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MACROCYCLIC PEPTIDES ACTIVE AGAINST THE 

HEPATITIS C VIRUS 

FIELD OF THE INVENTION 

The present invention relates to compounds, compositions, the preparation of such 
5 compounds and methods for the treatment of hepatitis C virus (HCV) infection. In 

particular, the present invention provides novel peptide analogues, pharmaceutical 
compositions containing such analogues and methods for using these analogues in 
the treatment of HCV infection. 

BACKGROUND OF THE INVENTION 

1 o Hepatitis C virus (HCV) is the major etiological agent of post-transfusion and 
community-acquired non-A non-B hepatitis worldwide. It is estimated that over 170 
million people worldwide are infected by the virus. A high percentage of carriers 
become chronically infected and many progress to chronic liver disease, so-called 
chronic hepatitis C. This group is in turn at high risk for serious liver disease such 

15 as liver cirrhosis, hepatocellular carcinoma and terminal liver disease leading to 
death. 

The mechanism by which HCV establishes viral persistence and causes a high rate of 
chronic liver disease has not been thoroughly elucidated. It is not known how HCV 
interacts with and evades the host immtine system. Jn addition, the roles of cellular 

20 and humoral immune responses in protection against HCV infection and disease 
have yet to be established. Immunoglobulins have been reported for prophylaxis of 
transfusion-associated viral hepatitis, however, the Center for Disease Control does 
not presently recommend immunoglobulins treatment for this purpose. The lack of 
an effective protective immune response is hampering the development of a vaccine 

25 or adequate post-exposure prophylaxis measures, so in the near-term, hopes are 
firmly pinned on antiviral interventions. 

Various clinical studies have been conducted with the goal of identifying 
pharmaceutical agents capable of effectively treating HCV infection in patients 
afflicted with chronic hepatitis C .. These studies have involved the use of interferon-

30 alpha, alone and in combination with other antiviral agents. Such studies have 
shown that a substantial number of the participants do not respond to these 
therapies, and of those that do respond favorably, a large proportion were found to 
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relapse after termination of treatment. 

Until a few years ago, interferon (IFN) was the only available therapy of proven 

benefit approved in the clinic for patients with chronic hepatitis C. However the 

sustained response rate is low, and interferon treatment also induces severe side-

5 effects (i.e. retinopathy, thyroiditis, acute pancreatitis, depression) that diminish the 

quality of life of treated patients. Interferon in combination with ribavirin was 

originally approved for patients non-responsive to IFN alone; It has now been 

approved for naive patients and presently constitutes the gold standard inHCV 

therapy. However, the side effects caused by IFN are not alleviated with this 

10 combination therapy. 

Therefore, a need exists for the development of effective antiviral agents for . 

treatment of HCV infection that overcomes the limitations of existing 

pharmaceU.tical therapies. 

HCV is an enveloped positive strand RNA virus in the Flaviviridae family. The 

15 single strand HCV RNA genome is approximately 9500 nucleotides in length and 

has a single open reading frame (ORF) encoding a single large polyprotein of about 

3000 amino acids. In infected cells, this polyprotein is cleaved at multiple sites by 

cellular and viral proteases to produce the structural and non-structural (NS) 

proteins. In the case of HCV, the generation of mature nonstructural proteins (NS2, 

20 NS3, NS4A, NS4B, NSSA, and NSSB) is effected by two viral proteases. The first 

one, as yet poorly characterized, cleaves at the NS2-NS3 junction; the second one is a 

serine protease contained within the N-terminal region of NS3 (henceforth referred 

to as NS3 protease) ·and mediates all the subsequent cleavages downstream of NS3, 

both in cis, at the NS3-NS4A cleavage site, and in trans, for the remaining NS4A-

25 NS4B, NS4B-NS5A, NS5A-NS5B sites. The NS4A protein appears to serve multiple 

functions, acting as a cofactor for the NS3 protease and possibly assisting in the 

membrane localization of NS3 and other viral replicase components. The complex 

formation of the NS3 protein with NS4A seems necessary to the processing events, 

enhancing the proteolytic efficiency at all of the sites. The NS3 protein also exhibits 

30 nucleoside tripho.sphatase and RNA helicase activities. NS5B is a RNA-dependent 

RNA polymerase that is involved in the replication of HCV. 

Patent application WO 97 /06804 describes the(-) enantiomer of the nucleoside 
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analogue cytosine-1,3-oxathiolane (also known as 3TC) as active against HCV. This 
compound, although reported as safe in previous clinical trials against mv and 
HBV, has yet to be clinically proven active against HCV and its mechanism of action 
against the virus has yet to be reported. 

5 A general strategy for the development of antiviral agents is to inactivate virally 
encoded enzymes that are essential for the replication of the virus 
In this vein, intense efforts to discover compounds which inhibit the NS3 protease or 
RNA helicase of HCV have led to the following disclosures: 
US patent 5,633,388 describes heterocyclic-substituted carboxamides and analogues 

1 O as being active against HCV. These compounds are directed against the helicase 
activity of the NS3 protein of the virus but clinical tests have not yet been reported. 
A phenanthrenequinone has been reported by Chu et al., (Tet. Lett., (1996), 7229-
7232) to have activity against the HCV NS3 protease in vitro. No further 
development on this compound has been reported. 

15 A paper presented at the Ninth International Conference on Antiviral Research, 
Urabandai, Fukyshima, Japan (1996) (Antiviral Research, (1996), fill, 1, A23 (abstract 
19)) reports thiazolidine derivatives to be inhibitory to the HCV protease. 
Several studies have reported compounds inhibitory to other serine proteases, such 
as human leukocyte elastase. One family of these compounds is reported in WO 

20 95/33764 (HoeChst Marion Roussel, 1995). The peptides disclosed in that application 
are morpholinylcarbonyl-benzoyl-peptide analogues that are structurally different 
from the peptides of the present invention. 

WO 98/17679 from Vertex Pharmaceuticals Inc. discloses inhibitors of serine 
protease, particularly, Hepatitis C virus NS3 protease 

25 . Hoffman LaRoche (WO 98/22496; US 5,866,684 & US 6,018,020) has also reported 
hexapeptides that are proteinase inhibitors useful as antiviral agents for the 
treatment of HCV infection. 

Steinkiihler et al. and Ingallinella et al. have published on NS4A-4B product 
inhibition (Biochemistry (1998), E 8899-8905 and 8906-8914). 

30 WO 97 I 43310 by Schering Corporation discloses 20 and 21 amino acid peptide 
sequences active against the HCV NS3 protease. 

WO 98/ 46597 by Emory University discloses peptides and peptidomimetics active 
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in vitro against serine proteases. 

WO 98/ 46630 by Peptide Therapeutics Limited discloses depsipeptide substrate 

inhibiting the HCV NS3 protease. 

Finally, US 5,869,253 discloses enzymatic RNA molecules that inhibit the HCV NS3 

5 protease. 

None of the prior patent applications described above disclose suggest cyclic 

peptides active and selective against the Hepatitis C vilus NS3 protease. 

WO 99/07733, WO 99/07734, WO 00/09543 and W000/09558 disclose hexa to tetra­

peptides and tripeptide analogs that inhibit the NS3 protease. However, these 

10 disclosures do not suggest or lead to the design of macrocyclic-analogs of the 

present invention. 

WO 99 /38888 published August 5, 1999 by the Institute de Richerche di Biologia 

Moleculare (IRBM) discloses small peptides inhibitors of the HCV NS3 protease. 

Nothing in this disclosure suggest or indicates the cyclic nature of the peptides of 

15 the present invention. In addition, this PCT application was published after the 

priority date of the present application. 

WO 99 I 64442 by IR.BM, also published after the priority date of this application, 

discloses oligopeptides with ketoacids at Pl. 

WO 99 /50230 from Vertex Pharmaceuticals (published on October 7, 1999) was also 

20 published after the priority date of the present application. Even then, the 

publication does not remotely suggest any cyclic peptides of the present invention. 

One advantage of the present invention is that it provides macrocyclic peptides that 

are inhibitory to the NS3 protease of the hepatitis C virus. 

25 A further advantage of one aspect of the present invention resides in the fact that 

these peptides specifically inhibit the NS3 protease and do not show significant 

inhibitory activity against other serine proteases such as human leukocyte elastase 

(HLE), porcine pancreatic elastase · (PPE), or bovine pancreatic chymotrypsin, or 

cysteine proteases such as human liver cathepsin B (Cat B). 

30 A further advantage of the present invention is that it provides small peptides of 

low molecular weight that are capable of penetrating cell membranes and inhibit the 

NS3 protease activity in cell culture. 

l 
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Still, a further advantage of the compounds of the present invention resides in the 

fact that they are active in both major genotypes found in clinical isolates (la & lb}, 

strongly suggesting that these compound will be active against all presently known 

genotypes of HCV. 

SUMMARY OF THE INVENTION 

Included in the scope of the invention are compounds of formula (I}: 

Q 

(I) 

wherein W is CH or N, 

10 R
21 

is H, halo, C1-6 alkyl, Cu cycloalkyl, C1-6 haloalkyl, C1-6 alkoxy, Cu cycloalkoxy, 

hydroxy, or N(R2.\, wherein each R
23 

is independently H, C1-6 alkyl or Cu 

cycloalkyl; and 

R
22 

is H, halo, C1-6 alkyl, Cu cycloalkyl, C1-6 haloalkyl, C1-6 thioalkyl, C1-6 alkoxy, Cu 

cycloalkoxy, C2_1 alkoxyalkyl, Cu cycloalkyl, C6 m 10 aryl or Het, wherein Het is a 

15 five-, six-, or seven-membered, saturated or unsaturated heterocycle, containing 

from one to four heteroatoms selected from nitrogen, oxygen and sulfur; 

said cycloalkyl, aryl or Het being substituted with R
24

, 

wherein R
24 

is H, halo, C1-6 alkyl, C.3-6 cycloalkyl, CH alkoxy, C.3-6 cycloalkoxy, N02, 

N(R
2
\; NH-C(O)-R25

, or NH-C(O)-NH-R25
, 

20 wherein each R
25 

is independently: H, C1-6 alkyl or C.3-6 cycloalkyl; 

or R
14 

is NH-C(O)-OR
26 

wherein R
26 

is C1"' alkyl or C.3-6 cycloalkyl; 

• . 
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R
3 
is hydroxy,~, or a group of formula-NH-R

31
, wherein R

31 
is C6 or 10 aryl, 

32 32 32 
heteroaryl, -C(O)-R , -C(O)-OR , or -C(O)-NHR , 

wherein R
32 

is: C1-6 alkyl or Cu cycloalkyl; 

D is a 5 to 10-atom saturated or unsaturated alkylene chain optionally containing 

5 one to three heteroatoms independently selected from: 0, S, or N-R
41

, wherein 

R
41 

is H, C1-6 alkyl, Ca-6 cycloalkyl, or -C(O)-R
42

, wherein R
42 

is C1_6 alkyl, Cu 

cycloalkyl or C6 or 10 aryl; 

R
4 
is Hor from one to three substituents at any carbon atom of.said chain D, said 

substituent independently selected from the group consisting of: C1-6 alkyl, 

10 cl-6 haloalkyl, cl-6 alkoxy, hydroxy, halo, amino, oxo, thio, or cl-6 thioalkyl 

and 

15 

A is an amide of formula -C(O)-NH-R
5
, wherein R

5 
is selected from the group 

consisting of: cl-8 alkyl, c3-6 cycloalkyl, c6or10 aryl or c,._16 aralkyl; 

or A is a carboxylic acid or a pharmaceutically acceptable salt or ester thereof. 

Included within the scope of this invention is a pharmaceutical composition 

comprising an anti-hepatitis C virally effective amount of a compound of formula I, 

or a therapeutically acceptable salt or ester thereof, in admixture with a 

pharmaceutically acceptable carrier medium or auxiliary agent. 

20 An important aspect of the invention involves a method of treating a hepatitis C 

. viral infection in a mammal by administering to the mammal an anti-hepatitis C 

virally effective amount of the compound of formula I, or a therapeutically 

acceptable salt or ester thereof or a composition as described above. 

Another important aspect involves a method of inhibiting the replication of hepatitis 

25 C virus by exposing the virus to a hepatitis C NS3 protease-inhibiting amount of the 

compound of formula I, or a therapeutically acceptable salt or ester thereof or a 

composition as described above. 

Still another aspect involves a method of treating a hepatitis C viral infection in a 

mammal by administering thereto an anti-hepatitis C virally effective amount of a 

' • 
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combination of the compound of formula I, or a therapeutically acceptable salt or 
ester thereof. According to one embodiment, the pharmaceutical compositions of 
this invention comprise an additional immunomodulatory agent. Examples of 
additional immunomodulatory agents include but are not limited to, a-, ~-,and 0-

5 interferons. 

According to an alternate embodiment, the pharmaceutical compositions of this 
invention may additionally comprise an antiviral agent. Examples of antiviral 
agents include, ribavirin and amantadine. 

According to another alternate embodiment, the pharmaceutical compositions of 
1 O this invention may additionally comprise other inhibitors of HCV protease. 

15 

According to yet another alternate embodiment, the pharmaceutical compositions of 
this invention may additionally comprise an inhibitor of other targets in the HCV 
life cycle, such as helicase, polymerase, metalloprotease or IRES. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Definitions 

As used herein, the following definitions apply unless otherwise noted: 
With reference to the instances where (R) or (S) is used to designate the absolute 
configuration of a substituent, e.g. R4 of the compound of formula I, the designation 

20 is done in the context of the whole compound and not in the context of the 
substituent alone. 

The designation ''Pt, P2, and P" as used herein refer to the position of the amino 
acid residues starting from the C-terminus end of the peptide analogs and extending 
towards the N-terminus (i.e. Pl refers to position 1 from the C-terminus, P2: second 

25 position from the C-terminus, etc.) (see Berger A. & Schechter I., Transactions of the 
Royal Society London series B257, 249-264 (1970)). 

As used herein the term "1-aminocyclopropyl-carboxylic acid" (ACCA) refers to a 
compound of formula: 

30 As used herein the term ''vinyl-ACCA" refers to a compound of formula: 
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As used herein the term "homo-allyl-ACCA" refers to a compound of formula: 

0 

t\N 

The term "halo" as used herein means a halogen substi.tuent selected from bromo, 

5 chloro, fluoro or iodo. 

The term ''C1-6 haloalk.yl" as used herein means as used herein, either alone or in 

combination with another substituent, means acyclic, straight or branched chain 

alkyl substituents containing from 1 to six carbon atoms having one or more 

hydrogen substituted for a halogen selected from bromo, chloro, fluoro or iodo. 

1 O The term "C1~ thioalkyl" as used herein means as used herein, either alone or in 

combination with another substituent, means acyclic, straight or branched chain 

a1kyl substi.tuents containing a thiol group such a thiopropyl. 

The term "C1-6 alkyl" or "(lower)alkyl" as used herein, either alone or in combination 

with another substituent, means acyclic, straight or branched chain alkyl 

15 substi.tuents containing from 1 to six carbon atoms and includes, for example, 

methyl, ethyl, propyl, butyl, hexyl, 1-methylethyl, 1-methylpropyl, 2-methylpropyl, 

1,1-dimethylethyl. 

The term "Cu cycloalkyl" as used herein, either alone or in combination with 

another substi.tuent, means a cycloalkyl substituent containing from three to six 

20 carbon atoms and includes cyclopr0pyl, cyclobutyl, cyclopentyl, and cyclohexyl 

The term "unsaturated cycloalkyl" includes, for example, the substi.tuent 

cyclohexenyl: 

' . 
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The term "saturated or unsaturated alkylene" as used herein means a divalent alkyl 
substituent derived by the removal of one hydrogen atom from each end of a 
saturated or unsaturated straight or branched chain aliphatic hydrocarbon and 
includes, for example, 

alkyl chain may optionally contain a heteroatom such as oxygen (for example: CH3-

C~-~-). 

The term "C1-6 alkoxy" as used herein, either alone or in combination with another 

substituent, means the substituent -O-C1-6 alkyl wherein alkyl is as defined above 
10 containing up to six carbon atoms. Alkoxy includes methoxy, ethoxy, propoxy, 1-

methylethoxy, butoxy and 1,1-dimethylethoxy. The latter substituent is known 
commonly as tert-butoxy. 

The term "C3-6 cycloalkyl" a5 used herein, either alone or in combination with 

another substituent, means the substituent -O-C3-6 cycloalkyl containing from three 
15 to 6 carbon atoms. 

The term "C1-6 alkoxyalkyl" as used herein, means the substituent C1-6 alkyl-O-C1-6 

alkyl wherein alkyl is as defined above containing up to six carbon atoms. For 
example, methoxymethyl means -CH2-0-CH3• 

The term "C2-7 acyl" as used herein, either alone or in combination with another 

20 substituent, means an C1-6 alkyl group linked through a carbonyl group such as -

C(O)-C1-6 alkyl 

The term "C6 or C10 aryl" as used herein, either alone or in combination with another 
substituent, means either an aromatic monocyclic system containing 6 carbon atoms 
or an aromatic bicyclic system containing 10 carbon atoms. For example, aryl 

25 includes a phenyl or a naphthyl - ring system. 

The term "C7_16 aralkyl" as used herein, either alone or in combination with another 
substituent, means an aryl as defined above linked through an alkyl group, wherein 
alkyl is as defined above containing from 1 to 6 carbon atoms. Aralkyl includes for 
example benzyl, and butylphenyl. 

' , 
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The term ''Het" as used herein, either alone or in combination with another 

substituent, means a monovalent substituent derived: by.removal of a hydrogen 

from a five-, six-, or seven-membered saturated or unsaturated (including aromatic) 

heterocycle containing from one to four heteroatoms seleeted.from nitrogen, oxygen 

5 and sulfur. Examples of suitable heterocydes include: tetrahydrofuran, thiophene, 

diazepine, isoxazole, piperjdine, dioxane, morpholine, pyrimidine or 

0 
0 

The term "Het " also includes a heterocycle as defined above fused to one or more· 

other cycle be it a heterocycle or any other cycle. One such examples includes 

10 thiazolo[4,5-b]-pyridine. 

15 

Although generally covered under the term "Het'', the term "heteroaryl" as used 

herein precisely defines an unsaturated heterocycle for which the double bonds form 

an aromatic system. Suitable example of heteroaromatic system include: q~oline, 

indole, pyridine, 

Ol? (/; f>O 
N-N N_Jj . N 

; ; I 

0 
N 0 

(U {ll 
O,...N N,..N 

; or 

The term "pharmaceutically acceptable ester" as used herein, either alone or in 

combination with another substituent, means esters of the compound of formula I in 

which any of the carboxyl functions of the molecule, but preferably the carboxy 

20 terminus, is replaced by an alkoxycarbonyl function: 

0 

)lOR 
in which the R moiety of the ester is selected from alkyl (e.g. methyl, ethyl, n-propyl, 

t-butyl, n-butyl); alkoxyalkyl (e.g. methoxymethyl); alkoxyacyl (e.g. acetoxymethyl); 

aralkyl (e.g. benzyl); aryloxyalkyl (e.g. phenoxymethyl); aryl (e.g. phenyl), 

' . 
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optionally substituted with halogen, cl-4 alkyl or cl-4 alkoxy. Other suitable 

prodrug esters are found in Design of prodrugs, Bundgaard, H. Ed. Elsmer (1985) 

incorporated herewith by reference. Such pharmaceutically acceptable esters are 

usually hydrolyzed in vivo when injected in a mammal and transformed into the 

5 acid form of the compound of formula I. 

With regard to the esters descnbed above, unless otherwise specified, any alkyl 

moiety present advantageously contains 1 to 16 carbon atoms, particularly 1 to 6 

carbon atoms. Any aryl moiety present in such esters advantageously comprises a 

phenyl group. 

10 In particular the esters may be a Cl-16 alkyl ester, an unsubstituted benzyl ester or a 

benzyl ester substituted with at least one halogen, cl-6 alkyl, cl-6 alkoxy, nitro or 

trifluoromethyl. 

The term "pharmaceutically acceptable salt" as used herein includes those derived 

from pharmaceutically acceptable bases. Examples of suitable bases include choline, 

15 ethanolamine and ethylenediamine. Na+, K+, and Ca++ salts are also contemplated to 

be within the scope of the invention (also see Pharmaceutical salts, Birge, S.M. et al., 

J. Pharm. Sci., (1977), ~ 1-19, incorporated herein by reference). 

Preferred embodiments 

Rt: 

20 Preferred embodiments of the present invention include compounds of formula I as 

described above, wherein the R 
1 

moiety is selected from the 2 different 

diastereoisomers where the 1-carbon center has the R configuration as represented 

by structures (i) and (ii): 

25 

:, _H 
I HN~A 

0 __l;; 
D 

D syn to the amide (i), 

I H 
\-NY.--A 

0 ((_ 
D 

or D syn to A (ii). 

More preferably, the linker Dis linked to R
1 

in the configuration syn to A as 

represented by structure (ii). 

• '! 
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Preferred embodiments of the present invention indude compounds of formula I as 

descnbed above, wherein the R
2 

moiety is 

whereiri Wis preferably N. 

5 Preferably, R
21 

is H, C1_6 alkyl, C1-6 alkoxy, hydroxy, chloro, or N(R
23

)2 wherein R
23 

is 

10 

21 . 

preferably Hor C1_6 alkyl. More preferably, R is Hor Ci-6 alkoxy. Most preferably, 

· Rn is methoxy. 

Preferably R
22 

is H, C1-6 thioalkyl, C1-6 alkoxy, phenyl or Het selected from the group 

consisting of: 

; ; 

24, 25 25 25 

Preferably, R 1s H, C1-6 alkyl, NH-R , NH-C(O)-R ; or NH-C(O)-NH-R or NH-

C(O)-OR26. 

15 More preferably R
22 

is C1-4 alkoxy, phenyl or Het selected from the group consisting 

of: 

• 
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R24 

p J-1-R24 J)R24 

;and 
24. 25 25 26 More preferably, R IS H, cl-6 alkyl, NH-R I NH-C(O)-R ; or NH-C(O)-OR . 

Most preferably R22 
is ethoxy, or Het selected from the group consisting of: 

R24b 

N N ~ -0 R24a -<S}-R24• )-« 
;and 

24a. 25 25 26 Most preferably, R IS NH-R , NH-C(O)-R , or NH-C(O)-OR . Most preferably, 
24b 

R is H or C1_6 alkyl. 

Preferably, each R
25 

is independently: H, C1-6 alkyl, or C3-6 cycloalkyl. More 

preferably, R
25 

is C1-6 alkyl or Cu cycloalkyl. More preferably, R
25 

is C1-6 alkyl. 

10 Preferably, R
26 

is C1-6 alkyl. 

15 

Preferred embodiments of the present invention include compounds of formula I as 

described above, wherein the Rs moiety is preferably an amide of formula NH-C(0)-
32 32 S2 R , a urea of formula NH-C(O)-NH-R , or a carbamate of formula NH-C(O)-OR . 

More preferably, R
3 

is a carbamate or a urea. Most preferably, Rs is a carbamate. 

Preferably, R
32 

is C1"' alkyl, or C3-6 cycloalkyl. More preferably, R
32 

is Cl-6 alkyl, or 

Cu cycloalkyl. Most preferably, R
32 is tert-butyl, cyclobutyl or cyclopentyl 

I 

I 
\: 
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D: 

Preferred embodiments of the present invention include compounds of formula I, 

wherein link.er D is a 6 to 8 atom saturated or unsaturated alkylene chain. More 

preferably, linker D is 7 atom chain. 

5 Preferably, the D chain contains one or two heteroatoms selected from: 0, S, NH, N-

Ci-6 alkyl or N-C2_7 acyl. More preferably, the D chain optionally contains one 

heteroatom selected from: NH, or N-c;_1 acyl, most preferably N(Ac), and is 

positioned at atom 10 of the chain. Most preferably, the chain containing a nitrogen 

atom is saturated. 

10 Alternatively, D contains one heteroatom selected from: 0, or S. Preferably, when D 

is 7 atom in length, the 0 or S atom is at position 9 of the chain. Preferably, this chain 

is.substituted with R
4
, wherein R

4 
is Hor C1-6 alkyl. More preferably, R

4 
is Hor 

methyl. Most preferably, R
4 

is Hor 8-(S)-Me. Even most preferably, Dis saturated. 

Alternatively, D contains one double bond at position 11,12. Preferably, this double 

15 bond is trans. 

Alternatively, Dis an all carbon saturated or unsaturated alkylene chain. In this 

case, D is preferably saturated and is 7 atom in length. More preferably, D is 

substituted with R.4, wherein R
4 

is H, oxo, th.io, hydroxy, thioalkyl, alkoxy or alkyl. 

20 More preferably, R
4 
is Hor C1-6 alkyl. Most preferably, R

4 
is Hor methyl. Most 

preferably, R
4 

is Hor 10-(S)-Me. 

Alternatively, D is an all carbon alkylene chain containing preferably one double 

bond and is 7 atom in length. More preferably, this double bond is at position 13,14 

25 of the chain. Most preferably, this double bond is cis. Preferably, this D chain is 

substituted with R
4
, wherein R

4 
is H, oxo, hydroxy, alkoxy or alkyl. More preferably, 

R
4 
is Hor C1-6 alkyl. Even more preferably, R

4 
is Hor methyl. Most preferably, R

4 
is 

H or 10-(S)-Me. 

A: 

30 Preferred embodiments of the present invention include compounds of formula I as 

• 
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described above, wherein A is a carboxylic acid. 

Specific embodiments: 

PCT/CA00/00353 

Preferred embodiments of the present invention include compounds of formula I as 
described above, wherein R2 is a quinoline substituent (i.e. W is N); 

5 R3 is a group of formula -NH-C(O)-NHR
32 

or -NH-C(O)-OR
32

, 

wherein R
32 

is: C14 alkyl or C4-6 cycloalkyl; 

Dis a 6 to 8 atom saturated or unsaturated alkylene chain linked to R
1 
in 

configuration syn to A, optionally containing one or two heteroatoms independently 

selected from: 0, Sor N-R'1, wherein R'
1 

is C2_7 acyl; 

1 O R' is H, or from one to three substituents independently selected from hydroxy or 

cl-6 alkyl; and 

A is a carboxylic acid, or a pharmaceutically acceptable salt or ester thereof. 

More preferably are compounds of formula I wherein R1 is as defined above; Rn is 

Hor methoxy; 

15 R
22 

is C1-6 alkoxy, or Het selected from the group consisting of: 

wherein Rua is H, C1-6 alkyl, NH-R25
, NH-C(O)-R25

, NH-C(O)-NH-R25
, 

wherein R
25 

is: H, C1-6 alkyl or C3-6 cycloalkyl; 

or R:ua is NH-C(O)-OR
26

, wherein R
26 

is C1-6 alkyl or C3-6 cycloalkyl; 
24b 

20 and R is H or C1-6 alkyl; 

3 . 32 R is a urea of the formula NH-C(O)-NHR or a carbamate of formula NH-C(O)-

OR32, wherein R
32 

is C1-6 alkyl or C3-6 cycloalkyl; 

Dis a C7-atom saturated or unsaturated alkylene chain optionally containing one 
double bond at position 11,12 or 13,14; 

25 said D chain optionally containing one heteroatom independently selected from: 0, 



W000/59929 PCT/CA00/00353 

5 

S, NH, N(Me), or N{Ac); and 

R
4 

is H or c;_6 alkyl. 

16 

Most preferably, are compounds of formula I wherein R
21 

is methoxy, and R
21 

is 

ethoxy or: 

wherein R2'a is NH-{C14 alkyl), NH-C{O) -{C14 
alkyl); or NH-C(0)-0-{C14 alkyl),; 

and 

D is saturated or contains one cis double bond at position 13,14. 

Finally, included within the scope of this invention are all compo'unds of formula I 

10 as presented in Tables 1 to 9. 

The pharmaceutical compositions of this invention may be administered orally, 

parenterally or via an implanted reservoir. Oral administration or administration by 

injection are preferred. The pharmaceutical compositions of this invention may 

15 contain any conventional non-toxic pharmaceutically-acceptable carriers, adjuvants 

or vehicles. In some cases, the pH of the formulation may be adjusted with 

pharmaceutically acceptable acids, bases or buffers to enhance the stability of the 

formulated compound or its delivery form. The term parenteral as used herein 

includes subcutaneous, intracutaneous, intravenous, intramuscular, intra-articular, 

-20 intrasynovial, intrasternal, intrathecal, and intralesional injection or infusion 

techniques. 

The pharmaceutical compositions may be in the form of a sterile injectable 

preparation, for example, as a sterile injectable aqueous or oleaginous suspension. 

This suspension may be formulated according to techniques known in the art using 

25 suitable dispersing or wetting agents (such as, for example. Tween 80) and 

suspending agents. 

The pharmaceutical compositions of this invention may be orally administered in 

any orally acceptable dosage form including, but not limited to, capsules, tablets, 

and aqueous suspensions and solutions. In the case of tablets for oral use, carriers 

• 
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which are commonly used include lactose and corn starch. Lubricating agents, such 
as magnesium stearate, are also typically added. For oral administration in a 
capsule form, useful diluents include lactose and dried corn starch. When aqueous 
suspensions are administered orally, the active ingredient is combined with 

5 emulsifying and suspending agents. If desired, certain sweetening and/ or flavoring 
and/ or coloring agents may be added. 

Other suitable vehicles or carriers for the above noted formulations and 
compositions can be found in standard pharmaceutical texts, e.g. in "Remington's 

Pharmaceutical Sciences", 19th ed., Mack Publishing Company, Easton, Penn., 1995. 

10 Dosage levels of between about 0.01 and about 100 mg/kg body weight per day, 
preferably between about 0.5 and about 75 mg/kg body weight per day of the 
protease inhibitor compounds described herein are useful in a monotherapy for the 
prevention and treatment of HCV mediated disease. Typically, the pharmaceutical 
compositions of this invention will be administered from about 1 to about 5 times 

15 per day or alternatively, as a continuous infusion. Such administration can be used 
as a chronic or acute therapy. The amount of active ingredient that may be 
combined with the carrier materials to produce a single dosage form will vary 
depending upon the host treated and the particular mode of administration. A 
typical preparation will contain from about 5% to about 95% active compoU)ld (w/w). 

20 Preferably, such preparations contain from about 20% to about 80% active 
compound. 

As the skilled artisan will appreciate, lower or higher doses than those recited above 
may be required. Specific dosage and treatment regimens for any particular patient 
will depend upon a variety of factors, including the activity of the specific 

25 compound employed, the age, body weight, general health status, sex, diet, time of 
administration, rate of excretion, drug combination, the severity and course of the 
infection, the patient's disposition to the infection and the judgment of the treating 
physician. Generally, treabnent is initiated with small dosages substantially less 
than the optimum dose of the peptide. Thereafter, the dosage is increased by small 

30 increments until the optimum effect under the circumstances is reached. In general, 
the compound is most desirably administered at a concentration level that will 
generally afford anti.virally effective results without causing any harmful or 
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deleterious side effects. 

When the compositions of this in~ention comprise a combination of a compound of 

· formula I and one or more additional therapeutic or prophylactic agent, both the 

compound and the additional agent should be present at dosage levels of between 

5 about 10 to lOOo/o, and more preferably between about 10 and 80% ofthe dosage 

normally administered in a nionotherapy regimen. 

When these compounds or their pharmaceutically acceptable salts are formulated 

together with a pharmaceutically acceptable carrier, the resulting composition may 

be administered in vivo to mammals, such as man, to inhibit HCV NS3 protease or to 

1 O treat or prevent HCV virus infection. Such treatment may also· be achieved using 

the compounds of this invention in combination with agents which include, but are 

not limited to: immunQmodulatory agents, such as a-, 13.,., or y-interferons; other 

antiviral agents such as ribavirin, amantadine; other inhibitors of HCV NS3 

protease; inhibitors of other targets in the HCV life cycle such as helicase, 

15 polymerase, metalloprotease, or internal ribosome entry site (m.ES); or combinations 

thereof. The additional agents may be combined with the compounds of this 

invention to create a single dosage form. Alternatively these additional agents may 

be separately administered to a mammal as part of a multiple dosage form. 

Accordingly, another embodiment of this invention provides methods of inhibiting 

20 HVC NS3 protease activity in mammals by administering a compound of the 

formula I, wherein the substituents are as defined above. 

In a preferred embodiment, these methods are useful in decreasing HCV NS3 

protease activity in a mammal. H the pharmaceutical composition comprises only a 

compound of this invention as the active component, such methods may 

25 additionally comprise the step of administering to said mammal an agent selected 

from an immunomodulatory agent, an antiviral agent, a HCV protease inhlbitor, or 

an inhibitor of other targets in the HCV life cycle such as helicase, polymerase, or 

metalloprotease. Such additional agent may be administered to the mammal prior 

to, concurrently with, or following the administration of the compositions of this 

30 invention. 

In an alternate preferred embodiment, these methods are useful for inhibiting viral 

replication in a mammal. Such methods are useful in treating or preventing HCV 

r I 
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disease. H the pharmaceutical composition comprises only a compound of this 
invention as the active component, such methods may additionally comprise the 
step of administering to said mammal an agentselected from an 

immunomodulatory agent, an antiviral agent, a HCV protease inhibitor, or an 
5 inhibitor of other targets in the HCV life cycle. Such additional agent may be 

administered to the mammal prior to, concurrently with, or following the 

administration of the composition according to this invention. 

The compounds set forth herein may also be used as laboratory reagents. The 
Applicant provides for the first time compounds with a low molecular weight, that 

1 o are highly active and specific against the HCV NS3 protease. Some of the present 
compounds may be instrumental in providing research tools for designing of viral 
replication assays, validation of animal assay systems and structural biology studies 
to further enhance knowledge of the HCV disease mechanisms. 

The compounds of this invention may also be used to treat or prevent viral 
15 contamination of materials and therefore reduce the risk of viral infection of 

laboratory or medical personnel or patients who come in contact with such materials 
(e.g. blood, tissue, surgical instruments and garments, laboratory instruments and 
garments, and blood collection or transfusion apparatuses and materials). 

20 Methodology 

Several ways of carrying the synthesis of acyclic intermediates of compounds of 
formula I are disclosed in WO 00/09543 and WO 00/09558. 

The compounds of the present invention are synthesized according to the general 
process illustrated in Schemes I, D and ID (wherein PG is an appropriate protecting 

25 groups. [In all schemes presented below, D' has the same definition as D but is 2 to 5 
atom shorter]. 

When the invention covers compounds of formula I wherein A is a N-substituted 

amide, vinyl-ACCA or homo-allyl ACCA (R
1
) is coupled to an appropriate amine 

prior to the coupling to ,P2. Such coupling will be readily recognized by persons 
30 skilled in the art. As will be recognized by persons skilled in the art, such amide (A) 

is not protected but bears any relevant substituent R
5
' as defined above. 

The ring-closing reaction (macrocyclization) is carried out by either olefin metathesis 

• . 
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(Scheme I) or when the linker contains a nitrogen atom, by reductive amination 

(Scheme II), or by peptide bond formation Scheme m. 

Details of these processes are presented below: 

5 A. Macrocyclisation via olefin metathesis 

Scheme I 

/PG or R
2 

/PG or R2 

A 

OH N N ~ 

(P1) " 

A'= protected carboxylic acid or N-substltuted amide. 

n=Oor2 

R2 
0/ 

~N A E 

o~ oj{ ~--·-
. . .. ,, 
Ra ''''o 

lb la 

D= saturated 
D= unsaturated 

10 Scheme!: 

B 

There are several ways in which the coupling sequence can be carried out which can 

be easily recognized by persons skilled in the art. Starting with 4-(S)­

hydroxyproline, the substituent at the 4-hydroxy can be incorporated via a 

Mitsunobu reaction {as described in Mitsunobu Synthesis 1981, January, 1-28; Rano 

15 et al. Tet. Lett. 1994, 36, 3779-3792; Krchnak et al. Tet. Lett. 1995, 36, 6193-6196) before 

or after the macrocydization. Alternatively the assembly can be done with the 

required 4-(R}-hydroxy-substituted proline as disclosed in the general processes of 

WO 00/09543 & WO 00/09558 (see below for specific examples of these fragments). 

