl acetic acid 

5 3-Biphenyl acetyl methyl ester was dissolved in MeOH (40 ml) and water (6 

ml), then LiOH-hydrate (0.7g, 16.8 mmol) was added, and the reaction was stirred 

at RT for 2b. The reaction was diluted with water. acidified with 6N hydrochloric 

acid (1 ml), then with EtOAc (2 x 10 ml). The combined organics were dried with 

magnesium sulfate, filtered, and concentrated to give the desired product as a white 

JO solid (1.66 g, 93%): lH NMR: d: 7.6-7.25 (m, 9H), 3.7 (s, 2H) 

d) 3-( o4.biphenyl)-4-metbyl-pent-4-enoic acid 

nBuLi (3.26 ml, 1.6 M in hexanes) was added dropwise to a solution of 

diisopropyl amine (0.74 ml, 5.3 mmol) in THF (6 ml) at O"C. The reaction was 

15 stiITed for 15 minutes. then was cooled to-78 C. 3-Biphenyl acetic acid (0.Sg. 2.35 

mmol) wasa dissolved in THF (2 ml) and was added dropwise to the LDA solution. 

The reaction was warmed to 0 C, stirred 40 minutes, then cooled to -78 C. 

Isobutenyl bromide (0.475g, 3.52 mmol) was added and the reaction was stirred for 

lh. Water (2 ml) was added and the TIIF was removed in vacuo. The reaction was 

20 diluted with water, acidified with 6N hydrochloric acid ( l ml}, then with EtOAc (2 

x 10 ml). The combined organics were dried with magnesium sulfate, filtered, 

concentrated, chromatographed (silica gel, 5% MeOH: methylene chloride) to give 

the desired product as a white_ solid (1.66 g, 93%): IH NMR: d: 7 .6-7.3 (m, 9H). 

4.75 (d, 2H), 3.87 (t, lH), 2.87 (dd, lH), 2.50 (dd, lH), 1.70 (s, 3H). 

25 
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e) 3-( 4-biphenyl)-4-methyl-pentanoic acid 

3-(4-Biphenyl)-4-methyl-pent-4-enoic acid (0.Sg. 1.87 mmol) was dissolved 

in EtOAc (25 ml). Then, 10% Pd/C (60 mg) was added and the reaction was stirred 

for 2.5 h under a balloon of hydrogen gas. The reaction was filtered, concentrated 

5 in vacuo, then was redissolved in 1:5 BtOAc: EtOH (15 ml). Then, 10% Pd/C (80 

mg) was added and the reaction was stined under a balloon of hydrogen gas 

overnight. The reaction was filtered, concentrated in vacuo, and chromatographed 

(silica gel, 5% MeOH: methylene chloride) to give the desired product as a white 

solid (1.66 g, 93%): IH NMR: d: 7.6-7.3 (m. 9H), 3.7 (t, lH), 2.07-1.95 (m, lH). 

10 1.8-1.7 (m, lH). 1.6-1.45 (m, lH}. 

f) I-N-(2-(3-biphenyl)-4-methyl-pentamido)-3-N-( 4-phenoxy-phenyl-sulfonyl)­

amino-propan-2-one 

15 Following the procedure of Example 213(a), except 3-(4-biphenyl)-4-

methyl-pentanoic acid " for" Cbz-leucine", the title compound was prepared: 

MS(ES) M+H·= 571, M+ Na+= 593. 

Example249 

20 Pre,paration of I-N-<3-bjpbeoyl acetYn-amino-3-N-<4-pbenoxy-pheoyl-sulfonyll­

amino-pro,pan-2-one 

25 

Following the procedure of Example 213(a). except "3-biphenyl acetic acid 

II for n Cbz-leucine", the title compound was prepared: MS(ES) M+fr= 515. M+ 

Na+=S37,2M+Na+= 1051. 
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Example250 

Pn;paration of 1-N-C N-4-pyridyl acetyl-leucinyll-amino-3-N-C2-benzy1ox,,y- phenyl­

sultonyl>-amino-pmpan-2-one 

a) l-N-(N-Boc-leucinyl)-amino-3-N-(2-benzyloxy phenyl-sulfonyl)-amino-propan-

5 2-ol 

1.3-Diamino-propan-2-ol (3.375g, 31.S mmol) was dissolved in DMF (60 

ml). Then HOBT-hydrate was added (5.5g, 40.7 mmol), followed by Boc-L-leucine 

(9.34g, 37.5 mmol) and EDO (7.77g, 40.7 mmol). The reaction was stirred for4h, 

then diluted with DMF to make a stock solution of a total volume of 100 ml (0.375 

10 mmol/m.l). The stock solution (18 ml, 6.75 mmol) was treated with NMM (0.89 ml, 

7.28 mmol). then 2-benzyloxy phenyl sulfonyl chloride (1.9g, 6.72 mmol). The 

reaction was stirred an additional 2h, then was diluted with water; extracted with 

EtOAc, dried with magnesium sulfate, filtered, concentrated. and chromatographed 

(silica gel, 20% EtOAc: hexanes): MS{ES) M+Ir= 550. 

15 

b) 1-N-(leucinyl)-amino-3-N-(2-benzyloxy-phenyl-sulfonyl)-amino-propan-2-ol 

l-N-(Boc-leucinyl)-amino-3-N-(2-bcnzyloxy phenyl sulfooyl)-amino­

propan-2-ol (0.7g, 1.3 mmol) was dissolved in 1:1 TFA: DCM (50 ml) and was 

stirred at RT for 2h, concentrated in vacuo and was used in the following reaction 

20 without further purification: MS(ES) M +H'= 450. 

c) l-N-(N-4-pyridyl acetyl-leucinyl)-amino-3-N-(2-benzyloxy-phenyl-sulfonyl)­

amino-propan-2-one 

Following the procedure of Example 220(b )-(c). except substituting "l-N-

25 leucinyl-amino-3-N-(2-benzyloxy phenyl sulfonyl)-amino-propan-2-ol" 

for " N-leucinyl-amino-3-N-(4-phenoxy phenyl sulfonyl)-amino-propan-2-ol ". the 

tide compound was prepared: MS(ES) M +Ir= 567. 
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Example2Sl 

Preparation of 1-N-C N-4-pyridyl camonyl-leucinyll-amino-3-N-<2-bew.ylox,y­

phenyl-sulfoeyl)-amino-pmpan-2-one 

Following the procedure of Example 2SO(a)-(c). except substituting "4-

5 pyridyl carboxylic acid" for "4-pyridyl acetic acid ". the title compound was 

prepared: MS(ES) M+W= 553. 

Example252 

Preparation of I-N-C N-4-imidnole acetic-leucigyll-amino-3-N=<2-benzylox,y-

10 phenyl-sulfon.vll-amino-propan-2-one 

15 

Following the procedure of Example 2SO(a)-(c). except substituting "4-

imidazole acid" for "4-pyridyl-acetic acid", the title compound was prepared: 

MS(ES) M+lf= 556. 

Example253 

Preparation of J-N-< N-< N.N-dimethyl aJycyl> -levcinyll-amino-3-N-C2-benzyloxy­

phenyl-sulfonyl)-amino-pmpan-2-one 

Following the procedure of Example 250(a)-(c). except substituting "N.N­

dimethyl glycine" for "4-pyridyl-acetic acid", the title compound was prepared: 

20 MS(ES) M +H·= 533. 

Example254 

Pnpration of 1-N-< N-<N-metbyl prolyl-)eucjnyll-amino-3-N-C2-beneylo:gy­

phenyl-sulfonyll-amino-pmpan-2-one 

25 Following the procedure of Example 250(a)-{c), except substituting "N-

methyl proline" for "4-pyridyl acetic acid". the title compound was prepared: 

MS(ES) M+~= 559. 

EDmple255 

30 Pre,paration of 1-N-C N-CN-metbyl piperidine-4-camonyll-leucinyll-am.ino-3-N-C2-

benzyloxy-phenyl-sulfonyll-amino-pmpan-2-one 

210 



WO 97/16433 PCT/US!J6/l8000 

5 

Following the procedure of Example 250(a)-(c), except substituting "N­

metbyl-piperidine-4-carboxylic acid" for "4-pyridyl acetic acid", the title compound 

was prepared: MS(ES) M+lf= 573. 

Eumple256 

Preparation of 1-N-C N-CN-metbyl piperidine-4-carbogyll-leucinyll-amino-3-N-C2-

dibenzofuran-suJfonyll-amino-pro.pan-2-one 

Following the procedure of Example 2SO(a}-(c), except substituting "N­

methyl-piperidine-4-carboxylic acid" for •14-pyridyl acetic acid" and "2-

10 dibenzofuran sulfonyl chloride" for "2-benzyloxy phenyl sulphonyl chloride" the 

title compound was prepared: MS(ES) M+lr= 557. 

