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INHIBITORS OF FLAVNIRIDAE VIRUSES 

This application Is filed under 35 U.S.C. 111(e) claiming the benefit under 35 

5 	U.S.C. 119(e) of US provisional application 611295,576 flied January 15, 2010 which 

is herein incorporated by reference in its entirely for all purposes. 

FIELD OF THE INVENTION 

The present application includes novel Inhibitors of Flaviviridee viruses. 

10 	compositions containing such compounds, therapeutic methods that include the 

adminislialion of such compounds. 

BACKGROUND OF THE INVENTION 

Viruses comprising the FlavivIridea family include at least three 

15 	distinguishable genera including pesthelruses. fleviviruses, and hepechdruses 

(CaUsher, et at, J. Gen. Viral., 1993, 70, 3743). While pestiviruses cause many 

economically important animal diseases such as bovine viral diarrhea virus (BV0V), 

classical swine fever virus (CSFV, hog cholera) and border disease of sheep (BM), 

their Importance In human disease is less well characterized (Moennig, V., el et.. Adv. 

20 	Vir. Res. 1992. 48. 53-98). Fleviviruses are responsible for important human 

diseases such as dengue fever and yellow fever while hepacivIruses cause hepatitis 

C virus infections in humans. Other Important viral infections caused by the 

Flaviviridae family include West Nile virus (WNV) Japanese encephalitis virus (JEV), 

lick-borne encephalitis virus, Junlin virus, Murray Valley encephalitis. St Louis 

25 	enchaplitis. Omsk hemorrhagic fever virus and aka virus. 

The hepatitis C virus (HCV) is the leading cause of chronic liver disease 

worldwide (Boyer, N. et el. J Hepatol. 32:98-112, 2000) so a significant focus of 

current antiviral research is directed toward the development of improved methods of 

treatment of chronic HCV infections in humans (Di Bastogne, A.M. and Bacon, B. R., 

30 	Scientific American, Ocl.: 80-85, (1999); Gordon. C. P., et al., J. Med. Chem. 2005, 

48, 1-20; Maradpour, 0.: et al.. Net. Rev. Micro. 2007, 5(6), 453-463). A number of 

HCV !vestments are reviewed by Bymock et al. In Anthriral Chemistry 8 

Chemotherapy, 11:24 79-95 (2000). Virologic cures of patients with chronic HCV 

infection are difficult to achieve because of the prodigious amount of daily virus 



production in chronically infected patients and the high spontaneous mutability of 

HCV virus (Neumann, et al., Science 1998, 282, 103-7; Fukimoto, et al., Hepatology, 

1996, 24, 1351-4; Domingo, et al., Gene, 1985, 40, 1-8; Martell, et al., J. Vino!. 1992, 

66, 3225-9 

5 Currently, there are primarily two antiviral compounds, ribavirin, a nucleoside 

analog, and interferon-alpha (a) (IFN), that are used for the treatment of chronic HCV 

infections in humans. Ribavirin alone is not effective in reducing viral RNA levels, 

has significant toxicity, and is known to induce anemia. The combination of IFN and 

ribavirin has been reported to be effective in the management of chronic hepatitis C 

10 (Scott, L. J., et al. Drugs 2002, 62, 507-556) but less than half the patients given this 

treatment show a persistent benefit. 

15 

Combined, infections from the Raviviridae virus family cause significant 

mortality, morbidity and economic losses throughout the world. Alkynyl substituted 

thiophenes with anti-Flaviviridae virus activity have been disclosed by Chan, et al., 

WO 2008056393; Wunberg, et al., WO 2006072347; and Chan, et al., WO 

2002100851; but none of these are currently clinically approved antiviral therapeutics. 

Therefore, there remains a need to develop effective treatments for Flaviviridae virus 

infections. 

20 SUMMARY 

In one aspect, there is provided a compound of Formula I: 

R, 

OH 

/ 	0 

N—Y 

R2  

25 Formula (I), 

or a pharmaceutically acceptable salt or ester thereof, wherein: 

R' is selected from the group consisting of optionally substituted C1.12 alkyl, 

optionally substituted 02.12  alkenyl, optionally substituted C2_12 alkynyl, optionally 

substituted C3.12 cycloalkyl, optionally substituted C6.14 aryl, optionally substituted 3 - 
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14 membered heteroaryl, optionally substituted 3-12 membered heterocyclic!, 

optionally substituted 3-18 membered heteroarytalkyl. optionally substituted 3-18 

membered heterocyclykilkyt and optionally substituted C442 arylalkyl. 

wherein, each substituted R' Is substituted with one or more CV; 

5 each 0' Is Independently selected from the group consisting of 

halogen, oxo, oxide, -NO2. -N(=0), -SR". -3(0)R", -S(0)2R", -S(0)2  NR"R", 

-NRI0C(0)RII, -NRIDC(0)NRIIR12. -NRI0S(0)R". -NrS(0),R", -0P(0)R"R", 

-1.(0)R"R", -P(0)0R"R". -P(OXORII)OR12. c(0)NR11R12 optionally substituted 

10 

C14 alkyl, optionally substituted C24 alkenyl. optionally substituted C24  alkynyt, 

optionally substituted C. cycloalkyl, optionally substituted C442 arylalkyl, optionally 

substituted C642 aryl. optionally substituted 3 -14 membered heteroaryl, optionally 

substituted C,4 alk1402y, optionally substituted Cm alkenyloxy, optionally substituted 

C243alkYnyloxy. optionally substituted C34 CYGIOaliCY1014Y, optionally substituted eve 

aryloxy, optionally substituted 3 - 14 membered heteroaryloxy, optionally substituted 

15 4-12 membered heterocyclyloxy. optionally substituted -C(0)Ci4  ski, optionally 

substituted -C(0)C,4  alkenyl, optionally substituted -C(0)C24  alicynyl, optionally 

substituted -C(0)C3.6  cycloalkyl, optionally substituted -C(0)Crim aryl. optionally 

substituted C(0)-3. 14 membered heteroaryl. optionally substituted -C(0)Csi2 
arylalkyl. optionally substituted -3-10 membered 

20 heterocyclyl. -OH, -NR"R", -C(0)0R10, -CN, -N3, -C(=NR")NRI1R12. 
-CeNR")012", -NR"C(=NR")NR"R", -NR"C(0)0111°. and -OC(0)NR"R"; 

each R", R", and R", independently. Is selected from the group consisting of 

H, optionally substituted C..,, alkyl. optionally substituted C412 alkenyl. optionally 

substituted C2.12 alkynyt, optionally substituted C412 cycloalkyl, optionally substituted 

25 C,.,4 aryl, optionally substituted 3. 14 membered heteroaryl. optionally substituted 3- 

12 membered heterocyclyt. optionally substituted 3.18 membered heteroarytalicyl, 

and optionally substituted Ce.18  arylalkyl; 

or R" and R" taken together with the atoms to which they are attached form 

a 3 to 10 membered heterocyclyt 

30 

35 

each R". independently, is selected from the group consisting of H, optionally 

substituted C142 alkyl, optionally substituted C2.12 alkenyl, optionally substituted 0242 

alkynyl, optionally substituted C,.,2  cycloallryl, optionally substituted Cm, aryl. 

optionally substituted 3 -14 membered heteroaryl, optionally substituted 3-12 

membered heterocydyl, optionally substituted 3-18 membered heteroarylalkyl, 

optionally substituted C441 arylalkyl, -CN, -C(0)R". -CHO and -S(0),R"; 
3 
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each R", Independently, is optionally substituted Clas alkyl: 

wherein, each substituted 01, substituted R", substituted R", substituted R'2. 

substituted Ft", or substituted R" Is independently substituted with one or more 08; 
R2  is selected from the group consisting of optionally substituted C1.12 alkyl- 

5 optionally substituted Can  alkenyl, optionally substituted C242  anent optionally 

substituted 06.12 cycloalkyl, optionally substituted Com  aryl, optionally substituted 3 - 

14 membered heteroaryl, optionally substituted 3 -12 membered heterocydyl, 

optionally substituted 3-18 membered heteroarylaticyl, and optionally substituted C446  
arylalkyl; 

10 wherein, each substituted R2  is substituted with one or more 02; 

each Q2. independently, is selected from the group consisting of 

halogen. oxo. oxide. -NO2. -N(=O), -se, S(0)Rm. -s(0),R30. -S(0), NR"1121. 

-NR"C(0)R21, -NR"C(0)NR21222, -NFt2°S(0)ft", -NR"S(0)2R21, -0P(0)12211222, 

-P(0)R"R22, -P(0)0R"R22, -P(OXOR")0R22, -C(0)NFeR22. optionally substituted 
15 Ct. alkyl, optionally substituted Cu alkenyl, optionally substituted C2.4  aticynyi, 

optionally substituted C2.6  cydoalkyl, optionally substituted 06.12  arylalkyl, optionally 

substituted Cr.,, aryl, optionally substituted 3 - 14 membered heteroaryl. optionally 

substituted Cl.s alkyloxy, optionally substituted C24  aticenyloxy, optionally substituted 

C2.6  alkynyloxy, optionally substituted C24  cycloalicyloxy, optionally substituted C6.12 
20 aryloxy, optionally substituted 3 - 14 membered hetaroaryloxy, optionally substituted 

25 

4-12 membered heterocyclyloxy. optionally substituted -C(0)C.,a  alkyl, optionally 

substituted -C(0)C.24  amyl optionally substituted -C(0)C24  alkynyl, optionally 

substituted -C(0)C34  cycloalkyl, optionally substituted -c(o)ce.,, aryl. optionally 

substituted -C(O)-3 -14 membered heteroaryl, optionally substituted -C(0)Cg,, 

arylaticyl, optionally substituted 3-10 membered 

heterocydyl. -OH, -NR21Re2, -C(0)0R". -CN, -N,. -C(=NR22)NR21f222, 

-C(ENR23)0R22. -NR30C(eNR23)N R211:222, -NR"C(0)0R2°. and -0C(0)NR2'R22; 
each R'. R". and Rze, independently, is selected from the group consisting of 

H, optionally substituted Cm, alkyl, optionally substituted C242  alkenyl, optionally 

30 substituted C2.12 alkYnYl. optionally substituted C2.12  cycloalkyl, optionally substituted 
C.14 aryl, optionally substituted 3 -14 membered heteroaryl, optionally substituted 3- 

12 membered heterocyclyl, optionally substituted 3-18 membered hetaroaryialkyl, 

and optionally substituted Can  arylalkyl: 

or R" and R" taken together with the atoms to which they are attached form 

35 a 3 to 10 membered heterocyclyk 
4 
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each Ra, Independently, Is selected from the group consisting of H. optionally 
substttuted Cm, alkyl. optionally substituted C2.12 alkenyl, optionally substituted C2.12 
alkYoYi. opUonally substituted C3-12 erloalityl, optionally substituted Com aryl, 
optionally substituted 3 -14 membered heteroaryl, optionally substituted 3-12 

5 membered heterocyclyl, optionally substituted 3-18 membered heteroandelkyl, 

optionally substituted C4.18  arytalkyl, -CN, -C(0)R". -CHO and -3(0)2Ra; 
each R" individuany is optionally substituted C1.12 alkyl; 

wherein, each substituted 03, substituted R", substituted R", substituted Fta, 
substituted e, or substituted Ra  is Independently substituted with one or more 0'; 

10 Y Is —R3-L-1-let, -N(Fe)(Ft3) or -Fe=NOR7; 

R3  is selected from the group consisting of optionally substituted C1.13 

alkyiene. C3.,3 alkenylene, substituted C.2.12 aikenylene. C2.” alkynylene. substituted 
02.12 alkynylene. C342 CYCkelkylelle, substituted 03-11eYeloalkylene. C3.11 

cycloalkyialkylene, substituted C342  cyobalkylancylene, optionally substituted Caul 
15 arylene, optionally substituted 3 - 14 membered heteroerylene, optionally substituted 

3 -12 membered heterocyclyiene, optionally substituted 3-18 membered 

heteroarylancylene, and optionally substituted C.348 agialkylene: 
vAtereln each substituted R3  Is substituted with one or more 03; 
each 03, independently, is selected from the group consisting of 

20 halogen, oxo, oxide, -NO2. -N(=O), -se, -8(0)R33, -3(0)20, -3(0)2  NR"R". 
-NR20C(0)Ft". -NR"C(0)NRaR32, -kR338(0)Ra, -NR"S(0),Ra. -0P(0)RaR32, 
-P(0)R"R", -P(0)0RaFt33, -P(OXOR")OR", -C(0)NR3'R32, optionally substituted 
C,4 alkyl, optionally substituted C24  alkenyl, optionally substituted C24  akmyl. 
optionally substituted C34 cydoalkyl, optionally substituted Ca.12 arylelkyl, optionally 

25 substituted Cm, aryl, optionally substituted 3 - 14 membered heteromyl, optionally 

substituted Ci-salkyloxy, optionally substituted C24  alkenyloxy, optionally substituted 
C24  ancynyloxy, optionally substituted C34 cydoalkyloxy, optionally substituted Cs.,, 
aryloxy, optionaly substituted 3. 14 membered heteroaryloxy, optionally substituted 
4-12 membered heterocyclyloxy. optionally substituted -C(0)C,4  alkyl, optionally 

30 

35 

substituted -C(0)C24  alkenyl, optionally substituted -C(0)C.24  alitynyl, optionally 
substituted -C(0)C34  cycloallgt, optionally substiktted -C(0)Cem aryl, optionally 
substituted -C(0)- 3 -14 membered heteroaryl, optionally substituted -C(0)C8.12  
arylalkyl, optionally substituted 3-10 membered 

heterocyclyl. -OH. -NR3'R31. -C(0)0R33, -CN, -N3, -C(rchlR33)NRaR32, 
-C(=NR33)0R33. -NRaC(=NR33)N R"R", -NRPIC(0)0R3°, and -0C(0)NR' R": 

5 
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each 121°, R. and R. independently Is selected from the group consisting of 

H, optionally substituted C,.,2  alkyl. optionally substituted C2.12  alkenyl, optionally 
substituted C#12 alkyllyl, optionally substituted C3.12 cycloalkyi, optionally substituted 

CIM4 aryl, optionally substituted 3 -14 membered heteroaryl, optionally substituted 3- 
5 12 membered heterocyclyl, optionally substituted 3-18 membered heteroarylelkyl, 

and optionally substituted Cris erylelkyl; 
or R" and le taken together with the atoms to which they are attached form 

a 3 to 10 membered heterocycly1; 

each R" Independently Is selected from the group consisting of H, optionally 
10 substituted C,-,a alkyl, optionally substituted C2.12 alkenyl, optionally substituted C2-12 

alkynyl, optionally substituted Csucycloaticyl, optionally substituted Cr-,. aryl. 

optionally substituted 3 - 14 membered heteroaryl, optionally substituted 3-12 

membered habarocyclyl, optionally substituted 3-18 membered heteroarylalkyl, 

optionally substituted Cs,. eryielicyl, -CN. -C(0)R", -CHO and -3(0)21e; 
15 each le individually Is optionally substituted C,.1, aryl; 

wherein. each substituted O'. substituted R'°, substituted R. substituted Rm. 
substituted Ric, or substituted Re' Is Independently substituted with one or more Cf: 

L Is selected from the group consisting of -0C(0)N(le)-. -N(R1C(0)0-. - 

20 
NfRiS(0)2-, -N(R1C(0)-, -C(0)-, -C(0)0-, -0C(0)-. -N(12')N(R4)C(0)0-, 

and -N(RIN(tit')-; 

Het is an optionally substituted 3-12 membered heterocyclyl or optionally 
substituted 3-14 membered hetemeryl; 

wherein, each substituted Het Is substituted with one or more 04; 
each 04. independently, Is selected from the group consisting of 

25 halogen, oxo. oxide. -NO2. -N(=0). SR°, -3(0)le. -5(0)21e. -S(0)2NR'°R“, 
-NreC(0)R", -NR10C(0)Nirle, -NR*S(0)1e, -NR4S(OhRn, -01)(0)FtuR43. 
-1:1001R42, -P(0)0R"R 2̀. -P(OXOR")Ole, -C(0)NfeR'2, optionally substituted 

Cli alkyl, optionally substituted C2.8  alkenyl, optionally substituted C241 alitYnYL 
optionally substituted Cat cydoelkyL optionally substituted Ce.” arylalkyl. optionally 

30 substituted Gm, aryl, optionally substituted 3 -14 membered heteroaryl, optionally 

substituted Cvsalkyloxy, option* substituted Cat  alkenyloxy, optionally substituted 
C2.6  alkenyloxy, optionally substituted C3.8  cycloalkyloxy, optionally substituted 05.12 
aryloxy, optionally substituted 3.14 membered heteroaryloxy, optionally substituted 

4-12 membered heterocydyloxy, optionally substituted -C(0)C14  alkyl, optionally 
35 substituted -C(0)C5, alkenyl, optionally substituted -C(0)C24  alcynyl, optionally 

6 
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5 

substituted -C(0)Cs4  cycloalkyl, optionally substituted -C(0)Cs.,2  aryl, optionally 

substituted -C(0)- 3 -14 membered heteroaryl, optionally substituted -C(0)Ce.42 

arylalkyl, optionally substituted 3-10 membered 

heterocyclyl, -OH, -NR"R42, -C(0)0124°. -CN, -N,, -C(=N1243)N1241R42, 

-C(=NR43)01110, -NR"C(=NR43)N R4IR42, -NR"C(0)0R45, and -0C(0)NR"R42; 

each R40, Ft". and Re. independently Is selected from the group consisting of 

H, optionally substituted C142 alkyl. optionally substituted C2.,2 alkenyl, optionally 

substltuted C2.12 alkynyl, optionally substituted Cso cycloalkyl, optionally substituted 

C044 aryl, optionally substituted 3 - 14 membered heleroaryl, optionally substituted 3- 

10 12 membered heterocyclyi, optionally substituted 3-18 membered hetworinylalkyt, 

and optionally substituted Cs 44  an4allryl; 

or R" and 1242  taken together with the atoms to which they are attached form 

a 3 to 10 membered hetemoydyl; 

each R", independently, is selected from the group consisting of H. optionally 

15 substituted C,.,,  alkyl, optionally substituted C332 alkenyl, optionally substituted C242 

alkynyl. optionally substituted C342 cycloalkyl, optionally substituted C644 aryl, 

optionally substituted 3 - 14 membered hateroaryl, optionally substituted 3-12 

membered heterocyclyl. optionally substituted 3-18 membered heteroarylalkyl, 

optionally substituted Cads  arylalkyl. -CN. -C(0)R44, -CHO and -3(0)2R"; 

20 

25 

each R" individually is optionally substituted C,.,2  Mgt 
wherein, each substituted 04, substituted R", substituted all, substituted R". 

substituted Ra. or substituted R" is independently substituted with one or more Os; 

each Os, individually, is selected from the group consisting of 

halogen. oxo. oxide, -NO2, -N(=0). -SFr, -3(0)R", -3(0)2R00, -S(0) NeR", 

-NR3°C(0)R51, -NR"C(0)NR611252, -NR4°S(0)R", -NeS(0)2R6`. -0P(0)RuRs2, 

-R(0)R54252, -R(0)012"Ft$2, -R(OX01351)01,252, -C(0)NR51242, optionally substituted 

Che alkyl, optionally substituted C24  alkenyl, optionally substituted C24 alkynyl. 

optionally substituted C34 cycloalkyl, optionally substituted Csn aryialkyl, optionally 

substituted C642 all, optionally substituted 3 -14 membered heterowyl, optionally 

30 substituted Cl4akyloxy. optionally substituted C243alitenybxy, optionally substituted 

Cm  alkynyloxy, optionally substituted Cs4  cycloalkyloxy, optionally substituted C442 

aryloxy, optionally substituted 3 -14 membered heteroaryloxy, optionally substituted 

4-12 membered heterocyclyloxy, optionally substituted -C(0)C,4  alkyl, optionally 

substituted -C(0)C24  aikenyl, optionally substituted -C(c)c2„, alkynyl. optionally 

35 substituted c(o)c,.e cycloalkyl, optionally substituted -gore.,2  aryl. optionally 
7 
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substituted -C(0)- 3 -14 membered heteroaryl, optionally substituted -C(0)C6i12  

arylalkyl, optionally substituted 3-10 membered 

heterocyclyl, -OH, -NR51R52, -C(0)0R56, -CN, -N3, -C(=NR613 )NR51R52, 

-C(=NR52)0R56, -NR513C(=NR63)N R51R52, -NR61C(0)0R56, and -OC(0)NR51R52; 

5 each R50, R51, and R52, independently is selected from the group consisting of 

H, optionally substituted C1.12  alkyl, optionally substituted 02.12  alkenyl, optionally 

substituted 02.13  alkynyl, optionally substituted 03.12  cycloalkyl, optionally substituted 

C6.14  aryl, optionally substituted 3 - 14 membered heteroaryl, optionally substituted 3- 

10 

12 membered heterocyclyl, optionally substituted 3-18 membered heteroarylalkyl, 

and optionally substituted C6-1.6  arylalkyl; 

or R51  and R52  taken together with the atoms to which they are attached form 

a 3 to 10 membered heterocyclyl; 

each 1452, independently, is selected from the group consisting of H, optionally 

substituted C1.12  alkyl, optionally substituted 02.13  alkenyl, optionally substituted C3.13  

15 alkynyl, optionally substituted C3-12  cycloalkyl, optionally substituted 06.1.4  aryl, 

optionally substituted 3 - 14 membered heteroaryl, optionally substituted 3-12 

membered heterocyclyl, optionally substituted 3-18 membered heteroarylalkyl, 

optionally substituted C6.16  arylalkyl, -CN, -C(0)R54, -CHO and -S(0)2R54i 

each R54, independently, is optionally substituted 01.13  alkyl; 

20 

25 

wherein, each substituted Q5, substituted R62, substituted R01, substituted R52, 

substituted R55, or substituted R54  is independently substituted with one or more Q6; 

each Q6, independently, is selected from the group consisting of halogen, oxo, 

oxide, -NO2, -N(C), -SW°, -S(0)R60, -3(0)2R66, -5(0)3  NR66  R61, -NR66C(0)R61, 

-NR62C(0)NR61R62, -NR55S(0)R61,-NR623(0)2e, -0P(0)R61R62, 

-P(0)R6112.62, -P(0)0R51R62, -P(0)(01:161)0R62, -C(0)NR6111262, Ci_g alkyl, C3.6  alkenyl, 

C2.6  alkynyl, C3_6  cycloalkyl, 	06.12  arylalkyl, C6612 aryl, 3 - 14 membered heteroaryl, 

C1.6  alkyloxy, Caik  alkenyloxy, C2.6  alkynyloxy, 03.6  cycloalkyloxy, C6_,7  aryloxy, 3 - 

14 membered heteroaryloxy, 4-12 membered heterocyclyloxy, -0(0)014  alkyl, - 

C(0)C2.6  alkenyl, -0(0)02-6 alkynyl, -C(0)C3a6  cycloalkyl, -C(0)C14 

30 haloalkyl, -C(0)C0t12  aryl, -0(0)- 3-14 membered heteroaryl, -0(0)00.12  arylalkyl, 

3-10 membered heterocyclyl, -OH, -NR61R62, -C(0)012(5°, -CN, -Na, -C(=NR22)NR61R62, 

-C(=NR63)OR°°, -NR62C(=NR63)N R61R62, -NR61C(0)0R62, and -0C(0)NR5IR62; 

each R66, R51, and R62, independently, is selected from the group consisting of 

H, 	0112  alkyl, 	0342  alkenyl, 	C2.12  alkynyl, 	C3.12  cycloalkyl, 01,13  haloalkyl, 	06-14  aryl, 

8 



3 -14 membered heteroaryl, 3-12 membered heterocyclyl, 3-18 membered 

heteroarylalkyl, and Cesie arylalkyl; 

or R°1  and Ra°  taken together with the atoms to which they are attached form 

a 3 to 10 mernbered heterocyclyl; 

each R°3  independently is selected from the group consisting of H, 01.12 alkyl, 

02.12 alkenyl, 02.12 alkynyl, 03,12 cycloalkyl, C5.14 aryl, 3 - 14 membered heteroaryl, 3- 

12 membered heterocyclyl, 3-18 membered heteroarylalkyl, Cr-18  arylalkyl, -ON, - 

0(0)R84, -CHO and -S(0)2R°°; 

each Rs` individually is 01-12 alkyl; 

each Ft' is independently H, C1-C12  alkyl, 0.3-012  cycloalkyl, 3 - 14 membered 

heteroaryl or 3-12 membered heterocyclyl wherein each C1-012 alkyl, 02-012 

cycloalkyl, 3 -14 membered heteroaryl or 3-12 membered heterocyclyl is optionally 

substituted with one or more 01; 

each R°  is independently CI-Cir alkyl, 03-013 cycloalkyl, 3 - 14 membered 

heteroaryl or 3-12 membered heterocyciyl wherein each CI-012  alkyl, Cr-012  

cycloalkyl, 3 - 14 membered heteroaryl or 3-12 membered heterocyclyl is optionally 

substituted with one or more 0'; 

R°  is 01-012 alkylyne, 03-C13 cycloalkyiyne, or 3-12 membered 

heterocyclylyne wherein each C1-Cl2  alkylyne, C3-C13  cycloalkylyne, or 3-12 

membered heterocyclylyne is optionally substituted with one or more Q1; and 

R7  is selected from the group consisting of optionally substituted 01.12 alkyl, 

optionally substituted 0313  alkenyl, optionally substituted C2.12 alkynyl, optionally 

substituted 03.12 cycloalkyl, optionally substituted Cts14 aryl, optionally substituted 3 - 

14 membered heteroaryl, optionally substituted 3 -12 membered heterocyclyl, 

optionaliy substituted 3-18 membered heteroarylalkyl, optionally substituted 3-18 

membered heterocyclylalkyl and optionally substituted C6.16 aryialkyl; 

wherein, each substituted R' is substituted with one or more C32. 

In one aspect, there is provided the compound as defined above for use in treating a 

viral infection caused by a virus selected from the group consisting of dengue virus, yellow 

fever virus, West Nile virus, Japanese encephalitis virus, tick-borne encephalitis virus, Kunjin 

virus, Murray Valley encephalitis virus, St. Louis encephalitis virus, Omsk hemorrhagic fever 

virus, bovine viral diarrhea virus, Zika virus and Hepatitis C virus. 

in one aspect, there is provided the compound as defined above for use in treating 

a viral infection caused by Hepatitis C virus or Flaviviridae viral. 

In another embodiment, a method for treating Rayiviridae viral infections Is 

provided comprising administering an effective amount of a compound of Formula I 

to a patient in need thereof. The compound of Formula I is administered to a human 

subject in need thereof, such as a human being who is infected with viruses of the 

Flayiviridae family. In another embodiment, the compound of Formula I is 

administered to a human subject in need thereof, such as a human being who is 

infected with a HCV virus. 	In one embodiment, the treatment results in the reduction 

of one or more of the in viral loads or clearance of RNA in the patient. 



In another embodiment, provided is a method of treating and/or preventing a 

disease caused by a viral infection wherein the viral infection is caused by a virus 

selected from the group consisting of dengue virus, yellow fever virus, West Nile 

virus, Japanese encephalitis virus, tick-borne encephalitis virus, Junjin virus, Murray 

Valley encephalitis virus, St Louis encephalitis virus, Omsk hemorrhagic fever virus, 

bovine viral disarrhea virus, Eike virus and Hepatitis C virus; by administering to a 

subject in need thereof a therapeutically effective amount of a compound of Formula 

I, or a pharmaceutically acceptable salt thereof. 

In another embodiment, provided is the use of a compound of Formula I for 

the manufacture of a medicament for the treatment of Raviviridae viral infections, In 

another embodiment, the Flaviviridae viral infection is en HCV infection. 

In another embodiment, provided is a compound of Formula I for use in 

treating a Raviviridae viral infection. In another embodiment, the 

Raviviridae viral infection is an acute or chronic HCV infection. In another 

embodiment, the treatment results in the reduction of one or more of the viral 

loads or clearance of RNA in the patient. In another embodiment, the 

treatment results in the reduction of the HCV viral load or clearance of HCV viral 

RNA in the patient. 

In another embodiment, provided is a method for treating or preventing HCV 

comprising administering an effective amount of a compound of Formula Ito a 

patient in need thereof. In another embodiment, provided is the use of a compound 

of the present disclosure for the manufacture of a medicament for the treatment or 
prevention of HCV. 

In one aspect, there is provided a pharmaceutical composition comprising a 

therapeutically effective amount of a compound as defined above and a pharmaceutically 

acceptable carrier or excipient, and 

optionally further comprising at least one addifional therapeutic agent selected from the group 

consisting of interferons, ribavirin or its analogs, HCV NS3 protease inhibitors, NS5a inhibitors, 

alpha-giucosidase 1 inhibitors, hepatoprotectants, mevalonate decarboxylase antagonists, 

antagonists of the renin-angiotensin system, other anti-fibrotic agents, nucleoside or nucleotide 

inhibitors of HCV NS5B polymerase, non-nucleoside inhibitors of HCV NS5B polymerase, HCV 

NSSA inhibitors, TLR-7 agonists, cyclophillin inhibitors, HCV IRES inhibitors, pharmacokinetic 

enhancers and other drugs for treating HCV; and mixtures thereof. 

In another embodiment, provided is a pharmaceutical composition comprising 

a compound of Formula I and one or more pharmaceutically acceptable carriers or 

excipients. The pharmaceutical composition of Formula i may further comprise one 

or more additional therapeutic agent✓. The one or more additional therapeutic agent 

may be, without limitation, selected from: interferons, ribavirin or its analogs, HCV 

NS3 protease inhibitors, aipha-glucosidase 1 inhibitors, hepatoprotectants, 

nucleoside or nucleotide inhibitors of HCV NS5B polyrnerase, non-nucleoside 

inhibitors of HCV N558 polymerase, HCV NS5A inhibitors, TLR-7 agonists, 

cyclophilin inhibitors, HCV IRES inhibitors, pharmacokinetic enhancers, and other 

drugs for treating HCV, or mixtures thereof. 

In another embodiment, provided is a method for the treatment or prevention 
of the symptoms or effects of en Hal infection in an infected animal which comprises 

10 



administering to, i.e. treating, said animal with a pharmaceutical combination 

composition or formulation comprising an effective amount of a Formula I compound, 

and a second compound having anti-HCV properties. 

In another embodiment, provided are compounds of Formula i and 

5 pharmaceutically acceptable salts thereof and all racemates, enantiomers, 

' diastereomers, tautomers, polymorphs, pseudopolymorphs and amorphous forms 

thereof. 

In another embodiment, provided are processes and novel intermediates 

disclosed herein which are useful for preparing Formula I compounds. 

10 In other embodiments, novel methods for synthesis, analysis, separation, 

isolation, purification, characterization, and testing of the compounds of Formula I are 

provided. 

The present disclosure includes combinations of aspects and embodiments, 

well as preferences, as herein described throughout the present specification. 

as 

15 

DETAILED DESCRIPTION 

Reference will now be made in detail to certain embodiments of the invention, 

examples of which are illustrated in the accompanying structures and formulas. 

20 While the invention will be described in conjunction with the enumerated 

embodiments, it will be understood that they are not intended to limit the invention to 

• those embodiments. On the contrary, the invention is intended to cover all 

alternatives, modifications, and equivalents, which may be included within the scope 

of the present invention as defined by the claims. 

25 All documents referenced herein are each incorporated by reference in their 

entirety for all purposes. 

in one embodiment of Formula I, R' is optionally substituted Ct.), alkyl, 

optionally substituted C,.,, alkenyl, optionally substituted Can, alkynyl, or optionally 

substituted C,.,, cycloalkyl. In another aspect of this embodiment, R' is optionally 

30 substituted CI-00  alkyl. In another aspect of this embodiment, R' is optionally 

substituted C3-07  secondary or tertiary alkyl. In another aspect of this embodiment, 

191  is prop-2-yl (isopropyl) or 2-methylprop-2-yl(t-buty1). 

In another embodiment of Formula I, R2  is optionally substituted CIA, alkyl, 

optionally substituted C,.,, alkenyl, optionally substituted C,.,, alkynyl, optionally 

35 substituted Cm, cycloalkyl, or optionally substituted C6.15  arylalkyl. In another aspect 
11 
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of this embodiment, R2  is optionally substituted C3.12  cycloalkyl. 	In another aspect of 

this embodiment, R2  is optionally substituted methylcyclohexyl or optionally 

substituted methylcyclohexenyl. In another aspect of this embodiment, R2  is 

optionally substituted 4-methylcyclohexyl. In another aspect of this embodiment, R2  

5 is optionally substituted 4-methylcyclohexenyl. 	In a preferred aspect of this 

embodiment, R2  is 

In another preferred aspect of this embodiment, R2  is 

Mt 

OH 

10 In another preferred aspect of this embodiment, R2  is 

r 

Or 

In another preferred aspect of this embodiment, R' is 

or 

In another embodiment of Formula I, Y is —R24.71-let. In another embodiment 

15 of Formula I, Y is —N(R4)(125)'. In another embodiment of Formula I, V is —RariNOR7. 

In another embodiment of Formula I, Y is —R3-L-Het, RI  is optionally 

substituted 01-012  alkyl, and R2  is optionally substituted C3.12  cycloalkyl. 	In another 

aspect of this embodiment, R3  is optionally substituted C1.12  alkylene, 02.12  alkenylene, 

substituted 02.32 alkenylene, C2.3 2  alkynylene, substituted C2.12 alkynylene, C3-12 

20 cycloalkylene, substituted 03_33  cycloalkylene, 03.12  cycloalkylalkylene, substituted 03.  

12  cydoalkylalkylene, optionally substituted 03-14  arylene, optionally substituted 3 - 14 

membered heteroarylene, optionally substituted 3-12 membered heterocyclylene, 

optionally substituted 3-18 membered heteroarylalkylene, or optionally substituted Cs. 

is  arylalkylene. 	In another aspect of this embodiment, R3  is optionally substituted Cli 

25 12  alkylene, 03-13 cycloalkylene, substituted 03-12 cycloalkylene, C3.12 

12 
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cYcloalkylallwlene, substituted C5.13 CYcloalkylancylene, optionally substituted C641 
arylene, or optionally substituted 3-12 membered heterocydylene. In another aspect 

of this embodiment, L is -0C.(0)N(R4)-, -N(124)C(0)0-, -N(R4)3(0)r, -N(R1C(0)-, - 

C(0)-, -C(0)0-, -0C(0)-, -N(R4)N(R4)C(0)0-, or -N(Fe)N(R4)-. In another aspect of 

5 this embodiment, L Is -OC(0)N(R')-. In another aspect of this embodiment, L Is - 

N(H4)C(0)0-. In another aspect of this embodiment L Is -N(R4)5(0)2-. In another 

aspect of this embodiment, Lis -N(R4)C(0)-. In another aspect of this embodiment, L 

is -C(0)-. In another aspect of thls embodiment, L Is -C(0)0-. In another aspect of 

this embodiment. Lis -0C(0)-. In another aspect of this embodiment, L Is - 
10 N(R4)N(Fe)C(0)0-. In another aspect of this embodiment. L is -N(Ft4)N(Ft4)-. 

In another embodiment of Formula I, Y is -R'-L-Het, R' is optionally 

substituted Cren alkyl, R' is optionally substituted C3.,,  cycloalkyl and R' is 

optionally substituted C142 alkylene, C->,2 cycloalkylene, substituted C,.,2 
cycloalkylene, Ci.12cydoellrylalkylene, substituted C3.12 cycloalkylelkylene. optionally 

15 substituted Cs!. aryiene, or optionally substituted 3-12 membered heterocyclylene. 

In another aspect of this embodiment R' Is optionally substituted C14 allwiene. In 

another aspect of this embodiment R' is C.4 cydoalkylene or substituted C.. 
cycloalkylene. In another aspect of this embodiment, R' is an optionally substituted 

5-6 membered heterocydytene. In another aspect of thil embodiment, L is - 

20 OC(0)N(Fe)-, -N(R4)C(0)0-, -N(124)S((D),-, -N(RIC(0)-, -C(0)-. -C(0)0-, -0C(0)., - 

N(RiN(R4)C(0)0-, or -N(R4)N(R4)-. In another aspect of this embodiment, Lis - 

OC(0)N(R4).. In another aspect of this embodiment, L Is -N(R4)C(0)0-. In another 

aspect of this embodiment -N(R4)$(0)2-. In another aspect of this embodiment L Is 

-N(R')C(O)-. In another aspect of this embodiment, L Is -C(0)-. In another aspect of 

25 this embodiment, L is -C(0)0-. In another aspect of this embodiment. I. is -0C(0)-. 

In another aspect of this embodiment, L is -N(Fe)N(R4)C(0)0-. In another aspect of 
this embodiment, L is -N(R')N(R')-. In another aspect of this embodiment, Het is an 

optionally substituted 3-12 membered heterocydyl or optionally substituted 3-14 

membered hateroaryl wherein said optionally substituted 3-12 membered 

30 heterocycly1 or optionally substituted 3-14 membered hateroaryl compdses one to 

four heteroatoms selected from 0,8, or N. In another aspect of this embodiment 

Het Is an optionally substituted 3-12 membered heterocycly1 comprising one or two 

heteroatoms selected from 0. S. or N. In another aspect of this embodiment, Het Is 

an optionally substituted 5-10 membered heteroaryt comprising one to four 

35 hetroatoms selected from 0, S, or N. 
13 
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In another embodiment of Formula I. Y is -N(RIXR2), R' is optionally 
substituted C,-C,2  awl, and R2  is optionally substituted C3.12 cydoalkyl. In another 
aspect of this embodiment RI  is independently H or C,-C,2  alkyl wherein C1-C, alkyl 
is optionally substituted with one or more Ce. In another aspect of this embodiment 

5 R' is H or optkmally substituted CI-C. alkyl. In another aspect of this embodiment 
R2  is C,-C,2  alkyl. CrCi, cydosticyl, 3 -14 membered heteroaryl or 3-12 membered 

heterocyclyl wherein each CI-Cis akYl. CrC12 CYcloalkyl. 3 -14 membered heteroaryl 

or 3-12 membered heterocyclyl Is optionally substituted with one or more 01. In 
another aspect of this embodiment. R2  is CI-C. alkyl, Cs-C6  cydoalkyl, 5-10 

10 membered heteroaryl or 4-10 membered heterocyclyl wherein each CI-C. alkyl. Cr 

C. cycloaticyl, 5 - 10 membered heteroaryl or 4-10 membered heterocyclyt is 

optionally substituted with one or more 0'. 

In another embodiment of Formula I, Y Is -R2=NORI, R' is optionally 
substituted C,-C,3  alkyl. and R2  is optionally substituted C3./2 cycloalkyl. In another 

15 aspect of this embodiment. Re  is C,-C,2  alitYlYne. Creis cydoalkylyne, or 3-12 
membered heterocyclytyne wherein each CI-Cu alkylyne. C,-C,2 cydoalkylyne, or 3- 
12 membered heterocydyiyne is optionally substituted with one or more Cl'. In 
another aspect of this embodiment, Re  is Cs-C., cydoalkylyne or 4-8 membered 
helerocydylyne wherein each CrCe  cydoalkylyne or 4-6 membered heterocyclylyne 

20 is optionally substituted with one or more 01. In another aspect of this embodiment. 
Ft2  is cycktheicylyne. In another aspect of this embodiment R' Is optionally 
substituted C1.12 alkyl, optionally substituted C242 alkanyl, optionally substituted C2.12 

alkynyl, optionally substituted C3.,2  cyclosikyl. optionally substituted C..,4  aryl, 
optionally substituted 3.14 membered heteroaryl, optionally substituted 3 -12 

25 membered heterocyclyl, optionally substituted 3-18 membered heteroarylaticyl, 

optionally substituted 3-18 membered heterocyclytalkyl or optionally substituted Cs.ie 

arylalkyl; wherein, when Ft7  is substituted, R' Is substituted with one or more 02. In 
another aspect of this embodiment R' Is option* substituted C,-Cs  alkyl. In 
another aspect of this embodiment, R' Is optionally substituted Creii arylaticyl. In 

30 another aspect of this embodiment, R' Is optionally substituted 6-11 membered 

heteroarylalkyl. In another aspect of this embodiment. R' is optionally substituted 8- 
11 membered heterocyclylislIcyl. 

In another embodiment of Formula I, Fe Is optionally substituted C,-C> 
secondary or tertiary alkyl and R2  is optionally substituted metthyloydohexyl or 

35 optionally substituted rnethylcydohexenyl. In another aspect of this embodiment, R' 
14 
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is prop-2-yl (isopropyl) or 2-methylprop-2-yl (t-butyl). 	In another aspect of this 

embodiment, R2  is optionally substituted El-methylcyclohexyl. In a preferred aspect of 

this embodiment, R' is 

5 In another preferred aspect of this embodiment, R' is 	- 

OH 

In another preferred aspect of this embodiment, R' is 

o 

In another preferred aspect of this embodiment, R' is 

10 Or 

In another embodiment of Formula I, Y is -R3-L-Het, RI  is optionally 

substituted Cs-C, secondary or tertiary alkyl and Fels optionally substituted 

methylcyclohexyl or optionally substituted methylcyclohexenyl. In another aspect of 

this embodiment, R3  is optionally substituted 01.8  alkylene. In another aspect of this 

15 embodiment, R3  is C4, cycloalkylene or substituted C44  cycloalkylene. In another 

aspect of this embodiment, R3  is an optionally substituted 5-6 membered 

heterocyclylene. 	In another aspect of this embodiment, L is -0C(0)N(124)-, - 

N(R4)C(0)0-, -N(R4)S(0)2-, -N(R4)C(0)-, -C(0)-, -C(0)0-, -00(0)-, - 

N(Rbld(R4)C(0)0-, or -N(R4)N(R4)-. In another aspect of this embodiment, L is - 

20 OC(0)N(R4)-, In another aspect of this embodiment, L is -N(R0C(0)0-. In another 

aspect of this embodiment, L is -N(R4)S(0)2-. In another aspect of this embodiment, 

L is -N(R4)C(0)-. In another aspect of this embodiment, L is -C(0)-. In another 

aspect of this embodiment, -C(0)0-. In another aspect of this embodiment, L is - 

0C(0)-. In another aspect of this embodiment, L is -N(R4)N(R4)C(0)0-. In another 

25 aspect of this embodiment, L is -N(R4)N(R4)-. In another aspect of this embodiment, 

15 



WO 2011/088303 
	

PCMIS2011/021279 

Het is an optionally substituted 3-12 membered heterocyclyl or optionally substituted 

3-14 membered heteroaryl wherein said optionally substituted 3-12 membered 

hetarocyclyi or optionally substituted 3-14 membered heteroaryl comprises one lo 

four hateroatorre selected from 0, S, or N. In another aspect of this embodiment 
5 Het Is en optionally substituted 3-12 membered heterocyclyl comprising one or two 

heteroatoms selected from 0, S. or N. In aspect of this embodiment. Het Is an 

optionally substituted 5-10 membered heteroaryt comprising one to four hetroatoms 

selected from 0. S. or N. 

In another embodiment of Formula I, Y is -R2-N(RA)C(0)0-Het, R' is 
10 optionally substituted C3-C7  secondary or tertiary akyl and R2  Is optionally substituted 

methylcycloheryl or optionally substituted methylcydohexenyl. In another aspect of 

this embodiment, R3  is optionally substituted C,4  allryiene. In another aspect of this 
embodiment. Fts  is C.6 cydoalkytene or substituted C.. cycloalkylene. In another 

aspect of this embodiment Het is an optionally substituted 3-12 membered 

15 heterocyclyl or optionally substituted 3-14 membered heteroaryl wherein said 

optionally substituted 3-12 membered heterocyclyl or optionally substituted 3-14 

membered heteroaryl comprises one to four heteroatoms selected from 0, S, or N. 

In another aspect of this embodiment, Het is an optionally substituted 3-12 

membered heteroeyelylcomprising one or two heteroatoms selected from 0. S. or N. 
20 In aspect of this embodiment, Het Is an optionally substituted 540 membered 

heteroaryl comprising one to four hetroatoms selected from 0, S. or N. 