' 
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Steps A, B, C: Briefly, the Pl, P2, and P3 moieties can be linked by well known 
peptide coupling techniques and generally disclosed in WO 00/09543 & WO 

00/09558. 

Step D: The formation of the maaocycle can be carried out via an olefin metathesis 
5 using a Ru-based catalyst such as the one reported by Miller, S.J.; Blackwell, H.B.; 

Grubbs, R.H./. Am. Chem. Soc. 1996, 118, 9606-9614 (a); Kingsbury,J.S.; Harrity, 
J.P.A.; Bonitatebus, P.J.; Hoveyda, A.H. J. Am. Chem. Soc. 1999, 121, 791-799 (b) and 
Huang,J.; S~vens, E.D.; Nolan, S.P.; Petersen, J.L.;/. Am. Chem. Soc. 1999, 121,2674-
2678 (c). It will also be recognized that catalysts containing other transition metals 

1 O such as Mo can be used for this reaction. 

Cl •• rcva () 'Ru;J--' 
Cl ...... , 

PCy, 

(a) 

Grubbs' catalyst 

~f-P-
c1/I~ 

PCy, v 
(c) 

Nolan's catalyst 

Step E: Optionally, the double bond is reduced by standard hydrogenation methods 
well known in the art. When A' is a protected C:arboxylic acid, it is also deprotected 
appropriately. 

15 B. Macrocyclization via reductive amination (for linkers containing N) 
When the linker contains a nitrogen atom, maaocyclization is achieved by reductive 
amination as shown in Scheme II to obtain inhibitors of general structure II. 
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Schemell 

2 r2 
cf ~ 0 

W~-8 $1-{ I 

~•[.,,
0

1- -o -R3>·+·~N 
R Jm 'NHCbz f'' 1 C H 

A'= protected carboxyllc acid or N-substituted amide. q 
n=1to5 /-t ~ 
m=1~5 · ~~ 

~+O~N 
R -rm---. I 

II 

Step A: Hydroboration of the double bond following Brown'~ procedure (H.C. 

Brown and B.C. Subba Rao,]. Am. Che. Soc. 1959, 81, 6434-6437) followed by 

R4 

5 oxidation of the resulting alcohol (for example via Dess-Martin periodinate, J. Am. 

Chem. Soc.1991, 113, 7277-7287) affords the corresponding aldehyde. 

Step B: Hydrogenation in the presence of acid leads to the removal of the amino 

protecting group followed by macrocyclization via reductive amination. 

The P3 unit used in this synthesis is easily obtairted from a variety of amino acids, 

10 such as lysine, ornithine, glutamine (after a Hofmann reaction: Ber. 1881, 14 .. 2725) 

and others; these synthetic modifications are methods well known in the art. 

Step C: Optionally, the secondary amine in the linker D (formed after step D) is 

alkylated with alkyl halides or acetylated with alkyl or aryl acid chlorides using 

methodologies well known in the art to obtain inhibitors of general structure II. 

15 When A' is a protected carboxylic acid, it is also deprotected appropriately. 

C. Macrocyc:lization via lactam formation 

Alternatively, it is understood that these macrocyclic compounds with general 

structure I and II can be synthesized in other ways. For example Pl and P3 can be 

first connected to the linker D, then coupled to P2 and the macrocyclization reaction 

20 can be a lactam formation in two possible ways as will be recognized by persons 

skilled in the art and as shown in Scheme m. 

' 
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Scheme ill 

OH 

o=( or 
Ra>'""D'~ 

OH 

°:S++ R m NHCbz 
. (P3) 

(P3) 

A'= protected carboxylic acid or N-substltuted amide. 
n= o or2 
m= 1to7 

Synthesis of Pl 

The synthesis of inhibitors with general structure I and II requires the same Pl 
5 fragments: 

a) vinyl ACCA, the synthesis and resolution of which is described in WO 00/09543 
& WO 00/09558 or 

b) homoallyl ACCA {Example 1, compound lf}. 

Synthesis of P2 

10 Some of the P2 fragments used for the synthesis of compounds of formula I are 
described in WO 00/09543 & WO 00/09558. 

Other P2 fragments are synthesized as follows: 

a. Synthesis of 2-0 Hef'- 4-hydroxy-7-methoxyquinoline derivative 
15 (i) Approach from the corresponding 0 Het" carboxylic acid IVb 

• . 
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Scheme IV 

R2yY~-{ B 

~Rn-
A -

0 

!Va 
IVb IVc IVd 

The synthesis is carried out according to a modified procedure in Li et al. ]. Med. 
. n 

Chem. 1994, 34, 3400-~07. Intermediate Na where R = OMe (Example 7, 

compound 7b) is prepared as described by Brown et al.]. Med. Chem. 1989, 32, 807-

826. 

Step A: Intermediate ·Na is coupled with heterocyclic carboxylic acids IVb under 

basic conditions with POC13 to activate the carboxylate group. A variety of 

10 carboxylic acids with :general structure IVb are used for the preparation of inhibitors; 

these are either COIIUl'.lercially available, synthesized as shown in scheme V, VI and 

VII, or synthesized individually using methods described in the specific examples. 

15 

Step B: Ring-closure, followed by dehydration is achieved under basic conditions to 

obtain quinolines of general structure IV d. 

(i.a). · Synthesis of 11Het"-carboxylic acids of general formula IVb 

Synthesis of 2-(substituted)-amino-4-carboxy-aminothiazole 

.. derivatives <Ve) 

The modified procedure described by Berdikhina el al. Chem. Heterocycl. Compd. 

20 (Engl. Transl.) 1991, 4i 427-433 is used. 

SchemeV 

heat .HBr 

Va Ve 

A variety of 2-alkylaminothiazolyl-4-carboxylic acids, compounds of general 

25 structure V c, are made using the general synthetic methodology outlined in Scheme 

' . 

r I 
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V using thioureas <Ya) With different alkyl substituents ·{R~= ~yl group) and 3-

bromopyruvic acid. This type of condensation reaction is well known in the art. 

Alternatively, the P2 fragment containing the 2-amino-substituted-thiazole 
derivatives are synthesized from the corresponding 2-carboxyl derivative as shown 

5 in scheme VI according to the procedure of: Unangst, P.C.; Connor, D.T. /. Heterocyc. 

10 

Chem. 29, 5, 1992, 1097-1100. 

Scheme VI 

(Via) 

\ ... o 
' ' 

(Vlb) 

Examples of this process are disclosed in WO 00/09543 & WO 00/09558. 

Synthesis of 2-carboxy-4-substituted aminothiazole 

derivatives Vlld 

A variety of 4-alkylthiazolyl-2-carboxylic acids, compounds of general structure 
VIld, is made using the general synthetic methodology outlined in Scheme vn. 

15 Scheme VII 

0 N~ N~ \-oe R24~Br A H2N + EtO~S B 

H00s 0 heat 
0 0 

VIia Vllb Vile Vlld 

The procedure described by Janusz et al. ]. Med. Chem. 1998, 41, 3515-3529 is used 
with modifications as described as follows: Ethyl thiooxamate (VIla) is reacted with 

different JJ-bromoketones of general structure VIlb (R
24 

= alkyl group) to form 

20 thiazolyl carboxylic acids of general structure VIld. This type of condensation 
reaction is well known in the art. 

• . 
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Synthesis of 2-carboxy-(substitutedl-imidazole derivative 

MIIbl .. 
A variety of alkylimidazolyl-2-carboxylic acids, compounds of general structure 

VIllb, are made using the general synthetic methodology outlined in Scheme vm. 

5 SchemeVlll 

VIiia Vlllb 

The procedure described by Baird et al. J. Amer. Chem. Soc.1996, 118, 6141-6146. was 

used: an alkyl im.idazole is deprotonated with a strong base (e.g. nBuLi) and then 

reacted with C02 to form the carboxylic acid VIllb. This type of condensation 

10 reaction is well known in the art. 

15 

b. Synthesis of 4-hydroxy-7-methoxy-2- (imidazolyl or pyrazolyl)quinolines 

4-Hydroxy-7-R21 quinolines having an imidazolyl or pyrazolyl moiety at C2 are 

generally prepared using the methodology outlined in Scheme IX. 

Scheme IX 

R21 ·~ Cl w 
OBn 

R21 ~ R22 w 
OBn 

A 

IX a IXb 

R22 = imidazole or pyrazole derivatives 

IXc 

The synthesis of the key intermediate, (wherein R
21 = OMe) 4-benzyloxy-2-chloro-7-

methoxyquinoline IXa is described in detail in Example 6 (compound 6e). 

• 
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Step A: At high temperatures, a variety of imidazoles, alkyl substituted imidazoles, 

pyrazoles or alkyl substituted pyrazoles can be used to displace the 2-chloro moiety 

of compound IXa giving compounds of general structure IXb. 

Step B: Upon removal of the benzyl protecting group from the 4-hydroxy moiety of 

5 the quinoline by standard hydrogenation methods, quinoline derivatives of general 

structure IXc are obtained. 

Synthesis of P3 

A variety of P3 fragments are synthesized containing the appropriate D linker 

extension for macrocyclization by olefin metathesis. In general P3 units containing a 

1 O terminal olefin for metathesis are synthesized following the general schemes shown 
below (Schemes X, XI & XII). 

15 

Synthesis of Linkers in Class A 

This general synthesis is used to make linkers that are all carbon based (no 

• heteroatom) (Scheme X). 

SchemeX 

~COOH 
A 

Xe 

m=1to5 
R• = H or alkyl 

B 

0 

-~o 
b .. 

o ~OH 
NH Boe 

Xe 

~.O op 
c 

~.~ 
BocHN J __ / 0 

L 
UXd 

The synthesis is performed according to the procedure of Evans et al. ]. Am. Chem. 

Soc.1990,112,4011-4030. 

' • 
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The starting carboxylic acids (Xa) is commercially available or is prepared by know 

literature procedures familiar to those skilled in the art. 

Step A: The carboxylic add xa is activated with pivaloyl chloride and then reacted 

with the anion of Evans' chiral auxiliary 4{S)-4-(phenylmethyl)-2-oxazolidinone 

5 following well known chemistry (Review: D.J. Ager et al. Aldrichimica Acta 1997, 30, 

3-11, and references therein) to obtain compounds of general structure Xb. 

Step B: Stereoselective a-azidation with trizylazide, of a chiral imide enolate such as 

those which would form from compounds with general structure Xb in the presence 

of a base like KHMDS, is also well known in the art (Review: D.J. Ager et al. 

10 Aldrichimica Acta 1997, 30, 3-11, and references therein). 

Step C: Reduction of the a-azide, catalyzed by Sn02, is followed by protection of the 

amine formed as its t-butyl carbamate gives intermediates of general structure Xe. 

These reactions are also well known in the art. 

Step D: Finally, the chiral auxiliary is hydrolyzed under basic conditions, such as a 

15 mixture of~02 with LiOH, to produce the amino acid-type linkers of general 

structure Xe. 

Alternatively, P3 moieties having the same general structure Xe are synthesized 

following de procedure described by M.J. Burk et al.]. Am. Chem. Soc 1998, 120, 657-

20 663 illustrated in Scheme XI. These compounds varied in the number of methylene 

units (-CHz-) alorig the linker (m=l to 5) and the substitution of alkyl groups at R41 

but did not contain a heteroatom. 

• • 
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Scheme XI 

A. COOEt 

-----HOOCANHAc 

Xlb 

PCT/CA.00/00353 

R4 

~o __ e_._ 
R4 NHAc 

~COOEt 
H Xlb 

Xie 

m=1-5, R4= Hor alkyl 

R4 l!,i!HBoc 

~COOH 

Xe 

Xld 

D. 

Xie 

Step A: The monoacid compound XIb is prepared from commercially available 
diethyl 2-acetamidomalonate by standard ester hydrolysis under basic conditions. 

5 Step B: I<noevenagel-type condensation between an aldehyde of general structure 
Xie and compound Xlb in the presence of a base, such as pyridine, and acetic 
anhydride leads to the formation of enamide intermediate Xld having the Z 
stereochemistry around the newly formed double bond as shown. 
Step C: Regioselective and enantioselective catalytic hydrogenation of the enamide 

10 intermediate Xld to the amino acid intermediate Xie is achieved using Burk's 
method. 

Step D: The nitrogen of the acetamido derivative Xie is then di-protected with the 
addition of a t-butyl carbamate substituent before the acetate group, as well as the 
ethyl ester, are hydrolyzed under standard basic condition to obtain P3 moieties of 

15 general structure Xlf. 

• , 
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Synthesis of Linkers in Oass B 

General Structure of Linkers in Class B 

~HBoc 

~~COOH 
F\ R, 

X=OorS 
~=HorCH3 
R2 =HorCH3 

This general synthesis is used to make linkers containing oxygen or sulfur. 

OH 

R'+ ...-C02CH1 

"'"JiT 
R NHBoc 

A 

Xlla 

D -
Xlld 

R'=HorCH1 

Scheme XII 

0 
~ 

B R'1YC02Ct\ 

R NHBoc ---

).._CH3 s 
Rz1YCOzCHa 

R' NHBoc 

Xlle 

Xllb 

E -
Xllf 

R2 = H or CH3 but not both R1=R2=C~ 

~ x 
,i -COOH 

.R ...-~I X:OorS 
R NHRa 

Xllc 

Xllg 

Step A: Suitably protected amino acids, such Boe-(L)-seriite methyl ester, Boc-(L)­

threonine methyl ester or Boc-(L)-allothreonine methyl ester, are alkylated with allyl 

iodide in the presence of Ag20 to give the methyl ester XIlb. 

Step B: Hydrolysis of the methyl ester under standard basic conditions yields the 

1 O ether-type linkers of general structure XIIc. (X=O). 

Step C: The sulfur analog is prepared. from the same starting amino acid XIIa 

(appropriately protected as before) and its hydroxyl group is converted to a good 

leaving group (such as the tosylate intermediate XIId) using standard methodology 

well known in the art. 

15 Step D: The tosyl moiety is subsequently displaced with the anion of thioacetate 

leading to the formation of the thioester intermediate Xlle by inversion of the chiral 

center at the ~arbon. 

• 
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Step E: Hydrolysis of the thioester moiety under mild basic conditions yields the 

free thiol Xllf. 

Step F: Alkylation of the thiol moiety is easily achieved under basic conditions with 

allyl iodide. 

5 Step G: Finally, the sulfide analog Xllc (X=S) are obtained a!ter hydrolysis of the 

methyl ester using standard procedures. 

10 

Synthesis of R3 fragment · 

Examples of synthesis of fragments wherein R
3 

is NH-R
31 

are disclosed in WO 

00/09543. 

EXAMPLES 

The present invention is illustrated in further detail by the following non-limiting 

examples. Other specific ways of synthesis or resolution can be found in 

WO 00/09543 & WO 00/09558. 

15 Temperatures are given in degrees Celsius. $elution percentages express a weight 
to volume relationship, and solution ratios express a volume to volume relationship, 

unless stated otherwise. Nuclear magnetic resonance (NMR) spectra were recorded 

on a Bruker 400 MHz spectrometer; the chemical shifts (8) are reported in parts per 

million and are referenced to the internal deuterated solvent unless otherwise 

20 indicated. The NMR spectra of all final compounds (inhibitors) was recorded in 

DMSO-d6 of their TFA salt unless otherwise indicated. Flash column 

chromatography was carried out on silica gel (Si02) according to Still's flash 

chromatography technique (W .C. Still et al., J. Org. Chem., 1978, 43, 2923). 

Abbreviations used in the examples include Bn: benzyl; Boe: tert-butyloxycarbonyl 

25 [Me3COC(O)]; BSA: bovine serum albumin; Cbz: benzyloxycarbonyl; CHAPS: 3-((3-

cholamidopropyl)-dimethylammonio]-1-propanesulfonate; DBU: 1,8-

diazabicyclo[5.4.0]undec-7-ene; ~02= DCM: methylene chloride; DEAD: 

diethylazodicarboxylate; DIAD: diisopropylazodicarboxylate; DIPEA: 

diisopropylethylamine; DMAP: dimethylaminopyri~ine; DCC: 1,3-

30 dicyclohexylcarbodiimide; DME: 1,2-dimethyoxyethane; DMF: dimethylformamide; 
DMSO: dimethylsulfoxide; OTT: dithiothreitol or threo-1,4-dimercapto-2,3-
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butanediol; DPPA: diphenylphosphoryl azide; EDTA: ethylenediaminetetraacetic 

acid; Et: ethyl; EtOH: ethanol; EtOAc: ethyl acetate; EtiO: diethyl ether; ESMS: 

electrospray mass spectrometry; HATU: Q.;(7-azabenzotriazol-1-yl)-1,1,3,3-

tetramethyluronium hexafluorophosphate; HPLC: high performance liquid 

5 chromatography; MS: mass spectrometry; MALDI-TOF: Matrix Assisted Laser 

Disorption Ionization-Time of Flight, FAB: Fast Atom Bombardment; LAH: lithium 

aluminum hydride; Me: methyl; MeOH: methanol; MES: (2-(N-morpholino]ethane­

sulfonic acid); NaHMDS: sodium bis(trimethylsilyl)amide; NMM: N­

methylm.orpholine; NMMO: N-methylmorpholine oxide; NMP: N-

10 methylpyrrolidine; Pr: propyl; Succ: 3-carboxypropanoyl; PNA:· 4-nitrophenylamino 

or p-nitroanilide; TBAF: tetra-n-butylammonium fluoride; TBME: tert-butyl-methyl 

ether; tBuOI<: potassium tert-butoxide; TBTU: 2-(lH-benzotriazole-1-yl)-1,1,3,3-

tetramethyluronium tetrafluoroborate; TCEP: tris(2-carboxyethyl) phosphine 

hydrochloride; TF A: trifluoroacetic acid; THF: tetrahydrofuran; TIS: 

15 triisopropylsilane; TLC: thin layer chromatography; TMSE: trimethylsilylethyl; 

Tris/HO: tris(hydroxymethyl)aminomethane hydrochloride. 

• • 
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Pl MOIETIES 

ExAMPLE 1 

Synthesis of t-butyl-(lR,2R)/(lS,2S)-1-amino-2-homoallykyclopropyl carboxylate 
(lf): 

Br~ 
o~o 

l f 1b "0 Ox A. 

1a 

--~.,;,.... p ~ 
/ ..., -o-'l-N.J..._ AP 

+. O 1e --

c. 
o~ 

H-o'-~--. y- 0 
/)' 1d 

o.l 

H.N.~ 
+. 0 

11 

~~+~ - .+. 1f. .+. 1f" 

A. To a suspension of benzyltriethylammonium chloride (5.08 g, 22.3 mmoL) in 
50% aqueous NaOH (50mL),1,2-dibromo-5-hexene (lb, 8.10 g, 33.46 mmol) and di­
t-butylmalonate (la, 4.82 g, 22.30 mmol) were added in succession. The mixture was 

stirred vigorously at RT for 16 h, then diluted with ~O and extracted with ~C~ 

10 (3 x SO mL). The organic layer was further washed with ~O (2 x 50 mL), brine/~0 

(2/1, 2 x 50 mL, dried over MgS04 and evaporated. The crude residue was purified 

by flash column chromatography on silica gel, using 3 to 5% EtOAc in hexane as the 
eluent, to obtain compound le n1. 38% yield (2.48 g). 
1 
H NMR (CDC13, 400MHz):51.19 (bd, J = 7.9 Hz, 2H), 1.25-1.33 (m, lH), 1.46 (s, 9H), 

' . 
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1.48 (s, 9H), 1.47-1.60 (m, lH), 1.75-1.82 {m, lH}, 2.14-2.22 (m, 2H}, 4.93-5.50 (m, 2H}, 

4.96 (dm, J = 10.2 Hz, lH), 5.18 (dm, J = 17.2 Hz, lH). ES(+ )MS m/z 297 (M+H) +. 

B. To a suspension of potassium t-butoxide (5.75 g, 51.25 mmol) in anhydrous 

diethyl ether (150 mL) at 0°, H 20 was added (203 µL, 11.27 mmol) and the reaction 

5 mixture was stirred at 0° for 10 min. An ether solution of compound le (2.48 gin 10 

mL diethyl ether, 10.25 mmol) was added and the mixture was stirred at RT for 5 h. 

The mixture was diluted with ice-cold HzO and extracted with diethyl ether (3 x 200 

mL). The aqueous layer was acidified to pH 3.5-4 with ice-cold 10% aqueous citric 

acid and re-extracted with EtOAc (3 x 200 mL). The EtOAc layer was washed with 

10 HzO (2 x 100 mL), brine (100 mL), dried over MgS04 and evaporated to give 

compound ld in 85% yield based on the amount of recovered starting material. 

1
H NMR (CDC13, 400 MHz): a 1.51 (s, 9H), 1.64-1.68 (m, lH), 1.68-1.75 (m, IH}, 1.77-

1.88 (m, lH}, 1.96-2.01 (m, lH), 2.03-2.22 (m, 3H), 5.01 (dm, J = 6.4 Hz, lH), 5.03 (dm, 

J = 14.9 Hz, lH), 5.72-5.83 (m, lH). 

15 ES(+)MS: m/z 241 (M+H)+. 

C. To a solution of the acid ld in anhydrous benzene (1.14 gin 25 mL benzene, 

4.74 mmol), E~ (800 µL, 5.68 mmol) was added, followed by the addition of 

diphenylphosphoryl azide (1.13 mL, 5.21 mmol) and the mixture was heated to 

reflux for 3.5 h. Subsequently, trimethylsilylethanol (1.36 mL, 9.48 mmol.) was 

20 added and stirring at reflux was continued for an additional 4 h. The mixture was 

then cooled to RT, evaporated to half of its original volume, diluted with diethyl 

ether (30 mL) and washed with 5% aqueous NaHC03 (2 x 30 mL), brine (50 mL), 

dried over MgS04 and evaporated. the residual oil was chromatographed on silica 

gel using 10% EtOAc in hexane as the eluent to obtain pure compound le in 88% 

25 yield (1.49 g). 

1 
H NMR (CDCly 400 MHz) a 0.03 (s, 9H), 0.91-0.99 (m, 2H), 1.18-1.29 (m, 2H), 1.45 

(bs, llH), 1.56-1.72 (m, 2H), 2.02-2.18 (m, 2H}, 4.12 (t, J = 8.3 Hz, 2H), 4.93 (dm, J = 

10.2 Hz, lH), 4.98(dm,J=17.2 Hz, lH), 5.07 {bs, lH), 5.71-5.83 {m, lH). 

D. To a solution of the cyclopropyl derivative le (1.19 g, 3.35 mmol, in 30 mL 

• . 
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THF), t-Bu4NF (6.7 mL of lM in THF, 6.7 mmol.) was added and the mixture was 

first stirred at RT for 16 h and subsequently heated to reflux for 15 min. The solvent 

was carefully evaporated under low pressure (due to the high volatility of the free 

amine lf, caution should be exercised during the evaporation of the solvent). The 

5 crude residue was re-dissolved in EtOAc (100 mL) and washed with ~O (2x SOmL), 

brine (SOmL), dried over MgS04 and again the solvent was carefully evaporated. 

The crude product lf (as-a mixture of two enantiomers lf' and lf") was used for 

coupling with the P2 proline derivatives without further purification. Isolation of the 

P1P2 fragment having the desired stereochemistry at Pl was easily achieved at this 

10 stage using flash chromatography (example 21, fragment 21b). 

15 

P2MOIETIES 

ExAMPLE 2 

Synthesis of Boc-4(R)-[(7-methoxy-4-quinolinyl)oxy]proline (2c): 

2c 
4-Hydroxy-7-methoxyquinoline (2b) was prepared according to the method 

described by Chun, M.W.; Olmstead, K.K.; Choi, Y.S.; Lee, C.O.; Lee, C.-K.; Kim, 

J.H.; Lee,]. Bioorg. Med. Chem. Lett. 1997, 7, 789. A solution of compound 2b (1.88 g, 

10.73 mmol) and DEAD (3.4 mL, 21.46 mmol) in anhydrous THF were added to a 

20 stirring solution of protected cis-hydroxyproline 2a (2.63 g, 10.73 mmol) and 

25 

triphenylphosphine (5.63 g, 21.46 mmol) in anhydrous THF (160 mL) at 0° under N2• 

The reaction mixture was allowed to warm-up to RT and stir for 14 h. The THF was 

then evaporated and the pure product 2c was isolated after flash column 

chromatography using 5% MeOH in EtOAc as the eluent, in 35% yield (1.5 g). 
1 
H NMR (CD03, 400 MHz): 8 1.44 (s, 9H), 1.65 (bs, lH}, 2.34-2.43 {m, lH), 2.63-2.76 

• . 



W000/59929 PCT/CA00/003~3 

36 

(m, lH); 3.78 (s, 3H), 3~75-3.85 & 3.89-3.99 (2m, lH, 2 rotamers), 3.95 (s, 3H), 4.51 & 

4.60 (2t, J = 8 Hz, lH, 2 rotamers), 5.15 (bs, lH), 6.53-6.59 (m, lH), 7.12-7.18 (dd, J = 

8.9 & 2.2 Hz, lH), 7.36 (d, J = 2.6 Hz, lH), 8.03 (bd, J = 9.2 Hz, lH), 8.65 (bd, J = 5.1 

Hz, lH). 

5 EXAMPLE 3 

Synthesis of 2-ethoxy-4-hydroxy-7-methoxy quinoline (3c) 

I 
O~NHz A. 

~COOMe 
!'CC· y°Et !WoEt I~ ~ B. I 

~ ~ ~ 
COOMe 

3a 3b 3cOH 

The synthesis of Methyl-p-methoxyantranylate 3a was done as described in Katz et 

al.]. Org. Chem., 1953, 18, 1380-1400. 

1 o The general synthesis for the quinoline derivative 3c is a modification of the 

procedure of Baccar et al. Indian Journal of Chemistry, 1995, Sat. B, 330-332. 

A. Methyl-p-methoxyantranylate 3a (3.069 g, 16.96 mmol) was dissolved in 

triethylorthoacetate (4.7 mL, 25.4 mmol), then a solution of anhydrous HCl (4 

N /Dioxane, 50 µL, 0.6 mmol) was added. The resulting mixture was heated at 

15 reflux for 19 hours. The volatiles were then evaporated under vacuum to give 

product 3b (4.92 g, amber oil, quantitative yield) that was used as such for the next 

step. 

B. To a solution of the substrate 3b (assumed 16.96 mmol) in THF (34 mL) at-

780C under nitrogen, was added LiHMDS (1 M/THF, 22 mL; 1.3 eq.). Shortly after 

20 the addition, the cold temperature bath was removed and the mixture was left to stir 

at ambient temperature for 1 hour, after which time, another portion of LiHMDS (16 

mL) was added. The resulting mixture was stirred until complete disappearance of 

· starting material (1 hour) by TLC (100% EtOAc, imidate Rf= 0.7, product~= 0.2). 

HO (4 NI dioxane, 10 mL) was then added and the mixture was concentrated under 

25 vacuum. The resulting paste was tritUrated from a mixture of EtOAc (10 mL) and 

aqueous Na~04 (1 M, 10 mL) and sonicated. An abundant precipitate was 

formed, collected by filtration, washed with water and dried to afford the desired 

product 3c as a beige solid (3.117 g, 84% yield for 2 steps, >99% purity by HPLC). 

' ' 
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1H NMR (400 MHz, DMSO-d) S (ppm): 7.88 (d, J = 8.9 Hz, lH), 6.98 (br. s, lH), 6.89 

(br. d, J = 8.6 Hz, lH), 5.94 (br. s, lH), 4.30 (br. s, 2H), 3.84 (s, 3H), 1.34 (t, J = 7.0 Hz, 

3H). 

EXAMPLE 4 

5 Synthesis of 4-hydroxy-7-methoxy-2(3-methyl-1,2,4-oxadiazol-S-yl) quinoline (4d) 

I 
o~ycooMe ~ 

~ ---
OH 

4a 

I 
o~ycooMe 

~ 
OMEM 

4b 

I 
0 

4c OMEM 

~ To a solution of 2-carbomethoxy-4-hydroxy-7-methoxyquinoline 4a (the 

preparation of which is described in WO 00/09543 and WO 00/09558) (1 g, 4.29 

mmol) in DMF (10 mL) under nitrogen was added NaH (60% in mineral oil, 190 mg, 

10 4.98 mmol). The resulting mixture was stirred at ambient temperature for 1 hour, 

MEM chloride (455 µL, 4.98 mmol) was then added dropwise and the resulting 

mixture was stirred at ambient temperature for an extra 19.5 hours. The reaction 

mixture was diluted with EtOAc (100 mL), washed with ~O (SO mL), brine (SO mL}, 

dried with MgS041 concentrated under vacuum to afford the crude reaction isolate 

15 (1.37 g). The latter was purified by flash column chromatography to afford product 

4b (1.04 g, 75% yield) as a colorless oil. . 

B. To a mixture of freshly activated 4A molecular sieve (500 mg) and 

acetamidoxime (248 mg, 3.35 mmol) was added THF (3mL). The resulting mixture 

was stirred for 15 min. under nitrogen at ambient temperature, then NaH (60% in 

20 mineral oil, 124 mg, 3.24 mmol) was added by portions. The resulting suspension 

was stirred at ambient temperature for 1 hour, then ester .4b (500 mg, 1.56 mmol) 

was added in solution in THF (5 mL). The resulting mixture was heated at reflux for 
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1 hour then filtered over Celite, rinsing with EtOAc (3 portions of 20 mL) and 

concentrated under vacuum. The resulting crude mixture was purified by flash 

column chromatography (100% EtOAc) to afford product 4c (352 mg, 65% yield) as a 

white solid. 

5 c. To the MEM ether 4c (170 mg, 0.493 mmol) in THF (4 mL) was added 

10 

aqueous HCl (1 N_, 1 mL). The resulting mixture was stirred at ambient temperature 

for 1 hour then diluted with aqueous N~04 (1M,50 mL). The solid formed was 

filtered, triturated with EtOAc, filtered and dried to afford the desired product (4d) 

(90 mg, 71% yield) as a white solid. MS (ES+) 258 (M+l), (ES-) 256 (M-1). 

1 . . 

H NMR (400 MHz, DMSO-d) 5 (ppm): 8.03 (d, J = 9.2 Hz, lH}, 7.38 (d, J = 2.2 Hz, 

1H}, 7.06 (d, J = 8.6 Hz, 1H), 6.85 (br. s, lH), 3.88 (s, 3H), 2.64 (s, 3H). 

ExAMPLE 5 · 

Synthesis of 4-hydroxy-7-methoxy-2(5-methyl-1,3,4-oxadiazol-2-yl) quinoline (Se) 

I 

I A. 
OwN~ COOMe 

Ao 

I 
0 

OMEM 
4b 

OR 

5c R=MEM 
SdR=H 

c. 

I 
O~NYCONHNH2 

~ 
. OMEM 

Sa 

OMEM 

Sb 

.,..N,OEt N ~ 
H 

15 A. To substrate 4b (465 mg, 1.45 mmol) in ethanol (5 mL) was added anhydrous 

hydrazine {57 µL, 1.8 mmoL). The resulting solution was heated at reflux for 4 h, 

then concentrated under vacuum to afford product Sa (704 mg, quantitative crude 

yield) as a yellow solid which was used as such in the next step. 

B. Compound Sa (assumed 1.45 mmol) in triethylorthoacetate (5 mL) was 

' . 

: I 
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heated at 100-110 °C under nitrogen. The resulting mixture was then diluted with 

EtOAc (100 mL), washed with aqueous saturated NaHC03 (50 ml), brine (50 ml), 

dried with MgS041 concentrated under vacuum and purified by flash column 

chromatography (100% EtOAc). Compound Sb (359 mg, 61 % yield for two steps) 
5 was· obtained as a yellow oil. MS (ES+) 392 (m+l), (ES-) 390 (m-1). 

C. Compound Sb (333 mg, 0.852 mmol) was heated at 140 °C under high 
vacuum for 8.5 hand purified by flash column chromatography (100% EtOAc) to 

afford a mixture of Sb (116 mg, 35%, R1 0.5) and compound Sc (138 mg, 72% 

corrected yield, Ri 0.3). To a THF (4 ml) solution of compound-Sc (138 mg, 0.4 

mmol) was added aqueous HO (1 N, 1 ml) and the resulting mixture was stirred 
until completion (30 min.). THF was evaporated under vacuum and aqueous 

NaHiP04 (1M,2 mL) was added. The resulting suspension was sonicated, filtered 

and the solid was dried under high vacuum to afford the desired product Sd, (75 

mg, 73% yield) as a beige solid. MS (ES+) 258 (m+l)~ (ES-) 256 (m-1). 
1
H NMR (400 

MHz, DMSO-d): ~ 8.03 (d,J = 9.2 Hz, lH}, 7.39 (d,J = 2.2 Hz, lH), 7.06 (br. d,J = 8.6 
Hz, lH), 6.85 (br. s, lH}, 3.88 (s, 3H), 2.64 (s, 3H). 

"EXAMPLE 6 

Synthesis of 4-benzyloxy-2-(chloro)- 7-methoxyquinoline (6e) 

I I I OVNt\ OVNHrHCI a. OwN~ NH, I~ --!:...- IA ,.,. I_... NC...._..,COOEt -. ~ 

I .oygNyc' 

~ 
OBn 

6e 

6a 6b OH 

l c. 

I I 
o. o~yoH _:_oY'UYNH, 
~ ~ OBn OBn 

6d 6C 

A. Commercially available Meta-anisidine (25 g, 0.20 mol) in dioxane (80 ml) 
10 was cooled down to 0 °C and anhydrous HCl (4 N/dioxane, 75 mL, 0.30 mol) was 

added. Then Ei20 (500 ml) was added and stirring was maintained for 1 hour. The 

• 
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·beige solid was then filtered and dried UI\der vacuum to afford salt 6a (31.88 g, 98% 

yield). 

B. To this salt w~ added ethylcyanoacetate (21.3 mL, 0.20 mol) and the 

mixture, in a flask equipped with a distillation head and a collecting flask, was 

5 hea~ed to 280-300 °C. Ethanol produced was collected to monitor the evolution of 

the reaction. At 9 mL of collected ethanol (theoretical amount 11.7 mL), heating was 
. . . . 

stopped, the reaction mixture cooled down to RT, diluted with water (200 mL)­

EtOAc (200 mL) then stirred and aqueous Na~PO 4 (300 mL) was added. After 

additional stirring for 1 h, filtration and drying, 6b was obtained (19.06 g, 84.5% 

10 purity, -50% yield) as a yellow solid and was used as such in the next reaction. 

C. Compound 6b (11.0 g, 57.8 mmol) in DMF (100 mL) at 0 °C was added to 
• • • • • y 

NaH (60% in mineral oil, 278 g, 115.6 mmol). The ice bath was then removed and 

the mixture was stirred ·at ambient temperature for 1 h, benzyl bromide (7.6 mL, 63.6 

mmol) was then added and the reaction mixture was stirred for 16 hours. The 

15 solution was then diluted with EtOAc (220 mL)- hexane (220 mL) and the solid 

formed was filtered, triturated with aqueous saturated NaHC03 (110 mL), washed 

with water, hexane-EtOAc (1:1 ratio, 100 mL) and dried under high vacuum. 

