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PARTIALLY SATURATED TRICYCLIC COMPOUNDS AND METHODS OF 
MAKING AND USING SAME 

CROSS REFERENCE TO RELATED APPLICATION 
[0001] This application claims priority to U.S. Provisional Patent Application 
61/559,856 filed November 15, 2011, and U.S. Provisional Patent Application 61/483,257 filed 
May 6, 2011, both of which are hereby incorporated by reference in their entirety. 

BACKGROUND 

[0002] Over 1.1 billion people worldwide are reported to be overweight. Obesity is 
5 estimated to affect over 90 million people in die United States alone. Twenty-five percent of 

the population in the United States over the age of twenty is considered clinically obese. While 
being overweight or obese presents problems (for example restriction of mobility, discomfort in 
tight spaces such as theater or airplane seats, social difficulties, etc.), these conditions, in 
particular clinical obesity, affect other aspects of health, i.e., diseases and other adverse health 

10 conditions associated with, exacerbated by, or precipitated by being overweight or obese. The 
estimated mortality from obesity-related conditions in the United States is over 300,000 
annually (O'Brien etal. Amer J Surgery (2002) 184:4S-8S; and Hill et al. (1998) Science, 

-280:1371). 

[0003] There is no curative treatment for being overweight or obese. Traditional 
15 pharmacotherapies for treating an overweight or obese subject, such as serotonin and 

noradrenergic re-uptake inhibitors, noradrenergic re-uptake inhibitors, selective serotonin re­

uptake inhibitors, intestinal lipase inhibitors, or surgeries such as stomach stapling or gastric 

banding, have been shown to provide minimal short-term benefits or significant rates of 
relapse, and have further shown harmful side-effects to patients. 

20 [0©04] MetAP2 encodes a protein that functions at least in part by enzymatically 
removing the amino terminal methionine residue from certain newly translated proteins such as 
glyceraldehyde-3-phosphalc dehydrogenase (Warder et al. (2008) J Proteome Res 7:4807). 
Increased expression of the MetAP2 gene has been historically associated with various forms 
of cancer. Molecules inhibiting the enzymatic activity of MetAP2 have been identified and 

25 have been explored for their utility in the treatment of various tumor types (Wang et al. (2003) 
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Cancer Res. 63:7861) and infectious diseases such as microsporidiosis. leishmaniasis, and 

malaria (Zhang et al. (2002) J. Bioxned. Sci. 9:34). Notably, inhibition ofMetAP2 activity in 

obese and obese-diabetic animals leads to a reduction in body weight in part by increasing the 

oxidation of fat and in part by reducing the consumption of food (Rupnick et al. (2002) Proc. 

5 Natl. Acad. Sci. USA 99:10730). 

[0005] Such MetAP2 inhibitors may be useful as well for patients with excess adiposity 

and conditions related to adiposity including type 2 diabetes, hepatic steatosis, and 

cardiovascular disease (via e.g. ameliorating insulin resistance, reducing hepatic lipid content, 

and reducing cardiac workload). Accordingly, compounds capable of modulating MetAP2 are 

10 needed to address the treatment of obesity and related diseases as well as other ailments 

favorably responsive to MetAP2 modulator treatment. 

SUMMARY 

[0006] The present disclosure provides, for example, compounds which may be 

modulators of MetAP2, and their use as medicinal agents, processes for their preparation, and 

pharmaceutical compositions containing them as an active ingredient both alone or in 

15 combination with other agents, as well as provides for their use as medicaments and/or in the 

manufacture of medicaments for the inhibition of MetAP2 activity in warm-blooded animals 

such as humans. In particular this present disclosure relates to compounds useful for the 

treatment of obesity, type 2 diabetes, and other obesity-associated conditions. Also provided 

are pharmaceutical compositions comprising at least one disclosed compound and a 

20 pharmaceutically acceptable carrier. 

[0007] In an embodiment, provided herein are compounds represented by formula I and 

CCLH T-I CO,H T-, , TT 1 rormula 1 or 1 rormula 11 

25 or pharmaceutically acceptable salts, stereoisomers, esters or prodrugs thereof, where A, B1, 

B2, D1, D2, RA1, R*2, RB1, RB2, Y, X1, X2, and n are as defined herein. 
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[0007a] In an aspect, there is provided a tricyclic compound represented by: 

RB1# 

C02H Formula II 

wherein: 

B1 is a 3-6 membered saturated or partially unsaturated heterocyclic or carbocyclic ring; 

5 B2 is a 3-6 membered saturated heterocyclic or carbocyclic ring; 

wherein the ring B1 or B2 is optionally substituted by one or more fluorine atoms on any 

of the available carbon atoms; 

D1 is a 5-7 membered heterocyclic, carbocyclic, heteroaromatic or aromatic ring; 

D2 is a 5-7 membered heterocyclic or carbocyclic ring; 

10 wherein B1 is fused to D1 such that the two atoms shared by B1 and D1 are both carbon 

and Bz is fused to D such that the two atoms shared by B and D are both carbon; and wherein 

for Formula I the bond common to both the B1 and D1 rings is a single or double bond; 

X1 is selected from the group consisting of: +-C(RD1RD2)-*, +-W'-*, +-C(RD1RD2)-

C(RD5RD6)-*, +-C(RC1)=C(RC2)-*, +-W2-C(RD5RD6)-*, +-W2-C(0)-*, +-C(RD1RD2)-W4-*, +-

15 N=C(R02)-*, +-C(RC1)=N-*, +-C(RDIRD2)-C(RD3RD4)-C(RD5RD6)-*, +-W2-C(RD3RD4)-

CXR^R06)-*, +-W2-C(0)-C(RD5RD6)-*, +-C(RD1RD2)-W3-C(RD5RD6)-*, +-C(RD1RD2)-W3-C(0)-

*, +-C(RD1RD2)-C(RD3RD4)-W4-* and +-C(RD1RD2)-C(0)-W4-*; wherein the + and * indicate the 

attachment points of X1 as indicated in Formula I; 

X2 is selected from the group consisting of: +-C(RmRD2)-*, +-C(RD1RD2)-

20 C(RD5RD6)-*, +-W2-C(RD5RD6)-», +-W2-C(0)-*, +-C(RD1RD2)-W4-*, +-C(RD1RD2)-C(RD3RD4)-

C(RD5RD6)-*, +-W2-C(RD3RD4)-C(RD5RD6)-*, +-W2-C(0)-C(RD5RD6)-*, "~C(RD1RD2)-W3-

C(RD5RD6)-*, +-C(RD1RD2)-W3-C(0)-*, +-C(RD1RD2)-C(RD3RD4)-W4-* and +-C(RD1RD2)-C(0)-

W4-*; wherein the T and * indicate the attachment points of X2 as indicated in Formula II; 

Y is selected from the group consisting of: a bond, *-CH2-#, *-0-#, *-CH2-CH2-#, *-0-

25 CH2-#, *-CH2-0-*, *-CH2-CH2-CH2-*, *-0-CH2-CH2-# and *-CH2-0-CH2-#; wherein the * and * 

indicate the attachment points of Y as indicated in Formula I or Formula II; 

W1 is selected from the group consisting of O, S or N(RN1); 
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W2 is selected from the group consisting of 0 or N(RN2); 

W3 is selected from the group consisting of O or N(RN3); 

W4 is selected from the group consisting of O or N(RN4); 