Example257 

Preparation of 1-N-C N-CN-metbyl prolyll-leucinyll-amino-3-N-C2-dibenzofuran-

15 sulfonyll-aminctpr0pan-2-one 

20 

Following the procedure of Example 250(a)-(c), except substituting" N­

methyl proline" for 114-pyridyl acetic acid 11 and "2-dibenzofuran sulfonyl chloride" 

for "2-benzyloxy phenyl sulphonyl chloride" the title compound was prepared: 

MS(ES) M+lf= 543. 

Example258 

Preparation of 1-N-C N-C N.N-dimetbyl glycyll-leucinyll-amino-3-N-C-(2-

dibenzofuran-sulfonyll-amino-pro,pan-2-one 

Following the procedure of Example 250(a)-(c), except substituting N,N-

25 dimethyl glycine " for 114-pyridyl acetic acid 11 and "2-dibenzofuran-sulfonyl 

chloride" for "2-benzyJoxy phenyl sulpbonyl chloride" the title compound was 

prepared: MS(ES) M+Ir= 517. 
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Example259 

Preparation of 1-N-C N+imidnole acetic-leucipyI>-amino-3-N-C2-dibeDzofuran­

sulfopyl>-amino-pro,pao-2-one 

Following the procedure of Example 250(a)-(c), except substituting "4-

5 imidazole acetic acid" for "4-pyridyl acetic acid " and ''2-dibenzofuran sulfonyl 

chloride" for "2-benzyloxy phenyl sulphonyl chloride" the title compound was 

prepared: MS(ES) M +Ir= 526. 

Example26Q 

10 frel>aration of 1-N-C N-4-pyridyl carl>onyl-legcirzyU-amino-3-N-C2-dibenzofµcan­

su1fonyll-amino-pmpan-2-one 

Following the procedure of Example 2SO(a)-(c), except substituting "4-

pyridyl carboxlic acid" for "4-pyridyl acetic acid " and "2-dibenzofuran sulfonyl 

cb1oride" for "2-benzyloxy phenyl sulphony1 chloride" the title compound was 

15 prepared: MS(ES) M+Fr= S37. 

Example261 

Preparation of 1-N-C N-4-pyridyl acety1-leucigyll-amino-3-N2-dibeDZOfuran­

suJfonyl}amioo-pmpan-2-one 

20 Following the procedure of Example 250(a)-(c), except substituting "2-

dibenzofuran sulfony1 cbJoride" for "2-benzyloxy phenyl sulphonyl chloride" the 

title compound was prepared: MS(ES) M+H·= 551. 

Bxamp)e262 

25 Pn;paration of 1-N-< N-+iwamle·acQ'lyl-leucinyll-amino-3-N-<2-dibenzofuran­

suJfonyl)-amino-prgpan-2-one 

Following the procedure ofBxampJe 250(a)-(c), except substituting "4-

imidazo1e-acryic acid" for "4-pyridyl acetic acid " and "2-dibenzofuran sulfonyl 

chloride" for "2-benzyloxy phenyl sulphonyl chloride" the title compound was 

30 prepared: MS(ES) M+H·= 552. 
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Example263 

Pn;paration of 1-N-C N-mazole-carlxmyl-leucinyll-amino-3-N-C2-dibeozofuran­

sulfon,yll-amino-propan-2-one 

Following the procedure of Example 250(a)-(c), except substituting 

5 "pyrazole carboxylic acid" for "4-pyridyl acetic acid" and ''2-dibenzofuran sulfonyl 

chloride" for "2-benzyloxy phenyl sulphonyl chloride" the title compound was 

prepared: MS(ES) M +Ir= 538. 

Example264 

10 Pmparation of 1-N-C N-benzgyl-1eucinyD-amjno-3-N-C8-quinoline-sulfony]}-amino­

pmpan-2-one 

Following the procedure of Example 250(a)-(c), except substituting 

"benzoic acid" for "4-pyridyl acetic acid" and "8-quinoline sulfonic acid" for "2-

benzyloxy phenyl sulphonyl chloride" the title compound was prepared: MS(ES) M 

15 +H·=497. 

Example265 

Preparation of I -N-C N-2.S-difluoro-benzgyl-leucinyn-amino-3-N-<8-Quinoline­

sulfonyll-amino-prgpan-2-one 

20 Following the procedure of Example 2SO(a)-(c), except substituting "2,5-

25 

ditluoro-benzoic acid" for "4-pyridyl acetic acid" and "8-quinoline sulfonic acid" 

for "2-benzyloxy phenyl sulphonyl chloride" the title compound was prepared: 

MS(ES) M+lr= 535. 

Example266 

Preparation of 1-N-C N-2.5-difluoro-phegyl acetyl -Ieucinyll-amino-3-N-C8-

QUinoline-sulfonyll-amino-pmpan-2-one 

Following the procedure of Example 250(a)-(c). except substituting "2.5-

difluoro- phenyl acetic acid" for "4-pyridyl acetic acid" and "8-quinoline sulfonic 

30 acid" for "2-benzyloxy phenyl sulphonyl chloride" the title compound was prepared: 

MS(ES) M+lf"= 547. 
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Example267 

frtalaration of 1-N-< N-phenyl acetyl-leucinyD-amino-3-N-C8-q.uino1ine-sulfonyl>­

amino-IU'QPID-2-one 
5 Following the procedure of Example 250(a)-(c), except substituting .. phenyl 

10 

acetic acid" for "4-pyridyl acetic acid " and "8-quinoline sulfonic acid" for "2-

benzyloxy phenyl sulphonyl chloride" the title compound was prei>ared: MS(ES} M 

+11=511. 

Example268 

Pre,paration of 1-N-C N+pyridyl acetyl-IeucimD-amino-3-N-C8-QUinoline­

sulfonyll-amino-:mqpan-2-one 

Following the procedure of Example 2SO(a)-(c), except substituting "4-

pyridyl acetic acid" for "4-pyridyl acetic acid" and "8-quinoline sulfonic acid" for 

15 "2-benzyloxy phenyl sulphonyl chloride" the title compound was prepared: MS(ES) 

M+lf=512. 

Example269 

Pmparation of 1-N-< N-4-pyridyl camonyl-leucigyll-amino-3-N-(8-quino)ine-

20 sulfonyl>-amino-prqpan-2-one 

25 

Following the procedure of Example 2SO(a)-(c), except substituting "4-

pyridyl carboxylic acid" for "4-pyridyl acetic acid" and 118-quinoline sulfonic acid" 

for "2-benzyloxy phenyl sulphonyl chloride" the title compound was prepared: 

MS(ES) M+H'= 498. 

214 



W097/16433 PCT/US96J18000 

Example270 

Pre.paration of 1-N-< N-4-igtjdnole acetYl-leucinyl}=amino-3-N-CS-gginoline­

sulfonyll-amino-pmpan-2-one 

Following the procedure of Example 2SO(a)-(c), except substituting "4-

5 imidazole acetyl acid" for "4-pyridyl acetic acid" and "8-quinoline sulfonic acid" 

for "2-bcnzyloxy phenyl sulphonyl chloride" the title compound was prepared: 

MS(ES) M+lr= 501. 

Example271 

10 Pre,paration of 1-N-C N-3-phenyl prqpionyI-leucinyll-amino-3-N-C8-guinoline­

sulfonyll-amino-pmpan-2-one 

Following the procedure of Example 250(a)-(c), except substituting 

"hydrocinnamic acid" for "4-pyridyl acetic acid " and "8-quinoline sulfonic acid" for 

"2-benzyloxy phenyl sulphonyl chloride" the title compound was prepared: MS(ES) 

15 M+li= 525. 

Example 272 

Preparation ofbis-N.N'-C N+pyridyl methyleneoxy carbonyl-leucinyll-1.3-

djamjno-pro,pan-2-one 

20 Following the procedure of Example 37. except substituting "4-pyridyl-

methyleneoxy-carbonyl-leucinyl " for "Cbz-leucine " , the title compound was 

prepared: MS(ES) M+fr= 585. 

Example273 

25 Pre.paration of bis-N.N'-C N-3-pyridyl metbyleoeogy-cil(bonyl-Ieucinyl)-t .3-

diamin0=propan-2-onc 

30 

Following the procedure of Example 37, except substituting "3-pyridyl­

methyleneoxy-carbonyl-leucinyl " for "Cbz-leucine " , the title compound was 

prepared: MS(ES) M+fr= 585. .\ 
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Eumple274 

Preparation of bis-NJJ'-C N-2-pyridyJ metbyleneoxy carbonyl-leucinyll-1.3-

diamino-pmpau-2-one 

Following the procedure of Example 37, except substituting "2-pyridyl-

5 methyleneoxy-carbonyl-leucinyl " for "Cbz-leucine " • the title compound was 

prepared: MS(ES) M+H·= 585. 

Example275 

Preparation of 1-N-C N-Cbz-leucipyll-amino-3-N-C2-beneylo:gy-llenzgyU-amino-

10 Rl'OJ.'an-2-one 

15 

Following the procedure of Example 229. except 2-benzyloxy-benzoic acid" 

for "8-quinoline-carboxylic acid ". the title compound was prepared: MS(ES) M 

+Ir=S46. 