In another embodiment of Formula I, Y Is -RI-C.(0)0-Het, RI  Is optionally 

substituted C3-C, secondary or ternary alkyl, R2  is optionally substituted 

methylcydohexyl or optionally substituted melhylcydohexenyl and R2  is an optionally 
25 substituted 5-6 membered heterocyclylene. In another aspect of this embodiment, 

Het is an optionally substituted 3-12 membered helerocyclyl or optionally substituted 

3-14 membered heteroaryl wherein said optionally substituted 3-12 membered 

heterocyclyl or optionally substituted 3-14 membered heteroaryl comprises one to 

four heteroatoms selected from 0, S, or N. In another aspect of this embodiment. 

30 Het Is an optionally substituted 3-12 membered heterocydyt comprising one or two 

heteroatoms selected from 0.5, or N. In aspect of this embodiment Het Is an 

optionally substituted 5-10 membered heteroaryl comprising one to four hetroatoms 

selected from 0. 5, or N. In another aspect of this embodiment -Fe-C(0)0-Het is: 

16 
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or 	-CN-( Acti_s-Het
0 

P 	

0 

-Hat  

wherein the pyrrolldinyl or plpetidinyl ring is optionally substituted. 

In another embodiment of Formula I, 'It is -N(Fte)(R5), R' is optionally 

substituted Cs-Or  secondary or tertiary alkyl and R2  Is optionally substituted 

5 methylcyclohexyl or optionally substituted methylcydohexenyl. In another aspect of 

this embodiment, R' is H or optionally substituted CI-Co alkyl. In another aspect of 

this embodiment, Re  is CI-C12  alkyl. 03-C12 cycloalkyl, 3 - 14 membered heteroaryl or 

3-12 membered heterocycly1 wherein each C.-0.2 alkyl. Cs-Cc cycloalkyl, 3 - 14 

membered heteroaryl or 3-12 membered heterocycly1 Is optionally substituted with 

10 one or more Q'. In another aspect of this embodiment R' is C1-C° akYl. Cs-Cs 

cydoalkyl, 5-10 membered heteroaryl or 4-10 membered heterocyclyl wherein each 

C,-C°  alkyl. 01-Cs cycloalkyl. 5 -10 membered helemeryl or 4-10 membered 

heterocyclyi is optionally substituted with one or more 0'. 

In another embodiment of Formula I, Y Is -RCNORT, R' Is optionally 

15 substituted Os-Cr secondary or ternary alkyl and R2  Is optionally substituted 

methylcyclohexyl or optionally substituted methylcyclohexenyl. In another aspect of 

this embodiment. R°  Is Ore.. cycloalkylyne, or 4-8 membered heterocyclylyne 

wherein each C6—Cs cydoalkylyne or 4-8 membered heterocyclylyne Is optionally 

substituted with one or more 0'. In another aspect of this embodknent, R°  is 

20 cycloheitylyne. In another aspect of this embodiment, R' is optionally substituted Cr 

Cos alkyl. In another aspect of this embodiment, R' is optionally substituted CI-C,. 

arytalkyl. In another aspect of this embodiment. Ft' is optionally substituted 8-11 

membered hateroaryle144. In another aspect of this embodiment, R' Is optionally 

substituted 8-11 membered heterocyclylalkyl. 

25 In another embodiment compounds of Formula I comprise compounds of 

Formula II: 

OH 

0 
N-Y 

R2  

17 
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Formula II 

or pharmaceutically acceptable salts and esters thereof, wherein: 

R2  is optionally substituted 4-methylcyclohexyl or optionally substituted 

5 methylcyclohexenyl and the remaining variables are defined as for Formula I. 

In one embodiment of Formula II, R2  is: 

In one embodiment of Formula II, R2  is: 

lll 
OH 

10 In another embodiment, R2  is 

or 

In another embodiment, R2  is 

Or 

15 In one embodiment of Formula li, Y is —R3-L-Het. In another aspect of this 

embodiment, R3  is optionally substituted C1.6  alkylene. In another aspect of this 

embodiment, R3  is Csocycloalkylene or substituted C4.4 cycloal kylene. In another 

aspect of this embodiment, R3  is an optionally substituted 5-6 membered 

heterocyclylene. In another aspect of this embodiment, L is -OC(0)N(R4)-, - 

20 N(1224)C(0)0-, -N(R4)8(0)2-. -N(R4)C(0)-. -0(0)-, -0(0)0-, -00(0)-, - 

N(R4)N(R4)C(0)0-, or -N(R4)N(R4)-. In another aspect of this embodiment, L is - 

OC(0)N(R4)-. In another aspect of this embodiment, L is -N(R4)C(0)0-. In another 

aspect of this embodiment, L is -N(R4)8(0)2-. In another aspect of this embodiment, 

L is -N(R4)C(0)-. In another aspect of this embodiment, -C(0)-. In another aspect of 

25 this embodiment, -C(0)0-. In another aspect of this embodiment, L is -0C(0)-. In 

18 
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another aspect of this embodiment Lis -N(R4)N(R4)C(0)O-. In another aspect of 

this embodiment L Is -N(R1N(R4)-. In another aspect of this embodiment, Het Is an 

optionally substituted 3-12 membered heterocyclyl or optionally substituted 3-14 

membered heteroaryi wherein said optionally substituted 3-12 membered 

5 heterocyclyl or optionally substituted 3-14 membered heteroaryl comprises one to 

four heteroatoms selected from 0. S, or N. In another aspect of this embodiment. 

Het Is an optionally substituted 3-12 membered heterocyclyl comprising one or Iwo 

heteroatoms selected from O. S, or N. In another aspect of this embodiment. Het is 

an optionally substituted 5-10 membered hetemaryl comprising one to four 

10 hetroatoms selected from 0. S. or N. In another aspect of this embodiment R2  Is: 

In another aspect of this embodiment, R2  is: 

OH 

In another preferred aspect of this embodiment. R2  is 

frt't 

t 11101 	

io 	

I 	or 
15 * . 

In another preferred aspect of this embodiment. R2  Is 

IIII 	or 	S 

In another embodiment of Formula II, Y is —R34.-Het wherein Het Is an 

20 optionally substituted 3-12 membered heterocyclyl or optionally substituted 3-14 

membered hetemaryl wherein said optionally substituted 3-12 membered 

heterocyclyl or optionally substituted 3-14 membered heteroan4 comprises one to 

four heteroatoms selected from 0, S, or N. In another aspect of this embodiment. 

Het is optionally substituted pyridinyl. In another aspect of this embodiment. Het is 

26 optionally substituted pyrIdazinyt. In another aspect of this embodiment, Het is 

19 
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optionally substituted tatrahydro-2Hpyranyl. In another aspect of this embodiment, 

Het Is optionally substituted piperldinyl. In another aspect of this embodiment. Het is 

optionally substituted pyrroldlnyi. In another aspect of this embodiment. Het is 

optionally substituted letrahydrothlophenyl. In another aspect of this embodiment 

5 Het Is optionally substituted pyrazinyL In another aspect of this embodiment. Het is 

optionally substituted 1H-letrazolyl. In another aspect of this embodiment, list Is 

optionally substituted azatidlnyi. In another aspect of this embodiment Het Is 

optionally substituted tetrahydrofuranyl. In another aspect of this embodiment, Het is 

optionally substituted tetrahydro-2H4uro[2.3-byuranyl. In another aspect of this 

10 embodiment Het is optionally substituted thiazoyl. In another aspect of this 

embodiment Het is optionally substituted 1H4midazolyl. In another aspect of this 

embodiment, Het is optionally substituted 4H-1,2,4-triazolyt In another aspect of this 

embodiment. Het is optionally substituted 1H-pyrazotyl. In another aspect of this 

embodiment. Het Is optionally substituted 1,3,44hladlazolyt In another aspect of this 

15 embodiment. Het is optionally substituted quInoinyl. In another aspect of this 

embodiment, Het Is optionally substituted 11.2.4jUlazolo[4.3-a]pridinyl. In another 

aspect of this embodiment Het Is optionally substituted thiophenyl. In another 

aspect of this embodiment Het is optionally substituted 1.2,4-thlactiazotyl. In another 

aspect of this embodiment, Het is optionally substituted pyrimidlnyl In another 

20 aspect of this embodiment, Het is optionally substituted 1/3.1,2.3-triazolyi. In another 

aspect of this embodiment, Het Is optionally substituted 1,3,4-oxadlazolyt. hi another 

aspect of this embodiment. Het is optionally substituted imidazo[1,2-blpyridazinyl. In 

another aspect of this embodiment, R2  is: 

25 In another aspect of this embodiment, R2  Is: 

OH 

In another preferred aspect of this embodiment. R2  is 

ii 	

SI 	III..... 0, 	Si 4 . 
20 
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In another preferred aspect of this embodiment, R' is 

I. 	 ...... or  

In another embodiment of Formula II, Y is -R344(fe)C(0)0-Het. In another 

aspect of this embodiment, R3  is optionally substituted C1.6  aikylene. In another 

5 aspect of this embodiment, R' is 0.4cydoalltylene or substituted Csocycloalkylene. 

In another aspect of this embodiment, Het is an optionally substituted 3-12 

membered heterocyclyl or optionally substituted 3-14 membered heteroaryl wherein 

said optionally substituted 3-12 membered heterocyclyt or optionally substituted 3-14 

membered hetemaryi comprises one to four heteroatoms selected from 0, S, or N. 

10 in another aspect of this embodiment Het is an optionally substituted 3-12 

membered heterocyclyt comprising one or two heteroatoms selected from 0. S. or N. 

In aspect of this embodiment Het Is an optionally substituted 5-10 membered 

heterowy1 comprising one to four hetroatorns selected from 0, S, or N. In another 

aspect of this embodiment Het is optionally substituted pyridinyl. In another aspect 

15 of this embodiment. Het is optionally substituted pyridazinyl. In another aspect of this 

embodiment. Het is optionally substituted tetrahydro-2H-pyranyl. In another aspect 

of this embodiment. Het Is optionally substituted piperidinyl. In another aspect of this 

embodiment, Het Is optionally substituted pyrrolidinyl. In another aspect of this 

embodiment, Het is optionally substituted tetrahydnithiophenyl. In another aspect of 

20 this embodiment. Het is optionally substituted pyrazinyl. In another aspect of this 

embodiment, Het is optionally substituted 1H4etrazolyt In another aspect of this 

embodiment. Het is optionally substituted azeddinyl. In another aspect of this 

embodiment Het is optionally substituted tetrahydrofuranyl. In another aspect of this 

embodiment, Het is optionally substituted tetrahydro-2H-furo[2.3-blfuranyl. In 

25 another aspect of this embodiment Hal Is optionally substituted Miami. In another 

aspect of this embodiment. Het Is optionally substituted 114-Imidazolyt. In another 

aspect of this embodiment, Het Is optionally substituted 4H-12.4-triazolyl. In another 

aspect of this embodiment Het Is optionally substituted 1H-pyrazolyl. In another 

aspect of this embodiment, Het Is optionally substituted 1,3,44hiadlamlyl. In another 

30 aspect of this embodiment Het is optionally substituted quinolinyl. In another aspect 

of this embodiment, Het Is optionally substituted 11,2,4101azolo[4,3-elpyridinyi. In 

another aspect of this embodiment, Het is optionally substituted thiophenyt In 

21 



WO 2011/088303 
	

PCT/US2011/021279 

another aspect of this embodiment. Het is optionally substituted 1,2.4-thiadlazolyi. In 

another aspect of this embodiment. Het is optionally substituted pyrImidInyi. In 

another aspect of this embodiment, Het Is optionally substituted 1H-1,2,3-triazoM. In 

another aspect of this embodiment, Het is optionally substituted 1,3,4-oxadiazolyt. In 

5 another aspect of this embodiment, Het is optionally substituted imidazo(1,2-

bjpsidazinyl. In another aspect of this embodiment, R2  Is: 

In another aspect of this embodiment. R' is: 

to-Q.4 

OH . 

10 In another preferred aspect of this embodiment Ft2  Is 

4. i 

In another preferred aspect of this embodiment, R2  Is 

S or X? 

15 In another embodiment of Formula II. Y Is -Fts-C(0)0•Het and R3  Is an 

optionally substituted 5-6 membered heterocyclylene. In another aspect of this 

embodiment, Het Is an optionally substituted 3-12 membered heterocydyi or 

optionally substituted 3-14 membered heteroaryl wherein said optionally substituted 

3-12 membered heterocydyl or optionally substituted 3-14 membered heteroaryl 

20 four 	 from comprises one to 	heteroatoms selected 	0, S. or N. In another aspect of 

this embodiment, Het is an optionally substituted 3-12 membered heterocydyt 

comprising one or two heteroatoms selected from 0. S. or N. In aspect of this 

embodiment, Het is an optionally substauted 5-10 membered heteroaryl comprising 

to four hetroetoms 	from 0, S, 	N. In one 	 selected 	or 	another aspect of this 
25 embodiment, Het is optionally substituted pyrldinyl. In another aspect of this 
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embodiment, Het Is optionally substituted pyridadnyt. In another aspect of this 

embodiment. Hat is optionally substituted falrahydro-2H-pyranyl. In another aspect 

of this embodiment Het is optionally substituted piperldinyl. In another aspect of this 

embodiment, Het is optionally substituted pyrrolklinyl. In another aspect of this 

5 embodiment. Hat is optionally substituted letrahydrolliupl Bony!. In another aspect of 

this embodiment. Hat Is optionally substituted pyrazlnyl. In another aspect of this 

embodiment. Het is optionally substituted 111-tetrazslyl. In another aspect of this 

• embodiment, Het Is optionally substituted azatidinyl. In another aspect of this 

embodiment. Het is optionally substituted tetrahydrofuranyl. In another aspect of this 

10 embodiment Hat is optionally substituted tetrahydro-2H-furo(2,3-byuranyl. In 

another aspect of this embodiment, Het is optionally substituted thiazoyl. In another 

aspect of this embodiment, Het is optionally substituted 1H-irnidazolyL In another 

aspect of this embodiment, Het is optionally substituted 48-12.4-Mazolyl. In another 

aspect of this embodiment. Het is optionally substituted 1H-pyrazolyl. In another 

15 aspect of this embodiment Het is optionally substituted 1,3,4-lidadiazolyl. In another 

aspect of this embodiment, Het is optionally substituted quinolinyl. In another aspect 

of this embodiment. Het Is optionally substituted (1,2,4)1riazolo[4.3-alpyridinyl. In 

another aspect of this embodiment. Hat is optionally substituted thbphenyl. In 

another aspect of this embodiment. Het is optionally substituted 1,2,4-thiadlazolyl. In 

20 another aspect of this embodiment, Het Is optionally substituted pyrimidlnyl. In 

another aspect of this embodiment. Het is optionally substituted 1f4-1.2,3-triazolyt In 

another aspect of this embodiment. Het Is optionally substituted 1,3,4-ozadiazolyl. In 

another aspect of this embodiment. Het is optionally substituted Imidazo[1.2-

bjpyridazinyt In another aspect of this embodiment -R3-C(0)0-Het is: 

SS•tN_B

o-Het 

	 h0 
or 	—CH-1( 

25 Th 	 0-Het 

wherein the pyrrolkiinyl or plperidinyl ring is optionally substituted. In another aspect 

of this embodiment, R2  Is: 

A 

In another aspect of this embodiment R2  is: 
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OH 

In another preferred aspect of this embodiment, R2  is 

?? 

or 

In another preferred aspect of this embodiment, R2  is 

5 or 

In another embodiment of Formula II, Y is —N(R4)(F22). In another aspect of 

this embodiment, R4  is H or optionally substituted C,-C6  alkyl. In another aspect of 

this embodiment, Re  is CI-C6  alkyl, C5-C6  cycloalky!, 5-10 membered heteroaryl or 4- 

10 membered heterocyclyl wherein each CrCe  alkyl, C5-Ce, cycloalkyl, 5 - 10 

0 	membered heteroaryl or 4-10 membered heterocyclyl is optionally substituted with 

one or more QI. In another aspect of this embodiment, R4  is optionally substituted 

Cl-Cs  alkyl and R5  is Cr-C6  alkyl, Cs-05  cycloalkyl, 5-10 membered heteroaryl or 4-10 

membered heterocyclyl wherein each Cl-05  alkyl, C5-Ce  cycloalkyl, 5 - 10 membered 

heteroaryl or 4-10 membered heterocyclyl is optionally substituted with one or more 

5 	Q'. In another aspect of this embodiment, R2  is: 

In another aspect of this embodiment, R2  is: 

OH  

In another preferred aspect of this embodiment, R2  is 

A 

0 
Of 

In another preferred aspect of this embodiment, R2  is 
24 
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Or 

In another embodiment of Formula II, Y is -R6----NOR7. In another aspect of 

this embodiment, R5  is CrCs  cycloalkylyne, or 4-6 membered heterocyclylyne 

wherein each C5-C6  cycloalkylyne or 4-6 membered heterocyclylyne is optionally 

5 	substituted with one or more Cil. In another aspect of this embodiment, R6  is 

cyclohexylyne. In another aspect of this embodiment, R7  is optionally substituted Cr 

C5 alkyl. In another aspect of this embodiment, R7  is optionally substituted Cr-Cis  

arylalkyl. In another aspect of this embodiment, R' is optionally substituted 6-11 

membered heteroaryialkyi. In another aspect of this embodiment, Fe is optionally 

10 	substituted 6-11 membered heterocyclylalkyl. In another aspect of this embodiment, 

R5  is cyclohexylyne and R7  is optionally substituted CI-C6  alkyl. In another aspect of 

this embodiment, R6  is cyclohexylyne and R7  is optionally substituted C>-C„ arylalkyl. 

In another aspect of this embodiment, R6  is cyclohexylyne and R7  is optionally 

substituted 6-11 membered heteroarylalkyl. In another aspect of this embodiment, 

15 	R°  is cyclohexylyne and R' is optionally substituted 6-11 membered heterocyclylalkyl. 

In another aspect of this embodiment, R2  is: 

0.)\/ 

In another aspect of this embodiment, R2  is: 

n-.1 ---,  
OH 

20 	In another preferred aspect of this embodiment, R2  is 

r 

or 	 Or 

In another preferred aspect of this embodiment, R2  is 

or 
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In another embodiment, the compound of Formula I or Formula II is 
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ǸI A•( 

\ 	N 
isINI-I 

0 

0 
S 
/ 	OH 

N,0 
N 	NN 

41}-40 
0.,,,,h 

---,..--0  5 

30 



WO 2011/088303 
	

PCT/US2011/021279 

OH OH 
S S 

NI N---( 

0

t0 

 

fill-4,  	 / 	0 

0 c.-- 1
S  
/ OH 	0‘‘ 	k--)  

,f---0 
N 

tos-Of 

0 

NH 

0 
S 

/ 
/
OH / 	OH 

H 
N NH „.„...- N„,..,..0,,, N 

• i i ff i 	i R Co 
o o - o 

O 
S 

\ 	/ 
OH 

Nif 
N 	,,N,

NH INN 
-,„„,...,..L„ 

0 0 

0 
S 

\ 	/ 
OH 

NIT• 
NH-

--- 	NH 

0 -4‘0 
-;,,,..-L

o 

0 
S 
/ OH 

N 	N, 
NI '."'- IINI:1 	'NE  

„„„CI 0 

5 

31 



WO 2011/088303 
	

PCT/US2011/021279 

0 
S 

\ 
/ 
	

OH 
/ 

N-N 
0 

-0-40 S 
OH 

( ) 
/ I N 

-0
NI NH 1 1.1 

"--(0 
CI 

Ov 

O 0 
S S OH OH / 

N 
/'"-N / 

0 
NI N 	NN NI OH 

tre
c) 	

0 0 

O 0 
S S 
/ 	OH \ 	S / 	OH 	\ s.,,_ 

4, ) -- 
N

I 
NI i INH 	N NI 	I \ lH "-- 

-040 -0-40 

O 0 
S 

OH 
S 

OH 

Ii,( 

---00 

NH 	N 
\ 	/ 

NI 1 	MNH 
\ 
N 

0 
S 0 
/ 	OH . S 

/ / 	OH 
N-N 

-(1° 	\-- 
0 
-(=N1 5 
\ 	

/ , 
3,...
o

tli
li 	

O 

 

0 

O 
S S 

/ 	OH
N 

 \ 	/ 	OH 
N4  ) 

`fl
NI 

,,tI4, 
0 

32 

NI 	N 
K\ 0 

j-  



WO 2011/088303 
	

PCT/US2011/021279 

O 0 
S 
\ i 	OH 	 / OH 

NI 
I. 

* 	
..11( 

0 	 0 

0 	HN 	 0 NH 
.N. 	S 	 `. 	S 

\ / 	OH 	0 
YC)

666f 

	

/ 

NH 	 N 
<__)„11  1. 
 

( 

0 	0, 
>‘ --0  

NH 

0 

0 
S 

0 	 \ 	/ 	
OH 

S OH 	 N-NH , 
/ 	 ‘ ----1 

0) 	--(1)--i  N 	 0 	0 
 N.-- 

---0-* 	i ' ' INI 
OH , 

' 
O 	 0 

S 	 S 
/ 	OH 	 / 	OH 

/ 
\ 	N=.) 
N -i / 

N \ _Co  

—( - --0 0 	 ---0 0 

NH 

0 
S 

OH 	\ 	N-=-) 
/ 
	

N-i / 
N 	I NH 

-41)—(0 5 

33 



WO 2011/088303 
	

PCT/US2011/021279 

0 

OH / 0 
0 

N H 

O 

0 

/ 	OH 0 
0 

,s,..
0 
i

N H 

S 
/ 	OH 

0 
N--<'  

cit...0.14 	 
>\— 	 0 0 HN 

N 
0.0 .„I 

H 01,...°
0 

 

0 

0 
S 
/ 	OH 0 

/ S 
N—N 

/ 	
OH 

 / 
N—N 

\ —CH 0 	\ OH 

0 
\0 	 S 

OH 
OH 

/ , 0 

0—i  
5 

0 0 	\ / 

	

 	

) 

34 



WO 2011/088303 
	

PCT/US2011/021279 

O 0 
S 
/ 	OH 

S 
i OH 

N 	hi 	Nr.) N N 

_ 

O 
S 
i 	OH 

0 
N 	N 

— N Vir), \ 	/ 
N 
\ 

0 

0 
S 

OH 

NJ 
I 

0 

0 
S 

OH 
0 

Nj, 
ti 	' IIN 

0 	H 
0 

S 
OH 

0 / 
S 
/ 	OH 

0 

N--N 	Ns., . 	-, 
1 --,. .,..,--'• 

.14 
5 	 0 

35 



WO 2011/088303 
	

PCT/US2011/021279 

0 	0 	 0 

\ 	OH 
N 	 OH 

...e NI,' 	 it-N 
\ 

,or 	 ; or a 

phannaceuticaly acceptable salt or ester thereof. 

12faffdall 
5 	Unless Mated otherwise. the following terms and phrases as used herein are 

intended to have the following meanings. The fact that a particular term or phrase Is 

not specifically defined should not be correlated to Indefiniteness or lacking clarity. 

but rather terms herein are used within their ordinary meaning. When trade names 

are used herein, applicants intend to Independently include the tradename product 

10 	and the active pharmaceutical Ingredient(s) of the tradename product. 

The term 'treating". and grammatical equivalents thereof, when used in the 

context of treating a disease, means slowing or stopping the progression of a disease, 

or ameliorating at least one symptom of a disease, more preferably ameliorating 

more than one symptom of a disease. For example, treatment of a hepatitis C virus 

15 	infection include 	HCV 	load in 	HCV infected human being, can 	reducing the 	viral 	an 

and/or reducing the severity of jaundice present In an HCV infected human being. 

'Alkyl' is hydrocarbon containing nomial, secondary. tertiary or cyclic carbon 

atoms. For example, an alkyl group can have 1 to 20 carbon atoms (i.e, C1-C23  alkyl), 

1 to 10 carbon atoms (I.e.. CrCio alkyl). or 1 to 6 carbon atoms (i.e., C1-Ce MKS 

20 	Examples of suitable alkyl groups Include, but are not limited to, methyl (Me. -CH3). 

ethyl (Et -CH2CH3). 1-propyl (n-pr.  recopy!, -CH2CH2CI-13), 2-propyl 0-pr, 

kpropyl, -CH(CH3)2), 1-butyl (B-Bu, rbutyl, -CH2CH2CH2CH3), 2-methyl-1-propyl (1-Bu. 

kbutyl, -CH2CH(CH3)2). 2-butyl (g-Bu, g-bu)l, -CH(CH3)CH2CH3), 2-methyl-2-propyl 

(I-8u. !-butyl,  -C(CH3)3),  l-penlyl  (plenty!, -CH2CH2CH2CH2CH3), 2-pentyl 

25 	(-CH(CH3)CH2CH2CH3), 3-pentyl (-CH(OH2CH3)2), 2-methyl-2-butyl 

(-C(CH3)2CH2CH3). 3-methyl-2-butyl (-CH(CH3)C1-1(CH3h). 3-methyl-1-butyl 

(-CH2CH2CH(CH3)2). 2-meetyl-1-butyl (-CH2CH(CH3)CH2CH3), 1-hexyl 

(-CH2CH2CH2CH2CH2CI-13), 2-hexyl (-CH(CH3)CH2CH2CH2CH3). 3-hexyl (- 

CH(CH2CH3XCH2CH2CH3)). 2-metty1-2-pentyl (-C(CH3)2CH2CH2CH3), 3-methyl-2- 
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pentyl (-CH(CH3)CH(CH3)CH2CH3), 4-methyt-2-pentyl (-CH(CH3)CH2CH(CH3)2). 3-

methy1-3-Pent)4(-C(CH3XCH2CH3)2). 2-methyl-3'pentyl  (-CNCHICH3)CH(CH3h).  2,3-

dimeltiy1-2-bidyl (-C(CH3)2CH(CH3)2). 3.3-climethyl-2-butyl (-CH(CH3)C(CH3)3, and 

ootYl (-(CH2)ICH3). 

5 'Attar means a group having the formula -O-alkyl, In which an alkyl group, 

as defined above, is attached to the parent molecule via an oxygen atom. The alkyl 

have 1 to 20 	 C1 1 portion of an alkoxy group can 	 carbon atoms (i.e., 	-C, alkoxy), 	to 

12 carbon atoms (I.e., C,-C,2  alkoxy), or 1 to 6 carbon atoms(I.e., C1-C3 alkoxy). 

Examples of suitable alkoxy groups Include, but are not limited to, methoxy (-0-CH3  
10 or-OMs), ethoxy (-0CH2CH3 or -0Et), t-butoxy (-0-C(CH3)3  or -018u). and the like. 

'Haloaficyr is an alkyl group, as defined above, in which one or more 

hydrogen atoms of the alkyl group is replaced with a halogen atom. The alkyl portion 

of a haloalkyl group can have 1 to 20 carbon atoms (i.e., C,-C20  haloalkyl), 1 to 12 

carbon atoms(i.e., C1-C., haloalkyl), or 1 to 6 carbon atoms (i.e., C1-C. alkyl). 
15 Examples of suitable haloalkyl groups include, but are not limited 

to, -CF3, -CHF2, -CFI-12, -CH2CF3. and the like. 

'Martyr is a hydrocarbon containing normal, secondary, tertiary, or cyclic 

carbon atoms with at least one site of unsaturallon, Le. a carbon-carbon, sp2 double 

bond. For example, an alkenyl group can have 2 to 20 carbon atoms (I.e.. C2-Cso 

20 alkenyl), 2 to 12 carbon atoms (i.e., CrC32  amyl), or 2 to 6 carbon atoms (i.e., C2- 
Cs alkenyl). Examples of suitable alkenyl groups include, but are not limited to, vinyl 

(-CH=CH2), ally, (-CH2CHI-I2), cyclopentenyi (-COW, and 5-hexenyl 

(-CH2CH2CH2CH2CH=CH2). 

'Alkynyr is a hydrocarbon containing normal, secondary, tertiary or cyclic 

25 carbon atoms with at least one site of unsaturatlon. I.e. a carbon-carbon, sp triple 

bond. For example, an alkynyl group can have 2 to 20 carbon atoms (i.e., C2-C20  

alkynyl), 2 to 12 carbon atoms (I.e.. CrC,2 alIcyne.), or 2 to 6 carbon atoms (l.e.. Cr 

C4  alkynyl). Examples of suitable alkyityl groups include. but am not limited to. 

acetylenlc (-C-CM), propargyl (-CH2C.CH), and the like. 

30 'Akylene* refers to a saturated, branched or staight chain radical or or cyclic 

hydrocarbon radical having two monovalent radical centers derived by the removal of 

two hydrogen atoms from the same or two different carbon atoms of a parent alkane. 

For example, an alkylene group can have 1 to 20 carbon atoms, 1 to 10 carton atoms, 

or 1 to 6 carbon atoms. Typical akylene radicals include, but are not limited to, 
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methylene (-CHr), 1,1-ethylene (-CH(CH3)3 1,24thylene (-CH2CHr), 1,1-propylene 

(-CKCH2el-6)3 1.2-Propylene  (-CH:CH(CH3)-). 1.3-FrolWiene (-CH4CH2C14). 1A- 
butylerte (-CH2CH2CH2CH2-), and the like. 

-Alkenyleme refers to an unsaturated, branched or straight chain or cyclic 

5 	hydrocarbon radical having two monovalent radical centers derived by the removal of 

two hydrogen atoms from the same or two different carbon atoms of a parent Scene. 

For example, and alkenylene group can have 1 to 20 carbon atoms, 1 to 10 carbon 

atoms, or 1 to 6 carbon atoms. Typical alkenylene radicals include, but are not limited 

to, 1,2-ethylene (-CH-<H-). 

10 'Alkynylene" refers to an unsaturated, branched or straight chain or cyclic 

hydrocarbon radical having two monovalent radical centers derived by the removal of 

two hydrogen atoms from the same or two differed carbon atoms of a parent elope. 

For example, an alkynylene group can have 1 to 20 carbon atoms, 1 to 10 carbon 

atoms, or 1 to 6 carbon atoms. Typical alkynylene radicals Include, but we not limited 

15 	to, acetylene (-C.C-), propargyl (-CH2C.C-), and 4-pentynyi (-CH2CH2CH2C.C-). 

"Alkylyne" refers to a saturated, branched or straight chain radical having two 

radical centers derived by the removal of three hydrogen Morns from two carbon atoms 

of a parent alkene. For example, an alkylyne group can have 2 to 20 carbon atoms, 2 

to 10 carbon atoms, or 2 to 6 carbon atoms. Typical akylyne radicals include, but are 

20 	not limited to, 1,2-ethylyne (-CHICH=), 1,2-propylene ea-IA*10=1 1,3-propylyne 

(-CH2CH2CH4), 1,4-butylyne (-CH2CH2CH2CH=), and the like. 

'Aryl" means a monovalent aromatic hydrocarbon radical derived by the 

removal of one hydrogen atom from a single carbon atom of a parent aromatic ring 

system. For example, an aryl group can have 6 to 20 carbon atoms, 6 to 14 carbon 

25 	atoms, or 6 to 12 carbon atoms. Typical aryl groups include, but are not limited to, 

radicals derived from bertzene (e.g., phenyl), substituted benzene, naphthalene, 

anthracite's, biphenyl, and the like. 

'Arytene-  refers to an aryl as defined above having two monovalent radical 

centers derived by the removal of two hydrogen atoms from the same or two different 

30 	carbon atoms of a parent aryl. Typical arylene radicals include, but are not limited to. 

phenylene. 

'Arylialkyr refers to an acyclic alkyl radial in which one of the hydrogen 

atoms bonded to a carbon atom, typically a tannins! or sp3 carbon atom, is replaced 

with an aryl radical. Typical arylalkyt groups include, but are not limited to, benzyl, 2- 
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phenylethan-1-yi, naphtrn4methyl, 2-naphthylethan-1-yl, naphthobertzyl. 

2-naptithopheradethan-1-yland the Ike. The arylalkyl group can comprise 6 to 20 

carbon atoms, e.g., the alkyl moiety Is 1 to 6 carbon atoms and the aryl moiety is 6 to 

14 carbon atoms. 

5 tycloakyr refers to a saturated or partially unsaturated ring having 3 to 7 

carbon atoms as a monocycle, 7 to 12 carbon atoms as a bicycle, and up to about 20 

carbon atoms as a polycyde. Monocyclic cycloalkyl groups have 3 to 6 ring atoms. 

dill more typically 5 or 6 ring atoms. Bicyclic cycloakyl groups have 7 to 12 ring 

atoms, e.g., arranged as a Carlo (4.5), (5,5), (5,6) or (6,8) system, or 9 or 10 ring 

10 atoms arranged as a bicycle (5,6) or (6,6) system. Cycloalkyl groups Maude 

hydrocarbon mono-. bi-, and poly-cyclIc rings. whether fused, bridged, or spiro. Non-

limiting examples of monocycle carbocydes Include cydopropyl, cyclobutyl, 

cydopentyl, 1-cyclopent-1-ethyl, 1-cyclopent-2-enyl. 1-cyclopent-3-enyl. cyclohexy1.1-

cydohex-1-enyi, 1-cydohex-2-enyl, 1-cyclohex-3-enyl, bicycic43.1.0jhex-6-yland the 

15 Ike. 

Tydoelkylene" refers to a cydoakyl as decried above having two monovalent 

from radical centers derived by the removal of two hydrogen atoms 	the sane or two 

different carbon atoms of a parent cydoakyl. Typical cydoalicyfene radicals Include, but 

are not limited to, rey‘loiaupylene. cyclobutylene, cyclopentylene and cyclohexylene. 

20 tycloskylynie refers to a cycbakyl as defined above having two radical 

centers derived by the removal of three hydrogen atoms from two carbon atoms of a 

parent cydodcyl. Two of the hydrogen atoms are removed from the same carbon atom 

and one hydrogen atom Is removed from an alternative carbon atom of the ring. Non-

limiting examples of cycloalkylyrie radicals include: 

—.0=  4 

25 cyclobutylyne 	cydopentylyne 	cyclohexykine 

'Halogen' refers to F. 0, Br, or I. 

As used herein the term 'aloalkyr refers to an alkyl group, as defiled herein. 

that Is substituted with at least one halogen. Examples of branched or straight chained 

-haloalkyr groups as used herein include, but are not limited to. methyl, ethyl, ['ropy!. 

30 Isopropyl. n-butyl, and t-butyl substituted independently with one or more halogens. for 

example, ffuoro, chloro, bromo, and lab. The term lialoalkyr should be Interpreted to 

Include such substituents as perfluoroalkyl groups such as —0F3. 
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As used herein. the term -haloalkoxy" refers to a group -OR', where Fe Is a 

haloalkyl group as herein defined. As non-limiting examples, heloalcoxy groups 

include -0(CH2)F. -0(CH)F2. and -OCF3. 

'Heterocycles or 'heterocycl)4' refers to a saturated or partially saturated 

5 	cyclic group having from 1 to 14 carbon atoms and from 1 to 6 I ietswaturi IS selected 

from N, S. P, or 0. end Includes single ring end multiple ring systems Including, fused, 

bridged. and splro sing systems. 'Heterocycle' or 'heterocyclyr as used herein 

includes by way of example and not limitation those heterocycles described In 

Paquette, Leo A.; Principles of Modem Heterocvclic Chemistry (WA. Benjamin, New 

10 	York. 1968), particularly Chapters 1, 3, 4, 8, 7, and 9• The Chemistry of Heterocyclic 

Compounds. A Series of Monoaraohe (John Wiley 8 Sons. New York, 1950 to 

present), In particular Volumes 13. 14, 16, 19, end 28; and J. Am. Chem. Soc. (1960) 

82:5568. In one embodiment tiro carbon, nitrogen, phosphorous, or sulfur atom(s) of 

the heterocyclic group may be oxidized to provide for C(0), N-oxide. phosphinane 

15 	odds. sulfinyl. or suffonyl moieties. 

As one example. subsilluted heterocydyls Include. for example, heterocyclic 

rings substituted with any of the substituents disclosed herein including oxo groups. 

A non-limiting example of a carbonyl substituted heterocyclyl is: 

n 
\,.....N 	NH 

0 

20 

Examples of heterocycles Include by way of example and not limitation 

dihydroypyridyl. tetrahydropyridyl (PleeridY1),  tetrehydrothiophenyt sulfur oxidized 

tetrahydrothiophenyl, piperidinyl, 4-plpericionyt pynoildinyl, azeUdinyl, 2-pyrrolidonyl, 

leirahydrofuranyl, decehydroquinolinyt octahydroisoquinolinyl, pyranyt. morpholinyl, 

25 	and bis-tetrahydrofuranyl: 
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5 

"Neterocyclene" or "heterocyclyiene" refers to a 'heterocycle" or "helerecyclyi" 

as defined above having two monovalent radical centers derived by the removal of two 

hydrogen atoms from the same or two different carbon atoms of a parent heterocycle, 

the removal of two hydrogen atoms from two nitrogen atoms of a parent heterocycle, or 

the removal of a hydrogen atom from a nitrogen and the removal of a hydrogen atom 

from a carbon atome of a parent heterocycle. Non-limiting examples of heterocyclene or 

heterocyclyienes are: 

'—( 	 '—K 	—. 	--N 
/N 
	

\ 	
/N— 

NH 

c-in 	 es-S.  

-----/ 
NH 

10 "Heterocyclelyne" 	'heterocyclylyne" 	"heterocycle" or 	 refers to a 	 or 

"heterocyclyr as defined above having two radical centers derived by the removal of 

three hydrogen atoms from two carbon atoms of a parent heterocycle or the removal of 

a hydrogen atom from a nitrogen atom and the removal of two hydrogen atoms from the 

same carbon atom of a parent heterocycle. Non-limiting examples of heterocyclelyne 

15 or "heterocyclytyne radicals include: 

K NH 
	 /.-- \N 	 \I if-i  

----/ 

t 	ess 

-,--(__  
NH 	 \ 	/ 
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"Heteroaryr refers to a monovalent aromatic heterocyclyl having at least one 

heleroatom in the 	Thus, aheteroaryr 	 from ring. 	 refers to an aromatic group of 	1 to 14 
carbon atoms and 1 to 6 heteroatoms selected from oxygen, nitrogen, sulfur, or 

5 phosphorous. For multiple ring systems, by way of example, the term 'heteroaryr 

Includes fused, bridged, and spiro ring systems having aromatic and non-aromatic 

rings.. In one embodiment, the carbon, nitrogen, or sulfur ring atom(s) of the 

heteroaryl group may be oxidized to provide for q=o). N-oxide, suanyl, or sutfonyl 

moieties. 

10 

15 

20 

Examples of heteroaryls include by way of example and not limitation el/Tidy', 

thiazolyi, pyrimidinyl, finny!, thienyl. pyrrolyt, pyrazolyi, Imidazolyl, letrazolyt, 

benzofuranyl, thianaphthalenyl, Indolyl. quinollnyi, isoquinolnyi, benzimictazolyi, 

teVehydroquinolinyi. tetrehydrolsoquindinyl, 6H-12,5-thiadlazinyl, 21-1,13H-1,5,2-

clithiazinyl, thlenyi. thbanthrenyl, Isobenzofuranyl. chromenyl, xanthenyl, 

phenoxathinyl, 2H-pyrrolyt Isothlazolyl, iSOXEIZOM, pyrazlnyi, pyridazinyl, indolizinyi, 

isokidolyl, 3H4ndolyi, 1H-indazoly, purinyt. 4H-quinolizinyt, naphthyddinyi, 

qulnoxalinyl, quinassolimA, einnolinytoteridinyi, 4aH-carbazolyl, carbazolyi, fi-

carbolim4, phenanthridinyl, acriclinyi, pyrimkIlnyi. phenanthroilnyl, phenazlnyi, 

phenotNazinyl, furazenyl, phenowszlnyl, Isochromanyi, chromanyl, imidazoildinyl, 

imIdazolinyi, pyrazoildinyl, pyrazollnyl, pipemzlnyl, Indolinyl, Isoindolinyl, quinudidinyl, 

morpholinyi, mcazolklinyl, benzoirlazolyi, benzisoxazolyl. oxindolyl, benzoxazolinyl, 

and isatinoyi. lieterocyclylene" refers to a heterocyclyl. as defined herein, derived by 

replacing a hydrogen atom from a carbon atom or heteroatom of a heterocyclyl, with 

an open valence. Similarly, "heteroarylene refers loan aromatic heterocyclylene. 

25 -HaterocYclylalkyr refers to an acyclic alkyl radical in which one of the 

hydrogen atoms bonded to a carbon atom, typically a terminal or sp3 carbon atom, Is 

replaced with a heterocyclyl radical (I.e., a heterocydyl-alkylene- moiety). Typical 

heterocyclyl alkyl groups Include, but are not limited to heterocyclyl-CHr, 2- 

(heterocyclyt)elhan-1-yl, and the like, wherein the eheteroeydyr portion includes any 
30 of the halerocydyl groups described above, Including those described in Ftindoles of 

Modem Heterocycle Chemistry. One skilled In the art will also understand that the 

heterocyclyl group can be attached to the alkyl portion of the heterocyclyl alkyl by 

means of a carbon-carbon bond or a carbon-heteroatom bond, with the proviso that 

the resulting group is chemically stable. The heterocydylalkyl group comprises 2 to 

35 20 carbon atoms and 14 heteroatoms, e.g., the alkyl portion of the heterocyclylalkyl 
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5 

group comprises 1 to 6 carbon atoms and the heterocycly1 moiety comprises Ito 14 

carbon atoms. Examples of heterocyclylalkybs Include by way of example and not 

limitation 5-membered suffix, oxygen, phosphorus, and/or nitrogen containing 

heterocycles such as pyrroildlylmethyl, 2-tetrahydrofuranylylethan-1-yl, and the like, 

6-membered sulfur, oxygen, and/or nitrogen containing heterocycles such as 

plperldlnylmethyl, morpholinylmethyl, piperidinyielhyl, teterahydropyranylethyl, and 

the like. 

'Heteroarylalkyr refers to an alkyl group, as defined herein, in which a 

hydrogen 	has been 	 a heteroaryt 	as defined herein. Non- atom 	replaced with 	group 

10 limiting examples of heteroaryl alkyl Indude -CHrpyridinyl, -CH2-pyrrolyl, -CHr  

resszolyl, -CHrindolyl, -CHrisolnclotyl, -CHrpurinyl, -CHs-furanyl, -CHrthienyl. -Ctir  

benzofuranyl, -CH=-benzothiophenyl, -CHrcarbazolyi, -CHrImidazotyl. -CHrthiazolyl, 

-CHrlsoxamlyl, -CHrpyrazolyl, -CHrisothlazolyl, -CHrguinolyi, -CHrisoguinolyl, - 

CHrpyrldazyl, -CHrpyrenklyl, -CHrpyrazyl, -CH(CH3)-pyrldlnyl, -CH(013)-pyrrolyl, - 

15 CH(CH3)-recazolyl, 

-CH(CH3)-indolyl. -CH(CH3)-isoindolyl. -CH(CH3)-purinyl, -CH(CH3)-furanyl, - 

20 

CH(CH3)-thienyl, -CH(C1-13)-benzofuranyl, -CH(CH3)-benzothiophenyl, -CH(CH3)-

carbazdyl, 

-CH(CH3)-imidezolyl, -CH(CH3)-thlazolyl. -CH(CI-13)-lsoxazolyl, -CH(CH3)-pyrazolyl, 

-CH(CH3)-lsothiazolyl, -CH(CH3)-quinolyl. -CH(CH3)-Isoquinolyl, -CH(CH3)-pyrldazyl, 

-CH(CH3)-pyrImidyl, -CH(CH3)-pyrazyl, and the Ike. 

The term Iteteiuk.yclyioxy-  represents a heterocycly1 group attached to the 

adjacent atom by an oxygen. 

When there Is a sulfur atom present, the sulfur atom can be at different 

25 oxidation levels, namely, S. SO, SO,, or SO,. All such oxidation levels are witnin the 

scope of the present invention. 