A is a ring selected from the group consisting of phenyl, a 5-6 membered heteroaryl 

5 having 1, 2 or 3 heteroatoms each selected from S, N or O, and a 4-7 membered heterocycle 

having 1, 2 or 3 heteroatoms each selected from N or O; 

RB1 and R62 are independently selected from the group consisting of H, F, OH, CN, 

Ci-2alkoxy or Ci^alkyl; wherein C^alkyl and Cj^alkoxy are optionally substituted by a group 

selected from OH, Ci.2alkoxy, CN or one or more fluorine atoms; 

10 RAI is selected, independently for each occurrence, from the group consisting of 

hydrogen, hydroxyl, cyano, halogen, Ci^alkyl or Cj^allcoxy; wherein Chalky!, or Ci^alkoxy 

may be optionally substituted by oneor more fluorines; 

n is 0, 1, or 2; 

R^ is selected from the group consisting of hydrogen, R]RJN-, heterocyclyl, 

15 heterocyclyloxy and heterocyclyl-(NRa)-; wherein said heterocyclyl may optionally be 

substituted by one or more substituents selected from R§ and wherein if said heterocyclyl 

contains a -NH moiety that nitrogen may optionally be substituted by one or more groups Rh; 

or 

R^ is selected from the group consisting of: Ci-ealkyi, C2-6alkenyl, C2-6alkynyl, C3. 

20 6cycloalkyl, Ci^alkoxy, C3.6alkenyloxy, C3.6alkynyloxy, C3_6cycloalkoxy, Ci_6alkyl-S(0)w-

(wherein w is 0, 1 or 2), Chalky!-N(Ra)-, Cj_6alkyl-N(Ra)-carbonyl-, Ci_6alkylcarbonyl-N(Ra)-, 

Cj-6alkyl-N(Ra)-carbonyl-N(Ra)-, C1„6alkyl-N(Ra)~S02-, C^alkyl-SOs-NCR3)-, C,_ 

(,alkoxycarbonyl-N(Ra)-, Ci_6alky]carbonyl-N(Ra)-Ci.6alkyl-, Ci_6alkyl-N(Ra)-carbonyl-Ci_ 

6alkyl-, Ci-6alkoxyCi-6alkyl-; wherein Cj^alkyl, C2-6alkenyl, C2-6alkynyl, C3-6cycloalkyl, Cj-

25 e>alkoxy, Cs-fialkenyloxy, C3.6alkynyl.oxy, C3_6cycloalkoxy, Ci.6alkyl-S(0)w-, Ci_6alkyl-N(Ra)-, 

C]-6alkyl-N(Ra)-carbonyl-, C1 _6alkylcarbonyl-N(Ra)-, C1.6alkyl-N(Ra)-carbonyl-N(Ra)-, C\. 

6alkyl-N(Ra)-S02-, C1.6alkyl-SO2-N(Ra)-, C1 .^alkoxycarbonyl-N(Ra)-, Ci-galkylcarbonyl-

N(Ra)Ci_6alkyl-, C1.6alkyl-N(Ra)-carbonyl-Ci_6alkyl-, C1 -6alkoxy-C 1 -6alkyl may optionally be 

substituted by Rp, phenyl, phenoxy, heteroaryl, heteroaryloxy, heteroaryl-(NRa)-, heterocyclyl, 

30 heterocyclyloxy or heterocyclyl-N(Ra)-; and wherein said heteroaryl or phenyl may optionally 
Is 

be substituted with one or more substituents selected from R ; and wherein said heterocyclyl 

may optionally be substituted by one or more substituents selected from Rg; and wherein if said 
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heterocyclyl contains a -NH moiety that nitrogen may optionally be substituted by one or more 

groups Rh; 

RDi and Rm are each independently selected from the group consisting of hydrogen, 

fluorine, hydroxyl, C^alkyl or C^alkoxy; wherein the C 1.2alky 1 and Ci-2alkoxy may 

5 optionally be substituted by one or more fluorine atoms or a group selected from cyano or 

hydroxyl; 

R03 and R04 are each independently selected from the group consisting of hydrogen, 

fluorine, hydroxyl, cyano, Ci^alkyl or Cj^alkoxy; wherein the C 1.3 alkyl and Cj-3 alkoxy may 

optionally be substituted by one or more fluorine atoms or a group selected from cyano, 

10 hydroxyl or N(RaRb); 

R05 and R06 are each independently selected from the group consisting of hydrogen, 

fluorine, hydroxyl, cyano, Chalky! or Cj^alkoxy; wherein the C^alkyl and C^alkoxy may 

optionally be substituted by a substituent or substituents selected from the group consisting of: 

one or more fluorine atoms,cyano, hydroxyl orN(RaRb); 

c 1 15 R is selected from the group consisting of hydrogen, halogen, Ci.2alkyi or Ci_2alkoxy; 

wherein the Ci^alkyl or Ci^alkoxy may optionally be substituted by one or more fluorine 

atoms; 

C2 R is selected from the group consisting of hydrogen, halogen, hydroxyl, cyano, Cj. 

2alkyl or Cio_alkoxy; wherein the Ci-2alkyl and C^alkoxy may optionally be substituted by one 

20 or more fluorine atoms or a group selected from cyano, hydroxyl or N(RaRb); 

RN1 is selected from the group consisting of hydrogen or Cj^alkyl; 

RN2 is selected from the group consisting of hydrogen or C].2alkyl; 

RN3 is selected from the group consisting of hydrogen, Cj.3alkyl or Ci^alkylcarbonyl; 

wherein the Ci.3alkyl and Ci^alkylcarbonyl may optionally be substituted by a substituent or 

25 substituents selected from the group consisting of: one or more fluorines, cyano, hydroxyl or 

N(RaRb); 

RN4 is selected from the group consisting of hydrogen, C].3alkyl or Ci_2alkylcarbonyl; 

wherein the C 1.3alkvl and C].2alkylcarbonyl may optionally be substituted by a substituent or 

substituents selected from the group consisting of: one or more fluorines, cyano, hydroxyl or 

30 N(RaRb); 
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Ra and Rb are independently selected, for each occurrence, from the group consisting of 

hydrogen and Ci^alkyl; wherein Ci.3alkyl may optionally be substituted by one or more 

substituents selected from fluorine, cyano, oxo and hydroxyl; 

or Ra and Rb, together with the nitrogen to which they are attached, may form a 4-6 

5 membered heterocyclic ring, which may have an additional heteroatom selected from O, S, or 

N; wherein the 4-6 membered heterocyclic ring may optionally be substituted by one or more 

substituents selected from the group consisting of fluorine, cyano, oxo or hydroxyl; 

R is independently selected, for each occurrence, from the group consisting of R , 

hydrogen, Ci^alkyl, C3_6cycloalkyl, C2-6alkenyl, C2-6alkynyl, Ci-6alkoxy, Ci_6alkyl-S(0)w-, 

10 (wherein wherein w is 0, 1 or 2), Ci.^alkylcarbonyl-N(Ra)- and C].6alkoxycarbonyl-N(Ra)-; 

wherein Ci^alkyl, C3_6cycloalkyl, C2-6alkenyl, C2-6alkynyl, Cj^alkoxy, C]^alkyl-S(0)w-, Gi­

ft alky 1 carbo nyl -N (Ra) -, C i _6alkoxycarbonyl~N(Ra)- may be optionally substituted by one or 

more substituents selected from RP; 

R8 is independently selected for each occurrence from the group consisting of Rp, 

15 hydrogen, oxo, Ci^alkyl, C2-6alkenyl, C2-6alkynyl, C3-6cycloalkyl, Ci^alkoxy, Ci_6alkyl-S(0)w-, 

(wherein w is 0, 1 or 2), Ci^alkylcarbonyl-NfR3)- and C].6alkoxycarbonyl-N(Ra)-; wherein Cj. 