Example 2'76 

Preparation of 1-N-C N-Cbz-leucinyll-amino-3-N-(3-bem;yloxy-benzoyl)-amino­

PJOl>BD·2-one 
Following the procedure of Example 229. except "3-benzyloxy benzoic 

acid" for "8-quinoline carboxylic acid ". the title compound was prepared: MS(ES) 

20 M+lf= 546. 

Example277 

Preparation of 1-N-< N-Cbz-leucinyl).=amino-3-N-<4-bjphenyl-acet.Yll-amino­

pmpan-2:one 

25 Following the procedure of Example 229, except "4-biphcnyl acetic acid" 

for "8-quinoline carboxylic acid ". the title compound was prepared: MS(ES} M 

+W=530. 
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Example278 

Preparation of 1-N-C N-Cbz-J.eucjnyl)-amino-3-N-(2-carboumethyJ-thio.phene-3-

sulfonyD-aminO=pmpan-2-one 

Following the procedure of Example 51, except substituting "2-

5 carboxymethyl thiophene-3-sulfonyl " for 114-(3-Chloro-2-cyano-phenoxy)-phenyl 

sulfonyl chloride", the title compound was prepared: MS(ES) M-H·=540. 

Example279 

fre.Raration of 1-N-C N-Cbz-leucinyll-amino-3-N-metbyl-N-C N-Cbz-leucinyl)-

10 aminP-Jmmilll-2-one 

a) N-(Cbz-leucinyl)-amino-propene 

N-Cbz-leucine (3.0g, 11.3 mmol) was dissolved in DMF (50 ml), then NMM 

(1.3g, 12.4 mmol) was added, followed by allyl amine (0.65g, 0.85 mmol), and 

HBTU (4.3g, 11.3 mmol) and the reaction was stirred overnight at RT. The reaction 

15 was diluted with water, extracted with EtOAc, dried with magnesium sulfate, 

filtered, concentrated, and chromatographed (silica gel, 40% EtOAc: hexanes): 

MS(ES) M+lr= 305. 

b) N-(Cbz-leucinyl)-amino-propene oxide 

20 N-(Cbz-leucinyl)-amino-propene (2.95g, 9.7 mmol) was dissolved in 

25 

methylene chloride (JOO ml), then mCPBA (5.0g, 29.1 ~ol) was added and the 

reaction was stirred overnight. The reaction was diluted with saturated aqueous 

sodium bicarbonate, extracted with EtOAc. dried with magnesium sulfate, filtered, 

concentrated, and chromatographed (silica gel, 50% EtOAc: hexanes). 

c) 1-N-(Cbz-leucinyl)-amino-3-N-methyl-amino-propan-2-ol 

N-(Cbz-leucinyl)-amino-propene oxide (400 mg, 1.25 mmol) was dissolved 

in isopropanol (5 ml). then aqueous methyJ amine (2 ml) was added and the reaction 

was heated to 70 C in a sealed bomb for 2h. The reaction mixture was concentrated 

30 in vacuo and was used in the next reaction without further purification. 
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d) 1-N-( N-Cbz-leucinyl)-amino-3-N-methyl-N-( N-Cbz-leucinyl)-amino-propan-2-

one 

Following the procedure of Example 229(a), except substituting "1-N-(Cbz­

leucinyl)-amino-3-N-metbyl-amino-propan-2-ol " for "8-quinoline carboxylic acid 

S ",the title compound was prepared: MS(ES) M+Fr= 597. 

Example280 

fre»aration of 1-N-C N-Cbz-leucjnyD-amino-3-N-methyJ-N-( N-4-IOOidyl­

metqyloxy-cadxmyl-leucinyl)-amino-pmpan-2-one 

10 Following the procedure of Example 279(a)-(d), except substituting "4-

pyridyl-methyleneoxy-carbonyl leucine " for "Cbz-leucine" in (d), the tide 

compound was prepared: MS(ES) M+H·= 598. 

Example281 

15 Pn;paration of 1-N-C N-Cbz-leucin,yll-amino-3-N-metbyl-N-<2-dibenzofnrao­

suJfonyll-amjno-prcpn-2-one 

20 

Following the procedure of Example 279(a)-(d), except substituting "2-

dibenzofuran sulfonyl chloride" for "Cbz-leucine and HBTU" in (d), the title 

compound was prepared: MS(ES) M+lr=580. M+ Na+ = 602. 

Example282 

Pre,paration of 1-N- metlzyl-1- N-C N-Cbz-leucinyll-amino-3- N-C2-dibenzofuran­

su1fonyll-amioo-prqwm-2-one 

Following the procedure of Example 279(a)-(d). except substituting "2-

25 dibenzofuran sulfonyl chloride " for "Cbz-Jeucine and HBTIJ" in (a), the title 

compound was prepared: MS(ES) M+H.=580 
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Example283 

Pre,paration of 1-N- metbyl-1 N-C N-Cbz-leucinyll-amino-3- N-C2-dibenzofur8n­

sulfonyl>-amino-pmpag-2-one 

Following the procedure of Example 279(a)-(d). except substituting "2-

5 dibenzofuran sulfonyl chloride" for "N-Cbz-leucine" in step (a) and "4-pyridyl 

methyleneoxy carbonyl-leucine " for "Cbz-leucine " in step (d), the tide compound 

was prepared: MS(ES) M+H·=580. 

Example284 

10 Pre,paration of l-N-C2-dibenmfuran sulfonyll-N-metbyll- amino-3N-CN-4-pyridyl­

metbylenepxy car@nyl-leucinyll-amino-gro,pan-2-one 

Following the procedure of Example 279(a)-(d), except substituting "4-

pyridyl methyl amine" for "allyl amine" and "2-dibenzofuran sulfonyl chloride" for 

"N-Cbz-leucine" in step (a) and" N-4-pyridyl methyleneoxy carbonyl-leucinyl "for 

15 "N-Cbz-leucine and HBnJ " in step (d), the tide compound was prepared: MS(ES) 

M+lr=SSI. 

Example285 

Pre.paration of 1-N-< N-Cbz-leucinyll-amino-3-N-C 4-pyri<lyl-methy.lene>-3N-{ N-

20 Cbz-leucinyll-amino-pmpan-2-one 

25 

Following the procedure of Example 279(a)-(d). except substituting "4-

pyridyl methyl amine" for "methyl amine", the title compound was prepared: 
MS(ES) M+lr= 674. 

Example286 

Preparation of 1-N-<Cbz-Jeucinyl)-amino-3-N-<4pyridy1-metbylenel-3N-C2-
dibenzofuran sulfonyl>-amino-pmpan-2-one 

Following the procedure of Example 284(a)-(d), except substituting "2-

dibenzofuran sulfonyl chloride "Cbz-leucine and HBTU" in step (d), the title 

30 compound was prepared: MS(ES) M+lr=657. 
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ExamRle287 

Pmparatiop of 1-N-CCbz-leucinyll-amino-3-N-C 4-pyridyl-metbylene).;3N-C2-

dibenzofurau sulfonyD-amino-pro,pao-2-ooe 

Following the procedure of Example 284(a)-(d), except substituting "2-

5 dibenzofuran sulfonyl chloride "Cbz-leucine and HBTIJ" in step (d) , the title 

compound was prepared: MS(ES) M+lr=657. 

Example288 

Prepamtion of J-N-C4-bipheny1 as;egyll-amino-3-N-C4-pyridy1-metby1enel-3N-C N-

10 Cbz-leµcinyl)-amino-pmpan-2-one 

Following the procedure of Example 279(a)-(d), except substituting "4-

biphenyl acetic acid " for "Cbz-leucine " in step (a), "4-pyridyl methyl amine " for 

"methyl amine", the title compound was prepared: MS(ES) M+lf =621. 

15 Example 289 

Preparation of l-N-C4-phenau-beozoy1l-amino-3-N-C 4-pyridyl-metbyleue)-3N-C N­

Cbz-leucinyl>-amino-pmpan-2-one 

Following the procedure of Example 279(a)-(d), except substituting "4-

phenoxy benzoic acid" for "Cbz-leucine" in step (a), "4-pyridyl methyl amine" for 

20 "methyl amine". the tide compound was prepared: MS(ES) M+H'= 623. 

Example290 

Preparation of 1-N-C2;libenzoturan-sulfonyll-amino-3-N-C4-pyridyl-methYlenel-

3N-C N-Cbz-leucinyll-amino-pmpan-2-one 

25 Following the procedure of Example 279(a)-(d), except substituting "2-

dibenzofuran sulfonyl chloride" for "Cbz-leucine and HBTU" in step (a), "4-pyridyl 

methyl amine" for "methyl amine", the title compound was prepared: MS(ES) 

M+Fr=657. 
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Exarople291 

Preparation of 1-N-( N-3-pyridy1-methyleneoxy-carbony1-1.eucinyll-amino-3-N­

metbyl-N-C2-dibenZOfuran-su1fonyl>-amino-pmpan-2;me 

Following the procedure of Example 279(a)-(d). except substituting "N-

5 methyl-N-allyl amine " for "allyl amine" in (a), and "3-pyridyl-methyleneoxy­

carbonyl-leucine" for "Cbz-leucine" in step (d), the title compound was prepared: 

MS(ES) M+lr= 581. 