30 

When there Is a phosphorous atom present the phosphorous atom can be at 

different oxidation levels, namely. Parlelr, P0212•Ftb. or PO3RaFtb, where Fe, R., 

and Fr each Independently is chosen from H, C1.12 alkyl. C2.12 alkenyl. C2.12 alkynyl, 

Cs,. aryl, 3-12 membered heterocycle, 3-18 membered hetercerylalkyl, Cele  

aryialkyl: or two taken together (with or without oxygen.) form a 5 to 10 membered 

heterocycle. All such oxidation levels are within the scope of the present invention 

The term 'optionally substituted' in reference to a particular moiety of the 

compound of the Formulae of the Invention, for example an 'optionally substituted 

35 havaig aryl group', refers to a moiety 	none, one, or more substituents. 
43 



WO 2011/088303 
	

PCT/US2011/021279 

The term 'substituted" in reference to alkyl, alkylene, ay, mytalkyl, alkoxy, 

heterocyclyl, heteroaryl, carbocyclyt, etc.. for example, 'substituted alkyl', 

'substituted alicylent, 'substituted aryl, 'substituted mytalkyr, 'substituted 

heterocydyr, and "substituted carbocyclyr means alkyl, alkylene, aryl, arytelkyl. 

5 heterocydyl, carbocyclyi respectively, In which one or more hydrogen atoms are 

each independently replaced with a non-hydrogen substiluent Divalent groups may 

also be similarly substituted. 	Unless otherwise Indicated, typical subsffluents include, 

but are not limited to, -X, -Fe, -cr. no, -oRb. -sFe, -5., -NR°,, *tie,. 

10 
=NR", -CX2, -CN, -OCN, -SCN, -Niz0e3, -NCS, -NO, -NO2, 
412, -N2, -NHC(i20)R°, -0C(=0)12°, -NHC()NR°2, -S(=0)2., -S(=0)20H, -S(L-0)21:r. • 
0S(=0)20Rb, -S(=OhNR°2, -.9(=0)12°, -0P(=0)(0R6)2. -P(=OX0R112. -POOX0h. -P(= 
OXOHh. -P(OROBbX01. -C(0.3)Ftb. -0=0)X. -C(S)R°, -C(0)01?, -C(0)0, -C(S)Oftb  

. -C(0)SW.  -c(s)sab. -c(o)NRba. -c(s)NR°2. -cfrNFMNR°2, where each X is 
independently a halogen: F. 0, Br, or I; and each Ft°  is independently H, alkyl. aryl. 

15 arytallcyl, a heterocycle, or a protecting group or prodrug moiety. Alkylene, alkenykoe, 

and alkynykine groups may also be similarly substituted. Unless otherwise indicated. 

when the term 'substituted' is used in coNunclisn with groups such as arykilkyl, which 

have two or more moieties capable of substitution, the substituents can be attached to 

the aryl moiety, the alkyl moiety, or both. 

20 Those sided in the art will recognize that when moieties such as "alkyl", 'kyr, 

"heterocydyr, etc. are substituted with one or more subsatutthts, they could alternatively 

be referred to as 'alkylene'. "arylener. Iteterocychriene. etc. moieties (I.e., indicating 

that at least one of the hydrogen atoms of the patent 'alicyr, 'kyr, "heterocycfyr 

moieties has been replaced with the Indicated substIluent(s)). When moieties such as 
25 'alkyl% -alt'.  'heterocyclyr, etc. are referred to herein as -substiuted or ere shown 

diagrammatically to be substituted (or oplionaty substituted, e.g., when the number of 

substituents ranges from zero to a positive integer), then the tenns 'allryl", 'aryr, 

laterocydyr, etc. are understood to be interchangeable with 'alkylene-, "arylemt, 
lieterocyclytene", etc. 

30 As will be appreciated by those skilled in the art the compounds of the 

present Invention may exist In solvated or hydrated form. The scope of the present 

invention Includes such forms. Again, as will be appreciated by those skilled in the 

wt the compounds may be capable of esterificatfon. The scope of the present 

invention includes esters and other physiologically functional derivatives. The scope 

35 of the present invention includes prodrug forms of the compound herein deathbed. 
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5 

"Ester" means any ester of a compound In which any of the —COOH functions 

of the molecule Is replaced by a -C(0)OR function, or in which any of the —OH 

functions of the molecule are replaced with a —0C(0)R function, in which the R 

moiety of the ester is any carbon-containing group which forms a stable ester moiety, 

including but not limited to alkyl. alkenyl. aryl. cydoalkyl, cycloalkylalkyl, aryl, 

arylalkyl, heterocydyl, heterocyclylelkyl and substituted derivatives thereof. 

10 

The terrn 'prodrug* 	herein as used 	refers to any compound that when 

administered to a biological system generates the drug substance, i.e., active ingredient, 

as a mud of spontaneous chemical reaction(s). enzyme catalyzed chemical reaction(s), 

photolysis, andrcr metabolic chemical reaction(s). A prodrug is thus a covaiently 

modified analog or latent form of a therapeutically active compound. Example of 

prodrugs Include ester moieties, quaternary ammonium moieties, glycol moieties, and 

the lie. 

One skied in the art wil recognize that substituents and other moieties of the 

15 compounds of Formula I should be selected In order to provide a compound which is 

sufficiently stable to provide a pharmaceutic* useful compass, which can be 

form fated into an acceptably stable pharmaceutical composition. Compounds of 

Formula I which have such stability are contemplated as falling within the scope of the 

present invention. 

20 As will be appreciated by those skilled in the ad, the compounds of the 

present Invention may contain one or more chiral centers. The scope of the present 

invention includes such forms. Again, as will be appreciated by those skilled in the 

art, the compound is capable of esterification. The scope of the present Invention 

includes esters and other physiologically functional derivatives. In addition, the 

25 scope of the present Invention includes prodrug forms of the compound herein 

described. 

A compound of Formula HI and its pharmaceutically acceptable salts may 

mist as different polymorphs or pseudopolymorphs. As used herein, crystaline 

polymorphism means the ability of a crystalline compound to exist in different crystal 

30 structures. Polymorphism generally can occur as a response to changes in 

temperature, pressure, or both. Polymorphism can also result from varlatbns In the 

crystalization process. Polyrnorphs can be distinguished by various physical 

characteristics known in the art such as x-ray diffraction patterns. solublffiy, and 

melting point. The crystalline polymorphism may result from differences In crystal 

35 packing (paddng polymorphism) or differences In packing between different 
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conformers of the same molecule (conformational polyrnorpMern). M used herein, 

crystalline paeudopolymorphism means the ability of a hydrate or solvate of a 

compound to exist In different crystal structures. The pseudopolymorphs of the 

instant invention may exist due to differences in crystal padcing (packing 

5 pseudopolymorphlarn) or due to differences In paddng between different conformers 

of the same molecule (conformational pseudopolymorphism). The instant invention 

comprises all polymorphs and pseudopolymorphs of the compounds of Formula I41 

and their pharmaceutically acceptable salts. 

A compound of Formula I-II and Its pharmaceutically acceptable salts may 

10 also mdst as en amorphous solid. As used herein, an amorphous solid Is a solid in 

which there is no long-range order of the positions of the atoms in the sold. This 

definition applies as well when the crystal size is two nanometers or less. Additives, 

including solvents, may be used to create the amorphous forms of the instant 

invention. The instant invention comprises all amorphous forms of the compounds of 

15 Formula HI and their pharmaceutically acceptable salts. 

Certain of the compounds described herein contain one or more chiral 

centers, or may otherwise be capable of existing as multiple stereolsorners. The scope 

of the present Invention Includes mixtures of stestoisomers as wee as purified 

erantlorners or enantomericalyldlastersomerIcally enriched mixtures. Also included 

20 within the scope of the invention em the Individual isomers of the compounds 

represented by the formulae of the present invention, as well es any wholly or partially 

equilibrated mixtures thereof. The present invention also includes the Individual 

Isomers of the compounds represented by the formulas above as mixtures with 

isomers thereof In which one or more chiral centers are Inverted. 

25 The term achlrer refers to molecules which have the property of non-

superImposabWty of the mirror Image partner. while the term eachiral-  refers to 

molecules which are superimposable on their mirror Image partner. 

The tens stereoisomers' refers to compounds which have identical chemical 

constitution, but differ with regard to the arrangement of the atoms or groups in space. 

30 tiastereomer refers to a atereoisomer with two or more centers of ctdrallty 

and whose molecules are not mirror images of one another. Diestereomers have 

different physicsl properties, e.g., melting points, boiling points, spectral properties, 

and readivides. Mixtures of diastensomers may separate under high resolution 

analytical procedures such as electrophoresis and chromatography. 
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'Enantlomers' refer to stereolsomers of a compound which are non-

superimposable minor Images of one another. 

'Alropisomere refer to stereoisomers of a compound resulting from hindered 

rotation about single bonds where the steric strain barrier to rotation is high enough 

5 to allow for the Isolation of the indhddual conformer. Afropisomers display axial 

chirality. AfrosIsomers may be equilibrated thermally and the interconversion barrier 

may be measured idnetically. Atropisomensm may occur apart from the presence of 

other forms of chiral isomerism. Thus, as Illustrated, the depicted nitrogen atom Is 

planar and compounds of Formula I are capable of existing as atropisomers: 

Ft1 	 OH 
-----:-...."---......S ( 4A 

\ / 	0 

PI-R2-L-Het 
0  

10 Ft2 	(I). 

In one embodiment of the present Invention, the compounds exist in a 

conformenc form of Formula la: 

lal 
S 
/ 	0 

tr--.02-4.-Hat 

0\ 
R2 	 (la). 

Stereochernical definitions and conventions used herein generally follow S. P. 

15 Parker, Ed.. McGraw-Hill Dictionary of Chemical Term; (1984) McGraw-Hill Book 

Company, New York; and Ellel, E. and When S. Stemochemisby of Oroanic 

Cornoounds (1994) John Wiley & Sons, Inc., New York. 

Many organic compounds exist in optically active forms, Le., they have the 

ability to rotate the plane of plane-polarized light. In describing en optically active 

20 compound, the prates D and L or R and S are used to denote the absolute 

configuration of the molecule about Its chiral center(s). The prefixes d and I or (+) and 

(-) are employed to designate the sign of rotation of plane-polarized fight by the 

compound, with (-) or 1 meaning that the compound Is levorotatory. A compound 

prefixed with (+) or d is dextrorotatory. 

25 A specific stereoisomer may also be referred to as an enantiomer, and a 

mixture of such Isomers is often called an enanfiomeric mixture. A 50:50 mixture of 
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enantiomers is referred to as a records mixture or a racemate, which may occur 

where there has been no stereoselection or stereospecIficity In a chemical reaction or 

process. The terms 'recent's mixture' and leatrnatit refer to an equimolar mixture 

of Iwo enantlomeric species, devoid of optical activity. 

5 The present Invention includes a salt or solvate of the compounds herein 

described, including combinations thereof such as a solvate of a salt. The 

compounds of the present invention may exist In solvated, for example hydrated, as 

well as unsolvated forms, and the present Invention encompasses all such forms. 

Typically, but not absolutely, the salts of the present Invention are 

10 pharmaceutically acceptable salts. Salts encompassed within the term 

"pharmaceutically acceptable salts' refer to non-toxic setts of the compounds of this 

Invention. 

Examples of suitable pharmaceutically acceptable sails indude inorganic add 

addition salts such as chloride, bromide, sulfate, phosphate, and nitrate; organic acid 

15 addition salts such as acetate, galactarate. propionate, succinate, lactate, glycolate. 

malate, tartrate, citrate, meleate, fumarate, methenesulfonate, p-toluenesulfonate, 

and ascorbete; salts with acidic amino acid such as aspartate and glutamate; alkali 

metal salts such as sodium salt and potassium sat alkaline earth metal salts such as 

magnesium salt and calcium salt ammonium sat organic basic salts such as 

20 himethylamine salt, triethylamlne salt, pyridine salt, plcoilne salt dIcyclohexylamine 

salt, and NN-clibenzylethylenediamine salt; and salts with basic antics acid such as 

lysine salt and arginine salt. The salts may be In some cases hydrates or ethanol 

solvates. 

The modifier 'about' used in connection with a quantity is Inclusive of the 

25 stated vat* and has the meaning dictated by the context (e.g., includes the degree 

of error associated with measurement of the particular quantity). 

Whenever a compound descrbed hereto is substituted with more than one of 

the same designated group, e.g., 'R' or 'R". then it will be understood that the 

groups may be the same or different, i.e., each group Is Independently selected. 

30 Wavy lines, 

3 
I 

Indicate the site of covalent bond attachments to the adjoining substructures, groups, 

moieties, or atoms. 
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The compounds of the invention can also exist as tautomedc Isomers In 

certain cases. Although only one dela:Mixed resonance structure may be depicted, 

all such forms are contemplated within the scope of the Invention. For example, ene-

amine tautomers can exist for purkie, primidine, imidazole, guanidine, amidine, and 

5 tetrazole systems and all their possible !automatic forms are within the scope of the 

invention. 

Selected substituents comprising the compounds of Formula 141 may be 

present to a recursive degree. In this context 'recursive substituent' means that a 

substituent may recite another Instance of itself. The multiple recitations may be 

10 

15 

direct or Indirect through a sequence of other substituents. 	Because of the recursive 

nature of such substituents. theoretically, a large number of compounds may be 

present in any given embodiment One of ordinary skill in the art of medicinal 

chemistry understands that the total number of such substituents Is reasonably 

limited by the desired properties of the compound intended. Such properties Include, 

by way of example and not limitation, physical properties such as molecular weight 

solubility or log P, application properties such as activity against the Intended target 

and practical properties such as ease of synthesis. Recursive substituents may be 

an intended aspect of the Invention. One of ordinal). skill In the art of medicinal 

chemistry understands the versatility of such substlkients. To the degree that 

20 recursive substituents are present In an embodiment of the invention, they may recite 

another Instance of themselves, 0, 1, 2, 3. or 4 limes. 

The compounds of Formula WI also include molecules that incorporate 

isotopes of the atoms specified in the particular molecules. Non-Irridng examples of 

these isotopes include 0, T, "C, "C, "0 and '5N. 

25 ProtectIna Grouts 

In the context of the present Invention, protecting groups include prodrug 

moieties and chemical protecting groups. 

Protecting groups are available, commonly known and used. and are 

optionally used to prevent side reactions with the protected group during synthetic 

30 procedures, i.e. mules or methods to prepare the compounds of the invention. For 

the most part the decision as to which groups to protect, when to do so, and the 

nature of the chemical protecting group 'PG' wM be dependent upon the chemistry of 

the reaction to be protected against (e.g., acidic, basic. oxidative, reductive or other 

direction 	 The PG conditions) arid the intended 	of the synthesis. 	groups do not need 
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to be. and generally are not, the same if the compound is substituted with multiple 

PG. In general, PG will be used to protect functional groups such as carboxyl, 

hydroxyl. thio. or amino groups and to thus prevent side reactions or to otherwise 

facilitate the synthetic efficiency. The order of deprolection to yield free, deprotected 

groups is dependent upon the intended direction of the synthesis and the reaction 

conditions to be encountered, and may occur In any order as determined by the 

artisan. 

Various functional groups of the compounds of the Invention may be 

protected. For example, protecting groups for -OH groups (whether hydroxyl, 

carboxylic acio. phosphorite acid, or other functions) include 'ether- or ester-forming 

groups". Ether- or ester-forining groups we capable of functioning as chemical 

protecting groups in the synthetic schemes set forth herein. However, some hydroxyl 

and thio protecting groups are neither ether- nor ester-forming groups, as will be 

understood by those skilled In the art, and are Included with amides, discussed below. 

A very large number of hydroxyl protecting groups and amide-forming groups 

and corresponding chemical cleavage reactions are described in Protective Groups 

In ()manic Synthesis Theodora W. Greene and Peter G. M. Writs (John Wiley 8 

Sons, Inc., New York, 1999, ISBN 0-471-16019-9) ("Greene"). See also Kodenski, 

Phip J.; Protecting Groups (Georg Thieme Verlag Stuttgart, New York, 1994), which 
is incorporated by reference In its entirety herein. In particular Chapter 1. Protecting 

Groups! An Overview, pages 1-20, Chapter 2, Hydroxyl Protecting Groups, pages 

21-94, Chapter 3, Dal Protecting Groups, pages 95-117, Chapter 4, Carboxyl 

Protecting Groups, pages 118-154, Chapter 5, Carbonyl Protecting Groups, pages 

155-184. For protecting groups for carboxylic add, phosphonlc acid. phosphonate, 

suifonic acid and other protecting groups for acids see Greene as set forth below. 

Such groups include by way of example and not limitation, esters, amides, 

hydroxides, and the like. 

Ether- and Ester-formino protecting mown 

Ester-forming groups Include: (1) phosphonate ester-forming groups, such as 

phosphonamidate esters, phosphorolhioate esters, phosphonate esters, and 

phosphon-bis-amidates; (2) carboxyl ester-forming groups, and (3) sulphur ester-

forming groups. such as sulphonate, sulfate, and sulfinate. 

Metabolites of the Compounds of the Invention 
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Also falling within the scope of this Invention are the in vivo metabolic 

products of the compounds described herein. Such products may result for example 

from the oxidation, reduction, hydrolysis, amidation, esterification and the lice of the 

administered compound, primarily due to enzymatic processes. Accordingly, the 
5 invention includes compounds produced by a process comprising contacting a 

compound of this invention with a mammal tor a period of time sufficient to yield a 

metabolic product thereof. Such products typically are Identified by preparing a 

radlolabelled (e.g.. C" or 31-I) compound of the invention, administering It parenteratly 
In a detectable dose (e.g., greater than about 0.5 mgficg) to an animal such as rat. 

10 mouse, guinea pig, monkey, or to man, allowing sufficient time for metabolism to 

oats (typically about 30 seconds to 30 hours) and isolating its conversion products 

from the urine, blood or other biological samples. These products are easily isolated 

since they are labeled (others are Isolated by the use of antibodies capable of 

binding epttopes surviving in the metabolite). The metabolite structures are 

15 detemened in conventional fashion, e.g., by MS or NMR analysis. In general. 

analysis of metabolites Is done In the same way es conventional drug metabolism 

studies well-known to those sidled In the art. The conversion products, so long as 
they are not otherwise found in vivo, are useful in diagnostic assays for therapeutic 

dosing of the compounds of the invention even if they possess no anti-infective 

20 activity of their own. 
The definitions and subslituents for various genus and subgenus of the 

present compounds are described and illustrated herein. It should be understood by 

one skiNed In the act that any combination of the definitions and substituents 

described above should not result In an inoperable species or compound. 

25 'Inoperable species or compound? means compound structures that violates 

relevant scientific principles (such as, for example, a carbon atom connecting to more 
than four covalent bonds) or compounds loo unstable to permit isolation and 

formulation Into pharmaceutically acceptable dosage forms. 

30 Pharmaceutical Formulations 

The compounds of this invention are formulated with conventional carriers 

and excipients, which will be selected In accord with ordinary practice. Tablets will 

contain exclplents, glidanb, fillers, binders and the Nke. Aqueous formulations are 

prepared In sterile form, and when Intended for delivery by other than oral 
35 administration generally will be isotonic. All formulations will optionally contain 
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exdpients such as those set forth in the Handbook of Pharmaceutical ExcIntents 

(1986), herein incorporated by reference in its entirety. Excipients include ascorbic 

add and other antioxidants, cheladng agents such as EDTA, carbohydrates such as 

dextrin, hydroxyalicylcedulose, hydroxyalkylmethylcellulose, stearic add and the Ike. 

5 The p1-1 of the formulations ranges from about 3 to about 11. but is ordinarily about 7 

to 10. 

While It Is possible for the active Ingredients to be administered alone it may 

be preferable to present them as pharmaceutical formulations. The formulations of 

the Invention, both for veterinary and for human use, comprise at least one active 

10 Ingredient, together with one or more acceptable carriers and optionally other 

therapeutic ingredients. The carriage) must be 'acceptable' in the sense of being 

compatible with the other ingredients of the formulation and physiologically 

Innocuous to the recipient thereof. 

The formulations include those suitable for the foregoing administration routes. 

15 The formulations may conveniently be presented in unit dosage form and may be 

prepared by any of the methods well known in the art of pharmacy. Techniques and 

formulations generally are found in Remington's Pharmaceutical Sciences (Mack 

Publishing Co.. Easton, Pa.). herein incorporated by reference In its entirety. Such 

methods include the step of bringing into association the active ingredient with the 

20 carrier which constitutes one or more accessory ingredients. In general the 

formulations are prepared by uniformly and Intimately bringing Into association the 

active ingredient with liquid COMM or finely divided solid carriers or both. end then, if 

necessary, shaping the product. 

Formulations of the present invention suitable for oral administration may be 

25 presented as discrete units such as capsules, cachets or tablets each containing a 

predetermined amount of the active ingredient; as a powder or granules; as a 

solution or a suspension in en aqueous or non-aqueous liquid; or as an oil-in-water 

liquid emulsion or a water-in-oil liquid emulsion. The active ingredient may also be 

administered as a bolus, electuary or paste. 

30 A tablet Is made by compression or molding, optionally with one or more 

accessory ingredients. Compressed tablets may be prepared by compressing In a 

suitable machine the active ingredient In a free-flowing form such as a powder or 

granules, optionally mixed with a binder, lubricant, inert diluent, preservative, surface 

active or dispersing agent Molded tablets may be made by molding in a suitable 

35 the 	 ingredient 	 inert liquid machine a mixture of 	powdered active 	moistened with an 
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diluent. The tablets may optionally be coated or scored and optionally are formulated 

so as to provide slow or controlled release of the active Ingredient. 

For administration to the eye or other external tissues e.g., mouth and skin, 

the formulations are preferably applied as a topical ointment or cream containing the 

5 active ingredient(s) in an amount of. for example, 0.075 to 20% why (Including active 

Ingredients) in a range between 0.1% and 20% In Increments of 0.1% wNi such as 

0.8% whs. 0.7% why, etc.), preferably 0.2 to 15% why and most preferably 0.5 to 

10% why. When formulated in an ointment, the active Ingredients may be employed 

with either a paraffinic or a water-miscible ointment base. Alternatively, the active 

10 ingredients may be formulated in a cream with an oLin-water cream base. 

If desired, the aqueous phase of the cream base may Include, for example, at 

least 30% vellw of a polyhydric alcohol, I.e. an alcohol having two or more hydroxyl 

groups such as propylene glycol, butane 1,3-diol, mannitol, sothitol, glycerol and 

polyethylene glycol (Including PEG 400) and mixtures thereof. The topical 

15 fonnulatlons may desirably include a compound which enhances absorption or 

penetration of the active Ingredient through the skin or other affected areas. 

Examples of such dermal penetration enhancers Include dimethyl sulphoxlde and 

related analogs. 

The oily phase of the emulsions of this invention may be constituted from 

20 known ingredients In a known manner. While the phase may comprise merely an 

emulsifier (otherwise known es an emulgent), it desirably comprises a mixture of at 

least one emulsifier with a fat or an oil or with both a fat and an oil. Preferably, a 

hydrophilic emulsifier is included together with a Upophilic emulsifier which acts as a 

stabilizer. It is also preferred to include both an oil and a fat. Together, the 

25 emulsifier(s) with or without stabilizer(s) make up the so-called emulsifying wax, and 

the wax together with the oil and fat make up the so-called emulsifying ointment base 

which faros the oily dispersed phase of the cream formulations. 

Emulgents and emulsion stabilizers suitable for use in the formulation of the 

invention include Tween® 80, Span® 80, cetostearyl alcohol, benzyt alcohol, myristyl 

30 alcohol, glyceryl mono-stearate and sodium lauryl sulfate. 

The choice of suitable oils or fats for the formulation is based on achieving the 

desired cosmetic properties. The cream should preferably be a non-greasy, non-

staining and washable product with suitable consistency to avoid leakage from tubes 

or other containers. Straight or branched disk% mono- or dibasic alkyl esters such as 

35 di-leoadipate, 'sootily% stearate, propylene glycol dlester of coconut fatty acids, 
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isopropyl myristate, decyl Sate, isopropyl palmitate, butyl stearate, 2-ethythexyl 

blend 	branched 	known 	Crodamol CAP 	be palmitate or a 	of 	chain esters 	as 	 may 	used, 

the last flee being preferred esters. These may be used alone or in combination 

depurating on the properties required. Alternatively, high melting point lipids such as 
5 white soft paraffin and/or liquid paraffin or other mineral offs are used. 

Pharmaceutical formulations according to the present invention comprise one 

or more compounds of the invention together with one or more pharmaceutically 
acceptable carriers or (recipients and optionally other therapeutic agents. 

Pharmaceutical formulations containing the active ingredient may be In any form 

10 suitable for the intended method of administration. When used for oral use for 

example, tablets, troches, lozenges, aqueous or oil suspensions, dispersible powders 

or granules, emulsions, herd or soft capsules, syrups or elbirs may be prepared. 

Compositions Intended for oral use may be prepared according to any method known 

to the art for the manufacture of phamfficeutictil compositions and such compositions 

15 may contain one or more agents Including sweetening agents, flavoring agents, 

coloring agents and preserving agents, In order to Provide a palatable preparation. 
Tablets containing the active ingredient in admixture with non-toxic pharmaceutically 

acceptable excipient which are suitable for manufacture of tablets are acceptable. 

These exdpients may be, for example, Inert diluents, such as calcium or sodium 

20 carbonate, lactose, lactose monohydrate, croscamiellose sodium, povidone, calcium 

or sodium phosphate: granulating and disintegrating agents, such as maize starch, or 

algInIc add; binding agents, such as cellulose. microcrystalline cellulose. starch, 

gelatin or acacia; and lubricating agents, such as magnesium stearate, steeds acid or 
talc. Tablets may be uncoated or may be coated by known techniques Including 

25 tnicroencepsulation to delay disintegration and adsorption in the gastrointestinal tract 

and thereby provide a sustained action over a longer period. For example, a time 

delay material such as glyceryl monostearate or glyceryl dIstearate alone or with a 

wax may be employed. 

Formulations for oral use may be also presented as hard gelatin capsules 

30 where the active Ingredient Is mixed with an inert solid diluent, for example calcium 

phosphate or kaolin, or as soft gelatin capsules wherein the active Ingredient is 
mixed with water or an oll media such as peanut oil, liquid paraffin or olive oil. 

Aqueous suspensions of the invention contain the active materials in 

admixture with each:ants suitable for the manufacture of aqueous suspensions. 

35 Such exdpients Include a suspending agent, such as sodium carboxymethylcallulose, 
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methylcelluiose, hydroxypropyl methylcelluose, sodium alginate, polyvinylpyrrolidone, 

gum tragacardh and gum acacia, and dispersing or wetting agents such as a 

naturally occurring phosphatide (e.g., lecithin), a condensation product of an alkylene 

oxide VAlila fatty add (e.g., polyoxyethylene stearate), a condensation product of 

5 ethylene oxide with a long chain aliphatic alcohol (e.g., 

heptadeceethyleneox-ycetanol), a condensation product of ethylene oxide with a 

partial ester derived from a fatty acid and a hexitol anhydride (e.g., polyoxyethylene 

sorbltan monooleate). The aqueous suspension may also contain one or more 

preservatives such as ethyl or n-propyl p-hydroxy-benzoate, one or more coloring 

10 agents, one or more flavoring agents and one or more sweetening agents, such as 

sucrose or saccharin. 

15 

Oil suspensions may be formulated by suspending the active ingredient in a 

vegetable oil, such as arachis oil, olive oil, sesame oil or coconut oil, or in a mineral 

oil such as liquid paraffin. The oral suspensions may contain a thickening agent, 

such as beeswax, herd paraffin or cetyl alcohol. Sweetening agents, such as those 

sel forth herein, and flavoring agents may be added to provide a palatable oral 

preparation. These compositions may be preserved by the addition of an antioxidant 

such as ascorbic add. 

Dispersible powders and granules of the Invention suitable for preparation of 

20 an aqueous suspension by the addition of water provide the active ingredient in 

admixture with a dispersing or wetting agent, a suspending agent, and one or more 

preservatives. Suitable dispersing or welling agents and suspending agents are 

exemplified by those disclosed above. Additional excipients, for example sweetening, 

flavoring and coloring agents, may also be present. 

25 The pharmaceuUcal compositions of the invention may also be In the form of 

on-in-water emulsions. The oily phase may be a vegetable oil, such as olive oil or 

arachis oil, a mineral oh, such as liquid paraffin, or a mixture of these. Suitable 

emulsifying agents include naturally-occurring gums. such as gum anode and gum 

tragacanth, naturally occurring phosphatides, such as soybean lecithin, esters or 

30 partial esters derived from fatly acids and hexitol anhydrides, such as sorbitan 

monooleate, and condensation products of these partial esters with ethylene oxide. 

such as polyoxyethylene sorbitan monooleate. The emulsion may also contain 

sweetening and flavoring agents. Syrups and elbdrs may be formulated with 

sweetening agents, such as glycerol, sorbibal or sucrose. Such formulations may 

35 also contain a demulcent, a preservative, a flavoring or a coloring agent 
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The pharmaceutical compositions of the Invention may be In the form of a 

sterile injectable preparation, such as a sterile injectable aqueous or oleaginous 

suspension. This suspension may be formulated according to the known art using 

those suitable dispersing or wetting agents and suspending agents which have been 

5 mentioned herein. The sterile Injectable preparation may also be a sterile Injectable 

solution or suspension h a non-toxic parenterally acceptable diluent or solvent, such 

as a solution in 1,3-butane-dlol or prepared as a lyophilized powder. Among the 

acceptable vehicles and solvents that may be employed are water. Ringers solution 

and isotonic sodium chloride solution. In addition. sterile fixed oils may 

10 conventionally be employed as a solvent or suspending medium. For this purpose 

any bland fixed oil may be employed Including synthetic mono- or diglycerides. In 

addition, fatty acids such as oleic add may likewise be used in the preparation of 

injectables. 

The amount of active Ingredient that may be combined with the carrier 

15 material to produce a single dosage fonn will vary depending upon the host treated 

and the particular mode of administration. For example, a time-release formulation 

Intended for oral administration to humans may contain approximately 1 to 1000 mg 

of active material compounded with an appropriate and convenient amount of carrier 

material which may vary from about 5 to about 95% of the total compositions 

20 (weightweight). The pharmaceutical composition can be prepared to provide easily 

measurable amounts for administration. For example. an  aqueous solution intended 

for Intravenous infusion may contain from about 3 to 500 fig  of the active ingredient 

per milliliter of solution In order that infusion of a suitable volume at a rate of about 30 

ml/hr can occur. 

25 Formulations suitable for administration to the eye Include eye drops wherein 

the active ingredient is dissolved or suspended in a suitable carrier, especially an 

aqueous solvent for the active Ingredient. The active Ingredient is preferably present 

In such formulations h a concerdration of 0.5 to 20%, advantageously 0.5 to 10% 

particularly about 1.5% w/w. 

30 Formulations suitable for topical administration In the mouth Include lozenges 

comprising the active Ingredient In a flavored basis, usually sucrose and scads or 

tragacanth; pastilles comprising the active Ingredient In an inert bards such as gelatin 

and glycerin, or sucrose and weds; and mouthwashes comprising the active 

ingredient in a suitable liquid carrier. 
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Formulations for rectal administration may be presented as a suppository with 

a suitable base comprising for example cocoa butter or a sallcylele. 

Formulations suitable for intrapulmonary or nasal administration have a 

particle size for example in the range of 0.1 to 500 pm (Including particle sizes in a 

5 range between 0.1 and 500 pm in increments such as 0.5 pm. 1 an. 30 pm, 35 pm, 

etc.), which Is administered by rapid inhalation through the nasal passage or by 

inhalation through the mouth so as to reach the alveolar sacs. Suitable formulations 

Include aqueous or oily solutions of the active ingredient. Formulations suitable for 

aerosol or dry powder administration may be prepared according to conventional 

10 methods and may be delivered with other therapeutic agents such as compounds 

heretofore used in the treatment or prophykuds of infections as described herein. 

Formulations suitable for vaginal administration may be presented as 

pessaries, tampons. mama, gels, pastes, foams or spray formulations containing in 

addition to the active Ingredient such carriers as are known in the art to be 

15 appropriate. 

Formulations suitable for parenteral administration Include aqueous and non-

aqueous sterile Injection solutions which may contain anti-oxidants, buffers, 

bacteriostats and solutes which render the formulation Isotonic with the blood of the 

Intended recipient: and aqueous and non-aqueous sterile suspensions which may 

20 include suspending agents and thickening agents. 

The formulations are presented in unit-dose or multi-dose containers. for 

example sealed ampoules and vials, and may be stored in a freeze-dried 

(lyophilized) condition requiring only the addition of the sterile liquid carrier, for 

example water for Injection Immediately prior to use. Extemporaneous injection 

25 solutions and suspensions are prepared from sterile powders, granules and tablets of 

the kind previously described. Preferred unit dosage formulations are those 

containing a daily dose or unit daily sub-dose, as herein above recited, or an 

appropriate fraction thereof, of the active ingredient. 

It should be understood that in addition to the Ingredients particularly 

30 mentioned above the formulations of this intention may include other agents 

conventional In the art having regard to the type of formulation In question, for 

example those suitable for oral administration may include flavoring agents. 

Compounds of the invention can also be formulated to provide controlled 

release of the active ingredient to allow less frequent dosing or to improve the 

35 pharmacokinelic or toxicity profile of the active Ingredient. Accordingly, the Invention 
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also provided compositions comprising one or more compounds of the invention 

formulated for sustained or controlled release. 

The effective dose of an active ingredient depends at least on the nature of 

the condttion being treated, toxicity, whether the compound is being used 

5 prophylactic* (lower doses) or against an active viral infection, the method of 

delivery, and the pharmaceutical formulation, and will be determined by the clinician 

using conventional dose escalation studies. The effective dose can be expected to 

be from about 0.0001 to about 100 mg/kg body weight per day; typically, from about 

0.01 to about 10 mg/kg body weight per day; more typically, from about .01 to about 

10 5 mg/kg body weight per day; most typically, from about .05 to about 0.5 mg/kg body 

weight per day. For example, the daily candidate dose for an adult human of 

approximately 70 kg body weight will range from 1 mg to 1000 mg, preferably 

between 5 mg and 500 mg, and may lake the form of single or multiple doses. 

In yet another embodiment, the present application discloses pharmaceutical 

15 compositions comprising a compound of Formula I or a pharmaceutically acceptable 

salt thereof, and a pharmaceutically acceptable carrier or exipient. 

Routes of Administration 

One or more compounds of the Invention (herein referred to as the active 

20 ingredients) are administered by any route appropriate to the condition to be treated. 

Suitable routes Include oral, rectal, nasal, topical (Including buccal and sublingual), 

vaginal and parentemi (including subcutaneous, intramuscular, intravenous, 

intradennal, intrathecal and epidural). and the like. It will be appreciated that the 

preferred route may vary with for example the condition of the recipient An 

25 advantage of the compounds of this invention is that they are orally bloavallable and 

can be dosed orally. 

Combination Therapy. Indudina HCV Combination Therapy 

In another embodiment, the compounds of the present invention may be 

30 combined with one or more active agent. Non-knifing examples of suitable 

combinations Include combinations of one or more compounds of the present 

Invention with one or more Interferons, ribavirin or its analogs, HCV NS3 protease 

inhibitors, alpha-glucosidase 1 inhibitors, hepatoprotectants, nucleoside or nucleotide 

inhibitors of HCV NS5B polymeraee, non-nucleoside Inhibitors of HCV NS5B 
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polymerase, HCV NS5A inhibitors, 11R-7 agonies, cyclophillin inhibitors, HCV IRES 

kihibitors, pharmacokinetic enhancers, and other drugs for treating HCV. 

More specifically, one or more compounds of the present Invention may be 

combined with one or more compounds selected from the group consisting of 

5 1) interferon, e.g., pegylated rIFN-alpha 2b (PEG-Intmn), pegylated rIFN-

alpha 2a (Pegasys), rIFN-elpha 2b (Intron A). rIFN-alpha 2a (Roferon-A). interferon 

alpha (MOR-22, OPC-18, Alfaferone, Alfanative, Multiferon, subalin), interferon 

alfacon-1 (Werra), Interferon alpha-n1 (Wellferon), Interferon alpha-n3 (Alferon). 

Interferon-beta (Avonex. DL-8234), interferon-omega (omega DUROS. Blamed 510). 

10 

15 

albinlerferon alpha-2b (Albuferon). IFN alpha XL. BLX-883 (Locteron), DA-3021, 

glycosylated interferon alpha-2b (AVI-005), PEG-Infergen, PEGylated interferon 

lambda (PEGylated IL-29), and belerofon, 

2) ribavirin and its analogs. e.g.. ribavirin (Rebetol, Copegus). and taribavirin 

(Viramidine), 

3) HCV NS3 protease inhibitors. e.g., boceprevir (SCH-503034 , SCH-7), 

team* (VX-950), VX-813, TMC-435 (TMC435350), ABT-450, BI-201335, BI-1230, 

MK-7009, Sal-900518, VBY-376, VX-500, GS-9258,135-9461, BMS-790052, BIAS-

805339. PHX-1766, AS-101, YH-5258. YH5530, YH5531, and ITMN-191 (R-7227), 

4) alpha-glucosidase 1 Inhibitors, e.g.. celgosivir (MX-3253), MiglItol. and UT- 

20 23113, 

5) hepatoprotectants. e.g., emericasen (IDN6556), ME-3738. GS-9450 (LB-

84451), silibilin, and MItoO, 

6) nucleoside or nucleotide Inhibitors of 1-ICV NSSB polymerase. e.g.. R1626. 

R7128 (R4048). IDX1134, IDX-102. PSI-7851, BCX-4878, valopicitabine (NM-283). 

25 and MK-0608. 

7) non-nucleoside inhibitors of HCV NSSB nob/mares& e.g., filibuvir (PF-

8685E4), ABT-333, ABT-072, BI-207127, VCH-759, VCH-916, JTK652, MK-3281, 

VBY-708. VCH-222. A1348837. ANA-598, GL60667, GL59728, A-63890, A-48773, A-

48547, BC-2329, VCH-796 (nesbuvir). 051025433, BILN-1941, XTL-2125, and GS- 

30 9190, 

13) HCV NS5A Inhibitors. e.g.. AZD-2836 (A-831), AZD-7295 (A-689). and 

BMS-790052, 

9) TLR-7 agonises, e.g., kniguimod. 852A, GS-9524, ANA-773. ANA-975, 

AZD-8848 (DSP-3025), PF-04878691. and SM-360320. 

35 10) cyclophain inhibitors, e.g.. DEB10-025. SCY-635, and NIM811, 
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11) HCV IRES Inhibitors, e.g., MCI-067, 

12) phammookinetlo enhancers, e.g., BAS-100, SPI-452, PF-4194477, TMC- 

41629, GS-9350. GS-9585, and rozythromycin. 

13) other drugs for treating HCV, e.g.. thymosin alpha 1 (Zadazin), 

5 	nitazoranide (Alines, NTZ), BIVN-401 (virostal). PYN-17 (elites), KPE02003002, 

action (CPG-10101), GS-9525, KRN-7000, civacir. 01-5005. XTL-6885, BIT225, 

FIX-vi 1.11)(2865, TT-033i. ANA 971. NOV-205, larvacin, EHC-18. VGX-410C. 

EMZ-702, AVI 4065, BMS-650032. BMS-791325, Bavituximab, MDX-1106 (ONO- 

4538), Ogiufanide, FK-768, and VX-497 (merimepodlb); 

10 14) mevalonate decarboxylase antagonists, e.g., steam HMGCoA synthase 

inhibitom (e.g.. hYmegiusin). squalene synthesis Inhibitors (e.g.. zaragozic acid): 

15) anglotensin II receptor antagonists, e.g., losartan, Irbesartan, olmesartan, 

candesartan, velsartan, talmisartan, eprosartan; 

16) angiotenein-converting enzyme Inhibitors, e.g.. captopril. zofenoprtl, 

15 	malaria ramipril, quInaprli, perindopril, Ilsinoprit, benazepri, fosinopri; 

17) other anti-flbrotic agents. e.g., amiloride and 

18) endotiefln antagonists. e.g. bosentan and ambrisentan. 

In yet another embodiment the present application discloses pharmaceutical 

compositions compdsIng a compound of the present Invention, or a pharmaceutically 

20 	acceptable salt thereof, In combination v48i at least one additional active agent, and 

a pharmaceutically acceptable cancer or exciplent In yet another embodiment, the 

present application provides a combination pharmaceutical agent with two or more 

therapeutic agents in a unitary dosage form. Thus, It is also possible to combine any 

compound of the invention with one or more other active agents in a unitary dosage 

25 	form. 

The combination therapy may be administered as a simultaneous or 

sequential regimen. When administered sequentially, the combination may be 

administered In two or more administrations. 

Co-administration of a compound of the Invention with one or more other 

30 	active agents generally refers to simultaneous or sequential admInistaton of a 

compound of the invention and one or more other active agents, such that 

therapeutically effective amounts of the compound of the invention and one or more 

other active agents are both present in the body of the patient. 

Co-administration includes administration of unit dosages of the compounds 

35 	of the invention before or after administration of unit dosages of one or more other 
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active agents, for example, administration of the compounds of the invention within 

seconds, minutes, or hours of the administration of one or more other active agents. 

For example, a unit dose of a compound of the invention can be adrninistered first, 

followed within seconds or minutes by adnanislration of a unit dose of one or more 

5 other active agents. Alternatively, a unit dose of one or more other active agents cart 

be administered first, followed by administration of a unit dose of a compound of the 

invention within seconds or minutes. In some cases, it may be desirable to 

administer a unit dose of a compound of the Invention fret, followed, after a period of 

hours (e.g., 1-12 hours), by administration of a unit dose of one or more other active 

10 agents. In other cases, it may be desirable to admits a unit dose of one or more 

other active agents first, Mowed, after a period of horn (e.g., 1-12 hours), by 

administration of a unit dose of a compound of the Invention. 

The combination therapy may provide 'synergy" and 'synergistic effect, i.e. 

the effect achieved when the active Ingredients used together is greater than the sum 

15 of the effects that results from using the compounds separately. A synergistic effect 

may be attained when the active ingredients are: (1) co-formulated and administered 

or delivered simultaneously in a combined formulation; (2) delivered by alternation or 

in parallel as separate formulations; or (3) by some other regimen. When delivered 
in alternation therapy, a synergistic effect may be attained when the compounds are 

20 administered or delivered sequentially, e.g., in separate tablets, rolls or capsules, or 

by different Injections in separate syringes. In general, during alternation therapy, an 

effective dosage of each active Ingredient Is administered sequentially, I.e. serially, 

whereas in combination therapy. effective dosages of two or more active Ingredients 

are administered together. 

25 As will be appreciated by those skilled in the art, when treating a viral 

infection such as HCV, such treatment may be characterized in a variety of ways and 

measured by a variety of endpoints. The scope of the present invention is intended 

to encompass all such chantaterbtatIons. 

30 Synthetic Examples 

Certain abbreviations and acronyms are used In desatittg the experimental 

details. Although most of these would be understood by one skated in the art, Table 

1 contains a list of many of these abbreviations and acronyms. 
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Table 1. Ust of abbreviations and acronyms. 