6alkyl, C2-6alkenyl, C2^alkynyl, Cs-gcycloalkyl, Ci^alkoxy, Ci^alkyl-S(0)w-, Ci. 

6alkylcarbonyl-N(Ra)-, C],6alkoxycarbonyl-N(Ra)- may be optionally substituted by one or 

more substituents selected from Rp; 

20 Rh is independently selected for each occurrence from the group consisting of hydrogen, 

Ci-galkyl, C3-6alkenyl, Cs^alkynyl, C3.6cycloalkyl, Ci^alkyl-S(0)2-, Cj.^alkoxycarbonyl-, 

R'R'N-carbonyl- and R'R'N-SC^-; wherein C^alkyl, C3^alkenyl, C3„6alkynyl C3^cycIoalkyl 

and Cj^alkyl-S(0)2-, Cj-galkylcarbonyl- may optionally be substituted by one or more 

substituents selected from RP; 

25 R1 and RJ are selected independently for each occurrence from the group consisting of 

hydrogen, Ci^alkyl C3-6cycloalkyi, heterocyclyl and heterocvclylcarbonvl; wherein Cj^alkyl 

and C3-6cycloalkyl may be optionally substituted by one or more substituents selected from 

fluorine, hydroxyl, cyano, RaRbN-, R^hN-carbonyl- and Ci^alkoxy and wherein heterocyclyl 

and heterocyclylcarbonyl may be optionally substituted by one or more substituents selected 

30 from Cj^alkyl, C2^alkenyl, C2^alkynyl, C3-6cycloalkyl, Ci^alkoxy, halo-Ci.6-alkyl, hydroxyl-

Cj-6-alkyl, RaRbN-Ci.6alkyl- and Ci.6-alkoxy-Ci-<>-alkyl group; and wherein if said heterocyclyl 

or heterocyclylcarbonyl contains a -NH moiety that nitrogen may optionally be substituted by 
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one or more groups C^alkyl, C3.6alkenyl, Cs^alkynyl, Cs^cycloalkyl, C].6alkyl-S(0)2- and Ci,_ 

6-alkylcarbonyl; or R1 and RJ taken together with the nitrogen to which they are attached form a 

4-7 membered heterocyclic ring, which may have an additional heteroatom selected from O, S, 

or N; wherein the 4-7 membered heterocyclic ring may be optionally substituted on carbon by 

5 one or more substituents selected from the group consisting of fluorine, hydroxyl, oxo, cyano, 

C^alkyl, C^alkoxy, RaRbN-, RaRbN-S02- and RaRbN-carbonyl-; wherein said Chalky] or Ci. 

^alkoxy may optionally be substituted by fluorine, hydroxyl or cyano; and wherein the 4-7 

membered heterocyclic ring may be optionally substituted on nitrogen by one or more 

substituents selected from the group consisting of C^alkyl and RaRbN-carbonyl-; and wherein 

10 said Chalky! may be optionally substituted by one or more substituents selected from the 

group consisting of fluorine, hydroxyl, cyano; 

Rp is independently selected, for each occurrence, from the group consisting of halogen, 

hydroxyl, cyano, Cj^alkoxy, R'R'N-, R'R'N-carbonyl-, R'R'N-SCV and R'R-'N-carbonyl-NfR3)-; 

and pharmaceutically acceptable salts, stereoisomers, esters and prodrugs thereof. 

15 [0007b] In another aspect, there is provided a tricyclic compound represented by: 
# 

C°2H Formula III; 

wherein: 

B3 is a 3-6 membered saturated or partially unsaturated heterocyclic or carbocyclic ring; 

wherein the ring B! is optionally substituted by one or more fluorine atoms on any of the 

20 available carbon atoms; 

D1 is a 5-7 membered heterocyclic, carbocyclic, heteroaromatic or aromatic ring; 

wherein B1 is fused to D1 such that the two atoms shared by B1 and D! are both carbon; and 

wherein the bond common to both the B1 and D1 rings is a single or double bond; 

X1 is selected from the group consisting of: ^-C(RD1RD2)-*, +-C(RD1RD2)-

25 C(RD5RD6}~*, +-C(RCI)=C(RC2)-*, +-W2-C(RD5RD6)-*, +-W2-C{0)-*, +-C(RDIRD2)-W4-*, +~ 

N=C(RC2)-*, +-C(RC1)=N-*, +-C(RDiRD2)-C(RD3RD4)-C(RD5RD6)-*, +-W2-C(RD3RD4)-

C(RD5RD6)^5 +_W2-C(0)-C(RD5RD6)-*, H,-C(RDiRD2)-W3-C(RD5RD6)-*, +-C(RD1RD2)-W3-C(0)-
+-C(RDIRD2)-C(RD3RD4)-W4-* and +-C(RD1RD2)-C(0)-W4-*; wherein the + and * indicate the 

attachment points of X1 as indicated in Formula III; 



2f 

Y is selected from the group consisting of: a bond, *-CH2-#, *-CH2-CH2-#, *-0-

CH2-#, *-CH2-0-#, *-CH2-CH2-CH2-#, *-0-CH2-CH2-# and *-CH2-0~CH2-#; wherein the * and # 

indicate the attachment points of Y as indicated in Formula III; 

W! is selected from the group consisting of Q, S orN(RN1); 

5 W2 is selected from the group consisting of O or N(RN2); 

W3 is selected from the group consisting of O or N(RN3); 

W4 is selected from the group consisting of O or N(RN4); 

RA1 is selected, independently for each occurrence, from the group consisting of 

hydrogen, hydroxyl, cyano, halogen, C^alkyl or Ci^alkoxy; wherein Ci_4alkyl, or C^alkoxy 

10 may be optionally substituted by one or more fluorines; 

n is 1 or 2; 

R^ is selected from the group consisting of hydrogen, R'RJN-, heterocyclyl, 

heterocyclyloxy and heterocyclyl-(NRa)-; wherein said heterocyclyl may optionally be 

substituted by one or more substituents selected from Rg and wherein if said heterocyclyl 

15 contains a -NH moiety that nitrogen may optionally be substituted by one or more groups Rh; 

or 

RA2 is selected from the group consisting of: Ci^alkyl, C2-6alkenyl, C2^alkynyl, C3-

6cycloalkyl, Ci^alkoxy, C3_6alkenyloxy, C3_6alkynyloxy, C3.6cycloalkoxy, Cj.6alkyl-S(0)w-

(wherein w is 0, 1 or 2), Ci-6alkyl-N(Ra)-, Ci„6alkyl-N(Ra)-carbonyl-, Ci.6alkylcarbonyl-N(Ra)~, 

20 Ci_6alkyl-N(Ra)~carbonyl-N(Ra)-, CN6alkyl-N(Ra)-S02-, C,.6alkyl-S02-N(Ra)-, Cu 

6alkoxycarbonyl-N(Ra)-, Ci-6alkylcarbonyl-N(Ra)-Ci_6alkyl-, Ci-6alkyl-N(Ra)-carbonyl-Ci. 