10 The above specification and Examples fuUy disclose how to make and use 

the compounds of the present invention. However, the present invention is not 

limited to the particular embodiments described hereinabove, but includes all 

modifications thereof within the scope of the following claims. The various 

references to journals. patents and other publications which are cited herein 

15 comprise the state of the art and are incorporated herein by reference as though fully 

set forth. 

221 



W097/16433 
111111111111111111111111111111 

* C L M S * 

We claim: 

1. A compound according to Formula I: 

0 

II s o-c-a 

10 

wherein: 

D= 

0 
R35~·~-N~ 
~11H 

0 

222 
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Q= 

. 
R x-Y 

'- L~~>-w /NY. z 
R1 . , 

31 
~f)l ... R 

I 
H 

PCT/US96/18000 

where: 

10 

15 

R'~O 
/N 

A =absent, , 
R8 

B= 

L = C2-6alkyl, Ar-C0-6alkyl, Het-Co-681kyl, CH(R66)NR~68, 

CH(R66)Ar, CH(R66)0Ar', NR66R67; 

M = C(O), S02; 
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G= 

z ""(:_-y 
X-Y 

J =C(O), S~; 

T =Ar, Het; 

V = C3. 7cycloalkyl; 

PCTJUS96/18000 

W = H, -CN, -CF3, -N021 -COR7, -C02R6. -CONHR6. 

-S02NHR6. -NHSQiR6, -NH'.COR7, -O-COR6, -SR6, 

NR'R6, NR'(C=NH)NHR5, Cl. Br, I, F; 

X= Y=Z=N, 0, S orCR4, 

provided that at least two of X, Y and Z are heteroatoms and at least 

one of X, Y and Z is N, or one of X, Y and Z is C=N, C=C or N=N 

and the other two are CR4 or N, provided that X, Y and Z together 

comprise at least two N; 

=.indicates a single or double bond in the five-membered 

heterocycle; 

m=0, 1.2; 

n = 1to6; 

ell= 0, l, 2; 

Ar= phenyl, naphthyl, optionally substituted by one or more of 

Ph-Co-6alkyl. Het-Co-6alkyl. C1-6alkoxy, Ph-Co-6alkoxy, 

Het-Co-6alkoxy, OH. (CH2>t-~R58R59, 

O(CH2>1-~RS8RS9; 

Ar' = phenyl or naphthyl, optionally substituted by one or more of 

Ph-Co-6alkyl. Het-C0-6alkyl, C 1-6alkoxy, Ph-Co-6alkoxy, 

Het-Co-6alkoxy, OH, (CH2)t_6NR58R59, 

O(CH2h-6NR58R59, or halogen; 

R' = H. Ct-6alkyl, Ar-Co-6alkyl. Het-Co.@lkyl; 

RI = H, CJ-6alkyl; 

R2 = C4-6alkyl, C4-6alkenyl, benzyl; 
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R3 = Ct-6alkyl, Ar-C0-6alkyJ, Het-Co-6alkyl, R5Co-. R5so2-. 

R50C(O)-, R5NHCO-; 

R4 = H. C1-6alkyl, Ar-Co-6alkyl, Het-Co-6alkyl; 

Rs= Ar-.0-63lkyJ, Het·Co-6alkyl; 

R6 = H, C1-6alkyl, CH2CF3, Ar-Co-6alkyl, Het-Co-6alkyl; 

R7 = Ct-6alkyl, Ar-C0-6alkyl, Het-Co-6alkyl; 

R8 = H; C2-6 alkenyl; C2-6alkynyl; Het; Ar; Ct-6aJkyJ, 

optionally substituted by OR'. SR', NR'2. C02R', 

C02NR'2. N(C=NH)NH2. Het or Ar; 

R9 = H, CJ-6alkyl, Ar-Co-6alkyl, Het-Co-6alkyl; 

RlO = Ct.@llkyl. Ar-Co-6alkyl, Het-Co-6alkyl; 

R11 = H, C1-6alky1, Ar-C1-6alkyl, Het-Co-6alkyJ, or 
R1& 

R11R9-N~ . 
• 

Rl2 = H, C1.@llkyl, Ar-C0-6alkyl. Het-C0-6alkyl; 

R13 = H. C1-6alkyl, Ar-C0-6alkyl. Het-Co-6alkyl; 
R1t 

R I4 _ AN-R9R72 
• - , Ac, 

Rl5 = H. C1-6alkyl, C2-6alkenyl, C2-6alkynyl, Ar, Het, or 

C1-6alkyl optionally substituted by OR9, NR92. 

CONR92. N{C=NH)NH-, Het or Ar; 

R16 = C2-6alkyl, C2-6alkenyl, C2-6alkynyl. Ar, Het, or C2-6alkyl 

optionally substituted by OR9, SR9, NR92, C02R9, 

CONR92. N(C=NH)NH-, Het or Ar; 

Rl9 = H, C1-6alkyl, C2-6alkenyl, C2-6alkynyl, Ar, Het, or 

C1-6alkyl optionally substituted by OR9, SR9, NR92, 

C~R9, CONR92. N(C=NH)NH-. Het or Ar; 

Rl 7 = R72 = H, CJ-6alkyl, RIO, RlOcco)-, RlOc(S)-, RlOoc(O)-; 
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R21 = R26 = CS-6alkyl; C2-6alkenyl; C3-11cycJoalkyl; T-C3_ 

6alkyl; V-C l-6alkyl; T-C2-6alkenyl; 

T-(CH2)nCH(T)(CH2)n; optionally substituted by one or 

two halogens, SR20, QR20,NR20R27 or C14alkyl; 

R27 = R28co, R28oco; 

R28 = C1-68lkyl; CJ- I tcycloalkyl; Ar; Het; T-CJ-6alkyl; 

T-(CH2)nCH(T)(CH2)n; optionally substituted by one or 

two halogens, SR20, OR20, NR20R73, CI-6alkyl; 

R20 = R22 = R23 = R24 = R25 = R 73 = H, C J-4alkyl, Ar-C0-

6alkyl, Het-CQ-6alkyl; 

R29= 
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0 0 

's~ ,, ~ 
0 0 

0 
\\ 

-s~o 

b Et02C S 
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Cbz-leucinyl-; 2-. 3-, or4-pyridyl methyloxycarbonyl­

leucinyl-; 4-imidazole acetyl-leucinyl-, phenyl acetyl­

leucinyl, N,N-dimethyl-glycinyl leucinyl, 4-pyridyl acetyl­

leucinyl, 2-pyridyl sulfonyl-leucinyl, 4-pyridyl carbonyl­

leucinyl, acetyl-leucinyl, benzoyl-leucinyl, 4-phenoxy­

benzoyl-, 2- or 3- benzyloxybenzoyl-, biphenyl acetyl, 

alpha- isobutyl-biphenyl acetyl, Cbz-phenylalaninyl, Cbz­

norleucinyl-, Cbz-norvalinyl-, Cbz-glutamyl-, Cbz-epsilon­

(t-butyl ester)-glutamyl; acetyl-leucinyl-, 6- or 8- quinoline 

carbonyl, biphenyl acetyl, alpha- isobutyl-biphenyl acetyl, 

acetyl, benzoyl, 2- or 3- benzyloxy benzoyl, 4-phenoxy 

benzoyl-, 

Cbz-amino acid-; 2-,3-, or 4- pyridylmethyloxycarbonyl­

aminoacid-; aryl Co-C6alkyloxy carbonyl-amino acid-. 

heteroaryl Co-C6alkyloxy carbonyl-amino acid-, 

aryl Co-C@llkyloxy carbonyl-amino acid-, heteroaryl 

Co-~alkyloxy carbonyl-amino acid-, C 1-C6alkyloxy 

227 



W097/16433 

5 

10 

: 11111111111111 11111 1111111 1111 
* C L M S * PCT/US96/18000 

carbonyl-amino acid-; C1-C6alkyl carbonyl, aryl 

Co-C6alkyl carbonyl, heteroaryl Co-C6alkyl carbonyl. 

aryl Co-~allcyl carbonyl, heteroaryl Co-~alkyl carbonyl, 

C l-C6allcyl sulfonyl, aryl Co-C6alk.yl sulfonyl, heteroaryl 

Co-C6aJkyl sulfonyl, aryl Co-C6alkyl sulfonyl. heteroaryl 

Co-C6aJkyl sulfonyl; 

R30 =-H, C1-6 alkyl; 