Abbreviation Meaning 

Ac acetyl 

ACN acetoniiree 

AIBN 2,2'azobis(2-methylpropionerile) 

BINAP 2Z-bis(diphenylphosphino)-1,1'-blnaphthyl 

Bn benzyl 

BnBr benzylbrornkie 

BSA bis(trimethylsily6acetamide 

Batt tenzoyi chloride 

CDI carbonyl diimldazole 

DABCO 1,4-diazabicydo12.2.21octene 

dbe dibenzylideneecetone 

DBN 1,5-diszabicyclo(4.3.0jnon-5-ene 

DDO 2,3-dlchbro-5,6-dicyano-1,4-benzoquinone 

DBU 1,5-dlazablcyclo[5.4.0jundec-6-ene 

DCA dichlomacetamide 

DCC dicyclohexylcarbociamide 

DCE 1,2-dIcNoroethane 

DCM dichloromethane 

deg degrees 

DIAD di-lsopropyhszodloarboxylate 

DIEA N,N-di-lsopropylethylemine 

DMAP 4-dimethyleminopyridine 

DME 1,2-dImethoxyethene 

DMTO dImethoxylrityl chloride 

DMSO dimethylsulfoxide 

DMTO 4. 4,-dimethoxytrItyl 

DMF thrnethylfonnamide 

EIOAc ethyl acetate 

ES, ESI electrospray Ionization 

HMDS hexamethyldisitezane 

HPLC high pressure liquid chromatography 
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LC equki diromatcgraphy 

LDA lithium desopropylarrade 

LRMS low resolution mass spectrum 

MCPBA mstachloroperbenzoic acid 

MaCN ecetoreldle 

MOH methanol 

MARC mono melhoxybityl chloride 

mit or role mass to charge ratio 

Mir mass plus 1 

MK mass minus 1 

MaCH methanesulfonic acid 

MS or ms mass spectrum 

NBS N-bromosuccinimide 

NMP N-methylpyrrolldine 

Ph phenyl 

rt or r.t. room temperature 

TBAF talrebutylammonium fluoride 

TES blethykillyl 

THE tetrahydrofuran 

THP letrahydnapyran 

TMSCI chloroblmethylseane 

TMSBr bromobimethylsilene 

TMSI iodouimegwlellene 

Th4SOTf grImethylsilygtrifluommethyleulfonate 

TEA triethylamine 

TBA tributykunine 

TBAP kbutylammonium pyrophosphate 

TBSCI t-butyldunethylsilyi chloride 

TEAK triethylammonium bicarbonate 

TFA trlfluoroacelic add 

TLC or tic thin layer chromatography 

Tr triphertylmethyl 

Tol 4-methylbenzoyl 
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10 	alkali 

15 

20 

a 

Turbo Grignard 1:1 mixture of isopropylmagnesium chloride and lithium chloride 

xantphos 4,5-bIshilphanylphospNno)-9,9-dimethybtanthene 

8 parts per million down field from tatramethylthene 

General 

key 

	

5 	substituent 

necessary), 

removed 
water 

healing. 

oxidation 

as 

tribromide 

The 

sodium 

	

25 	dichloromethane, 

Schemes 

The compounds 

bond-forming 

R indicates 

or the 
by saponification 

or an alcohol, 

Alternatively 

metal halide 

may be modified subsequent .to 

with a typical 

dichloromethane, 

in a solvent 

Rr  .-__. 

N 
0 

R2 

The bond 

where X Is a leaving 
react on is conveniently 

hydride or 

tertiary amine; It 

of this invention may be synthesized by several routes with 

steps as indicated in Schemes A-C, in which the carboxylate 

either a protecting group such as an alkyl ester (where 

free acid itself. Mgr, ester protecting groups are conveniently 

with an alkali metal hydroxide In a probe solvent such as 

and may be facilitated by use of ethereal solveM rrdxtures and/or 

they may be removed by deallcylagon through heating with an 

in an aerobe solvent. As will be appreciated, aubstltuents on Het 

bond by, for 	N. other 	-forming steps 	example, 

oxidant such as metechloroperbenzoic acid in a solvent such 

0-dealkylatMn through treatment with a reagent such as boron 

such as dichloromethane, or hydrolysis. 

Scheme A 

Ri 	OR 

0 	Het-X 	
...-.....k. 

\ 	0 ( / 

-R3-L-H 	 0-123-L-Het 
0 

R2 

between L and Het may be formed by displacement of X on Het, 
group such as a halide. sulfinate, sulfonate or phosphate moiety. 

performed by deprolonation of L-H with a base such as 

potassium hexamethyldisilezide, or is facilitated by the presence of 

can be carried out in a variety of solvents such as THF, dioxene, 

NMP. DMF or DMS0 and may be accelerated by heating. 

Scheme B 
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RI RI ....... 	OR 	 OR 
::::-.--":"....7tk

o 
 

--- 	k / 	0 	H-L-Het  

N-R3-X Fr-Rs-L-11st 
0-" 	 0 

R2 	 122  

The bond between Wand L may be formed by nucleophilic displacement of a leaving 

5 	group X on R'. The leaving group may vary widely and includes, but is not limited to, 

halide, carboxylate, sulfinate, sulfonate or phosphate moieties, and it may be 

generated from the corresponding alcohol In Stu through treatment with reagents 

such as disk, azodicarboxybates. 	The reaction may also be facilitated by 

deprotonation of Het-L-H with a base such as sodium hydride or potassium 

10 	hesaunethyldisilazitle. or is facilitated by the presence of a tertiary amine: It can be 

carried out in a variety of solvents such as THE, dioxane. dichioromethane. NMP, 

DMF or DMSO and may be accelerated by heating. 

Scheme C 
15 

R,  re 
-re 	

.., -...„ ......_„
:„.„...ex

tm 	
v-R3-t 

 o o 
1 	 Hie-R3-L-R• NI-12 	 II 

H2N-R3-L-R2  
R200X 

RI OR 
R 	 Z-..--"---4.,t8x.‘ 

.--.. 	S 	 R200-NH-R3-L-R3 	 \ / 	0 
0 

N-R3-L-le 
Pi 	I 	 al0.' 

Ft2  

The starting material In Scheme A may be synthesized as depicted In 

20 	Scheme C. 	Substituted 3-aminothiophenes II may be generated by reductive 
amination of Y-R3-L-R (where Y indicates an aldehyde or ketone and R and R.  depict 
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optional protecting groups), or by direct alkylation (where Y Indicates a leaving group 

such as a halide, suffinale, sulfonate or phosphate moiety) of the 3-amlnothiophene I 

(see patent application W02008/58393). In the latter case the alkylation may be 

facilitated by deprotonatico of the amine with a base such as sodium hydride or 

5 potassium hexamethyldisilazide, and can be carried out in a variety of solvents such 

as THF, dioxane, diohlommethane, NMP, DMF or DMSO and may be accelerated by 

heating. In cases where R3  is aromatic, the reaction may be catalyzed by Pd (J. Org. 

Chem., 2000, 65, 1158.1174). Alternatively II may be generated by coupling of an 

amine with a 3-lodothlophene IV catalyzed by Pd (J. Org. Chem., 2000, 65, 1158- 

10 1174). The amine II is converted to the amide III by acylalion with a carboxylic acid 

derivative such as an acyl chloride or anhydride in the presence of a base such as 

pyridine or a tertiary amine in an inert solvent such as dichloromethane. Alternatively 

IV may be converted to Ill directly by amidation catalyzed by Cu (J. Am. Chem. Soc., 

2002. /24, 7421-7428). 

15 The starting material for Scheme B may be generated In an analogous 

fashion, with the leaving group X being generated in a final step by standard methods 

from the precursor alcohol. 

The synthesis of iodothiophene IV Is Illustrated below for the case where R' :: 

tBu. and other variants may be synthesized In analogous fashion: 

20 

§ShEIN2 

nBuIJ (2.2 equk) 
THF. -78 °C,1 h 

0 	 then 12, THE 
0 

1 	OH 	 85% 	 / 	H 

1 

25 To a solution of 5-(3,3-Dimethyl-but-1-yny1).thlophene-2-carboxylic acid (6.2 g, 

30 mmol: see patent application US5881421) in THE (100 mL) was added a solution 

of nButi (2.0 M in pentane. 33 mL, 66 mmol) via an addition funnel at -78 °C. After 

addition. the reaction was stirred at -78 °C for 1 h. A solution of 12 (7.7 g, 30 mmol) in 

THE (100 mL) was added slowly (ca. 15 min) to the flask. After a further 10 mins, the 

30 reaction was quenched with 1 N140 (50 mL) and warmed to room temperature. The 

volatikte were removed In vacua and the residue was dissolved In ether (500 mL). 
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The organic solution was washed with 1 M Na2S203  (100 mL x 2), brine (100 mL) and 
dried over Na2SO4. After concentrated In vacua, the residue was purified by silica gel 
chromatography 	(EIOAcJhexanes) 	to 	give 	5-(3.3-DImethyl-but-1-ynyly3iodo- 
thiophene-2-carboxylic acid (5.9 ch 65%) as a white solid. 

Scheme E 

(C0)202. DMF,CH2Ci2 	 0 

then MeOlt pyrkline 	 1 
1 	 1 

To a solution of 5-(3,3Dimethyl-but-1-yny1)-3-lodo-thiophene-2-carboxylic 

add (1.0 g, 3.0 mmol) and DMF (20 pl.) in dry dichloromelhane (10 mL) was added 

oxatyl chloride (508 pl.. 8.0 mmol) at room temperature. 	After stirring at room 

temperature for 90 min, the reaction was concentrated in vacuo to remove volatiles. 

The residue was dissolved in pyridine (5 mL) end methanol (5 mL) and stirred for 2 h. 

The volatiles were removed in vacuo and the residue was participated between ether 
(150 mL) and saturated NH,C1 solution (60 mL). The organic layer was washed with 

saturated NRICI solution (50 mL) and dried over Na2SO4. 	After concentration In 

vacua, the residue was studied by silica gel chromatography (Et0A4ttexanes) to 
give the desired product (835 mg. 80%). 

Experimentals 

Example 31: Compound 31 - Synthesis of 4-112-carboxv-543.3-dimethvl-but-1-vnyll- 

Mloolten-3-v1144-Irans-mettivi-cyclohexanerarbonvil-aminol-oineridine-1 -carboxylic 

pad nioeddin-4-vi ester 

---\ Si  Hjel  
N 

I-0-i NH 

31 
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Scheme 6 

Y 	 OH 
St 
/ 	0 	 1 	0 LION 	 0 	HCI 

.fi  i 	
tar, 93% 

0 	 0 

0 	 S 	
OH 

/ 	0 
NH 

"' 	 N 

HCI 	CI 	 0 

Boo 
OH 

HCI, 1b, 92% 	 / 

NH 

5 4-0-(3,3-dimethyl-but-1-ynyl)-2-rnethoxycarbonyl-thiaphen-3-y1){4-trans- 

methyl-cyclottexanecarbonyti-amino}dperldine-1-amboxylic 	add 	tart-butyl 	ester 
(1.5g, 2.73rnmol) was dissolved kt ACN (10m1). 	To the solution was added a 

solution of lithium hydroxide (253mg, 11.01mmo0 in water (1 OmL). The reaction was 

stirred at room temperature for 6 hours. The reaction was complete as determined 
10 	by LC/MS. 	The pH was adjusted to 5 with 1N HCI in water. 	The product was 

extracted with ethyl acetate (3x10mL). 	The combined organics were dried with 

sodium sulfate. filtered and were concentrated under reduced presstre and 442- 

carboxy-543.3-dimethyl-but-1-yny1)-thlophen-3-01{4-trans-methyl- 

cyclohexanecarbony1)-aminol-plperidlne-1-carboxylic 	acid tart-butyl 	ester (1.35g. 
15 	93%) was recovered as a white solid. 

4Q2-carboxy-5-(3.3-dirnethyl-but-1-yny1)-thiophen-3-01-(4-trans-methyl- 

cyclohexanecarborry1)-arnino)-piperidine-1-carboxyllo add tert-butyl ester (1.35% 
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2.53mmol) was dissolved In 4N HCI In dioxane (6mL, 24mmol). The reaction was 

stirred al room temperature for 0.5 hours and found to be complete as determined by 

LC/MS. The reaction was concentrated under reduced pressure. 

The liCi salt of 5-(3,3-dimethyl-but-l-ynyt)-34(4-trans-methyl- 

5 cyclohexanecarbonyt)-piperldin-4-yl-amino)-thiophene-2-carboxybc add (100mg, 

0.2mmol) was suspended in ACN (1mL) and a saturated aqueous solution of 

NaHCO3  (1mL). After 15 minutes. 4-hydroxy-piperktine-1-carboxylic add tart-butyl 

ester chbrolorrnate (1.Ommol) was added as a solution in THE (1mL). The reaction 

for 	how. The 	 found was stirred at room temperature 	1 	reaction was 	to be complete 

10 by LC/MS. Boc protected 4-(f2-carboxy-5-(3.3-dimethyl-but-l-ynyli-lhiophen-3-yff{4- 

trans-methyl-cyclohexanecarbonyl)-amino)-piperidine-1-carboxylic add piperidin-4-yl 

ester was purified by HPLC to afford a white solid (76mg, 53%). 

LC/MS (m/z): 658 01.4+1). 558 (M-99) 

Retention lime: 2.64min 

15 LC: Thermo Finnigan PGA Detector 

MS: Therm Scientific LC.0 Fleet 

Column: Phenomenex Gemini-nx 3u C18 110A 30 x 3 mm 

Solvents: Acetonitzffe with 0.1% trifluoroacelk acid, Water with 0.1% triffuoroacetic 

acid 

20 Gradient: 0 min-3.1 min 2%-100% ACN, 3.1 min-3.75 min 100% ACN 

Boc 	protected 	44(2-carboxy-5-(3.3-dimethyl-but-1-ynyt}thiophen-311{4- 

trans-methyl-cyclohexanecarbonyl}eminoj-piperidine-1-cerboxylic acid pipeddin-4-14 

ester (35mg. 0.05rnrnol) was dissolved in 4N HCI in dioxane (2mL, 8.0mmol). The 

reaction was stirred at room temperature for 1 hour. The reaction was complete as 

25 determined by LC/MS. The reaction was concentrated under reduced pressure. The 

HO salt of 4-(12.carboxy-5{3.3-dirnethyl-but-1-yny1)-thiophen-3-y11-(4-transmethyl-

cydohexanecarbonyl)-aminoloiperidlne.1-cruboxylle add dperidin-414 ester (31mg, 

94%) was found as a white solid. 

LC/MS (m/z): 558 (M+1] 

30 Retention time: 2.14min 

Gradient 0 min-0.1 min 5% ACN, 0.1 mln-1.95 min 5%-100% ACN, 1.95 min-3.5 

min 100% ACN, 3.5 min-3.55 min 100%-5% ACN, 3.55 min-4 min 5% ACN. 

Synthesis of 4-Hydroxv-deetidine-1-carboxvIle add tart-bunt ester chlorddrnate 

35 
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5 	1.7mmoti. 
was 

	

10 	Exgrnole 

N,1313c 	Phosgene, THE O 

1h 	 C

YAce  

1.0mmoti 

HoC) 	 ci.A.  0 

To a solution of 4hydroxy-plperidine-1-carboxytc acid tent-butyl ester (201mg, 
in THE (2m1.) was added a 20% solution of phosgene In toluene (358pL, 

The reaction was stirred at room temperature for 1 hour. The reaction 
concentrated under reduced pressure. 

itifttiZlai 

32: Compound 32 - Synthesis of 543.3-dimethyl-but-l-ynvti-3-4(4-trans- 
methvt-cyclohexanecarbonyINS-ftetrahrdm-owan-4-vloxvcarbonylamlnol- 
cyclohsndl-amino)-thiophana-2-carboorlic ackf 

15 

OH 

0 

N--001 

.-0....‘ 

32 

Scheme 7 

3 
0 	 / 	0 

	

HO""' 
	 N -.  { 0 	-1  

	

0 	 i 0 

---- 	3 	
OH 

>4-%-----4  

	

C 
\ / 	0 

	

IJOH, ACN, H2O 	Z 
N 

—0—N-11°2  2.5h 
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5-(3,3-dlinethyl-but-1-yny1)-3-K4-1rans-methy4cyclohexanecarbony1)-(4-oxo-

cyclohexylyamhophlophene-2-carboxylic acid methyl ester (5.00g, 10.93mrnol) and 

ammonium acetate (8.42g, 109.30mmol) were dissolved in Me0H (100mL) under an 

atmosphere of nitrogen. To the reaction was added 4A molecular sieves, powdered 

5 (500mg). After 30 min, sodium triacetoxyborohydrlde (3.46g, 16.40mmol) was added 

in 4 portions. The reaction was stirred for 18h until found complete by LC/MS. The 

reaction was filtered through a pad of collie followed by a Me0H wash and was 

concentrated. 3-04-amlno-cyclohexy9-(4-trans-methyl-cydohexanecarbonyft-aminci]- 

5-(3,3-dimethyl-but-1-ynyft-tHoptiene-2-carboxylic acid methyl ester (3.35g, 87%) 

10 was purified by HPLC to afford a white solid. 

3-1(4-amlno-cyclohexyl)-(4-trarts-methyl-cyclohexanecarbonyft-amino)-5-(3,3-

dimethyl-but-1-yriy0-thiophene-2-aarboxylic acid methyl ester (100mg, 0.22mmol) 

was suspended in ACN (1mL) and a saturated aqueous solution of NaHCO3  (1mL). 

After 15 minutes, tetrahydro-pyran-4-d chlorofonnate (0.65mmol) as prepared In a 

15 similar fashion to 4-hydroxy-plperldhe-1-carboxylic acid tert-butyl ester chlomforrnate 

except that letrahydro-pyren-4-ol was used Instead of hydroxy-pheridlne-1-carboxylic 

acid fait-butyl ester was added as a solution in THE (1mL). The reaction was stirred 

at room temperature for 1.5 hours. The reaction was complete by LC/MS. 543,3-

dimethyl-but-1-yny1)-34(4-trans-methyl-cyclohexenecarbony1)-(4-(tetrahydro-pyran-4- 

20 yloxycarbonylamino)-cyclohexylfamino)-thiophene-2-carboxylic acid methyl ester 

was extracted with Et0Ac (3x5mL). The combined organics were dried with sodium 

sulfate. filtered and were concentrated under reduced pressure. 

5-(3,3-dimethyl-but-tiny1)-3-((4-trarts-methyl-cydohexanecarbony044. 

(fetrehydro-pyran-4-yloxycarbonylamino)-cychhexyll-amino)-thlophene-2-carboxylic 

25 add methyl ester was dissolved in ACN (1mL). To the reaction was added a solution 

of lithium hydroxide (25ing, 1.lmmol) In water (1mL). The reaction was stirred at 

room temperature for 2.5 hours. The reaction was complete by LC/MS. 543,3. 

climethyl-but-1-yny1)-3-((4-trans-methyl-cydohexanecarborry1)-(4-fteirahydro-pyran-4-

yloxycarbonylaminoycyclohexyll-amino)-thiophene-2-carboxylic acid (50mg, 40% 

30 over 2 steps) was purified by HPLC to afford a white solid. 

LC/MS (m/z): 448 [M-124) 

Retention time: 2.46min 

Gradient: 0 min-0.1 min 5% ACN, 0.1 min-1.95 min 5%-100% ACN. 1.95 min-3.5 

min 100% ACN, 3.5 min-3.55 min 100%-5% ACN, 3.55 min-4 min 5% ACN. 

35 
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Example 33: Compound 33 - Synthesis of 3-131-82-carboxy-543.3-dimethyl-lxit-1- 
ynyn-thloohen-3-v1144-trans-methyl-cyclohexanacarboriviI-aminol-Dyntlidine-1- 
carboxylic acid 5-cato-oyrrolidin-34S1-Y1 ester 

O 	 o 
s 	0 

GNIO 	N  

.-044  
33 

3{SH12-carboxy-5-(3S-dlinethyl-but-1-ynylythlophen-3-yg-(4-trans-methyl-
cydotiexanscarbonyl)-aminot-pyrnoidine-1-carboxylic acid 5-oxo-pyrrolidin-3-(S)-y1 
ester was prepared in a similar fashion to 4-g2-carboxy-5-(33-dimethyl-but-1-yny)-
thlophen-3-y8-(4-trana-methyl-cyckohexanecarbonyl}amino)-piperidine-1-carboxylic 
add piperidin-4-ylester using method A except that the HO salt of 5-(3.3-dimethyl- 
but-1-yny1)-34(4-trans-methyl-cyclohexanecarbony1)-pyrrolidin-3-(S)-yl-amino]- 
thiophene-2-carbooplic add was used Instead of the HO salt of 5{3.3-dimethyl-but- 
l-yny1)-34(4trans-methyl-cydohexanecarbonyl)-piperldln-4-yl.aminol.thiophene-2- 
carboxylic add and 4{S)-hydroxy-pyrroliclin-2-one was used Instead of 4-hydroxy- 
piperldine-1-carboxyfic acid ten-butyl ester. 
LC/MS (mix): 544 (81+1) 
Retention time: 1.98min 
LC: Thermo Finnigan PDA Detector 
MS: Therm Scientific LCO Fleet 
Column: Phenomenex Gemini-nx 3u C18 110A 30 x 3 mm 
Solvents: Acetonitrile with 0.1% bifluonaadatic add. Water with 0.1% trifluoroacetic 
acid 
Gradient 0 min-3.1 min 2%-100% ACN, 3.1 min-3.75 min 100% ACN 

543.3-Dimethyl-bul-1-ym41-344trans-rnethyloydohexanecarbonyll-Dyrrolidin-3(S1-
14-aminol-Mloohene-2-oarboxydc add was synthesized as follows: 

a) Synthesis of 543.3-dimethvl-but-1-ym41-3-iodo-thioohene-2-carboxylic acid methyl 
ester 

30 
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Scheme 8 

Y---= 	 1. u0H 	 OH /k. --,......... ..(sykoe 	 s 2 n-ik  But.L 
\ 	CH / 	I 	 0 

Cut, 
Etti. 	 i 
Pd(dbeh 

oraly1 chloride, Meal 

A mixture of 5-Bromo-thioptiene-2-carboxylic add ethyl ester (7g. 30 mmoo. 

5 	copper iodide (1.2g. 6 mmol), triethylarnIne (20 mL) in DMF (100 mL) was degassed 

in a 350m1 pressure bottle. Then tris(dtherizy8deneacetone)dlpalladlum(0) (2.1 g, 3 

mmol) and 3,3-dimethyl-but-1-yne (18.3 mL, 150 mmol) were added and heated at 

BO degree for 3 hours. The reaction mixture was Mered on celite and washed with 

ethyl acetate. The solution was diluted with water end extracted twice with ethyl 

10 	acetate. The organic phases were combined and washed with water. After drying and 

concentration. the crude residue was purified by flash chromatography to yield 6.9g 

(95%) of 5-(3,3-Dimethyl-but-1-ynylMhlophene-2-carboxyllc add ethyl ester as a 

yellow oil. 

A solution of 543,3-dimethyl-but-1-ynyl)-thlophene-2-carboxylic acid ethyl 

15 	ester (6.9g) in THF (100 mL) was added UGH (1.5N. 100 ml). The mixture was 

stirred at room temperature for 4 hours. Acidified reaction with HCI to pH =2, then 

remove volatiles under vacua. The resulting beige color solid was collected by 

filtration, washed with water then dried overnight to give 6.2 g of product which was 

used without further purification. 

20 

30 

To a solution of 5-(3.3-Dimethyl-but-1-yny1)-thiophene-2-carboxylic acid (6.2 g, 

mmol; see patent application US586t421) in THF (100 mL) was added a solution 

of nEltili (2.0 Mkt pentane, 33 mL, 66 mmol) via an addition funnel at -78 °C. After 

addition, the reaction was stirred at -78 °C for 1 h. A solution of 12 (7.7 g, 30 mmol) in 

THF (100 mL) was added slowly (ca. 15 min) to the flask. After a further 10 mins, the 

25 	reaction was quenched with 1 N MCI (50 mL) and warmed to room temperature. The 

volatiles were removed In vacuo and the residue was dissolved In ether (500 ml). 
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The organic solution was washed with 1 M NasS203  (100 mt. x 2), brine (100 ml.) and 

dried over Na2SO4. After concentrated in vacua. the residue was purified by silica gel 
chromatography (Et0Acihexanes) to give 5-(3,3-Dimethyl-but-1-yny1)-3-iodo-

thiophene-2-carboxylic acid (5.9 g. 85%) as a white solid. 

To a solution of 5-(3,3-dimethyl-but-1-ynyl)-3-iodo-thiophene-2-carboxylic acid 

(1.0 9.3.0 mmol) and DMF (20 pL) in dry dichloromethane (10 mL) was added oxalyl 

chloride (508 pL, 6.0 mmol) at room temperature. After stirring at room temperature 

for 90 min. the reaction was concentrated in yaws to remove volatiles. The residue 

was dissolved in pyridine (5 mL) and methanol (6 mL) and stirred for 2 h. The 
volatiles were removed in vacuo and the residue was participated between ether 

(150 mL) and saturated NH4CI aolutlon (50 mL). The organic layer was washed with 

saturated NH4CI solution (50 mL) and dried over Ne280.. After concentration In 
vacuo, the residue was purified by silica gel chromatography (Et0Acthexanes) to 

give the desired product (835 mg. 80%). 

b) Synthesis of 543.3-dimethyl-but-1-ww11-3-114-methyl-cydohexanecarbonvh- 

pwrolidin-33-0-amthoMtiloohene-2-carboxvic acid methyl ester 

Scheme 9 

1/4  Hisk.CN 	0- 	 0 

0-- PcX0Acb, SINAI'. CsaCO3 	 0-- 	0 i  
I 	 ffil,..CN)(0-< 

O 

 a 	• 	 o 

1. 1 2. TFA 	 C - 

?1,
..CNH 

A mbdure of 5-(3,3-dimethyl-but-1-yny1)-3-lodo-thbphene-2-carboxylth acid 

methyl ester (0.5 9. 1.5 mmol), patiadium acetate (0.015 9.0.32 mmol). BINAP 

(0.009 g, 0.15 mmol), cesium carbonate (1.2 g, 4.5 mmol) and (35)-Arnino- 
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pyrrolkltre-1-carboxylic acid terl-butyl ester (0.252 g, 1.01 mmol) in toluene (8 mL) 

was heated to 110 °C for 8 h. The reaction was diluted with ethyl acetate filtered 

through a Cellte pad and purified by silica gel chromatography to give 345-(3,3-

dimethyl-but-1-yny1)-2-methoxycarbonyl-thlophen-3S-ylaminot-pyrrolidine-1-

carboxylic acid tart-butyl ester In 70% yield. 

To a cooled (0 °C) THE (3 inL) solution of 345-(3,3-dimethyl-bul-1-yny1)-2-

methoxycarbonyl-thiophen-3S-ylamino)-pyrroldine-1-carboxylic acid tart-butyl ester 

(1.0 mind) was find added KHMDS (1.0 mmol, 0.5 M in toluene), followed by neat 

Pans-4-methyl-cyclohexanecarbonyl chloride (0.2 mL, 1.24 mmol). The reaction was 

warmed slowly to mom temperature and quenched with saturated ammonium 

chloride solution. The reaction mbdure was diluted with Et0Ac, washed with water, 

bine, dried over sodium sulfate, filtrated and concentrated. The crude was then 

diluted with EtOAc (10 mL), treated with 4M NCI In diorama (0.5 mL) and heated to 

50 °C for 30 min. The reaction mixture was cooled to room temperature 

concentrated and purified by silica gel column chromatography lo give the title 

compound In 70% yield. 

5-(3,3-Dimethyl-bul-1-yrwl)-3-1(4-methyl-cyclohexanecarbonyl}pyrrolidin-3S-

yl-amino)-thlophene-2-carboxylk acid methyl ester (0.3 g, 0.7 mmol) In a 3:2:1 

mixture of THF:MeOH:wabsr (6 mL) was treated with lithium hydroxide monohydrate 

(0.69 g. 1.65 mmol) and heated to 60 °C for 1 hour. The organic volatiles were 

evaporated under reduced pressure and the crude material was purified by reverse-

phase HPLC to afford 5-(3,3-dhnethyl-bul-1-ynyi)-34(4-trans-methyl-

cydohexanecarbony1)-pyrroildin-3-(S)-yl-amino)-thlophene-2-carboxylic acid In 60% 

Yliald. 

Example 34: Comoound 34 - Synthesis of 3-(6142-carboxv-5-13.3-dImethyl-but-1- 

vnvi)4hloohen-3-‘41-14-trane-methyl-cyclohexanecarbonvil-aminol-ovrrolidine-1- 

carboxylic acid 5-oxo-ovrroliclin-34M-vi ester 

0 	 0 
S 
/ 	OH 1 . 	N 

N...a 	00 

34 
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3-(S)412-Carboxy-5{3,3-dimethyl-but-1-yny1)-Ittiophen-3-y0-(4trans-methyl-

cydohexanecarbony4yamino)-pyrrolldkle-1-carboxylic acid 5-oxo-pyrroliditt-3-(R)-y1 

ester was prepared in a similar fashion to 44(2-carboxy-5{33-dimethyl-tsul-1-yny1)-

thiophen-3-y1{44rans-methyl-cydohexanecarbonyg-aminoypiperidine-1-carboxylic 

acid pipeddin-4-yl ester using method A except that the Ha salt of 5-(3,3-ramethyl-

but-1-yny1)-34(4-trans-methyl-cydohexanecarbonyg-pyrrolliNn-3-(8)-ylAsminol-

thlophene-2-carboxylle acid was used Instead of the HCI salt of 5-(3.3-dimethyl-but-

1-yny034(44nans-mathylcydohexanecarbony1)-piperldin-4-yl-aminot-thiophene-2-

carboxylc acid and 4-(R)-hydroxy-pyrrolidin-2-one was used instead of 4-hydroxy-

pipericilne-1-carboxylic acid tert-butyl ester. 

LC/MS (rnlz): 544 [M+1J 

Retention time: 2.18min 

Gradient 0 min-0.1 min 5% ACN, 0.1 min-1.95 min 5%-100% ACN, 1.95 min-3.5 

min 100% ACN, 3.5 min-3.55 min 100%-5% ACN. 3.55 min-4 min 5% ACN. 

Example 35: Compound 35 - Synthesis of 34S1412-Carboxy-543.3-dimettivH)ut-1- 

ymill-thloohen-3-y11-14-methvf-cyclohexanecarbonv11-aminammolidine-1-oarboxviic 

acid hexahydro-furof2.3-blfuran-34R1-1,4 ester 

0 	,r0 
; 	r ft 	o 	• 

.air  V' 

35 

3-(S)12-Carboxy-5-(3.3-dimethyl-but-1-yny1)-thiophen-3-y1144-melfwl- 

cyclohexanecarbonyl)-amlno)-pyrrolidins-1-carboxyllc 	acid 	hezahydro-furo[2,3- 

topuran-3-(R)-y1 ester was prepared In a similar fashion to 4-(12-carboxy.5-(3,3-

dimethyl-but-1-yny1)-thlophen-3-y11-(4-trans-methyl-cyclohexenecarbony1)-aminof 

piperidlne-1-carboxylic acid piperldin-4-y1 ester using method A except that the Ha 

salt of 5-(3,3-dimethyl-but-1-yny1)-34(4-trans-methyl-cyclohexanecarbonyl}pyrrolkiln• 

3-(S)-yl-aminol-thiophene-2-carboxylic acid was used Instead of the Ha salt of 5-

(3.3-dimethyl-but-1-yny1)-31(4-trarts-methyl-cyclohexanecarbonylypipeddin-4-yi-

aminot-thiophene-2-carboxylic acid and 4-Mtro-benzoic acid hexahydro-furot2.3-

Wuran-3-(R)-ylester was used In place of the chbrofonnate of 4-hydroxy-piperidine-

1-carboxylc acid ten-butyl ester. 
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LC/MS (m/z): 572.92 [14+11, 595.15 [M+Nal 

Retention time: 2.48min 

Gradient 0 min-0.1 min 5% ACN. 0.1 min-1.95 min 5%-100% ACN, 1.95 min-3.5 

min 100% ACN, 3.5 min-3.55 min 100%-5% ACN, 3.55 min-4 mm 5% ACN. 

Example 36: Comoound 36 - Synthesis of 4-112-csrboxy-543.3-climethyl-but-1-vnyll- 

thioohen-346-14-methyl-cyclohexanecarbonyll-amlnol-olomidlne-1-carbcocylic acid 

gexartydro-fumM.3-bifuran-34R1-y1 ester 

0 
8 	 r  - 	0 ,....,_. 	.:. 

\ 	 0-C 
N_‘ 	0 

KI).".4C  0 
36 

442-carboxy-5-(3.3-dimethyl-but-1-yny1)-ltdophen-3-y1H4-methyl-

cyslohexanecarbony1)-aminoHtlperldine-1-carboxylic acid hexahydro-turo[2,3-
b]furan-3-(R)-ylester was prepared hi a similar fashion to 5-(3.3-dimettryHx4-1-yny1)-

34(4trans-methyl-cyclohexanecarbonyl)-(4-(telnahydro-pyran-4-

yloxycarbonylarnino)-cyclohexylFamino)-thlophene-2-carboxyfic acid using method B, 
except the HO salt of 5-(3,3-dimethyl-but-l-ynyl)-34(4-methyl-cydohexanecarbonyl)-

pipendin-4-yl-arninol-thiophene-2-carboxylic acid methyl ester was used instead of 3- 
((4-amino-cyclohexyl)-(4-trans-metily1-byclohexenecarbonyl)-aminol-5-(3,3-dImethy4

but-1-yny9-thlophene-2-carboxylic acid methyl ester, and 4-nitro-benzoic acid 

hexahydro-furo[2,3-b]furan-3-(R)-y1 ester was used In place of the chloroformate of 

tetrahydro-pyran-4-o1. 

LC/MS (m/z): 587.01 [M+1]. 609.20 gt1+Nal 

Retention time: 2.40min 

Gradient 0 min-0.1 min 5% ACN, 0.1 min-1.95 mkt 5%-100% ACN, 1.95 min-3.5 

min 100% ACN, 3.5 min-3.55 min 100%-5% ACN, 3.55 min-4 min 5% ACN. 

Example 37: Compound 37 - Synthesis of 34M-f3131-112-carboxy-543.3-dimethyl- 

but-1-ynylt-thloohen-3-v9-(4trans-methyl-cyclohettenecarbonyll-aminotcyrrolidine-1-
parbontrioxyl-oloerldine-1-carboxAc acid tart-buh4 ester 
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0 
8 	0 

OH 	..11, 	, 
No.0 ti 

—0...io 
37 

3{RX3(S)12-carboxy-5-(3,3-dimelhyl-but-1-yrtyl)-thiophen-3-y1M4-6ans- 
methyl-cyclohexanecarbonyl}aminol-pyrrolidine-1-carbonyloxyl-piperidine-1- 

5 	carboxylic acid tart-butyl ester was prepared In a similar fashion to 4-([2-carboxy-5- 
(3,3-dimethyl-but-1-ynylythiophen-3-y1]-(4.4rans-methyl-cyclohexanecarbonyly 

aminol-piperidine-1-carboxylic acid piperldin-4-y1 ester using method A except that 

the HO salt of 5-(3,3-dimethyl-but-1-ynyI)-3-[(4-6ans-rnethyI-cydohexanecarborn4)- 

pwroIidin-3-(S)-yI-amino]-thiophene-2-awboxyIic add was used instead of the FICI 
10 	salt of 5-(3,3-dimethyl-but-1-yriy1)-3-[(4-trans-methyl-cyclohexanecarbony0-pipericlin- 

4-yl-aminOthiophene-2-carboxylic add and 3{R)-hydroxy-piperidlne-1-carboxylic 
add tert-butyl 

butyl ester. 
ester was used Instead of 4hydroxy-piperidine-1-carboxyfic acid tert- 

LC/MS (m/z): 545 [M-98] 
15 	Retention time: 2.26min 

LC: Thermo Finnigan PDA Detector 

MS: Thermo Scientific LCQ Fleet 
Column: Phenomenex Gemini-nx 3u C18 110A 30 x 3 mm 

Solvents: Acetonihile with 0.1% trifluomacellc add, Water vAth 0.1% bifluoroacetk 
20 	add 

Gradient 0 min.3.1 min 2%-100% ACN, 3.1 min-3.75 min 100% ACN 

Example 38: Compound 38 - Synthesis of 3-(S)-1I2-carboxy-5-(3.3-dimethvl-but-1- 
vm41-111loohen3-4-14trans-me8yl-cydohexanec,arborMI-aminol-pyrrolid4ne-1- 

25 	carbdMic acid oicieridin-34R)-vi ester 

0 

/ 	OH Y[.. 	• 	Pi 
at 0°  

38 
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3-(S)-112-carboxy-5-(3,3-dimethyl-but-1-yny1)-thiophen-3-y0-(4-trans-rnethyl-
cydotexanscarbony1)-amhoj-pyrrolidine-1-carboxylic acid pipendin-3-(R)-yi ester 
was prepared in a Nailer fashion to 4124carboxy-5-(3,3-dimethyl-but.1-yrn4)-
thiophen-314H4-trans-methyl-cycbhexanecarbonylyamino)-piperidine-1-carboxylic 
add plperklin-4-yi ester using method A except that the HCI salt of 5-(3,3-dimethyl-
but-1-wy1)-3-1(4-trans-methyl-cyelohexanecarbony1)-pyrrolidin-348)-yl-aminol-
thlophene-2-carbowlic add was used Instead of the HCI salt of 5-(3,3-dimethyl-but-
1-yny1)-3{(4-trans-methyl-cyclohexanecarbonyl)-piperidin-4-yl-amino}thbphene-2-
carboxylic acid and 3-(R)-hydroxy-pipendine-1-carboxyllc acid ten-butyl ester was 
used instead of 4-hydroxy-piperidine-1-carboxylic acid ten-butyl ester. 
LC/MS (m/z): 544 [4+1] 
Retention lime: 2.18min 
Gradient: 0 min-0.1 min 5% ACN, 0.1 min-1.95 min 5%-100% ACN, 1.95 min-3.5 
min 100% ACN, 3.5 min-3.55 min 100%-5% ACN, 3.55 min-4 min 5% ACN. 

Examole 39: Comoound 39 - synthesis of 44345-112-carboxv-543.3-dmethel-but-1- 
vnv0-thioohen-344144-trans-methyl-cycbhexanecarbonv0-aminol-oymolidine-1- 
carbonyloxVi-obeddine-1-carbmorlic add tart-buM ester 

A.. S 	2 

0

0 
....
k) 

0

a  

°no"? 	

"Li 	

0 

39 
4-(3{3)-g2-carboxy-5{3,3-dimethyl-but-1-yny1)-thiophen-3-A-(4-Irans-

methyl-cydohexanecarbonylyaminol-pyrrolidine-1-carbonyloxy)-piperidine-1-
carboxylic acid tent-butyl ester was prepared In a stroller fashion to 442-carboxy-5-
(3,3-dirnethyl-but-1-ynyl)-thbphen-3-y11-(4-trans-methyl-cydohexanecerbonyly 
amino]-piperldine-1-carboxyllc add plperidin-4-y1 ester using method A except that 
the Ha salt of 5-(3,3-dlmethyl-but-l-ynyI)-3-[(4-trans-methyI-cycIohaxanecarbonyl)- 
pyrroIIdin-3-(S)-yl-amino]-tl,iupIw!,e-2-carboxyIIc add was used Instead of the MCI 
salt of 5-(3,3-dimethy4but-1-yny1)-34(4-tranamethyl-cyclohexanecarbonyl)-pipeddin- 
4-yl-amlnethiophene-2-catboxylic acid. 
LC/MS (rn/z): 844 [14411, 544 [M-991 
Retention lime: 2.56min 
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LC: Thermo Finnigan PDA Detector 

MS: Thermo Scientific LCD Fleet 

Column: Phenomenex Gemini-nx 3u C18 110A 30 x 3 mm 

Solvents: Acetonitrile with 0.1% Irifluoroacetic add, Water with 0.1% trifluoroacetic 

acid 

Gradient 0 min-3.1 min 2%-100% ACN, 3.1 min-3.75 min 100% ACN 

Example 40: Compound 40 - Synthesis of 3-131-82-carboxy-5-(3.3-dimethyl-bul-1- 

ww11-thioohen-3-y044-trans-rnetMA-cyclohexanecarPonyn-aminol-twaolidine-1- 

catboxylic add oberldn-4-Nester 

0 
S 	i 	0 	N 

0 Cil  
40 

3-(S)-(12-carboxy-5-(3,3-dimethyl-but-1-yny1)-thlophen-3-14)-(4-trans-methyl-

cyclohexanecarbonyi).amlnoj-pwrolidlne-1-carboxylic add piperidin-4-y1 ester was 

prepared In a similar fashion to 4-(l2-carboxy-5-(3,3-dimethyI-but-1-ynyI)-thiophen•3-

yI]-(4-irans-rneMyl-cyclohexanecarbonyl)-amIno]-piperIdlne-1-carboxyKc add 

piperidin-4-yl ester using method A except that the NCI salt of 5-(3,3-dimethyl-but-1-
yny1)-34(4-1rans-methyl-cydohexanecarbonyl)-pwrolidin-3-(Syyl-arninoj-thiophene-2-

carboxylic acid was used instead of the HO salt of 5-(3,3-dimethyl-but-1.yny0-34(4

trans-rnethyl-cyclohexanecarbony1)-pIpaddin-4-yl-aminol-thiophene-2-carboxylic add. 

LC/MS (ink): 544 [M+1] 

Retention tine: 2.09min 

Gradient 0 min-0.1 min 5% ACN, 0.1 min-1.95 min 5%-100% ACM, 1.95 min-3.5 

min 100% ACN, 3.5 min-3.55 min 100%-5% ACN, 3.55 mitt-4 min 5% ACN. 

Example 41: Compound 41 - Synthesis of 3451-112-carboxy-543,3-dimethyl-but-1- 

vnviHhioohen-344144-trans-rnettivicticlohexanecarbonyll-amlnol-pwrolidine-1- 
carboxylic acid tetrahydro-pyran-4-0 ester 
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S 	0 

OH 

41 

3-(S)-112-carboxy-5-(3.3-dimethyl-but-1-yny1)-thlophen-3-A-(4-trans-methyl- 

cyclohexenecarbonylyaminoi-pyrrolidine-1-carboxylic add tetrahydro-pyran-4-y1 

5 	ester was prepared in a similar fashion to 412-carboxy-5-(3.3-dirnethyl-but-1-yny1)- 

thiophen-3-y11-(4-trans-methyl-cyclohexanecarbonye-amhio)-plperidne-1-carboxylic 

add pipeddin-4-14 ester using method A except that the Ha salt of 5-(3,3-dirnetwl- 
but-1-yny1)-3-1(44rans-methyl-cycloheamecartonyl)-pyrrolidin-3-(S)-ylitminoj- 

thiophene-2-carboxylic acid was used instead of the Ha salt of 5-(3.3-dImethyl-but- 
10 	

4lc acid and tetrahydro-pyran-4-d was used Instead of 4-hydroxy-piperldine. 
1-carboxylic add tert-butyl ester. 

LaMS (m/z): 544 Ni 

Retention time: 2.57min 
15 	LC: Thermo Finnigan PDA Detector 

MS: Thermo Scientific LCD Fleet 
Column: Phenomenex Gemini-nx 3u C18 110A 30 x 3 mm 

Solvents: Acetonliflie with 0.1% trmuoroacete acid. Water with 0.1% IrMuoroacetic 
acid 

20 	Gradient: 0 mln-3.1 min 2%-100% ACN, 3.1 min-3.75 min 100% CAN 

Examole 42: Compound 42 - Syrithesls of 3-151412-carboxy-543.3-dimethyl-but-1- 
vnyll-thloohen-3-Y1144-trans-methyl-cyclohexenecarbonyll-aminol-ovrrolidne-1- 

carboxylic add tetrahvdro-furan-34M-y1 ester 

S 	00 1,33 
OH ii,  

25 

-it 0 

1". 