Product 6c (5.6 g, 91 % purity, 35% yield) was thus obtained. as a yellow solid~ 

To compound 6c (2.67 g, 9.52 mmol) in acetic acid (21 mL) was added iso-amyl 

20 nitrite (3.8 mL, 28.6 mmol) and the resulting mixture was stirred at ambient 

temperature and monitored by HPLC. More iso-amyl nitrite (1.3 mL, 9.52 mmol) 

was added after 2 hours and the mixture was left to stir over 90 hours (HPLC 81 % 

product, 3% substrate). Water (100 mL) was added to the resulting suspension, 

which was then filtered. The brown solid collected was dried under high vacuum 

25 giving product 6d (2.35 g, 92% purity, 72% yield). 

D. To compound 6d (1.5 g, 4.39 mmol) was added phosphorous oxychloride (13 

mL, 141 mmol) and the resulting mixture was heated at reflux for 1 hour then 

diluted with EtOAc (150 mL) and quenched at 0 °C slowly with aqueous NaOH (1 

N, 150 mL) to pH 9. The two layers were separated afld the organic layer was dried 

30 with MgS04 and concentrated under vacuum to afford a brown solid which was 

purified by flash column chromatography (15 % EtOAc/hexane). Product 6e (819 

mg, purity> 99%, 62% yield) was obtained as a yellow solid. 

I 
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1H NMR (400 MHz, CDOJ: S 8.07 (d, J = 9.2 Hz, lH), 7.50-7.40 (m, SH), 7.29 (d, J = 
2.5 Hz, lH), 7.12 (dd, J = 9.2, 2.5 Hz, lH), 6.73 (s, lH), 5.26 (s, 2H), 3.92 (s, 3H). 

ExAMPLE 7 

Synthesis of 4-hydroxy-2-(1-imidazolyl)-7-methoxyquinoline (7b); 4-hydroxy-2-(4-
5 methyl-l-imidazoJyl)-7-methoxyquinoline (7d); 4-hydroxy-7-methoxy-2-(1-

pyrazolyl)quinoline (7f}; and 4-hydroxy-2-(3-methyl-1- pyrazolyl)-7-
methoxyquinoJine (7h). 

I OYlr'NYCI 
~ 

OBn 
6e 

D 

I ~ 
·o-cqN~ ~-r 
~'A . 

7gR=Bn 
OR 7hR=H 

I ~ Ow~ N.J! 
~IA 

7cR=Bn 
OR 7dR=H 

I r) 
0'01.~ -rf ~IA 

7eR=Bn 
OR 7fR=H 

A. Compound 6e (423 mg, 1.41 mmol) and imidazole (400 mg, 5.88 mmol.) were 
10 heated at 110 °C for 20 h. The mixture was then diluted with EtOAc and washed 

with water and brine, dried with MgS04, concentrated under reduced pressure to 

afford compound 7a (422 mg, 96% purity, 90% yield) as a yellow solid. Compound 
7a (319 mg, 0.963 mmol) with Pd (5%/C, 64 mg) in a mixture of ethanol (5 mL) and 



5 

W000/59929 PCT/CA00/00353 

42 

THF (5 mL) was purged and placed under one ATM. of hydrogen. After 7.5 h of 

stirring at ambient temperature, the reaction mbc.ture was filtered, rinsed with a 

chloroform-methanol mixture, and concentrated to afford 7b (130 mg, 97.7% purity, 

56% yield) as a yellow solid. MS {ES+) 242 (m+l), {ES-) 240 (m-1). 

1 . . . 

H NMR (400 MHz, DMSO-d): a 8.51 (s, lH), 8.03 (4, J = 8.9 Hz, lH), 7.93 (s, lH), 

7.23 (d, J = 1.9 Hz, lH), 7.15 (s, lH), 7.12 (dd, J = 9.2, 2.2 Hz, lH), 6.92 (br. s, lH), 3.91 

(s,3H). 

B. Compound 6e (251 mg, 0.837 mmol) and 4-methylimidazole (344 mg, 4.19 

mmol.) were heated at 110 °C foi: 20 h. The mixture was then diluted with EtOAc, 

10 washed with water and brine, dried with Mg504, and concentrated under reduced 

pressure to afford a crtide containing a 10:1 mixture of 4-methyl and 5-

methylimidazolyl isomer respectively. The major assumed desired isomer llc, a 

white solid, (166 mg, 99% purity, 57% yield) was separated from a second more 

polar fraction (76 mg, 23% yield) containing a mixture of 4- and s.;.methyl imidazolyl 

15 isomer by flash column chromatography (100% EtOAc). Compound 7c (163 mg, 

0.472 mmol) with Pd (5%/C, 33 mg) in a mixture of ethanol (2.4 mL) and THF (5 mL) 

was purged and placed under one ATM. of hydrogen. After 18 h of stirring at 

ambient temperature, the reaction mixture was filtered, rinsed with a chloroform­

methanol mixture, and concentra~d to afford 7d (118 mg, 99% purity, 98% yield) as 

20 a white solid. 

1H NMR (400 MHz, DMSO-d.): a 8.42 (br. s, lH), 8.01 (d, J = 9.2 Hz, lH), 7.64 (br. s, 

lH), 7.21 (br. s, lH), 7.10 (d, J = 8.9 Hz, lH), 6.89 (br. s, lH), 3.90 (s, 3H), 2.20 (s, 3H). 

C. Compound 6e (184 mg, 0.614 mmol) and pyrazole (209 mg, 3.07 mmol.) were 

heated at 110 °C for 17 h. The mixture was then diluted with EtOAc and washed 

25 with aqueous NaOH (1 N) and brine, dried with MgS04, concentrated under 

reduced pressure to afford a crude product which was purified by flash column 

chromatography (2 : 1 hexane-EtOAc) to afford 7e (103 mg, 50% yield) as a pale 

yellow solid. Compound 7e (103 mg, 0.311 mmol) with Pd (5%/C, 20 mg) in a 

mixture of ethanol (2 mL) and THF (2 mL) was purged and placed under one atm. of 

30 hydrogen. After 55 h of stirring at ambient temperature, the reaction mixture was 

filtered, rinsed with a chloroform-methanol mixture, and concentrated to afford 7f 

' 
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(77 mg, 99% purity, 99% yield) as a yellow solid. MS (ES+) 242 (m+l), (ES-) 240 (m­

l). 

1 
H NMR (400 MHz, DMSO-d): 8 8.72 (d, J = 2.5 Hz, lH), 8.31 (s, lH), 8.00 (d, J = 8.9 

Hz, lH), 7.83 (br. s, lH), 7.43 (br. s, lH), 7.24 (br. s, lH), 7.10 (d, J = 8.6 Hz, lH), 6.59 

5 (br. s, lH), 3.90 (s, 3H). 

D. Compound 6e (217 mg, 0.724 mmol) and 4-methypyrazole (594 mg, 7.24 

mmol.) were heated at 110 °C for 23 h. The mixture showing a 1 : 1 mixture of 

debenzylated compound 7h and benzylated product 7g was then diluted with 

EtOAc (2-3 mL) and filtered to afford the pure debenzylated product 7h (111 mg, 

10 95% purity, 54% yield) as a white solid. 

1 
H NMR (400 MHz, DMSO-d): 8 8.58 (d, J = 2.6 Hz, lH), 7.98 (d, J = 9.2 Hz, lH), 7.25 

(br. s, lH), 7.20 (s, lH}, 7.04 (br. d, J = 9.2 Hz, lH), 6.38 (s, lH}, 3.89 (s, 3H), 2.30 (s, 

3H). 

Ex.AMPLE S 

15 Synthesis of 4-hydroxy-7-methoxy-2[4(2-isopropylaminothiazolyl)] quinoline (Sf) 

Note: [ A variety of 2-alkylaminothiazolyl substituents were made using the same 

synthetic scheme where compound Sb was replaced by other alkyl thioureas.] 

_.....O~NH2 v ----A. 

0 

~Br B. 

0 

Sb Be Bd 

• . 
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c. 

HN~· 
I N-:A 
oyy~y~l 
~o 

Bd Ba Be O 

I 
0 

OH 

Bf 

A. The protocol used for the conversion of m-anisidine to Sa was identical to 

that descn'bed in the literature: F.J. Brown et al. ]. Med. Chem. 19S9, 32 , 807-826. 

However, the purification procedure was modified. to avoid purification by 

5 chromatography. The EtOAc phase containing the desired product was treated with 
. . 

a mixture of MgS04, charcoal and 5% w /w (based on expected ~ss) silica gel. After 

filtration on celite, the product was triturated with ether. Compound. Sa was 

obtained as a pale brown solid in >99% purity (as confirmed by HPLC). 

B. A suspension of isopropyl thiourea (Sb, 3.55 g, 30 mmol) and 3-

10 bromopyruvic add (Sc, 5 g, 1 eq.) in dioxane (300 mL, 0.1 M) was heated to 80 °C. 

Upon reaching 80 °C the solution became clear and soon after the product 

precipitated as a white solid. After 2 hours of heating, the solution was cooled to RT 

and the white precipitate was filtered to obtain compound Sd in high purity (>98% 

purity as confirmed by NMR) and 94% yield (7.51 g). 

15 C. A mixture of the carboxylic acid Sd (4.85 g, 18.2 mmol) and the aniline 

derivative Sa (3 g, leq.) in pyridine (150 mL, 0.12 M) was cooled to -30 °C (upon 

cooling, the clear solution became partially a suspension). Phosphorus oxychloride 

(3.56 ml, 2.1 eq.) was then added slowly over a 5 min period. The reaction was 

stirred at-30 °C for 1 h, the bath was removed and the reaction mixture was allowed 

20 to warm-up to RT. After 1.5 h the reaction mixture was poured into ice, the pH was 

' . 
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adjusted to 11 with aqueous 3N NaOH, extracted with CHi02, dried over 

anhydrous MgS04, filtered and concentrated under vacuum. The beige solid was 

then purified by flash chromatography (45% EtOAc in hexane) to give compound Se 
as a pale yellow solid in 73% yield (6.07 g). 

5 D. A solution of tBuOK (2.42 g, 21.6 mmol) in anhydrous tBuOH (40ml, 0.14 M, 
distilled from Mg metal) was heated to reflux. Compound Se (1.8g, 5.4 mmol) was 
added portion-wise over 5 min and the dark red solution formed was stirred at 
reflux for an additional 20 min (completion of the reaction was monitored by 
HPLC). The mixture was cooled to RT and HO was added (4 Nin diox~e, 1.5 eq.). 

1 O The mixture was then concentrated under vacuum, in order to assure that all of the 

HCl and dioxane were removed, the product was re-dissolved twice in CHiC1i and 

dried under vacuum to finally obtain the HCl salt of compound Sf as a beige solid 
(1.62 g, 93% pure by HPLC). The product was then poured into a phosphate buffer 

(lN NaHiP04, pH=-4.5) and sonicated. The beige solid was filtered and dried under 
15 vacuum to give compound Sf (1.38 g, 81% yield) as a beige solid (91% pure by 

HPLC). 

1H NMR (400 MHz, DMSO) a 8.27 (s, lH), 8.12 (d, lH, J = 9.2 Hz), 7.97 (br.s, lH), 

7.94 (s, lH), 7.43 (s, lH), 7.24 (dd, lH, J = 9.2, 2.2 Hz), 3.97 (m, lH), 3.94 (s, 3H), 1.24 
(d, 2H, J = 6.4 Hz). 

20 EXAMPLE 9 

25 

Synthesis of 4-hydroxy-7-methoxy-2[2(4-isopropylthiazolyl)]quinoline (9f). 
Note: A variety of 2-(4-alkyl)-thiazolyl substituents were made using the same 
synthetic scheme where compound 9b was replaced by other a-bromoketones. 

s 

~Br ao~Y 
A. JYoa H2N + 

0 
9a 9b 9c I B. 

' . 
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9d 

e . HO~ 
...,..o~H2 . I . 

~ 

.. 0 

'o 

A. To a solution of 3-methyl-butan-2-one (8 .g, 93 mmol) in MeOH (100 mL) at -

30 °C, Br2 (4.79 mi, 93 mmol, 1 eq.) was added dropwise over a period of 45 min. 

The resulting mixture was then stirred at RT for 90 min. Pentane was added and the 

5 . solution washed with 5% aqueous NaHC031 the organic layer was dried over · 

anhydrous N~SO 4, filtered and concentrated under vacuum. The resulting crude 

yellow oil, compound 9b, was used without further purification. A solution of ethyl 

thiooxamate (9a, 1.8 g, 135 mmol) and bromoketone derivative 9b (13.5 mmol.) was 

stirred at 70 °C for 15 h. The mixture was then concentrated under vacuum and 

10 subsequently purified by flash column chromatography, using 15% EtOAc in hexane 

as the eluent, to obtain compound 9c (740 mg, 28 % yield). 

B. A solution of compound 9c (700 mg, 3.5 mmol) in THF /MeOH/HiO (3:1:1 

ratio, 13 mL) was treated with LiOHHiO (148 mg, 3.5 mmol, leq.) at RT for 5 h. The 

pH was then adjusted to 6 with O.lN HO and the mixture was concentrated to 

15 dryness under vacuum to obtain the acid 13d, which was used directly in the next 

step without further purification. 

C. A solution of 4-methoxy-2-amino-acetophenone (intermediate Sa, 570 mg, 

3.45 mmol) and carboxylic acid derivative 9d {590 mg, 3.45 mmol, leq.) in pyridine 

(30 mL) was cooled to -20 °C. POC~ {0.35 ml, 3.79 mmol, 1.1 eq.) was then added 

20 dropwise over a period of 5 min. The resulting solution was stirred at -10° C for 2 

h. The reaction was quenched with the addition of HiO and the mixture was 

' ~ 

i I 



.wo 00/59929 PCT/CA00/00353 

.. :•.:. 

47 

concentrated under v~cuum. The residue was poured in a saturated aqueous 
solution of NaHC03 and extracted with EtOAc. The organic layer was dried over 

anhydrous MgSO 41 filtered and concentrated under vacuum. The crude product 
was purified by flash column chromatography, using 25%Et0Ac in hexane as the 

5 eluent, to give compound 9e as a white solid (740 mg, 67% yield). 
D. tBuOK (518 mg, 2.1 eq.) was added to a suspension of compound 9e (700 mg, 
2.2 mmol) in anhydrous tBuOH (11 mL). The resulting mixture was heated to 75 °C 
for 7.5 h, the solution was then cooled to RT and acidified with the addition of HCl 
(4N HCl in dioxane, 2.5 mL). The mixture was concentrated under vacuum and the 

10 residue obtained was poured into a solution of lN N~P04 and filtered. The solid 
material was then triturated with a small amount of EtOAc, filtered and dried under 
vacuum to obtain compound 9f as a pale beige solid (270 mg, 41 % yield). 
1 
H NMR (400 MHz, DMSO-d6) a 8.00 (br. s, lh), 7~60 (br. s, lH), 7.51 (br. s, lH), 7.43 

(br. s, lH), 7.29 (br. s, lH), 7.14 (br. s. lH), 6.95 (br. a, lH), 3.90 (s, 3H), 3.15 (m, lH), 
15 1.33 (d,]=5.4 Hz, 6H). 

ExAMPLE 10 

Synthesis of 4-hydroxy-2(1-methyl-2-imidazolyl)-7-methoxyquinoline (10d) 

B. 
108 

10b 

0 

~'\') 
'o~~'\ 

10c 0 

i~ 
OH 

A. A solution of N-methylimidazole 10a (5g, 61 mmol) in 100 mL THF was 
20 cooled at -78° C. n-BuLi {24.4 ml of a 2.5M/E~O solution, 1 eq.) was added 

• . 
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dropwise over 15 min. The resulting mixture was stirred 90 min. at -78° C then 

poured portionwise over excess solid. COr The heterogeneous mixture was stirred 2 

··hand allowed to reach RT. lN HCl was added to pH 5, the aqueous layer is 

separated and lyophilized. The residue thus obtained was extracted with EtOAc (to 

5 remove salts), dried (Na~4), filtered and concentrated under reduced pressure. 6.2 

g (80% yield) of a white solid 10b was obtained. 

B. A solution of 4-methoxy-2-amino-acetophenone Sa (394 mg, 2.39 mmol) and 

the carboxylic acid derivative 10b (301 mg, leq.) in pyridine (10 ml) was cooled to -

20° C. POC~ (244 µ1, 1.1 eq.) was then added dropwise over 5 !pin .. The resulting 

10 solution was stirred at-10 °C for 2.5 h. Water was then added and the mixture was 

concentrated under reduced pressure. The residue was poured in a saturated 

solution of NaHC03 and extracted with EtOAc. The organic phase was dried 

(MgSOJ, filtered and concentrated under reduced pressure. The product was 

purified by chromatography using silica gel (25% EtOAc/Hex) affording 530 mg 

15 (81 % yield) of a pale yellow solid lOc. 

· C. tBuOK (431 m~ 2.1 eq.) was added to a. suspension of the substrate lOc (500 

mg, 1.8 mmol) in 8 ml of tBuOH. The resulting mixture was then heated to 75°C for 

7 h. The solution was allowed to reach room temperature overnight and 2.5 ml of 

HO (4N I dioxane) was added. The mixture was concentrated under reduced 

20 pressure and the residue obtained was diluted with EtOAc. NaOH lN was added 

until a pH of 7 was obtained. The organic phase was separated and dried (Mg504), 

filtered, and concentrated under reduce pressure to afford 145 mg of lOd (31% yield) 

as a pale beige solid. 1H NMR (400 MHz, DMSO-d): a 7.99 {d, J = 8.9 Hz, lH), 7.49 (s, 

lH), 7.37 (s, lH), 7.18 (s, lH), 6.92 (d, J = 8.9 Hz, lH), 6.31 (s, lH), 3.87 (s, 3H), 3.84 (s, 

25 3H). 

' . 

; I 
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ExAMPLE 11 

Synthesis of 4-hydroxy-2(1-pyrrolyl)-7-methoxyquinoline (llb) 

ro ~ 

'o N 0 
11b 

~ 
'o~~NH 2 

11a 

A. A solution of the substrate lla (obtained from compound 6c after 
5 hydrogenolysis of the benzyl group with 5% Pd/C in ethanol-TIIF) (lg, 5.25 mmol) 

and 2,5-dimethoxytetrahydro furan (0.68 ml, 1 eq.) in glacial acetic acid was refluxed 
for 4.5 hand allowed to reach RT. The mixture was then concentrated under 
reduced pressure. The residue was diluted with methanol and NaOH(aq.) lN was 
added until pH 7 is reached. The product was purified by chromatography using 

10 silica gel (3%Me0H/~~. the residue was pre-adsorbed on silica gel). 140 mg 
(13% yield) of llb as a white solid was obtained. 
1 
H NMR (400 MHz, DMSO-d): a 7.98 (d, J = 9.2 Hz, lH), 7.64 (s, 2H), 7.18 (d, J = 2.5 

Hz, lH), 7.05 (br. d, J = 7.9 Hz, lH), 6.88 (br. s, lH), 6.32 (s, 2H), 3.90 (s, 3H). 
EXAMPLE 12 

15 Synthesis of 4-hydroxy-7-methoxy-2-(6-methyl-2-pyridyl)quinoline (12d) 

~o A -
0 

128 12b 

\-r\-o 
{{ )==' \ 
~N 8a 

B - NgN~ 
- I c ,.a 

I ~ ~ 
0 

OH 
12d 

A. 6-Methylpicolinic acid 12a (411 mg, 3.0 mmol) and SO~ (0.520 mL, 7.2 

mmol, 2.4 eq.) were refluxed in benzene (5 mL) for 2 h. The solvent and excess 

I ... 
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SOCiz were removed from the reaction mixture under vacuum and the residue was 

triturated with pentane. The solid material formed was filtered off and the filtrate 

concentrated to give the acid chloride 12b (500 mg, 2.6 mmol). 

B. To a solution of the crude acid chloride 12b in CH2~ (5 mL) at 0°C, a 

5 solution of the aniline Sa (344 mg, 2.08 mmol), DIPEA (1.45 mL, 8.35 mmol) and 

DMAP (61 mg, 0.5 mmol) in CliiClz (10 mL) was added. The reaction mixture was 

stirred a RT for 16 }i. The volatile components were removed under vacuum, the 

residue was dissolved in EtOAc and the solution was washed with 5% NaHC03 

(2x), ~O and brine. The organic layer wa5 then dried over Mgso 4 and concentrated 

10 under vacuum. The mixture was purified by flash column chromatography, using 

EtOAc/ hexane (1:2) as the eluent, to obtain the amide Uc (490 mg, 82%). 

C. To a suspension of amide 12c (490 mg, 1.71 mmol) in t-BuOH (10 mL), 

tBuOK (410 mg, 3.43 mmol) was added and the mixture was stirred at 75 °C for 6 h 

· and then at RT for 16 h. The mixture was then poured in phosphate buffer (175 mL, 

15 pH= 7) and stirred for 30 min. The solid was triturated twice with ethyl acetate. 

The organic phase was washed with brine, dried over MgS04 and concentrated 

under vacuum. The solid obtained was triturated with EtOAc to give the quinoline 

derivative 12d (263 mg, 58%). 
1
H NMR: (CDC131 400 MHz): ~ 2.68 (s, 3 H), 3,94 (s, 3 

H), 6.85-6.88 (2d, J= 8.68 & 9.5 Hz, 2 H), 6.94 (dd, J = 8.9 & 2.2 Hz, 1 H), 7.27 (dd, J= 

20 6.7 & 1.9 Hz, 1 H), 7.73-7.79 (m, 2 H), 8.28 (d, J = 8.9 Hz, 1 H), 10.3 (br s, 1 H). 

• 
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EXAMPLE 13 

Synthesis of 4-hydroxy-7-methoxy-2-(5-methoxy-2".'pyridyl)quinoline (13d) 

I 
·o'Oy~ I 

~ 0 
N 

0 
13a 

I 'o~ 
-A On OH - .,......o~ Y? 'ti"'( B '-r('"lrN ~ 

o I~ 13b 
13c 

1 
c .,......o 

. 0-

I ~ 

0 

13d OH 
A. To a solution of compound 13a (623 mg, 3.73 mmol) in MeOH, NaOH (2M, 

5 4.70 mL) was added and the reaction mixture was stirred at RT for 2 h. The solution 
was then acidified with HCl (6N, 2.2 mL) and concentrated to obtain compound 13b, 
which was used in the following step without purification. 
B. To a solution of the crude compound 13b (-3.73 mmol) in pyridine (25 mL), 
the aniline Sa (500 mg, 3.03 mmol) was added and the solution was cooled to -25 °C 

10 before P003 (0.35 mL, 3.73 mmol) was added. The reaction mixture was stirred at-

100C for 1 h and then at 0°C for 2 h. The mixture was then poured onto H
20 and 

extracted with EtOAc (2-3x). The combined organic layers were washed with 5% 
NaHC03 and brine, dried over MgS04 and concentrated under vacuum. The crude 
material was purified by flash column chromatography, using EtOAc/ hexane (1:2) 

15 as the eluent, to give the amide 13c (617 mg, 55%). 
C. To a suspension of the amide 13c (617 mg, 2.05 mmol) in anhydrous t-BuOH 
(10 mL), tBuOK (490 mg, 4.11 mmol) was added and the mixture was stirred at 7s°C 
for 6 hand then at RT for 16 h. The reaction mixture was poured in phosphate 
buffer (175 mL, pH= 7} and stirred for 30 min. The solid material formed was 

20 filtered and triturated with EtOAc to give the quinoline derivative 13d (250 mg, 
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43%). 1H NMR: (DMSO, 400 MHz): a 3.86 (s, 3 H), 3.94 (s, 3 H), 6.72 (bs, 1 H), 6.91 
. . . .. . 

(dd, J = 8.9 &-1.9 Hz, 1 H), 7.54 (d, J = 1.9 Hz, 1 H), 7;60 {dd, J = 8.9 & 2.9 Hz, 1 H), 

7.97 {d, J = 8.9 Hz, 1 H), 8.21 (d, J = 8.6 Hz, 1 H), 8.48 {d, J = 1.9 Hz, 1 H). 

EXAMPLE 14 

5 Synthesis of 4-hydro~~7-~ethoxy-2-(oxazol-S-yl) quinoline (14c): 

0 0 

'o~o, I .l!P 
A H~O, 

OMEM OMEM 

4b 148 

lw l B 

"W e ~ 
O N.. ""111 o, 0 I N.. ""111 o, 

I .l!P .l!P c -
OH OMEM 

14b 
14c 

A. The protected quinoline derivative 4b from Example 4 (3.8 g, 11.8 mmol) was 

dissolved in c:HiC~ (60 mL) and cooled to -78 °C before diisobutylaluminum 

hydride (7.9 _mL, 1equiv.,1.SM in toluene) was added very slowly over 15 min. 

1 O After stirring for 80 min, an additional amount of DIBAL was added (5.5 mL, 0.7 

equiv., 1.5 Min toluene). After stirring at-78 °C a further 2 h, the reaction was 

carefully quenched with methanol (4 mL) at-78 °C and then poured into aqueous 

solution of Rochelle salt (lN K-Na tartrate). The thick paste was stirred with ~Oz 

(300 mL) for 2 h until clear. The phases were separated and the organic phase dried 

15 (MgSOJ, filtered and concentrated to give a white solid. Purification by flash 

chromatography (Si02, 230-400 mesh) with 50% EtOAc /hexane gave aldehyde 14a 

as a white solid (2.5g, 73%). 

B. To a stirred suspension ofI<zC03 (48 mg, 0.34 mmol) in MeOH (7mL) was 

added toluenesulphonylmethylisocyanide (66 mg, 0.34 mmol). The reaction was 

20 heated to 45 °C and aldehyde 14a (0.10 g, 0.34 mmol) was added. The reaction 

mixture was heated to 80 °C for 16 hand then concentrated to dryness under 

' . 
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vacuum. Purification was performed by flash chromatography (Si02~ 230-400 mesh} 

to afford the desired oxazole 14b (0.089 g, 80%). MS: 331.0 (M +Ht. 

C. The MEM protected hydroxyquinoline 14b was dissolved in THF (3 mL) and 
treated with aqueous HO (lN, 1 mL). The reaction was stirred for 30 min at RT 

5 before being concentrated to dryness under vacuum. The residue was treated with 
phosphate buffer (3 mL, 1 N solution, pH 4.5) and stirred before the product was 
filtered out, washed with distilled water and dried overnight under high vacuum 
(60 °C, 16 h). The desired hydroxy quinoline 14c was obtained as a tan colored solid 

(0.065 g, 100%). MS: 242.9 (M +Hf. 

10 
1 . . . H NMR (DMSO-d6): 8 8.65 (s, lH), 8.02 {bs, lH), 7.97 (d, J = 8.9 Hz, lH), 7.19 (s, lH), 

6.93 (d, J = 7.9 Hz, lH), 6.42 (bs, lH), 3.87 (s, 3H). ES(+) MS: m/z 242.9 (M + H)+. 

PEPTIDE LINKER MOIETIES (P3) 

ExAMPLE 15 

Synthesi~ of (2S)-N-Boc-amino-non-8-enoic add (lSg) 

<(OOEt Dioxane - NaOH (1 N) COOEt 
.).... 1:1 A 

EtOOC NHAc A. HOOC NHAc 
15 (15a) (15b) 

('i c. (21b) 

~ vo 
(15d) Pyr1c1ne. ~o 

a 1 NaJ04 11!0 

Jl_~ 
:;." (15c)·~ 

(S.S)·B·DUPHOS {1/500) 

~- ... ~PSJ) 
u (158) . COOEt D. ~ (1~ COOB 

>99%ee(GC) 

e. j 1) eoc:p, DMAP, 1HF 
2)UOH, liP 

~~ 
(15g) OOOH 

A. To a solution of commercially available diethyl 2-acetamidomalonate lSa 
(100 g, 0.46 mole) in dioxane (500 mL) was added aqueous sodium hydroxide (1 M, 
1 eq., 460 mL) dropwise over 30 to 45 min. The resulting mixture was left to stir for 

20 16.S h, then dioxane was evaporated in vacuo, the aqueous solution was extracted 
with three portions of 300 mL of ethyl acetate and acidified to pH 1 with 
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concentrated HCI. This solution was left to crystallize in an ice-water bath. After 

the appearance of a few .crystals, the mixture was sonicated and an abundant 

precipitate appeared. Filtration and drying under vacuum afforded compound lSb, 

(62.52 g, 72% yield) as a white solid. 

5 B. To a m~gnetically stirred emuISion of commercially available 7-octene-1,2-

diol lSc (25 g, 0.173 mole) and HzO (100 mL), in a 1 L round bottom flask, an 

aqueous solution of sodium periodate (40.7 g, 0.190 moles, 1.1eq.,in475 mL ~O) 

was added over a period of 20 min (slightly exotheimic). The resulting mixture was 

stirred at room temperature for an additional 1 h (completion of reaction confirmed 

1 O by TLC). The mixture was then decanted in a separatory funnel and the aqueous 

layer was separated from the organic layer. The aqueous solution was saturated 
. . . : . . 

with NaCl, decanted and separated from the organic fraction once more. The two 

organic fractions were combul.ed, dried with sodium sulfate and filtered over a 

cotton plug (in a Pasteur pipette) to give compound lSd (15.135 g, colorless oil, 78% 

15 yield). The aqueous solution was extracted with CH2Clz, dried with anhydrous 

MgS04, and concentrated under vacuum (without heating, heptanal b.p.153°C) to 

obtain an additional amount of compound 15d (1.957 g, colorless oil, 10% yield). 

Total yield 88%. 

C. To solid ethyl 2..;acetamidomalonate lSb (7.57 g, 40 mmol.) was added 6-

20 heptenal lSd (4.48 g, 40 mmol) in solution in pyridine (32 mL, 10 eq) over 1 min. 

The resulting solution was cooled in a 10° C bath and acetic anhydride (12 mL, 3.2 

eq.) was added over 4 min. The resulting orange solution was stirred for 3 hat RT 

and another portion of ethyl 2-acetamidomalonate lSb (2.27 g) was added. The 

resulting mixture was stirred at room temperature for an extra 11 h. Ice (60 mL) was 

25 then added and the solution was stirred forl.5 h, then the mixture was diluted with 

250 mL of water and extracted with two portions of ether. The etheral solution was 

washed with lN HCI, sat. NaHC03, dried Na2S04, concentrated and purified by 

flash chromatography (EtOAc 40% I hexane) to give compound lSe (4.8g, 50% 

yield) as a pale yellow oil. 

30 D. To a degassed (argon bubbling for 30 min.) solution of Z-ethyl 2-acetamido-

2,8-nonadienoate lSe (8.38g, 35 mmol) in dry ethanol (70 mL) was added (S,S)-Et-

: I 
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DUPHOS Rh(COD)OTf (51 mg, S/C = 496). The mixture was put under 30 psi of 

hydrogen (after 4 vacuum-~ cycles) and stirred on a Parr shaker for 2 h. The 

resulting mixture was evaporated to dryness to obtain the crude compound 15£, 
which was used in the subsequent step without purification. 

5 E. To a solution of crude (S)-ethyl 2-acetamid0-8-nonenoate lSf (7.3 g, 30.3 

mmol) in THF (100 mL), BoeaO (13.2 g, 2 eq.) and DMAP (740 mg, 0.2 eq) were 

added, and the reaction mixture was heated at reflux for 2.5 h. Subsequently, most 

of the THF solvent was evaporated, the crude mixture was diluted with C~C~ and 

washed with 1 N HQ in order to remove the DMAP. The organic layer was further 

10 extracted with saturated aqueous NaHC031 dried with anhydrous N~S04 and 

concentrated under vacuum. The crude product was then diluted with THF (50 mL) 

and water (30 mL), LiOH.~0 (2.54 g, 2 eq.) was added and the resulting mixture 

was stirred at RT for 25 h (completion of the hydrolysis was confirmed by TLC). 
The reaction mixture was concentrated under vacuum to remove most of the THF 

15 solvent and diluted with ~C~. The resulting solution was washed with 1 N HQ, 

20 

dried with anhydrous Na2S04 and concentrated under vacuum. In order to remove 

minor impurities and excess Boso, the crude product was purified by flash 

chromatography {using a solvent gradient from 100% hexane -100% EtOAc as the 
eluent). The titled compound 15g was obtained in high purity as a pale yellow oil 

• • 1 (5.82 g, 71 % yield). H NMR {DMSO, 400 MHz): o 7.01 (d, J = 8 Hz, lH), 5.79 (tdd, Jt 

= 6.7 Hz, Jd = 17.0, 10.2 Hz, lH), 5.00 (md, Jd = 17.0 Hz, lH), 4.93 (md, Jd = 10.2 Hz, 
lH), 3.83 (m, lH), 2.00 (q, J = 6.9 Hz, 2H), 1.65-1.5 (m, 2H), 1.38 (s, 9H), 1.35-1.21 (m, 
6H). 

ExAMPLE 15A 

25 Alternative synthesis of (2S)-N-Boc-amino non-8-enoic acid (lSg): 

A. 

15h 15i 

' . 
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B J 

_!( 
N c. 0 

N, .. .l/o J:~o ..... 

15k b 15j 

b !o. 
0 

J~o E. OH 

151 b 15g 

A. To a stirred suspension of finely cut Mg ribbons (0.55 g, 22.S mmol) in dry 

THF (30 mL) containing dibromoethane (0.l mL}, 8-bromo-1-octene (15h, 2.52 mL, 

5 15 mmol) was added dropwise over a period of 15 min, [the reaction is slightly 

exothermic]. After 30 min, the mixture was heated to 38° for 1 hand then cooled to 

-78° before it was added via a cannula onto an excess amount of solid C02• The 

mixture was diluted with diethyl ether (100 mL) and the solution was washed with 

brine (2 x SO mL), dried over MgS04 and evaporated. A crude oil was obtained 

1 O which was purified by chromatography on silica gel using 15% EtOAc in hexanes as 

the eluent to give compound 15i in 62% yield(l.44 g). 
1
H NMR (CDC!y 400 MHz) 81.31-1.42 (m, 6H), 1.60-1.69 (m, 2H), 2.02-2.09 (m, "2H), 

2.35 (t, J = 8.3 Hz, 2H), 4.99 (dm, J = 10.0 Hz, lH), 5.04 (dm, J = 17.0 Hz, lH), 5.75-

5.86 (m, lH). 

15 B. To a vigorously stirring solution of the carboxylic acid lSi (1.36g, 8.7 mmol) 

in anhydrous THF (70 mL) at-78°, freshly distilled Et3N (1.6mL;11.3 mmol) and 

pivaloyl chloride (1.18 mL, 9.58 mmol) were added via a syringe under anhydrous 

conditions. The mixture was stirred at -78° for 15 min and then at 0° for 45 min. 

' 

! I 
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The mixture was cooled again to-78° and then transferred via a cannula into an 
anhydrous solution of 4(5)-4-(phenylmethyl)-2-oxazolidinone lithium salt in THF at 
-78°; the lithium salt of the oxazolidinone reagent had been previously prepared by 
the slow addition of n-BuLi (2.00 Min hexanes, 7.8S mL, 1S.7 mmol) into a THF (20 

5 mL) solution of the oxazolidinone (2.78g, 1S.7 mmol) in THF at -78°. 
The reaction mixture was stirred at-78°for1S min then at RT for 1.S h. Finally, it 
was quenched with an aqueous solution of sodium bisulfate (100 mL of 1 M) and the 
THF evaporated to* of its initial volume. The residue was extracted with EtOAc (2 
x ISO mL) and the mixed organic layers were washed with S% NaHC03 (3 x SO mL), 

10 brined (2 x SO mL}, dried over MgS04 and evaporated. The resulting crude oil was 
chromatographed on silica gel, using 1S% EtOAc in Hexanes to obtain compound· 
15j in 68% yield (l.88g). 