R31 = 

H 
R32 N,~/ 
Yimrr 33 H W 

0 - 0 R YN"(" 
~ 0 fis4 

CVOBy 

's ,, ~ 
0 0 

~Me 

~,s;V 
0 0 
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Cbz-leucinyl-; 2-. 3-, or 4-pyridyl methyloxycarbonyl­

leucinyl-; 4-imidazole acetyl-leucinyl-, phenyl acetyl­

leucinyl, N.N-dimethyl-glycinyl leucinyl, 4-pyridyl acetyl­

leucinyl, 2-pyridyl sulfonyl-leucinyl, 4-pyridyl carbonyl­

leucinyl, acetyl-leucinyl. benzoyl-leucinyl, 4-phenoxy­

benzoyl-, 2- or 3- benzyloxybenzoyl-, biphenyl acetyl, 

alpha- isobutyl-biphenyl acetyl, Cbz-phenylaJaninyl, Cbz­

norleucinyl-. Cbz-norvalinyl-, Cbz-glutamyl-, Cbz-epsilon­

(t-butyl ester)-glutamyl; acetyl-leucinyl-, 6- or 8- quinoline 

carbonyl. biphenyl acetyl, alpha- isobutyl-biphenyl acetyl. 

acetyl, benzoyl, 2- or 3- benzyloxy benzoyl, 4-phenoxy 

benzoyl-, 

Cbz-amino acid-; 2-.3-. or 4- pyridylmethyloxycarbonyl­

aminoacid-; aryl Co-C6alkyloxy carbonyl-amino acid-, 

heteroaryl Co-C6alkyloxy carbonyl-amino acid-, 

aryl Co-C6alky1oxy carbonyl-amino acid-. heteroaryl 

Co-C6alkyloxy carbonyl-amino acid-, C 1-C()alkyloxy 

carbonyl-amino acid-; C1-C6alkyl carbonyl, aryl Co-C6alkyl 

carbonyl, heteroaryl Co-C6alkyl carbonyl, aryl Co-C6alkyl 

carbonyl. heteroaryl Co-C6alkyl carbonyl, C 1-C63Ikyl 

sulfonyl, aryl Co-C6alkyl sulfonyl, heteroaryl Co-C6alkyl 

sulfonyl, aiyl Co-C6alkyl sulfonyl, substituted heteroaryl 

Co-C@lkyl sulfonyl; 

R32 = OCH2Ar. OCH2C1-6alkyl. aryl substituted Co-6aJkyl, 

heteroaryl substituted Co-6alkyl,4-imidazole methylene; 2-, 

3-, or 4-pyridylmethyliieneoxy; 4-pyridyl methylene, 2-

pyridyl sulfonyl, 4-pyridyl, aryl Co-6alkyloxy, 

heteroaryl substituted Co-@lkyloxy; 

R33 = C 1-6alkyl, -CH2Ph. -CH2CH2C02R34; 

229 



W097/16433 

s 

10 

I lllllll llllll lllll lllll II llll 
* ·c L M. S * 

R34::: .. H, C1-@lkyl; 

R35 = Ar. HetAr; 

R36 = Aryl, heteroaryl, pyridyl. isoquinolinyl; 

R37 = C 1-6alkyl, -CH2Ph, -CH2CH2CQiR34; 

R38 = Cbz; C1-6a1kyl or aryJ substituted 

Cbz; Ci -6alkyl -CO; benzoyl; C 1-6alkyl or ary l 

substituted benzoyl; 

R39= 

's ,, ,. 
0 0 

's~ ,, , .. 
0 0 
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Cbz-leucinyl-; 2-. 3-. or4-pyridyl methyloxycarbonyl­

leucinyl-; 4-imidazole acetyl-leucinyl-, phenyl acetyl­

leucinyl, N,N-dimethyl-glycinyJ leucinyl, 4-pyridyl acetyl­

leucinyl, 2-pyridyl sulfonyl-Ieucinyl, 4-pyridyl carbonyl­

leucinyl, acetyl-Jeucinyl, benzoyl-leucinyl, 4-phenoxy­

benzoyl-. 2- or 3- benzyloxybenzoyl-, biphenyl acetyl, 

alpha- isobutyl-biphenyl acetyl, Cbz-phenylalaninyl, Cbz­

norleucinyl-, Cbz-norvalinyl-, Cbz-glutamyl-. Cbz-epsilon­

(t-butyl ester)-glutamyl; acetyl-leucinyl-, 6- or 8- quinoline 

carbonyl, biphenyl acetyl. alpha- isobutyl-biphenyl acetyl. 

acetyl, benzoyl, 2- or 3- benzyloxy benzoyl, 4-phenoxy 

benzoyl-, 

Cbz-amino acid-; 2-,3-. or 4- pyridylmethyloxycarbonyl­

aminoacid-; aryl Co-C6alky1oxy carbonyl-amino acid-, 

heteroaryl Co-C6alkyloxy carbonyl-amino acid-, 

aryl Co-C6alkyloxy carbonyl-amino acid-, 

heteroaryl Co-C6alkyloxy carbonyl-amino acid-. C1-

~alkyloxy carbonyl-amino acid-; C 1-C6alkyl carbonyl, aryl 

Co-C6alkyl carbonyl, heteroaryl Co-C6alkyl carbonyl, 

aryl Co-C6alkyl carbonyl, heteroaryl Co-C6alkyl carbonyl, 

C1-C681kyl sulfonyl. aryl Co-C6alkyl sulfonyl, heteroaryl 

Co-C@llkyl sulfonyl, aryl Co-C6alkyl sulfonyl, heteroaryl 

Co-C6alkyl sulfonyl; 

R40 =Hand C1-6alkyl; 

R41 =Hand C1-6alkyl; 

R42 = C1-@tlkyl, aryl substituted C1-6alkyl and hetero ary1 

substituted C1-@lkyl,; H when R43 is C1-6alkyl, aryl substituted 

C1-6alkyl; and heteroaryl substituted C1-6alkyl; 

231 



W09'7/16433 

5 

10 

15 

20 

111111111111111111111111111111 
* C L M S * 

PCTIUS96/18000 

R43 = € J-6alkyJ, aryl substituted C 1-6aikyl and hetero aryl 

substituted C1-6alkyl,; H when R42 is C1-6alkyl, aryl substituted 

C1-68lkyl; and heteroaryl substituted C1-@Ikyl; 

R44 = CH(R53)NR45R54, CH(R55)Ar. Cs-6aJkyl; 

R45 = R46 = R47 = R48 = R49 = R50 = R5 l = H, C 1_6alkyl. 

Ar-Co-6alkyl. Het·Co-6aJkyl; 

R52 =Ar, Het, CH(R56)Ar, CH(R56)0Ar. N(R56)Ar, Ct-6aJkyl, 

CH{R56)NR46R57; 

R53 = C2-6alkyl, Ar-Co-6alky1. Het-Co-6alkyl, 

R53 and R45 may be connected to fonn a pyrrolidine or 

piperidine ring; 

R54 = R57 = R47. R47c(O}, R47c(S), R47QC(O); 

R55 = R56 = R58 = R59 = ·"· Ct-6alkyl. Ar-Co-6alkyl. Het-Co_ 

6alkyl; 

R60 = R61 = R62 = R63 =RM= H, c 1_631kyl, 

Ar-C0-6alkyl, or Het-C0-6alkyl; 

R65 = C1-6alkyl, Ar, Het, CH(R69)Ar, CH(R69)0Ar, N(R69)Ar, 

CH(R69)NR6 l R 70; 

R66 = R69 = R71.= H, Ct-6alkyl, (CH2)0-6-CJ-6cycloalkyl, 

Ar-Co-6alkyl, Het-Ca-@lkyl; 

R67 = C1-6alkyl, (CH2>0-6-C3-6Cycloalkyl, Ar-Co-6aJkyl, 

Het-Co-6alkyl; R66 and R67 may be combined to form a 

3-7 membered monocyclic or 7-10-membered bicyclic 

carbocyclic or heterocyclic ring. optionally substituted with 

25 1-4 of C1-6alkyl, Ph·Co-6alkyl, Het-C0-6alkyl, Cz-6alkoxy, 

Ph-Co-6alkoxy, Het-Co_()alkoxy, OH, (CH2>1-6NR58R59, 

O(CH2)16NR58R59; R68 = R70= R62, R62C(O), R62c(S). 

· R62QC(O), R62QC(0)NR59CH(R 71 )(CO); 

30 and phannaceutically acceptable salts thereof. 
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2. A compound according to Claim 1 wherein: 

5 3. A compound according to Claim 2 wherein A is Leu. 

4. A compound according to Claim 2 wherein Wis CN, NHR6. SR6, CONHR6 

orCOzR6. 

JO 5. A compound according to Claim 2 wherein RI is H, methyl or isobutyl. 