 

1-40-1 4 	--.1  0 p 
42 
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3-(SH2-carboxy443.3-dimethyl-but-1-ynyl)-thiophen-3-y8-(4-trans-methyl-
cydohexanecarbony1)-amino1-pyrrolidina-1-carboxylic acid letrahydro-furan-3-(R)-14 
ester was prepared in a similar fashion to 442-carboxy-5-(3.3-dimethyi-but-1-yny0-
thiorten-3-y1)-(4-trans-mettryl-cydohexanecarbonyl)-aminc+piperldine-1-oarboxyllc 

5 acid plperldin-414 ester using method A except that the HCI salt of 5-(3.3-climethyl-
but-1-yny0-31(4-trans-methyl-cydohexenecarbony0-pyrrolidin.3.(S)-yl-amlno)-
thlophene-2-carboxyllc acid was used Instead of the HG salt of 5-(3,3-dimethyl-but-
l-yny1)-34(4-trans-methyl-cyclohexanecarbonyl)-plperidin-4-y1-amino1-thiophene-2-
carboxylic add and tetrahydro-funin-3-(R)-ol was used instead of 4-hydroxy- 

10 piperidlne-1-carboxylic acid terl-butyl ester. 
LC/MS (m/z): 531 [M+11 
Retention time: 2.21min 
LC: Thermo Finnigan PDA Detector 
MS: Thermo Scientific LCO Fleet 

15 Column: Phenomenex GernInl-nx 3u C18 110A 30 x 3 mm 
Solvents: Acelonifile with 0.1% trlflucroacelic acid. Water with 0.1% trifluocoacedc 
add 
Gradient: 0 min-3.1 min 2%-100% ACN, 3.1 min-3.75 min 100% ACN 

20 Examote 43: Compound 43 - Synthesis of 3-151-112-carboxv-5-13.3-thmeti-M-but-1- 
vmifi-thloohen-344144-trans-methyl-cyclohexanecarbonvli-amlnol-ovrrolidlne-1-
ocelot& acid 2-oxo-overolidln-3-fRI-vi ester 

0 
S 	0 

	

oft x 	NH 

43 
25 3-(SH2-Carboxy-5-(3,3-dimethyl-but-1-yrnA)41dophen-3i1H4-irans-methyl-

cydohexanecarbony1)-aminci)-pyrrollifine-1-carboxybc add 2-oxo-pyrrolldln-3-(R)-y1 
ester was prepared In a similar fashion to 4-(12-carboxy-5-(3.3-dime0yl-but-1-yrwl)-
thlophen-3-y8-(4trarts-methyl-cyclohexanecarbony0-amino]pipeddlne-1-carboxylic 
add plperldln-4-yi ester using method A except that the Ha salt of 5-(3.3-climethyl- 

30 but-1-yny0-3-1(4-trans-methyl-cyclottexanecarborry1)-pyrrollifin-3-(S)14-aminol-
thiophane-2-carboxylic add was used instead of the MCI salt of 5-(3,3-dimethyl-but- 
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1-yny1)-3-[(4-trans-methyl-cyclohexanecarbonytypiperldln-4-yl-amino)-thlophene-2- 

carboxylic add and 3-(R)-hydroxy-pyrrolldin-2-one was used Instead of 4-hydroxy- 

piperldlne-1-cathoxylic add ten-butyl ester. 
LC/MS (m/z): 562 (1/1+19] 

Retention time: 2.18min 
Gradient 0 min-0.1 Si 5% ACN, 0.1 min-1.95 min 5%-100% ACN, 1.95 min-3.5 

min 100% ACN, 3.5 min-3.55 min 100%-5% ACN, 3.55 min-4 min 5% ACN. 

gxamole 44: Compound 44 - Synthesis of 4-14-112-carboxy-543.3-dimethyl-but-1- 

ynyll-thloohen-344144-trans-mettnAcyclohexanecarbonyll-amlnol- 

cyclohexylcarbamoyloxyl-doeridine-1-carboxYlic add ten-butyl ester 
O 

s 
/ 	OH 

...
0 14-0---NH 

CY 
0 

44 

4-(4-112-Carboxy-5-(3.3-dimethyl-but-1-yny1)-thiophen-3-0).(4-trans•methyt-

cyclohexenecarbonyl)amino)-cyclohexylcarbamoyloxy)-piperidine-1-carboxylic add 

ten-butyl ester was prepared in a similar fashion to 44[2-carboxy-5-(3.3-dimethyl-but-

1-yny1)-thiophen-3-y1]-(4-trans-methyl-cydohexanecarbony1)-amino)-piperidine-1-

carboxylic add plperldin-4-yi ester using method A except that the HO salt of 34(4-

amlno-cyclohexyl)-(4-trans-methyl-cydohetianecerbony9-amkto)-543,3-dimethyl-but-

1-yny1)-thiophene-2-carboxylic acid was used Instead of the HO salt of 513.3-

dImethyl-but-1-ynyl)-3-1(4-trans-rnethyl-cydohexanecarbonytypiperidin-4-yl-aminol-
thiophene-2-carboxylic add. 

LOMS (mlz): 670 [M-1) 

Retention time: 2.54min 

Gradient 0 min-0.1 Si 5% ACN. 0.1 min-1.95 min 5%-100% ACN, 1.95 min-3.5 

min 100% ACN, 3.5 min-3.55 min 100%-5% ACN, 3.55 min-4 min 5% ACN. 

Frimnie 45: ComnottarL45_-_5vnthesis of 543 3-climethvl-but-14myll-34(44rens- 

methvl-cyclohexanecarbonvn-f4-1oloeridln-4-vioXvcarbonvlemlnol-ovdohexyl)- 

2(0102hIbbabsokisarkalcaskt 
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4.5 
5-(3.3-Dimethyl-but-1-yny1)-31(4-trans-methyl-cyclohexanticarbonyl)14-

(pipeddin-4-yloxycarbonytamino)-cyclohexyg-amino)-thiophene-2-carboxylic acid was 

	

5 	prepared In a similar fashion to 4-g2-carboxy-5-(3.3-dImethyl-but-1-ynyi)-thiophen-3- 
yg-(4-trans-methyl-cyclohexanecarbonylyarninol-piperldine-1-carboxylic acid 
piperldin-4-y1 ester using method A except that the HCI salt of 34(4-amino-
cyclotiexy044-transinethyl-cycloheicsnecarbony1)-arnino)-5-(3.3-dimethyl-but-1-ynyly 
thiophene-2-carboxyfic acid was used instead of the HOt salt of 5-(3.3-climethyl-but- 

	

10 	1-yny1)-34(44rans-rnethyl-cyclohexanecarbonylypiperidin-4-yl-amboFthiophene-2- 
carboxylic acid. 
LCIMS (m/z): 572 gt4+1] 
Retention time: 2.07min 
Gradient 0 min-0.1 min 5% ACN. 0.1 min-1.95 min 594100% ACN. 1.95 mln-3.5 

	

15 	min 100% ACN, 3.5 min-3.55 min 10096-5% ACN. 3.55 min-4 min 5% ACN. 

Examoie 48: Compound 46 - 3%0161168N of 3-M144112-carboxy-5-f3.3-dImethel-but-1- 
vnell-thioohen-3-v11-14trans-methvl-cyclohexanecarbonv11-aminol-
cycloheioncerbamoyloxvi-oioeridine-1-carboxiilic acid tart-bunk ester 

0 
S 

OH 

C),I.C—°—Mil

b
—
< 20 	 0  

46 
3-(R)-(442-carboxy-5-(3.3-dimethyHmt-1-ynylythlophen.3-yll-(4-trans-

methyl-cyclohexanecarbomA)-aminol-cyclohexylcarbamoyloxy)-piparidine-1-
carboxylic acid tent-butyl ester was prepared in a similar fashion to 4-g2-carboxy-5- 

25 	(3,6-dimethyl-but-1-yrty0-thiophen-3-y1)-(4-trans-methyl-cyclohexanecarbony1). 
aminol-piperldine-1-carboxylic acid plpericlin-4-0 ester using method A except that 
the Ha salt of 34(4-amlno-cyclohexyl)-(4-trans-methyl-cyclottexanecarbonylyamino)-
5-(3.3-dimethyl-but-1-ynyli-thiophene-2-carboxylic acid was used instead of the Ha 
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salt of 5-(3.3-dhnethyl-but-1-yny1)-34(4-frans-methyl-cyclohexanecarbonyl)-piperidin-

4-y1-aminol-thiophene-2-cerboxylic add and 3-(R)-hydroxy-piperldine-1-carboxylic 

acid ten-butyl ester was used instead of 4-hydroxy-piperidine-1-carboxylic add tart-
butyl ester. 

LC/MS (rn/z): 6701[M-1) 

Retention time: 2.58min 

Gradient 0 min-0.1 min 5% ACN, 0.1 min-1.95 min 5%-100% ACN, 1.95 mtn-3.5 

min 100% ACN, 3.5 min-3.55 min 100%-5% ACN, 3.55 min-4 min 5% ACN. 

gxamole 47: Compound 47 - Synthesis of 5-(3.3-dimethvi-but-1-ynyli-3-94-trans- 
methyl-cyclohexanecarbomA1444 oloarldin-34R1-yfoxvcarbonyhtuninol-cydohen41- 

pminoi-thloohene-2-oarboxviic add 

/ 	H 	
0,....0 

 

.-0 IF°—Nli  

art 

5-(3,3-dimethyl-but-1-yny1)-3-g4-trans-methyl-cychhexanecarbony0-(4-

(piperldin-3-(R)-yloxycarbanytamino)-cydohexyg-arnino)-thlophane-2-carboxylic acid 

was prepared in a similar fashion to 442-carboxy-5-(3,3-dimethyl-but-1-ynyl)-

thlophen-3-y1]-(4-trans-methyl-cydohexanacarbonyl)-aminoi-piperidine-1-oarboxylic 
acid pipericlin-4-14 ester using method A except that the HCI sail of 34(4-amino-

cyciohexyl)-(4-trans-methyl-cyclohexenecarbonylyamlno)-5-(3.3-diniethyt-but-1-yny0-

1hiophene-2-carboxyllc acid was used instead of the Ha salt of 5-(3.3-dimethyl-but-

1-yny1)-34(4-trans-methyl-cyclohetcanecarbonylypiparldin-4-yl-aminophlophene-2. 

carboxylic acid and 3-(R)-hydroxy-piperidine-1-carboxy8c acid ten-butyl ester was 

used instead of 4-hydroxy-piperidine-1-carboxylic add tart-butyl ester. 
LC/MS (m/z): 572 [M+11 

Retention time: 2.11min 

Gradient 0 min-0.1 min 5% ACN, 0.1 min-1.95 min 5%-100% ACN, 1.95 min-3.5 

min 100% ACN, 3.5 mln-3.55 min 100%-5% ACN, 3.55 min-4 min 5% ACN. 
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example 48: Comoound 48 - Synthesis of 543.3-dimethvi-but-1-yny11-3-84-trans- 

rethyl-mciohexanecarbonvi44-fletrahvdro-furen-3-0:1-vioxycarbawiam1nol- 

cydohexyll-aminol-thioohene-2-carboxylic acid 
0 

8 cm 	0 
,-0 

1-0-ar&lei  b°  0 
48 

5-(3.3-Dimethyl-but-1-ynyl)-3-((4-Irens-rnelhyl-cyclohexenecarbony1H4-

(tetrahydro-furan-3-(R)-yloxycarbonylamino)-cyclohexylFamino)-thiaphene-2-

carboxylic acid was prepared in a similar fashion to 44(2-carboxy-543,3-dimethyl-but-

1-ynyl)-thiophen-3-y11-(4-trans-methyl-cyclohexanecarbony1)-amhol-piperidne-1-

carboxylic acid piperldin-4-y1 ester using method A except that the HCI salt of 34(4-

amino-cyclohexyl)-(4-trans-methyl-cydohexenecarbony1)-amlno]-543,3-climethyl-but-

1-yny0-thiophena-2-carboxylic add was used instead of the Ha salt of 5-(3,3-

dimethyl-but-1-yrn4)-3-K4-tranemethyl-cydohexanecarbonyl}piperidin-4-yi-aminoF 

thlophene-2-carboxylic acid and tetrahydro-furan-3{R)-ol was used instead of 4-

hydroxy-piperidine-1-carboxylIc add ten-butyl ester. 

LC/MS (mlz): 434 [A-124) 

Retention time: 2.42min 

Gradient 0 min-0.1 min 5% ACN, 0.1 min-1.95 min 5%-100% ACN. 1.95 min-3.5 

min 100% ACN, 3.5 min3.55 min 100%-5% ACN, 3.55 min-4 min 5% ACN. 

Exempla 49: Compound 49 - Synthesis of 543.3-tiimethyl-but-1-yny0-3-1(4-trans- 

methvi-cvdohexanecarbony14445-oxo-oyrroklin-34S)-vioxycarbonylaminol-

gYclohexvfl-a.minci)-thiochene-2-carboxviic acid 

0 

/ 	OH 	°,... 

...0...
<-0—NH 	

I.ni 
 

0 
0 

49 

5-(3,3-01rnethyl-but-1-yny0-34(4-trans-methyl-cyclohexanecarbonytH4-(5-

oxo-pyrrolidin-345)-yloxycarbonylamino)-cydohexylyaminoHhiophene-2-carboxylic 
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add was prepared In a similes fashion to 4-Q2-carboxy-5-(3,3-dimethyl-but-1-yny1)-

thlophen-3-y1]-(4-trans-methyl-cydohexanecarbonylyaminol-piperldine-1-carboxyiic 
acid piperidln-4-y1 ester using method A except that the MCI salt of 344-amino-

cydohexyl){4-trans-methyl-cydohexanecarbony1)-amino]-5-(3,3-dimethyl-but-1-yny1)- 

5 thlophene-2-carboxylk add was used Instead of the HCI salt of 5-(3.3-dimethyl-tiut- 

1-YnY0-34(4-frens-rnolh)l-cYclohexanocelhonY1)-PiPeridin-4-yl-sunino)-Mlophene-2-
carboxylic acid and 4-(S)-hydroxy-pyrrolldiri-2-one was used instead of 4-hydroxy-

piperldine-1-carboxylic acid tart-butyl ester. 

LC/MS (mlz): 572 INI+1) 

10 Retention time: 2.08min 
LC: Thermo Finnigan PDA Detector 

MS: Thermo Scientific LCO Fleet 
Column: Phenomenex Gemini-rix 3u C18 110A 30 x 3 mm 

Solvents: Acetonitrile with 0.1% trilluoroacelic add. Water with 0.1% trifluoroacedc 
15 acid 

Gradient 0 min-3.1 min 2%-100% ACK 3.1 min-3.75 min 100% ACN 

Examole 50: Comoound 50 - Synthesis of 543.3-dimethvi-but-1-vnv11-3-1/4-trans- 

methyl-cvdohexanecsrbonv114442-oxo-ovrrolidin-3-M1-vloxvcarbonvlaminol- 

20 cvdohexvIl-amino4hloohene-2-carbowlic add 

0 NH 
/ 	OH 	pc 	: 

,--d
0  

0 
SO 

5-(3.3-Dimethyl-but-1-yny0-3-((4-trans-rnethyl-cyciohexanecarbony1)-14-(2-

oxo-pyrrolidin-3-(R)-yloxycarbonyternino)-cydohexylfamino)-thiophene-2-carboxyllc 

25 acid was prepared In a similar fashion to 412-carboxy-5-(3,3-dimethyl-but-1-ww1)-
thiophen-3-y1)-(4-trans-rnethyl-cydohexanecarbonylyamino)-piperidine-1-carboxylic 

add pberidin-4-y1 ester using method A except that the MCI salt of 34(4-amino-

cycloheicy1)-(4-trans-methyl-cyclohexanecarbony1)-amino]-8-(3.3-dirnethyl-but-1-yny1)-

thlopherse-2-carboxylic acid was used instead of the HCI salt of 5-(3,3-dimeihyl-but- 
30 1-yny1)-31(4-trans-methyl-cydohexanecarbony1)-plperIcHn-4-yl-aminoi-thiophene-2- 
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carboxylic acid and 3-(R)-hydroxy-pyrrolidin-2-one was used instead of 4-hydroxy- 

pipandine-1-carboxylic acid hart-butyl ester. 

LC/MS (m(z): 447 )M-124) 

Retention time: 2.52min 

Gradient 0 min-0.1 min 5% ACN. 0.1 rnh-1.95 min 5%-100% ACN. 1.95 min-3.5 

min 100% ACN, 3.5 min-3.65 min 100%-5% ACN, 3.55 min-4 min 5% ACN. 

Bxamde 51: Compound 51 - Synthesis of Boa protected 4-112-carboxy-543.3- 

dimethvi-but-1-ww11-thioohen-3-Y1144-trans-metivi-cyclohexeneatrbonvil-aminol- 

pioerldine-1-carboxylic acid cioeridin-3(R)4 ester 

-e-Q4  ... 4  .0.00 0 	)-0 
0 	 0 

51 

Boo protected 4-112-carboxy-5-(3.3-dimethyl-but-1-ynylythiophen-3-y1)-(4-

bans-methyl-cyclohexanecarbonyl)-aminoHiperidine-1-carboxylic acid pipaidin-3-

(R)-y1 ester was prepared In a similar fashion to 4-([2-carboxy-5-(3,3-dImethyl-but-t-

ynyl)-thiophen-3-y11-(4-trans-rnethyl-cydohexanecarbonyl)-aminol-piperldine-1-

carboxylic acid pipericen-4-yl ester using method A except that 3-(R1-hydroxy-

piperidine-1-carboxylic acid tert-butyl ester was used Instead of 4-hydroxy-piperidine-

1-carboxylic add ten-butyl ester. 

LCIMS (m/z): 558 IM-99] 

Retention time: 2.64min 

Gradient 0 min-0.1 min 5% ACN, 0.1 min-1.95 min 5X-100% ACN, 1.95 min-3.5 

min 100% ACN. 3.5 min-3.55 Si 100%-5% ACN, 3.55 min-4 min 5% ACN. 

Fxamole 52.  Compound 52 - Synthesis of 4412-carboxv-543 3-dknettwl-but-1-ynyll- 

tdoohen-3441-(4-trans-rnethvi-cydohexenecarbonyll-aminol-olperidine-1-carboxylk 

Add oineridin-3-(R)-viester 
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0 
5 
/ 	OH 

N-CH-eQH 
i"-0.ai

0 
 

52 

44[2.Carboxy-5-(3,3-dimethyl-but-1-yny1)-thlophen-3111-(4trans-methyl- 

cyclohscatrearbony0-aminol-piperldine-1-carboxylic acid piperidin-3-(R)-y1 ester was 

5 	prepared In a similar fashion to 442-oarboxy-5-(3,3-dimethyl-but-1-ynytythiophen-3- 

54)-(4-tranermelhyl-cydohennecarbonyl)-aminol-pipeddhie-1-carboxylic acid 

piperidln-4-yi ester using method A except that 3-(R)-hydroxy-pipeitine-1-carboxylic 

add tart-butyl ester was used instead of 4hydroxy-piperidine-1-carboxylic acid ted-

butyl ester. 

10 	LC/MS (m/z): 558 [14+1) 

Retention thne: 2.15min 

Gradient 0 min -0.1 min 5% ACN, 0.1 min-1.95 min 5%-100% ACN, 1.95 min-3.5 

min 100% ACN, 3.5 mln-3.55 min 100%-6% ACN, 3.55 min-4 min 5% ACN. 

15 	MCAMDIO 53: Compound 59 - Synthesis of 4-112-carboxv-513.3-climethyl-but-1-yny11- 

thioohen-3-v11-14-tcsns-methvi-cydohexanecarbonyll-aminol-oloeridine-1-carboxvlid 

acid Istrahydro-furan-3-M-y1  ester 

0 

OH 4.0, 

.....0 11-C 

0 
53 

20 	4-02-Carboxy-5-(3,3-dimethyl-but-1-yny0-thiophen-3-y11-(4trans-methyl- 

cyclohexanecarbonyiyamino)-piperidine-1-carboxylic acid tetrahydro-furan-3-(R)14 

Sitter was prepared In a similar fashion to 4-(12-carboxy-5-(3,3-climethyl-but-1-yny0- 

1hiophen-3-*(4-6ans-methyl-cyclohexanecarbony0-amino]-piparidine-1-carboxyhc 

acid piperichn-4-yi except that tetrahydro-furan-3-(R)-ol was used instead of 4- 

25 	hydroxy-piperidine-1-carboxylic acid tert-butyl ester. 

LCIMS (m/z): 545 (14+1] 

Retention time: 2.28min 
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LC: Thermo Finnigan PDA Detector 

MS: Thermo Scientific LCQ Fleet 

Column: Phenomenex Gemini-nx 3u C18 110A 30 x 3 mm 

Solvents: Acetonitrile with 0.1% trifluoroacetic acid, Water with 0.1% trifluoroacetic 

acid 

Gradient 0 min-3.1 	M 2%-100% ACN, 3.1 min-3.75 min 100% ACN 

Example 54: Compound 54 - Synthesis of 4-112-carboxy-5-(3,3-dimethyl-but-1-vnV0- 

thiophen-3-0-(4-trans-methyl-cyclohexanecarbony1)-aminot-piperidine-i-carboxylic 

acid tetrahydro-pyran-4-y1 ester 

s 	9 

\ 	 \ 
—(

/OH \

N-KC)—(  
/ 	0 

54 

4-112-Carboxy-5-(3,3-dimethyl-but-1-yny1)-thiophen-3-y1]-(4-trans-methyl-

cyclohexanecarbony1)-aminol-piperidine-1-carboxylic acid tetrahydro-pyran-4-yl ester 

was prepared in a similar fashion to 41[2-carboxy-5-(3,3-dimethyl-but-1-ynyg-

thiophen-3-y13-(4-trans-methyl-cyclohexanecarbonyl)-aminol-piperidine-1-carboxylic 

acid piperidin-4-yl except that tetrahydro-pyran-4-ol was used instead of 4-hydroxy-

piperidine-1-carboxylic acid tert-butyl ester. 

LC/MS (m/z): 559 [M+11 

Retention time: 2.35min 

Gradient 0 min-3.1 min 2%-100% ACN, 3.1 min-3.75 min 100% ACN 

Example 55: Compound 55 - Synthesis of 4-112-carboxv-5-(3,3-dimethyl-but-1-vnyl)- 

thiophen-3-y11-(4-trans-methvl-cyclohexanecarbonyfi-aminol-piperidine-1-carboxylic 

acid 5-oxo-pyrrolidin-34M-vi ester 

0 
s 

\ / 	OH 	 N 
° 

	

iThr)
N 	N 

	

 	.11.. o 
	/ 

55 
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44[2-Carboxy-5-(3,3-dimethyl-bt4-1-ynyi)-thlophen-3-0)-(4-trans-rneliwi-

cyclohexanecarbony).amino1-piperidine-1-carboxylic acid 5-oxo-pyroadin-34R)-14 

ester was prepared in a similar fashion to 44[2-carboxy-5-(3,3-dimethyl-but-1-yny0-

thlophen-3- 4(4-trans-methyl-cyclohexanecarbony0-amino1-piperidine-1-carbowlic 

acid piperidin-4.4 except that 4-(R)-hydroxy-pyrrolidin-2-one was used instead of 4-

hydroxy-piperldine-1-carboxylic acid ten-butyl ester. 

LC/MS (m/z): 433 [M-1241 

Retention lime: 2.54min 

Gradient 0 min-0.1 min 5% ACN, 0.1 min-1.95 min 5%-100% ACN. 1.95 min3.5 

min 100% ACN, 3.5 min-3.55 min 100%-5% ACN, 3.55 min-4 min 5% ACN. 

Dcample 56: Compound 56 - Synthesis of 4412-carboxy-543.3-dimethyl-but-1-ynY0- 

thiophen-34,1144-trans-methyl-o/clohexanecarborn41-aminol-othericline-1-carboxylic 

Acid 5-oxo-oyrrolidin-3-1514/1 ester 

0 

\ 	 r1114 

.-0.44 	
0 \ --%° 

0 
56 

412-Carboxy-5-(3,3-dimethyl-but-1-yny1)-thiophen-311-(4-trans-methyl-

cyclohexanscarbonyl)-aminol-piperldine-1-carboxylic acid 5-oxo-pyrrolidin-3{R)-y1 

ester was prepared In a similar fashion to 442-carboxy-543,3-dimelhyl-but-1-yny1)-

thlophen-3-*{4-tans-methyl-cyciohexenecarbony}aminobpiperidine-1-carboxylic 

acid piperidin-4-y1 except that 4-(S)-hydroxy-pyrrolidin-2.one was used instead of 4-

hydroxy-piperidthe-1-cerboxylic acid ten-butyl ester. 

LC/MS (m/z): 433 [M-1241 

Retention time: 2.54min 

Gradient 0 min-0.1 min 5% ACN, 0.1 min-1.95 min 5%-100% ACN, 1.95 min-3.5 

min 100% ACN, 3.5 min-3.55 min 100%-5% ACN, 3.55 min-4 min 5% ACN 

Example 57: Compound 57 - Synthesis of 4-112-ciaboxv-543.3-dimetyl-but-1-imyn- 

thioohen-3M1-14-methvi-ovelohexenecarbonvil-aminol-oloerldine-1-extrbmilc acid 2- 

oxo-owrolidin-348)-y1 ester 
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NH 

/  	0 0 
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N 

57 

44[2-Carboxy-5-(3,3-dimethyl-but-1-ynyh-thlophen-3-y1]44-methyl- 

cyclohexanecarbonylFaminoj-piperidine-1-carboxylic acid 2-oxo-pyrrolidin-3-(S)-yl 

ester was prepared in a similar fashion to 44[2-carboxy-5-(3,3-dimethyl-but-1-yny)-

thiophen-3-y1]-(4-trans-methyl-cyclohexanecarbonyl)-aminoFpiperidine-1-carboxylic 

acid piperidin-4-yl except that 3-(S)-Hydroxy-pyrrolidin-2-one was used instead of 4- 

hydroxy-piperidine-1-carboxylic acid tert-butyl ester. 

LC/MS (mix): 576 [M+19] 

Retention time: 2.16min 

LC: Thermo Electron Surveyor HPLC 

MS: Finnigan LCQ Advantage MAX Mass Spectrometer 

Column: Phenomenex Polar RP 30 mm X 4.6 mm 

Solvents: Acetonitrile with 0.1% formic acid, Water with 0.1% formic acid 

Gradient: 	0 min-0.1 min 5% ACN, 0.1 min-1.95 min 5%-100% ACN, 1,95 min-3.5 

min 100% ACN, 3.5 min-3.55 min 100%-5% ACN, 3.55 min-4 min 5% ACN 

Method D 

Example 64: Compound 64 - Synthesis of 5-(3 3-Dimethyl-but-1-yny11-34f3- 

f hexahydro-furot2 3-htfuran-3-yloxycarbonytamino1-1-(S)-methyl-propylPtrans-4- 

methyl-cyclohexanecarbonyl)-amino1-thiochene-2-carboxylic acid 

0 
ti 	S 

0 

N--.0 	
.... 
	0 

o1-0"t4 	
H
iL  N &Co 0 	

0 

64 

92 



WO 2011/088303 
	

PCT/US2011/021279 

0 	
S 

/ 	0 	PPh3, DIAD, THE 	 / 	0 	H2NNH2 
)2,  

N 

	

N 	 0 )  
.,i 
	 92% 	

tn m{ 	),,I 0 	 E( 
OOH 	 0 

. NH 	 O  

0 

0 	 S 

‘ 	cy".. 	DIEA, DMAP 	 / 	0--- 

14--C-- 	° 	

0 

iii4 	 "Hi
c) 	iL 

0 	N 	 N OrCa 
H 

02N 
0 	0 

O 
 

THF, CH3OH, H2O, 1,10H 	 / 	OH 

24% 3-steps 	 ca...0,,01--C. 
	fil 

N 	1‘,1-4L-0 H  
A mixture of 5-(3,3-dimethyl-but-t-ynyl)-31(3-hydroxy-13(S)-methyl-propyl)- 

(trans-4-methyl-cyclohexanecarbonyl)-aminol-thiophene-2-carboxylic acid TFA salt 

(1.40g, 3.23mmol) in THF (30mL) was cooled to 0 °C and triphenylphosphine (2.53g, 

5 	9.69mmmol) was added followed by phthalimide (0.713g, 4.84mmol). The reaction 

was stirred until homogenious then DIAD (1.06mL, 5.49mmol) was added. After 

warming to rt., the reaction was determined to be complete by LC/MS in 1h. The 

reaction was Benched with CH3OH (1.0mL) and the solvent removed under reduced 

pressure. 	5-(3,3-Dimethyl-but-1-ynyl)-3-[[341,3-dioxo-1,3-dihydro-isoindote-2-y1)-1- 

10 	(S)-methyl propy1]-(trans-4-methyl-cyclohexylcarbony1)-aminokthiophene-2-carboxylic 

acid methyl ester (1.67g, 92%) was isolated by silica gel chromatography as an off- 

white solid. 

A mixture of 5-(3,3-dimethyl-but-1-yny1)-3-[[341,3-dioxo-1,3-dihydro-isoindole- 

2-y1)-1-(S)-methyl propy1]-(trans-4-methyl-cyclohexylcarbonyh-aminot-thiophene-2- 

15 	carboxylic acid methyl ester (168mg, 0.30mmol) in CH3OH (2mL) and hydrazine 
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(15pL, 0.45mmol) was placed in a preheated 80 °C oil bath and stirred for 2h. The 

reaction was determined to be complete by LC/MS. Solvent was removed under 

reduced pressure and the crude material was coevaporated with toluene. 313- 

Amino-1-(Symethyl-propy1)-(trans-4-methyl-cyclohexanecarbony1)-erninol-5-(3,3- 

5 dimethyl-but-1-yny1)-1Nophene-2-carboxylic acid methyl ester was used as Is for the 

next step without purification. 

A mixture of crude 3.((3-Amino-1-(Symethyl-propy1)-(trans-4-methyl-

cydohexanecarbony).amino).5-(3.3.dimethyl-but-1-ynyl)-thiophene-2-carboxylic add 

methyl ester in ACN (3.OmL) was treated with carbonic acid hexahydro-furop.3- 

10 blfuran-3-y1 ester 4-nitro-phenyl ester (0.11g. 0.375mmol) followed by 

diisopropylethyl amine (0.1mL, 0.625mrnol) and OMAP (cat). The reaction was stirred 

for lh and quenched with CH3OH (1mL). Solvent was removed under reduoad 

pressure and the crude material was partitioned between EtOAc, and % sat 

NaHC034,4. The organics were dried over Na2SO4, solids filtered and solvent 

15 removed under reduced pressure. 	5-(3.3-Dimethyl-but-1-yny1)-3-113-(hemdwdro-

furo(2.3-blfuran-3-yloxycarbonylamino)-1-(Symethyl-propy1)-(trans-4-methyl-

cyclohexanecarbonyft-antnol-thlophene-2-carboxylic acid methyl ester was isolated 

by reverse phase HPLC and carried forward wet to the next reaction. 

A mixture of 5-(3.3-Dimethyl-but-1-yny1)-34[3-(hexahydro-furr42.3-bluren-3- 

20 yloxycarbonylamino)-1-(S)-methyl-propyft-ftrans-4-methyl-cydohexanecarbonyft-

aminoj-thlophene-2-carboxylic acid methyl ester in THE (2mL) and CH3OH (1mL) 

was treated with dissolve Li01-1H20 (0.1g. 2.38mrnol) in H2O (2mL). The reaction 

was determined to be complete after 5h. The pH was adjusted to 2 with 274 HCloy. • 

After diluting with CH3OH (3m1), 5-(3,3-Dimethyl-but-1-yny1)-3-1[3-(hexahydro- 

25 furo(2.3•Wfuran-3-yloxycarbonylarnino)-1-(S)-methylpropy11-(trans-4-methyl-

cyclohexanecarbonyl).aminokthlophene-2-carboxyBc add TFA salt (0.41g, 24% 3-

steps) was isolated by reverse phase HPLC as a white solid. 

LC/MS = 597.20 (hE +Na) 

Retention time: 3.76 min 

30 Gradient 0 min-0.2min 5% ACN, 0.2 man-3.95 min 5%-100% ACN, 3.95 min-5.20 

min 100% ACN, 5.20 min-5.5 min 100%-5% ACN. 5.5 min-6 min 5% ACN. 
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Example 65: Compound 65 - Synthesis of 5-(3 3-dimethyl-but-1-yny1)-3-fftrans-4- 

methyl-cyclohexanecarbonv1)-11-(S)-methyl-3-ftetrahydrofuran-3- 

yloxycarbonylamincri-propyll-aminot-thiophene-2-carboxvlic acid 

0 
S  

0 	N 	0 
H 

65 

A solution of 3413-Amino-1-(S)-methyl-propylktrans-4-methyl-

cydohexanecarbonyft-aminol-5-(3,3-dimethyl-but-1-ynyft-thiophene-2-carboxylic acid 

methyl ester (0.08g, 0.146mmol) in CH3CN (1.5mL) was prepared. 3-(R)-Hyciroxy-

tetrahydrofuranyl-chloroformate (0.132g, 0.88mmol), which was prepared in a 

manner similar to method G, was added followed by diisopropylethyl amine (0.25mL, 

1.50mmol) and DMAP (cat). After stirring at rt for 30min., the reaction was 

determined to be complete by LC/MS. The reaction was quenched with H2O (1mL) 

and the organics removed under reduced pressure and 5-(3,3-dimethyl-but-1-yny1)-

3-[ftrans-4-methyl-cyclohexanecarbony1)41-(S)-methyl-3-(tetrahydrofuran-3-

yloxycarbonylamino)-propyll-amino]-thiophene-2-carboxylic acid methyl ester was 

carried forward without purification. 

A mixture of 5-(3,3-dimethyl-but-1-yny1)-3-atrans-4-methyl-

cyclohexanecarbony1)-(1-(Symethyl-3-(tetrahydrofuran-3-yloxymrbonylamino)-

propylj-aminoFthiophene-2-carboxylic acid methyl ester in THE (2mL) and CH3OH 

(1mL) was treated with dissolve Li0H+120 (alg, 2.38mmol) in H2O (2mL). The 

reaction was determined to be complete after 1h. The pH was adjusted to 2 with 

2NHC1,„0, the reaction diluted with CH3OH (3mL) and 5-(3,3-dimethyl-but-1-yny1)-3-

[ftrans-4-methyl-cyclohexanecarbonylK1 -(S)-methyl-3-(tetrahydrofuran-3-

ylo>cycarbonylamino)-propyft-aminol-thiophene-2-carboxylic acid TFA salt (0.046g, 

47%) was isolated by reverse phase HPLC as a white solid.  

LC/MS = 555.24 (M+ Na`) 

Retention time: 3.65 min 

Gradient: 0 min-0.2min 5% ACN, 0.2 min-3.95 min 5%-100% ACN, 3.95 min-5.20 

min 100% ACN, 5.20 min-5.5 min 100%-5% ACN, 5.5 min-6 min 5% ACN. 
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Method E 

5 

10 

15 

Exa 	• 	66: Co 	sound 66 	3 	Dime h -but- n 	-3- 	hexahydro-furof2 3- 

bifuran-3-yloxycarbonvlamino)-cyclohexyg-(trans-4-methyl-cyclohexanecarbonyb- 

aminol-thiophene-2-carboxylic acid 

0 

/ 	OH 

0.0.10( 
NA, 

N 
0 

O 

66 

0 O 
S 

DIEA, DMAP 
\ 	

0/
o

....- 

wOmi(N0,0_ 0 PC - rt is..
0 

i‘
N0, 

NH2 	 N 
0 	 0 	H 

02N 4 
0 
I00...

✓ 

.
° 

0 

0 
S 

THF, CH3OH, H20, LiOH 	 OH 

Ns 
34%,14% 	

V 
ntl~ 	 N 

0 
0 

A solution of 3-1(4-amino-cyclohexyl)-(trans-4-methylcyclohexanecarbonyb-

aminol-5-(3,3-dimethyl-but-lyny0thiophene-2-carboxylic acid methyl ester (0.40g, 

0.873mmol) in ACN (5.OmL) was cooled to 0 00 and carbonic acid hexahydro-

furo[2,3-b]furan-3-y1 ester 4-nitro-phenyl ester (0.295g, 1.0mmoi) was added, 

followed by DIEA (391µL, 2.18mmol) and DMAP (cat). 	The reaction mixture was 

warmed to rt, and stirred for 1h. The solvent was removed under reduced pressure 

and the crude reaction mixture was partitioned between EtOAc and 2N K2CO3(„). 
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The layers were separated and the organics washed repeatedly with 2N K2COarati). 

Both epimers of 5-(3,3-Dimethyl-but-yny1)-314-(hexahydro-furo[2,3-b]furan-3-

yloxycarbonylamino)-cyclohexyll-(trans-4-methyl-cyclohexanecarbonyl)-aminoj-

thiophene-2-carboxylic acid methyl ester were isolated by reverse phase HPLC and 

carried forward wet into the next reaction. 

To each of the wet fractions of 5-(3,3-Dimethyl-but-yny1)-3-([4-(hexahydro-

furo[2,3-b]furan-3-yloxycarbonylamino)-cyclohexyl]-(trans-4-methyl-

cyclohexanecarbony1)-amineHhiophene-2-carboxylic acid methyl ester were added 

THE (0.5mL). CI-130H (0.2mL), and LiOH (0.021g, 0.5mmol). The reactions were 

allowed to stir at rl for 2h. The reactions were determined to be complete by LC/MS. 

The reactions were quenched with 2N HC10,0  to pH = ca. 2. Both epimers of 5-(3,3-

Dimethyl-but-yny1)-34[4-(hexahydro-furo[2,3-b]furan-3-yloxycarbonylamino)-

cyclohexyl]-(trans-4-methyl-cyclohexanecarbony1)-aminol-thiophene-2-carboxylic 

acid TFA salt (fast eluting: 89mg, 34%. slow eluting 34mg, 14%) were isolated by 

reverse phase HPLC as an off-white solid. 

LC/MS = 623.20 (W +Na) 

Retention time: 3.76 min 

Gradient: 	0 min-0.2min 5% ACN, 0.2 min-3.95 min 5%-100% ACN, 3.95 min-5.20 

min 100% ACN, 5.20 min-5.5 min 100%-5% ACN, 5.5 min-6 min 5% ACN. 

Method F 

Example 67: Compound 67 - 343143-ff2-Carboxv-5-(3.3-dimethyl-but-1-)mv1)- 

thlophene-3-yll(trans-4-methyl-cyclohexanecarbonyl)-aminot-pyrrolidine-1- 

carbonyloxy}-3-methyl-pyrrolidine-1-carboxylic acid tart-butyl ester 

0 
5 
 	0 

5.-0 "I i'4:01 

O 	_.(0-..\ c/  

67 

And 
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Example 68: Compound 68 - 3-(S)-f2-Carboxy-5-(3,3-dimethyl-but-1 -yny1)-thiophen- 

3-yll-Orans-4-methylcyclohexanecarbomn-aminol-pyrrolidine-l-carbocylic-acid-3- 

methyt-pwrolidin-3-0-ester 

LiOH 

0 
S 
/ 	OH 

N 
er4-0"114‘  laba 

0 

O 	N 

68 

0 

/ 	0, 	4N HCI dioxane 	
o-- 

N 	 N quant 'ii 	
Bet 	 1  

0 

ACN, DIEA, DMAP 

rr- 

N 

)1-0 
0 

C\NEI 

OH 
27% 

N 
0 itti( NH  CI--i 0 

b 	goc  
3:1 mixture of Bee and desBoci 

0 	 0 
S 

OH 	 / 	OH 

N 
arrio4 'CI 	rrei-ic)4 04 

0  

5 
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3-(S)4[5-(3.3-Dimethyl-but-1-yny1)-2-methoxycarbonyl-thlophene-3-(454)- 

(trans-4-methytcyclohexanecarbonyl)-aminOpyrrolidine-1-carbcorylic acid fert-butyl 

ester (3.10g. 5.85mmol) was taken up in CH2C12  (50inL) and 4N HCI In dioxane 

(25mL, 100mmol) was added in one portion. The reaction was stirred for 2h and was 

5 determined to be complete by LC/MS. Solvents were removed under reduced 

pressure and the crude reaction mixture was co-evaporated with 3 X 25mL toluene. 

5-(3,3-dimethyl-but-1-yny1)-3-i(irans-4-methyl-cyclohexenecarbonyt)-pyrrolidin-3-(S)- 

Yudmilv,14hlophene-carboxylic acid methyl aster was carried forward crude into the 

next step. 

10 A mixture of 5-(3,3-dimethyl-but-1-yrwl).3-iftrans-4-inethyl-

cyclohexanecarbony1)-pyrrolklin-3{3)-yl-aminophlophene-carboxylic acid methyl 

ester in THE (25mL) and CH3OH (10mL) was treated with UOMH20 (1.43g, 

34.2mmol) in H2O (10mL). The reaction was determined to be complete by LC/MS 

after 2h. The pH was adjusted to 2 with 2N Haw  and the solvents were removed 

15 under reduced pressure. Co-evaporation with CH3OH, then EIOAc, and finally 

toluene removed all H2O. 5-(3,3-Dimethyl-but-1-yny1)-3-Wrans-4-methyl-

cyclohexanecarbonyft-pyrroliclin-3-(S)-0-aminoFthiophene-carboxylic acid was 

carried forward crude with WI sett Into the next step. 

5-(3,3-DImethyl-but-1-ynyt)-3-gtrans-4-methyl-cyclohexanecarbony1)- 

20 pyrrolidin-3-(S)-yl-ainkioj-thlophene-carboxylic acid (150mg) was taken up in ACN 

(2.OmL). The heterogeneous solution was allowed to stir for 5min. then DIEA (2504, 

2.3mmol) and DMAP (cat) was added sequentially to the solution. The reaction was 

allowed to stir for 5 min then 3-chlorocarbonyloxy-3-rnethyl-pyrrolicilne-1-carboxylic 

acid tea-butyl ester (.200mg) prepared in a manner similar to method G was added 

25 in one portion. The reaction was stirred at rt for 15 min and determined to be 

complete by LC/MS. Solvent was removed under reduced pressure. The reaction 

mbdure was partitioned between EtOAc and 2N Hap,* The organics were dried 

over Na2SO4, solids altered and solvent removed under reduced pressure. 3-(3112- 

Carboxy-5-(3.3-dimethyl-but-1-yny4ythiophene-3-yq-arans-4-mathyl- 

30 cyclohexenecarbonyl)-3-(Syamintyrrolldlne-1-carbonyloxy)-3-methyl-pyrrolidine-1-

carboxylic add tent-butyl ester TFA salt (35mg, 20%) and 3-(3-112-Carboxy-5-(3,3-

dImethyl-but..1-yny0-thlophene-3-y1)-(trans-4-methyl-cyclohexanacerbony1)-3-(S)-

aminol-pynolidine-1-carbonyloxy)-3-methyl-pynnlidlne-1-carboxylic add TFA salt 

(11mg, 7%) ware Isolated by reverse phase HPLC as white solids. 
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30 

carboxylic add fert-butyl 

LC/MS = 544.14 (Rf 

Retention time: 4.02 

Gradient 0 min-0.2min 

min 100% ACN. 5.20 

carboxylic add TM 

LC/MS = 544.10 (MI  

Retention time: 3.36 

Gractient 0 min-0.2min 

min 100% ACN, 5.20 

A solution 

(200mg, 1.00mmd) 

(0.954mL). Altering 

pressure and co-evaporate 

methylpyrrotidine-carboxylic 

Example 69: Compound 

3-(342-Carboxy-5-(3,3-dtmethyl-but-1-ynyg-thiophene-3-541-(bans-4-methyl-

cydohexanecarbony1)-3-(8)-arniro)-pyrroldine-1-carbonyloxy)-3-methyl-pyrrolidine-1- 

3-(3412-Carboxy-5-(3,3-dimethyl-but-1-ynylythiophene-3-01-(trans-4-meihyl-

cyclohexanecarbony1)-3(S)-amino)-pyrrolidine-1-cerbonyloxy)-3-methyl-pyrrolidine-1- 

ester TEA salt 

- Boc) 

min 

5% ACN, 0.2 min-3.95 min 5%-100% 

min-5.5 min 100%-5% ACN, 5.5 min-6 min 

salt 

+1) 

min 

5% ACN, 0.2 min-3.95 min 5%-100% 

min-5.5 min 100%-5% ACN, 5.5 min-6 min 

Method G 

ACN, 3.95 min-5.20 

5% ACN. 

ACN, 3.95 min-5.20 

5% ACN. 

-butyl ester 

ten-butyl ester 

20% In toluene 

under reduced 

in the next step. 