6alkyl-, C]-6alkoxyCi.6alkyl-; wherein Cj^alkyl, C^alkenyl, C2-6alkynyl, C3^cycloalkyls C\. 

salkoxy, C.v6alkenyloxy, C3_6alkynyloxy, C3-6cycloalkoxy, Ci_6alky]-S(0)w-, Ci_6alkyl-N(Rd)-, 

C1 -6alkyl -N (Ra) - carbon y 1 -, C1.6alkylcarbonyl-N (Ra)-, Cj_6alkyl-N(Ra)-carbonyl-N(Ra)-, C|. 

25 6alkyl-N(Ra)-S02-, C1.6alkyl-S02-N(Ra)-, Ci^alkoxycarbonyl-N(Ra)~, Ci^alkylcarbonyl-

N(Ra)C].6alkyl-, Ci-6alkyl-N(Ra)-carbonyl-Ci_6alkyl-, C^alkoxy-C^alkyl may optionally be 

substituted by Rp, phenyl, phenoxy, heteroaryl, heteroaryloxy, heteroaryl-(NRa)-, heterocyclyl, 

heterocyclyloxy or heterocyclyl-N(Ra)-; and wherein said heteroaryl or phenyl may optionally 

be substituted with one or more substituents selected from Rf; and wherein said heterocyclyl 

30 may optionally be substituted by one or more substituents selected from Rg; and wherein if said 

heterocyclyl contains a -NH moiety that nitrogen may optionally be substituted by one or more 

groups Rh; 
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RD1 and Rm are each independently selected from the group consisting of hydrogen, 

fluorine, hydroxyl, Ci^alkyl or C^alkoxy; wherein the Chalky! and Cj^alkoxy may 

optionally be substituted by one or more fluorine atoms or a group selected from cyano or 

hydroxyl; 

5 RD3 and R04 are each independently selected from the group consisting of hydrogen, 

fluorine, hydroxyl, cyano, Ci^alkyl or C^alkoxy; wherein the C1-3 alkyl and C] -3 alkoxy may 

optionally be substituted by one or more fluorine atoms or a group selected from cyano, 

hydroxyl or N(RaRb); 

RD5 and R°6 are each independently selected from the group consisting of hydrogen, 

10 fluorine, hydroxyl, cyano, Ci^alkyl or Cj^alkoxy; wherein the Ci^alkyl and Cj^alkoxy may 

optionally be substituted by one or more fluorine atoms or a group selected from cyano, 

hydroxyl or N(RaRb); 

c 1 R is selected from the group consisting of hydrogen, halogen, C^alkyl or Cj^alkoxy; 

wherein the Cj^alkyl or Ci-2alkoxy may optionally be substituted by one or more fluorine 

15 atoms; 

C2 R is selected from the group consisting of hydrogen, halogen, hydroxyl, cyano, Cj. 

2alkyl or Ci^alkoxy; wherein the Ci^alkyl and Cj^alkoxy may optionally be substituted by one 

or more fluorine atoms or a group selected from cyano, hydroxyl or N(RaRb); 

RN1 is selected from the group consisting of hydrogen or C^alkyl; 

20 RN2 is selected from the group consisting of hydrogen or C^alkyl; 

RN3 is selected from the group consisting of hydrogen, Ci^alkyl or Ci^alkylcarbonyl; 

wherein the Ci^alkyl and Cj-2alkylcarbonyl may optionally be substituted by one or more 

fluorine atoms or a group selected from cyano, hydroxyl or N(RaRb); 

RN4 is selected from the group consisting of hydrogen, Ci^alkyl or C^alkylcarbonyl; 

25 wherein the Cj^alkyl and Cj^alkylcarbonyl may optionally be substituted by one or more 

fluorine atoms or a group selected from cyano, hydroxyl or N(RaRb); 

Ra and Rb are independently selected, for each occurrence, from the group consisting of 

hydrogen and Ci^alkyl; wherein Chalky! may optionally be substituted by one or more 

substituents selected from fluorine, cyano, oxo and hydroxyl; 

30 or Ra and Rb, together with the nitrogen to which they are attached, may form a 4-6 

membered heterocyclic ring, which may have an additional heteroatom selected from O, S, or 
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N; wherein the 4-6 membered heterocyclic ring may optionally be substituted by one or more 

substituents selected from the group consisting of fluorine, cyano, oxo or hydroxyl; 

R1 is independently selected, for each occurrence, from the group consisting of RP, 

hydrogen, Cj^alkyl, C?„6cycloalkyl, C2-6alkenyl, C2^alkynyl, Ci^alkoxy, Ci-6alkyl-S(0)w-, 

5 (wherein wherein w is 0, 1 or 2), Ci-6alkylcarbonyl-N(Ra)- and Ci-6alkoxycarbonyl-N(Rd)-; 

wherein C^alkyl, C3^cycloalkyl, C^alkenyl, C2-6alkynyl, Ci^alkoxy, C]-6alkyl-S(0)w-, C]. 

6alkylcarbonyl-N(Ra)-, Ci_6alkoxycarbonyl-N(Ra)- may be optionally substituted by one or 

more substituents selected from Rp; 

Rg is independently selected for each occurrence from the group consisting of Rp, 

10 hydrogen, oxo, C^alkyl, C2-6alkenyl, C2^alkynyl, Cs^cycloalkyl, C^alkoxy, Ci^alkyl-S(0)w-, 

(wherein w is 0, 1 or 2), Ci_6alkylcarbonyl-N(Ra)- and Ci^alkoxycarbonyl-N(Ra)-; wherein Ci-

ealkyl, C2^alkenyl, C2-6alkynyl, C^vgcycloalkyl, Ci_6alkoxy, C3^alkyl-S(0)w-, C\. 

6alkylcarbonyl-N(Ra)-, Ci.6alkoxycarbonyl-N(Ra)- may be optionally substituted by one or 

more substituents selected from Rp; 

15 Rh is independently selected for each occurrence from the group consisting of hydrogen, 

C^alkyl, C3-6alkenyl, Cs^alkynyl, C3_6cycloalkyl, Ci.6alkyl-S(0)2-} Ci^alkoxycarbonyl-, 

R'R^N-carbonyl- and R1R'N-S02-; wherein Ci^alkyl, C3^alkenyl, C3_6alkynyl Cs^cycloalkyl 

and C].6alkyl-S(0)2-, C^alkylcarbonyl- may optionally be substituted by one or more 

substituents selected from Rp; 

20 R1 and RJ are selected independently for each occurrence from the group consisting of 

hydrogen, Ci^alkyl C3.5cycloal.kyl, heterocyclyl and heterocyclylcarbonyl; wherein Ci^alkyl 

and C3-6cycloalkyl may be optionally substituted by one or more substituents selected from 

fluorine, hydroxyl, cyano, RaRbN-, R^^-carbonyl- and C^alkoxy and wherein heterocyclyl 

and heterocyclylcarbonyl may be optionally substituted by one or more substituents selected 

25 from Ci^alkyl, C2-6alkenyl, C2-6alkynyl, Cs^cycloalkyl, C]-6alkoxy, halo-Ci_6-alkyl, hydroxyl-

Ci^-alkyl, RaRbN-Ci-6alkyl~ and C1.6-alkoxy-C 1 -6-alkyl group; and wherein if said heterocyclyl 

or heterocyclylcarbonyl contains a -NH moiety that nitrogen may optionally be substituted by 

one or more groups Chalky!, Cs^alkenyl, Cs^alkynyl, C^.^cycloalkyl, C]_6alkyl-S(0)2- and C3. 