6. A c!>mpound according to Claim 2 wherein R3 is.R50C(0)-. 

7. A compound according to Claim 2 selected from the group consisting 

15 of :(2S, 1 'S)-2-(benzyloxycarbonyl)amino-N-[ l '-(2-carboxythiazol-4-yl)-3'­

methylbutyJ]-4-methylpentanamide; 

(2S, l 'S)-2-(benzyloxycarbonyl)amino-N-[ 1 '-(2~arboxamidothiazol-4-y1)-3'­

methylbutyl]-4-methylpentanamide; 

2S.l'S)-2-(benzyloxycarbonyl)amino-N-[1'-(2-carboethoxythiazol-4-yl)-3'-

20 methylbutyl]-4-methylpentanamide; 

(2S,l'S)-2-(benzyloxycarbonyl)amino-N-[J'-(2~yanothiazo1-4-yl)-3'-methylbutyl]-

4-methylpentanamide; 

(2S,l'S)-2-(benzyloxycarbonyl)amino-N-[l'-(2-(N'-benzylcarboxamido)thiazol-4-

y1J-3 '-methylbutyl)-4-methylpentanamide; 

25 (2S, l 'S)-2-(benzyloxycarbonyl)amino-N-[ l '-(2-[N'-(3-

methylpropyl)carboxamido]thiazol-4-yl)]-3'-methylbutyl]-4-methylpentanamide; 

(2S,l'S)-2-(benzyloxycarbonyl)amino-N-(l'-[2-(N'-(2-

phenyJethyl)carboxamido]thiazoJ-4-yl)]-3'-methylbutyl]-4-methylpentanamide; 
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(2S.l'S)-2-(benzyloxycarbonyl)amino-N-[l'-(4-carboethoxythiazol-2-yJ)-3'­

methylbutyl]-4-methylpentanamide; 

(2S, 1 'S)-2-(benzyloxycarbonyl)amino-N-[ I'-( 4-carboxythiazol-2-yl)-3'­

methylbutyl]-4-methylpentanamide; 

5 (2S. l 'S)-2-(benzy1oxycarbonyl)amino-N-[ I'-( 4-carboethoxythiadiazoJ-2-yl)-3'­

methylbutyl]-4-methylpentanamide; 

(2S.l 'S}-2-(benzyloxycarbonyl)amino-N-[ l '-(2-carbo-2,2,2-trifluoroethoxythiazol-

4-yl}-3'-methylbutyl]-4-methylpentanamide; 

(2S,l'S)-2-(benzyloxycarbonyl)amino-N-[l'-(4-carboethoxyoxadiazol-2-yl)-3'-

l 0 methylbutyl]-4-methylpentanamide; 

(2S,l'S)-2-(benzyloxycarbonyl-L-leucinyl)amino-N-[I '-(4-carboethoxythiazo1-2-yl)-

3'-methylbutyl]-4-methylpentanamide; 

(2S,l'S)-2-(benzyloxycarbonyl)amino-N-[l'-(4-carboxamidooxadiazol-2-yl)-3'­

methylbutyl]-4-methylpentanamide; 

15 (2S, l 'S)-2-(benzyloxycarbonyl)amino-N-[ l '-(2-carboethoxythiazol-4-yl)-3'­

methylbutyl]-3-phenylpropanamide; 

(2S, l 'S)-2-(benzyloxycarbonyl-L-leucinyl)amino-N-[ l '-(2-carboethoxythiazoJ.4-yl)-

3'-methylbutyll-4-methylpentanarilide; 

(2S,l 'S)-2-(benzyloxycarbonyl)~no-N-[1 '-(5-mercapto-l ,2,4-oxadiazol-3-yl)-3'-

20 methylbutyl]-4-methylpentanamide; 

{2S.l 'S)-2-(benzy1oxycarbonyl)amino-N-[1 '-(2-mercaptothiazol-4-yl)-3'­

methylbutyl]-4-methylpentanamide; 

(2S)-2-(benzyloxycarbonyl)amino-N-{4-carboethoxythiazol-2-yl)methyl-4-

methylpentanamide; 

25 (2S, l 'S)-2-(benzyloxycarbonyJ)amino-N-[ l '-(2-benzyloxycarbonylthiazol-4-yl)-3'­

methylbutyll-4-methylpentanamide; 

(2S, l 'S)-2-(benzyloxycarbonyl)amino-4-methyl-N-[3'-methyl~ I '-(2-

phenoxycarbonylthiazol-4-yl)butyl]pentanamide; 

(2S, l 'S)-2-(benzyloxycarbonyl)amino-4-methyl-N-[3'-methyl-l '-[2-(2-

30 methylpropyloxycarbonyl)thiazol-4-yl)butyl)pentanamide; 
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(2R.l'S)-2-(benzyloxycarbonyJ)amino-N-[l'-(4-carboethoxythiazol-2-yJ)ethy1]-4-

methylpentanam.ide; 

(2R.l 'R)-2-(benzyloxycarbonyl)amino-N-[ 1 '-(4-carboethoxythiazol-2-yJ)ethyl]-4-

methylpcntanamide; and 

5 (28.I 'S)-N-[ I '-(2-aminothiazol-4-yl}-3'-methylbutyl]-2-(benzyloxycarbonyl)amino-

4-methylpentanamide. 

8. A compound according to Claim 1 wherein: 

R12 0 
I II 

/N ... N .. C,R1" 

RUB- 1,3 
D= andQ= A 10 

s 
9. A compound according to Claim 8 wherein Bis ~J , 

Rt& 

15 10. A compound according to Claim 9 wherein Rll is R17R9-N~ and R12 

and R 13 are H. 

11. A compound according to Caim 8 wherein E is absent. 

R" 

20 12. A compound according to Claim 8 in which R 14 is AN-R9
R

72
• 

13. A compound according to Oaim 8 in which R 16orR19 are i-Bu. 
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5 

14. A compound according to Claim 8 which is: 

R16 o R19 

R1'.... I z II ~~ R'2 N~ ~.../'.N... N' 
H \;. :1 H H 

x=•ny Q 

15. A compound according to Claim 8 wherein R17 or R72 is RlOQC(O)-. 

16. A compound according to Claim 8 selected from the group consisting 

of:( lS)-N-(4-[( 1-benzyloxycarbonylamino )-3-methylbutyl]thiazol-2-ylcarbonyl)-N'­

(N-benzyloxycarbonyl-L-leucinyl)hydrazide; 

N-benzyloxycarbonyl-L-leucinyl-N'-benzyloxycarbonyl-L-leucinyl-L-

10 leucinylhydrazide; and 

(JS)-N-[2-[(1-benzyloxycarbonylamino)-3-methylbutyl]thiazol-4-ylcarbonyl]-N'­

(N-benzyloxycarbonyl-L-leucinyl)hydrazide. 

17. A compound according to Claim 1 wherein: 

15 

R22 
21 I 

R"""w" N, N,,...... 
II 123 

D= 0 A andQ= 

18. A compound according to Claim 17 wherein: 

R21 and R26 are selected from the group consisting of: 

20 N-Cbz-leucinyl, N-Cbz-glycinyl, N-acetyl-leucinyl, N-Cbz-alanyl, 
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19. A compound according to Claim 17 selected from the group consisting 

of:2,2'-(N,N'-bis-benzyloxycarbonyl-L-leucinyJ)carbohydrazide; 

2,2'-(N,N'-bis-cyclohexylacetyl)carbohydrazide; 

2,2'-(N,N'-bis-4-methylpentanoyl)carbohydrazide; 

5 2,2'-(N,N'-bis-cyclopentylacetyl)carbohydrazide; 

10 

2,2'-(N.N'-bis-benzyloxycarbonylglycinyl)carbohydrazide; 

2,2'-(N,N'-bis-acetyl-L-leucinyl)carbohydrazide; 

2,2'-(N,N'-bis-benzyloxycarbonyl-L-alanyl)carbohydrazide; and 

2-(N-benzyloxycarbonyl-L-leucinyl)-2'-(N'-( 4-methylpentanoyl)]carbohydrazide. 

20. A compound according to Claim 1 wherein: 

D= andQ= 

15 21. A compound according to Claim 20 wherein R30 is selected from the group 

consisting of -Me and -CH2CHzMe2. 

22. A compound according to Claim 20 wherein R33 is selected from the group 

consisting of -Pr, -Bu, and -CH2CH2Me2. 

20 

23. A compound according to Claim 1 wherein R34 i~ -t-Bu. 

24. A compound according to Claim 20 selected from the group consisting of: 

bis-(Cbz-leucinyl)-1,3-diamino-propan-2-one; 

25 bis-1,3-(4-phenoxy-benzoyl)-diamino-propan-2-one; 

1-(Cbz-leucinyl)-amino-3-( acetyl-leucinyl}-amino-propan;..2-one; 

l-(Cbz-leucinyl)-amino-3-(Cbz-glutamyl-t-butyl ester)-amino-propan-2-one; 

l-(Cbz-leucinyl)-amino-3-(Cbz-glutamyl)-amino-propan-2-one; 

bis- l ,3-(Cbz-leucinyl)-diamino-(S)-butanone-2-one; 
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1-(Cbz-leucinyl)-amino-3-(Cbz-pheny lalany l)-amino-propan-2-one; 

1-(Cbz-leucinyl)-amino-3-(Cbz-norleucinyl)-amino-propan-2-onc~ 

l-(Cbz-leucinyl)-amino-3-(Cbz-norvalinyl)-amino-propan-2-one; 

bis-1,3-(Cbz-Jeucinyl)-diamino-5-methyl-(S)-hexan-2-one; 

5 l-(acetyl-leucinyl)-amino-3-( 4-phenoxy-benzoyl)-amino-propan-2-one; and 

l-(Cbz-homo-leucinyl)-amino-(Cbz-leucinyl)-3-amino-propan-2-one. 