3-Chlorocarbonvloxv-3-metwl-owroficline-1-carboxvlic 

1104:>i8 

acid tent 

ThF 
_... Ooh 

o0 crit.a 
C 

of 3-hydroxy-3-methylpyrrolidine-carboxylic acid 

in THE (4mL) was slowly treated with phosgene 

stirring at rt for 16h, solvents were removed 

with CH2C6. The crude 3-chtoroc.srbonyloxy.3-

add terf-butyl ester was used directly 

89 - Synthesis of 3412-carboxv-543.3-dimethyl-but-t-vm41- 

thioahen-3-v11-nrans-4-melhvi-cvdottexanecarbonvil-34S1-aminotovrrolidine-1- 

carbmwlic add 1-tort-butmercarbortyl-3-methyl-azelidin-3-vi ester 
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69 
5-(3,3-Dimelhyl-but-1-yrel)-3-ffirans-4-methyl-cyclohexanecarbony1)- 

pyrrolidin-3-(S)-yl-aminol-thlophene-carboxyllc acid (150mg) was taken up in ACN 

5 	(2.0mL). The heterogeneous solution was allowed to stir for 5rnin, and then DIEA 

(250pL, 2.3mmol) and DMAP (cat) were added sequentially. The reaction was 

allowed to elk for 6 min ban 3-chlorocarbonyloxy-3-methyl-azetidine-1-carboxylic 

add tent-butyl ester (*200mg) which was prepared in a similar manner to Method G 

was added in one portion. The reaction was stirred alit for 15 min and determined to 

10 	be complete by LC/MS. Solvent was removed under reduced pressure. The 

reaction mbdure was partitioned between EtOAc and 2N HCL The organics were 
dried over Na3SO.. solids filtered and solvent removed under reduced pressure. 3- 

112-Carboxy-5-(3,3-dimethyl-but-1-ynyd-thlophenti-311-(trans-4-melhyl- 

cyclohexanecarbony1)-3-(S)-aminol-pyrrolidine-1-carboxylic acid 1- ter- 

15 	buloxycarbony1-3-methyl-azelidin-3-y1 ester TFA salt (46mg. 26%) 

LC/MS r: 630 (kr +1) 

Retention time: 3.89 min 

Gradient 0 min-0.2min 5% ACN, 0.2 min-3.95 min 5%-100% ACN, 3.95 min-5.20 

min 100% ACN, 5.20 min-5.5 min 100%-5% ACN, 5.5 min-6 min 5% ACN. 

20 

Example 70: Compound 70 - Settesis of 3-112-carbow-543.3-climethvkiut-1-vnyll- 
Lhbohene-3-vil-ftrans-4-methylcydohexanecarbonv11-3481-aminol-ovimikilne-1- 

carboxylic add 1.1-dloxo-tetrahydro-116-thloohene-3-y1 ester 
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0 
,k------.Th S 

\ /OH 

0    
O 

70 

5-(3,3-Dimethyl-but-1-yny9-3-atrans-4-methyl-cyclohexanecarbony1)- 

pyrrolidin-3-(S)-aminoj-thiophene-carboxylic acid (200mg) was taken up in ACN 

	

5 	(4.0mL). The heterogeneous solution was allowed to stir for 5min, and then DIEA 

(500µL, 4.6mmol) and DMAP (cat) were added sequentially. The reaction was 

allowed to stir for 5 min then 3-ohlorocarbonyloxy-1,1-dioxo-tetrahydro-115-thiophene 

(=200mg), which was prepared in a similar manner to method G, was added in one 

portion. The reaction was stirred at rt for 15 min and determined to be complete by 

	

10 	LC/MS. Solvent was removed under reduced pressure. The reaction mixture was 

partitioned between EtOAc and 2N HCl/30. The organics were dried over Ne2504, 

solids filtered and solvent removed under reduced pressure. 34[2-Carboxy-5-(3,3-

dimethyl-but-l-yny1)-thiophene-3-y1]-(trans-4-methylcyclohexanec,arbony1)-3-(S)-

aminol-pyrrolidine-1-carboxylic acid 1,1-dioxo-tetrahydro-1X6-thiophene-3-y1 ester 

	

15 	TFA salt (37mg, 19%) 

LC/MS = 454.97 (1V1+  - methylcyclohexylcarbonyl) 

Retention time: 3.56 min 

Gradient: 0 min-0.2min 5% ACN, 0.2 min-3.95 min 5%-100% ACN, 3.95 min-5.20 

min 100% ACN, 5.20 min-5.5 min 100%-5% ACN, 5.5 min-6 min 5% ACN. 

20 

Example 71: Compound 71 - 4-112-Carboxy-5-(3 3-dimethyl-but-1-yny11-thiophen-3- 

141-(trans-4-methyl-cyclohexanecarbonyl)-aminol-piperidine-1-carboxylic acid 1-tert- 

butoxycarbony1-3-methyl-pyrrolidin-3-y1 ester 

• 
S 

OH 

vs
.0141-CN 	--c/''t  

0 
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71 

And 

5 Entrants 72: Compound 72 - 4412-Carboxv-5-43.3-dime8yl-but-1-vnv1)-thiophen-3- 

v11-11rans-4-methyl-cvdohexanecerbonv0-am4ol-ciPeridine-1-carborAic acid 3-

methvl-ovrrolidin-344 ester 

a 

..0.,<C1„..

C

-t
i
NH 

72 

10 5-(33-DImethyl-but-1-yny1)-34(trans-4-methyl-cyclohexanecarbony1)-

piperidin-4-yl-aminokthiophene-2-carboxylic acid (150mg) was taken up in ACN 

(2.OmL). The heterogeneous solution was allowed to stir for 5min, and then DIEA 

(250u1, 2.3mmo0 and DMAP (cat) were added sequentially. The reaction was 

allowed to stir for 5 min then 3-chlorocarbonyloxy-3-methylpyrrolidine-carboxylic acid 

15 tent-butyl ester (400mg), which was prepared in a similar manner to method G. was 

added in one portion. The reaction was stirred at rt for 15 min and determined to be 

complete by LC/MS. Solvent was removed under reduced pressure. The reaction 

mixture was partitioned between EIOAc and 2N HCIffie. The organics were dried 

over Na2$O., solids filtered and solvent removed under reduced pressure. 4-112- 

20 Carboxy-5-(3,3-dtmethyl-but-l-yny1)-INophen-3-01-(trans-4-melhyl- 

acid 1-tert-butoxycarbony1-3- cyclohexanecarbony).aminolsiperidine-1-carboxylic 

methyl-pyrrolktin-3-y1ester TFA salt (26mg, 18%) and 412-Carboxy-5-(33-dimethyl-

but-l-ynylyttdophen-3-y1)-(trans-4.methylcydohexenecarbonyl)-aminol-piperidine-1-

carboxylic acid 3-methyl-pyrrolidin-314 ester TFA salt (8mg, 6%) were Isolated by 

25 reverse phase HPLC as white solids. 

4-12-Carbotry-5-(33-dimethyl-but-1-yny1)-thipphen-Syl)-(trans-4-methyl-

cydohexanecarbonylyaminol-piperidine-1-carboxylle add 1-tert-butoxycarbony1-3-

methyl-pyrrolidin-311 ester 

LC/MS = 558.19 (M' -Boc) 

30 Retention time: 4.03 mln 
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Gradient: 0 min-0.2min 5% ACN, 0.2 min-3.95 min 5%-100% ACN, 3.95 min-5.20 

min 100% ACN, 5.20 min-5.5 min 100%-5% ACN, 5.5 min-6 min 5% ACN. 

4-[12-Carboxy-5-(3,3-dimethyl-but-1-yny1)-thiophen-3-yl)-(trans-4-methyl- 

cyclohexanecarbony1)-amino]-piperidine-1-carboxylic acid 3-methyl-pyrrolidin-3-y1 

ester 

LC/MS = 558.09 (M+  +1) 

Retention time: 3.40 min 

Gradient: 0 min-0.2min 5% ACN, 0.2 min-3.95 min 5%-100% ACN, 3.95 min-5.20 

min 100% ACN, 5.20 min-5.5 min 100%-5% ACN, 5.5 min-6 min 5% ACN 

Example 73: Compound 73 - Synthesis of 4-(f2-carboxv-5-(3 3-dimethyl-but-1-vnYl)- 

thiophen-3-W1-(trans-4-methyl-cyclohexanecarbonyll-amino)-piperidine-1-carboxylic 

acid 1-tert-butoxycarbony1-3-methyl-azetidin-3-y1 ester 

(2.0mL). The 

(250uL, 

was allowed to stir 

acid tert-butyl ester 

was added in one 

to be complete by 

mixture was 

dried over Na2SO4, 

s 
	0 

/ 	OH 

....0,40
0

4 
	_t

ic.1(0 
 

73 

5-(3,3-Dimethyl-but-l-yny1)-31(4-methyl-cyclohexanecarbony0-piperidin-4-yl-

aminoj-thiophene-2-carboxylic acid (150mg) was taken up in ACN 

heterogeneous solution was allowed to stir for 5min, and then DIEA 

2.3mmol) and DMAP (cat) were added sequentially. The reaction 

for 5 min then 3-chlorocarbonyloxy-3-methylpyrrolidine-carboxylic 

(4200mg), which was prepared in a similar manner to method G, 

portion. The reaction was stirred at rt for 15 min and determined 

LC/MS. Solvent was removed under reduced pressure. The reaction 

partitioned between EtOAc and 2N HC1041. The organics were 

solids filtered and solvent removed under reduced pressure. 412-Carboxy-5-(3,3-

dimethyl-but-1-ynyl)-thiophen-3-y1]-(trans-4-methyl-cyclohexanecarbonyq-aminol- 
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piperidine-l-carboxylic acid 1-tert-butotwcarbony1-3-methyl-azetidin-3-y1 ester TFA 

salt (38mg, 22%) was isolated by reverse phase HPLC as a white solid. 

LC/MS = 544.20 (M+  -Boo) 

Retention time: 4.01 min 

Gradient: 0 min-0.2min 5% ACN, 0.2 min-3.95 min 5%-100% ACN, 3.95 min-5.20 

min 100% ACN, 5.20 min-5.5 min 100%-5% ACN, 5.5 min-6 min 5% ACN. 

Example 74: Compound 74 - Synthesis of 4412-carboxy-543 3-dimethyl-but-1-ymtn- 

thiophen-3-0-(trans-4-methyl-cyclohexanecarbonyn-aminol-piperidine-1-carboxylic 

acid 1.1-dioxo-tetrahydro-1/9-thiophen-3-ylester 

0 
s 
f 	OH 

P 

n'-°""I  0 	

..10-...00 
0 

74 

5-(3,3-Dimethyl-but-l-yny1)-3-Ktrans-4-methyl-cyclohexanecarbony1)-

piperidin-4-yl-amino]-thiophene-2-carboxylic acid (200mg) was taken up in ACN 

(4.OmL). The heterogeneous solution was allowed to stir for 5min, then DIEA (350$_, 

2.3mmol) and DMAP (cat) were added. The reaction was allowed to stir for 5 min 

then 3-chlorocarbonyloxy-1,1-dioxo-tetranydro-1Xn-thlophene (-4200mg), which was 

prepared in a similar fashion as method G, was added in one portion. The reaction 

was stirred at rt for 15 min and determined to be complete by LC/MS. Solvent was 

removed under reduced pressure. The reaction mixture was partitioned between 

EtOAc and 2N HClom. The organics were dried over Na2SO4, solids filtered and 

solvent removed under reduced pressure. 4-P-Carboxy-5-(3,3-dimethyl-but-1-yny1)-

thiophen-3-y11-(trans-4-methyl-cyclohexanecarbony8-aminci]-piperidine-1-carboxylic 

acid 1,1-dioxo-tetrahydro-1 6-thiophen-3-y1 ester TFA salt (2.0mg , 1%) was isolated 

by reverse phase HPLC as a white solid. 

LC/MS = 469.10 OW -methylcyclohexycarbonyl) 

Retention time: 3.70 min 
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Gradient: 0 min-0.2min 5% ACN, 0.2 min-3.95 min 5%-100% ACN, 3.95 min-5.20 

rnin 100% ACN, 5.20 min-5.5 min 100%4% ACN, 5.5 mh-6 min 5% ACN. 

Example 75: Compound 75 - Synthesis of 3-14-112-carboxv-543.3-crenethvl-but-1- 

vnyll-thloohen-3-vIRtrans-4-methyl-cyclohexenecarbonvil-cyclohexvicarbamovloxyl- 
3-methyl-ovntlidine.1-carboxvIlc acid ten-bunt ester 

45.410-,--03CI  

75 

3{4-Amino-cyclohen4}(trans-4-methyl-cyclohexanecarbony1)-amino)-5-(3.3-

dimethyl-but-1-yny1)-thiophene-2-carboxylic acid (150mg) was taken up In ACN 

(2.5rnL). The heterogeneous solution was allowed to stir for 5min, then DIEA (2504. 

2.3mmol) and DMAP (cat) were added sequentially. The reaction was allowed to stir 

for 5 min then 3-chlorocarbonyloxy-3-methylpyrrolidine-oerboxyllc acid led-butyl ester 

(400mg), which was prepared In a mariner similar to method G. was added In one 

portion. The reaction was sUrred at rt for 15 min and determined to be complete by 

LC/MS. Solvent was removed under reduced pressure. The reaction mixture was 

partitioned between EtOAc and 2N HC14,4. The organics were dried over Na2SO.. 
solids filtered and solvent removed under reduced pressure. 3-(4-(12-Carboxy-5-(3,3- 
dime4hyl-but-l-yrw)-thlophen-3-y1)-(trans 	4 methyl-cyclohexanecarbonyly 

cyclohexylearbamoyloxy)3-mathyl-pyrrolidine-1-carboxylle acid ten-butyl ester TFA 
salt (84mg, 47%) was isolated by reverse phase HPLC as a Male solid. 

LC/MS = 572.21 (M' •Box) 

Retention time: 4.03 min 

Gradient: 0 min-0.2min 5% ACN, 0.2 min-3.95 min 5%-100% ACN. 3.95 min-5.20 

min 100% ACN, 5.20 min-5.5 min 100%-5% ACN, 5.5 min-6 min 5% ACN. 

Example 76: Compound 76 - 543.3-DIrnethyl-but-1 •vnvl}3- filrans-4- 

cyclohexanecarboniA1-14-(3-methvkiwroNdin-3-vloxvcarbonvlamino)-cvelohexv11- 

AMilleHiklabfilitt2Si90C234911ra 

106 



WO 2011/088303 
	

PCT/US2011/021279 

5 

10 

15 

20 

25 

0 

\ 	OH 

0ia, ,\ 	
N

C 
N 	

O 

0 	H 

76 

A mixture of 3-{4-[[2-Carboxy-5-(3,3-dimethyl-but-1-ynyi)-thiophen-3-y1]-

(trans-4-methyl-cyclohexanecarbony1)-cydohexylcarbamoyloxy)-3-methyl-pyrrolidine-

1-carboxylic acid tert-butyl ester TFA salt (50mg) in CH2Cl2 (2.0mL) and 4N HCI in 

dioxane (0.5mL) was stirred at rt for 2h. The reaction was determined to be complete 

by LC/MS. Solvents were removed under reduced pressure. 5-(3,3-Dimethyl-but-1-

yny1)-3- ((trans-4-cyclohexanecarbonyi)-(4-(3-methyl-pyrroildin-3-

yloxycarbonylamino)-cyclohexyl]-amino)-thiophene-2-carboxylic acid TFA salt (32mg, 

73%) was isolated by reverse phase HPLC as a white solid. 

LC/MS = 572.19 (MI' +1) 

Retention time: 3.17(3.24 min 

Gradient: 0 min-0.2min 5% ACN, 0.2 min-3.95 min 5%-100% ACN, 3.95 min-5.20 

min 100% ACN, 5.20 min-5.5 min 100%-5% ACN, 5.5 min-6 min 5% ACN. 

Example 77: Compound 77 - Synthesis of 5-(3.3-dimethvl-but-1-vnyl)-3114-(1,1- 

dioxo-tetrahydro-tk.6-thiophen-3-vloxycarbonvlamino1-cyclohexyll-(trans-4- 

methylcyclohexanecarbonv1)-aminot-thiophene-2-carboxylic acid 

0 
S 

\ 	I 	OH 

0 

77 

344-Amino-cyclohexyl)-(trans-4-methyl-cyclohexanecarbonyl)-aminot-5-(3,3-

dimethyl-but-1-ynylythiophene-2-carboxylic acid (200mg) was taken up in ACN 

(4.OmL). The heterogeneous solution was allowed to stir for 5min, then DIEA (5004., 

4.6mmol) and DMAP (cat) were added sequentially. The reaction was allowed to stir 

for 5 min then 3-chlorocarbonyloxy-1,1-dioxo-tetrahydro-1X.6-thiophene (e200mg), 

which was prepared in a similar manner to method G, was added in one portion. The 
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reaction was stirred at rt for 15 min and determined to be complete by LC/MS. 

Solvent was removed under reduced pressure. The reaction mixture was partitioned 

between EtOAc and 2N fiC10,1). The organics were dried over Na2SO4, solids filtered 

and solvent removed under reduced pressure. 5-(3,3-Dimethyl-but-1-yny1)-3-[[4-0,1-

dioxo-tetrahydro-1k8-thiophen-3-yloxycarbonylaminoycyclohexyl)-(trans-4-

methylcychhexanecarbony1)-aminophiophene-2-carboxylic acid TFA salt (36mg, 

19%) 

LC/MS = 606.86 (M*  +1) 

Retention time: 3.61 min 

Gradient: 0 min-0.2min 5% ACN, 0.2 min-3.95 min 5%-100% ACN, 3.95 min-5.20 

min 100% ACN, 5.20 min-5.5 min 100%-5% ACN, 5.5 min-6 min 5% ACN. 

Example 79: Compound 79 - Synthesis of 543.3-Dimethvl-but-1-yny0-34(4-methyl- 

cyclohexanecarbonyft-M-(V-methyl-Nr-pyridin-2-yl-hydrazino)-cyclohexyll-aminol- 

thiophene-2-carboxylic acid 

N --) 
N \ 	H2N-NK 	 ‘ 

N-- H 
F--4( 	 H2

, 
N 

ne

N

at, rt, 16 h 

• o ,1-) / 	H 	- e 	2N 	 / 	OH 
11.1 

	

	
I 

1. NaBH(OAc)3 
t‘h
x—

c) 
	

0-111 

—C-->Gi 	

2. MOH 	

—0—Cci  

	H  

79 

2-Bromopyridine (5 mL, 52.4 mmol) and methylhydrazine (20 mL, 360 mmol) 

were mixed together in a flask fitted with a water-condenser. After a few minutes a 

vigorous exothermic reaction occurred with refluxing of the methylhydrazine. When 

the reaction had subsided, the mixture was left for 16 hours, and the excess 

methylhydrazine was removed under reduced pressure. The cooled residue was 

stirred with aqueous sodium hydroxide solution (30 ml of 20%), and the resulting 
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solution was extracted with ether (3 x 100 ml). The combined extracts were dried 

(K2CO3) and purified by silica gel chromatography 0-3% Et0H/CH2C12  to give 4.8 g of 

N-Methyl-N-pyridin-2-yl-hydrazine. 

A mixture of 5-(3,3-0imethyl-but-1iny1)-34(4-methyl-cyclohexanecarbonyl)- 

	

5 	(4-oxo-cyclohexyl)-aminophiophene-2-carboxylic acid methyl ester (412 mg, 0.90 

mmol) and N-Methyl-N-pyrldin-2144wdrazine (222 mg, 1.8 mmol) in OCE (8 mt.) was 

treated with AcOH (200 p1.3.0 mmol) followed by NaSH(OAch (300 mg, 4.08 mmol) 

In two or three portions. After 30 min, NaHCO3  (saturated aqueous solution. 4-8 ml) 

was added to the mixture, followed by brine (20 ml), and the crude produd was 

	

10 	extracted with ethyl acetate (23c20 ml). The combined organic layers were 

concentrated and the crude materiel was dissolved In a 3:2:1 mixture of 

71-1F:MeOH:water (20 ml), treated with lithium hydroxide (4.5 mmol. 188 mg) and 

heated to 60 deg C for 2 hours. The residue was purified by HPLC (Gemini column, 

35% seetoratrIle:water. 2 min, 35-50% seetoltracrwater, 2 min, 50-100% seetonitrile: 

	

15 	water 13 min, both solvents containing 0.1% triftuoroacetic add). This resulted in 

189 mg (37% yield) of the title compound as its trans isomer (TM salt): MS (mix): 

551.3 IM-Hr; HPLC retention time: 3.39 min (2-98% acetonibile:water with 0.05% 

trilluoroacetic acid) end 71 mg (14% yield) of the title compound as Its ds isomer 

(TEA salt): MS (Ss): 551.3 (M-Hr: HPLC retention time: 3.52 min (2-98% 

	

20 	acetonitrilowater with 0.05% lrilluoroacetic add). 

Example 80: Compound 80 - Swithesis of 5-(3,3-DirnelhvI-but-1-wivi)-34(4-meihyI- 

cvcIohexanecarbonv0-i4-(N'-methvt-N*-ovrazin-2.vI-hvdrazinol-cvcIohexv0-aminol- 

thioohene-2-carboxylic acid 

25 

0 
S 

N-018:NN  
{} 	

I 
0 	 N 

eo 

30 
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2-Chloropyrazine (1g, 8.3 mmol) and methylhydrazine (1.31 mL, 25 mmol) 

were mixed together in a flask fitted with a water condenser. After a few minutes an 

exotherm was observed. After 16 h the excess methylhydrazine was removed under 

reduced pressure. The cooled residue was stirred with aqueous sodium hydroxide 

solution (20 ml of 20%), and the resulting solution was extracted with ether (6 x 100 

ml). The combined extracts were dried (K2CO3) and concentrated to give a light 

orange solid 370 mg of N-Methyl-N-pyrazin-2-yl-hydrazine. 

A mixture of 5-(3,3-Dimethyl-but-1-yny0-3-[(4-methyl-cyclohexanecarbony1)-

(4-oxo-cyclohexyl)-aminoFthiophene-2-carboxylic acid methyl ester (100 mg, 0.22 

mmol) and N-Methyl-N-pyrazin-2-yl-hydrazine (41 mg, 0.33 mmol) in DCE (2 mL) 

was treated with AcOH (100 pL, 1.5 mmol) followed by NaBH(OAc)3  (120 mg, 0.5 

mmol) in two portions. After 5 h, NaHCO3  (saturated aqueous solution, 2 mL) was 

added to the mixture, followed by brine (20 mL), and the crude product was extracted 

with ethyl acetate (2x20 mL). The combined organic layers were concentrated and 

the crude material was dissolved in a 3:2:1 mixture of THF:MeOH:water (20 mL), 

treated with lithium hydroxide (1.1 maid, 46 mg) and heated to 60 deg C for 1 hours. 

The residue was purified by HPLC (Gemini column, 35% acetonitrile:water, 2 min, 

35-50% acetonitrile:water, 2 min, 50-100% acetonitrile: water 13 min, both solvents 

containing 0.1% trifluoroacetic acid). This resulted in 11 mg of the title compound as 

its trans isomer (TFA salt): MS (m/z): 552.2 [M-Hr; HPLC retention time: 26.05 min 

(Phenomenex Luna C18, 2-98% acetonitrile:water with 0.1% trifluoroacetic acid, 30 

min gradient) and 7 mg of the title compound as its cis isomer (TFA salt): MS (m/z): 

552.2 [M-Hr; HPLC retention time: 24.38 min (Phenomenex Luna C18, 2-98% 

acetonitrile:water with 0.1% trifluoroacetic acid, 30 min gradient). 

Example 81: Compound 81 - Synthesis of 5-(3,3-Dimethyl-but-1-ymil)-32(4-methyl- 

cyclohexanecarbony1)44-(Nl-methyl-Nr-thiazol-2-yl-hydrazino)-cyclohemill-aminot-, 

thiophene-2-carboxylic acid 

)7--NS  0 

 

\ / 	°H 	I 

N-0 	,N 
N 	-111 

C)40 	
11  S 
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2-Chlorothiazole (0.0 g, 7.52 mmol) was placed in a flask !Sled with a water 

condenser and methylhydrazine (1.31 mL, 25 mmol) was added dropwise. An 

immediate exothenn was observed and rnethylhydrazine began to reflux. When the 

reaction had subsided, the mixture was left for 16 hours. and the excess 

methylhydrazine was removed under reduced pressure. The cooled residue was 

stirred with aqueous sodium hydroxide solution (20 ml of 20%). and the resulting 

solution was extracted with ether (6 x 100 ml). The combined extracts were dried 

(K2CO3) and concentrated to give 485 mg of N-Methyl-N-thiazol-2-yl-hydrazine. 

A mixture of 5{3,3-Dknethyl-but-1-yny1)-31(4-rnethyl-cyclohexanecarbony1).

(4-oxo-cydohexyl)-arninol-thiophene-2-carboxylic acid methyl ester (200 mg, 0.44 

mmol) and N-Methyl-N-thlazol-211-hydrazine (112 mg. 0.87 mmd) in DCE (4 mL) 

was treated with AcOH (200 pL, 3.0 mmd) followed by NaSH(OAc)3  (120 mg, 0.57 

mmol) in two portions. After 5 h, NaHCO3  (saturated aqueous solution. 3 mL) was 

added to the mixture, followed by brine (20 mt.). and the crude product was extracted 

with ethyl acetate (2x20 ml). The combined organic layers were concentrated and 

the crude material was dissolved in a 3:2:1 mixture of THF:MeOH:water (20 mL), 

treated with lithium hydroxide (2.2 mmol. 92 mg) and heated to 60 deg C for 1 hours. 

The residue was purified by HPLC (Gemini column, 35% acetonlirile:water, 2 min, 

35-50% acelonitrile:water. 2 min, 50.100% acetonible: water 13 min, both solvents 

containing 0.1% trlfluoroaostic add). This resulted in 36 mg of the title compound as 

its trans isomer (TFA salt): MS (m/z):. 557.2 (M-Hr; HPLC retention time: 3.43 min (2-

98% acetonitrie:water with 0.05% Irtfluoroacetle acid) and 8 mg of the title compound 

as its cis isomer (TFA salt): MS (mix): 557.2 (M-H)': HPLC retention time: 3.41 min 

(2-98% acetonitrilemater with 0.05% trifluoroacelic acid). 

&am& 82: Compound 82 - Synthesis of 5433-Dimeitivi-but-1-yny11-3414-1N46- 

hydroxy-oyridazin-3-vn-NcrnethW-hvdrazinol-cvdohexv11-(4-methyl- 
cyclohexenecarborni)-aminot-ttioohene-2-carboxyfic add  
EX8111010 83: Compound 83 -114-1N46-Chlom-ovridazin-3-v1)-Ncmethvi-hvdrazinol- 

cyciohem41-14-methvi-cvdohewinecarbonvli-aniinol-5-(3.3-dirnettnrl-but-1-ww0- 

thloohene-2-carboxylic aclq 
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5 	3,6-Dichloro-pyridazine (1g, 6.75 mmol) was placed in a flask fitted with a 
water condenser and methylhydrazine (1.31 mL, 25 mmol) was added dropwise. An 
immediate exotherm was observed and methylhydrazine begins to reflux. When the 
reaction had subsided, the mixture was left for 16 hours, and the excess 
methylhydrazine was removed under reduced pressure. The cooled residue was 

10 	stirred with aqueous sodium hydroxide solution (20 ml of 20%), and the resulting 
solution was extracted with ether (6 x 100 ml). The combined extracts were dried 
(K2CO3) and concentrated to give 427 mg of N-(6-Chloro-pyridazin-3-y1)-N-methyl- 
hydrazine. 

A mixture of 5-(3,3-Dimethyl-but-1-yny1)-3-[(4-methyl-cyclohexanecarbonyl)- 
15 	(4-oxo-cyclohexyl)-amino]-thiophene-2-carboxylic acid methyl ester (500 mg, 1.09 

mmol) and N-(6-Chloro-pyridazin-3-yl)-N-methyl-hydrazine (260 mg, 1.64 mmol) in 
DCE (8 mL) was treated with AcOH (0.5 mL, 8.4 mmol) followed by NaBH(OAc)3 
(347 mg, 1.64 mmol) in two portions. After 5 h, NaHCO3 (saturated aqueous solution, 
10 mL) was added to the mixture, followed by brine (20 mL), and the crude product 

20 	was extracted with ethyl acetate (2x50 mL). The combined organic layers were 
concentrated and the crude material was dissolved in 4 mL of acetic acid, treated 
with NaOAc (893 mg, 19.9 mmol) and heated in a sealed tube at 100 deg C for 16 h. 
Upon cooling the mixture was diluted with ethyl acetate and neutralized with NaHCO3 
(saturated aqueous solution). The combined organic layers were concentrated and 

25 	the crude material was dissolved in a 3:2:1 mixture of THF:MeOH:water (20 mL), 
treated with lithium hydroxide (5.45 mmol, 228 mg) and heated to 60 deg C for 1 hour. 
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The crude material was purified by HPLC (Gemini column. 35% 

acetontUilemeter, 2 min, 35-50% 8c:storable:water, 2 min. 50-100% acetonitrile: 

water 13 min, both solvents containing 0.1% Influoroacetic add). This resulted In 18 

mg of 3-[(44(-(6-Chloro-pyridazin-3-y1)-N'-methyl-hydrazinol-cydohexyg-(4-metwl- 

5 c-ydohexativallbunyl)-emlno]-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxy5c add 

as the trans Isomer (TFA salt): MS (m/z): 587.2 [M-Hr; HPLC retention time: 26.39 

min (Phenomenex Luna C18. 2-98% acetoniblemater with 0.1% trifluoroecatic acid, 

30 min gradient); 4 mg of 3-[(4-(N{6-Chloro-pyridazin-3-y1)-Ntrnethyl-hydrazino)-

cyclohexyl)-(4-rnethyl-cyclohexanecarbonyl)-eatinol-5-(3.3-dimethyl-but-1-ynyl). 

10 thiophene-2-carboxylic acid as the cis isomer (TFA salt): MS (m/z): 587.2 [M-Hr; 

HPLC retention lime: 24.03 min (Phenomenex Luna C18. 2-98% acelonitrite:waler 

with 0.1% billuoroacetlo add, 30 min gradient); 44 mg of 5-(3,3-Dimethyl-bul-1-ynyl)- 

3-[(4V-(6-hydroxy-pyridazin-314)-Ntmethyl-hydrazino)-cydohexyl)-(4-methyl-

cydohexenecarbony1)-amino]-1hlophene-2-carboxyllc add as its trans isomer (TFA 

15 salt): MS (m/z): 589.4 [M-Hr; HPLC retention time: 28.15 min (Phenomenex Luna 

C18. 2-98% acetonerile:water with 0.1% bffluoroacetic add, 30 min gradient), and 71 

mg of 5-(3,3-Dimethyl-but-t-ynyl)-3-[(4,11{6-hydroxy-pyridazin-3-y1)-N-methyl-

hydrazinot-cydohexyll-(4-methyl-cyclohexanecarbony1)-amino]-1111ophene-2-

carboxylic acid as its cis isomer (TFA salt): MS (nift): 569.4 [M-Hr; HPLC retention 

20 time: 24.67 min (Phenomenex Luna C18, 2-98% acetonibilemater with 0.1% 

billuoroacetic acid, 30 min gradient). 

Hydroxylamlne Synthesis 

25 

llydroxy:amine 1._Syn:heSiS of 0-Dvridin-2-YhrethYthYdrOMelamine dthydinchlorlde 

0 is 	N OH 
HCI 	1. 	TEA 	HCI 
N 	 N....ts

„....--.,
0 

 
--... 	I 	 0 a. 

i 
2. NH2NH2  H2O, Et0H 	.--"' 	NH2  HCI 
3. HCI, Et20 
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2-Chloromethylpyricline hydrochloride (514 mg, 3.13 mmol), N-

hydroxyphthalimide (515 mg, 3.18 mmol), and Irlethylamine (1.3 mL, 9.3 mmol) were 

mixed in acelonitrite (5 mL) and stirred at 80'C for 2.5 hours. The reaction mbdure 

was diluted with ethyl acetate and washed sequentially with 1N NaOH,ou  water, and 

5 brine. The organic phase was dried over PAgSO4, filtered, and concentrated. The 

residue was recrystallized from ethyl acetate and hexanes to provide N-(pyridine-2-

ylrnethoxy)phlhalimide (364 mg, 1.44 mmol). 

Hydrazine monohydrate (53 pl.. 1.5 mmol) was added to a solution of N- 

(pyricline-2-ylmethoxy)phthelimide (356 mg, 1.41 mmot) in ethanol (2 mL) and stirred 

10 at 80 t for one hour in a sealed tube. The reaction mixture was diluted with ethyl 

acetate, adsorbed onto aka gel, and purified by SGC (0-20% (8:1 

Et0H:N1-1.01imaDCM). After concentration of fractions the residue was taken up In 

diethyl ether and treated with 4N HCI(.20) to provide 0-pyridin-2-

ylmethythydroxylamine dhydrochlorlde (152 mg, 0.77 mmol) as a white solid. 

15 

Using the same procedure as described for 0-pyridin-2- 

ylmethylhydroxylamine dihydrochloride, the hydroylamines shown below were 

synthesis/zed. 

NON  
0,1:14, 	 ,0 	 -0 	CN H2t* 	- 	HP- 142N 	 HP 	%"".. 

Hydroxylsmins 2 	Hydroxytamine 3 	Hydroxylandne 4 Hydroviamine 5 

gs0 

H2N 
,0 	116 b  

20 HYdrmellamine 6  

112: Compound 112 - Synthesis of 5-13.3-Dimettivl-but-1-vny11-3414-trana-.Exemple 

methvIcvciohexanecarbonv1144-fovrldln-2-vimethoxviminot-cvciahworli-aminol-

gilophene-2-carbowlic acid 
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CO2H 
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—0 

then LION, H2O 

112 

5-(3,3-dimethyl-but-1-yny1)-3-fltrans-4-methyl-cyclohexanecarbony1)-(4-oxo- 

5 	cydohexyl)-amino]-thiophene-2-carboxylic acid methyl ester (264 mg, 0.58 mmol), 0- 

pyridin-2-ylmethylhydroxylamine dihydrochloride (142 mg, 0.72 mmol), and sodium 

acetate (177 mg, 2.2 mmol) were mixed in 2:1 MeOH:DCM (3 mL) and stirred at 

50 °C for 1 hour. Lithium hydroxide monohydrate (240 mg, 5.7 mmol) and water (1 

mL) were then added and the reaction mixture continued to stir at 50 °C for 2 hours. 

10 	The reaction mixture was then partitioned between ethyl acetate and 5% citric acidgqg  

The aqueous phase was neutralized with 4N Na0Figq)  and thrice extracted with ethyl 

acetate. The combined organic phases were washed with brine, dried over MgSO4, 

filtered, and concentrated. The residue was purified by HPLC (Gemini column; 25% 

acetonitdle:water, 2 min; 25-100% acetonitrile:water, 16 min; 100% acetonitrile, 3 

15 	min; both solvents containing 0.1% trifluoroacetic acid). This resulted in 234 mg 

(19% 

(m/z): 

yield over 2 steps) of the title compound as a white powder (TFA salt): MS 

550.2 [M+H]'; HPLC retention time: 3.55 min (2-98% acetonitrile:water with 

0.05% trifluoroacetic acid). 

20 	Example 113: Compound 113 - 3-(N-(4-Benzyloxvimino)cydohexyl)-4- 

methylcydohexanecarboxamidol-5-(3,3-dimethylbut-1-ynyhthiophene-2-carboxylic 

acid  

0 
S 

OH 

di 
HI,‘ 

113 
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Prepared in the same manner as Example 112 using 0-bertzylhydroxylamine. 

MS (m/z): 549.1 (M+HT; HPLC retention time: 5.23 min. 

Fa:ample 114: Compound 114 - 34N4441H-12.4-Triazol-1- 

vilmelhoxviminolovolohexv0-4-methvimmlohexanecarboxamido)-5-(3.3-dimethvibut- 

1-vnviShirmhene-2-cirboxylic add  

0 
OH 

	

N 	N 
Nn 	N 	N-I 

on 	b..1 
0 

114 

Prepared In the same manner as Example 112 using hydroxylamine 2. MS 

(m(z): 540.1 (M+Hr; HPLC retention lime: 4.29 min. 

Example 115: Compound 115 - 34N44-(Carboxvinethonimino)moclohexv11-4- 

melhvicvdohmenecarboxamidol-5-13.3-dimethvibul-1-vnvilthioohene-2-carboxylic 

acid 

OH 

mo4 
ND. 	 OH 

0 

115 

Prepared in the same manner as Example 112 using hydroxylemine 5. MS 

(mtz): 517.0 (M+Hr; HPLC retention lime: 4.28 min. 
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Example 116: Compound 116 - 3-(N-(4-(Cyanomethoxvimino)cyclohexv1)-4- 

methylcyclohexanecarboxamido)-5-(3,3-dimethylbut-1-vnyl)thiophene-2-carboxylic 

acid 

0 
s 	OH 

/ 	 N 

pe..0
11 Niii0=h0---/ P 4  

5 116 

CO2Me 	 S 	CO2H i 	 1. DOH, H2O 	 \ i 
N 	 N 

	
N

O
CN 2. NCO .,,, --/ H2  HCI 0 	 0 

, NaOAc 

5-(3,3-Dimethyl-but-l-yny1)-3-fftrans-4-methyl-cyclohexanecarbony1)-(4-oxo- 

10 cyclohexyl)-amino]-thiophene-2-carboxylic acid methyl ester (519 mg, 1.13 mmol) 

was dissolved in a mixture of 3:2:1 THF:MeOH:H20 (25 mL). Lithium hydroxide (5 mL, 

1MN aqueous solution) was added and the reaction mixture was stirred at 60 °C for 1 

hour. The reaction mixture was then partitioned between ethyl acetate and water. 

The aqueous phase was neutralized with 5% citric aci‘o  and thrice extracted with 

15 ethyl acetate. The combined organic phases were washed with brine, dried over 

Mg304, filtered, and concentrated to afford 505 mg of 5-(3,3-dimethyl-but-1-yny1)-3-

fffrans-4-methyl-cyclohexanecarbonyl)-(4-exo-cyclohexyl)-aminophiophene-2-

carboxylic acid which was carried on without further purification. 

5-(3,3-Dimethyl-but-1-yny1)-3-fftrans-4-methyl-cyclohexanecarbony1)-(4-oxo- 

20 cycionexyff-amino]-thiophene-2-carboxylic acid (505 mg, 1.02 mmol), 0-

cyanomethylhydroxylamine hydrochloride (174 mg, 1.32 mmol), and sodium acetate 

(212 mg, 2.6 mmol) were mixed in 2:1 Me0FLDCM (7.5 mL) and stirred at 50 °C for 1 

hour. The reaction mixture was then partitioned between ethyl acetate and water. 

The aqueous phase was thrice extracted with ethyl acetate and the combined 

25 organic layers were washed with brine, dried over M9304, filtered, and concentrated. 
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The residue was purified by HPLC (Gembil column; 25% acelonitrile:water, 2 min; 

25-100% acetonitnle:waler. 16 min; 100% acetonitrile. 3 min; both solvents 

containing 0.1% trifluoroacelic acid). This resulted in 159 mg (28% yield over 2 

steps) of the title compound as a white powder. MS (m/z): 495.7 (M-Hf; HPLC 

retention lime: 4.68 min (2-98% acetonitrile:water watt 0.05% trifluomacetic acid). 

Demob) 117: Compound 117 - 643.3-Dlinethvibut-1-vm41-3-14-methyl-N-(4-ftivrldin- 

4-venettimoMninolcvcioherAlcyclohexanscarboxamido)lhiophene-2-carboxv8c acid 

0 
S 

OH 	551 

0.0 
 Nio-O=N 
4 	 . 0 

0 

117 

Prepared In the same manner as Example 112 using hydroxylamine 3. MS 

(ink): 550.1 gtil+Hr: HPLC retention time: 3A8 min 

Example 118: Compound 118 - 543.3-DImethylbut-1-vnvil-3-(4-methvl-N44-(ovridin- 

l-vImelhoxviminolcvolohexyncyclohexanecarboxamidoltiloohene-2-carboxyfic acid 

0 

\ 	OH .. 	b 0 	9  
118 

Prepared in the same manner as Example 112 using hydroxytamine 4. MS 

(m/z): 550.1 [M+HJ'; HPLC retention time: 3.47 min. 

Example 119: Compound 119 - 5433-01methvlbut-1-vrivil-344-methvl-N-14- 

Icthenoxvimholcvolohexvncirclohexanecarboxmnidolthloohene-2-carboxvlic acid 

25 
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WO 2011/088303 
	

PCT/US2011/021279 

0 
S 
/ 	OH 

NI 	.._ 
..04,  

0 

119 

Prepared in the same manner as Example 112 using 0-phenylhydroxylamine. 

5 	MS ( 0/5). 535.0 IM-tHr; HPLC retention time: 5.38 min. 

Example 120: Compound 120 - 5-(3,3-Dimethvibut-1-vny0-3-(NI-(4- 

(methoxvimino)cyclohexyl)-4-methylcyclohexanecarboxamido)thiophene-2-carboxylic 

acid 

0 
3 
/ 	OH 

N 

1 0 	 0 

120 

Prepared in the same manner as Example 112 using 0-methylhydroxylamine. 

MS (m/z): 473.0 [M+H]`; HPLC retention time: 4.79 min. 

15 

Example 121: Compound 121 - 34N-(4-(4- 

(MethVIstittonvI)benzyloxyimino)miclohexyl)-4-methylcyclohexanecarboxamido)-5- 

(3 3-dimethylbut-1-impthiophene-2-carboxylic acid 

20 

0 	 \ S
i-Co  

i 	OH 	 '0  

NI 	 a 

0 	

NN 
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Prepared in the same manner as Example 112 using hydroxylamine 6. MS 

(m/z): 627.0 [M+H]'; HPLC retention time: 4.75 min. 

Example 122: Compound 122 - Synthesis of 53(3,3-dimethyl-but-1-ynv1)-3-N-(1,4- 

dioxa-spiro[4.5]dec-8-v1)-NLmetht4-N44-methvl-cyclohexanecarbonvn-hvdrazinol- 

thiophene-2-carboxylic acid 

0 
S 	7  1. 

0 
-/-Bu in NMP 	/ 	2. 4 

0 

CF3, 

HU 
2 

*. 

---- 	
0 

S 
/ 

NH 

0••() 

--k-  

0 
S 
i 

HN—N 

0 
S 

/ 

0 	N 

To a solution 

thiophene-2-carboxylic 

added K-OtBu (1.6 g 

nitrobenzoylhydroxylamine 

0i
/ 

0 	K-0 

H2N 
0 

IP NO2 

/ 

s‘

14—NH2  

0 

--"jc 

0 
0.-.1 	1. K 

2. 2M 
-0-t-Bu, Mel 

NaOH , 
0 	0 	 H 	0 

CF3  C[ 	 CF3  

-L._ 
OH 	

\S/ 

...-- 	
0 	V31-1 

ro—J 	 o 
NaBH(0(40)3, AcOH, DOE_ 

NMP 

034-

was 

N—N--.  

0 

OH 

of 34ert-butoxycarloonylamino-5-(3,3-dimethyl-but-1-ynyl)-

acid methyl ester (4.3 g, 12.8 mmol) in 

, 14.1 mmol). After 10 min a solution of 

(3.0 g, 16.6 mmol) in NMP (16 mL) 

120 

122 

0 
ON) 

(64 mL) was 

added dropwise 
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and the reaction was allowed to stir for 16 h. 	The reaction was quenched with LiCI 

solution (5% in water, 50 mL) and diluted with EIOAc (50 mL). The crude product 

was washed 3 X 50 mL with 5% Lia solution, dried over Na230., and purified by 
silica gel chromatography 0-30% Et0Adhexanes to give 3-(ft-tert-butoxycarbonyl- 

5 hydraxino)-5-(3,3-climethyl-but-1-ynyl)-thiophene-2-carboxylic acid methyl ester (2.6 

g, 7.4 mmol). 