1H NMR (CDC13, 400 MHz) S 1.35-1.47 (m, 6H}, 1.67-1.74 (m, 2H), 2.02-2.09 (m, 2H), 
2.65 (dd, J = 13.4 & 9.9 Hz, lH), 2.84-3.02 (m, 2H}, 3.31 (dd, J = 13.4 & 3.2 Hz, 1H), 

15 4.13-4.22 (m, 2H), 4.62-4.71 (m, lH), 4.93 (d, J = 10.2 Hz, 1H), S.00 (dd, J = 17.2 & 1.6 
Hz, lH}, 5.75-5.84 (m, lH}, 7.18-7.38 (m, SH). 
C. To a stirred solution of I<HMDS (0.8 M THF, 22 mL, 17.5 mmol) in dry THF 
{SO mL) at -78° was cannulated a solution of the acid derivative 15j {3.25g, 10.30 
mmol) in dry THF (40 mL) at -78°. The mixture was stirred at-78° for 45 min. To 

20 this mixture, a solution of trizylazide (3.67g, 11.85 mmol) in dry THF (40 mL) at -78° 
was added. The mixture was stirred at -78° for 3· min then quenched with acetic 
acid (5 mL). Subsequently, it was stirred at RT for 1 h and 45 min and finally at 40° 
for 15 min. Most of the TiiF was evaporated. The residue was taken into EtOAc 
(100 mL) and the organic solution washed with ~O (SO mL), S% NaHC03 (3x SO 

25 mL) and brine (SO mL), (MgSOJ and evaporated. The oil obtained was 

chromatographed on silica gelusing Hexane/~C~ (1/1) as the eluent to give 
compound 15k (2.47g, yield 67%). 

1H NMR (CDC13, 400 MHz) S 1.32-1.45 (m, 6H), 1.45-1.6 (m, lH), 1.75-1.88 (2, 2H, 
rotamers), 2.01-2.11(m,2H), 2.82-2.87(m,1H), 3.33(dd,J=13.4 & 3.2 Hz, lH), 4.10-

30 4.28 {m, 2H), 4.62-4.72 (m, 1H), 4.90-5.05 (m, 3H}, 5.73-5.88 (m, lH), 7.17-7.38 (m, 

• . 
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SH). 

D. To a stirred solution of anhydrous Sn02 (2.61g,13.8 mmol) in anhydrous 

MeOH (80 mL), a solution of the azide 1Sk (2.45 g, 6.9 mmol) was cannulated at 0° in 

anhydrous MeOH (20 mL). The mixture was stirred at RT for 4 h. The MeOH was 

5 evaporated and the foamy material obtained was taken into dioxane/H,,O (100 

µL/20 µL) and treated with Boc20 (3.0 g, 13.8 inmol) and NaHC03 (2.89 g, 34.5 

mmol) (pH adjusted to 8 with more NaHC03 if needed) and the mixture was stirred 

at RT for 16 h. Part of the dioxane was evaporated (-50%) and the residue was 

extracted twice with EtOAc. The organic solution was washed with brine (2 x 50 

10 mL), dried and evaporated. The residue obtained was chromatographed on silica 

gel using 20-25% EtOAc in hexane as eluent to give the compound 151 (1.75 g, yield 

60%). 
1 H NMR (COC131 400 MHz) 51.27-1.53 (m, 6H}, 1.46 (s, 9H}, 1.80 (m, lH), 2.00-2.08 

(m, lH), 2.80 (t, J = 12.1 Hz, lH}, 3.34 (d, 14.3 Hz; lH}, 4.17-4.23 (m, 2H), 4.60-4.66 

15 (m, lH}, 4.93 (d, J = 10.2 Hz, lH}, 5.05 (dd1J = 17.2 & 1.9 Hz, lH), 5.13 (bs, lH), 5.38-

5.43 (m, lH), 5.74-5.84 (m, lH), 7.22~7.36 (m, SH). 

E. To a stirred solution at 90° of the N-Boe derivative 151 (1.74 g, 4.04 mmol) in 

THF /H,,0 (75 mL/15 mL), H20 2 (30% v/w, 2.05 mL, 16.2 mmol) and LiOH.H,_0 

(0.34 g, 8.1 mmol) were added and the solution was stirred at 0° for 1 h. The 

20 reaction was quenched with N~S03 (2.24 gin H20, 15 mL, 17.8 mmol). The pH was 

adjusted to 4-5 with 10% aqueous citric acid and the mixture diluted with EtOAc. 

The aqueous fraction was extracted once more with EtOAc and _the organic solution 

was washed twice with brine, dried and evaporated. The residue was 

chromatographed on silica gel using 20% hexane in EtOAc as the eluent to give the 

25 free carboxylic acid 15g (0.76 g, yield 70%). This compound was identical in all 

respects to the one obtained in example 15. 

' 

'I 
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'EXAMPLE 16 

Synthesis of (25)-N-Boc-amino~S-oxo-non-8-enoic acid methyl ester (16d): 

(oH..........,,co~) 
16b 2 

A. 
~co~ 

16c 

16d 
This synthesis is based on methodology by T. Tsuda et al.,/. Am. Chem. Soc., 1980, 

5 102, 6381-6384. 

A. To a well stirred solution of the monoallyl ester of malonic acid (1.50 g, 10.4 

mmol) in dry THF under N2 (20 mL) at -78° n-Bu:zMg (0.9M/hexane, 5.8 mL, 5.2 

mmol) was added dropwise over a period of 5 min. The heavy suspension was then 

stirred at RT for 1 h and evaporated to dryness (vacuum release under N2). The 

10 solid Mg salt 16b, was dried under vacuum for 1 h. 
Glutamic acid derivative 16a was first mixed with 1,1 '-carbonylidiimidazole (1.65 g, 
10.21 mmol) in anhydrous THF and the mixture was stirred at RT for 1 h in order to 
activate the free acid moiety. Subsequently, the activated glutamic acid derivative 
was cannulated into a solution of the Mg salt 16b and the reaction mixture obtained 

15 was stirred at RT for 16 h. It was then diluted with EtOAc and the organic solution 
was washed with 0.5 Nice-cold HCl, brined, dried and evaporated. The residue 
obtained was chromatographed on silica gel using 35-40% EtOAc in hexane as 
eluent to give compound 16c (1.85 g, yield 53%). 

1H NMR (CDCly 400 MHz) o 1.44 (s, 9H), 1.85-1.95 (m, lH), 2.12-2.22 (m, lH), 2.58-
20 2.74 (m, 2H), 3.48 (s, 2H), 3.74 (s, 3H), 4.24-4.34 (m, lH), 4.52 (dm, J = 5.7 Hz, 2H), 

5.09 (m, lH}, 5.25 {dm, J = 10.2 Hz, lH), 5.34 (dm, J = 17.2 Hz, lH), 5.91 {m, lH). 
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B. To a stirred solution of tetrakis (triphenylphosphine) Pd (0) (0.116 g, 5 mol %, 

0.1 mmole) in dry DMF (7 mL) was added (Vi~.a siring and under aN2 atmosphere) 

the diester 16c (0.687 g, 2 mmol) in dry DMF (3 mL). The mixture was stirred at RT 

for 3.5 h. The DMF was evaporated under reduced pressure and the residue diluted 

5 with EtOAc (20 mL). The EtOAc solution was washed with 0.5 N ice-cold HCl (5 

mL), brine (10 mL), dried and evaporated. ·The residue was chromatographed on 

. silica gel using 15-20% EtOAc in hexane as eluent to give compound 16d (0.253 g, 

yield 42%). 

1 
H NMR (CDC131 400 MHz) S 1.44 (s, 9H), 1.84-1.94 (m, lH), 2.08-2.22 (m, lH), 2.33 

10 (dd, J = 14.0 & 7.3 Hz, 2H), 2.45-2.55 (m, 4H), 3.74 (s, 3H), 4.28 (bm, lH), 4.98 (dm, J = 
10.2 Hz, lH), 5.03 {dm, J = 17.2 Hz, lH), 5.00-5.10 (m, lH), 5.74-5.85 (m, lH). 

EXAMPLE 17 

Synthesis of (2S,5R)-N-Boc-2-amino-S-methyl-non-8-enoic add (17f) 

A,8,C,D --
2)B0Cz0 

r'i'CH3 !:'II- DMAP, THF C~ 
~ ~Boe 3) UOH, H20 · ('""(-· '3 rHAc 

COzH H. ~ ~CO Et 
17f 17• 2 

1)Ph3~Br· 
KHMDS 
PhCHJTHF 

G. 

F. I Na10 • 
. THFJHaO 

·rocH. NHAc 
~ = 

0 · 
17

d C02Et 

15 A,B,C,D. Commercially avail.able (R)-(+)-citronellal 17a was first converted to 

the amino acid derivative 17b following the same synthetic steps as those previously 

described in Example 15 for the conversion of aldehyde 15d to amino acid 

intermediate lSf. 

E. Compound 17b (0.675 g, 5.6 mrnol) was dissolved in a mixture of 

20 tBuOH/ acetone/H20 (1:1:1, 18 mL) and placed in an ice bath {0°C). NMMO (0.789 

g, 6.74 mmol, 1.2 eq.) and Os04 (2.5% w /win tBuOH, 0.7 mL, 0.067 mmol., 0.012 eq) 

were added consecutively and the reaction mixture was stirred at RT for 4 h. Most 

of the acetone was removed by evaporation under va.cuum and then the mixture 

• 
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was extracted with EtOAc. The organic layer was further washed with ~O and 

brine, dried over anhydrous MgS04 and evaporated to dryness. The diol 17c was 

obtained in high purity after flash column chromatography using 1 % EtOH in 
EtOAc as the eluent in 77% yield (0.575 g). 

5 F. To a solution of diol 17c (0.575 g, 1.73 mmol) in THF /H20 (1:1, 20 mL) at 0°C, 

Nal04 (0.48 g, 2.25 mmol, 1.3 eq.) was added and the reaction mixture was stirred at 

RT for 3.5 h. Most of the THF solvent was subsequently removed by evaporation 
under vacuum and the remaining mixture was extracted with EtOAc (2x100mL). 
The combined organic layers were further washed with 5% aqueous citric acid 

10 solution (2x20 mL), 5% aqueous NaHC03 (20 mL) and brine {2x50 mL), then the 

EtOAc solution was dried over anhydrous MgS04 and evaporated to dryness under 
vacuum. The aldehyde intermediate 17d (0.47 g of crude product) was used in the 
next step without further purification. 

G. To a solution of ~PC~Br (925 mg, 2.6 mmol) in anhydrous toluene (15 
15 mL), I<HMDS (0.5M in toluene, 5.2 mL, 2.6 mmol) was added and the yellow 

suspension formed was stirred at RT for 30 min under N2• After that period, the 

suspension was first cooled to 0°C, a solution of the aldehyde 17d (0.47 g 1.73 mmol, 
dissolved in 15 mL of anhydrous THF) was added via a syringe and the mixture was 
allowed to warm-up to RT. After stirring at RT for 1 h, most of the THF was 

20 removed by evaporation under. vacuum, EtOAc (100 mL) was added to the mixture 

and the organic layer was washed with HiO (30 mL), 5% aqueous NaHC03 (30 mL) 

and brine (30 mL). The EtOAc solution was then dried over anhydrous MgS04 and 
evaporated to dryness under vacuum. Pure compound 17e was isolated after 
purification by flash column chromatography on silica gel, using hexane:EtOAc (3:2) 

25 as the eluent, in 63% yield (0.29 g) for the two last steps. 
The hydrolysis of the ethyl ester and simultaneous exchange of the N-acetyl 
protecting group for a Boe in intermediate 17e to obtain compound 17f was carried 
out using the same procedure as that reported for the conversion of compound 15f 

to 15g (17f, 310 mg, quantitative). 
1
H NMR (CDCI3, 400 MHz): a 0.88 {d, J=6.4 Hz, 

• . 
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3H), 1.18-1.28 (m, 2H), 1.35-1.48 (m, 3H), 1.45 (s, 9H}, 1.64-1.74 (m, lH), 1.81-1.89 (m, 

lH), 1.94-2.12 (m, 2H}, 4.28 (bd, J=-3.2 Hz, lH), 4.93 (dm, J=ll.1 Hz, lH}, 5.00 (dm, 

J=16.8 Hz, lH), 5.74-5.84 (m, lH). 

EXAMPLE 18 

5 Synthesis of N-Boc-0-allyl-(L)-threonine (18d) 

---Y-0 
.f 

c 0;: A ~o/ 
B 

~o/ __.. - -~OH NHBoc 
NH Boe NH Boe 

NH Boe 

18a 18b 18c 
18d 

A. Boc-(L}-threonine 18a (500 mg, 2.28 mmol) was partially dissolved in 

CHzC~/MeOH (8 mL/0.5 mL, respectively} at 0°C. A solution of diazomethane in 

diethyl ether was slowly added until the yello~ color persisted, indicating the 

10 presence of excess diazomethane. Upon evaporation of the solvents, crude methyl 

ester 18b was obtained as a cloudy white oil (0.534 g}. 

B. Intermediate 18b (311 mg, 1.33 mmol} was then dissolved in anhydrous 

diethyl ether (8 mL}, Ag20 was added (341 mg, 1.47 mmol} and freshly activated 4A · 

molecular sieves (1 g). Finally, allyl iodide (134µL,1.47 mmol) was added to the 

15 reaction flask and the mixture was stirred at reflux. Two more portions of allyl 

iodide (45 µL, 0.50 mmol, each time) were added after a period of 20 h and 30 h, and 

stirring was continued for a total of 36 hours. Then the mixture was filtered through 

celite and purified by flash column chromatography on silica gel, using 

EtOAc/hexane (1:4) as the eluent, to give 73 mg (27% yield} of compound 18c as a 

20 clear oil. 

1 
H NMR (CD03, 400MHz): 61.21 {d, J=6.0 Hz, 3H), 1.45 (s, 9H), 3.75 (s, 3H), 3.82-

3.87 (m, lH}, 3.99-4.07 (m, 2H), 4.29 (dd, J=9.5 & 2.5 Hz, lH}, 5.14 (dm, J=l0.5 Hz, 

lH}, 5.21 (dm, J=17.2 Hz, lH}, 5.75-5.84 (m, lH). 

C. The ester compound 18c (99 mg, 0.362 mmol) was dissolved in a mixture of 

25 THF /MeOH/HzO (2:1:1, 4 mL} and LiOHH20 (61 mg, 1.45 mmol) was added. The 

solution was stirred at RT for 2 h, and was then acidified with lN HCl to pH -3 

• .• 

: I 
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before the solvents were removed under vacuum. The resulting oil, compound 18d 
was used as such for the synthesis of macrocyclic inhibitors. 
ExAMPLE 19 

Synthesis of (2S, 3S)·N-Boc-2-amino-3(mercaptoallyl)butanoic acid (19e) 

BocHNyco2H 

HOA CH 
3 

19a 

A 

0 

)ls "K+ 

B 

BocHNYC02H 0.2 M NaOH,.24 h 

A 
H3C s~ D 

19e 

l 1) 0.2 M NaOH, 1.5 h 
C 2) allyl iodide 

aocHNyco2cH3 

A 
H3C S~ 

19d 

A. Compound 19a (9.1 mmol) was dissolved in pyridine (5 mL) and the solution 

was cooled to 0°C in an ice bath, tosyl chloride (2.3 g, 11.8 mmol, 1.3 eq.) was added 

in small portions and the reaction mixture was stirred at RT for 24 h. After that 
period, the reaction mixture was partitioned between diethyl ether (300 mL) and 

10 HiO (100 mL). The ether layer was further washed with 0.2N HCl (6xl00 mL) and 

brine (100 mL), dried over anhydrous MgS04' filtered and concentrated to dryness 

under vacuum. Purification of the crude material by flash column chromatography, 
using hexane/EtOAc (gradient from 8:2 to 7:3 ratio) as the eluent, led to the isolation 
of tosyl derivative 19b in 85% yield (3.05 g). 

15 B. To solution of intermediate 19b (775 mg, 2 mmol) in anhydrous DMF (2.5 
mL), potassium thioacetate (365 mg, 3.2 mmol, 1.6 eq.) was added and the reaction 
mixture was stirred at RT for 24 h. Most of the DMF was then evaporated under 

vacuum and the remaining mixture was partitioned between EtOAc and H20. The 

aqueous layer was re-extracted with EtOAc, the combined organic layers were 

20 washed with brine, dried over anhydrous Mg504 and evaporated to dryness. 

Purification of the crude material by flash column chromatography using 
hexane/EtOAc (4:1 ratio) as the eluent, led to the isolation of compound 19c in 80% 



W000/59929 PCT/C~00/00353 

64 

yield (465 mg). 

C. To a solution of thioester 19c (465 mg) in ~O/EtOH (3:5 ratio, 8 mL), an 

aqueous solution of 0.2M NaOH (2.4 mL) was added and the mixture was stirred at 

RT for 1.5 h. Allyl iodide (0.292 mL, 3.2 mmol, 2 eq.) was then added and stirring 

5 was continued at RT for an additional 30 min. The reaction mixture was . . 

concentrated to half of its original volume .and then extracted ·with EtOAc. The 

aqueous layer was acidified to pH=-3 with cold aqueous 0.5N HO and re-extracted 

with EtOAc. The combined organic layers were washed with brine, dried over 

anhydrous MgSO 4 and evaporated to dryness under vacuum. The crude reaction 

1 O mixture contained at least four products; all of the products were isolated after flash 

column chromatography on.silica gel, using hexane/EtOAc (gradient from 9:1 to 3:1 

ratio). The structure of the least polar compound (TLC Rf= 0.68 in hex/EtOAc 4:1) 

corresponded to the desired product 19d (83 mg, 18% yield). 

1 
H NMR (CDC131 400 MHz): 51.24 (d, J=7.0 Hz, 3H}, 1.46 (s, 9H), 3.13-3.19 (m, 2H), 

15 3.24-3.29 (m, lH), 3.77 (s, 3H}, 4.50 (dd, J=8.6 & 3.8 Hz, lH), 5.12 (d, J=12.4 Hz, lH), 

5.15 (dd, J=18.4 & 1.3 Hz, lH), 5.22 (bd, J=7.6 Hz, lH), 5.75-5.85 (m, lH). 

D~ A solution of the methyl ester 19d (83 mg, 0.287 mmol) in MeOH/~O (3:1, 4 

mL) was mixed with aqueous NaOH (0.2 N, 1.3 mL, 0.26 mmol) for 24 hat RT and 

for 1hat40 °C. The reaction mixture was acidified with cold aqueous HCl (0.5 N 

20 HO, at 0 °C; pH=4-5), the MeOH was removed under vacuum and the remaining 

aqueous mixture was extracted with EtOAc. The organic solution was dried over 

Mg504 and evaporated to dryness in order to obtain compolind 19e. Compound 

19e was used for the final synthesis of inhibitors without any further purification. 

I , 
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EXAMPLE 20 

Synthesis of (S)-N-Boc-2-amino-3-methyl-3(1-mercapto-4-butenyl)butanoic acid 
(20c) 

... Jyro.!' ~ B ~ s s A 
HaC7YC02H 

CH2N2 
H

3
C1YC02CH3 . H,C NH 

1) Cs0H·H20 2 

c DMF/DMSO HaC NHBoc H,C. NHBoc. 
UOH 

20a ~Br 2Db 20c 

2) eo,o 

5 A. L-Penicillamine 20a (448 mg, 3 mmol) was dissolved in DMF /DMSO (5:1 

ratio, 6 mL), 4-bromopentene (0.46 mL, 4.5 mmol, 1.5 eq.) and CsOH•~O (1.0g, 6mL, 

2 eq.) were added and the reaction mixture was stirred at RT. After 24 h, Boc20 (820 

mg, 3.75 mmol, 1.25 eq.) was added to the mixture and stirring was continued for an 
additional 12 h. The D~ was subsequently removed under vacuum, the remaining 

1 o mixture was diluted with cold aqueous O.SN HO adjusting the pH=-4-5 and then 
extracted with EtOAc (2x50 mL). The organic layer was washed with brine (2x), 

dried over anhydrous MgS04 and evaporated to dryness to give the crude 

carboxylic acid 20b. 

B. Purification of 20b turned out to be difficult, thus the crude product was first 
15 treated with diazomethane to form the corresponding methyl ester 20c, and then 

purified by flash column chromatography, using hexane/EtOAc (9:1) as the eluent, 
to obtain 190 mg (20% yield) of the pure methyl ester 20c. 
1 H NMR (400 MHz, CD03): S 1.35 (s, 3H), 1.37 (s, 3H), 1.44 (s, 9H), 1.59-1.67 (m, 2H), 

2.11-2.17 (m, 2H), 2.51-2.60 (m, 2H), 3.74 (s, 3H), 4.29 (d, J= 8.6 Hz, lH), 4.98 (dm, 
20 ]=10.5 Hz, lH), 5.03 (dm, J=l 9 Hz, lH), 5.35 (bd, J=7 Hz, lH), 5.72-5.83 (m, lH). 

C. The ester was subsequently dissolved in THF /MeOH/~0 (2:2:1, 5mL), 

LiOH•~O (50 mg, 2.0 mmol, 2 eq.) was added and the reaction mixture stirred at 

40°C for 4 h to hydrolyze the ester 20c back to the acid 20b. The reaction mixture 

was acidified with O.SN HO to pH=4-5, the THF and MeOH were evaporated to 
25 dryness and the remaining aqueous solution was extracted with EtOAc. The EtOAc 
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layer was dried over anhydrous MgSO 4, and evaporated to dryness to give 

compound 20b, which was used in the subsequent synthesis of macrocyclic 

inhibitors without further purification. 

ACYCLIC DIPEPTIDE AND TRIPEP'l1DE INTERMEDIATES 

The general procedure for coupling reactions done in solution and specific examples 

thereof are descnbed in WO 00/09543 and WO 00/09558. 

These procedures have been used for the synthesis of the intermediate dipeptides 

26c, 30a and tripeptides 23a, 24a, 31a, 32a, and 33a. 

10 'EXAMPLE 21 

Synthesis of acyclic tripeptide 21e 

~ 
0 b-<OH 
~o 

1--6 21• 

21e 

H~ tt H 

-----·- . . O~ /N 

A . ~~ 
I 0 

Boe 

A. To a solution of the proline derivative 21a {prepared from commercially 

available Boc-4{R)-hydroxyproline and 4-chloro-quinoline as described in WO 

15 00/05543 and WO 00/09558) (1.32 g, 3.68 mmol) and the crude homoallyl ACCA 1f 

(-3.35 mmol) in C~Cl2 {10 mL), NMM (1.21 mL, 10.05 mmol) and HATU (1.53, 4.02 

mmol) were added in succession ~d the suspension was stirred at RT for 18 h. 

After that period, the solvent was evaporated and the crude reaction mixture was 

f . 

; I 
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redissolved in EtOAc (30 mL). The solution was washed with 5% aqueous NaHC03 

(2 x 10 mL), brine (10 mL), dried over MgS04 and evaporated. The crude product 

was purified my chromatography on silica gel using 8% diethyl ether in EtOAc as 
the eluent to obtain the desired diastereomer of compound 21b in 20% yield (the 

5 absolute stereochemistry was not determined). 
1H NMR (CDCly 400 MHz): 8 0.93 & 1.01 (t,] = 8.3 Hz, IH, rotamers in ratio of 3:7), 

1.14-1.35 (m, 2H), 1.44 (s, 9H), 1.45 (s, 9H), 1.50-1.82 (m, 4H), 2.08-2.24 (m, 2H), 2.32 
(bs, 0.7H), 2.63 (bs, 0.75H), 2.93 (bs, 0'.75H), 3.16 (m, 0.25H), 3.77 (bs, I.SH), 3.88 (bs, 
0.5H), 4.4-4.55 (m, lH), 4.98 (d, J = 10.2 Hz, IH), 5.03 (dd, J = 17.2 & 1.6 Hz, IH), 5.24 

10 (bs, IH), 5.75-5.88 (m, IH), 6.57 & 6.78 (2bs, lH, 2 rotamers), 7.42-7.58 (m, 3H), 7.63-
7.73 ·cm, 2H), 8.04 (d, J = 8.3 Hz, IH), 8.11 (d, J = 8.3 Hz, IH), 8.74 (d, J = 5.1 Hz, lH). 

B. To a solution of the dipeptide 21b (137 mg, 0.248 mmol) in dry CH2Cl2, a 

solution of HCl in dioxane (4M, 4 mL) was added and the mixture was stirred at RT 
for 1.5 h. The solvent was then evaporated and the residue dried under high 

15 vacuum to give the free amino acid. The mixture was dissolved in diethyl 
ether/MeOH (3 µL/2 µL) and treated with a slight excess of diazomethane 
dissolved in diethyl ether. After 30 min, the excess diazomethane was destroyed 
with the addition of HCl (4M in dioxane) and the mixture was evaporated to 
dryness to obtain the HCI salt of compound 21c which was used. in the next step 

20 without any purification. 

C. To a stirred suspension of the crude dipepti.de 21c (0.23 g, 0.48 mmole) in 

CRi02 (25 mL) was added in succession the (25)-N-Boc-amino-hept-6-enoic acid 

21d (0.151 g, 0.62 mmol), NMM (210 µL, 1.91 mmol) and HATU (0.236 g, 0.62 
mmole) and the mixture was stirred at RT for 16 h (the pH was adjusted to -8 with 

25 NNM after 1 h if needed). The CH2Cl2 was evaporated, the residue taken into 

EtOAc (50 mL) and the organic solution washed with 5% NaHC03 (2 x 20mL), brine 

(2 x 20mL), dried and evaporated. The crude compound obtained was 
chromatographed on silica gel (50 mL, 2% EtOH/EtOAc) to give compound 21e 
(0.139 g, yield 46%). 

30 
1
H NMR (CD03, 400 MHz, rotamers in 6:1 ratio) chemical shifts of major rotamer c5 

• . 
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1.21-1.27 (m, lH), 1.36 (s, 9H), 1.45-1.81 (4m, 7H), 2.20-2.22 (m, 4H), 2.28-2.37 (m, 

lH), 2.90-2.99 (m, lH), 3.66 (s, 3H), 3.94-3.98 (m,JH), 4.29 (bd, J = 9.9 Hz, lH), 4.46-

4.50 (m, lH), 4.81 (dd, J = 8.3 & 5.4 Hz, lH), 4.92-5.06 (m, 4I-I), 5.16 (d, J = 8.3 Hz lH), 

5.37 (m, lH), 5.70-5.84 (m, 2H), 6.82 (d, J = 5.1 Hz, lH), 7.47-7.55 (m, 2H), 7.71 (dt, J = 
5 7.0 & 1.3 Hz, lH), 8.03 (d, J = 8.6 Hz, lH), 8.17 (d, J = 8.0 Hz, lH), 8.78 (d, J = 5.1 Hz, 

lH). 

MACROCYCLIC PEPTIDES 

EXAMPLE 22 

General procedure for macrocyclization via olefin metathesis 

10 In all cases, the tri-peptide diene was dissolved in CHi~ at a concentration of 

O.OlM and the solution was deoxygenated by the bubbling of argon (-1 h for a 

volume of 500 mL). A solution of catalyst (5-30 mol %, dissolved m:a.small amount 

of degassed CH20 2) is added and the reaction mixture is refllixed Uri.ti! all starting 

material was converted to product(s) as indicated by TLC a~d:HPLC. The crude 

15 reaction mixtures were subsequently concentrated to near dryness and filtered 

through a short pad of silica gel, eluting first with CH20 2 to remove most of the 

catalyst and then with EtOAc in order to elute all of the macrocyclic produc{s) (most 

of the time as a single diastereomer). The crude product(s) from each reaction is 

analyzed by chiral HPLC on a CHIRALCEL OJ-R column (purchased from Chiral 

20 Technologies Inc, 0.46 cl> x 15 cm), using an isocratic solvent mixture of 70% H20 + 

0.06% 1FA-30% C~CN + 0.06% 1FA at 205 nm. The major macrocyclic product(s) 

was fully characterized by: 
1
H.; COSY, TOCSY, and ROESY NMR data in order to 

confirm its structure and stereochemistry. 

• • 
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EXAMPLE 23 

Synthesis of macrocyclic intermediate (23b) 

OH 

~/ 
o)··~ 

)-"[ 23a ... 

PCT/CA00/00353 

~ ~-· 0 
N 

J-r 23b 

A solution of diene 23a (4.0 g, 7.88 mmol) in dry CH2Cl2 (800 mL, Aldrich-

5 anhydrous) was deoxygenated by bubbling Ar for 2 h. Hoveyda's catalyst (262 mg, 

0.434 mmol, 5$-mQ}:"(o) :w~s then: ac;lded as a solid and the reaction was refluxed 

under an Ar. balloon. After 28 h, the red-orange solution was evaporated to an .... .. ........ . .... ' ... · .... · 

amorphoUS._~lid and theI\ purified by flash column chromatography over silica gel. 

The initial solvent system was 10% EtOAc in CH2Cl2• Once the catalyst was eluted 

1 O from the column, the solvent was changed to pure EtOAc. Elution of the catalyst 

from the column was evident from its color. The macrocyclic product 23b was 

isolated as a colorless foam which was re-dissolved in CH2Cl2/hexane (-1:2). 

Evaporation of the solvent afforded a white powder (3.362 g, 89% yield). 
I 

H NMR (CDCI,, 400 MHz): a 1.20-1.50 (m, 6H), 1.43 (s, 9H), 1.53 (dd, J = 9.5 & 5.4, 

15 lH), 1.61-1.70 (m, lH), 1.76-1.90 (m, 2H), 2.05-2.26 (m, 4H}, 2.45 (d, J = 14.3, lH), 3.67 

(s, 3H), 3.71 (d, J = 11.l, lH), 3.90 (dd, J = 11.1 & 4.3, lH), 4.43-4.53 (m, 2H), 4.76 (d, J 
= 8.6, lH), 4.86 (bd, J = 9.8, lH), 5.20-5.23 (m, 2H), 5.57 (dt, J = 7.0 & 9.8, lH), 7.32 

(bs, lH). 

' . 
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ExAMPLE 24 

Synthesis of macrocyclic intermediate (24b): 

MeO\~Me 
~ 

~4~ 
N,,,~ 

-)-(
0 

24a ~ 

PCTICA.00/00353 

0 

Meo~N.....~OMe 
dyv 

~P-ttf .. ,,o' 
0 0 . 

•''' 
N ro -)-0 .24b 

A solution of diene 24a (2.76 g, 3.82 mmol) in anhydrous C~Cl2 (600 mL, 

5 anhydrous) was deoxygenated by bubbling Ar for 1.5 h. A solution of Hoveyda's 

catalyst (117 mg, 0.19 mmol, 0.05 eq) in anhydrous and degassed ~C~ (8 mL) was 

added via cannula and the reaction was stirred at reflux under an Ar balloon. After 

20 h, the reaction mixture was approximately 50% completed, at which point a 

second portion of catalyst was added (117 mg} and the stirring was continued for an 

1 o additional 16 h. The solution was thert concentrated to ;.,. 100 mL, applied to the top 

of a pad of silica gel (6 x 10 cm) and the catalyst was first recovered by eluting with 

15 

CH2Cl2• Compound 24b was washed off the pad of silica with 3% MeOH in EtOAc 

and re-purified by flash column chromatography using EtOAc/hexane (2:1) to 

obtain 70% yield of a slightly olive-tinted white solid (1.85 g, 94% pure by HPLC). 

1 . . 
H NMR (400 MHz, DMSO-d6} 8 8.69 (s, lH), 8.13 (d,J = 9.2 Hz, lH), 7.50-7.44 (m, 

2H), 7.17 (dd, J = 9.2, 2.2 Hz, lH), 7.04 (d, J = 6.4 Hz, lH), 5.60-5.56 (m, lH), 5.52 (dd, 

J = 9.2 Hz, lH), 5.25 (dd, J = 9.2 Hz, lH), 4.59 (d, J = 11 Hz, lH), 4.44 (dd, J = 9.2 Hz, 

lH), 4.05-3.98 (m, lH), 3.94 (s, 3H), 3.92 (s, 3H), 3.89-3.82 (m, lH), 3.55 (s, 3H), 2.64-

2.53 (m, lH), 2.46 (d, J = 7.3 Hz, lH}, 2.40-2.31 (m, lH), 2.21 (dd, J = 8.9 Hz, lH), 1.78-

20 1.65 (m, 2H), 1.55 (dd, J = 4.8 Hz, lH), 1.485 (dd, J = 4.8 Hz, lH), 1.41-1.30 (m, 7H), 

1.16 (s, 9H). MS; es+: 795.4 (M +Hr. 

' . 

i I 
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ExAMPLE 25 

Synthesis of compound 202 & 203 (Table 2) 

25a 
21e 

c 

compound 203 
compound 202 

A. The diene compound 21e (0.130 g, 0.205 mmol) was cyclized using catalytic 
5 amounts of bis-(tricyclohexylphosphine) benzylidene ruthenium IV dichloride 

(Grubb's catalyst, supra) (52 mg, 0.064 mmol) in C~Q2 (60 mL) under reflux for 2 h 

to give after chromatography on silica gel (50 mL, 3% EtOH/EtOAc) compound 2Sa 

(60.1 mg, yield 48%). 
1 
H NMR (CDCl:v400MHz)a1.22-1.30 (m, 2H), 1.35 (s, 9H), 1.44-2.35(m,13H), 3.07-

10 3.14 & 3.16-3.24 (2m, lH, rotamers in 1:3 ratio), 3.69 (s, 3H), 3.96-4.04 (m, lHO, 4.42-

4.50 (m, lH), 4.95-5.04 (m, lH), 5.05-5.15 (m, lH), 5.20-5.30 (m, lH), 5.55-5.65 (m, 

lH), 6.75-6.79 (2d,J = 5.4 Hz, lH, rotamers in 1:3 ratio), 7.36 (s, lH), 7.46-7.50 (m, 

lH), 8.03 (d, J = 8.3 Hz, lH), 8.13 & 8.17 (2d, J = 8.0 Hz, 1H, rotamers in 1:3 ratio), 

8.77 (d, J = 5.1 Hz, 1H). 

15 B. The ester moiety of the macrocyclic compound 2Sa (0.0156 g, 0.026 mmol) 

was hydrolyzed with LiOH•H20 (8.7 mg, 0.206 mmol) in THF /Me0H/H20 (4 mL 

/2 mL /2 mL ). The crude product was purified by C18 reversed phase HPLC on a 

Whatman (Partisil 10,0053) 50/2.4 cm column using a solvent gradient from 5% 

I 
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aqueous C~CN to 100% CH3CN to obtain pure compound 202 as an amorphous 

white solid (11.8 mg). 

1 
H NMR (DMSO, 400 MHz): 61.12 (s, 9H), 1.20-1.24 (m, 2H), 1.32-1.40 (m, 3H), 1.58-

1.62 (m, 2H), 1.68-1.78 (m, 3H), 1.95-2.02 (m, lH), 2.08-2.18 (m, 2H), 2.42-2.59 (m, 

5 2H), 3.97-4.00 (bd, J = 9.8 Hz, 2H), 4.47 (t, J = 8.6 Hz, lH), 4.58 (d, J = 11.8 Hz, lH), 

5.22-5.29 (m, lH), 5.46-5.54 (m, lH), 5.66 (s,JH), 7.12 (d, J = 6.0 Hz, lH), 7.49 (d, J = 

3.5 Hz, lH), 7.68 (dd, J = 7.3 Hz, lH), 7.98 (dd, J = 7.0 Hz, lH), 8.08 (d, J = 8.3 Hz, 

lH), 8.21 (s, lH), 8.35 (d, J = 8.3 Hz, lH), 9.08 (d, J = 5 Hz, lH). 