10 

25. A compound according to Claim 24 known as l-(Cbz-leucinyl)-amino-3-

(acetyl-leucinyl)-amino-propan-2-one. 

26. A compound according to Claim l wherein: 

0 
R35'~~-N~ ~···llH 

D= 0 andQ= 

w ~s Q-oR35 

Ill~ 
H 0 

15 27. A compound according to Qaim 26 wherein: 

~Cl 
R35 is selected from the group consisting of Ph, CN or pyridine. 

28. A compound according to Claim 27 known as bis-1,3-(4-(3-chloro-2-cyano-

phenoxy)-phenyl sulfonamido)-propan-2-one. 

20 

29. A compound according to Claim 27 known bis-1,3-(4-phenoxy-phenyl 

sulfonamido }-propan-2-one. 
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30. A compound of Claim 1 wherein: 

D= andQ= 

S 31. A compound according to Claim 30 wherein R36 is selected from the group 

consisting of: 

10 

32. A compound according fo Claim 30 wherein R37 of said compound is Me. 

33. A compound according to Claim 31 selected from the group consisting of: 

1-(Cbz-leucinyl)-amino-3-(4-(3-chloro-2-cyano-phenoxy)phenyl sulfonamido )-

15 propan-2-one; 

1-(Cbz-leucinyl)- amino-3-(tosyl-amino )-propan-2-one; 

l-(Cbz-leucinyl)-amino-3-((4-phenoxy-phenyJ)-sulfonamido)propan-2-one; 

l-(Cbz-leucinyl)-amino-3-(2-clibenzofuransulfonamido)-propan-2-one; 

t-(Cbz-homo-leucinyl)-amino-3-(2-dibenzofuransulfonamido)propan-2-one; and 

20 l-(Cbz-leucinyl)-amino-3-(2-dibenzofuransulfonamido )-(S)-butan-2-one. 

34. A compound according to Claim 33 known as 1-(Cbz-leucinyl)-amino-3-((4-

phenoxy-phenyl)-sulfonamido }-propan-2-one. 
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35. A compound according to Claim 33 known as 1-(Cbz-leucinyl)-amino-3-(2-

dibenzofuransulfonamido)-(S)-butan-2-one. 

5 36. A compound according to Claim 33 known as l-(Cbz-leucinyl)-amino-3-(2-

dibenzofuransulfonamido )-propan-2-one. 

37. A compound according to Claim J wherein: 

10 D= andQ= 

38. A compound according to claim 37 wherein R43 is 2-

dibenzofuranylsulfonyl. 

1 S 39. A compound according to Claim 38 selected from the group consisting of: 

(S)-phenylmethyl [ 1-[[[3-[benzyloxycarbonyl-leucinyl-amino ]-2-

oxopropyl]-1-(benzyl)amino]carbonyl]-3-methylbutyl]carbamate; 

(S)-Phenylmethyl [1-[[[3-[(2-dibenzofuranylsulfonyl)aminoJ-2-oxopropylJ-

3-(benzyl)amino )carbonyl]-3-methylbutyl]carbamate; 

20 (S)-Phenylmethyl [ 1-[[[3-[(2-dibeozofuranylsulfonyl)amino J-2-oxopropyl]-

3-(4-pyridinylmethyl)amino]carbonyl]-3-methylbutyl]carbamate; 

I-[[[3-[(2-dibenzofuranyJsulfonyl}amino]-2-oxopropyJ]-3-(4-

pyridinylmethyl) benzamide; and 

{S)-Phenylmethyl [ 1-[[(3-[(2-diben~ofuranylsulfonyl)amino )-2-oxopropyl]-

25 1-( 4-pyridinylmethyl)amino ]carbonyl]-3-methylbutyl]carbamate. 
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40. A compound according to Claim 39 known (S)-phenylmethyl [J-([[3-[(2-

dibenzofuranylsulfonyl)amino)-2-oxopropyl]-1-(4-

pyridinylmethyl)amino)carbonylJ-3-methylbutyl]carbamate. 

5 41. A compound according to Claim 39 known as (S)-phenylmethyl [1-[[[3-

[benzyloxycarbonyl-leucinyl-amino]-2-oxopropyl]-1-(benzyl)amino]carbonyl]-3-

methylbutyl]carbamate. 

10 

42. A compound according to Oaim I wherein: 

15 43. · A compound according to. Claim 42 wherein: 

R44 = CH(R53)NHR54; 

R45, R46, R4B, R49, R50 and R51 are H; 

R47 is independently CHj, bcnzyl, 2-pyridinylmethoxy. 4-

dimethylaminobenzyl; 

20 J=C(O); 

RS2= Ar, CH(RlO)Ar, CH(RlO)OAr, N(RlO)Ar, CH(RlO)NR"Rll; 

R53 = ethyl. i-Bu; 

R54 = R47, R47c(O), R47oc(O); 

R56 = H, CH31 i-Bu; 

25 R57 = R47, R47oc(O); 

Ar= phenyl or naphthyl. optionally substituted by one or more of Ph-C0-

6allcyl, Het-C().@Ikyl. C1.@illcoxy, Ph-C0-5alkoxy, Het-Co-

6alkoxy, OH, (CH2)1_6NRS8R59, 0(CH2)I_~58R59; 
R58, R59 = H, CJ-6alky), Ar-Co-6alkyl; Het-Co.@lkyl. 
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44. A compound according to Claim 42 selected from the group consisting of: 

2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N'-{4-

phenoxyphenylsulfonyl}]carbohydrazide; 

5 2-[N-(N-benzyloxycarbonyl-L-alanyl)J-2'-[N-(N-benzyloxycarbonyl-L-

leucinyl)]carbohydrazide; 

2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N'-(4-phenylbenzoyl)]carbohydrazide; 

2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N'-(4-

methoxybenzoyl)]carbohydrazide; 

10 2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N'-(4-

phenoxybenzoyl)]carbohydrazide; 

2-(N-acetyl)-2'-[N'-(N-benzyloxycarbonyl-L-leucinyl)]carbohydrazide; 

2-[N-(N-acetyl-L-leucinyl)]-2'-[N'-(N-benzyloxycarbonyl-L-

alanyl) ]carbohydrazide; 

15 2-(N-(N-acetyl-L-alanyl)]-2'-[N'-(N-benzyloxycarbonyl-L-

leucinyl)]carbohydrazide; 

2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N'-[4-(N,N­

dimethylaminomethyl)benzoyl)]]carbohydrazide; 

2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N'-[4-hydroxy-(3-(4-

20 morpholinomethyl)]]benzoyl]carbohydrazide; 

2-[N-{N-benzy1oxycarbonyl-L-1euciny1)]-2'-[N'-[4-(N,N­

dimethylaminomethyl)benzyJoxy ]carbonyl-L-leucinyl]carbohydrazide; 

2-(N-benzoyl)-2'-{N'-(N-benzyloxycarbonyl-L-leucinyl)Jcarbohydrazide; 

2-[N-(N-benzyloxycarbonyl-L-leucinyl)}-2'-[N'-(3-(4-

25 morpholinomethyl)benzoyl]]carbohydrazide; 

2-(N-{3-benzyloxybenzoyl)]-2'-[N'-(N-benzyloxycarbonyl-L­

leucinyl)]carbohydrazide; 

2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-(N'-[4-[3-(N-N-dimelhylamino )-1-

propyloxy ]benzoyl]]carbohydrazide; 

30 2-[N-(2-benzyloxybenzoyl)]-2'-[N'-{N-benzyloxycarbonyl-L-

leucinyl) ]carbohydrazide; 
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2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N'-[3-( 4-

pyridylmethoxy)benzoyl]]carbohydrazide; 

2-(N-( 4-benzyloxybenzoyl)]-2'-[N'-(N-benzyloxycarbonyl-L­

. leucinyl) ]carbohydrazide; 

5 2-[N-(N-benzyloxycarbonyJ-L-leucinyl)J-2'-[N'-(3-benzyloxy-5-

methoxy)benzoyl]carbohydrazide; 

2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N'-(3-benzyloxy-4,5-

dimethoxy)benzoyl]carbohydrazide; 

2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-(N'-(3-benzyloxy-5-

10 ethoxy)benzoyl)carbohydrazide; 

PCT/US96/18000 

2-[N-(N-benzyloxycarbonylglycinyl)]-2'-[N'-(N-benzyloxycarbonyl-L­

Jeucinyl)]carbohydrazide; 

2-[N-(3-benzyloxybenzoyl)]-2'-[N'-(N-benzyloxycarbonyl-L­

prolinyl)]carbohydrazide; 

15 2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N'-(4-

phenylphenylacetyl)]carbohydrazide; 

(2'S)-2-[N-(3-benzyloxybenzoyl)]-2'-(N'-(N-benzyloxycafbonyl-2-

aminobutyryl)]carbohydrazide; 

2,2'-IN ,N'-[bis-( 4-phenylphenylacetyl) ]]carbohydrazide; · 

20 (2'RS)-2-[N-(N-benzyloxycarbonyl-L-leucinyl)J-2'-[2-( 4-

phenylphenoxy )propionyl]carbohydrazide; 