3{N-tart-Butoxycarbonyl-hydrazino)-5-(3,3-dimethyl-but• 1 -yny1)-thiophene-2-

carboxy4ic acid methyl ester (2.6 g, 7.4 mmd) in Etz0 (37 mL) was cooled to 0 °C 

and treated with Mfluoroacelic anhydride (1.9 g, 8.9 mmol) for 1 h. The reaction was 

10 concentrated, dissolved with neat TFA (4.3 g. 37 mmol) and heated to 60 °C. After 

15 min. the reaction was cooled to rt, diluted with toluene (30 mt.) and concentrated, 

this step was repeated three times, to give crystaftne 5-(3,3-Dimethyl-but-l-m4)-3- 
(hr-(2,2.2-trilluoto•acetyl)-hydratnol4hbphene-2-carboxylic acid methyl ester (2.1 g, 

6.0 mmd). 

15 A mixture of 5-(3,3-dimethyl-but-1-yny1)3[hr{2.2,2-trilluoro-acetyl)-

hydrazino)-thiophene•2-carboxylic add methyl ester (2.1 g. 6.0 mmol). 4-methyl-

cyclohexanecarbonyt chloride (1.45 g. 9 mmol). DMAP (1.1 g. 9 mmol) and DCE (20 

ml) was heated to 40 °C for 16 h. After cooling, the mixture was concentrated and 

the product was purified by silica gel chromatography 0-30% EtOAcsthexanes to give 
20 5-(3.3-dimethyl-but-1-yny1)-34N-(4-methyl-cyclohexanecarbonyl)47-(22,2-trifluoro-

acetylyhydrazinol-thiophene-2-carboxylic add methyl ester (2.74 g. 5.8 mmd). 

To a solution of 543.3-dimethyl-but-1-yny1)-3-IN-(4-melhyl-

cyciohexanecarbonyl)-W42.2.2-trifluoro-acety1)-hydrazinoHNophene-2-carboxylic 

acid methyl ester (1.6 g, 3.4 mmd) in THE (17 mL) was added K-OtBu (4.1 mmol, 1.0 
25 M in THE), followed by Mel (1.0 9, 6.8 mmol). After stirring at 11 for 16 h the reaction 

was dPuted with Et0Ac washed once with 20 mL of brine and purified by silica gel 

chromatography 0-20% Et0Adhexanes to give 5-(3.3-dhnethyl-but-1-yny0-34ft'-
rnethyM4-(4-methyl-cyclohexanecarbony1)-N42.2.2-triftuoro-acely1)-hydrazinol- 

ti 	1mm-2-carboxylic acid methyl ester. This was then diluted with Et0Ac (20 mL) 

30 and treated with NaOH (6.8 mL of 2M aq solution) to give 5-(3,3-Dimethyl-but-l-

yny1)-3-K-mathyl-N-(4-methyl-cyclohexanecarbony1)-hydrazino)-lhiophene-2-

carboxylic add. 
A mbdure of 5-(3,3-Dimethyl-but-1-yny1)-3-K-methyl-N-(4-methyl-

cydohexanecatbonyl)-hydrazinoi-thiophane-2-carboxylic acid (300 mg, 0.8 mmol), 
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1,4-cyclohexadione-mono-ethylene ketal (149 mg, 1 mmol), AcOH (300 mg, 5 mmol) 

in DCE (2 mL) was treated with NaBH(OAc)3  (430 mg, 2 mmol) for 16 h. The 

reaction was quenched with water (10 mL) and extracted with EtOAc. A portion of 

this material was then purified by HPLC (Gemini column, 35% acetonitrile:water, 2 

min, 35-50% acetonitrile:water, 2 min, 50-100% acetonitrile: water 13 min, both 

solvents containing 0.1% trifluoroacetic acid) giving 5-(3,3-dimethyl-but-1-yny1)-31N'-

(1,4-dioxa-spiro[4.5]clec-8-y1)-N'-methyl-N-(4-methyl-cyclohexanecarbonyl) 

hydrazinoj-thiophene-2-carboxylic acid as its TFA salt: MS (m/z): 517.1 	[M-H]+; 

HPLC retention time: 4.73 min (2-98% acetonitrile:water with 0.05% trifluoroacetic 

acid). 

Example 123 (Compound 123) and 124 (Compound 124) - Synthesis of 34244- 

hydroxycyclohexyl)-2-methyl-144-methylcyclohexanecarbonyhhydrazinyl)-5-(3,3- 

dimethylbut-l-ynyl)thiophene-2-carboxylic acid (123) and 3-(2-(4-hydroxycyclohex14)- 

2-methyl-1-(4-methylcyclohexanecarbonyl)hydrazinv1)-5-(3,3-dimethylbut-1- 

Vnvl)thiophene-2-carboxylic acid (124) 

0 
S 

/ 	OH 

0 	--N -- 

0 

i 	OH 	1. 1M HCI 	
90H 

123 
..., 

0 	N— 	2. NaBH4  -.-." 	 / 
ti 	S 

OH 

0 	N-1‘ -- 

OH 

124 

A mixture of 5-(3,3-dimethyl-but-1-yny1)-3-[N'-(1,4-dioxa-spiro[4.5]dec-8-y1)-N'-

methyt-N-(4-methyl-cyclohexanecarbonyt)-hydrazinoPhiophene-2-carboxylic (500 

122 
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mg, 1 mmol) in a 1:1 mixture of THE and Me0H (2.5 mL) was treated with 1 M HO 

(2.5 mL) and heated for 3 hat 60 °C. The reaction mixture was cooled to room 

temperature, diluted with EtOAc (10 mL), neutralized with sat. NaHCO3, washed 

once with brine (10 mL), dried over Na2SO4, and concentrated. The crude material 

was dissolved in wet THE (5 mL) and treated with NaBH4  (38 mg, 1.1 mmol) at 0 °C 

for 30 min. A portion of 5-(3,3-dimethyl-but-1-yny1)-3-(N1-(4-hydroxy-cyclohexyl)-lt-

methyl-N-(4-methyl-cyclohexanecarbonyl)-hydrazino]-thiophene-2-carboxylic acid 

was purified by HPLC (Gemini column, 35% acetonitrile:water, 2 mm, 35-50% 

acetonitrile:water, 2 min, 50-100% acetonitrile: water 13 min, both solvents 

containing 0.1% trifluoroacetic add) to give 20 mg as its TFA salt: MS (m/z): 475.7 

[M-H]°; HPLC retention time: 4.33 min (2-98% acetonitrile:water with 0.05% 

trifluoroacetic acid). 

Additional HPLC purification separated Example 123 (retention time: 27.89 

min) from Example 124 (retention time 27.89). 

Example 125 and 126 - Synthesis of 5-(3,3-dimethylbut-1-yny1)-3-(2-methyl-1-(4- 

methylcyclohexanecarbony1)-2-(4-(pyridin-3-yloxy)cyclohexyPhydrazinyEthiophene-2- 

carboxylic acid (Compound 125) and 5-(3 3-dimethylbut-1-yny1)-3-(2-methyl-1-(4- 

methylcyclohexanecarbony1)-2-(4-(pyridin-3-yloxy1cyclohexynhydrazinyl)thiophene-2- 

carboxylic acid (Compound 1261 

0 	 0 
5 

`
5

/ 
	OH 	 / 	OH 

0 	N—N 	 0 	N--N-- 

Op 

	
40  

, ON 

125 	 126 

A mixture of 5-(3,3-dimethyl-but-1-yny1)-3-ifir-(4-hydroxy-cyclohexyl)-1\8- 

methyl-N-(4-methyl-cyclohexanecarbony1)-hydrazinol-thiophene-2-carboxylic acid 

(100 mg, 0.2 mmol) and 3-fluoro-pyridine (97 tiLt, 1 mmol) in IMF (0.6 mL) was 

treated with sodium hydride (40 nig, 1 mmol, 60% oil dispersion) in two or three 
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portions. The mixture was stirred until the bubbling slowed, and was sealed and 

heated at 100 deg C for 8 h. After cooling, ethyl acetate (2-3 mL) was added and the 

mixture was carefully quenched with citric acid (10% aqueous solution, 2-3 mL). 

Water was added and the mixture was extracted with ethyl acetate (2x30 mL). The 

combined organic layers were dried over sodium sulfate, filtered and concentrated. 

The residue was purified by HPLC (Gemini column, 35% acetonitrilekivater, 2 min, 

35-50% acetonitrile:water, 2 min, 50-95% acetonitille: water 13 min, both solvents 

containing 0,1% trifluoroacetic acid). This resulted in 37 mg of the title compound as 

a white powder (bis-TFA salt): MS (mlz): 552.1 [M-H]'; HPLC retention time: 3.50 min 

(2-98% acetonitrile:water with 0.05% trifluoroacetic acid). 

Additional HPLC purification separated Example 125 (retention time: 22.46 

min) from Example 126 (retention time 22.62). 

Example 127: Compound 127 - Synthesis of 4-fN'-f2-carboxy-5-(3,3-dimethyl-but-1- 

yny1)-thiophen-3,:y11-N-methyl-Ni-(4-methyl-cyclohexanecarbonyl)-hydrazinol- 

piperidine-1-carboxylic acid tert-butyl ester 

0 
S 
i 	OH 

/ 
NN

/ 

411)--(0 E_ N 

0/
°  

127 

The title compound was synthesized in a manner analogous to Example 122, 

using 1-N-Boc-4-piperidone in place of 1,4-cyclohexadione-mono-ethylene ketal: MS 

(m/z): 560.1 [M-Hr; HPLC retention time: 5.10 min (2-98% acetonitrile:water with 

0.05% tifluoroacetic acid). 

Example 128: Compound 128 - Synthesis of 5-(3,3-dimethyl-but-1-yny11-3.4NLmethyl- 

N44-methyl-cyclohexanecarbony1)-Nk-piperidin-4-yl-hydrazinol-thiophene-2- 

carboxylic acid 

124 
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Crude 4-(hr-(2-carboxy-5-(3.3-dimethyl-but-1-ynytythiophen-3-y1)-N-rnethyl-N*- 

(4-methyl-cyclohexanecarbonyl)-hydrazino)-pipericline-1-carboxylic acid ten-butyl 

5 	ester (220 mg. 500 mmol) (Example 127) was treated with TFA (3 mL. 4.6 mmol) at 

60 °C for 10 min. After cooling, toluene (2-3 ml) was added and the Schwa was 

concentrated, this was repeated several times, and a portion of this crude material 

was purified by HPLC (Gemini column, 35% acetonitdle:water. 2 min. 35-50% 
acetoniblemater, 2 mkt, 50-95% acelonitdle: water 13 min. both solvents containing 

10 	0.1% MfluoroacetIc acid). This resulted in 20 mg of the title compound as a white 

powder (bis-TFA salt): MS (rn/z): 460.2 (M-Hr; HPLC retention time: 3.15 min (2- 

98% acelontaile:water with 0.05% tritluoroacetic acid). 

Examole 129: Compound 129 - Synthesis of 543.3-dimelfwl-but-1-vnv1)-3-fht-methvt- 
15 	N-(4-methvl-cyclohexanecarbonvli-N*41-methIA-oioerldln-4-v1)-hydrazinol-thiocitiene- 

3-carboxylic acid 

...... 	S 	
0 

k 	OH 

N N 

—at 	N 

129 

A mixture of 5-(3,3-dimethyl-but-t-yny0-3{N -methyl-N-(4-mathyl-cyclo- 

20 	hexanecarbony1)-Ncpiperidin-4-yl-hydrazino)-thlophene-2-carboxylic acid (100 mg, 

225 mmol) (Example 128). formaldehyde (1.12 mmol), acetic acid (0.5 mL, 8 mmol) 

in DCE (3 ml) was treated with NaBH(OAcb (36 mg. 168 mmol) for 16 h. The 

reaction was quenched with water (10 mL) and extracted with EOM. The crude 
material was then purified by HPLC (Gemini column. 35% acetonitrilewater. 2 min. 

25 	35-50% acetonlatewater, 2 min, 50-100% acetonitrite: water 13 min, both solvents 
125 
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containing 0.1% trifluoroacetic acid) giving 543,3-dimethyl-but-Tyny1)-3-[H-methyl-N-

(4-methyl-cyclohexanecarbony1)-NIT(1-methyl-piperidin-4-y1)-hydrazinol-thiophene-2-

carboxylic acid as its bis-TFA salt: MS (m/z): 474.2 [M-H]'; HPLC retention time: 

3.17 min (2-98% acetonitrile:water with 0.05% trifluoroacetic acid). 

Example 130: Compound 130 - Synthesis of 5-(3,3-dimethyl-but-Tyny1)-3-64*-methyl- 

N-(4-methyl-cyclohexanecarbony0-NH2-(pyridin-3-yloxy)-ethYll-hydrazinol- 

thioohene-2-carboxylic acid 

0 
S 

OH 

/ 
N—N 

N  ---CDO 	—Th  —<= 0 	ii 

130 

The title compound was synthesized in a manner analogous to Example 122, 

using (pyridin-3-yloxy)-acetaldehyde in place of 1,4-cyclohexadione-mono-ethylene 

ketal: MS (m/z): 498.1 [M-H]`; HPLC retention time: 3.31 min (2-98% 

acetonitrile:water with 0.05% tifluoroacetic acid). 

Example 131: Compound 131 - Synthesis of 5-(3,3-dimethyl-but-1-yny1)-34N'-methyl- 

N-(4-methyl-cyclohexanecarbont4)-Ni-ctetrahydro-pyran-4-ylmethylThydrazinol- 

thiophene-2-c,arboxylic acid 

0 	 0 	 0 
S 	 -, ..- 	 S 	 S 

0 	
\ 	

OH 	 / 	OH 

H 	(I)  2M NaOH 
d N--f --0*--  (:) 	N—NH2  

0 	
0 	N — 

 
CF3  

H 
•.,,,,0 

1. NaBH(OAc)3  
2. borohydride 

CH2O 

131 

To a solution of 543,3-dimethyl-but-Tyny1)-3TN-(4-methyl-

cyclohexanecarbony1)-Nt42,2,2-trifluoro-acetyl)-hydrazino)-thiophene-2-carboxylic 
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add methyl ester (1.6 g, 3.4 mmol) in EtOAc (20 mL) was added NaOH (6.8 mL of 

2M aq solution). After 2 h strirring at rt, the reaction was neutralized with 1M HCI aq, 

extracted with EtOAc, dried over Na2SO4, and concentrated to give 5-(3,3-dimethyl-

but-1-yny1)-3-IN-(4-methyl-cyclohexanecarbony1)-hydrazinoi-thiophene-2-carboxylic 

add (1,1g, 3 mmol) as an off white solid. 

A mixture of 5-(3,3-dimethyl-but-1-yny1)-34N-(4-methyl-cyclohexanecarbony1)-

hydrazincii-thiophene-2-carboxylic acid (50 mg, 0.132 mmol), tetrahydro-pyran-4-

carbaldehyde (19 mg, 0,172 mmol), AcOH (24 mg, 0.4 mmol) in DCE (2 mL) was 

treated with NaBH(OAc)3  (42 mg, 0.2 mmol) for 16 h. The reaction was quenched 

with water (10 mL), extracted with EtOAc and concentrated. A mixture of the crude 

material, AcOH (47 mg, 2.37 mmol), dissolved in iPrOH (3 mL) was treated with 

NaCNBH3  (13 mg, 0.198 mmol) then heated to 50 °C for 16 h. The product was 

then purified by HPLC (Gemini column, 35% acetonitrile:water, 2 min, 35-50% 

acetonitrile:water, 2 min, 50-100% acetonitrile: water 13 min, both solvents 

containing 0.1% trifluoroacetic acid) giving 5-(3,3-dimethyl-but-l-ynyi)-3-flt-methyl-N-

(4-methyl-cyclohexanecarbony1)-Nc(tetrahydro-pyran-4-ylmethyl)-hydrazinol-

thiophene-2-carboxylic acid as its TFA salt: MS (ink): 475.1 [M-Hr; HPLC retention 

time: 4.62 min (2-98% acetonitrile:water with 0,05% trifluoroacetic acid). 

Example 132: Compound 132 - Synthesis of 5-(3,3-dimethyl-but-1-vnvq-3-{N'-methvi- 

N-(4-methyl-cyclohexanecarbony1)-N'42-(rwridin-2-vloxv)-ethvli-hydrazino% 

thioohene-2-carboxylic acid 

0 

S 	OH 
/ 
N—N 

\ —0--( 	
N_ 

O 	
-- )  

0—i / 

132 

The title compound was synthesized in a manner analogous to Example 131, 

using (pyridin-2-yloxy)-acetaldehyde in place of tetrahydro-pyran-4-carbaldehyde: 

MS (m/z): 498.1 [M-H]'; HPLC retention time: 23.8 min (2-98% acetonitrile:water with 

0.05% tifluoroacetic acid) 30 min run. 
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Example 133: Compound 133 - Synthesis of 543.3-dimethyl-bul-1-yny11-3-84-(4- 

methyl-c_ycionexanecarbonyll-N'42-1pyridin-3-yloxyl-etrwil-hydrazinol-thicrohene-2- 

carboxylic add 

0 

OH 

N-1-  —0
'
@
N—Nil  

-460 	0 

133 

The title compound was synthesized from 5-(3,3-dimethyl-but-1-yny1)-3-1N-(4-

methyl-cydohexanecarbonyiyhydnizinol-thiophene-2-earboxylic add and (pyridin-3-

yloxy)-acetaldehyde In a manner similar to that of Example 131. MS (ink): 484.0 (M-

M)'; HPLC retention time: 3.44 mm (2-98% acetonttrile:water with 0.05% lifluoroacetic 

add). 

Example 134: Compound 134 - Synthesis of 543.3-dmethvt-but-1-ww11-3-fht-(2- 

hydroxy-ethyll-N-4-methv4cydohexanecarbonv11-N%oxeten-3-yl-hydrazInol- 

thioohene-2-auboxylle acid 

S 
OH 

„
Sc

it(

t 

N`

WU 
-40-0 OH 

134 

The tills compound was synthesized In a manner analogous to Example 131, 

using 3-(tert-bulyl-cilmethyl-stlanyloxy}acetaidehyde In place of tetrahydro-pyran-4-

cartaidehyde, treating the crude with TBAF (1 mmol, 0.1 M In THE) prior to the 

second reductive amination in which formaldehyde is replaced with oxelan-3-one: 

MS (ink): 461.2 (M-Hr; HPLC retention time: 4.38 min (2-98% acelonitrile:water with 

0.05% Ofluoroacelic acid). 
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Example 135: Compound 135 - Synthesis of 543,3-dimethyl-but-1-yny1)-3-(1\842- 

hydroxy-ethyl)-V-methvi-N-(4-methyl-cyclohexanecarbony11-hydrazinol-thiophene-2- 

carboxylic acid 

0 
S 	OH 

/ 
N 

-{)—(0 	ThOH 

135 

The title compound was synthesized in a manner analogous to Example 131, 

using 3-(tert-butyl-dimethyl-silanyloxy)-acetaldehyde in place of tetrahydro-pyran-4-

carbaldehyde and treating the crude with TBAF (1 mmol, 0.1 M in THF} prior to the 

second reductive amination with formaldehyde: MS (m/z): 422.1 [M-Hr; HPLC 

retention time: 4.06 min (2-98% acetonitrile:water with 0.05% tifluoroacetic acid). 

Example 136: Compound 136 - Synthesis of 5-(3,3-dimethyl-but-1-ymt1)-3-K- 

dimethyl-N-(4-methyl-cyclohexanecarbony1)-hydrazinol-thiophene-2-carboxylic acid 

0 

0 	H2N-N 	 0 	 OH 

	

\ 	 S 	 \ 
S 	

/ 

) 0 	N-N.-- 
\ 

Pd2(dba)3 	 HN-N 
xantphos 	 \ C 

Lid!, NaOtBu 	 1. 
2. LiOH, THF 

I 

136 

A mixture of 5-(3,3-dimethyl-but-1-ynyl)-3-iodo-thiophene-2-carboxylic acid 

methyl ester (0.200 g, 0.574 mmol), LiCI (0.048, 1.14 mmol), N,N-dimethylhydrazine 

(0.043 mL, 0.57 mmol), Pd2(dba)3  (0.003 g, 0.005 mmol), xantphos (0.008 g, 0.005 

mmol), and NaOtBu (0.037 g, 0.394 mmol) in toluene (3 mL) was heated to 80 °C for 

16h. The reaction was diluted with ethyl acetate filtered through a Celite pad and 

concentrated the crude material was purified by silica gel chromatography (0-15% 

EtOAcfhexane) to give 5-(3,3-dimethyl-but-1-yny1)-3-(NI-dimethyl-hydrazino)-

thiophene-2-carboxylic acid methyl ester in 63% yield. This was then dissolved in 
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pyridine (5 mL) and treated with neat trans-4-methyl-cyclohexanec,arbonyl chloride 

(0.132 g, 0.825 mmol). The reaction was heated for 16 h at 85 °C and quenched with 

saturated ammonium chloride solution. The reaction mixture was diluted with EtOAc, 

washed with water, brine, dried over sodium sulfate, filtered and concentrated. The 

crude material was then dissolved in a 3:2:1 mixture of THF:MeOH:water (5 mL), 

treated with lithium hydroxide monohydrate (0.69 g, 1.65 mmol) and heated to 60 °C 

for 1 hour. The organic volatiles were evaporated under reduced pressure and the 

crude material was purified by HPLC to afford the title compound. MS (mlz): 456.0 

[M+Hy; HPLC retention time: 3.91 min (2-98% acetonitrile:water with 0.05% 

trifluoroacetic acid). 

Example 137: Compouind 137 - Synthesis of 5-(3,3-dimethyl-but-1-yriy11-3-(Nl- 

methyl-N-(4-methvl-cyclohexanecarbony11-Nl-pyridin-2-v1-hydrazinel-thiophene-2- 

carboxylic acid 

0 
S 

OH 
/ 

Oct 

 

137 

A mixture of 5-(3,3-dimethyl-but-1-ynyl)-3-iodo-thiophene-2-carboxylic acid 

methyl ester (0.100 g, 0.28 mmol), N, N-diethylenediamine (9 pL, 0.086 mmol), N-

methyl-N-pyridin-2-yl-hydrazine (0.105 g, 0.86 mmol), Cul (0.01 g, 0.057 mmol), 4 A 

ms (0.114 mg) and K2CO3  (0.118 g, 0.861 mmol) in DMF (3 mL) was heated to 80 °C 

for 16h. The reaction was diluted with ethyl acetate, washed twice with 5% LiCI, 

concentrated and the crude material was purified by silica gel chromatography (0-

20% EtOH in DCM) to give 5-(3,3-dimethyl-but-1-yny1)-3-(Nl-methyl-V-pyridin-2-yl-

hydrazino)-thiophene-2-carboxylic acid methyl ester in 50% yield. This was then 

dissolved in pyridine (5 mL) and treated with neat trans-4-methyl-

cyclohexanecarbonyl chloride (0.132 g, 0.825 mmol). The reaction was heated for 

16 h at 85 °C and quenched with saturated ammonium chloride solution. The reaction 

mixture was diluted with EtOAc, washed with water, brine, dried over sodium sulfate, 
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filtered and concentrated. The crude material was then dissolved in a 3:2:1 mixture of 

THF:MeOH:water (5 mL), treated with lithium hydroxide monohydrate (0.69 g, 1.65 

mmol) and heated to 60 °C for 1 hour, The organic volatiles were evaporated under 

reduced pressure and the crude material was purified by HPLC to afford the title 

compound. MS (m/z): 454.1 [M+Hr; HPLC retention time: 3.95 min (2-98% 

acetonitrile:water with 0.05% trifluoroacetic acid). 

Example 140: Compound 140 - Synthesis of 5-;(3,3-dimethvI-but-1-vnyl)-3-[(4-methyI- 

cYclohexanecarbonyl)-[1-(pyridine-3-carbonvl)-piperidin-4-vl1-amino)-thiophene-2- 

carboxylic acid 

0 
0 	 0 

S 	Oi 	CI 	I 	N 	 OH \  
1. 

N 	NH 	2. LICH 	 N 

140 

A mixture of 5-(3,3-Dimethyl-but-1-ynyl)-3-[(4-methyl-cyclohexanecarbony1)-

piperidin-4-yl-amino]-thiophene-2-carboxylic acid methyl ester (63 mg, 0.141 mmol) 

and pyridine-2-carbonyl chloride HCI salt (33 mg, 0.184 mmol) in DCM (2 mL) was 

treated with DIEA (124 pL, 0.7 mmol). After 30 min, NaHCO3  (saturated aqueous 

solution, 4-8 mL) was added to the mixture, followed by brine (20 ml), and the crude 

product was extracted with ethyl acetate (2x20 mL). The combined organic layers 

were concentrated and the crude material was dissolved in a 3:2:1 mixture of 

THF:MeOH:water (5 mL), treated with lithium hydroxide (42 mg, 1 mmol,) and heated 

to 60 deg C for 2 hours. The residue was purified by HPLC (Gemini column, 35% 

acetonitrile:water, 2 min, 35-50% acetonitrile:water, 2 min, 50-100% acetonitrile: 

water 13 min, both solvents containing 0.1% trifluoroacetic acid), This resulted in 40 

mg of the title compound as its TFA salt: MS (m/z): 536.9 [M-H]`; HPLC retention 

time: 4.17 min (2-98% acetonitrile:water with 0.05% trifluoroacetic acid). 
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Example 141: Compound 141 - Synthesis of 5-(3,3-dimethyl-but-1-ynyl)-3-64-methyl- 

cyclohexanecarbony11-71-(pyrazine-2-carbonvO-piperidin-4-y11-amino1-thiophene-2- 

carboxylic acid 

0 
---- 	S 

OH 
0 

N 

141 

The title compound was synthesized in a manner analogous to Example 140, 

using pyrazine-2-carbonyl chloride in place of pyridine-2-carbonyl chloride HCI salt: 

MS (ink): 538.0 [M-H]`; HPLC retention time: 3.52 min (2-98% acetonitrile:water with 

0.05% trifluoroacetic acid) 30 min run. 

Example 142: Compound 142 - Synthesis of 5-(3.3-Dimethyl-but-1-vnyl)-34(4- 

methyl-cyclohexanecarbony11-11-(pyridine-3-carbonyl)-pyrrolidin-3-yll-aminol- 

thioohene-2-carboxylic acid 

0 	 0 	 0 
ti 	S 	--- 	CI 	

S 
\ 	OH ° 

1. 	/ .... 
NH 	2. LiOH 	 N. N 

142 

A mixture of 5-(3,3-Dimethyl-but-Hyny1)-3-[(4-methyl-cyclohexanecarbony1)-

pyrrolidin-3-6(1-amino)-thiophene-2-carboxylic acid methyl ester (74 mg, 0.158 mmol) 

and pyridine-2-carbonyl chloride HCI salt (56 mg, 0.31 mmol) in DCM (2 mL) was 

treated with DIEA (124 pL, 0.8 mmol). After 30 min, NaHCO)  (saturated aqueous 

solution, 4-8 mL) was added to the mixture, followed by brine (20 mL), and the crude 

product was extracted with ethyl acetate (2x20 ml). The combined organic layers 

were concentrated and the crude material was dissolved in a 3:2:1 mixture of 

THF:MeOH:water (5 mL), treated with lithium hydroxide (42 mg, 1 mmol,) and heated 
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to 80 deg C for 2 hours. The residue was purified by HPLC (Gemini column, 35% 

acetonitrilemater, 2 min, 35-50% acettmitrile:water, 2 min, 50-100% acetonitrile: 

water 13 min, both solvents containing 0.1% trifluoroacetlo add). This resulted in 37 

mg of the title compound as its TFA salt MS (mist 522.0 (M-H)'; HPLC retention 

time: 3.58 min (2-98% aceton1011e3vater with 0.05% trtfluoroace6c acid). 

Posmole 164: Compound 164 - Synthesis of 543.3-dimedwl-bul-1-vrivi1-3-1M-trans- 

mettwl-cvdohexanecarbonvi)-14-tranelmethyl-fovridine-3-sulfonyll-aminol- 

cvdotiesvil-aminol-thiosthene-2-carboxviic acid 

	

.0NH •14C1 	N 
TEA. DCM 	 ''' -, 	p4  Mel, Cs2CO3  

	

`g.. 	— 	—6.- 
Ba 	Cr %0 	18h, 90% 	 .." 	DMF. 2.5h 

0 	 NCI. Dioxane 	rm.ANd0  
e 

, 	 30mIn 	Kate
c.2 	0 

O 	
CI 

0 

0 	Osp —N 
I 	 ti  

	

i 	\ / 	PYr, MM. 30% BINAP, Pd(04c)2 	 .44 
CS2CO,, tol, 17h, 42% 

0 

‘ 	 0, 	
‘

S

N 
Ofi 	0 , 

Y
0 	N 

\ i 	 , 	\ 

0 	

UON 	 N 

1h, 67117(1) 	0 	

- 

164 
(4-trans-Arnino-cyclohexy0-carbamic acid ten-butyl ester (705mg, 2.8mmol) 

and Methyarnine were dissolved In DCM (30mL) under an atmosphere of nitrogen 

and cooled to 0°C. After 10 minutes, pyridine-3-sulfonyl chloride (1.00g, 5.6mmol) 

was added. The reaction VMS allowed to warm to room temperature and was stirred 
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for 18h. The reaction was found complete by LC/MS. The reaction was washed with 

water (2x 10mL). The organic layer was dried with sodium sulfate and filtered. (4-

trans4pyricline-3-sulfonylaminoycydohexy0-carbamic acid tart-butyl ester (927mg. 

90%) was purified by precipitation into a white solid. LC/MS = 300 (MI  55) 

5 (4-transpyridine3sullonylarn(no)-cydohexyll-carbamic acid tent-butyl ester 

(1.08g. 3.04mmol) was dissolved in IDAAF (30mL) under an atmosphere of nitrogen. 

The solution was cooled to 0° C and Cs2CO3 (2.97g, 9.12mmol) was added. After 10 

minutes, iodomethane (947pL, 15.19mmol) was added. Atter 10 minutes, the 

reaction was allowed to warm to roan temperature. The reaction was stirred for 2.5h 

10 until found complete by LC/MS. The reaction was quenched with water and 

extracted with ethyl acetate (2x30mL). The combined organics were washed with a 

5% LICI solution in water, dried with sodium sulfate, filtered and concentrated. (4-

trans-rmethyl-(pyridine-3-sulfonylyaminol-cyclohexyg-carbamic add tart-butyl ester 

(741Mg. 66%) was purified by silica gel chromatography to afford a white solid. 

15 LC/MS = 314 (Mt55) 

(4-transiMethyl-(pyricline-3-sulfony1)-aminol-cydohexyl)-carbamic add ten-

butyl ester (741mg, 2.01mmol) was dissolved in a 4N solution of HCI in dloxane 

(2.0mL, 8.00mmol). The reaction was allowed to stir for 30min until complete by 

LC/MS. The reaction was concentrated and used without purification.LC/MS = 289 

20 (M') 

5-(3.343imelhyl-but-1-yny1)-3-iodo-8nioasetie-2-carboxyllc add methyl ester 

(469mg, 1.35mmol), BINAP (126mg, 0.2mmoft, Pd(OAc)2(55mg. 0.2mmol) and 

Cs2CO3  (2.20g, 6.75mmol) were combined in degassed toluene (15mL) under an 

atmosphere of argon. To the reaction was added the HCI salt of pyridine-3-sulfonic 

25 acid (4-trans-amino-cyclohexylymethyl-amide (crude, 2.01mmol max). After 15 

minutes, the reaction was heated to 100°C. After 17h, the reaction was canasta by 

LC/MS. The reaction was cooled to room temperature and was filtered. The reaction 

was concentrated. 5-(3,3-dmethyl-but-1-yny0-3(44rans-(methyl-(pyrldlne-3-sulfony1)-

aminokcydohexylamino)-thlophene-2-carboxyfic acid methyl ester (281mg. 42%) 

30 was purified by silica gel chromatography to afford a yellow solid. LC/MS = 490 

(ttor+1) 

5-(3,3-Dimethylbut-1-yny1)-3-(4-trans-imethyl-(pyridine-3-sulfonylyamino]. 

cydohexylamino)-thiophene-2-carboxylic add methyl ester (281mg, 0.57mmol) was 

dissolved in pyridine (5mL) under an atmosphere of nitrogen. To the reaction was 

134 



WO 2011/088303 
	

PCDUS2011/021279 

5 

1 0 

1 5 

20 

25 

added 4-trans-methyl-cyclohexanecarbonyl chloride (138mg, 0.86mmol). The 

reaction was heated to 90°C for 20h. The reaction was cooled to room temperature 

and was diluted with EtOAc. The reaction was washed with water (2x5mL). The 

organic layer was dried with sodium sulfate, filtered and was concentrated. 5-(3,3-

dimethyl-but-1-yny1)-34(4-trans-methyl-cyclohexanecarbony1)-{4-transgmethyl-

(pyridine-3-sulfonyl)-amindkoyclohexylyaminoythiophene-2-carboxylic acid methyl 

ester (105mg, 30%) was purified by silica gel chromatography to afford a yellow solid. 

LC/MS = 613 (Mil) 

5-(3,3-Dimethyl-but-l-yny9-3-94-trans-methyl-cyclohexanecarbonyl)-(4-trans-

[methyl-(pyridine-3-sulfony1)-amino]-cyclohexyff-amino)-thiophene-2-carboxylic acid 

methyl ester (105mg, 0.18mmol) was dissolved in THE (1 mL) and Me0H (0.5mL). 

To the reaction was added a solution of LiOH (20mg, 0.88mmol) in water (1mL). The 

reaction was stirred for 1 h. The reaction was neutralized with 0.88mL of 1N HCI in 

water. The solution was concentrated. 5-(3,3-dimethyl-but-1-yny1)-3-((4-trans-

methyl-cyclohexanecarbony1)-(4-trans-(methyl-(pyridine-3-sulfony1)-amino]-

cyclohexyff-amino)-thiophene-2-carboxylic acid (62mg, 57) was purified by HPLC to 

afford a white powder. 

LC/MS = 597 (M+-2) Neg ionization 

Retention time: 2.62 min 

LC: Thermo Electron Surveyor HPLC 

MS:. Finnigan LCQ Advantage MAX Mass Spectrometer 

Column: Phenomenex Polar RP 30 mm X 4.6 mm 

Solvents: Acetonitrile with 0.1% formic acid, Water with 0.1% formic acid 

Gradient 0 min-0.1 min 5% ACN, 0.1 min-1.95 min 5%-100% ACN, 1.95 min-3.5 

min 100% ACN, 3.5 min-3.55 min 100%-5% ACN, 3.55 min-4 min 5% ACN. 

Example 165: Compound 165 - Synthesis of 5-(3,3-dimethyl-but-1-vnyh-3-((4-trans- 

methyl-cycbhexanecarbonvl)-H-(pyridine-3-sulfonvlamino)-cyclohexyll-amino}- 

thiophene-2-carboxylic acid 

30 
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0 

0 
i0H, THE 	/--------,-_5 

Me0H, H20 	 / 	
H 	0 0c_N ). is. 	\ 

1h, 40%  	N—U—NH 

K 	)"+io 
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31(4-Amino-cyclohezyl)-(4-trans-methyt-cyclohexanecarbonyl)-amino]-5-(3,3- 

5 dimethyl-but-l-ynyI)-thiophene-2-carboxylic acid methyl ester (200mg, 0.44mmol) 

and TEA (245pL, 1.76mmol) were dissolved in DCM (3mL) under an atmosphere of 

nitrogen and cooled to 0°C. To the reaction was added pridine-3-sulfonyl chloride 

(155mg, 0.88mmol). The reaction was allowed to warm to room temperature and 

was stirred for 30 minutes. The reaction was concentrated. 5-(3,3-dimethyl-but-1- 

10 yny1)-3-{(4-trans-methyl-cyclohexanecarbony1)-14-(pyridine-3-sulfonylamino)- 

cyclohexyll-amino}-thicphene-2-carboxylic acid methyl ester (50mg, 22%) was 

purified by silica gel chromatography to afford a yellow solid. LC/MS = 600 (Wel) 

543,3-Dimethyl-but-1-ynyl)-3-{(4-trans-methyl-cyclohexanecarbony1)14- 

(pyridine-3-suffonylamino)-cyclohexyll-amino)-thiophene-2-carboxylic acid methyl 

15 ester (50mg, 0.lmmol) was dissolved in a THE (1mL) and Me0H (1mL). To the 

reaction was added a solution of LION (12mg, 0.5mmoL) in water (1 mL). The 

reaction was stirred for 1 hour. The reaction was quenched with 1N NCI in water 

(0.5mL). 5-(3,3-Dimethyl-but-1-yny1)-34(4-trans-methyl-cyclohexanecarbony1)-14- 

20 

(pyridine-3-sulfonylarnino)-cydohexyll-amino)-thiophene-2-carboxylic acid (23mg, 

40%) was purified by HPLC to afford a white powder. 

LC/MS = 584 (Mt-1) Neg ionization 

Retention time: 2.52 min 

LC: Thermo Electron Surveyor HPLC 

MS: Finnigan LCQ Advantage MAX Mass Spectrometer 

25 Column: Phenomenex Polar RP 30 mm X 4.6 mm 
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Solvents: Acetonitrile with 0.1% formic acid, Water with 0.1% formic add 
Gradient 0 min-0.1 min 5% ACN, 0.1 min-1.95 min 5%-100% ACN, 1.95 min-3.5 
min 100% ACN, 3.5 min3.55 min 100%-5% ACN, 3.55 min-4 min 5% ACN. 

5 Examole 188; Compound 186 - Synthesis of 3-14-112-carboxy-543 3-drnethvf-but-1- 
ynyit-thioohen-3-v11-14-methyl-cydohexanecarbonyll-aminol-
cycloheioAcarbamoyloxyl-ezelidine-1-carboxvfic add tent-bust ester 

0 
$ 
/ 	OH 	°,.._ 

C -....7  N-0-Nti 

1-0"11( 	 Y-- 0 	 N 
e-O 

0 
10 186 

3-(4-g2-Carboxy-5-(3,3-dimelhyl-but-1-ynyl)-thiophen-3-y1)-(4-meth0- 
cyclohexanwerouny1)-aminol-cydohexylcarbentoyloxy)-ezetidine-1-carboxylic acid 
ten-butyl ester was prepared In a similar fashion to 4112-carboxy-5-(3,3-climethyl-but- 
1-yny1)-thiophen-3-01(4-trans-rnethyl-cyclohexanecarbony1)-aminoj-piperidine-1- 

15 carboxylic acid piperidin-1-0 ester using method A except that the HO salt of 34(4-
amino-cyclohexyl)-(4-bans-methyl-cydohexanecarbort0)-amlno)-5-(3,3-dirnethy4but- 
1-yrwl)-thiophene-2-carboxylic add was used Instead of the HO salt of 543,3-
dimethyl-but-1-yny0-.3-[(4-transinethyl-cydohexenecarbon0)-piperklin-4-yl-andno]-
thiophene-2-carboxylic add and 3-hydroxpazelidine-1-carboxylic acid tert-butyl ester 

20 was used instead of 4-hydroxypipericine-1-carboxylic add ten-butyl ester. 
LC/MS (m/z): 544 p4-991 
Retention time: 2.52min 
LC: Thermo Electron Surveyor HPLC 
MS: Finnigan LCO Advantage MAX Mass Spectrometer 

25 Column: Phenomenex Polar RP 30 mm X 4.6 mm 
Solvents: Acelonitrile with 0.1% formic add. Water vAth 0.1% formic acid 
Gradient: 0 min-0.1 mkt 5% ACN, 0.1 min-1.95 min 5%400% ACN, 1.95 min-3.5 
min 100% ACN, 3.5 min-3.55 min 100%-5% ACN, 3.55 min-4 min 5% ACN. 
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Example 217: Compound 217 - Synthesis of 543 3-dimethyl-but-1-yriv0-3-94-methyl- 

cyclohexanecarbonv1)-(4-11NLmethyl-N1-(tetrahydro-pyran-4-yloxvcarbony1)- 

hydrazinol-cyclohexyfi-amino)-thiophene-2-carboxylic acid 

O 	1. N,W-Disuccinimidyl carbonate 
O ACN, EtaN rt16 h 

'
A-.

,  

2. methylhydrazine, Me0H, 3h rt 	 a 	.N.-- 

62  
OH 

0 	 0 
S 	 S 

OH \ 	H 

NaBH(OAc)a 	 N—O—Ntl 0—00 3 	
O 

. 	
no 

°LaiN0  
litl, 

217 

To a solution of tetrahydro-pyran-4-ol (0.215 mL, 2.27 mmol) and N,N'-

disuccimidyl carbonate (087 g, 3.4 mmol) in ACN (7 mL) was added triethylamine (1 

mL , 6.81 mmol). After 16 h stinting at rt, the reaction was quenched with LiCI 

solution (5% in water, 10 mL) and diluted with Et0Ac (20 mL). The crude product 

was washed 2 X 10 mL with 5% LiCI solution, dried over Na2SO4  and concentrated. 

The crude material was used as is for the next step. 

A mixture of 5-(3,3-dimethyl-but-1-yny1)-3-[(4-methyl-cyclohexanecarbonyl)-

(4-oxo-cyclohexyl)-amino)-thiophene-2-carboxylic acid (100 mg, 0.23 mmol), N-

methyl-hydrazinecarboxylic acid tetrahydro-pyran-4-yl ester (70 mg, -0,4 mmoi), 

acetic acid (3 drops) in DCE (3 mL) was treated with NaBH(OAc)3  (12 mg, 56 mmol) 

for 16 h. The reaction was quenched with water (10 mL) and extracted with EtOAc. 

The crude material was then purified by HPLC (Gemini column, 35% 

acetonitrile:water, 2 min, 35-50% acetonitrile:water, 2 min, 50-100% acetonitrile: 

water 13 min, both solvents containing 0.1% trifluoroacetic acid) giving the title 

compound as a TFA salt: MS (m/z): 603.1 [M-H]'; HPLC retention time: 27.4 min (2-

98% acetonitrile:water with 0.05% trifluoroacetic acid) 30 min run. 

5 

10 

15 

20 
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Example 218: Compound 218 - Synthesis of 5-(3,3-dimethyI-but-1-ynvI)-3-P4-.methyI- 

cyclohexanecarbonyl)T44N'-methyl-NP-(pvridin-2-vloxycarbonyl)-hydrazino1- 

cyclohexylFamino)-thiophene-2-carboxylic acid 

0 	 ethylhydrazine, Me0H, 16 h 	 0 

0 	0 	N 	 N 	0...a.N.-- 

NH2  

0 	 0 
S 	 S 
/ 	

OH 
/ 	

OH 
N 

N 	NaBH(OAc) 	N 	 0 	
\— 

______* „._ 
O 

 

0 
I 	 0 A •--

N 	0 	N
.- 

tiflhlf 

216 

To a solution of carbonic add di-2-pyridyl ester (300 mg, 138 mmol) in Meat 

(10 mL) was added methylhydrazine (94 uL, 1.8 mmol). 	After 16 h stirring at rt, the 

reaction was concentrated and the crude material was used as is for the next step. 

A mixture of 5-(3,3-dimethyl-but-1-yny1)-34(4-methyl-cyclohexanecarbony1)- 

(4-oxo-cyclohexylyamino]Thiophene-2-carboxylic add 	(100 	mg, 	0.23 	mmol), 	N- 

methyl-hydrazinecarboxylic acid pyridin-2-yl ester (67 mg, -0.4 mmol), acetic acid (3 

drops) in DCE (3 mL) was treated with NaBH(OAc)3  (12 mg, 56 mmoi) for 16 h. The 

reaction was quenched with water (10 mL) and extracted with EtOAc. 	The crude 

material was then purified by HPLC (Gemini column, 35% acetonitrile:water, 2 min, 

35-50% acetonitrile:water, 2 min, 50-100% acetonitrile: water 13 min, both solvents 

containing 0.1% trifluoroacetic acid) giving the title compound as a TFA salt: MS 

(m/z): 595.1 	[M-H]`; HPLC retention time: 28.9 min (2-98% acetonitrile:water with 

0.05% trifluoroacetic acid) 30 min run. 