C. The macrocyciic compound 2Sa (20 mg, 0.033 mmol) in ?rY C~C~ (1 mL) 

10 was stirred in presence of 4M HO/ dioxane (5 mL) for 1 h. The mixture was 

evaporated and dried carefully. The residue was re-dissolved in C~C~/DMF (3 

mL /1 mL) and treated with NMM (14.5 µL, 0~132 mmol) and acetic anhydride (7.0 

µL, 0.073 mmol) and stirred at RT for 14 h .. The mixture was evaporated and dried 

under high vacuum. The residue was then dissolved in a mixture of 

15 THF/Me0H/H20 (4 mL / 2 mL I 2 mL) and stirred overnight with LiOH.2H20 (11 

mg, 0.264 mmol). The residue isolated after acidification to pH = 3 with lN ice-cold 

HCl was purified by C18 reversed phase HPLC using a solvent gradient from 0-40% 

aqueous ~CN (0.06% TFA) in order to isolated pure compound 203 as an 

amorphous white soli~ (12 mg). 

20 
1
H NMR (50mM Na2P04 buffer, pH=6.0, 600 MHz): 61.22-1.27 (m, 2H), 1.38-1.43 (m, 

2H), 1.58-1.64 (m, 2H), 1;67-1.76 (m, 2H), 1.77-1.84 (m, lH), 1.92-1.99 {m, lH), 222-

2.08 (m, lH), 2.12-2.27 (m, 1H), 2.22-2.27 (m, lH}, 2.60-2.67 (m, lH, Pro-p-), 2.83-2.89 

(m, lH, Pro-~), 4.32 (dd, J = 12.1 & 3.5 Hz, lH, Pro-6'), 4.41 (dd, J = 12.1 & 7.3 Hz, 

lH), 4.56 (bd, J = 8.0 Hz, lH, Pro-6), 4.62 (dd, J = 8.9 Hz, 1H, Pro-ex), 5.40-5.46 (m, 

25 lH), 5.55-5.61 (m, lH), 5.73 (bs, lH, Pro-y), 7.41(d,J=6.3 Hz, lH), 7.64 (bs, lH, Acca­

NH), 7.80 (dd, J = 7.9 Hz, lH}, 8.03 (dd, J = &.O Hz, lH), 8.07 (d, J = 9.5 Hz, lH), 8.16 

(d, J = 7 Hz, lH, AcNH), 8.36 (d, J = 8.3 Hz, lH}, 8.90 (d, J = 6.0 Hz, lH). 

I 
~ 
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'EXAMPLE 26 

Synthesis of compound 508 (Table 5) 

26a 

26b + 26c 

B 
HATU 

DIPEA 

~# 

~ BocHN )=O 
cpd#508 H3C 

OH 

~""1\._NHCbz 
BocHN 

28b 

269 

PCT/CA00/00353 

26e 

26f 

A. A solution of Boe-protected L-glutamine 26a (4.93 g, 20 mmol) and 

5 iodobenzene diacetate (7.73 g, 24 mmol, 1.2 eq.) in Et0Ac/C~CN/H20 (2:2:1, 60 

mL), was stirred at 16°C for 1 h and at 20°C for 3 h. The reaction mixture was then 

diluted with H20 (20 mL), the EtOAc and CH3CN solvents were removed under 

vacuum and the remaining aqueous mixture was extracted with diethyl ether (3x50 
mL) and EtOAc (50 mL) in order to remove most of the impurities. The aqueous 

10 layer (containing the amine intermediate) was then concentrated to dryness, the 

• . 
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remaining material was re-dissolved in 10% N"2C03 (30 mL}, cooled to 0°C in an ice 

bath and a solution ofbenzyl chforoformate (3.3 mL, 20.4mmol,1.02 eq.) dioxane 

(40 mL) was slowly added (-10 min). The reaction mixture was stirred at 0°C for 1 h 

and at RT for 2 h. The mixture was then diluted with HzO (50 mL), extracted with 

5 cold (-5°C) diethyl ether (3x50 mL), acidified.with4M HCl to pH=3-4 and extracted 

with EtOAc (3x50 mL). The combined organic layers were dried over anhydrous 

MgS04 and evaporated to dryness under vacuum. The crude material was purified 

by flash column chromatography, using EtOAc/Hexane/ AcOH (7:2.9:0.1) to obtain 

compound 2.6b in 43% overall yield (3.04 g)'. 

10 B. Dipeptide intermediate 26c (250 mg, 0.41 mmol), compound 26b (171 mg, 

0.49 mmol, 1.2 eq.) and HATU (185 mg, 0.49 mmol, 1.2 eq.) were dissolved in CH20 2 

(6 mL) and DIPEA (0.29 mL, 1.62 mmol, 4 eq.) was added. The reaction mixture was 

stirred at RT for 14 h, then the CH2~ was evaporated under vacuum and the crude 

material re-dissolved in EtOAc. The EtOAc solution was washed with aqueous 5% 

15 NaHC03 and brine, dried over anhydrous MgS04 and evaporated to dryness. 

Compound 26d was obtained after purification of the crude material by flash 

column chromatography, using EtOAc/hexane (4:1} as the eluent, in 98% yield (338 

mg}. 

c. A solution of compound 26d (335 mg, 0.394 mmol) in THF (5 mL) was cooled 

20 to 0°C and a solution of BH3 in dimethyl sulfide (0.12 mL of lOM solution, 1.2 mmol, 

3 eq.) was added. The reaction mixture was allowed to warm-up to RT and stir for 1 

h. Then it was cooled again to 0°C before an aqueous solution of NaOH (0.8 mL of 

2.5 M solution, 1.97 mmol, 5 eq) was added slowly over a period of 15 min, followed 

by the slow addition (-15 min) of an aqueous solution of H20 2 (0.8 mL of an 8.8 M 

25 solution, 6.9 mmol, 17.5 eq.). The reaction mixture was allowed to warm-up to RT 

and stir for 1 h. After that period, the reaction mixture was acidified to pH -4 in 

order to quench the excess BHy then aqueous NaHC03 was added to adjust the 

pH=-9-10, the THF was removed under vacuum and the crude material was 

partitioned between HzO and EtOAc. The aqueous layer was re-extracted with 

11 
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EtOAc, the combined organic layers were washed with brine, dried over anhydrous 

MgS04 and evaporated to dryness under vacuum. The crude material was purified 

by flash column chromatography, using Et0Ac/hexane/NH40H (8:2:0.5) as the 

eluent, to obtain pure compound 26e in 57% yield (192 mg). 

5 D. To a solution of compound 26e in CHiC~ (8 mL), Dess-Martin periodinate 

(195 mg, 97%, 0.33 m.mol, 1.5 eq) was added and the reaction mixture was stirred at 

RT for 1.5 h. The reaction was quenched with the addition of aqueous Na2S20 3 (3 

mL of 5% solution), then saturated aqueous NaHC03 (5 mL) was added and the 

mixture was stirred at RT for 15 min. Finally, the reaction crude was extracted with 

10 EtOAc, the organic layer was washed with aqueous 5% NaHC03 and brine, dried 

over anhydrous MgS04 and evaporated under vacuum to give 188 mg of aldehyde 

28f which was used in the next step without further purification. 

E. A solution of compound 26f (188 mg, 0.22 mmol), CH3C02H (38 µL) and 

Pd(OH)2 (25 mg) in ethanol (5 mL) was stirred to RT under Hi at atmospheric 

15 pressure for 16 h. After that period, more Hi gas, Pd(OH)2 (180 mg) and C~C02H 
(154 µL) and were added to the flask and stirring was continued for an additional 24 
h. The mixture was then filtered and the solvent evaporated to dryness, the crude 
macrocyclic product was purified by flash column chromatography, using 

CH03/Me0H/ AcOH (10:2:1), to obtain compound 26g in -30% yield (48 mg). 

20 F. A mixture of compound 26g (22 mg, 0.031 m.mol), DIPEA (27 µL, 0.155 

mmol, 5 eq.) and acetic anhydride (8.7 µL, 0.093 mmol, 3 eq.) in C~02 (5 mL) was 

stirred at RT for 16 h. The C~C~ was then removed under vacuum, a mixture of 

THF /MeOH/~0 (2:2:1, 5 mL) and LiOH.2~0 (13 mg, 0.31 mmol, 10 eq.) were 

added and the hydrolysis reaction was allowed to proceed for 68 h at RT and 2 h at 
25 5D°C. The reaction mixture was then acidified (pH=-4) and purified by reversed 

phase HPLC to obtain the final compound 508 (-6 mg, -26% yield for the last 2 
steps). 
1
H NMR (DMSO, 400 MHz) of 508 (mixture of rotamers confirmed by COSY, 
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TOCSY and ROESY NMR data): S 1.18 (s, 9H), 1.09-1.85 (overlapping m, llH), 1.95 

(s, 3H), 2.30 (m, lH)1 2.63 (m, lH), 3.18-4.14 (overlapping m, 6H), 3.96 (s, 3H)1 4.44 

(m, lH), 4.62 & 4.69 (2d, J =11.8 Hz, lH, rotamers), 5.82 (bs, lH), 7.20 (m, 2H), 7.53 

(bs, lH), 7.67 (bs, 4H), 8.19 (bs, 3H), 8.61 (s~ lli). 

5 ExAMPLE 27 

Synthesis of the saturated macrocyclic intermediate (27a) 

oy~-J-o/ 
BocHN~ 

23b A. EtOAc 

Hz, Rh 5%/alumina ~ ;:: 

H o ·N~H O -W°/ +BocH~O/ 
27a B.1 OOH.H,(>.: 

AH 0 

ot"~~~0 ~ 
BocHN~ O 

27a 

+ 

BocHN 

27c 

A. The unsaturated macrocyclic intermediate 23b (3.50 g, 7.30 m.mol) was 

dissolved in EtOAc (30 mL) and 700 mg (20% w /w) of 5% Rh on alumina was 

1 O added. The mixture was stirred under Hz gas at atmospheric pressure and at RT for 

1.5 h. After that period, HPLC analysis confirmed the complete conversion of 

starting material to two products, the desired product 27a and a minor product (8% 

of the total mass) which was later identified to be compound 27b, formed from 

opening of the cyclopropane ring. The reaction mixture was filtered and 

15 concentrated to give a light green color solid (3.47 g). The solid was co-evaporated 

twice with EtOH to remove all of the EtOAc (the presence of EtOAc interferes in the 

next step). Separation of compound 27a from 27b by chromatography proved to be 

' . 
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very difficult, thus an alternative method was devised based on the relative rates of 
hydrolysis of their respective methyl ester moieties. 

B. The crude mixture of compounds 27a and 27b (3.47g) was dissolved in 

THF:MeOH (1:1, 20 mL), an aqueous solution of LiOH•~O (24 mg in 5 mL ~O, 8% 

5 eq) was added and the reaction mixture was stirred at RT for 16 h (complete 

hydrolysis of the side product 27b to its corresponding acid 27c was confirmed by 

HPLC). The reaction mixture was concentrated under vacuum in order to remove 

most of the THF and MeOH and partitioned between ~O (100 mL) and EtOAc (300 

mL). The organic layer was washed with 0.5 N NaOH (3xl00 m), brine (100 mL), 

10 10% aqueous citric acid (2x100 mL), brine (100 mL), dried over anhydrous MgS041 

filtered and concentrated to dryness. The desired product 27a was obtained in high 
purity (>90% by HPLC) as a light green foam and in 93% overall yield (3.28 g) for 
the two steps. 
1 . 
H NMR: (400 MHz, CD03): a 1.1-1.38 (m, 13 H), 1.42 (s, 9 H), 1.51-1.57 (m, 1 H), 

15 1.63-1.67 (dd, J = 8.0 & 5.1Hz,1H),1.81-1.87(m,1H),1.92-1.99 (m, 1H),2.02-2.08 
(m, 1 H), 2.62 (d, J = 14 Hz, 1 H), 3.4 (d, J= 8.3, lH), 3.65 (s, 3H), 4.01 (dd, J = 10.8 & 

4.1 Hz, 1 H), 4.42-4.48 {m, 1 H), 4.51-4.55 {m, 1 H), 4.87 {d, J = 8.6 Hz, 1 H), 5.14 {d, J 
= 8.6 Hz, 1 H), 7.97 (br s, 1 H). 

EXAMPLE 28 

20 Synthesis of compound #741 (Table 7) 

23b 

cpd# 741 

Quinoline derivative Sf was attached to the pre-formed macrocyclic compound 23b 

via a Mitsunobu reaction. The quinoline derivative Sf (30 mg, 0.095 mmol) was 

I 
~ 
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dissolved in THF, then macrocycle 23b (45.6 mg, 1 eq.) and PP!\ (49.8 mg, 2 eq.) are 

then added. The resulting mixture is cooled to 0°C. DIAD (37.4 µl, 2 eq.) is then 

added dropwise. The solution is stirred 1 hour at 0 C then stirred overnight at room 

temperature'. The mixture was then diluted with EtOAc (15 ml), washed with a 

5 saturated solution of NaHC03 (15 ml), followed by brine. The solution was dried 

with Mg504, filtered and concentrated in vacuo. 202 mg of a yellow oil was 

obtained. The product was purified by flash chromatography on silica gel (100% 

EtOAc). The product still contained DIAD byproducts after the purification. The 

resulting product obtained contained 55% w /w of the desired product, so the yield 

10 was declared to be 62%~ 

The ester intermediate (46 mg, 0.06 mmol) was dissolved in a mixture of 

TI-IF /MeOH/HiO (2:1:1 ratio, 2 mL), LiOH•~O (20 mg, 0.48 mmol) was added and 

the solution was stirred at RT. After a period of 16 h, analysis of the reaction 

mixture by HPLC indicated that the hydrolysis was complete. The organic solvents 

15 were removed under vacuum and the remaining crude material dissolved in DMSO 

was purified by C18 reversed phase HPLC to give pure inhibitor 741. 

E NMR (400 MHz, DMSO-d6) S (ppm): 8.67 (s, lH), 8.29-8.14 (m, 2H}, 8.08-7.97 (m, 

lH), 7.91-7.78 (m, lH), 7.74 (s, lH), 7.31-7.20 (m, lH), 7.10 (d, J = 5.7 Hz, lH), 5.82-

5.71 (m, lH), 5.58-5.47 (m, lH), 5.32-5.23 (m, lH), 4.74-4.64 (m, lH), 4.55-4.47 (m, 

20 lH}, 4.23-4.06 (m, lH), 4.04-3.94 (m, lH), 3.97 (s, 3H), 3.92-3.85 (m, lH), 2.70-2.55 (m, 

2H), 2.53-2.36 (m, 2H), 2.20-2.09 (m, lH), 1.80-1.62 (m, 2H), 1.56-1.43 (m, 2H), 1.42-

1.29 (m, 6H}, 1.27 (d, J = 3.2 Hz, 3H), 1.25 (d, J = 2.9 Hz, 3H}, 1.12 (s, 9H). 

MS: 763.1(M+l},761.1 (M-1). 

• 
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EXAMPLE 29 

. Synthesis of compound 205 (Table 2) 

e N 
. 

·OL)y~ 
o==I o 

BocHN).,,,;, 

a 
OLIY~ 

A oj 0 

BocHN .,,,, 

COJi 

(25a) compounds 205 

5 To a solution of the macrocyclic compound 25a (21 mg, 0.035 mmol) int­

butanol/~O) (1.5 mL/1.5 mL) at 0°, a solution of Os04 in t-butanol (0.36 mL of a 

35% w /v, 0.035 mmol) was added and the mixture was stirred at RT for 1 h. The 
mixture was diluted with EtOAc (20 mL) and the organic sQlution washed with 5% 

NaHC03 (2 x 10 mL), brine (2 x lOmL), dried and evaporated to dryness. The crude 

10 compound was taken into THF/MeOH/H20 (3 mL I 1.5 mL I 1.5 mL) and stirred 

in presence of LiOH•~O (13 mg, 0.28 mmol) for 16 h. The mixture was acidified to 

pH 4 with 0.5 Nice-cold HCl, evaporated and purified by C18 reversed phase HPLC 

using a solvent gradient from ~O (0.06% TF A) to 40% aqueous CH3CN (0.06% 

TFA). The syn diol 205 was isolated in high purity as amorphous white solid. 

15 
1 compound #205: H NMR (DMSO, 400 MHz): 8 1.01 (s, 9H), 1.06-1.30 (m, 9H), 1.48-

1.68 (m, 3H), 1.78-1.88 (m, lH), =2.2-2.5 (2m, 2H), 3.78-3.82 (m, lH), 3.86-3.90 (m, 

lH), 4.39 (t, J = 8.9 Hz, lH), 4.61 (d, J = 11.4 Hz, lH), 5.60 (bs, lH, Pro-y), 7.03 (d, J = 
6.0 Hz, lH), 7.40 (bs, lH), 7.58-7.62 (m, lH), 7.87-7.91 (m, lH), 8.00 (d, J = 8.3 Hz, 
lH), 8.24 (d, J = 8.6 Hz, lH), 8.60 (s, lH), 8.99 (bs, lH). 

20 EMS (negative ionization mode): m/z 625 (M-Hf. 
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EXAMPLE 30 

Synthesis of compound 214 & 218 (Table 2) · 

+ 
o . .,r'\..._ -NHf;Ozetia 

1-.f u .. 
I O ~ 
H . 

30a 

OMe 

O,,,~NH 

=j 
0 0 .. 

.... 
BocHN 

OMe 

0 

compound 214 

COOH 

o .. Qy. 
I 11 t 

NH 
. N 

o=j.,,, 0 
1 

BocHN 

0 

compound 218 

16d 

PCT/CA00/00353" 

OMe 

c. 

o .. ,~ NH 

. oJ o 
) .... 

BocHN 

0 
30c 

+ 

O,,Qy C02CH3 

., ... 
NH 

N 

o=J. .... 
0 

I D. 
Bi;>cHN 

0 
30d 

5 A. A solution of the keto-nonenoate ester 16d (0.180 g, 0.6 mmol) in 

Me0H/H20 (5 mL I 2 mL) was stirred at RT in presence of LiOH•lizO (50 mg, 1.2 

mmol) for 1 h. The solution was acidified to pH 6 with 0.5 N ice-cold HCl and most 

of the MeOH was evaporated. The residue was then dissolved in EtOAc (30 mL) 

i I 
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and the solution was washed with 0.5 N ice-cold HCl (10 mL), brined (10 mL), dried 

and evaporated. The crude residue was then re-dissolved in ~C~ (10 mL) and 

reacted with the Pl-P2 fragment 30a (0.337 g, 0.6 mmol) in the presence of HA TU 
(233 m~ 0.612 mmol) and DIPEA (420 µL, 2.4 mmol) over a period of 16 h at RT. 

5 The reaction mixture was chromatographed on silica gel using EtOAc/hexane {1/1) 
as the eluent, to isolate the pure compound 30b (0.370 g, yield 83%, Purity >95% by 
HPLC). 
1 H NMR (CDC13, 400 MHz) o 1.41 {s, 9H), 1.45-1.54 (m, lH), 1.58-1.62 (m, lH), 1.73-

1.77 (m, lH), 1.86-1.91 (m, lH), 2.16(dd,J=17.8 & 8.6 Hz, lH), .2.26-2.43 (2m, 2H), 
10 2.46-2.58 (m, 2H), 2.64-2.81 (m, lH), 2.85-2.92 & 2.95-3.03 (2m, lH, rotamers in 1:3 

ratio), 3.67 (s, 3H), 3.95 (s, 3H), 4.lo-4.18 (m, lH), 4.20-4.30 (m, lH), 4.40-4.55 (m, lH), 
4.80-4.88 (m, lH), 4.92-5.10 (m, 2H), 5.14 (dd, J = 10.2 & 1.6 Hz, lH), 5.24-5.38 (m, 
4H), 5.42-5.54 (m, lH), 5.68-5.86 (m, 2H), 7.04-7.14 (m, 2H), 7.42-7.64 (m, SH), 7.92-
8.12 (m, 3H). 

15 B. The diene 30b (0.370 g, 0.49 mmol) was cyclized in the presence of the bis­
{tricyclohexylphosphine) benzylidene ruthenium IV dichloride catalyst {0.125 mg, 

0.15 mmol) in CHiC~ (distilled from CaHi and degassed with argon for 30 min) over 

a period of 2 h at reflux. The compound was obtained as a mixture of stereoisomers 
(30c and 30d 1:1 ratio) after flash column chromatography on silica gel using 

20 EtOAc/Hexane (3/1) in 35% yield (0.124 g). 
1 . H NMR of mixture 30c &: 30d (CDCl3, 400MHz)-o1.44 (s, 4H) & 1.37 (s, 4H), 1.60 

(m, 2H), 1.83 (m, O.SH), 2.01 (m, lH), 2.09 (m, lH), 2.42 (m, SH), 2.73 (m, 2H), 3.26 
(m, 0.5H), 3.69 (s, 1.SH), 3.76 (s, 1.5H), 3.96 (s, 3H), 4.10 (m, lH), 4.24 (m, 0.5H), 4.10 
(m, O.SH), 4.58 (m, lH), 4.73 (m, lH), 4.89 (m, 0.5H), 4.97 (m, 0.5H), 5.30 (m, O.SH), 

25 5.44 (m, 2H), 5.64 (m, lH), 7.1-7.0 (m, 3H), 7.47 (m, 4H), 8.08-7.98 (m, 3H). 
C,D. Hydrolysis of the methyl esters 30c and 30d (24 mg, 0.033 mmol) was carried 

out in THF /MeOH/~O (1 mL I 0.5 mL I 0.5 mL) with LiO•~O (11mg,0.246 

mmol) over a period of 16 h at RT. After that period the reaction mixture was 
acidified to pH 4-5 and chromatographed on a C18 reversed phase HPLC column 

30 using a solvent gradient from H20 (0.06% TFA) to 50% aqueous CH3CN (0.06% 

TFA). The desired compounds 214 and 218 were isolated from the mixture of the 

I . 
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two compounds in high purity (94% pure by HPLC) in 15% yield (3 mg). 

1 . 
compound 214: H NMR (DMSO, 400 MHz) 81.15 (s, 9H), 1.48-1.54 (m, 2H), 1.65-1.74 

(m, lH), 1.77-1.85 (m, lH), 2.12-2.25 (m, 4H), 2.27-2.34 (m, lH), 2.61-2.68 (m, lH), 

2.87 (bt, J = 11.5 Hz, lH), 3.92 (dd,J = 9.2 & 1.5 Hz, lH, Pro-8), 3.97 (s, 3H, -OCH3), 

5 4.14-4.20 (m, lH), 4.52 (t, J = 7.8 Hz, lH, Pro-a.), 4.66 (d, J = 11.8 Hz, lH, Pro-S), 5.45 

(t, J = 9.9 Hz, lH), 5.51-5.58 (m, lH), 5.82 (bs, lH, Pro-y), 7.09 (d, J = 6.0 Hz, lH, 

BocNH), 7.26 (bs, lH), 7.53 (s, lH), 7.67 (bs, 3H), 8.16 (d, J = 2 Hz, lH), 8.18 (s, lH), 

8.83 (s, lH, ACCA-NH). 
. 1 

. 

compound 218: H NMR(DMSO, 400 MHz): 81.06-1.10 (m, lH), J.18 (s, 9H), 1.52-1.55 

10 (m, lH), 1.62-1.80 (m, lH), 2.10-2.68 (overlapping, 9H), 3.90 (bd, J = 8.3 Hz, lH), 3.96 

(s, 3H, OCH3), 4.2Q-4.27 (m, lH), 4.58-4.63 (m, lH, Pro-8), 4.66 (dd, J = 8.3 Hz, lH, 

Pro-a.) 4.88 (dd, J = 10.2 Hz, lH), 5.18-5.26 (m, lH), 5.73-5.79 (m, lH, Pro-y), 7.01 (d, J 

= 6.4 Hz, lH), 7.23 (bs, lH), 7.50 (bs, lH), 7.66 (bs, 3H), 8.20 (bs, 2H), 8.53 (s, lH). 

ExAMPLE 31 

15 Synthesis of compound 209 (Table 2) 

w 
0 

... 1 i_ 01\{~)0~ A 
~ON 0$ • 

~ 

31a 

c 

compound 209 31c 

' , 

: I 
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A. The diene 31a (249 mg, 0.330 mmol) was dissolved in 30 mL of anhydrous 

C~Cli and the solution was degassed with argon for 15 min. The catalyst bis­

(tricyclohexylphosphine) benzylidene ruthenium IV dichloride (82 mg, 0.100 mmol) 

was dissolved in 3 mL of anhydrous and degassed ~C~ and added to the diene 

5 solution. The reaction mixture was refluxed for 2 h under N2• The solution was 

concentrated and purified by flash column chromatography to obtain compound 
31b as a brown solid in 71 % yield (171 mg). 
1 H NMR (CD03, 400 MHz): 81.22-1.44 (m, 10H), 1.42 (s, 9H), 1.66-1.74 (m, 1H), 

1.87-1.97 (m, 2H), 2.13-2.28 (m, 3H), 2.32-2.39 (m, 1H), 3.08-3.16·(m, 1H), 3.41(s,3H), 
10 4.07-4.22 (m, 3H), 4.28-4.34 (m, lH), 4.58-4.64 (m, lH), 4.95-4.99 (m, lH}, 5.22-5.29 (m, 

2H}, 5.38-5.43 (m, lH), 5.48-5.56 (m, lH), 7.00-7.12 (m, 3H), 7.43-7.55 (m, 4H}, 7.97-
8.11(m,3H). 

ES(+)MS: m/z 727.4 (M+Hf, 

B. Compound 31b (0.117mmol) was stirred in a solution ofHCl (1 mL of 4N in 

15 dioxane) for 30 min and concentrated to dryness. The so~d was taken up in CH2Cli 

(2 mL), E~ (82 µL, 0.585 mmol) and t-butylisocyanate (35 mg, 0.351 mmol) were 

successively added. After stirring at RT for 20 h, the mixture was concentrated to 
dryness and the crude compound 3lc was used in the final hydrolysis step without 
further purification. 

20 D. Compound 31c (85 mg, 0.117 mmol) was dissolved in THF /Me0H/H20 (2 

mL /1 mL/ 1 mL), LiOH.HiO (39 mg, 0.936 mmol) was added and the solution was 

stirred for 20 hat RT. After that period, acetic acid (1 mL) was added and the 

solution was concentrated to remove the MeOH and THF. The pure compound 209 
was isolated after purification of the crude by C18 reverse phase HPLC (25 mg, 

25 -31 % yield). 
1 . H NMR (DMSO, 400 MHz): 81.04 (s, 9H), 1.15-1.24 (m, 2H), 1.30-1.40 (m, SH}, 1.44-

1.51 (m, 2H), 1.54-1.68 (m, lH), 1.75-1.88 (m, lH), 2.18 (dd, J = 17.2 & 8.5 Hz, lH}, 

2.32-2.45 (m, lH, Pro-p), 2.54-2.62 (m, lH}, 2.65-2.68 (m, 1H, Pro-p), 3.91 (dd, J = 11.1 

& 3.5 Hz, lH, Pro-S), 3.96 (s, 3H, -OCH3), 4.17-4.23 (m, lH}, 4.47 (dd, J = 8.6, 1H, Pro-

• , 
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a.), 4.67 (bd, J = 7.9 Hz, lH, Pro-5), 5.30 (dd, J = 9.5 Hz, lH), 5.52 (bdd, J = 19 & 8.3, 

lH), 5.68 (s, lH), 5.78 (bs, lH, PrO-')'), 5.94 (bs, lH), 7.21 (bs, 1H), 7.51 (bs, lH), 7.66 

(bs, 4H), 8.19 (s, 2H), 8.40 (d, J = 7 Hz~ lH), 8.61 (s, lH, ACCA-NH). 

ES(+)MS: m/z 698.3 (M+H)+. 

5 ExAMPLE 32 

Synthesis of compounds #404 and #407 (Table 4) 

,....o 

,....o 

. o~~N 
BocHN 11"\_..o 0 

j ~ 
32a 

A 
6 ° 

O ·N~N / --to~•Y.--o 
i~ 
32b 

,....o B 

o~°-<~OH 
BocHN11"'ro~ 

c 0 

O~~'·N OH 

BooHN..\'.o ·O ' 
i ~ . 

cpd #407 cpd #404 

A. The diene 32a (84 mg, 0.11 mmol) was dissolved in anhydrous .~Oz (11 

mL) and the solution was degassed over a period of 15 min. with a flow of argon. 

10· The bis-(tricyclohexylphosphine) benzylidene ruthenium IV dichloride catalyst (19 

mg, 0.023 mmol) was first dissolved in 1 mL of degassed ~C~ and then it was 

transferred to the reaction flask via cannula. The reaction mixture was stirred for 2 h 

at reflux. The solvent was then removed under vac\J,um and the reaction mixture 

was purified by flash column chromatography on silica gel, using EtOAc/ hexane 

I , 

! I 
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(1:1) as the eluent, to give the macrocyclic compound 32b as a yellow oil (33 mg, 41 % 
yield). 

B. The ester intermediate 32b (33 mg, 0.045 mmol) was dissolved in a mixture 

of THF /Me0H/H20 (2:1:1 ratio, 2 mL), LiOH•H20 (8 mg, 0.18 mmol) was added 

5 and the solution was stirred at RT. After a period of 16 h, analysis of the reaction 
mixture by HPLC indicated that the hydrolysis was incomplete. Thus an additional 

amount of LlOH~HiO (4 mg, 0.09 mmol) was added and the solution was stirred at 

RT for a total of 36 h. Finally, the solution was acidified with a small aliquot of 
acetic acid, the organic solvents were removed under vacuum and the remaining 

1 O crude material was purified by C18 reversed phase HPLC to give pure inhibitor 404. 
1 
H NMR (DMSO, 400MHz): 8 1.21 (d, J = 6.0 Hz, 3H, Me), 1.36 (s, 9H, Boe), 1.1-1.4 

(3m, 3H), 1.~6 (m, lH), 1.80 (m, lH), 2.10 (m, 2H), 2.57 {m, 2H), 3.90 (m, 4H), 4.47 
~~&~~~~~~~~~~~~~~ 
(m, lH), 5.83 (bs, lH), 6.18 (bd, ]=6.9 Hz, lH),7.25 (bd, J=7.3 Hz, lH), 7.56 (bs, lH), 

15 7.70 (m, 4H}, 8.22 (bd, J=2.9 Hz, 2H), 8.29 (bs, ]=9.2 Hz, lH}. 

20 

C. Inhibitor 404 (15 mg, 0.021 mmol) was dissolved in ethanol (2 mL) and Pd 
10%/C (2 mg) was added. The mixture was stirred under hydrogen at RT for 16 h. 
After filtration, the mixture was purified by Cl8 reversed phase HPLC to give 
inhibitor 407 as a white solid (10 mg, 66% yield) 
1 
H NMR (DMSO, 400MHz): 8 1.04 (m, lH), 1.17 {d, J = 6.0 Hz, 3 H), 1.35 (s, 9H), 1.25-

1.75 (m, 12 H), 2.32-2.45 (m, 1 H), 3.40-3.50 (m, 2 H), 3.74-3.83 (m, lH), 3.85-3.93 (m, 
lH), 3.97 (s, 3H), 4.27-4.36 (dd, J = 21.1 & 8.6 Hz, lH), 4.54 (dd, J = 7.95 & 7.95 Hz, 
lH), 5.64 {d, J = 8.3 Hz, lH), 5.82 (br s, lH), 7.27-7.33 (m, lH}, 7.53-7.57 (bs, 1 H), 
7.60-7.74 (m, 4 H), 8.13-8.27 (m, 3 H), 8.30-8.35 (br s, lH). 

I . 
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EXAMPLE 33 

Synthesis of compound #824 (Table 8) 

HO 

t.ycA 
·~ 

H3C 

33a 33b 

PCT/CA00/00353. 

33c 

~~ ,_,,_ ~ 

~-H_E __ ·~c .. ~ __ o_~ 
o~ H3C 1~ O H333eC H3C 

6 ° #824 0 33d 

A. Compound ~3a (-0.55 mmol) was dissolved in CHiC12 (100 mL) and the 

5 solution was degassed carefully before a sample of Hoveyda's catalyst (17 mg, 0.028 

mmol, 0.05 eq.) was added. The solution was then stirred under reflwdor 5 h. The 

reaction mixture was concentrated and purified by flash column chromatography, 

using a solvent gradient of CHi~/EtOAc (from 3:2 to 2:3 ratio), to give compound 

33b in 72% yield (194 mg). 

10 B. To a solution of compound 33b (70 mg, 0.142 mmol), 2-ethoxy-4-hydroxy-7-

methoxyq\iinoline 3c (63 mg, 0.284 mmol, 2 eq.) and P~P (186 mg, 0.71 mmol, 5 eq.) 

in anhydrous THF (15 mL) at 0 °C, DIAD (140 µL, 0.71 mmol, 5 eq.) was added 

slowly over a period of 20 min. The reaction mixture was allowed to warm-up to RT 

and to stir at RT for 2.5 h. Subsequently, the THF was evaporated under vacuum 

15 and the crude product was purified by flash column chromatography, using a 

Ii 

' . 

i I 
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solvent gradient of hexane/EtOAc (from 7:3 to 1:1 ratio). Pure compound 33c was 
isolated in 73% yield (72 mg). 

c. Compound 33c (72 mg, 0.104 mmol) was mixed with C~C~ (5 mL) and 4M 

HCl in dioxane (5 mL) and the mixture was allowed to stir at RT for 1.5 h in order to 
5 cleave the Boe protecting group and obtain the HCl salt of intermediate 33d. The 

reaction crude reaction mixture was evaporated to dryness under vacuum, dried 
under vacuum to assure the removal of all HCl and used in the next step without 
purification. 

D. To a solution of cyclopentanol (29 µL, 0.32 mmol) in THF (10 mL), a solution 
1 O of phosgene in toluene (1.93 M, 274 µL, 0.528 mmol) was added dropwise and the 

mixture was stirred at R.T. for 2 h to form the cyclopentyl chloroformate reagent. 
After that period, approximately half of the solvent was removed by evaporation 
under vacuum, the remaining light yellow solution was diluted by the addition of 

~C~ (5 mL) and reconcentrated to half of its original volume, in order to assure 

15 the removal of all excess phosgene. The above solution of the cyclopentyl 

chloroformate reagent was further diluted with THF (10 mL), cooled to 0 °C and 

added to the solid compound 33d (0.104 mmol) at 0 °C. Et~ (75 µL, 0.534 mmol, 5.2 

eq.) was added to the reaction mixture and stirring was continued at 0 °C for 1.5 h. 