6-alkylcarbonyl; 

30 or R1 and Rj taken together with the nitrogen to which they are attached form a 4-7 

membered heterocyclic ring, which may have an additional heteroatom selected from O, S, or 

N; wherein the 4-7 membered heterocyclic ring may be optionally substituted on carbon by one 
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or more substituents selected from the group consisting of fluorine, hydroxyl, oxo, cyano, C\„ 

galkyl, Ci^alkoxy, RaRl>N-, R^^-SQi- and RaRbN-carbonyl-; wherein said Cj.6alkyl or C\. 

6alkoxy may optionally be substituted by fluorine, hydroxyl or cyano; and wherein the 4-7 

membered heterocyclic ring may be optionally substituted on nitrogen by one or more 

substituents selected from the group consisting of C 1.6alkyl and R^hN-carbonyl-; and wherein 

said C].6alkyl may be optionally substituted by fluorine, hydroxyl, cyano; 

Rp is independently selected, for each occurrence, from the group consisting of halogen, 

hydroxyl, cyano, C^alkoxy, R5RJN-, R'R'N-carbonyl-, R'RJN-S02- and R'RjN-carbonyl-N(Ra)-; 

and pharmaceutically acceptable salts, stereoisomers, esters and prodrugs thereof, 

f0007c] In another aspect, there is provided the tricyclic compound represented by: 

RB1 

D2 is a 5-7 membered partially unsaturated heterocyclic or carbocyclic ring; 

X2 is selected from the group consisting of: +-C(RD1RD2)-*S 

+-C(RD1RD2)~C(RD5RDV, +-W2-C(RD5RD6)-*, +-W2-C(0)-*, +-C(RD1RD2)-W4-*, +-C(RD1RD2)-

C(RD3RD4)-C(RD5RD6)-*, +-W2-C(RD3RD4)-C(RD5RD6)-*, +-W2-C(0)-C(RD5RD6)-*, 

C(RD,RD2)-W3-C(RD5RD6)-*, +-C(RD1RD2)-W3-C(0)-*, +-C(RDiRD2)-C(RD3RD4)-W4-^ and +-

C(RD1RD2)-C(0)-W4-*; wherein the + and * indicate the attachment points of X2 as indicated in 

Formula IV; 

W1 is selected from the group consisting of O, S orN(RN1); 

^ N2 W" is selected from the group consisting of O or N(R' ); 

W3 is selected from the group consisting of O or N(RN3); 

W4 is selected from the group consisting of O or N(RN4); 

RB) is selected from the group consisting of H, F, OH, CN, Q^alkoxy or C 1.3alkyl; 

wherein Ci^alkyl and C].2alkoxy are optionally substituted by a group selected from OH, 

Cj^alkoxy, CN or one or more fluorine atoms; 
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RA1 is selected, independently for each occurrence, from the group consisting of 

hydrogen, hydroxyl, cyano, halogen, Ci^alkyl or C^alkoxy; wherein C^alkyl, or Cj.salkoxy 

may be optionally substituted by one or more fluorines; 

n is 0, 1, or 2; 

5 is selected from the group consisting of hydrogen, R!RJN-, heterocyclyl, 

heterocyclyloxy and heterocyclyl-(NRa)-; wherein said heterocyclyl may optionally be 

substituted by one or more substituents selected from Rg and wherein if said heterocyclyl 

contains a -NH moiety that nitrogen may optionally be substituted by one or more groups Rh; 

or 

10 R^ is selected from the group consisting of: Cj^alkyl, C2-6alkenyl, C2^alkynyl, C3. 

scycloalkyl, Ci^alkoxy, Cs^alkenyloxy, Cs^alkynyloxy, C3-6cycloalkoxy, Ci.6alkyl-S(0)w-

(wherein w is 0, 1 or 2), Ci_6alkyl-N(Ra)-, Ci_6alkyl-N(Ra)-carbonyl-, Ci„6alkylcarbonyl-N(Ra)~, 

Ci,6alkyl-N(Ra)-carbonyl-N(Ra)-, Ci_6alkyl-N(Ra)-S02-, C^alkyl-SCVNCR3)-, Cj. 

6alkoxycarbonyl-NtRa)-, C, .6alkylcarbonyl-N(Ra)-Ci.6alkyl~, Ci-6alkyl-N(Ra)-carbonyl-C,. 

15 6alkyl-, C1,6alkoxyC 1.6alkyl-; wherein Ci^alkyl, C2^alkenyl, C2^alkynyl, C3-6cycloalkyl, C}. 

6alkoxy, C3-6alkenyloxy, C3.6alkynyloxy, C3.6cycloalkoxy, Cj^alkyl-S(0)w-, Ci-6alkyl-N(Ra)-, 

Ci_6alkyl-N(Ra)-carbonyl-, Ci_6alkylcarbonyl-N(Ra)-, C1_6alkyl-N(Ra)-carbonyl-N(Ra)-, Cu 

6alkyl-N(Ra)-S02-, C3-(.alkyl-SO2-N(Ra)-, C3_6alkoxycarbonyl~N(Ra)-, C^alkylcarbonyl-

N(Ra)Ci-6alkyl~, Cj_6alkyl-N(Ra)-carbonyl-Ci-6alkyl-, Ci-6alkoxy-C|-6alkyl may optionally be 

20 substituted by Rp, phenyl, phenoxy, heteroaryl, heteroaryloxy, heteroary 1 -(NRa)-, heterocyclyl, 

heterocyclyloxy or heterocyclyl-N(Ra)-; and wherein said heteroaryl or phenyl may optionally 

be substituted with one or more substituents selected from Rf; and wherein said heterocyclyl 

may optionally be substituted by one or more substituents selected from Rg; and wherein if said 

heterocyclyl contains a -NH moiety that nitrogen may optionally be substituted by one or more 

25 groups Rh; 

RDI and Rm are each independently selected from the group consisting of hydrogen, 

fluorine, hydroxyl, Chalky! or Cj^alkoxy; wherein the Cj^alkyl and C^alkoxy may 

optionally be substituted by one or more fluorine atoms or a group selected from cyano or 

hydroxyl; 

30 RD" and R04 are each independently selected from the group consisting of hydrogen, 

fluorine, hydroxyl, cyano, Chalky! or C^alkoxy; wherein the C 1.3 alkyl and C1-3 alkoxy may 
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optionally be substituted by one or more fluorine atoms or a group selected from cyano, 

hydroxyl or N(RaRb); 

R05 and R06 are each independently selected from the group consisting of hydrogen, 

fluorine, hydroxyl, cyano, Ci.2alkyl or Cj^alkoxy; wherein the C1-2 alkyl and Ci^alkoxy may 

5 optionally be substituted by a substituent or substituents selected from the group consisting of: 

one or more fluorine atoms,cyano, hydroxyl or N(RaRb); 

RC1 is selected from the group consisting of hydrogen, halogen, Ci.2alkyl or Ci_2alkoxy; 

wherein the Ci_2alkyl or Cj.2alkoxy may optionally be substituted by one or more fluorine 

atoms; 