Biological Examples 

Antiviral Activity 

Another aspect of the invention relates to methods of inhibiting viral infections, 
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comprising the step of treating a sample or subject suspected of needing such 

Inhibition with a composition of the invention. 

Within the context of the invention samples suspected of containing a virus 

include natural or man-made materials such as living organisms; tissue or cell 

5 	cultures; biological samples such as biological material samples (blood. serum, urine, 

cerebrospinal fluid, tears, sputum, saliva, tissue samples, and the like); laboratory 

samples; food, water, or air samples; bloproduct samples such as extracts of cells, 

particularly recombinant cells synthesizing a desired glycoprotein; and the like. 

Typically the sample will be suspected of containing an organism which induces a 

10 	viral Infection, frequently a pathogenic organism such as a tumor virus. Samples can 

be contained in any medium including water and organic solventtwater mixtures. 

Samples Include living organisms such as humans, and man made materials such as 

cell cultures. 

If desired, the anti-virus activity of a compound of the invention after 

15 	application of the composition can be observed by any method Including direct and 

indirect methods of detecting such activity. Quantitative, qualitative, and 

semiquantilatIve methods of determining such activity are all contemplated. Typically 

one of the screening methods desalbed above are applied, however, any other 

method such as observation of the physiological properties of a living organism are 

20 	also applicable. 

The antiviral activity of a compound of the invention can be measured using 

standard screening protocols that are known. For example, the antiviral activity of a 

compound can be measured using the following general protocols. 

Cell-based Flavivirus Immunodetection assay 

25 BHK21 or A549 ark are trypsinized, counted and diluted to 2x10' celshnL In 

Hams F-12 media (A549 cells) or RPM-1640 media (BHK21 cells) supplemented 

with 2% fetal bovine serum (FBS) and 1% penicillin/streptomycin. 2x10 cells are 

dispensed In a clear 96-well tissue culture plates per well and pained al 37° C. 5% 

CO2  overnight. On the next day, the cells are Infected with viruses at multiplicity of 

30 	Infection (M01) of 0.3 In the presence of varied concentrations of test compounds for 
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1 	at 	and 	another 	 cells are washed once with hour 	37°  C 	5% CO2  for 	48 hours. The 

PBS and fixed with cold methanol for 10 min. After washing twice with PBS. the fixed 

cells are blocked with PBS contaiNng 1% FBS and 0.05% TWeen-20 for 1 hour at 

room temperature. The pdmary antibody solution (4G2) Is then added at a 

5 concentration of 1:20 to 1:100 In PBS containing 1% FBS and 0.05% Tween-20 for 3 

hours. The cells are then washed three times with PBS followed by one hour 

Incubation with horseradish peroxldase(HRP)•conjugated anti-mouse IgG (Sigma, 

1:2000 dilution). After washhg three times with PBS. 50 microliters of 3,3%5N-

teliamethylbenzidine (TMB) substrate sokrtion (Sigma) is added to each well for two 

10 minutes. The motion is stopped by addition of 0.5 M sulfuric acid. The plates are 

read at 450 nm abosorbence for viral load quantification. After measurement, the 

cells are washed three times with PBS followed by incubation with propidium iodide 

for 5 min. The plate is read In a Tecan Satires  reader (excitation 537 nm, emission 

617 nm) for cell number quantification. Dose response curves are plotted from the 

15 mean absorbance versus the log of the concentration of test compounds. The EC%  

is calculated by non-linear regression analysis. A positive control such as N-nonyl-

deoxynojirimydn may be used. 

Cell-based Flavivirus cytopathic effect assay 

For testing against West Nile virus or Japanese encephalitis virus, BHK21 

20 cells are trypsinized and diluted to a concentration of 4 x 105  celishnL In RPMI-1640 

media supplemented with 2% FBS and 1% penicillin/streptomycin. For testing 

against dengue virus. Huh7 cells are trypsintzed and diluted to a concentration of 4 x 

105  calls/mL In DMEM media supplemented with 5% FBS and 1% 

peNdifin/streptomycin. A 50 microliter of cell suspension (2 x 10' cells) is dispensed 

25 per well In a 96-well optical bottom PIT polymer-based plates (Nunc). Cells are 

grown ovemIgM in culture medium at 37°  C, 5% CO2, and then Infected with West 

Nile virus (e.g. B956 strain) or Japanese encephalitis virus (e.g. Nakayama strain) at 

MOl = 0.3, or with dengue virus (e.g. DEN-2 NGC strain) at MOI =1, in the presence 

of different concentrations of test compounds. The plates containing the virus and 

30 the compounds are further incubated at 37°C, 5% CO2  for 72 hours. At the end of 

incubation, 100 microliters of Celinter-Glond  reagent is added into each well. 

Contents are mixed for 2 minutes on an orbital shaker to Induce cat 'yids. The plates 

are Incubated at room temperature for 10 minutes to stabilize luminescent signal. 
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Lumnescence reading is recorded using a plate reader. A positive control such as N- 

nonyl-deoxynojirimycin may be used. 

Antiviral Activity in a Mouse Model of Dengue Infection. 

Compounds are tested in vivo in a mouse model of dengue virus infection 

5 (Schul et al. J. Infectious Dis. 2007; 195:665-74). Six to ten week old AG129 mice 

(B&K Universal Ltd, HI, UK) are housed in individually ventilated cages. Mice are 

injected intraperitoneally with 0.4 mL TSV01 dengue virus 2 suspension. Blood 

samples are taken by retro orbital puncture under isoflurane anaesthesia. Blood 

samples are collected in tubes containing sodium citrate to a final concentration of 

10 0.4%, and immediately centrifuged for 3 minutes at 6000g to obtain plasma. Plasma 

(20 microliters) is diluted in 780 microliters RPMI-1640 medium and snap frozen in 

liquid nitrogen for plaque assay analysis. The remaining plasma is reserved for 

cytokine and NS1 protein level determination. Mice develop dengue viremia rising 

over several days, peaking on day 3 post-infection. 

15 For testing of antiviral activity, a compound of the invention is dissolved in 

vehicle fluid, e.g. 10% ethanol, 30% PEG 300 and 60% D5W (5% dextrose in water; 

or 6N HCI (1.5 eq):1N NaOH (pH adjusted to 3.5): 100 mM citrate buffer pH 3.5 

(0.9% v/v:2.5% vlv: 96.6% vlv). Thirty six 6-10 week old AG129 mice are divided into 

six groups of six mice each. All mice are infected with dengue virus as described 

20 above (day 0). Group 1 is dosed by oral gavage of 200 mL/mouse with 0.2 mg/kg of 

a compound of the invention twice a day (once early in the morning and once late in 

the afternoon) for three consecutive days starting on day 0 (first dose just before 

dengue infection). Groups 2, 3 and 4 are dosed the same way with 1 mg/kg, 5 mg/kg 

and 25 mg/kg of the compound, respectively. A positive control may be used, such 

25 as (2R,3R,4R,5R)-2-(2-amino-6-hydroxy-purin-9-y1)-5-hydroxymethy1-3-methyl- 

tetrahydro-furan-3,4-diol, dosed by oral gavage of 200 microliters/mouse the same 

way as the previous groups. A further group is treated with only vehicle fluid. 

On day 3 post-infection approximately 100 microliter blood samples (anti- 

coagulated with sodium citrate) are taken from the mice by retro-orbital puncture 

30 under isoflurane anaesthesia. Plasma is obtained from each blood sample by 

centrifugation and snap frozen in liquid nitrogen for plague assay analysis. The 
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5 

10 

15 

20 

25 

30 

collected plasma samples are analyzed by plague assay as described in Schul et at. 

Cytokines are also analysed as as descrbed by Schul. NS1 protein levels are 

analysed using a Platens's' kit (BioRad Laboratories). An anti-*al effect is indicated 

by a reduction In cytoklne levels and/or NS1 protein levels. 

Typically. reductions In Amnia of about 5-100 fold, more typically 10-80 fold. 

most typically 20-30 fold, are obtained with 5-50 mg/kg bid dosages of the 

compounds of the Invention. 

HCV Assay Protocol 

The anti-HCV activity of the compounds of this invention was tested in a 

human hepatoma Huh-7 cell line harboring a HCV replIcan. The assay comprised the 

following steps: 

Stec 1: compound Preparation and serial dilution. 

Serial dilution was performed In 100% DMSO In a 384-well plate. A solution 

containing a compound at 225-fold concentration of the starling final serial dilution 

concentration was prepared in 100% DMSO and 15 uL added to the pre-specified 

wells in column 3 or 13 of a polypropylene 384-well plate. The rest of the 384-vmll 

plate was filed with 10 uL 100% DMSO except for columns 23 and 24, where 10 uL 

of 500 uM a HCV protease Inhibitor (ITMN-191) In 100% DMSO was added. The 

HCV protease Inhibitor was used a control of 100% Inhibition of HCV replication. The 

plate was then placed one Biomek FX Workstation to start the serial dilution. The 

serial dilution was performed for ten cycles of 3-fold dilution from column 3 to 12 or 

from column 13 to 22. 

Stec 2: cell culture date preparation and compound addition 

To each well of a black polypropylene 384-well plate, 90 pL of cell media 

containing 11300 suspended Huh-7 HCV replicon cells was added with a Biotek uFlow 

Workstation. A volume of 0.4 pl. of the compound solution was transferred from the 

serial dilution plate to the oat culture plate on a Biome* FX Workstation. The DMSO 

concentration in the final assay condition was 0.44%. The plates were Incubated for 3 

days at 37 °C vAth 5% CO2 and 85% humidity. 

Step 3: detection of cvtoloAcitv and inhibition of viral replication 

a) Assessment of cylotoxicity: The media in the 384-well cell culture plate was 

aspirated with a Blotek EL405 plate-washer. A volume of 50 pl. of a solution 
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containing 400 nM Calcein AM in 100% PBS was added to each well of the plate with 

a Biotek uFlow Workstation. The plate was incubated for 30 minutes at room 

temperature before the fluorescence signal (emission 490 nm, exitation 520 nm) was 

measured with a Perkin Elmer Envision Plate Reader. 

5 b) Assessment of inhibition of viral replication: The calcein-PBS solution in the 

384-well cell culture plate was aspirated with a Biotek EL405 plate-washer. A volume 

of 20 pL of Dual-Glo Luciferase buffer (Promega, Dual-Glo Luciferase Assay Reagent, 

cat. #E298B) was added to each well of the plate with a Biotek uFlow Workstation. 

The plate was incubated for 10 minutes at room temperature. A volume of 20 pL of a 

10 solution containing 1:100 mixture of Dual-Glo Stop & Glo substrate(Promega, Dual- 

Glo Luciferase Assay Reagent, cat. #E313B) and Dual-Glo Stop & Glo buffer 

(Promega, Dual-Glo Luciferase Assay Reagent, cat. #E31413) was then added to 

each well of the plate with a Biotek uFlow Workstation. The plate was incubated at 

room temperature for 10 minutes before the luminescence signal was measured with 

15 a Perkin Elmer Envision Plate Reader. 

Step 4: calculation 

The percent cytotoxicity was determined by calcein AM conversion to 

fluorescent product. The average fluorescent signal from the DMSO control wells 

were defined as 100% nontoxic. The individual fluorescent signal from testing 

20 compound treated well was divided by the average signal from DMSO control wells 

and then multiplied by 100% to get the percent viability. The percent anti-HCV 

replication activity was determined by the luminescence signal from the testing well 

compared to DMSO controls wells. The background signal was determined by the 

average luminescence signal from the HCV protease inhibitor treated wells and was 

25 subtracted from the signal from the testing wells as well as the DMSO control wells. 

Following 3-fold serial dilutions, the EC50  and CC50  values were calculated by 

fitting % inhibition at each concentration to the following equation: 

% inhibition = 100%/((EC541])b  + 11 

Where b is Hill's coefficient. See, for reference, Hill, A. V., The Possible 

30 Effects of the Aggregation of the Molecules of Hemoglobin on its Dissociation 

Curves, J. Physiol. 40: iv-vii. (1910). 

% inhibition values at a specific concentration, for example 2pM, can also be 

derived from the formula above. 
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When tested, certain 

replication as isted in Table 

compounds of this 

1: 

Table j, 

invention were found to inhibit viral 

Compound % Inhibition at 2pM 

31 93.1 

32 100 

33 98.2 

34 97.8 

35 99.8 

36 100 

37 99.6 

38 99.6 

39 98.8 

• 40 98.6 

41 99.9 

42 99.9 

43 962 

44 100 

45 100 

46 97.0 

47 99.9 

48 100 

49 99.2 

50 99.9 

51 85.5 

52 915 • 

53 99.9 

54 99.8 

55 87.9 

56 92.8 

57 78.2 

5 
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64 100 

65 99.9 

66 99.9 

87 99.0 
88 98.5 
69 99.5 
70 99.1 
71 95.1 
72 99.7 
73 93.1 
74 99.7 

75 97.5 

76 99.4 
77 99.9 
79 100 
80 99.8 

81 100 

82 100 

83 99.9 
112 99.9 

113 98.1 
114 100 
115 99.8 

116 99.9 
117 99.9 
118 100 
119 97.1 

120 99.9 

121 99.9 

122 99.7 
123 99.9 

124 99.9 

125 99.7 
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128 98.9 

127 98.3 

128 99.8 

129 100 

130 98.7 

131 99.9 

132 77.4 

133 96.7 

134 99.0 

135 99.8 

136 98.9 

137 100 

140 99.9 

141 99.9 

142 99.6 

164 98.9 

165 95.7 

186 98.9 

217 100 

218 100 

Profaned compounds according to Table 1 indude Examples 32. 36. 38, 41, 

48. 50. 64. 65. 66. 77. 19, 80, 81, 82, 83.112, 114. 118, 129, 217. and 218. 

The episodic pharmacological responses observed may vary according to and 

defending on the particular active compound selected or whether there are present 

pharmaceutical owners, as wed as the type of formulation and mode of administration 

employed. and such expected variations or differences h the results are contemplated In 

accordance vAth practice of the present Invention. 

Although specific embodiments of the present Mention are harsh inustrated and 

deathbed In detail, the Invention is not united thereto. The above detailed descriptions 

are provided as exemplary Who present Invendon and should not be construed as 

constituting any limitation of the invention. Modification wil be obvious to those Added 

In the art. and all modifications that do not depart from the spirit of the invention are 
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intended to be included with the scope of the appended claims. 
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WHAT IS CLAIMED IS: 

1. A compound of Formula I: 

R 
cz.

N. 
 

OH 

/ 

N—Y 
0 

R2  

Formula (I), 

or a pharmaceutically acceptable salt thereof;  wherein: 

5 R1  is selected from the group consisting of optionally substituted Ci_12  alkyl, optionally 

substituted C2_12 alkenyl, optionally substituted C2-12 alkynyl, optionally substituted C312 

cycloalkyl, optionally substituted C6-14 aryl, optionally substituted 3 - 14 membered heteroaryl, 

optionally substituted 3 -12 membered heterocyclyl, optionally substituted 3-18 membered 

heteroarylalkyl, optionally substituted 3-18 membered heterocyclyialkyl and optionally 

10 substituted C6-16 arylalkyl, 

wherein, each substituted R1  is substituted with one or more 01; 

each al  is independently selected from the group consisting of 

halogen, oxo, oxide, -NO2, -N(r=0), -SR10, -3(0)R10, -S(0)2R1°, -3(0)2NR10R11, -NR96a(0)R11. 

-NR10C(0)NR11R12, -NR10S(0)R11, -NR10S(0)2R11, - 

15  OP(0)R11R12, -P(0)R1V R12, -P(0)0R11R12, -P(0)(0R11)0R12, -C(0)NR11R12, optionally 

substituted C1.6 alkyl, optionally substituted C2.6 alkenyt, optionally substituted C2.e alkynyl, 

optionally substituted C6  cycloalkyl, optionally substituted C612 arylalkyl, optionally 

substituted C6-12 aryl, optionally substituted 3 - 14 membered heteroaryl, optionally substituted 

20 

C1.6 alkyloxy, optionally substituted C2-6 alkenyloxy, optionally substituted 02-6 alkynyloxy, 

optionally substituted C3_6  cycloalkyloxy, optionally substituted C612 aryloxy, optionally 

substituted 3 - 14 membered heteroaryloxy, optionally substituted 4-12 membered 

heterocyclyioxy, optionally substituted -C(0)01.6  alkyl, optionally substituted -C(0)C2.6 alkenyl, 

optionally substituted -C(0)C2_6 alkynyl, optionally substituted -C(0)C3_6  cycloalkyl, optionally 

substituted -C(0)Ce_12 aryl, optionally substituted -0(0)-3 - 14 membered heteroaryl. optionally 

149 



substituted -C(0)C612  arylalkyl, optionally substituted -3-10 membered 

heterocyclyl, -OH, -NR"R12, -C(0)0Rw, -CN, -N3, -C(=NR13)NR"R12, 

-C(‘--NR1)0R10, -NR1°C(=NR13)NR"R12, -NR.11C(0)0R10, and -00(0)NR"R12; 

each R10, R11, and R12, independently, is selected from the group consisting of H, 

5 	optionally substituted C1_12  alkyl, optionally substituted C2.12 alkenyl, optionally substituted C2.12 

alkynyl, optionally substituted 0312 cycloalkyl, optionally substituted 

C6.1,, aryl, optionally substituted 3 - 14 membered heteroaryl, optionally substituted 3-12 

membered heterocyclyl, optionally substituted 3-18 membered heteroarylalkyl, and optionally 

substituted C6-1e, arylalkyl; 

10 or R11  and R12  taken together with the atoms to which they are attached form a 3 to 10 

membered heterocyclyl; 

each R13, independently, is selected from the group consisting of H, optionally 

substituted C1.42  alkyl, optionally substituted 0242 alkenyl, optionally substituted 02.12  alkynyl, 

optionally substituted C312 cycloalkyl, optionally substituted C614 aryl, optionally substituted 3 - 

15 	14 membered heteroaryl, optionally substituted 3-12 membered heterocyclyl, optionally 

substituted 3-18 membered heteroarylalkyl, optionally substituted C6.18 arylalkyl, -CN, -C(0)R14 , 

-CHO and -S(0)2R14; 

each R14, independently, is optionally substituted C1.42 alkyl; 

wherein, each substituted Q1, substituted R10, substituted R11, substituted R12, 

20 	substituted R13, or substituted R14  is independently substituted with one or more 06; 

R2  is selected from the group consisting of optionally substituted Ct.12 alkyl, optionally 

substituted C2_12 alkenyl, optionally substituted ri —2-12 alkynyl, optionally substituted C312 

cycloalkyl, optionally substituted 0614 aryl, optionally substituted 3 - 14 membered heteroaryl, 

optionally substituted 3 -12 membered heterocyclyl, optionally substituted 3-18 membered 

25 	heteroaryialkyl, and optionally substituted C6,18 arylalkyl; 

wherein, each substituted R2  is substituted with one or more 02; 

each 02, independently, is selected from the group consisting of 

halogen, oxo, oxide, -NO2, -N(=0), -SR20, -,(0)R20,  -S(0)2R20,  _s(0)2NR2oR21,  _NR20c(0)R21,  

	

—21 	2-n S(0)2R21, - -NR20C(iD)NR21R2.2
,  _

NR2tis(0)t-< 	_NR, 

30 	OP(0)R21R22, -P(0)R21R22, -P(0)OR21R22, -P(0)(OR2i)OR22. -C(0)NR21R22, optionally 

substituted C1..6 alkyl, optionally substituted C2.o alkenyl, optionally substituted C2.6 alkynyl, 

optionally substituted C3.6 cycloalkyl, optionally substituted C612  arylalkyl, optionally 

substituted C612 aryl, optionally substituted 3 - 14 membered heteroaryl, optionally substituted 

Olio alkyloxy, optionally substituted C2.6 alkenyloxy, optionally substituted 02.3 alkynyioxy, 

optionally substituted C3_6 cycloalkyloxy, optionally substituted CB.12 aryloxy, optionally 
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substituted 3 - 14 membered heteroaryloxy, optionally substituted 4-12 membered 

heterocyclyloxy, optionally substituted -C(0)C,6  alkyl, optionally substituted -C(0)C2_6  alkenyl, 

optionally substituted -C(0)C2.6  alkynyl, optionally substituted -C(0)C3.6 cycloalkyl, optionally 

substituted -C(0)0612 aryl, optionally substituted -C(0)-3 -14 membered heteroaryl, optionally 

5 substituted -C(0)C6_12 arylalkyl, optionally substituted 3-10 membered 

heterocyclyl, -OH, -NR21R22, -C(0)0R20, -CN, -N3, -C(=NR23)NR2'R22, 

-C(=NR23)0R20, -NR20C(=NR23)NR21R22, -NR210(0)0R20, and -0C(0)NR21R22, 

each R20, R21, and R22, independently, is selected from the group consisting of H, 

optionally substituted C1-12 alkyl, optionally substituted C2-12 alkenyl, optionally substituted C2_12 

10 alkynyl, optionally substituted C312 cycloalkyl, optionally substituted C644 aryl, optionally 

3 	14 	 heteroaryl, 	 3-12 	heterocyclyl, substituted 	- 	membered 	optionally substituted 	membered 

optionally substituted 3-18 membered heteroarylalkyl, and optionally substituted C5_18 arylalkyl; 

or R21  and R22  taken together with the atoms to which they are attached form a 3 to 10 

membered heterocyclyl; 

15 each R23, independently, is selected from the group consisting of H, optionally 

substituted C1.12 alkyl, optionally substituted 0242 alkenyl, optionally substituted C2_12 alkyny!, 

optionally substituted Q3_12 cycloalkyl, optionally substituted C6.14  aryl, optionally substituted 3 - 

20 

14 membered heteroaryl, optionally substituted 3-12 membered heterocyclyl, optionally 

substituted 3-18 membered heteroarylalky!, optionally substituted C6-18 arylalkyl, -CN, -C(0)R24, 

-CHO and -S(0)2R24; 

each R24  individually is optionally substituted C1-12 alkyl; 

wherein, each substituted Q2, substituted R20, substituted R21, substituted R22, 

substituted R23, or substituted R24  is independently substituted with one or more 06; 

Y is —R3-L-Het, -N(R4)(R5) or -R6=NOR7; 

25 R3  is selected from the group consisting of optionally substituted C1-22 alkylene, C2-12 

alkenylene, substituted 0212 alkenylene, 0222 alkynylene, substituted 02-12 alkynylene, C312 

cycloalkylene, substituted C3.12 cycloalkylene, 0342 cycloalkylalkylene, substituted C3-12 

cycloalkylalkylene, optionally substituted C614 aryiene, optionally substituted 3 - 14 membered 

heteroarylene, optionally substituted 3 -12 membered heterocyclylene, optionally substituted 

30 3-18 membered heteroarylalkylene, and optionally substituted C6_18 arylalkylene; 

wherein each substituted R3  is substituted with one or more C13; 

each Q3, independently, is selected from the group consisting of 

halogen, oxo, oxide, -NO2, -N(=0), -SR3e, -S(0)R30, -S(0)2R30, -S(0)2NR30R31, -NR30C(0)R31, 

-NR3DC(0)NR31f232, -NR3GS(0)R31, -NR33S(0)2R31, - 
op(o)R31R32

,  _
p(0)R31R32

, 
 _p(0)0R3iR32,  _p(0)(0R31)0—K,  32 _ C(0)NR31R32, optionally 
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substituted C1_6 alkyl, optionally substituted C2.6 alkenyl, optionally substituted C2.6 alkynyl, 

optionally substituted C3.6 cycloalkyl, 	optionally substituted 0642 arylalkyl, optionally 

substituted C6_12  aryl, optionally substituted 3 -14 membered heteroaryt, optionally substituted 

5 

CI_B alkyloxy, optionally substituted C2.6 alkenyloxy, optionally substituted C2.6 alkynyloxy, 

optionally substituted Cis  cycloalkyloxy, optionally substituted C6 12  aryloxy, optionally 

substituted 3 - 14 membered heteroaryloxy, optionally substituted 4-12 membered 

heterocyclyloxy, optionally substituted -C(0)C,_6  alkyl, optionally substituted -C(0)C2_6  alkenyl, 

optionally substituted -C(0)C2.6 alkynyl, optionally substituted -C(0)C3.6  cycloalkyl, optionally 

substituted -C(0)C612 aryl, optionally substituted -C(0)- 3 -14 membered heteroaryl, optionally 

10 substituted -C(0)C612  arylalkyl, optionally substituted 3-10 membered 

heterocyclyl, -OH, -NR31R32, -C(0)0R3°, -ON, -Na. -C(=NR33)NR31R32, 

-C(=NR33)0R30, -NR3°C(=NR33)NR31R32, -NR3'0(0)0R30, and -0C(0)NR31R32; 

each R30, R31, and R32, independently is selected from the group consisting of H. 

optionally substituted C1A2 alkyl, optionally substituted C2 12 alkenyl, optionally substituted C2_62 

15 alkynyl, optionally substituted C3.12 cycloalkyl, optionally substituted C6.14 aryl, optionally 

substituted 3 - 14 membered heteroaryl, optionally substituted 3-12 membered heterocyclyl, 

optionally substituted 3-18 membered heteroaryialicyl, and optionally substituted C618 arylalkyl; 

or R31  and R3  taken together with the atoms to which they are attached form a 3 to 10 

membered heterocyclyl; 

20 each R33  independently is selected from the group consisting of H, optionally 

substituted C1_12 alkyl, optionally substituted C2-62 alkenyl, optionally substituted C212 alkynyl, 

optionally substituted C3.12 cycloalkyt, optionally substituted C6_14 aryl, optionally substituted 3 - 

25 

14 membered heteroaryl, optionally substituted 3-12 membered heterocyclyl, optionally 

substituted 3-18 membered heteroarylalkyl, optionally substituted C616 arylalkyl, -CN, -C(0)R34, 

-CHO and -S(0)2R34; 

each R34  individually is optionally substituted 0.12 alkyl; 

wherein, each substituted 03, substituted R30, substituted R31, substituted R32, 

substituted R33, or substituted R34  is independently substituted with one or more 06; 

L is selected from the group consisting of -0C(0)N(R4)-, -N(R4)C(0)0-, -N(R4)S(0)2-,  - 

30 N(R4)C(0)-, -C(0)-, -C(0)O-,  -00(0)-, -N(R4)N(R4)C(0)O-, 

and -N(R4)N(R4)-; 

Het is an optionally substituted 3-12 membered heterocycly1 or optionally substituted 3- 

14 membered heteroaryl; 

wherein, each substituted Het is substituted with one or more Cr; 

each 04, independently, is selected from the group consisting of 
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halogen, oxo, oxide, -NO2, -N(=0), -SR40, -S(0)R40, -S(0)2R40, -S(0)2NR45R41, 

-NR45C(0)R41, -NR45C(0)NR41R42, -NR45S(0)R41, -NR45S(0)2R41, -0P(0)R4'R42, 

-P(0)R41R42, -P(0)0R44R42, -P(0)(0R41)0R42, -C(0)NR411R42, optionally substituted 01.6 alkyl, 

optionally substituted C2.6 alkenyt optionally substituted C2_6 alkynyl, optionally substituted C36  

5 cycloalkyl, optionally substituted C612 arylalkyl, optionally substituted C6.42 aryl, optionally 

substituted 3 - 14 membered heteroaryl, optionally substituted 01.6  alkyloxy, optionally 

substituted C2.6 alkenyloxy, optionally substituted 02.6 alkynyloxy, optionally substituted C3.6  

cycloalkyloxy, optionally substituted 0612 aryloxy, optionally substituted 3 - 14 membered 

heteroaryloxy, optionally substituted 4-12 membered heterocyclyloxy, optionally substituted - 

10 

15 

C(0)C,6  alkyl, optionally substituted -C(0)C2.6  alkenyl, optionally substituted -C(0)C2.6  alkynyl, 

optionally substituted -C(0)C3.6  cycloalkyl, optionally substituted -0(0)06_12 aryl, optionally 

substituted -C(0)- 3 -14 membered heteroaryl, optionally substituted -C(0)C6_12  arylalkyl, 

R4 	-C(0)0R40, -CN, -N3, - optionally substituted 3-10 membered heterocyclyl, -OH, -NR41 	2, 

C(=NR43)NR41R42, 

-C(=NR43)0R40, -NR45C(=NR43)NR41R42, -NR41C(0)0R40, and -OC(0)NR41R42; 

each R4°, R41, and R42, independently is selected from the group consisting of H, 

optionally substituted 01-12 alkyl, optionally substituted 0_,  _2_12 alkenyl, optionally substituted 02-12 

alkynyl, optionally substituted C3-12 cycloalkyl, optionally substituted 

C644 aryl, optionally substituted 3 - 14 membered heteroaryl, optionally substituted 3-12 

20 membered heterocyclyl, optionally substituted 3-18 membered heteroarylalkyl, and optionally 

substituted Ce.48 arylalkyl; 

or R41  and R42  taken together with the atoms to which they are attached form a 3 to 10 

membered heterocyclyl; 

each R43, independently, is selected from the group consisting of H, optionally 

25 substituted C1.12 alkyl, optionally substituted C2-12 alkenyl, optionally substituted C2.12 alkynyl, 

optionally substituted 03-12 cycloalkyl, optionally substituted C5-14 aryl, optionally substituted 3 - 

14 membered heteroaryl, optionally substituted 3-12 membered heterocyclyl, optionally 

substituted 3-18 membered heteroaryialkyt, optionally substituted C6-16 arylalkyl, -ON, -0(0)R44, 

-CHO and -S(0)2R44; 

30 each R44  individually is optionally substituted 01.12 alkyl; 

wherein, each substituted 04, substituted R40, substituted R41, substituted R42, 

substituted R43, or substituted R44  is independently substituted with one or more 05; 

each C15, individually, is selected from the group consisting of 

halogen, oxo, oxide, -NO2, -N(=0), -SR55, -S(0)R50, -S(0)2R55, -S(0)2NR55R51, -NR55C(0)R51, 

-NR550(0)NR51R152 , -NR55S(0)R51. -NR55S(0)2R51, - 
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OP(0)R51R52, -P(0)R51R52, -P(0)OR51R52, -P(0)(0R51)0R52, -C(0)NR51R52, optionally 

substituted C1_6  alkyl, optionally substituted C2M alkenyl, optionally substituted Cm alkynyl, 

optionally substituted C3.6 cycloalkyl, optionally substituted C612 arylalkyt, optionally 

substituted C6 -I2 aryl, optionally substituted 3 - 14 membered heteroaryl, optionally substituted 

5 Ci.e  alkyloxy, optionally substituted C2M alkenyloxy, optionally substituted C2m alkynyloxy, 

optionally substituted C3.6  cycloalkyloxy, optionally substituted C612 aryloxy, optionally 

substituted 3 - 14 membered heteroaryioxy, optionally substituted 4-12 membered 

heterocyclyloxy, optionally substituted -C(0)C1 _6  alkyl, optionally substituted -C(0)C2 6 alkenyl, 

optionally substituted -C(0)C2.6 alkynyl, optionally substituted -C(0)C3_6 cycloalkyt, optionally 

10 

15 

substituted -C(0)03.12  aryl, optionally substituted -0(0)- 3 -14 membered heteroaryt, optionally 

substituted -C(0)C6_12 arylalkyt, optionally substituted 3-10 membered 

heterocyclyt, -OH, -NR51R52, -C(0)0R50, -CN, -N3, -C.:(=NR53)NR5'R52, 

-C(=NR55)0R56, -NR55C(=NR55)NR5.1R52, -NR51C(0)0R55, and -0C(0)NR51R52; 

each R50, R51, and R52, independently is selected from the group consisting of H, 

optionally substituted C1.,2 alkyl, optionally substituted C212 alkenyl, optionally substituted C2 ,2 

alkynyl, optionally substituted 0312 cycloalkyl, optionally substituted 06_14 aryl, optionally 

substituted 3 - 14 membered heteroaryt, optionally substituted 3-12 membered heterocyclyt, 

optionally substituted 3-18 membered he,teroaryialkyl, and optionally substituted C6_18 arylalkyt; 

or R51  and R52  taken together with the atoms to which they are attached form a 3 to 10 

20 membered heterocyclyt; 

each R55, independently, is selected from the group consisting of H, optionally 

substituted C1_12  alkyl, optionally substituted 0242 alkenyl, optionally substituted 02.12 alkynyl, 

optionally substituted 0612 cycloalkyl, optionally substituted C6-14 aryl, optionally substituted 3 - 

14 membered heteroaryl, optionally substituted 3-12 membered heterocyclyt, optionally 

25 substituted 3-18 membered heteroarylalkyl, optionally substituted Cs-'a  arylalkyt, -CN, -C(0)R54  

-CHO and -S(0)2R54; 

each R54, independently, is optionally substituted C1_12 alkyl; 

wherein, each substituted C15, substituted R50, substituted R51, substituted R52, 

substituted R53, or substituted R56  is independently substituted with one or more C16; 

30 each 06, independently, is selected from the group consisting of halogen, oxo, 

oxide, -NO2, -N(----0), -SR65, -S(0)R65, -9(0)2R66, -S(0)2NR65R51, -NR65C(0)R61, - 

NR65C(0)NR61R62. -NR65S(0)R61,-NR65S(0)2R61, -C.1P(0)R61R52, 

-P(0)Re'R62, -P(0)0R6IR62, -P(0)(OR61)0R62,  _c(o)NR61R62, Ci.6  alkyl, C2.6  alkenyl, C2.6 

alkynyl, CBm cycloalkyt, Ce_12 arylalkyt, 	C612 aryl, 	3 - 14 membered heteroaryl, 	C1.3  alkyloxy, 

C2-6 alkenyloxy, C2M alkynyloxy, C35 cycloalkyloxy, Ce-12  aryloxy, 3 - 14 membered 

154 



heteroaryloxy, 4-12 membered heterocyclyloxy, -C(0)C1.6  alkyl, -0(0)02.6  alkenyl, -0(0)02.6 

alkynyi, -0(0)03.6  cycloalkyl, -C(0)Cs haloalkyl, -0(0)0542  aryl, -C(0)- 3-14 membered 

5 

heteroaryl, -C(0)06_12 arylalkyt, 3-10 membered 

heterocyclyt, -OH, -NR61R62, -C(0)0R60, -ON, -N3, -C(=NR63)NR6'R62, 

-C(=NR63)0R60, -NR6°C(=NR63)NR61R62, -NR61C(0)0R66, and -0C(0)NR61R62; 

each R6°, R61, and R62, independently, is selected from the group consisting of H, CI-12 

alkyt, 	C2-12 alkenyl, 	0212 alkynyl, 	03-12 cycloalkyl, 	0142 haloalkyl, 	0614 aryl, 	3 - 14 

membered heteroaryl, 3-12 membered heterocyclyt, 3-18 membered heteroarylalkyl, and 08_ 

18 arytalkyt; 

10 or R6' and R62  taken together with the atoms to which they are attached form a 3 to 10 

membered heterocyclyl; 

each R63  independently is selected from the group consisting of H, C1_12 alkyl, 02-12 

alkenyl, 02-12 alkynyt, 03-12 cycloalkyl, 06-14 aryl, 3 - 14 membered heteroaryl, 3-12 membered 

heterocyclyl, 3-18 membered heteroarylalkyl, 08_18 aryialkyt, -CN, -C(0)R64, -CHO and - 

15 S(0)2R64; 

each R64  individually is C12,2 alkyt; 

each It is independently H, C1-012 alkyl, C22C12  cycloalkyl, 3 - 14 membered heteroaryl 

or 3-12 membered heterocyclyl wherein each 01-012 alkyl, C3-C12  cycloalkyl, 3 - 14 membered 

heteroaryl or 3-12 membered heterocyclyt is optionally substituted with one or more Qi; 

20 each R5  is independently C1-C12  alkyt, 03C12 cycloalkyl, 3 - 14 membered heteroaryl or 

3-12 membered heterocyclyt wherein each C1-012  alkyl, C3-012 cycloalkyl, 3 - 14 membered 

heteroaryl or 3-12 membered heterocyclyt is optionally substituted with one or more 0'; 

R6  is C1-012 aikylyne, C3-C12 cycloalkylyne, or 3-12 membered heterocyclylyne wherein 

each C1-012 alkylyne, C3-012 cycloalkylyne, or 3-12 membered heterocyclylyne is optionally 

25 substituted with one or more Q1; and 

R2  is selected from the group consisting of optionally substituted 01-12 alkyl, optionally 

substituted 02-12 alkenyl, optionally substituted C2.12 alkynyt, optionally substituted C3-12 

cycloalkyl, optionally substituted 06,14  aryl, optionally substituted 3 - 14 membered heteroaryl, 

optionally substituted 3 -12 membered heterocyclyl, optionally substituted 3-18 membered 

30 heteroaryialkyt, optionally substituted 3-18 membered heterocyclyialkyl and optionally 

substituted 0618 arylalkyl; 

wherein, each substituted R2  is substituted with one or more 02. 
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2. The compound of claim 1, wherein R1  is optionally substituted 0142 alkyl, optionally 

substituted C2-12 alkenyl, optionally substituted 02-12 alkynyi, or optionally substituted C312 

cycloalkyl, 

or wherein R1  is optionally substituted C3-07  secondary or tertiary alkyl. 

3. The compound of claim 1 or 2, wherein R2  is optionally substituted C312 cycloalkyl, 

or wherein R2  is optionally substituted methylcyclohexyl or optionally substituted 

methylcyclohexenyl. 

4. The compound of any one of claims 1 - 3 represented by Formula II: 

OH 

N— V 
CD 

R2  

Formula II 

or a pharmaceutically acceptable salt thereof, wherein 

R2  is optionally substituted 4-methyloyciohexyl or optionally substituted 4-methylcyclohexenyt 

5. The compound of any one of claims 1 - 4 wherein R2  is: 

6:4, 

or 	OH 

6. The compound of any one of claims 1 - 5, wherein Y is -R3-L-Het. 

7. The compound of any one of claims 1-6, wherein R3  is optionally substituted 01..12 alkylene, 

C212 cycloalkylene, substituted C-.12, cycloalkylene, 0342cycloalkylalkylene, substituted Ca2. 
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cycloalkylalkylene, optionally substituted C6-14 arylene, or optionally substituted 3 -12 

membered heterocyclylene, 

or wherein R3  is optionally substituted C1.6  alkylene, C4.6 cycloalkylene, substituted C4,,..6  

5 cycloalkylene or optionally substituted 5-6 membered heterocyclyiene. 

8. The compound of any one of claims 1 - 7 wherein Het is an optionally substituted 3-12 

membered heterocyclyi or optionally substituted 3-14 membered heteroaryl wherein said 

optionally substituted 3-12 membered heterocyclyl or optionally substituted 3-14 membered 

10 

15 

heteroaryl comprises one to four heteroatoms selected from 0, 5, or N, 

or wherein Het is optionally substituted pyridinyl, optionally substituted pyridazinyl, optionally 

substituted tetrahydro-2H-pyranyl, optionally substituted piperidinyl, optionally substituted 

pyrrolidinyl, optionally substituted tetrahydrothiophenyl, optionally substituted pyrazinyl, 

optionally substituted 1H-tetrazolyl, optionally substituted azetidinyl, optionally substituted 

tetrahydrofuranyl, optionally substituted tetrahydro-2H-furo[2,3-b]furanyl, optionally substituted 

thiazoyl, optionally substituted 1H-imidazolyl, optionally substituted 41-1-1,2,4-triazolyl 

optionally substituted 1H-pyrazolyl, optionally substituted 1,3,4-thiadiazolyl, optionally 

substituted quinollnyl, optionally substituted [1,2,4]triazolo[4,3-a]pyriciinyl, optionally substituted 

20 thiophenyl, optionally substituted 1,2,4-thiadiazolyl, optionally substituted pyrimidinyl, 

optionally substituted 1H-1,2.,3-triazolyl, optionally substituted 1,3,4-oxadiazolyl, or optionally 

substituted imidazo[1,2-b]pyridazinyl. 

9. The compound of any one of claims 1-5 wherein Y is -N(R4)(R5). 

25 

10. The compound of any one of claims 1-5 and 9 wherein R4  is H or optionally 

substituted C1-C6  alkyl. 

11. The compound of any one of claims 1-5, 9 and 10 wherein R5  is C;-C6  alkyl, C5-C6 

30 cycloalkyl, 5-10 membered heteroaryl or 4-10 membered heterocyclyi wherein each CI-C6 

alkyl, C5-C6cycloalkyl, 5 - 10 membered heteroaryl or 4-10 membered heterocyclyi is 

optionally substituted with one or more Cli'. 

12. The compound of any one of claims 1-5 wherein Y is -R6=NOR7. 
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13. The compound of any one of claims 1-5 and 12 wherein R6 is C5-C6 cycloalkylyne or 

4-6 membered heterocydylyne wherein each C5-C6 cycloalkylyne or 4-6 membered 

heterocyclyiyne is optionally substituted with one or more 01 , 

or wherein R6 is cyclohexylyne. 

14. The compound of any one of claims 1-5,12 and 13 wherein R7 is optionally 

substituted 01-C6 alkyl, optionally substituted 07-C11 arylalkyl. optionally substituted 6-11 

membered heteroaryialkyt, or optionally substituted 6-11 membered heterocyclyialkyl. 

15. The compound of claim 1 which is 
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or a pharmaceutically acceptable salt thereof 

16. 	The compound of claim 1 which is 
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or a pharmaceutically acceptable salt thereof. 

17. 	The compound of claim 1 which is 
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or a pharmaceutically acceptable salt thereof. 

18. 	The compound of claim 1 which is 
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or a pharmaceutically acceptable salt thereof. 

19. 	A pharmaceutical composition comprising a therapeutically effective amount of a 

compound of any one of claims 1-18 and a pharmaceutically acceptable carrier or excipient, 

and 

optionally further comprising at least one additional therapeutic agent selected from the group 

consisting of interferons, ribavirin or its analogs, HCV NS3 protease inhibitors, NS5a inhibitors, 

alpha-glucosidase 1 inhibitors, hepatoprotectants, mevalonate decarboxylase antagonists, 
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antagonists of the renin-ancliotensin system, other anti-fibrotic agents, nucleoside or nucleotide 

inhibitors of HCV NS5B polymerase, non-nucleoside inhibitors of HCV NS5B polymerase, HCV 

NS5A inhibitors, TLR-7 agonists, cyclophillin inhibitors, HCV IRES inhibitors, pharmacokinetic 

enhancers and other drugs for treating HCV; and mixtures thereof. 

5 

20. The compound of any one of claims 1-18 for use in treating a viral infection caused 

by a virus selected from the croup consisting of dengue virus, yellow fever virus, West Nile 

virus, Japanese encephalitis virus, tick-borne encephalitis virus, Kunjin virus, Murray Valley 

encephalitis virus, St. Louis encephalitis virus, Omsk hemorrhagic fever virus, bovine viral 

10 diarrhea virus, Zika virus and Hepatitis C virus. 

21. The compound of any one of claims 1-18 for use in treating a viral infection caused 

by Hepatitis C virus or Fiaviviridae viral. 

15 22. The compound for use of claim 20 or 21 wherein the compound is for use with at 

least one additional therapeutic agent selected from the group consisting of interferons, 

ribavirin or its analogs, HCV NS3 protease inhibitors, NSSa inhibitors, alpha-glucosidase 1 

inhibitors, hepatoprotectants, mevalonate decarboxylase antagonists, antagonists of the renin-

angiotensin system, other anti-fibrotic agents, nucleoside or nucleotide inhibitors of HCV NS5B 

20 polymerase, non-nucleoside inhibitors of HCV NS5B polymerase, HCV NS5A inhibitors, TLR-7 

agonists, cyclophillin inhibitors, HCV IRES inhibitors, pharmacokinetic enhancers and other 

drugs for treating HCV; and mixtures thereof. 
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