The solvents were removed under vacuum and the crude material purified by flash 
20 column chromatography, using EtOAc/hexane (1:1) as the eluent, to obtain 

compound 33e in almost quantitative yield (75 mg). 
E. Hydrolysis of the methyl ester was achieved by reacting compound 33e (75 

mg, 0.11 mmol) with LiOHH20 (35 mg, 0.84 mmol, 8 eq.) in a solvent mixture of 

THF /MeOH/~O (2:2:1 ratio, 7.5 mL) at 50 °C for 2.5 h. Upon completion of the 

25 hydrolysis, the mixture was acidified to pH=4.5 and the solvents were evaporated to 
dryness under vacuum. The crude product was purified by C18 reversed phase 

preparative HPLC, using a solvent gradient of ~Oto 58% aqueous CH3CN (with 

0.06%TFA), to obtain inhibitor#824 as a white amorphous solid (45 mg, 65% yield). 
1 + H NMR of the Na salt of #824 (DMSO, 400 MHz): 8 0.88 (d, J=6.7 Hz, 3H), 0.95-1.70 

30 (overlapping resonances, 17H), 1.37 (t, J=7 Hz, 3H), 2.00-2.10 (m, lH), 2.10-2.33 (m, 

I , 
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3H), 2.38-2.44 (m, lH), 3.80-3.85 (m, lH), 3.85 (s, 3H), 4.02-4.08 (m, lH), 4.42 (q, J=7 

Hz, 2H), 4.35-4.44 {m, lH), 4.50 (d, J=l0.8 Hz, lH), 4.63 {bs, lH), 5.28 (dd, J=9.5 Hz, 

lH), 5.38 (bs, lH), 5.42-5.49 (m, lH), 6.37 (s, lH), 6.87 (dd, J=8.9 & 2.2 Hz, lH), 7.07 

(d, J=2.2 Hz, lH), 7.28 (d, J=7.0 Hz, lH), 7.90 (d, J=8.9 Hz, lH), 8.57 (s, lH}. 

5 EXAMPLE 34 . 

Synthesis of compound #812 (Table 8) 

I o 

·~-
OH 

A 

P~P.DIAD 

23b 

i I 
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A. To a solution of the macrocyclic intermediate 23b (13.05 g, 27.2 mmol, 1.0 

eq.), Ph3P (14.28 g, 54.4 mmol, 2.0 eq) and 2-carboxymethoxy4-hydroxy-7-

methoxyquinoline (WO 00/09543 & W000/09558) (6.67 g, 28.6 mmol, 1.05 eq) in 

5 THF (450 mL) at 0°C, DIAD (10.75 mL, 54.6 mmol, 2.0 eq) was added dropwise over 

a period of 15 min. The ice bath was then removed and the reaction mixture was 

stirred at RT for 3 h. After the complete conversion of starting material to products, 

the solvent was evaporated under vacuum, the remaining mixture diluted with 

EtOAc, washed with saturated NaHC03 (2x) and brine (lx), the organic layer was 

10 dried over anhydrous MgS04, filtered and evaporated to dryness. Pure compound 
34a was obtained after flash column chromatography; the column was eluted first 

with hexane/EtOAc (50:50), followed by CHCl/EtOAc (95:5) to remove Ph:fO and 

DIAD byproducts and elution of the impurities was monitored by TLC. Finally, the 

desired product 34a was eluted from the column with CH03/Et0Ac (70:30). 

15 Usually, the chromatography step had to be repeated 2-3 times before compound 

34a could be isolated in high purity as a white solid with an overall yield of 68% 

I 
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(12.8 g, 99.5% pure by HPLC). 

B. To a solution of the Boe-protected intermediate 34a (1.567g) in C~Cl2 (15 

~L), 4N HO in dioxane (12 mL) was added and the reaction mixture was stirred at 

RT for 1 h. [In the eV'ent that a thick gel would form half way through the reaction 

5 period, an additional 10 mL C~Cl2 was added.] Upon completion of the 

deprotection the solvents were evaporate to dryness to obtain a yellow solid and a 

paste like material. The mixture was redissolved in approximately 5% MeOH in 

CHzC!i and re-evaporated to dryness \Jnder vacuum to obtain compound 34b as a 

yellow solid, which was used in the next step without any purification. 

1 O C. To a solution of cyclopentanol (614 µL, 6.76 mmoL) in THF (15 mL), a 

solution of phosgene in toluene (1.93 M, 5.96 mL, 11.502 mmol) was added dropwise 

and the mixture was stirred at R.T. for 2 h to form the cydopentyl chloroformate 

reagent (z). After that period, approximately half of the solvent was removed by 

evaporation under vacuum, the remaining light yellow solution was diluted by the 

15 addition of CHzC~ (5 mL) and concentrated to half of its original volume, in order to 

assure the removal of all excess phosgene. The above solution of the cyclopentyl 

chloroformate reagent was further diluted with THF (15 mL) and added to the 

amine-2HC1 salt 34b. The mixture was cooled to 0°C in an ice bath, the pH was 

adjusted to -8.5-9 with the addition of Et~ (added dropwise) and the reaction 

20 mixture was stirred at 0°C for 1 h. After that period, the mixture was diluted with 

EtOAc, washed with water (lx), saturated NaHC03 (2x), ~O (2x) and brine (lx). 

The organic layer was dried over anhydrous MgS04, filtered and evaporated under 

vacuum to obtain a yellow-amber foam. Compound 34c was obtained as a white 

foam after purification by flash column chromatography (using a solvent gradient 

25 from 30% hexane to 20% hexane in EtOAc as the elueil.t) in 80% yield (1.27 g) and 

>93% purity. 

D. The dimethyl ester 34c (1.17g) was dissolved in a mixture of 

THF/MeOH/~O (20mL, 2:1:1 ratio), and an aqueous solution ofNaOH (1.8 mL, 

lN, 1 eq.) was added. The reaction mixture was stirred at RT for 1 h before it was 

30 evaporated to dryness to obtain the sodium salt 34d as a white solid (-1.66 mmol). 

I , 
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Compound 34d was used in the next step without purification. 

E. The crude sodium salt 34d (1.66 mmoL) was dissolved in THF (17 mL), Et3N 

was added and the mixture was cooled to 0°C in an ice bath. Isobutylchloroformate 

(322 µ1, 2.5 mmol) was added dropwise and the mixture was stirred at 0°C for 75 

5 min. After that period, diazomethane (15 mL) was added and stirring was 

continued at 0°C for 30 min and then at RT for an additional 1 h. Most of the solvent 

was evaporated to dryness under vacuum, the remaining mixture was diluted with 

EtOAc, washed with saturated NaHC03 (2x), H20 (2x) and brine (lx), dried over 

anhydrous MgSO 4, filtered and evaporated to dryness to obtain compound 34e as a 
1 O light yellow foam (1.2g, -1.66 mmol). The diazoketone intermediate 34e was used in 

the next step without purification. 

F. The diazoketone 34e (1.2g, 1.66 mmoL) dissolved in THF (17 mL) was cooled 

to 0°C in an ice bath. A solution of aqueous HBr (48%, 1.24 mL) was added 

dropwise and the reaction mixture was stirred at 0°C for 1 h. The mixture was then 

15 diluted with EtOAc, wash with saturated NaHC03 (2x), H20 (2x) and brine (lx), the 

organic layer was dried over anhydrous MgS04, filtered and evaporated to dryness 

to obtain the 13-bromoketone intermediate 34£ as a light yellow foam (-1.657 mmol). 
G. To a solution of the bromoketone 34£ (600 mg,0.779 mmol) in isopropanol (5 
mL}, thiourea (118 mg, 1.~5 mmol) was added and the reaction mixture was placed 

20 in a pre-heated oil bath at 75°C where it was allowed to stir for 1 hr. The 

isopropanol was then removed under vacuum and the product dissolved in EtOAc 

(100 mL). The solution was washed with saturated NaHC03 and brine, the organic 

layer was dried over anhydrous Na2S04, filtered and evaporated to afford the crude 

product 34g (522 mg) as a red-brown solid. This material was used in the final step 
25 without any further purification. 

H. The crude methyl ester 34g (122 mg, 0.163 mmol) was dissolved in a solution 

ofTHF/MeOH/~0 (2:1:1ratio,4 mL) and saponified using LiOH•H20 (89 mg, 

2.14 mmol). The hydrolysis reaction was carried out over a 12-15 h period at RT. The 
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solvents were then removed under vacuum and the crude product purified by Cl8 

reversed phase HPLC, using a solvent gradient from 10% C~CN in HiO to 100% 

CH3CN, to afford the HCV protease inhibitor #812 as a yellow solid (24 mg, 20% 

overall yield for the conversion of intermediate 34f to inhibitor #812). 

1 . 
H NMR (400 MHz, DMSO-d6) 5 8.63 (s, lH), 8.26-8.15 (m, 2H), 7.79 (bs, lH), 7.72 

(bs, lH), 7.50 (bs, 2H), 7.33-7.25 (m, 2H), 5.77 (bs, lH), 5.52 (dd, J = 8.3 Hz, lH), 5.27 

(dd, J = 9.2 Hz, lH), 4.64 (d, J = 10.8 Hz, lH}, 4.50 (dd, J = 8.3 Hz, lH), 4.39-4.31 (m, 

lH), 4.08-3.99 (m, 2H), 3.94 (s, 3H), 3.87 (d, J = 9.5 Hz, 2H), 2.65-2.53 (m, 2H}, 2.46-

2.36 (m, 2H), 2.20-2.12 (dd, J = 8.6 Hz, lH), 1.80-1.64 (m, 2H), 1.63-1.06 (m, 14H). MS; 

10 es+: 733.2 (M +Hf, es-: 731.2 (M-Hr. 

EXAMPLE34A 

Using the same procedure as described in example 34 but reacting bromoketone 34f 

with commercially available N-methylthiourea gave# 811 (Table 8) 

s ~ ·~ N H CH Cot' ~)-N_... 
~I A 

0.-:}-H 4-~ 0 

0 0 

15 1H NMR(400 MHz, DMSO-d6): 5 8.63 (s, lH), 8.20 (s, lH), 8.18 (s, lH), 8.12-7.93 (m, 

lH) , 7.88-7.69 (m , 2H), 7.32-7.24 (m, 2H), 5.82-5.75 (m, lH), 5.52 (ddd, J= 8.1 Hz, 

lH), 5.28 (dd, J= 9.9 Hz, lH), 4.67-4.61 (m, lH), 4.51 (dd, J= 8.8 Hz, lH), 4.44-4.37 

(m, lH}, 4.08-4.00 (m, lH) , 3.96 (s, 3H), 3.89 (m, lH}, 3;04 (d, J= 4.1 Hz, 3H), 2.65-

2.37 (m, 3H), 2.16 (m, lH), 1.77-1.65 (m, 2H), 1.63-1.11 (m, 17H). MS; es+: 747.2 (M + 

20 Hr, es·: 745.3 (M-H)". 

EXAMPLE34B 

. Using the same procedure as described in example 34 but reacting bromoketone 34f 

with commercially available N-ethylthiourea gave# 810 (Table 8) 

I , 
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CH o'Ofl ~)-N"' 
3 ~ I ""1: N H 

~ 6 

'H NMR (400 MHz, DMSO-dJ: a 8.63 (s, lH), 8.27 (bs, lH), 8.20 (d, J= 9.0 Hz, lH), 

8.13-8.07 (m, 1H), 7.86 (bs, lH), 7.78 (s, 1H), 7.33-7.25 (m, 2H), 5.81 (bs, 1H), 5.54 

(dd, J= 8.8 Hz, 1H), 5.28 (dd, J= 9.7 Hz, lH), 4.65 (d, J= 12.4 Hz; lH), 4.51 (dd, J= 8.8 

5 Hz, lH), 4.38 (bs, 1H), 4.03. (m, 1H) , 3.97 (s, 3H), 3.92-3.87 (m, lH), 3.54-3.46 (m, 

2H) i 2.68-2.65 (m, 2H), 2.47-2.38 (m, lH), 2.15 (dd, J= 8.6 Hz, lH), 1.78-1.65 (m, 2H) , 

1.60-1.12 (m, 17H), 1.25 (t, J= 7.3Hz, 3H). MS; es+: 783.2 (M + Nar, es·: 761.2 (M + 

Hr. 

ExAMPLE34C 

1 O Using the same procedure as described in example 34 but reacting bromoketone 34£ 

with commercially available N-iso-propylthiourea gave # 822 

1H NMR (400 MHz, DMSO-dfi) a 8.63 (s, lH), 8.33-8.23 (bs, lH), 8.21 (d, J = 9.2 Hz, 

lH), 8.04 (d, J = 8.3 Hz, lH), 7.86 (bs, 1H), 7.77 (s, 1H), 7.35-7.23 (m, 2H), 5.81 (bs, 

15 lH), 5.52 (dd,J = 8.5 Hz, lH), 5.27 (dd,J = 9.2 Hz, lH), 4.65(d,J=11.8 Hz, lH), 4.51 

(dd, J = 7.6 Hz, lH), 4.37 (bs, lH), 4.15 (bs, lH}, 4.07-3.98 (m, 2H), 3.97 (s, 3H), 3.88 

(d, J = 8.9 Hz, lH), 2.60-2.53 (m, 2H}, 2.47-2.37 (m, 2H), 2.19-2.10 (dd, J = 9.2 Hz, lH), 

1.80-1.64 (m, 2H), 1.63-1.29 (m, 13H), 1.27 and 1.25 (2 x d,J = 6.5 Hz, 6H), 1.23-1.09 

(m, 2H). MS; es+: 775.0 (M +Hr, es·: 772.9 (M- H)-. 

I . 
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EXAMPLE34D 

Using the same procedure as described in example 34 but reacting bromoketone 34f 

with commerci~y available N-acetylthiourea gave# 809 

. s 0 

CM Ovtf. }-NJl.. 
''3 , I "I N H 

~ A 

0-.:>--H 4-~ 0 

0 0 

5 1H NMR (400 MHz, DMSO-dJ: 8 8.62 (s, lH), 8.30 (bs, lH), 8.17 (d, J= 8.9 Hz, lH), 

7.62 (bs , lH) , 7 .52 (bs , iH), 7.28 (d, J= 6.4Hz, lH), 7.21 (bs, lH), 5.63 (bs, lH), 5.54 

(dd, J= 8.1 Hz, lH), 5.28 (dd, J= 9.5Hz, lH), 4.62 (d, J= 12.1 Hz, lH), 4.56-4.46 (m, 

2H), 4.11-4.04 (m, lH), 3.95 (s, 3H) , 3.93-3.88 (m, lH), 2.62-2.54 (m, lH), 2.45-2.36 

(m, lH), 2.22 (s, 3H}, 2.21-2.13 (m, lH), 1.79-1.69 (m, 2H}, 1.65-1.30 (m, 16H), 1.26-

10 1.12 (m, 2H). MS; es·: 775.3 (M +Hr, es·: 773.3 (M - H)". 

ExAMPLE34E 

To a stirred solution ofthe 2-amino-4-thiazolyl intermediate 34g (0.24 g, 0.32 mmol) 

in ~~ (5 mL) at RT was added DIPEA (0.55 mL, 3.18 mmol, 10 eq) and methyl 

chloroformate (0.13 mL, 1.6 mmol, 5 eq). The reaction mixture was stirred for 6.5 h 

15 before being concentrated under vacuum. The crude isolated material was then 

hydrolyzed to the desired carboxylic acid as described in Example 34 to yield 

compound # 818 

s 0 

CH ovtl }-N)lO.,, 
s , I "11 N H . 

~ A 

0-o'}_H ~ H o :N}-N . 
0 0 ;; . = 

1H NMR (400 MHz, DMSO-d6): 8 8.61 (s, lH), 8.21-8.07 (m, 2H}, 7.61-7.38 (m, 2H), 

20 7.26 (d, J = 6.4 Hz, lH), 7.19-7.10 (m, lH}, 5.60-5.47 (m, 2H), 5.27 (dd, J = 9.2 Hz, 

• , 
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lH), 4.63-4.53 (m, lH), 4.47 (d, J = 7.9 Hz, lH), 4.13-4.04 (m, 1H), 3.93 (s, 3H), 3.92-

3.87 (m, 2H), 3.79 (s, 3H), 2.42-2.30 (m, 2H), 2.17 (dd, J = 9.2 Hz, 1H}, 1.81-1.68 (m, 

2H), 1.63-1.29 (m, 16H), 1.23-1.10 (m, 2H). MS; es·: 791.1 (M +Hr, es·: 789.1 (M-H)-. 

ExAMPLE34F 

5 Following the conditions described above in example 34E, but using isobutyl 

chloroformate, gave the analogous substituted carbamate intermediate. The crude 

isolated material was then hydrolyzed to the desired compound # 819 

s 0 CH O'Of' ~NJLO~ ap-.:: NH I 
~IA 

e>-:~" ~~ 
0 0 

1H NMR (400 MHz, DMSO-dJ: 8 8.62 (s, lH), 8.47-8.27 (bs, lH}, 8.18 (d, J = 8.6 Hz, 
10 lH), 7.69-7.60 (m, lH), 7.60-7.51 (m, lH), 7.28 (d,J = 6.7Hz, 1H), 7.28-7.19(m,1H), 

5.70-5.60 (m, lH}, 5.52 (dd, J = 8.3 Hz, lH}, 5~27 (dd, J = 9.8 Hz, 1H), 4.63 (d, J = 11.8 

Hz, 1H), 4.53-4.44 (m, 2H), 4.10-3.99 (m, 1H), 4.04 (d, J = 6.7 Hz, 2H), 3.95 (s, 3H), 

3.94-3.87 (m, 1H), 2.65-2.53 (m, lH), 2.46-2.34 (m, 1H), 2.16 (dd, J = 8.1 Hz, 1H), 2.03-

1.91(m,1H), 1.79-1.09 (m, 20H), 0.95 (d, J = 6.7 Hz, 6H). MS; es·: 833.2 (M +Hf, es·: 

15 831.2 (M-H)". 

20 

EXAMPLE 35 

Synthesis of compound #908 

Starting with derivative 27a and using the same chemistry as described in example 

34, the following saturated macrocycle, compound # 908 (Table 9) was obtained. 

27a 

Chemistry as described 
in example 34 

1H NMR (400 MHz, DMSO-dJ: 8 8.47 (s, lH), 8.16 (d, J = 10 Hz, 1H), 8.15-8.07 (m, 

I 

" 
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lH), 7.82-7.63 (m, 2H), 7.53-7.43 (m, 2H), 7.33-7.22 (m, lH), 7.13 (d, l=. 7 Hz, lH), 

5.77-5.65 (m, lH), 4.62-4.52 (m, 2H), 4.50-4.4 (m, lH), 4.20-4.10 (m, lH), 3.94 (s, 3H), 

3.89-3.83 (m, lH), 2.59-2.53 (m, lH), 2.48-2.40 (m, lH), 1.79-1.0 (m, 25H);). MS; es+: 

735.2 (M +Hr, es·: 733.2 (M-Hr. 

5 ExAMPLE 35A 

Synthesis of compound #909 

Using the same procedure as described in example 35 but using available N­

acetylthiourea gave compound# 909 (Table 9). 

10 1H NMR (400 MHz, DMSO-dJ: 5 8.53-8.41 (m, 2H), 8.20 (d, J= 9.2 Hz, lH), 7.68 (bs, 

lH), 7.68 (bs, lH), 7.27 (dd, J= 9.2 Hz, lH), 7.15 (d, J= 6.4 Hz,lH), 5.67 (bs,lH), 4.65-

4.50 (m, 3H), 4.44-4.37 (m, lH), 4.21-4.13 {m, lH) , 3.96 (s, 3H), 3.99-3.86 (m, lH), 

2.62-2.39 (m, 2H), 2.24 (s, 3H), 1.78-1.67 (m, 3H), 1.67-1.01(m,22H). 

MS; es+: 798.0 (M + Na)'1 es·: 777.0 (M +Hr. 

15 "EXAMPLE 35B 

Synthesis of compound #910 

Using the same procedure as descnbed in example 35 but using available N­

ethylthiourea gave compound# 910 (Table 9). 

20 1H NMR (400 MHz, DMSO-d6): 5 8.47 (s, lH), 8.29 (bs, lH), 8.20 (d, J = 9.2 Hz, lH), 

I . 

i I 
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8.09 (bs, lH), 7.~7 (s, lH), 7.77 (s, lH), 7.32 (dd, J = 9.2 Hz, lH), 7.14 (dd, J = 6.7 Hz, 
lH), 5.78 (bs, lH), 4.58 (dd, J = 8.1 Hz, 2H), 4.43 (bs, lH), 4.184.12 (m, lH), 3.97 (s, 
3H), 3.87 (d, J = 8.9 Hz, lH), 3.55-3.46 (m, 2H), 2.63-2.53 (m, lH), 2.47-2.41 (m, lH), 
1.78-1.00 (m, 25H), 1.25 (t, J = 7.3 Hz, 3H). ). MS; es·: 763.1 (M +Hr, es·: 761.1 (M -

5 H)". 

10 

EXAMPLE 35C 

Synthesis of compound #911 

Using the same procedure as described in example 35 but using available N-iso­

propylthiourea gave compound# 911 (Table 9). 

3 -.: N H CHO-of'J~N~ 
::::.... I A 

~>-" ~ 
0 0 

1H NMR (400 MHz, DMSO-d6): ~ 8.47 (s, lH), 8.29-8.19 (m, lH), 8.19 (d, J = 9.2 Hz, 
lH), 8.09-8.0 (m, lH), 7.83 (bs, lH), 7.74 (bs, lH), 7.31 (d, J = 8 Hz, lH), 7.14 (d, J = 6.~ 
Hz, lH), 5.76 (bs, lH), 4.64-4.53 (m, 2H), 4.44 (bs, lH), 4.22-4.09 (m, 3H), 3.97 (s, 3H), 
3.87 (d,J = 8.6 Hz, lH), 2.63-2.58 (m, lH), 2.46-2.41 (m, lH), 1.79-1.10 (m, 24H), 1.27 

15 and 1.26 (2x d,J = 6.5Hz, 6H). MS; es·: 777.0 (M +Hr, es·: 775.0 (M-H)·. 

EXAMPLE 36 

Synthesis of compound #116 

1 
H NMR (400 MHz, DMSO-d6): ~(ppm): 8.62 (s, lH), 8.13 (d, J=9.2 Hz, lH), 7.64-7.54 

20 (m, 2H), 7.47 (d, J=2.6 Hz, lH), 7.16 (dd, J=9.2, 2.2 Hz, lH), 7.03 (d, J=6.0 Hz, lH), 

f . 
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5.63 (s, lH), 5.52 (q, J=9.9 Hz, lH), 5.26 (t, J=8.9 Hz, lH),4.62 (d, J=ll.45, lH), 4.45 

(dd, J=9.2, 8.27 Hz, lH),4.02 (m, lH) 3.93 (s, 3H), 3.7 (dd, J=7.6, 1.0 Hz, lH), 2.66 (s, 

3H), 2.55-2.65 (m, lH); 2.35-2.45 (m, H:i), 2.17 (q, J=8.6 Hz, lH), 1.65-1.75 (m, 2H), 

1.5-1.35 {m, 7H), 1.15 (s, 9H). 

5 MS: 705. (M+l), 703 (M-1) 

ExAMPLE 37 

Synthesis of compound #717 

I . N~ 
oYYiVo 

~ . 0 

1 H NMR (400 MHz, DMSO-d6): a (ppm): 8.62 (s, lH), 8.15 (d, J=8.9 Hz, lH), 7.62 (s, 

10 lH), 7.49 (s, lH}, 7.19 (dd, J=9.2, 2.2 Hz, lH}, 7.02 {d, J=5.4 Hz, lH), 5.64 (s, lH), 5.52 

(q, J=9.9 Hz, lH), 5.26 {t, J=9.2 Hz, lH),4.63 (d, J=l 1.44, lH), 4.45 {t, J=9.2 Hz, lH}, 

3.94 (s, 3H), 3.9-3.8 (m, lH),2.7-2.55 (m, lH), 2;4-2.3 (m, lH}, 2.18 (q, J=8.9 Hz, lH), 

1.75-1;65 {m, 2H), 1.5-1.2 {m, 7H), 1.14 (s, 9H). 

MS: 705. (M+l), 703 (M-1). 

15 EXAMPLE 38 

Synthesis of compound #718 

F\ 
/O'(YNyN..J-N 
-~ 

Q 

1 H NMR (400 MHz, DMSO-dJ: a (ppm): 9.55 (s, lH), 8.63 (s, lH), 8.43 (s, lH), 8.13 

(d, J = 9.2 Hz, lH), 7.66 (s, lH), 7.46 (s, lH), 7.32 (d, J = 2.6 Hz, lH), 7.10-7.07 (m, 2H), 
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5.64-5.54 (m, lH), 5.59-5.48 (m, lH), 5.33-5.23 (m, lH), 4.73-4.61 (m, lH), 4.45 (dd, J = 
7 5, 9.1 Hz, lH), 4.09-4.00 (m, lH), 3.92 (s, 3H), 3.93-3.83 (m, lH), 2.67-2.55 {m, 2H), 
2.53-2.43 (m, lH), 2.42-2.31 (m, lH), 2.23-2.12 (m,lH), 1.81-1.66 {m, 2H), 1.52-1.42 (m, 
2H), 1.42-1.25 (m, 6H), 1.21(s,9H). 

5 MS: 689.3 {M+l), 687.3 {M-1) 

EXAMPLE 39 

Synthesis of compound #722 

1 
H NMR (400 MHz, DMSO-dJ: 5 (ppm): 9-?0 (s, lH), 8.64 (s, lH), 8.26 (s, lH), 8.14 

1 o (d, J = 9.2 Hz, lH), 7.45 (s, lH), 7.30 (d, J = 2.5 Hz, lH), 7.14-7.06 (m, 2H), 5.60-5.54 
(m, lH), 5.58-5.48 (m, lH), 5.31-5.23 (m, lH), 4.71-4.62 (m, lH), 4;49-4.40 (m, lH), 
4.08-3.99 (m, lH), 3.92 (s, 3H), 3.92-3.84 (m, lH), 2.69-2.54 {m, 2H), 2.53-2.46 (m, lH), 
2.42-2.31 (m, lH), 2.37 (s, 3H), 2.22-2.13 (m, lH), 1.81-1.64 {m, 2H), 1.54-1.42 (m, 2H), 
1.42-1~27 (m, 6H), 1.22 (s, 9H). 

15 MS: 703.3 (M+l), 701.3 {M-1) 

EXAMPLE 40 

Synthesis of compound #733 

n /o"fNYN,; 
~ 

Q 

1 . H NMR (400 MHz, DMSO-dJ: a {ppm): 8.75 (m, lH), 8.62 (s, lH), 8.06 (d, J=9.2 Hz, 
20 lH), 7.88-7.87 (m, lH), 7.48 (s, lH), 7.28 (d,.J=2.6Hz, lH), 7.05-7.00 {m, 2H), 6.64-6.63 

I , 
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(m, lH), 5.62-5.58 (m, lH), 5.55-5.49 (m, lH), 5.28-5.24 (m, lH), 4.64-4.61 (m, lH), 

4.48-4.44 (m, lH), 4.07-4.03 (m, lH), 3.91 (s, 3H), 3.92-3.85 (m, lH), 2.67-2.54 (m, 

2H),2.53-2.45 (m, lH), 2.41-2.34 (in, lH), 2.20-2.14 (m, lH), 1.75-1.69 (m, 2H), 1.50-

1.43 (m, 2H), 1.41-1.32 (m, 6H), 1.17 (s, 9H). 

5 MS: 689.3 (M+l), 687.2 (M-1) 

EXAMPLE 41 

Synthesis of compound # 703 

1HNMR (400 MHz, DMSO-d6): S 8.50 (s, lH), 8.19 (s, lH), 8.17 (s, lH), 8.11-8.00 (m, 

10 lH), 7.88-7.77 (m, lH), 7.73 (s, lH), 7.25 (d, J = 8.6 Hz, lH), 6.93 (d,J = 6 Hz, lH), 

5.89-5.68 (m, lH), 4.62 (d, J = 11 Hz, lH), 4.53 (dd, J = 8.3 Hz, lH), 4.16-4.07 (m, lH), 

3.96 (s, 3H), 3.88 (bd, J = 9.5 Hz, lH), 3.53-3.43 (m, 2H), 2.63-2.51 (m, lH), 2.46-2.36 

(m, lH), 1.81-1.62 (m, 2H), 1.60-1.01(m,15H), 1.24 (t, J = 7.4 Hz, 3H), 1.17 (s, 9H). 

MS; es+: 751.l(M +Hr, es·: 749.1- (M- H)". 

15 EXAMPLE 42 

Synthesis of compound #734 

/o~ 
·~ 

Q 

1 
H NMR (400 MHz, DMSO-d6): S (ppm): 8.62 (s, lH), 8.54 (s, lH), 8.04 (d, J=9.2 Hz, 

lH), 7.70 (s, lH), 7.43 {s, lH), 7.24 (d, J=2.6Hz, lH), 7.05-6.98 (m, 2H), 5.57-5.54 (m, 

: I 
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lH), 5.55-5.48 (m, lH), 5.28-5.24 (m, lH), 4.63-4.59 (m, lH), 4.47-4.43 (m, lH), 4.13-

3.99 (m, lH), 3.90 (s, 3H), 3.92-3.83 (m, 1H), 2.67-2.55 (m, 2H), 2.53-2.46 (m, lH), 2.43-

2.31 (m, lH), 2.22-2.15 (m, lH), 2.15 (3H), 1.75-1.70 (m, 2H), 1.51-1.42 (m, 2H), 1.41-

1.28 (m, 6H), 1.17 (s, 9H). 

5 MS: 703.2 (M+l), 701.3 (M-1) 

EXAMPLE 43 

Synthesis of compound #738 

,,,..o'CrlN N~ I ""' . ~ N 
b b 

Q 

1 
H NMR (400 MHz, DMSO-d6): 8 (ppm): 8.64 (d, J = 2.5 Hz, lH), 8.62 (s, lH), 8.04 (d, 

10 J = 9.2 Hz, lH), 7.39 (s, lH), 7.24 (d,J= 2.5 Hz, lH), 7.04 (d,J = 6.0 Hz, lH), 6.99 (dd, 

J = 2.2, 9.2 Hz, lH), 6.43 (d, J = 2.2 Hz, lH), 5.62-5.57 (m, lH), 5.56-5.47 (m, lH), 5.31-

5.22 (m, lH), 4.65-4.56 (m, lH), 4.45 (dd, J = 7.6, 8.9 Hz, lH), 4.07-4.00 (m, lH), 3.90 

(s, 3H), 3.88-3.84 (m, lH), 2.68-2.56 (m, 2H), 2.54-2.43 (m, lH), 2.42-2.31 (m, lH), 2.34 

(s, 3H), 2.24-2.14 (m, lH), 1.80-1.64 (m, 2H), 1.52-1.43 (m, 2H), 1.43-1.27 (m, 6H), 1.18 

15 (s, 9H). 

MS: 703.2 (M+l), 701.2 (M-1) 

EXAMPLE 44 

Synthesis of compound #725 

20 1H NMR {400 MHz, DMSO-d6): 8 {ppm): 8.62 (s, lH), 8.10 {d, J=9.2 Hz, lH), 7.57 (s, 
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lH), 7.49 (s, lH), 7.35 (d, J=2.2 Hz, lH), 7.09-7.03 (m, 2H), 5.65-5.61 (m, lH), 5.55-5.49 

(m, lH), 5.28-5.24 (m, lH), 4.62-4.57 (m, lH), 4.49-4.45 (m, lH), 4.08-4.01 (m, lH), 

3.93 (s, 3H), 3.92-3.86 (m, lH), 3.20-3.14 (m, lH), 2~65-2.56 (s, lH), 2.53-2.47 (m, lH) 

2.42-2.35 (m, lH), 2.22-2.15 (m, lH), 1.79-1.68 (m, 2H), 1.50-1.43 (m, 2H), 1.41-1.28 (m, 

5 12H), 1.18 (s, 9H). 

10 

MS: 748.2 (M+l), 746.2 (M-1) 

EXAMPLE 45 

Synthesis of compound #72.6 

1 H NMR (400 MHz, DMSO-d6): 8 (ppm): 8.64 (s, lH), 8.10 (d, J=9.5 Hz, lH), 7.83-7.76 

(m, 2H), 7.60 (s, lH), 7.44-7.42 (m, lH), 7~18-7.01 (m, 2H), 5.56-5.49 (m, 2H), 5.29-5.24 

(m, lH), 4.66-4.63 (m, lH), 4.47-4.42 (m, lH), 4.28 (s, 3H), 4.06-4.02 (m, 2H), 3.94 (s, 

3H), 3.93-3.86 (m, lH), 2.66-2.55 (m, 2H), 2.42-2.31 (m, 2H), 2.22-2.14 (m, lH), 1.79-

1.65 (m, 2H), 1.52-1.27 (m, 7H), 1.22 (s, 9H). 

15 MS: 703.2 (M+l), 701.3 (M-1) 

EXAMPLE 46 

Synthesis of compound #906 

l 
H NMR (400 MHz, DMSO-d6): o (ppm): 8.46 (s, lH), 8.06 {d, J=9.2 Hz, lH), 7.57 (s, 

20 lH), 7.49 {s, lH), 7.34 (m, lH), 7.14-7.05 (m, 2H), 5.63-5.58 (m, lH), 4.66-4.61 (m, lH), 

I , 

'I 
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4.54-4.44 (m, 2H),4.23-4.18 (m, lH) 3.93 (s, 3H),_3~92-3.88 (m, lH), 3.21-3.14 (m, lH), 

2.44-2.33 (m, lH), 1.35 (d, J=7Hz, 6H), 1.73-1.01 (m, 26H) 

MS: 762.0 (M+l), 759.9 (M-1) 

ExAMPLE 47 

5 Synthesis of compound #907 

,,oyyNy0 
~ 

'? 

Oyt:t2JOH 
1 H NMR (400 MHz, DMSO-d6): S (ppm): 8.46 (s, lH), 7.98 (d, J=8.9 Hz, lH), 7.91-7.89 

(m, 2H), 7.23-7.21 (m, 2H), 7.07-7.00 (m, 2H), 6.35-6.32 (m, 2H), 5.64-5.58 (m, lH), 

4.65-4.61 (m, lH), 4.53-4.47 (m, 2H),4.24-4.19 (m, lH) 3.90 (s, 3H), 3.86-3.84 (m, lH), 
10 2.40-2.33 (m, lH), 1.73-1.01(m,26H). 

MS: 702.0 (M+l), 699.9 (M-1) 

ExAMPLE 48 

Full-length NS3-NS4A heterodimer protein fluorogenic assay 

The NS2-NSSB-3'non coding region was cloned by RT-PCR into the pCR®3 vector 
15 (Invitrogen) using RNA extracted from the serum of an HCV genotype lb infected 

individual (provided by Dr. Bernard Willems, Hopital St-Luc, Montreal, Quebec, 

Canada). The NS3-NS4A region (NS3-NS4AFL) was then subcloned by PCR into the 

pFastBac™ HTa baculovirus expression vector (Gibco/BRL). The vector sequence 
includes a region encoding a 28-residue N-terminal sequence which contains a 

20 hexahistidine tag. The Bae-to-Bae™ baculovirus expression system (Gibco/BRL) was 

used tc;> produce the recombinant baculovirus. His-NS3-NS4AFL was expressed by 

infecting 10
6 

Sf21 cells/mL with the recombinant baculovirus at a multiplicity of 

infection of 0.1-0.2 at 27°. Authentic auto-proteolysis occurs during expression to 

produce a non covalent and stable NS3-NS4A protein complex {referred to as full-

25 length ''FL"). The infected culture was harvested 48 to 64 h later by centrifugation at 

4°. The cell pellet was homogenized in 50mM NaP04, pH 7.5, 40% glycerol (w /v), 

' ~ 
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2m.M 13-mercaptoethanol, in presence of a cocktail of protease inhibitors. His-NS3-

NS4AFL was then extracted from the celllysate with 1.5% NP-40, 0.5% Triton X-100, 

O.SM NaCl, and a DNase treatment. After ultracentrifugation, the soluble extract 

was diluted 4-fold and bound on a Pharmacia Hi-Trap Ni-chelating column. The 

5 His-NS3-NS4AFL was eluted in a >90% pure form (as judged by SOS-PAGE), using 

a 50 to 400 mM imidazole gradient. The His-NS3-NS4AFL was stored at -80° in 50 

mM sodium phosphate, pH 7.5, 10% (w /v) glycerol, 0.5 M NaCl, 0.25 M imidazole, 

0.1 % NP-40. It was thawed on ice and diluted just prior to use. 