10 RC2 is selected from the group consisting of hydrogen, halogen, hydroxyl, cyano, Ci_ 

2alkyl or Ci_2alkoxy: wherein the C].2alkyl and C^alkoxy may optionally be substituted by one 

or more fluorine atoms or a group selected from cyano, hydroxyl or N(RaRb); 

RN1 is selected from the group consisting of hydrogen or Ci-2alkyl; 

RN2 is selected from the group consisting of hydrogen or C|.2alkyl; 

15 RN3 is selected from the group consisting of hydrogen, C1-3alkyl or Cj^alkylcarbonyl; 

wherein the Cj^alkyl and Ci^alkylcarbonyl may optionally be substituted by a substituent or 

substituents selected from the group consisting of: one or more fluorines, cyano, hydroxyl or 

N(RaRb); 

RN4 is selected from the group consisting of hydrogen, Ci-3alkyl or C^alkylcarbonyl; 

20 wherein the Ci-3alkyl and Cj^alkylcarbonyl may optionally be substituted by a substituent or 

substituents selected from the group consisting of: one or more fluorines, cyano, hydroxyl or 

N(RaRb); 

Ra and Rb are independently selected, for each occurrence, from the group consisting of 

hydrogen and Ci-3alkyl; wherein Cs^alkyl may optionally be substituted by one or more 

25 substituents selected from fluorine, cyano, oxo and hydroxyl; 

or Ra and Rb, together with the nitrogen to which they are attached, may form a 4-6 

membered heterocyclic ring, which may have an additional heteroatom selected from O, S, or 

N; wherein the 4-6 membered heterocyclic ring may optionally be substituted by one or more 

substituents selected from the group consisting of fluorine, cyano, oxo or hydroxyl; 

30 R is independently selected, for each occurrence, from the group consisting of R , 

hydrogen, C^alkyl, C3^cycloalkyl, C2-6alkenyl, C2-6alkynyl, C^alkoxy, Cj-6alkyl-S(0)w-, 
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(wherein wherein w is 0, 1 or 2), C!_6alkylcarbonyl-N(Ra)- and C j-6alkoxycarbonvl-N(Ra)-; 

wherein Ci^alkyl, C3.6cycloalkyl, C2-6alkenyl, C2-6alkynyl, Cj^alkoxy, Ci^alkyl-S(0)w-, C\. 

6alkylcarbonyl-N(Ra)-, Cj.6alkoxycarbonyl-N(R3)- may be optionally substituted by one or 

more substituents selected from Rp; 

5 Rg is independently selected for each occurrence from the group consisting of Rp, 

hydrogen, oxo, Ci^alkyl, C2^alkenyl, C2.6alkyn.yl, C3_6cycloalkyl, C^alkoxy, Ci.6alkyl-S(0)w-, 

(wherein w is 0, 1 or 2), C]-6alkylcarbonyl-N(Ra)- and Ci.6alkoxycarbonyl-N(Ra)-; wherein Ci. 

6alkyl, C2-6alkenyl, C2^alkynyl, Ci^cycloalkyl, C^alkoxy, C].6alkyl-S(0)w-, C). 

6alkylcarbonyl-N(Ra)-, Ci.6alkoxycarbonyl-N(R3)- may be optionally substituted by one or 

10 more substituents selected from Rp; 

Rh is independently selected for each occurrence from the group consisting of hydrogen, 

C)_6alkyl, C3-6alkenyl, C3.6alkynyL C3-6cycloalkyl, Cj.6alkyl-S(0)2-, Cj-galkoxycarbonyl-, 

R'RJN-carbonyl- and R1R!N-S02-; wherein Cj^alkyl, Cs^alkenyl, C3.6alkynyl C3.6cycloalkyl 

and Cj.6alkyl-S(0)2-, Ci^alkylcarbonyl- may optionally be substituted by one or more 

15 substituents selected from Rp; 

R1 and RJ are selected independently for each occurrence from the group consisting of 

hydrogen, Cj^alkyl, C3-6cycloalkyl, heterocyclyl and heterocyclylcarbonyl; wherein C 1.4alkyl 

and C3_6cycloalkyl may be optionally substituted by one or more substituents selected from 

fluorine, hydroxyl, cyano, RaRhN-, R^hN-carbonyl- and Cj^alkoxy and wherein heterocyclyl 

20 and heterocyclylcarbonyl may be optionally substituted by one or more substituents selected 

from Cj^aikyl, C2^alkenyl, C2^alkynyl, C3-6cycloalkyl, C^alkoxy, halo-Cj^-alkyl, hydroxyl-

Ci.6-alkyl, RaRbN-Ci_6alkyl- and Ci-6-alkoxy-Ci_6-alkyl group; and wherein if said heterocyclyl 

or heterocyclylcarbonyl contains a -NH moiety that nitrogen may optionally be substituted by 

one or more groups Cj^alkyl, C3_6alkenyl, C3.6alkynyl, Cs.gcycloalkyl, C]^alkyl-S(0)2- and Ci-

25 6-alkylcarbonyl;or R1 and R1 taken together with the nitrogen to which they are attached form a 

4-7 membered heterocyclic ring, which may have an additional heteroatom selected from O, S, 

or N; wherein the 4-7 membered heterocyclic ring may be optionally substituted on carbon by 

one or more substituents selected from the group consisting of fluorine, hydroxyl, oxo, cyano, 

Ci.^alkyl, Cj-^alkoxy, RaRbN~, RaRbN-S02- and RaRbN-carbonyl-; wherein said Cj^alkyl or C\. 

30 6alkoxy may optionally be substituted by fluorine, hydroxyl or cyano; and wherein the 4-7 

membered heterocyclic ring may be optionally substituted on nitrogen by one or more 

substituents selected from the group consisting of Ci^alkyl and R^^-carbonyl-; and wherein 
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said Cugalkyl may be optionally substituted by one or more substituents selected from the 

group consisting of fluorine, hydroxyl, cyano; 

Rp is independently selected, for each occurrence, from the group consisting of halogen, 

hydroxyl, cyano, Cj^alkoxy, R'RJN-, R'RjN-carbonyl-, R1RjN-S02- and RllJN-carbonyl-N(Ra)-; 

5 and pharmaceutically acceptable salts, stereoisomers, esters and prodrugs thereof 

[0007d] In another aspect, there is provided a compound selected from the group 

consisting of: cis-(3aRS,9bRS)-7-(benzenesulfonylamino)-l,3a,4,9b-tetrahydro-2H-furo[2,3-

c]chromene-6-carboxylic acid; cis-(3aRS,9bRS)-7-[2-(3-diethylaminopropyl)-4-

fluorobenzenesulfonyl-amino]-l,3a,4,9b-tetrahydro-2H-furo[2,3-c]chromene-6-carboxylic 

10 acid; cis-(3aRS,9bRS)-7-[2-(3-{pyrrolidin-l-yl}propyl)-4-fluorobenzene-sulfonylamino]-

l,3a,4,9b-tetrahydro-2H-furo[2,3-c]chromene-6-carboxylic acid: cis-(3aRS,9bRS)-7-[2-((Z)-3-

diethylaminoprop-l-enyl)-4-fluoro-benzenesulfonylamino]-l,3a,4,9b-tetrahydro-2H-furo[2,3-

c]chromene-6-carboxylic acid: cis-(3aR,9bR)~7-[2-((Z)-3-diethylaminoprop-l -enyl)-4-

fluorobenzenesulfonylamino]-l,3a,4,9b-tetrahydro-2H-faro[2,3-c]chromene-6-carboxylic acid; 