2-[N-(3-benzyloxybenzoyl)]-2'-[N'-(4-methylpentanoyl)]carbohydrazide; 

(2RS, 2'RS)-2,2'-[N.N'-[bis-[2-(4-phenylphenyl)-4-

methylpentanoyl)]]]carbohydrazide; 

25 (2'RS)-2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N1-[2-( 4-pbenylphenyl)-4-

methylpentanoyl)]]carbohydrazide; 

(2'RS)-2-[N-(3-benzyloxybenzoyl)]- 2'-[N'-[2-( 4-phenylphenyl)-4-

methylpentanoyl)]]carbohydrazide; 

2-[N-(3-benzyloxybenzoyl)]-2'-[N'-(N-benzyloxycarbonyl-N-methyl-L-

30 leucinyl) ]carbohydrazide; 
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2-[N-(3-benzyloxybenzoyl)]-2'-[N'-[N-(2-pyridinylmethoxycarbonyJ)-L­

Jeucinyl]]carbohydrazide; 

2-[N-[3-(4-pyridylmethoxy)benzoyl]]-2'-[N'-[N-(2-pyridinylmethoxycarbonyl)-L­

leucinyl])carbohydrazide; 

5 (2RS)-2-[N-[2-(4-phenylphenyl)-4-methylpentanoyl)]J-2'-[N'-[N-(2-

pyridinyJmethoxycarbonyl)-L-leucinyl]]carbohydrazide; 

2-[N-(N-benzyloxycarbonyJ-L-leucinyJ)]-2'-[N'-[2-( 4-phenylphenyl)-4-

methylpentanoyl)]]carbohydrazide; 

2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N'-(2-(4-phenylphenyl)-4-

10 methylpentanoyl))]carbohydrazide; 

2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N'-[N-(4-phenylphenyl)-N-(2-

methylpropyl)carbamoyl]]carbohydrazide; 

2-[N-(3-benzyJoxybenzoyJ)J-2'-[N'-(N-methyl-L-leucinyl)Jcarbohydrazide; and 

2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N'-(N-methyl-L-

15 leucinyl)]carbohydrazide. 

45. A compound according to Claim 1 wherein: 

D=L-G- andQ= 

20 

46. A compound according to Claim 45 wherein G is: 

--CN~ 
'LJ 

25 47. A compound according to Claim 45 wherein R63 is Hand R64 is H. 

48. A compound according to Claim 45 wherein R66 is i-butyl and R69 is 

i-butyl. 
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49. A compound according to Claim 45 wherein R65 is CH(R69}NR61R70. 

50. A compound according to Claim 49 wherein R69 is i-butyl. 

5 

S 1. A compound according to Claim 50 wherein R 6'1 is H. 

52. A compound according to Claim 49 wherein R70 is R62QC(O), in which 

R62js 

10 

I 

0 
I 

0 
I 

6 
I 

c 
N or 

53. A compound according to Claim 45 wherein R65 is Ar or CH(R69)Ar • in 

which Ar in said R 65 group is 

15 

.. 

54. A compound according to Claim 45 wherein L is 

CH(R4)NR'R6, CH(R4)Ar, NR4R5, CH(R4)0Ar', Ar, or Het. 

20 
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55. A compound according to Claim 54 wherein R4 is i-butyl. 

56. A compound according to Claim 45 wherein Lis 

CH(R66)NR60ff.68, CH(R66)Ar, NR66R67, CH(R66)0Ar', Ar, or Het, 

5 in which Ar in said L group is 

&OMo 

or 

10 

57. A compound according ~o Claim 54 wherein L is Het, in which said Het is 

15 

58. A compound according to Claim 54 wherein Lis NR66R67. 

59. A compound according to Claim 54 wherein Lis CH(R66)R60R68. 
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60. A compound according to Claim 45 which is: 

Res 00 H0Rts \ --(z ,N ,R
70 

N ""' N N 
I I , H H 

Ar x-....:y o 

5 61. A compound according to Claim 45 which is: 

62. A compound according to Claim 45 selected from the group consisting of: 

10 (lS)-N-[2-[(l-benzyloxycarbonylamino)-3-methylbutyl]thiazol-4-

ylcarbonyl]-N'-(4-phenoxyphenylsulfonyl)hydrazide; 

(lS)-N-[4-[1-(N-benzyloxycarbonyl-L-leucinylamino)-3-

methylbutylJthiazol-2-ylcarbonyl]-N'-(N-bcnzyloxycarbonyl-L-leucinyl)hydrazide; 

( 1 S)-N-[2-[(1-bcnzyloxycarbonylamino )-3-metbylbutyl]thiazol-4-

15 ylcarbonyl]-N'-(4-phenylphenylacetyl)hydrazide; 

( 1 S)-N-[2-[( l-benzyloxycarbonylamino)-3-methylbutyl]thiazol-4-

ylcarbonyl]-N'-[3-(4-pryidinylmethoxy)benzoyl)hydrazide; 

N-[2-(2-chlorophenoxymethyl)tbiazol-4-ylcarbonyl]-N'-[N-( 4-

pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide; 

20 N-[N-( 4-pyridinylmethoxycarbonyl)-L-leucinyl]-N'-[2-[4-( l,2,3-thiadiazol-

4-yl)phenyl)thiazol-4-ylcarbonyl]hydrazide; 

N-[2-[3-( 4-chlorophenylsulfonylmethyl)thien-2-yl]thiazol-4-ylcarbonyl]-N'­

[N-( 4-pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide; 

{1S,2'RS)-N-[2-[(l-benzyloxycarbonylamino)-3-methylbuty1Jthiazol-4-

25 ylcarbonyl]-N'-[2'-(4-phenylphenylacetyl)-4-methylpentanoyl]hydrazide; 
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N-[2-(3-benzyloxyphenyl)thiazol-4-ylcarbonyl]-N'-[N-(2-

pyridinylmethoxycarbonyl)-L-leuciliyl]hydrazide; 

(1RS)-N-[2-[1-(4-phenylphenyl)-3-methylbutyl]thiazol-4-ylcarbonyl]-N'-[N­

( 4-pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide; 

5 N-[2-(2-benzyloxyphenyl)thiazol-4-ylcarbonyl]-N'-[N-(4-

pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide; 

N-[2-[N-methyl-N-( 4-phenylphenyl)amino]thiazol-4-ylcarbonyl)-N'-[N-(4-

pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide; 

N-(N-benzyloxycarbonyl-L-leucinyl)-N'-[2-( 4-phenylbenzyl)thiazol-4-

10 ylcarbonyl]hydrazide; 

N-[2-( 4-phenylphenylbenzyl)thiazol-4-ylcarbonyl]-N'-(N-(4-

pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide; 

N-(N-benzyloxycarbonyl-L-leucinyl)-N'-[2-[N-(2,.methylpropyl)-N­

phenylamino]thiazoJ-4-ylcarbonyl]hydrazide; 

15 N-[2-[N-(2-methylpropyl)-N-phenylamino]thiazol-4-ylcarbonyl)-N'-[N-(4-

pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide; 

N-[2-(2-benzyloxyphenyl)thiazol-4-ylcarbonyl]-N'-[N-(3-

pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide; 

N-[2-(2-benzyloxyphenyJ)thiazol-4-ylcarbonyl]-N'-[N-(2-

20 pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide; 

N-(N-benzyloxycarbonyl-N-methyl-L-leucinyl)-N'-(2-(2-

benzyloxyphenyl)thiazol-4-ylcarbonyl]hydrazide; 

N-[2-[N-{2-methyJpropyl)-N-phenylamino]thiazol-4-ylcarbonylJ-N'-[N-(2-

pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide; 

25 N-[2-[N-(2-methylpropyl)-N-phenylamino)thiazoJ-4-ylcarbonylJ-N'-[N-(3-

pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide; and 

N-[2-(2-methoxyphenyl)thiazol-4-ylcarbonyJ)-N'-(N-(4-

pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide. 

30 63. A pharmaceutical composition comprising a compound according to Claim l 

and a phannaceutically acceptable carrier, diluent or excipient. 
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64. A method of inhibiting a cystefoe protease comprising administering to a 

patient in need thereof an effective amount of a compound according to Claim 1. 

5 65. A method according to Claim 64 wherein said cysteine protease is cathepsin 

K. 

66. A method of treating a disease characterized by bone loss comprising 

inhibiting said bone loss by administering to a patient in need thereof an effective 

10 amount of a compound according to Claim 1. 

67. A method according to Oaim 66 wherein said disease is osteoporosis. 

68. A method according to Claim 66 wherein said disease is periodontitis. 

15 

69. A method according to Claim 66 wherein said disease is gingivitis. 

70. A method of treating a disease characterized by excessive cartilage or matrix 

degradation comprising inhibiting said excessive cartilage or matrix degradation by 

20 administering to a patient in need thereof an effective amount of a compound 

according to Claim 1. 

71. A method according to Claim 70 wherein said disease is osteoarthritis. 

25 72. A method according to Claim 70 wherein said disease is rheumatoid arthritis. 
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