The protease activity of His-NS3-NS4AFL was assayed in 50 mM Tris-HCl, pH 8.0, 

10 0.25 M sodium citrate, 0.01% {w /v} n-dodecyl-13-D-maltoside, 1 mM TCEP. Five (5) 

µM of the internally quenched substrate anthranilyl-DDIVPAbu[C(O)-O]-AMY(3-

N02)TW-OH in presence of various concentrations of inhibitor were incubated with 

1.5 nM of His-NS3-NS4AFL for 45 min at 23°. The final DMSO concentration did not 

exceed 5.25%. The reaction was terminated with the addition of lM MES, pH 5.8. 

15 Fluorescence of the N-terminal product was monitored on a Perkin"'.Elmer L5-50B 

fluorometer equipped with a 96-well plate reader (excitation wavelength: 325 nm; 

emission wavelength: 423 nm). 

The % inhibition was calculated with the following equation: 

100- [(fluoinh-flu0i,1an1t)/(fluoc11-flu<>t,lank)x 100] 

20 A non-linear curve fit with the Hill model was applied fo the inlubition­

concentration data, and the 50% effective concentration (IC50} was calculated by the 

use of SAS software ,(Statistical Software System; SAS Institute, Inc. Cary, N.C.). 

ExAMPLE 49 

Recombinant HCV NS3 protease radiometric assay 
' ' 

25 The substrate used for the HCV NS3 protease radiometric assay, DDIVPC-SMSYTW, 

is cleaved between the cysteine and the serine residues by the enZym.e. The sequence 

DDIVPC-SMSYTW corresponds to the NSSA/NSSB natural cleavage site in which 

the cysteine residue in P2 has been substituted for a praline. The peptide substrate 

DDIVPC-SMSYTW and the tracer biotin-DDIVPC•SMS[12i:-Y]1W were incubated 

30 with the recombinant NS3 protease in the absence or in the presence of inhibitors. 

The separation of substrate from products was performed by adding avidin-coated 
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agarose beads to the assay mixture followed by filtration. The amount of SMS['~~ 
Y]TW product found in the filtrate (with or without inhibitor) allowed for the 
calculation of the percentage of substrate conversion and of the percentage of 

inhibition. 

5 A. Reagents 

Tris and Tris-HCl (UltraPure) were obtained from Life Technologies. Glycerol 

(UltraPure), MES and BSA were purchased from Sigma®. TCEP was obtained from 

Pierce, DMSO from Aldrich® and NaOH from Anachemia®. 

Assay buffer: 50 mM Tris-HCl, pH 7.5, 30% (w /v) glycerol, 2% (w /v) CHAPS, 1 
1 o mg/mL BSA, 1 mM TCEP (TCEP added just prior to use from a 1 M stock solution 

in water). 

Substrate: DDIVPC-SMSYTW, 25 µM final concentration (from a 2 mM stock 
solution in DMSO stored at -20°C to avoid oxidation). 

Tracer: reduced mono-iodinated substrate(biotin-DDNPC-SMS[u51-Y]TW) (== 1 nM 
15 final concentration). 

HCV NS3 protease type lb, 25 nM final concentration (from a stock solution in SO 

mM sodium phosphate, pH 7.5, 10% glycerol, 300 mM NaCl, 5 mM OTT, 0.01 % NP-
40). 

B.Protocol 

20 The assay was performed in a 96-well polypropylene plate. Each well contained: 

20 µL substrate/tracer in assay buffer; 

10 µL ± inhibitor in 20% DMSO I assay buffer; 

10 µLNS3 protease lb. 

Blank (no inhibitor and no enzyme) and control (no inhibitor) were also prepared on 
25 the same assay plate. 

The enzymatic reaction was initiated by the addition of the enzyme solution and the 
assay mixture was incubated for 60 min at 23°C under gentle agitation. Twenty (20) 

µL of 0.025 N NaOH were added to quench the enzymatic reaction. 

Twenty (20) µL of avidin-coated agarose beads (purchased from Pierce®) were 

30 added in a Millipore® MADP N65 filtration plate. The quenched assay mixture was 

transferred to the filtration plate, and incubated for 60 min at 23°C under gentle 
agitation. 

• , 
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The plates were filtered using a Millipore® MultiScreen Vaeuum Manifold Filtration 

apparatus, and 40 µL of the filtrate was transferred to an opaque 96-well plate 

containing 60 µL of scintillation fluid per well. 

The filtrates were counted on a Packard® Top~ount instrument using a 1251-liquid 

5 protocol for 1 minute. 

The %inhibition was calculated with the following eqlla.tion: 

lOO-[(counts1nh-countsb1anJ/ {countse11-countsi,11nJ x 100] 

A non-linear curve fit with the Hill model was applied to the inlubition­

concentration data, and the 50% effective cc>ncentration (ICsJ was calculated by the 

10 use of SAS software {Statistical Software System; SAS Institute, Inc., Cary, N.C.). 

EXAMPLE 50 

Specificity assays · 

The specificity of the compounds was determined against a variety of serine 

proteases: human leukocyte elastase, porcine pancreatic elastase and bovine 

15 pancreatic a.-chymotrypsin and one cysteine protease: human liver cathepsin B. In 

all cases a 96-well plate format protocol using a chromogenic substrate specific for 

each enzyme was used. Each assay included a 1 h enzyme-inlubitor pre-incubation 

at RT followed by addition of substrate and hydrolysis to =30% conversion as 

measured on a UV Thermomax® microplate reader or a fluorescence Perkin-Elmer® 

20 LSSOB plate reader. Substrate concentrations were kept as low as possible compared 

to~ to reduce substrate competition. Compound concentrations varied from 300 

to 0.06 µM depending on their potency. 

The final conditions for each assay were as follows: 

50mM Tris-HCI pH 8, 0.5 M N~SO"' 50 mM NaCl, 0.1 mM EDTA, 3% DMSO, 0.01 % 

25 Tween-20 with; 

[100 µM Succ-AAPF-pNA and 250 pM a.-chymotrypsin], [133 µM Succ-AAA-pNA 

and 8 nM porcine elastase], (133 µM Succ-AAV-pNA and 8 nM leukocyte elastase); 

or 

(100 mM NaHP04 pH 6, 1mMEDTA,3% DMSO, lmM TCEP, 0.01% Tween-20, 4 

30 µM Z-FR-AMC {7-amino-4-methylcoumarin) and 0.5 nM cathepsin B (the stock 

enzyme was activated in buffer containing 20 mM TCEP before use)]. 

• . 

: I 
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A representative example is summarized below for porcine pancreatic elasta~: 
In a polystyrene flat-bottom 96-well plate (Cellwells, Corning) were added using a 
Biomek liquid handler (Beckman): 

40 µL of assay.buffer (50 mM Tris-HCI pH 8, 1MNa:zS04,50 mM NaCl, 0.1 mM 

5 EDTA); 

20 µL of enzyme solution (50 mM Tris-HCl pH 8, 50 mM NaCl, 0.1 mM EDTA, 0.02% 
Tween-20, 40 nM porcine pancreatic elastase); and 

20 µL of inhibitor solution (50 mM Tris-HCl, pH 8, SOmM NaCl, 0.1 mM EDTA, 

0.02% Tween-20, 1.5 mM-0.3 µM inhibitor, 15% v /v DMSO}. 

10 After 60 min pre-incubation at RT, 20 µL of substrate solution (50 mM Tris-HCl, pH 

8, 0.5 M Na2S04, 50 mM NaCl, 0.1mMEDTA,665 µM Succ-AAA-pNA) were added 

to each well and the reaction was further incubated at RT for 60 min after which 
time the absorbance was read on the UV Thermomax® plate reader. Rows of wells 
were allocated for controls (no inhibitor) and for blanks (no inhibitor and no 

15 enzyme). 

The sequential 2-fold dilutions of the inhibitor solution were performed on a 
separate plate by the liquid handler using 50 mM Tris-HO pH 8, 50 mM NaO, 0.1 
mM EDTA, 0.02% Tween-20, 15% (v /v) DMSO. All other specificity assays were 

· performed in a similar fashion. 

20 The percentage of inhibition was calculated using the formula: 

[1-((UV lnh-UVblanlc)/(UVct1-UVb1an1c))] x 100 

A non-linear curve fit with the Hill model was applied to the inhibition­

concentration data, and the 50% effective concentration (ICsJ was calculated by the 

use of SAS software {Statistical Software System; SAS Institute, Inc., Cary, N.C.). 
25 EXAMPLE 51 

NS3 Protease Cell-based assay 

This assay is done with Huh-7 cells, a human cell line derived from a hepatoma, co­
transfected with 2 DNA constructs: 

one (called NS3) expressing part of the HCV non-structural polyprotein fused to the 
30 tT A protein through an NSSA-NSSB cleavage site in the following order: NS3-NS4A­

NS4B-NSSA-{NSSB)tTA where (NSSB) represents the 6 first amino acids ofNSSB. 

• '! 



W0.00/59929 PCT/CA00/00353" 

108 

This polypi'otein is expressed under the control of the CMV promoter, 

the other (called SE.AP) expressing the reporter protein, secreted alkaline 

phosphatase (SEAP), under the regulation of a ff A-responsive promoter. 

The first construct leads to the expression ofa polyprotein from which the different 

5 mature proteins are released through cleavage by the NS3 protease. It is believed 

that the mature viral proteins forms a complex at the membrane of the endoplasmic 

reticulum. tTA is a fusion protein, described by Gossen and Bujard (Proc. Natl. 

Acad. Sci. USA 89 (1992): 5547-5551), which contains a DNA-binding domain and a 

transcriptional activator. Release of the tTA protein requires an NS3-dependent 

1 o cleavage at the NSSA-NS5B cleavage site between NSSA and itself. This last 

cleavage allows tTA to migrate to the nucleus and transactivate the SEAP gene. 

Therefore, reduction of NS3 proteolytic activity leads to confinement of tT A to the 

cytoplasm and concomitant decrease in SEAP activity. 

To control for cellular activities other than inhibition of NS3 protease which are due 

15 to the compound, a parallel co-transfection is done with a construct expressing tTA 

alone and the same reporter construct such that SEAP activity is independent of the 

NS3 protease. 

Protocol of the assay: Huh-7 cells, grown in CHO-SFMII (Life Technologies) + 10% 

FCS (fetal calf serum) were co-transfected with the two DNA constructs in the 

20 following proportions: 

7 µg NS3+ 500ng SEAP + 800µ1 FuGENE.(Boehringer Mannheim) per 4 X 106 Huh-7 

cells. After 5 hours at 37°C, the cells were washed, trypsinized and plated (at 80 000 

cells/well) in 96-well plates containing a range of concentrations of the compounds 

to be tested. After a 24-hour incubation period, the SEAP activity in the medium was 

25 measured with the Phospha-Light kit (Tropix). 

Analysis of the percent inhibition of SEAP activity with respect to compound 

concentration was performed with the SAS software to obtain the EC50• 

• ~ 
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TABLES OF COMPOUNDS 

The following tables list compounds representative of the invention. 

All compounds listed in Tables 1 to 9 were found to be active in the enzymatic assay · 
presented in Example 48. A number accompanied by an asterisk (*} represents 

5 enzymatic activity obtained with the radiometric assay presented in Example 49 

with IC50's under SOµM. In these enzymatic assays, the following grading was used: 

A :2: lµM; lµM> B > O.lµM; and C ~ O.lµM. 

Several compounds were tested in the specificity assays presented in Example 50 

and were found to be specific for the NS3 protease. In general, the results from the 

1 O different specificity assays are the following: HLE >300µ.M; PPE >300µ.M; a-Chym. 

>300 µM; Cat. B >300 µM; indicating that these compounds are highly specific 

toward the HCV NS3 protease and are not expected to exhibit serious side-effects. 

In addition, certain of these compounds were tested in the cell-based assay 

described in Example 51 and were found to have activity with an EC50 below lOµM, 

15 strongly indicating that these compounds can cross the cell membrane. Particularly, 
compounds of Tables 7, 8 and 9 have been assessed in the cellular assay and the 

result indicated in the last column. In this cellular assay, the following coding was 

used: A >lµM; B ~ lµM. 

20 

The following abbreviations are used within the following tables: 

+ MS: Electrospray mass spectral data; m/z MH except when otherwise indicated by 

an asterisk*= m/z MH-; Ac: acetyl; Bn: benzyl; Boe: tert-butyloxycarbonyl; Ph: 

phenyl; Pr: propyl. 

I , 
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Cpd. double 

# bond 

101 12,13-

trans 

102 none 

103 none 

110 

TABLE1 
22 ,....o'Y'f'NttR 

~· 
0 

. I . R1 
sing e stereo1somer at 

1. 
D-R bond R22 

stereochem 

1R, Dsyn to phenyl 

amide 

lR,Dsynto phenyl 

acid 

1R Dsynto phenyl 

amide 

MS 

685.8 

687.2 

687.2 

PCT/CA00/00353 

enzyme 

activity. 

A* 

c 

A* 

' , 
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TABLE2 

COCH 

8 

... 12 

. . 1 
single stereoisomer at R 

Cpd R3 R' double D-R1 bond Rz1 R22 MS enz. 
# bond stereochem act. 
202 NH-Boe H 11,12-:trans lRor 15, H H 593.7 B 

Dsynto 

acid 

203 NH-aeetyl H 11,12-trans lRor IS, H H 535.6 A 

Dsynto 

acid 
I . 205 NH-Boe 11-0H none lRor 15, H H 627.7 B 

12-0H Dsynto 
cis acid 

206 NH-Boe H 13,14-cis IR, Dsynto H H 593.7 c 
acid 

207 NH-Boe H 13,14-cis lR,D syn to OMe H 623.7 c 
acid 

208 NH-Boe H 13,14-cis lR, Dsyn to OMe phenyl 699.8 c 
acid 

209 NH-C(O)- H 13,14-cis IR, D syn to OMe phenyl 698.8 c 
NH-tBu acid 
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Cpd Ra R4 double 

# bond 

210 NH-Boe H 13,14-cis 

211 NH2 H 13,14-cis 

213 OH H 13,14-cis 

(one 

isomer) 

214 NH-Boe 10-oxo 13,14-cis 

215 NH-Boe H none 

217 NH-Boe 10-0H 13,14-cis 

(mixt 

dia 

stereo) 

218 NH-Boe 10- 13,14-ds 

oxo 

219 NH-Ac H none 

220 NH-Boe H 13,14-cis 

112 

D-R1 bond R21 

stereochem 

15, D syn to OMe 

acid 

lR, D syn to OMe 

acid 

lR,Dsynto OMe 

acid 

lR, Dsynto OMe 

acid 

lR,Dsynto OMe 

acid 

·1R,Dsynto OMe 

acid 

1R, Dsyn to OMe 

amide 

lR, Dsynto OMe 

acid 

1R, Dsyn to OMe 

amide 

PCT/CA00/00353 

Rrz MS 

phenyl 699.8 

phenyl 599.7 

H 524.6 

phenyl 713.8 

phenyl 701.8 

phenyl 715.8 

phenyl 713.8 

phenyl 643.2 

s:_) 706.2 

AN 

enz. 

act. 

A* 

c 

B 

c 

c 

c 

c 

c 

c 

- I , 

l I 
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TABLE3 
R22 

0 

-

O 0~~ 1COOH .N--y ~· }R' 
Ra 

D . 

single stereoisomer at R 
1 

Cpd. R3 -D- 1 
D-R bond 

R2t R22 MS enz 
# 

stereochem 
act. 

301 NH- lRor lS, H H 621.7 B 
16 

Boe 7 15 Dsynto . 9 
11 

" 0 14 

• acid 10 
12 13 

302 NH- 7 1R, Dsyn OMe Ph 671 A ··~ 
Boe 

" ' ~ 
to amide • 10 11 

303 NH- 8 10 ~ 1R, Dsyn OMe Ph 701.3 B 
1'···~0 b 

Boe 9 11 13 ' to amide I . 

304 NH- 1R,Dsyn OMe Ph 711.1 c 
~" Boe ••• to acid 

7 9 
10 12 

305 HO 'J 1R, Dsyn OMe Ph 602.2 B • 9 11. · .. rv0 .o 14 to acid 
10 

12 13 

306 NH-

\.~' 
1R, Dsyn OMe Ph 673.2 A* 

Boe to amide 
10 



W000/59929 PCT/CA00/00353 

114 

Cpd. R3 -D- 1 
D-R bond 

Rzt R22 MS enz 

# act. 
stereochem 

307 NH- lR, Dsyn OMe H c 
'~ ~1N1 Boe • •• & 9 11 13 .# 15 to acid 

10 12 14 

777 

308 NH-Ac 

\~ 
1R, Dsyn OMe OEt 609.2 c 

. . b 14 to acid 
10 

12 13 

TABLE4 

...... o 

Q 

COOH 

• . 

D-R1 bond syn to the acid 

Cpd R4 9-X 11, 12 MS enzyme 

# double activity. 

bond 

401 H c~ 
trans 699.3 c 

402 H c~ 
cis 699.4 B 

403 H 0 trans 701.3 c 

404 . 0 trans 715.3 B .. 
' 

Me 

i I 
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Cpd R4 9-X 11, 12 MS enzyme 

# double activity. 
bond 

405 
I 0 trans 715.2 c 

Me 
406 H 0 none 703.3 c 
407 . 0 none 717.3 B .. ... 

Me 
408 

I 0 none· 717.3 c 
Me 

409 
I 0 cis 715.2 B 

Me 
410 

I s trans 731.3 c 
.Me 

411 
I s cis 731.3 A* 

Me 
412 8-(Me)2 

9-S cis 745.3 A 
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TABLES 

.,.....o 

H 
O N N COCH 

- I Jl x 10 0 
J2 -:..-u 

~o N '-"""'"x, , x 
e x11 

13 

D-R1 bond syn to the acid 

Cpd 10-X 11-X 12-X MS enzyme 

# activity. 

501 CHi 0 CHi 
703.2 c 

502 CHi CHi CHi 701 c 

503 CHi CHi NH 702.3 A 

504 CH2 CHi 
N(Me) 716.3 A* • . 

505 c~ CHi N(CO)Me 744.3 B 

506 CHi CHi 
N(CO)Ph 806.3 B 

507 NH CHi CH2 
702.3 c 

508 N(CO) 
~ c~ 

744.3 c 
Me 

t I 
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TABLE& 

COOH 

11 13 

D-R1 bond syn to the acid 

Cpd# R21 R22 MS enzyme 

activity. 

601 N(Me)2 ~~o 776.2 c 

N~ 
~s 

602 OH 
(CF3) 675.2* c 

603 OMe 0 690.1 c 
~) ' 
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TABLE7 

,,O~NUR22 

~ 
0 

O '~~ • COOH 

- I. o .uv ·CJa 
~o.Jl..N--/. • • 1\ 10 12 ,' 14 

H · x-x-.L. • 
s ~-x 13 

. R4 11 

D-R1 bond syn to the acid 

Cpd# R4 x9 10; 
;X or 13,14 R22 MS cell. 

double act. 
xu 

bond 

701 H 11-0 Cis phenyl 701.3 A 

702 H c~ 
Cis H 0 

-tf I 
763.1 B 

703 H 
~ 

None H 751.4 B 

-<::·-(\ 
I . 

704 H c~ 
Cis j) 

700.3 B 

705 H CH2 
Cis 

~) 
706.2 B 

s 

707 H c~ 
Cis 

~ 
748.2 B 

708 H c~ 
Cis H 749.2 B 

~N\ 
~s 
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Cpd# R' 9 10; 
X;X or 13,14 R22 MS cell. 

double act. x11 
bond 

709 H 
~ 

None H 0 765.2 B NYNI -\:s 
710 H 

c~ None 

~ 
750.1 B 

711 H 
~ 

None j) 702.2 B 

712 H 
CH2 Cis -OEt 667.3 B 

713 H 
c~ None N 708.1 B 

-<) s 
714 H 

~ 
None -OEt 669.3 B 

715 H 
c~ Cis 

0 688.3 B 

/' 
716 H 

~ 
Cis 

.-<~Y 
705.3 A 

N-N 

I . 

717 H 
c~ Cis J!-{ 705.2 B 

O.,..N 

718 H 
c~ Cis 

~N 689.3 B 

l'_Jj 
719 H 

c~ Cis 

,0 
714.2 B 

~ 
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Cpd# R4 9 10; 
X;X or 13,14 

x11 
double 

bond· 

720 H c~ 
None 

721 H 
~ 

None 

722 H c~ 
Cis 

723 H c~ 
None 

724 H c~ 
None 

725 H 
~ 

Os 

726 H CHi Os 

727 H c~ 
Os 

728 H 
~ 

Cis 

729 H c~ 
. Cis 

R22 

H 

-<:(~ 

h ~ 
AN 
/_Jj 

0 ? 
H 0 

-<)N...f s o ....... 

-d' s 

)-~ 
~-OMe 

Me 

H NYN ....... 
~s 

PCT/CA00/00353. 

MS cell. 

act. 

751.2 B 

716.3 B 

703.3 B 

690.3 B 

781.1 B 

748.2 B 

703.2 B 

667.3 A 

637.3 A 

735.2 B 

'• 

• ~ 

i I 
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Cpd# R4 x9 x10; ; or 13,14 R22 MS cell. 
double act. 

x11 
bond 

730 H 
c~ None H 0 780.1 B 

~Ny 
~S HN......._ 

731 H 
~ 

Cis NYNH2 721.1 B 

.-cs 
732 H 

c~ Cis .D 705.3 A 

0 

733 H CHi Cis <n 689.3 B 

14-N 
734 H CH2 

Cis 

A 
703.2 B 

/'-N 

735 H 
CH2 

Cis H 0 749.2 B 
~N~ 
~s 

736 H 
~ 

Cis H 0 779.2 B 
--(:YN\('" 

s 0 

737 H CHi Cis j)'OMe 730.2 B 
' 

~ 
N 

738 H 
~ 

Cis ('ff 703.2 B 

/'-N 
739 10-(R) 

c~ None Ph 715.2 B 
Me 

740 10-(S) Dii none Ph 715.3 B 
Me 
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Cpd# 4 9 10; 13,14 Rn MS cell. 
R X ;X or 

double ad. 
x11 

bond 

741 H 
~ 

Cis H 763.1 B 

NYNY 
~s 

TABLES 

/O~NUR22 

~ . 0 

R4 

D-R1 bond syn to the acid, double bond 13,14: cis 

Cpd# Rn R' 
'J:}. 

R 

801 

°'~ 
H H 0 

~1N'f. 0 

803 n-Pr H OEt 

804 

-rlr-
H H 0 

-<:Y"I s 

805 

Qo-"' 
H 

~o 
806 

CY 
H. OEt 

COOH 

MS cell. 

act. 

761.2 B 

637.3 A 

790.3 B 

700.1 B 

663.2 A 

' ~ 
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Cpd# R32 R' Rn MS cell. 

act. 
807 

Qo_.. 
H OEt 679.3 B 

808 

__.lo,..,. 
H OEt 653.2 A 

809 

Qo_.. 
H H 0 775.1 B 

--tYN\ 
s 

810 Qo __ H H 761.2 B ~N....,/ 
~s 

811 

QC--
H H 747.2 B 

-tYN" 
s 

812 Qo __ H ~NH2 733.2 B 

~s 
813 y H OEt 691.3 B 

814. 
Qo __ H N 718.3 B 

--<) s 
815 

Qo_.. 
H 

'°" 
726.3 B 

816 

Y~-
H H 776.3 B ~N....,/ 

~s 
817 

Qo_.. 
H 

.-<-/' 
760.2 B 

s 

818 

Qo_.. 
H -<ry-- 791.1 B 

s 0 
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Cpd# . 32 
R R4 

819 Qo __ H 

820 °' -- H 

0 

821 Qo __ H 

822 Qo __ H 

823 Qo __ H 

824 Qo __ 10-(R) 

Me 

124 

22 · . 
R 

.{j'ul(o..).... 
s 0 . 

H 

. ~N..._/ 
~s 

() 
,1-N 

H 

~Ny 
~s 

('r 
,1-N 

OEt 

PCT/CA00/00353 

MS cell. 

act. 

833.2 B 

747.2 B 

700.9 B 

775.4 B 

715.2 B 

693.0 B 

' ~ 

: I 



W000/595'29 

125 

TABLE9 
22 

_,,O~NUR 

~ 
0 

D-R1 bond syn to the acid 

Cpd# R32 R' R22 

901 Qo __ H OEt 

902 Qo __ H - N 

~) 
s 

903 [lo __ H 
~NJ 

s 
904 

00 .... 
H () 

l'-N 
905 [lo __ H () 

l'-N 

906 

QO_. H 

-<i' s 

907 Qo __ H 0 /' 

PCT/CA00/00353 

COOH 

MS cell. 

act. 

681.3 B 

719.9 B 

705.9 B 

703.0 B 

689.0 B 

762.0 B 

702.0 B 

I , 
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Cpd# Rn " R 

908 

QC--
H 

909 

Qo_. 
H 

910 

Qo_. 
H 

911 
Qo_. 

H 

912 °' .--
H 

0 

913 °'o.- H 

914 

Qo~ 
H 

915 
~o~ 

H 

916 

Qo--r 
lO(R) 

Me 
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R21 

-<:YNH2 

s 
. H 

~N\( --Cs o 
~~ --\:s . 

H 

~Ny --Cs 
H 

-{:Y".../ s 
H 

~Ny --Cs o 
H 

-{:1N" 
H 

-{:YN\ s 
OEt 

PCT/CA00/00353" 

MS cell. 

ad. 

735.2 B 

777.0 B 

763.1 B 

. 777.0 B 

748.9 B 

762.9 B 

749.0 B 

751.1 B 

695.2 B 

• ' 



W000/59929 PCT/CA00/00353 

. · .. ·. ·. 

127 

CLAIMS 

What is claimed is: 

1. A compound of formula (I): 

(I} 
5 wherein Wis CH or N, 

R21 
is H, halo, CH alkyl, c3-6 cycloalkyl, cl-6 haloalkyl, cl-6 alkoxy, c3-6 cycloalkoxy, 

23 hydroxy, or N(R )2, 

wherein each R
23 

is independently H, C1-6 alkyl or C3-6 cycloalkyl; 

R
22 

is H, halo, cl-6 alkyl, c3-6 cycloalkyl, cl-6 haloalkyl, cl-6 thioalkyl I C1-6 alkoxy, c3-6 

1 o cycloalkoxy, C2•7 alkoxyalkyl, C3-6 cycloalkyl, C6or 10 aryl or Het, wherein Het is a 
five-, six-, or seven-membered saturated or unsaturated heterocycle containing from 
one to four heteroatoms selected from nitrogen, oxygen and sulfur; 

said cycloalkyl, aryl or Het being substituted with R24
, 

wherein R
24 

is H, halo, C1-6 alkyl, C3-6 cycloalkyl, C1-6 alkoxy, C3-6 cycloalkoxy, N02, 

15 N(R
2
\, NH-C(O)-R

25
; or NH-C(O)-NH-R

25
, wherein each R

25 
is independently: H, 

cl-6 alkyl or c3-6 cycloalkyl; 

or R
24 

is NH-C(O)-OR
26 

wherein R
26 

is C1-6 alkyl or C3-6 cycloalkyl; 

R
3 

is hydroxy, NH2, or a group of formula -NH-R
31

, wherein R
31 

is C6 orto aryl, 
32 32 . 32 heteroaryl, -C(O)-R , -C(O)-NHR or -C(O)-OR , 

:11111111.11111111111.11111111111' 
* C • L M S * 

• , 
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wherein R
32 

is C1-6 alkyl or C3-6 cycloalkyl; 

D is a 5 to 10-atom saturated or unsaturated alkylene chain optionally containing 

one to three heteroatoms independently selected from: 0, S, or N-R
41

, wherein 

R
41 

is H, C1_6 alkyl, C3-6 cycloalkyl or -C(O)-R
42

, wherein R
42 

is C1-6 alkyl, C3-6 

5 cycloalkyl or c6or10 aryl; 

R
4
is Hor from one to three substituents at any carbon atom of said chain D, said 

substituent independently selected from the group consisting of: cl-6 alkyl, cl-6 

haloalkyl, C1-6 alkoxy, hydroxy, halo, amino, OXO, thio or C1-6 tlµoalkyl, 

and 

10 A is an amide of formula -C(O)-NH-R
5

, wherein R
5 

is selected from the group 

consisting of: Ci.s alkyl, c3-6 cycloalkyl, c6or10 aryl or c7-16 aralkyl; 

or A is a carboxylic acid or a pharmaceutically acceptable salt or ester thereof. 

2. A compound of formula I according to claim 1, wherein said R
1 

moiety is 

15 selected from the 2 different diastereoisomers represented by structures (i) and (ii): 

I 

~ H 
yN~A 
0 _J;; 

D 

. \,-~'J?-A 
0 (:_ 

D 

D syn to the amide (i), or D syn to A (ii). 

3. The compound of formula I according to claim 2, wherein D is linked syn to 

20 A as represented by formula (ii). 

4. . The compound of formula I according to claim 1; wherein W isN; 

R
21 

is H, C1-6 alkyl, C1-6 alkoxy, hydroxy, chloro, or N(R
23

)2, wherein R
23 

is Hor C1_6 

alkyl; 

25 R
22 

is H, C1_6 thioalkyl, Ci-6 alkoxy, phenyl or Het selected from the group consisting. 

of: 

. lflllllf:lfllll.llllMflllUflll: 
* . 'C· L M S * 
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J:)~D 
· N o ;or 

wherein R24 
is H, C1_6 alkyl, NH-R25

, NH-C(O)-R25
;, NH-C(O)-NH-R25

, 

5 wherein each R
25 

is independently: H, C1-6 alkyl, or CH cycloalkyl; 

or NH-C(O)-OR
26

, wherein R26 
is C1-6 alkyl. 

· S. A compound of formula I according to claim 4, wherein Rn is H or C
1-6 

alkoxy. 

10 

6. The compound of formula I according to claim 4, wherein R
22 

is C1-4 alkoxy, 

phenyl or Het selected from the group consisting of: 

R24 

N N 24 ~ -L ~ 24 - // --=u_R24 ~R \ II - ~rR ~s.JJ ~~ ?-N 
; ; ; 
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wherein R
24 

is H, C1-6 alkyl, NH-R
25

, or NH-C(O)-R
25

; 

wherein each R
25 

is·Cl-6 alkyl or c3-6 cycloalkyl, 

or NH-C(O)-OR
26

, wherein R
26 

is as defined in claim 4. 

PCT/CA00/00353 

5 7. A compound of formula I according to claim 6, wherein R
21 

is methoxy. 

8. · The compound of formula I according to claim 7, wherein R
22 

is ethoxy, or 

Het selected from the group consisting of: 

~ R"Q -<J-R24

b 

; or ; 

1 o wherein Rua is NH-R
25 

or NH-C(O}-R 
25

, wherein R 
25 

is Ci-6 alkyl; 

or R
241 

is NH-C(O)-OR
26

, wherein R
26 

is C1•6 alkyl, and R
24

b is H or C1-6 alkyl. 

9. The compound of formula I according to claim 1, wherein R
3 

is an amide of 

32 32 

formula NH-C(O)R or a urea of formula NH-C{O)-NH-R or a carbamate of 

15 formula NH-C(O)-OR
32

, wherein R
32 

is C1-6 alkyl, or c;-6 cydoalkyl. 

10. The compound of formula I according to claim 9, wherein R
3 

is a urea or a 

carbamate, wherein R
32 

is C1-6 alkyl or Cu cycloalkyl. 

20 11. The compound of formula I according to claim 10, wherein R
3 

is a carbamate 

and R
32 

is tert-butyl, cyclobutyl or cydopentyl. 

12. The compound of formula I according to claim 1, wherein Dis a 6 to 8 atom 

saturated or unsaturated alkylene chain optionally containing one or two 

25 heteroatoms independently selected from: 0, Sor N-R
41

, wherein R
41 

is H, C1-6 alkyl, 

~: .. . : 

: I lllllll'llllll]lllrlllllll llll 
* C L M S * 
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or C2_7 acyl. 

13. The compound of formula I according to claim 12, wherein D optionally 

contains one heteroatom selected from: NH, or N-C2_7 acyl. 

14. The compound according to claim 13, wherein said heteroatom is selected 
from: NH or N(Ac). 

15. The compound according to claim 13, wherein said D chain contains 7 atoms. 

16. The compound according to claim 15, wherein said heteroatom is at position 
10 of said D chain. 

17. The compound according to claim 13, wherein said D chain is saturated. 

18. The compound offormula I according to claim 12, wherein D is a 6 to 8 atom 
saturated or unsaturated alkylene chain optionally containing one heteroatom 
selected from: 0, or S. 

20 19. The compound according to claim 18, wherein said D chain contains 7 atoms. 

20. The compound according to claim 19, wherein said heteroatom is at position 
9 of said D chain. 

25 21. The compound according to claim 20, wherein said D chain is substituted at 

position 8 with R
4
, wherein R

4 
is H or C1-6 alkyl. 

22. The compound according to claim 21, wherein said R
4 

is Hor methyl. 

30 23. The compound according to claim 22, wherein said R
4 

is Hor 8-(S)-Me. 

' ~ 
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24. The compound according to claim 23, wherein said D chain is saturated. 

25. The compound according to claim 19, wherein said D chain contains one 

double bond at position 11,12. 

5 

26. The compound according to claim 25~ wherein said double bond is trans. 

27. The compound of formula I according to claim 12, wherein Dis a 6 to 8 atom, 

saturated or unsaturated, all carbon alkylene chain. 

10 

28. The compound of formula I according to claim 27, wherein D is a 7 atom 

chain. 

29. The compound of formula I according to claim 28, wherein D is saturated. 

15 

30. The compound according to claim 29, wherein said D chain is substituted 

with R
4

, wherein R
4 

is H, oxo, hydroxy, alkoxy or alkyl 

31. The compound according to claim 30, wherein said R
4 
is Hor Cl-6 alkyl. 

20 

32. The compound according to claim 31, wherein said R 
4 

is H or methyl. 

33. The compound according to claim 32, wherein said R
4

isHor10-(S)-Me. 

25 34. The compound of formula I according to claim 28, wherein D contains one 

double bond. 

35. The compound of formula I according to claim 34, wherein said double bond 

is at position 13,14 of said D chain. 

30 

36. The compound of formula I according to claim 35, wherein said double bond 

;,1· 1111111;1Jlf If lllll1lllll.:ll;'llll ; 
~ _C L M S * 

: I 



W000/59929 PCT/CA00/00353 

< ~--·· 
133 

is cis. 

37. The compound according to claim 36, wherein said D chain is substituted 

with R
4
, wherein R

4 
is H, oxo, hydroxy, C1-6 alkoxy or C1-6 alkyl. 

5 

38. The compound according to claim 37, wherein said R
4 

is Hor C1_6 alkyl. 

39. The compound according to claim 38, wherein said R
4 

is Hor methyl. 

10 40. The compound according to claim 39, wherein said R
4

isHor10-(S)-Me. 