15 cis-(3aS,9bS)-7-[2-((Z)-3-diethylaminoprop-1-en yl)-4-fluorobenzenesulfonylamino]-1,3a,4,9b-

tetrahydro-2H~furo[2,3-c]chromene-6~carboxylic acid; 7-[2-((Z)-3-diethylaminoprop-l-enyl)-4-

fluorobenzenesulfonyl-amino]-l,2-dihydrofuro[2,3-c]quinoline-6-carboxylic acid formate salt; 

7-(benzenesulfonylamino))-l,2-dihydrofuro[2,3-c]quinoline-6-carboxylic acid formate salt; cis-

(3 aRS,9bRS)-7-[2-((Z)-3-diethylaminoprop-1 -enyl)-4-fluorobenzenesulfonylamino]-

20 l,2,3a,4,5,9b-hexahydrofuro[2,3-c]quinoline-6-carboxylic acid: (laRS,7bSR)-5-[2-((Z)-3-

diethylaminoprop-1 -enyl)-4-fluorobenzenesulfonylamino]-1,1 a,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laR,7bS)- 5-[2-((Z)-3-diethylaminoprop-

1 -enyl)-4-fluorobenzenesulfonylamino]-1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-

carboxylic acid; (laS,7bR)-5-[2-((Z)-3~diethylaminoprop-l-enyl)-4-

25 fluorobenzenesulfonylamino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid; 

(laRS,7bSR)-5-[2-((Z)-3-diethylaminoprop-l-enyl)-4-fluorobenzenesulfonylamino]-7b-

methyl-1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-[2-((E)-

3-diethylaminoprop-1-enyl)-4-fluorobenzenesulfonylamino]-7b-methyl-l ,1 a,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid; cis-(3aRS,9bRS)~7-[2-(4-dimethylamino-

30 butylamino)-benzenesulfonylamino]-l,3a,4,9b~tetrahydro-2H-furo[2,3-c]chromene-6-

carboxylic acid; (1 aR,7bS)-5-[2-(3-diethylaminopropyl)-4-fluorobenzenesulfonyl-amino]-

l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-[2-((Z)-3-

diethylaminoprop-1 -enyl)-4-fluorobenzene-sulfonylamino]-l, 1 -difluoro-1,1 a,2,7b-
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tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (1 aR,7bS)-5-[2-((Z)-3-diethylaminoprop-

1 -enyl)-4-fluorobenzene-sulfonylamino]-1,1 -difluoro-1,1 a,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laS,7bR)-5-[2-((Z)-3-diethylaminoprop-

1 -enyl)-4-fluorobenzene-sulfonylamino]-l, 1 -difluoro-l,la,2,7b-

5 tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-[2((Z)-3-ethylaminoprop-

l-enyl)-4-fhioro-benzenesulfonylamino]-l,la,2,7b-tetrahydrocyclopropa-[c]chromene-4-

carboxylic acid; (laR,7bS)-5-[2((Z)-3-ethylaminoprop-l-enyl)-4-

fluorobenzenesulfonylamino]-l,la,2,7b-tetxahydrocyclopropa[c]chromene-4-carboxylic acid; 

(laS,7bR)-5-[2((Z)-3-ethylammoprop-l-enyl)-4-fluorobenzeiie-sulfonylamino]-l,la,2,7b-

10 tetrahydro-cyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-{2[(Z)-3-(pyrrolidin-l-

yljprop-1 -enyl] -4-fluorobenzenesulfonyl amino} -1,1 a,2,7b-tetrahydro-cyclopropa[c] chromene-

4-carboxylic acid; (1 aR,7bS)-5- {2[(Z)-3-(pyrrolidin-1 -yl)prop-1 -enyl]-4-

fluorobenzenesulfonylamino}-l,la,2,7b-tetrahydro-cyclopropa[c]chromene-4-carboxylic acid; 

(laS,7bR)-5-{2[(Z)-3-(pyrrolidin-l-yl)prop-l-enyl]-4-fluorobenzenesulfonylamino}-l,la,2,7b-

15 tetrahydro-cyclopropa[c]chromene-4-carboxyiic acid; (laRS,7bSR)-5-[2-(3-dimethylamino-

propylammo)benzene-sulfonylamino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-

carboxylic acid; (laR,7bS)-5-[2-(3-dimethylaminopropylamino)benzene-sulfonylamino]-

1,1 a,2,7b-tetxahydrocyclopropa[c]cliromene-4-carboxylic acid; (laS,7bR)-5-[2-(3~ 

dimethylamino-propylamino)benzene~sulfonylamino]-l,la,2,7b-

20 tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-[2-(4-

dimethylaminobutylamino)benzene-sulfonylamino]-l, 1 a,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laR,7bS)-5-[2-(4-dimethylaminobutyl-

amino)benzene-sulfonylamino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid; 

(1 aS,7bR)-5-[2-(4-dimethylaminobutyiamino)benzene-sulfonylamino]-l, 1 a,2,7b-

25 tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (1 aRS,7bSR)-5-[2-(5-dimethylamino-

pentylammo)benzene-sulfonylamin.o]-l,la,2,7b-tetrab.ydrocyclopropa[c]chromene-4-

carboxylic acid; (laRS,7bSR)-5-{2[(Z)-3-(propan-2-yl)aminoprop-l-enyl]-4-fluorobenzene-

sulfonylamino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene~4~carboxylic acid; (laRS,7bSR)-

5~{2[(Z)-3-((S)-3-hydroxypyrrolidin-l-yl)aminoprop-l-enyl]-4-fluorobenzenesulfonylamino}-

30 l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-{2[(Z)-3-((R)~ 

3-hydroxypyrrolidin-1 -yl)aminoprop-1 -enyl]-4-fluorobenzene-sulfonylamino} -1,1 a,2,7b-

tetrahydro-cyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-[2((Z)-4-

diethylaminobut-1 -enyl)-4-fluorobenzenesulfonyl-amino]-l, 1 a,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laR,7bS)-5-[2((Z)-4-diethylaminobut-l-
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enyl)-4-fluorobenzenesulfonyl-aminol-1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-

carboxylic acid; (laS,7bR)-5-[2((Z)-4-diethyiaminobut-l-enyl)-4-fluorobenzenesulfonyl-

amino]-l,la,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-{2-[2-

(4-ethylpiperazin-l-yl)-ethyl]-4-fluorobenzenesulfonylamino}-l,la,2,7b~ 

5 tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-{2[(Z)-3-(azetidin-l-

yl)prop-1 -eiiyl]-4-fluorobenzene-sulfonylamino} -1,1 a,2,7b-tetrahydro-cyclopropa[c]chromene-

4-carboxylic acid; (laRS,7bSR)-5-{2[(Z)-3-(3-hydroxyazetidin-l-yl)prop-l-enyl]-4-

fluorobenzene-sulfonylamino}-l,la,2,7b-tetrahydro-cyclopropa[c]chromene-4-carboxylic acid; 

(laRS,7bSR)-5-{2[(Z)-3~(azetidin~l-yl)propyl]-4-fluorobenzenesulfonylamino}-l,la,2,7b-