41. The compound of formula I according to claim l, wherein A is a carboxylic 
acid. 

15 42. A compound according to claim 1, wherein Wis N; 
3. 32 32 R 1s a group of formula or -NH-C(O)-NHR or -NH-C(O)-OR , 

wherein R
32 

is C1-4 alkyl or Cu cycloalkyl; 

D is a 6 to 8 atom saturated or unsaturated alkylene chain linked to R
1 syn to A, 

optionally containing one or two heteroatoms independently selected from: 0, S or 

20 N-R41
, wherein R41 

is H, or C2_7 acyl; 

R
4 
is H, or from one to three substituents independently selected from hydroxy, or 

Ci-6 alkyl; and 

A is a carboxylic acid, or a pharmaceutically acceptable salt or ester thereof. 

25 43. The compound of formula I according to claim 42, wherein R
21 

is H or 

methoxy; 

R
22 

is C1-6 alkoxy, or Het selected from the group consisting of: 

\ 1\1\ll! U\l\l Bill 111\J II ~II 

• , 
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wherein R
241 

is H, C1-6 alkyl, NH-.R
25

, NH-C(O)-R
25

; or NH-C(O):-NH~R
25, 

wherein R
25 

is: H, C1-6 alkyl or C3-6 cycloalkyl; 

or R24a is NH-C(O)-OR
16

, Wherein R
16 

is C1-6 alkyl or C3-6 cycloalkyl; 

5 and R
24

b is H or C1•6 alkyl; 

3. . 3% . 32 

R 1s urea of the formula N-C(O)-NHR or a carbamate of the formula N-C(O)-OR , 

wherein R
32 

is C1_6 alkyl or C3-6 cycloalkyl; 

Dis a 7-atom alkylene chain optionally containing one double bond at position 11,12 

or 13,14; 

10 said D chain optionally containing one heteroatom independently selected from: 0, 

S, NH, N(Me), or N(Ac); and 

R
4 

is H or C1_6 alkyl. 

44. The compound of formula I according to claim 43, wherein R
21 

is.methoxy, 

15 and R
22 

is ethoxy or 

wherein R:ua is NH-(C1-4 alkyl); NH-C(O) -(C1-4 alkyl); NH-C(O)-O-(C14 alkyl); or 

NH-C(O)-NH-(C1-4 alkyl); 

D is a C7 all carbon chain, saturated or containing one cis double bond at position 

20 13,14. 

il:•1111111;11111r1111r11111• 11•·1111.
1 

C .L M • S * 

• , 
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45. A compound of formula: 

comprising a single stereoisomer at R
1
, wherein said double bond, D-R 1 bond 

stereochemistry and R22 are defined as follows: 

46. 

\····cpli~-··-·····:··-t1t>ili>ieboneh-·--~-r>:it1·t;~~d···-·--····· ····· ··-·······: ··R:22;···-·-······- ··-······· 
' ' 
' 

stereochem: 
=--.. ···--·-···-··--·----·-····· .. - ... ·--···-----·---·--· .. ··--·--·---···-···--········-·"•·····-·············· .. -·--·····--·--- .. ···-··· ........ --·········-··--···~----~ ! 101 . 12,13-trans lR, D syn to amide . phenyl; 
; 

: it"o2······--·----~on~-------·-····~~·-1i;n-syn to.acid.-·····-----·--p-1\ai.:YI:·-··-··-· ···-····· 
~·a.nd"""·-·-··--··-·----· ... -· ······-·········· ····-·:-··- ... --·· ······--···· ......... ·····-···········-·····-······················-······-----·····-·-·---· 
i 

l 103 none · lR D syn to amide : phenyl. 

A compound of formula: 

comprising a single stereoisomer at R
1
, wherein R3

, R4
, said double bond position, 

D-R 1 bond stereochemistry, R21 
and R22 are defined as follows: 

:t lllllll lllllUlllHllll-111111-
* C L M S * 

' ~ 

l 
I 
! 

i: 
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· cp·d # ·· ·; -T······-·······------ ·--·-.-···· -,···--·· · ······· :_:. ·tiotii>ie······-··15:I{fi)(,nCi ·-·-········· ········:_:_····R-·2(_······ ... ._ ... R···2f=··· 

~R: ~R: 
i 

. . \ bond: : stereochemistry: 

: 202 ·· ······ -1Nli~soc-----i· .. 1r· ····· ··--······-··ri1-;12:··-···-:Tifor is, -· ··· --·· ·· ···· : H ·· --'.--ii;··· -····-·-·, 

~ trans : D syn to acid , 

. ···2o:f ... ··-·····-·;- NJi=;C:ety:f ... --··;-·H:-·-··-·····-··· ---·-·tfi;12-:····-·:1R or-15:-· --······-· -----~-if·-···-- ········ii;-·--·-··········-··! 

i 
, I trans : D syn to acid 

, · ios····-·--· ··· ···NI-i=ac;c········-··--'.~i 1-01-r ·· ·-·······tru>n-e····--·-·:···i"iror-1s; ·· ·--·-··-· ·· ·· ·· · -~ ·ir ··· · ·······'-}1;-· ········--- ··' 

, 12-0H i · D syn to acid 
i cis 

·; N:H::sot····-····r·if· ··-······ ···-·-···;--i3~i4=·--····--it(tisyn to acid ·H . H; 

, cis 
: ! . l 

. 207 · ····---~··Nfi:aac····················fi ··-······-·····--;-13J4:····-:-1i;-o sYI\toacicf ···· .,.o:Me·····-·-ii;-··-·--······ · 

i cis 

, i cis 
•- - - •••••••••;..•~·· ·-·--••••O•••••M••-•••••••O•O• M•M••• _____ .. : ·-·••• "" - ' -- '•• •••• ••HHM---~-·-·-·-- ,, .. , .... , .... ,_,_.;,._ -··----·-·••OH•••o-••• ',., .. ,,,,_, -·-••••• •' "'' ••• ' ' •• .... -_,,,.,, _____ .. ,.,,, ··---·-- ••'••••••• '''''''""••• o Oo .! 

: 209 : NH-C(O)- : H , 13,14- '. lR, D syn to acid : OMe . phenyl; 
; i 

i NH-tBu ! cis 
: ' 

·210 .. __ ....... !°Nff:.Boc·----- -: ""ii·--·-·-····-····-···;13,14="·······:-·IS:-o syn-tc>"adtr-· .... ;. 6M'.e·-····~-pru;nyi;-·-·· 

: I . 

: __ ............. ····-···--J_·············· ··--· -- ·--~ -·-··-··· ··-··-· ···-··-·········· .!-~ .... ....;. _ ___:._ ... _ .. ·-··-········ ······--····-·-·· ..... ·····-·····-····· ··'·--······-------··:-........ -....... -··--··· ···--·! 
. 211 j NH

2 
' H l 13,14- lR, D syn to acid ! OMe : phenyl; ; 

, . ~ cis 
........ -----· .. ·········--·-l--.. ----·-·-··-·····--·--·-·--.... L ................. __ ... _ .... _ ................ L---··------···-·······:· _________ .......................... --··--·--·······-·:-·--· .. ---·-........ - ........ ..;-.--.. --................. __ .i 

, 213 i OH (one ' H ~ 13,14- . lR, D syn to acid ; OMe : H; ' 

i isomer) . i . · 

~-- .. ·-····---J ...... ___________ .J. ...... ___ ....... ·-······-···----···- L.~:------·-···-~·-··· ····-······--·········-············-·-···-···· ···--··-:·-··-·-· ______ :_ ........ ________ --J 
: 214 ! NH-Boe ; 10-oxo : 13,14- . lR, D syn to acid : OMe , phenyl; l 
: ; ! . . ' 

;___ i I as· 
_j·-··········--····-----·-J-.............. -......... ··--··-J.·······-········-··-····--:·-······························-···········-········-····----·:··--·-·····-····--·-····-·········-·-··-----1 

; 215 l NH-Boe ! H 1 none : lR, D syn to acid ; OMe : phenyl; i 

i ... _ ... --····-- ..... ·-· ..... --~---· .. ··-·-~--.. ···-----· ··----~·- ''"'"':"'--·-···- ---·---~--~----·· ..... ________ . ---····-·· ·--·-· .................................. ···--·-·-·· .... ~·-·-·----·----·-·i--............... ___ ..... _, __ J 
; 217 J NH-Boe , 10-0H ! 13,14- · lR, D syn to acid , OMe . phenyl; 

' - i (mixt dia : . · ; . 
: : i i czs : ' 
' · · stereo) · · · 
:· .. 21s· ····· ····rNii=Boc ___ TiO:oxe> ... : ... -.. -··(13~1~--··-i-"1R:-15;y11·"to.amide .. : · :·-0Me····--·-"Pileny1;····· ·1 

: ! 

' i i cis 
: .. _ ................... ---·- ;., ____________ ---··"~ .............. -· ···-···---- .._, ....... i. ______________ --~--------·-·-·--- .. ·· ... --------·· .... ·-············-·····..... .. ·-···--· .. -·- .. -···--------··--.. -····•"''"' 

1 219 : NH-Ac . i H : none : lR, D syn to acid : OMe • phenyl; 

: .... ______ -···-·· .. --.L------···--·--·-~----·········-··-·· ................. _______ L ____ .......... ·----------------------·----··--· ......... ---··-·- .. -... ----~----···------------·-... --.. _ .. ·-·--·-···----= 

. if lllllll'lllll/:llllf lllll II llll' .. 
* C L M S * 

' , 
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. c d # 3 ............. ···-·······;·-R·T··--··-··-·········--·i.: d~ubf~-. ·n~R1bond -········ . --··:_···R···2t..·····-· ··········· .. ····R· ···22.:·······-·---········ 1 p : R: ; : 
! 

. I bond: stereochemistry: 
L. -- ·-····- ..... -·.. .. : .. - - ... ·-·- .. -- -···•··· .. -··- -· . ·- .. L ·-··- ·-·-· ·-. ·- ... ···-·--···-·-i· --· ··-·-·---··· ···- ........ : ........... ·-·-··-····--···----···-·-. --·-· . . .. . . . . .. .. -·-· ......... ····-···········. ·-. ······-- .... ·····-·· ····-····-·· ... . ' and i NH-Boe j H ! 13,14- . lR, D syn to amide . ' OMe s:) . 

. ' '--: 220 ! . ~cis .~N · 
L .... ___ ··---·--.. · _ .. _ .............. -... ~------·-· .. -·--·-···-·- --·---···j···----···--------·J. ....... -··- ... _________ ............ _ .................. _ ............. ····-·--······-············ -·- ............................. ----·-·-···-·--···· ......................... _ ... -... ·-·-. 

47. A compound of formula: 

~w~ 
0 

O 0~~ ,~COOH .Ny · }R1 
RI 

D 

comprising a single stereoisomer at R
1
, wherein R3

, D, D-R 1 bond stereochemistry, 

5 &21 and R22 are de.fined as follows: 
! ·cpd:·1·-·-···-1l3;·---·-----·:··=-r>-~;······-···--- -·---·······-·--·-··-·--···----·--·-··rn=Rf-b~~d ·-· ··-· ·· · ······ :··R:2i~···-··-··:··i22: ··· ·: 

L.. ...... _ ............... L ..... ···--·-- -·-·-·------_L·-··- ··-·-····--------·--·-·-·----········-······i--~!.~~~-~~!!Y.= ... : ..................... _! ···············--·--! : 301 . NH-Boe ' 'lRorlS : H H· ! ; 16 ! I ' I 

9 15 . ! D syn to acid 7 

r"3os-······················ FiO"·-·····-··-·-·-r---; ·--·-····---· .. ··-·-··--·-J··-··-·-·-----·-··-·-···--··r1i_o_ syn 1c, -acia···:···oMe····-·-!-·1>1;-··· ! ' • 9 11 ' ' : · .. ~o .o 14 ' 
: 10 
~ 12 13 

!._ .. --·-·---·- --·-· ·--····-·-· ....... --.. ·-·------- .t ....... _ ·-·-·-· ·----·-··-··---···-·--·-.. --··· .... ---··-.. -----·-·-····· I·---·-·--··----·-·----- ............ ···---····· .i ... ·--··-- ... ---··-·--.i--···-··-·-···---" 

I If Ill~ Hll~ HIJI Hl(I H If 11 · 

• ' 
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................. : 
'Ph; 

:--·-·-·--• -•·••·••-·•-·-·-··-·-·-·--·----•·•···-· ·•-·•·· --·- "'""-'""'"'' •••-·••-•••N•,. "''"-•·--.,,, ... _.,, ______ .,_, ·• ~ ... , __ ,,, . .,,.,_,,_,, ... , •·•••'""'r•• ,., ... ,, -•·•-•• ••-•••:,.,., ,, .. , ·-• ••-•• ••-~- .. -•• ., . --··•••"•. ·•·• ...... ,,. , 

1307 NH-Boe , 
7 
~ ·1R,Dsyn OMe . ~ o 

'. \ 13 # 15 
1 to acid . ; ~1' 'f ' 1 , 9 11 ' . : ...... 

10 12 14 

48. A compound of formula: 

.,...a 

0 '~~ •• COOH 

~o-t.X x "Y.'~Y.. rs- 9~1· 
R4 10 - 1s 

wherein said D-R1 bond is syn to acid, R
4

, "91 and said 11,12 double bond are 

defined as follows: 

\···cJ>-<nr··--·:··ia~·--·-·-·-----·-··-;-x:;-···-·-·- ~ 11:-12·-··--·· 
• , double 
! · i : bond: 
r4oi""··-----· ·r ·1r-··-·- ... ········-·rrn;--·--·rtrans;·--··-·-·-
i l i 

1·-402 -·-······t1f--·····················-···-rc-~---···-···-,-cii;._ ·--

j·40f--····-r··H··-- ········-··-··-·······;--·,5·····-········------·-·t?ans;--·····--

1-404-··· ·---+-- ····--··· ··:·- - ··- -·re;-··········--····· ·:···t!aru;;·· ---·· 
,.... ! 

; Me 1 ;· 
' 

OEt. 

: I 
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: X,: . . 11, 12 
double 

· bond: (40-s-·--·---·-1·-- ····-·---·----. --;--6··········-····· """"tran8; --····-·····-
. I 
: Me 

:•·-·-•••• -•-•O .. o•ooOH •o•-•0•0-04••·-·--""""-"""' ___ -·-·-·--·-·-- 00 ''0 o 0 --.. --·--·- ·--· , .... --.. ·-""''"''' • "'''' ',, ......... •••••• 

! 407 

i Me 
! 
! 
! 

. .. 
' 

·none; 

....................................... :. ............ ····-·--·--··· ............. -........... - ... _ .................. _ .... , ................................... . 
! 408 

I 
:0 none; 

Me 

409 
I 0 cis; 

: Me 
....... -·-.. -··-· . .. . . -; ................. -, .. _ ............................ ~ .................. ··•············· .................... ,,. _____ ,, _______ .. , .. ,· 
. 410 

I 
:s 
! 

trans; 

Me 
:------.. ···-·· ·····. --·---~-----·-·--·---·-···· .. -~ .. -·-·-···-·-............ ····-·····-·-···-·· --·· .. ! 411 ; I i s cis; 

: Me 
! 

L ..• ·····-· .. -·--·--·. ·- ......... -----· -·-·-··-···-· ···-:······-······-··· ..... ··-·-···-·-···--·-··· -·--··--·--·- ---·. i and . cis. 

! 412 
L_ ................. ····-····-··-·L ___ ... ··-···-·--·-- ·-· --··· --·--·~···-·-· ........................... -.. ··-····-·--···-· .. -""-·'"······-

PCT/CA00/00353 

49. A compound of formula: 

.,.....o 

O ' ~~ -:. COOH 

- I .Jl x ,. o J2 14 ~o N "-""'x, .. x 
e x11 

13 

wherein said D-R1 bond is syn to acid, X10, X11, and X12 are defined as follows: 

:J llllllll/llll llllNll/l ///11/ 
C L H , S * 

I . 
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, cpd .. , ..... --r~~;··-- --··--· -· ·-·-·r··~~;-·-· ··· ····-~ · ~:· · · ···· ····-· ··--­

:·sor··-·-- ·---~-·-rn:--·-·-· ········To -··--···-·;··~;-··· -···· -··· . 
~ I . : 

;sm- -r~--:~~~-----i 

,--so3····-·-··:--····----····-·-·········-.,--·· --- ·--·····-,··-Nii-··· ······ ·· · · 
: :c:Hi lc:Hi : ; 
. '. i 1 

'-·----··· ··--·····-t--···--··-··------·······--4--··········'···-· ...... ___ ; ............ ··--·-········-·-·····. 
! 504 : CH I CH i N(Me); 
: : 2 i 2 : 

····-····-~-------.. -.. ---······-···-·······-·-·---... -.. 1 ................. - -----·--~······. ····-- .............. ___ ... , .... t 
r·so!f : CHi i Clii ~ N(CO)Me; : . 

. •······· ·-. -··· ...... ···-·· • __ .. _ ···-· .... ___ ,, ••••. •.••• • •.•• ,._ ............... -·t·••""·· •····--·-·· • ··•· - • • - ....... -·-···· •• .. ..• ·- - .. . ···--· . 

. 506 i C8i j C8i ' N(CO)Ph; 

~-so7 ·--··--·i Nii··- .......... -·····---1 ·c:tt:···--·--··: ·c~;-······ ········. 
. . . . 

.····an:cl"" ··-· -·· =-Ntco)Me-·--·--rCH;·-····--··~···cH::· · ···-···-·---· 

. 508 
·---·-·. ···---··-·: ... ·-----·--··-............. --1 .......... ··---·······-·-·-··: ............ .;..:.. ...... _____ ............. .. 

50. A compound of formula: 

COOH 

1t 

PCT/C"A00/00353' 

wherein said D-R1 bond is syn to acid, R21 and R22 are defined as follows: 

·--·-----·--·-·-: ·····11-·--·--·--·-----····--22 -·--·····-··-··-·-··--·--·-···-·----···--·-----·-···-·-····-·; 
: Cpd# ! R : ' R : . 

!601-~--~rl 
N--{ 

-~s 
; 

f •• _ .... ----··-·----···-·---· .. --. ~-··· ... _ ... - .............. _. _________ - ..... ----·-- ............... _. _________ .. _ ··---· .••• ·---· ............. ··< 

602 jOH 
! 

i.·-·-·--·-··-··-··----i. .................. ,.,_ .. _. _____ ,,,. ...... ~---·······--- .. ··-·-----:.,_ ....... _ .. _,, ____ .,_, __________ ·--·· 

t I 



W000/59929 

i cpct··1·····-·············r··:a21:····· 

: and 
\ 

: 603 

' 

10Me 

141 

.. .. .. _. ~ --·n-. -...... _ ··-·-- .. ....... .. . .. -··. -........ .. .. _ .... . 
: R : 

0 

~1 
·---· .. ···-·-···· ··-····. .......... . ..... : ....... ·····-······· •.. ··-·-··· ... ·--··. ·-··· .. ·-· .. ···-··---·-·-·-·---·- ·---··-·· ... ·-·-· ......... . 

PCT/CA00/00353 

51. A compound of formula: 

_.O~R" 

2 

O • ~~ - COOH 

~oJ_Nx, " ~:·'f, H x-X-i' ~1· 
e /"X 13 R4 11 

wherein said D-R1 bond is syn to acid, R4
, ~' X101 X11, said 13,14 double bond and 

R22 are defined as follows: 
;·· ci>.,f#f-··· '. .. R:\. · ···· ··- ····--·-··-··-:--~~::~;··-···-·:··i3;14"C10-ubieb"oi\"d~-· 1·i22~· -·--·-···-·····--·-·---·----
····--······-- .... ····-'·-······--····--·-·-··················· · . .!11= ___ . ··--··--L·-···-·-·················-·-··-···-····--····

1

················-·----········· ... ··················-····· · 701 i H 11-0 i Cis i phenyl; 
:· 7o2 .. ······· ... :··ff ......... -----··-···--;····-·····--·-··-············-··-··:··ciS---·-············-·····-······-······· -··'.-· ......... ·······-. -H·········;·--·----

· CH, '-<::(\ 
: iof····· -· ·-:_: __ -·:ff--······-·····-·----··· --·'--······-·········--······················-·:-··None _____ ·· ··························--·-·r-·-··· ···········-··-H · ··-·-··-·······-··-·· 

.' CJ.J ' N A~ ! ~\ i.-(:s 
! 

... ·-· -·-· .. , .. - .......... - ... -.... - .... -··· --···-·---·--··-··-- --·· ........ --........ -- -----··-· .... _ .......... -·-···--- -···-·-·-··-··-····- ... -····· -···· ··-------~-- .. ... . .. ··-··· ·"-····-·-·'""""·-··-·-·-··-·-···! : 705 : H . Cis . )} CHi '.--<) ! 

. s . 
·····101····--···· ····:-·J:r··-····-··-·······--···-·c:ii~-- ·· ·-·-········-·····rcis·------ · -[ -~-----1 

;--(:s . 

' llllll' m11\ '"" ·'"" \1111\· · * C L M S * 

' . 
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i···cpd # ··· ·-y Ji': ·· ··-··· · · · ·· · -x.~-~:i· ~r·-· -'·Ti3;i4 d."otii>Ie.l>onCi~··rn.22: 

~ .. ______________ _;_ ________ ·- ·--- ·--·· .............. ~1~·-·--··-···-·-·--·-j _____ ····---- .. -·-· ----··· -··· -····· L.... . ... __ ........ . 
:708 iH C~ 1Cis . ~ 

:-t1\ 
; . , 

1709 : H 
! None .. -· ·· ·-·-··-····· ··-··-·······- ··· ···· ·· ··· ··-H······· · ··o··-

. -<:-(\ 
' 

·-· . . ....... _ ....................... .. 
~iia··· -- r··fi .. "N•H•·•·····-·-····-··--· .. ·· I··-··-···-·····-······ 

c~ 
·None 

'..d'. 
··- .. . . . ... ... . . . ...... ··-·-····· . ··- ...... -......... ·•···•·• ......... -········--···-----·--___ ,. ... . ............ ·-·-····· . . 

f "7if--··· ······-;·:ff : None :N. 
: Cis 

-····-·-- ··--··. .. .. ..T-bEt; 

- .. ·. ·----· ... --· .. ·----·-······--··------··-··-·· ............................. - .. --·--···!""·-----···· .......................... . . · ·713··-·· ·········· ~·-1r·· · --··---·---··· ·· ···- .· ~- ·· · ' None 
,._., "2 i 

. N 

:..-<) 

i 714 
~ 

:H -· · ·· · --c:~ ···········-··--·-····--r·None ·-· ·· -· ·····----

i 

. s . 
................. L ... ·-···-·-················-

: -OEt; 

:. ................... ________ ,, .. , .· ... _____ ................ ,_ .. __ ·-·-·-·-. ··--·····-· .. ··-· .. _ ... __ ··----·--· -+·--·-.. ··---·- -·-·-·--.. ·-·---·-·-· .. --...................... -.. ~----.. ··. ---····--·---· .. ···-·-····--. ·---·--
· 1717 ~ H c~ ! Cis j _ 1~-( 

! 
:~ -N 

; . ~ 

1 • 

• i. ....... .; 

r1rn··--···-····-TIC .. ··-· ·-·----···- ····--·-·· c~-·····--··-·--···-:--cis-· ................ ···--····· ........ -··!·-·-···~-~- ··--·-··-· ····-· - .. 

ul_Jj 

~---··· ........ ,. ............... ...... .. .... _..... . ....................... --· ... ; ............ ,_ .......................... -- ........ ··~-·-·· ...... -···-·-·· ........... -.............................. _ .... . 

111111111111111111111111 JI 1111 
* C L M S * 

: I 
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f""cP-Ci4i······rR';·· ··--····----····-····~-x,;·x:o; ~r··· ·· .··"I3:14··etaul>ie .. bond=T·":R21;··-· ·--- · ··· ····· ···· 

: ~ ..•. ---····· ·······--·······-·-······ .. ·············-···· ... ;-119·· ······--- ··- '. ·fr··--····---- -···--·-:···~---·-·-···--·-··· · .. , .. i:is--······ --··---·- ···· -

, ............................... •···············-···-····-···- ....... _ ... ··-···· ·--···•'"'"''""·-·--·--·--·----· ............ -·-··· .... ; ........ - .•... -.-.... . 
: 720 •H 

-~ 
None 

............................. -....•. -··-··-··-.. -... -·-·---................. ···-·-······ •···--··- ····-·-··· ............. _. ·····-· ........ ····-·· 
: 721 '.H None 

722 :H Cis 

. . . 

:;),~ .· 

: b 
i • 

I 

H 
N 

.-<:( 1 

J)~ lb 
' . : I 

.P 
. - . - . -- - .;. ... ·----.. --·-·-·· ·-· -................. ---·---···-···- --·--····--·-· ......... ·-·. ;···723-··-····-·····;·-0-···-···-· ·····--·-·-··-·;-c~·--- .. ······· ····, None .. 

724 iH : None 

;-·725···---·-·~-··ir--··-· ···-···· ·-·· ·· ····-·····-·-rn:·-··-·--·-·-····- ····:· ·ciS-·-··-----·-·· ·-·-·-·· ·-·····_-··········-·--~----·;:··--- ···--·--·-···--· ~ 

l~J ; s . 
I 

I 

;·727·--·---TH .. -----·----·-···--··· .. 7--C~-----·-·············~·-55·-.. --... ·-·············-······················ ·······r~H:~c;M;;··---·-"···············-·: 

l··12s··-··-·-······-:--H:--------·-·---·· ---·-·····- ··'· c:;.;··-·-··· ·· ········ · ··r ··a;; .......... ·--······· ·· ······ -·· ·· ··-······--~-M:e;·--····-- ··---·-··············-··---··; 
~ .. --i 
! 
L_._ .,,,_, ____ , ·--·, _ _..!_,.••••No, N•--·N•-N•o •N---··-N"O •O• •• "" N" •••.,NO •NNNH"O N""N••N ., • N• •• .,., • .,,..,4 •o•O '"""""'",, "" "" "" "" "" ,. • .. _,._ • ., • "" •• '"""" • • N •'•"•- -• ·-N""-"" •• •-"" "•'N"- """'"'"-•NNNN•N"" '"'N""""""- o "'""-N••' 

. 111111111111111111111111111111 '. 
* C L M S * I 

I 
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····· ·· • ·-x~-~~;--~~- ·- ·····:···13,14 d'.ouble-·bon.Ci=·-·rn:22~··-··--· ···-

729- --tic----- -- ~'----:as---- -----:~1~~ 

... --· .. ·-·· ......... ··-·-· .. . i .. if ...... _______ ·····-- ··--·c~·· -. --· -·· --·-· D\Jone ........ --···· ··-······. ·············---i-t o 
730 

: 73i. ·· ··-- t···J:c·-----·-·:. ·· · ··· ····-~··e:~ ····· ···--· ... --··;··as 

. 732 :H c~ 
: Cis 

. .... _ ... ····--. (733".. .. ·-- i-H ····-········· ........ . ·······-····-·:a;····· 

. ~N'f :.-Cs HN......., 

·····-·······-·- ··· ········· ··········· ........... --···· .. ·······-···-·NH 

,.-LNY 2 

-~'\-s 

.................... ·-.. -···---.... 

!-0. 
: I 

I . 

. . -- ....... ·-·-- .. ··-·-·--·--····----·-·-·· ... . ............. ··- -···--···- ...... .. 

. ·-· ··- .. --·-· ·····---··· -·-·-- -; ... -~---·-···--·-----·-···-------··-······- .. ·-_--···-A--- . ~ 'j34···· .... ··;""if··· .. ···-····----··-··--·····--··-·CH2. ···-- . ... - ; Cis 

i ~Ii 
i?-N 

·····---.......... _ ........ : ........................................................... -.................... . 
. 736 :H 

L ______________ ! -------·--- .. ------··-··----·-·······-··---·-----·--·---·-··:···c:1s--·-··-····--····--·-·····-----·-··-····-..!-j)'.---~"·--·-oMe--:·-·-----·--· 
: 737 : H c~ · : I · 

: l ~ ; 

·-···-·-- ··,· .. ···-c··1··-s·-·--·-·····-·-·----·-·······--·---·-·--·-·;·:,':,······-fy··-······---············· .. 
~-,H--- --c:H:-- ( II 

;,1-N 
' 

; 
--·-- -· . -- ---· -· ··- --~-- ·-- ....... . 

~t- 111111r1111111111t11111·11:·1,11 ! 
. * C . L M S 

i I 
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: Cpd··1··--~ ·;_4~-·--·······-·······-·-···--·····~-~~~;··~~ ·--·· ri3~i4 double·s·i>i\a; ra21~······· -- -- .. . . . ... ····-·-·-
. ~ ; y • • j ; ····----·---··· -···-····;._ ·-· ·-- .. ----······-···-··-· _.'.'.:tt~---·-·· ..... ·---·--···~--·· -··· . -- ·- .... ················----·-·--·-·· ···-··. ;--··· .... -··-· -·· -- . ····-·· ........... ·-·-···· ·······-· ·-···--: l 739 ~ 10-(R) Me : CHi : none i Ph; : 
l-·-·······-·--···· .......•. ; ..•. -·-····-·---····-··-··-··-' --··--···-······ ···-······'····· ·······-··········· ···········•···············-·········-··- ····-·+--······-·····-···-··-· .... ·····. -···-•'"'' ----1 : 740 j 10-(S)Me . ~ i none ! Ph; 

! r··-ancc···········i-}f----···-·· ----·-·-····rn-;-·-··-··-···-··tcis···· ...... ······-···········-·····--: ............. ····-·· .. H .. ·········- - .... . 
: 741 , ' ---LNYNY : - '\...s 

52. A compound of formula: 

22 
,,,..O~N"R 

~ 
Q 

COOH 

R4 11 

wherein said D-R1 bond is syn to acid, said 13,14 double bond is cis, R32
, R4 and R22 

are defined as follows: 
... ··········-···--······-···· r--~·-················-···- -·······-······---,·····-··· ··········· ······-··-:··--·22 ···-···· ·············-··· ········ ···-····· ··- ... ······-······- ··············-~ :Cpd# IR: !R: !R: : 

~ 
; :···ao1··-·· ------~-n·-·--···········-·-·-- ; H-·-···--·--·-··-··---·-····-·····-·····-····-····H·············c;·-·-----·-··\ 

: '--\. ! ; ~N~ 
; o_... l ;-O \ 

~ 
~··ao3· ·····-··--··t?i-=I>r ··----·------·-·1·1r········-·····- ·--·····-:- ··aE"i;·------·----··--··· ···········-······ ······-····= 

004--T~;=--hi ____ :_=<rv-1" ___ --~ 
; 

~s~Q:_ -pr----~-:------··-·! 
i 

, ··----·-.. --··· ··--···-~---··· .............. ·--··-···· .. ----····-·····: .......... -................ .. 
806 !H = OEt· ; I 

i 
; 

......... -.----·••••o•OO,,.,H•NH••o : ............... OoO- O•OH'HHH•·-·-··-- _______ .;,,,.,,,,,,,,,.,,_,.,, .. ,, ......................... ,.,,,.,_;,, ___ "·-·--··•••o•O•oo0oo .. 00•0•0o•OOH•~·-· ... --H-H04•0o••"N•o•••·-·,; 

I 
• 

I 
! 
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·-- ... -····-· ··-· -.. .. . . ;- ....... 32······· --··-······ ... ·---· -·· ·-· ··-- ;· ··- .. , ..... -..... --- .. . . . . . . .. 22 

Cpd# :R: !R: iR: 

·001 _ _,_Q ___ iH_______ -OEt; 

; 0 ....... 
. : . . . 

·sos-~=r::;·--m----·:oEt; 

-·-so~,.- ····· ........ ; ........ ·· ·--- ··-·--· -·-·-·· ···t--i:f"- -·· ···- · ·-·· ·--·~-·-· ·· ·-j:f· · ·-c;··- ... · ·· ·- ··--···· -· 

: Oo.- , •-<:{\ 
--810····-····-··-·--···· ···········-······-···-·---···-··--··-··rfi--·-············--··--- -·-:--·· ·· · · ··· · -.r .. --·---·-····· -·-·--··· ····-···· 

! QC-- ; -<rN.J 
. "81f" ·--······ ·:···-1'1 ........ ·--····-·(ft••·······-·····--·····-·: .... . ..... -~····- ····· ..... . 

"--'o_... ! : .-\:1 

--·- .. ·-····---· .......... L_ .............. __ ........ -·--· .. -- .. !.. - ............ -........ ---·-·--..1.. .... ··-- .... .. -· ·-- ····· ... ·-- .... ···-- .. ·-·--·· 

... 
:I llllHl!fllll!-:lllll·-11111··11·1111 

.· *. C L. ~. ~ * 

• '! 

: I 
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821 

av- :H 

......... . .......... _ .... -··· ····-- ................ _ ... . 
:H ov-

822 . .. ·-·· ···-·-;··- ··-··· ········ .. j.j. ·-· ················ 

-<r"'<. 
' 823---,-o-=-ttt-----

. 0 

. ; 

-=-10~=---r~jMe-~OEt:--------- --------· 
i ' 

..................... ·- ........... ___ ... ,.,: ..... _____________ .... ____ , __ , __ ·-·---·--·----.: ........... ---··--·----·--·--····- --·-· -.... ·-·--· .. ·-··--·-··· .... ---· ------·----......... . 

53. A compound of formula: 

22 
,_OT'rNuR 

~ 
E -

COOH 

R4 
wherein said D-R1 bond syn to add, R32

, R4 and R22 are defined as follows: 

·:I llllHl:llllll lllllllllllt:llll: 
* C L M S * 
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-···· ·-· ............. -·,- -· 
. R: 

......... ·22·-·······-·· ... ···---··· - ..... 
. R : 

......... :·-·-······· ···-···--···-···-·····-·· --·-··-·· .......................... . 

901 H : OEt; 

tQ_ 
: . 0 

···- ................... - •.• .!, ____ ............................... ---·····-·· ·········-·--·"•""••••·· 

902 /'! 
.. "--" _.. 

. 0 

H , N. 

,-{) 
' s . 
' 

. ··903 -···-·-·---;-· .f ··-··c .. ------·-···-·. -··- ....... ······ ·"H·---········ .......... ·:··-·-·········N-..... -· ....................... . 

. o-- i-{) 
. s .. 

.. . ... ... .. ·- .. ----······-···--······· .... 

; ('ff 
i~-N 

904 . ...... . ........ ···-········ ............... ··-······ ····-·· .... H 

Qo_ 

905 H 
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54. A method of inhibiting the replication of hepatitis C virus by exposing the 
virus to a hepatitis C viral NS3 protease inhibiting amount of the compound of 
formula I acc~rding to claim 1. 

55. A pharmaceutical composition comprising an anti-hepatitis C virally 
effective amount of a compound of formula I according to claim 1, or a 
therapeutically acceptable salt or ester thereof, in admixture with a pharmaceutically 
acceptable carrier medium or auxiliary agent. 

56. The pharmaceutical composition accordirig to claim 55, further comprising 
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an additional immunomodulatory agent. 

57. The pharmaceutical composition according to claim 56, wherein said 

additional immunomodulatory agents is selected from the group consisting of: a-, f3-

5 , and &-interferons. 

58. The pharmaceutical composition according to claim 55, further comprising 

an antiviral agent. 

10 59. The pharmaceutical composition according to claim 58, wherein said 

15 

antiviral agent is selected from the group consisting of: ribavirin and amantadine. 

60. The pharmaceutical composition according to clann55,_~er comprising 

another :inlu'bitor of HCV protease. 

61. The pharmaceutical composition according to claim 55, further comprising 

an inhibitor of other targets in the HCV life cycle, such as helicase, polymerase, or 

metalloprotease. 

20 62. Use of pharmaceutical composition according to claim 55, for the 

manufacture of a medicament for treating a hepatitis C viral infection in a mammal. 
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