10 tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-[2((Z)-4-

diethylaminobutyi)-4-fluorobenzenesulfony!amino]-l, 1 a,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-{2-[N-(4-dimethylamino-

butyl)-N-methylamino]-benzenesulfonyl-amino}-l,la,2,7b-tetrahydrocyclopropa-[c]chromene-

4-carboxylic acid; (laRS,7bSR)-5-{2-[((S)-l-ethylpyrrolidin-3-ylcarbamoyl)methyl]-4-fluoro~ 

15 benzenesulfonyl-amino}-1,1 a,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxylic acid; 

(laRS,7bSR)-5-[2-(l-ethylazetidin-3-yl)-4-fluorobenzenesulfonylamino]-lsla,2,7b-tetrahydro-

cyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-{2-[((R)-l-ethylpyrrolidin-3-

ylcarbamoyl)methyl]-4-fluorobenzenesulfonyl-amino} -1,1 a,2,7b-tetrahydro~cyclopropa-

[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-{2-[2-(pyrrolidin-l-yl)-ethyl]-4-

20 fluorobenzenesulfonylamino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid; 

(laRS,7bSR)-5-[2-((R)-l-ethylpyrrolidin-3-ylmethyl)-4-fluorobenzenesulfonyl-amino]-

l,la,2,7b-tetrahydro~cyclopropa[c]chromene-4-carboxylic acid; (laR,7bS)-5-[2-((R)-l-

ethylpyrrolidin-3-ylmethyl)-4-fluorobenzenesiilfonyl-amino]-l, 1 a,2,7b-tetrahydro~ 

cyclopropa[c]chromene-4-carboxylic acid; (laS,7bR)-5-[2-((R)-l-ethylpyrrolidin-3-ylmethyl)-

25 4-fluorobenzenesulfonyl-amino]-l,la,2,7b-tetrahydro-cyclopropa[c]chromene-4-carboxylic 

acid; (laRS,7bSR)-5-{2-[((S)-l-ethylpyrrolidin-2-yl)cabonyl-aminomethyl]-4-

fluorobenzenesulfonyl-amino} -1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid; 

(1 aRS,7bSR)-5-[2-(4-dimethylaminobutyrylamino)-4-fluorobenzenesul fonyl-amino] -1,1 a,2,7b-

tetrahydrocyclopropa-[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-[2-((S)-l-ethvl-

30 pyrrolidin-3-ylmethyl)-4-fluorobenzenesulfonyl-amino]-l,la,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-[2-(3-

dimethylaminopropylcarbamoyl)benzene-sulfonylamino]-l, 1 a,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-(2-{[N-((S)-l-ethyl-

pyrrolidin-3 -yl)~N-methylcarbamoyl]methyl} -4-fluoro-benzenesulfonylamino)-1,1 a,2,7b-
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tetrahydrocyclopropa-[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-(2~{[N-((R)-l-

ethylpyrrolidin-3-yl)-N-methylcarbamoyl]methyl} -4-fluoro-benzenesulfonylamino)-1,1 a,2,7b-

tetrahydrocyclopropa-[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-{2-[2-((S)-l-

ethylpyrrolidin-2-yl)ethylamino] -benzenesulfonyl-amino} -1,1 a,2,7b-tetrahydrocyclopropa-

5 [c]chromene-4-carboxylic acid; (laRS,7bSR)-5-{2-[2-((R)-l-ethylpyrrolidin-2-yl)ethylamino]-

benzenesulfonyl-amino}-l,la,2,7b-tetrahydrocyclopropa-[c]chromene-4~carboxylic acid; 

(laRS,7bSR)-5-[2-(3-N,N,-dietliylaminopropylamino)benzene-sulfonylamino]-l,la,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR}-5-(2-{[((R)-l-

ethylpyrrolidine-2-yl)carbonyl-amino]methyl} -4-fluorobenzenesulfonylamino)~ 1,1 a,2,7b-

10 tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-{2-[(l-etliylazetidin-3~ 

ylmethyl)amino]benzene-sulfonylamino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-

carboxylic acid; (laR,7bS)-5-[2-((Z)-3-diethy].aminoprop-l-enyl)benzenesulfonylamino]-

l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laS,7bR)-5-[2-((Z)-3-

diethylaminoprop-l-enyl)benzenesulfonylamino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-

15 4-carboxylic acid; (laRS,7bSR)-5-(2~{N-[((R)-l-ethylpyrrolidine-2-yl)carbonyl]-N-

methylaminomethyl}-4-fluorobenzenesulfonylaniino)-l,la,2,7b-tetrahvdrocyclopropa-

[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-(2-{N-[((S)-l-ethylpyn-olidine-2-yl)carbonyl]-

N-methylamino-methyl}-4-fluorobenzenesulfonylamino)-l,la,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylic acid; (1 aRS,7bSR)-5-[2-(4-dimethylaminobutylamino)-4-

20 fluorobenzenesulfonyl-amino] -1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid; 

(laRS,7bSR)-5-{2-[((R)-l-ethylpyrrolidin-3-ylmethyl)amino]-benzenesulfonylamino}-

l,la,2,7b-tetrahydrocyclopropa-[c]chromene~4-carboxylic acid; (laRS,7bSR)-5-{2-[((S)-l-

ethylpyrrolidin-3-ylmethyl)amino]-benzenesulfonylamino}-l,la,2,7b-tetrahydrocyclopropa-

[c3chromene-4-carboxylic acid; (laRS,7bSR)-5-[2-(4-ethyl-2-oxopiperazin-l-ylmethyl)-4-

25 fluorobenzene-sulfonylamino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid; 

(laRS,7bSR)-5-[2-(l-ethylpiperidin-4-ylmethyl)-4-fluoro-benzenesulfonylamino]-l,la,2,7b-

tetrahydrocyclopropa-[c]chi'omene-4-carboxylic acid; (1 aRS,7bSR)-5-{2-[2-(l-ethylazetidin-3-

yl)ethyl]-4-fluorobenzenesulfonyl-amino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-

carboxylic acid; (laRS,7bSR)-5-{2-[((S)-l-azabicyclo[2.2.2]oct-3-yl)amino]benzenesulfonyl-

30 amino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-{2-

[((R)-l-azabicyclo[2.2.2]oct-3-yl)amino]benzenesuifonyi-amino}-l,la,2,7b-

tetrahydrocyclopropa-[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-(2-{[((S)-l-

ethylpyrrolidine-3-carbonyl)-amino]methyl}-4-fluoro-benzenesulfonylamino)-l,la,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-{2-[2-((R)-l-



2q 

ethylpyrrolidin-3-ylamino)ethyl]-4-fluoro-benzenesulfonylamino}-l,la,2,7b-

tetrahydrocyclopropa-[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-{2-[((R)-l-

ethylpyrrolidin-3 -yl)amino] -benzenesulfonylamino} -1,1 a,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-{2-[((S)-l-ethylpyrrolidin-3-yl)amino]-

benzenesulfonylamino}-l,la,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxylic acid; 

(laRS,7bSR)-5-(2-{[((R)-l-ethylpyrrolidine-3-carbonyl)amino]-methyl}-4-fluoro-

benzenesulfonylamino)-l,la.2,7b-tetrahydro-cyclopropa[c]chromene-4-carboxyIic acid; 

(laRS,7bSR)-5-[2-((Z)-3-diethylamino-2-methylprop~l-enyl)-4-fluorobenzene-sulfonylamino]~ 

l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-{2-[2-((R)-l-

ethylpyrrolidin-3-yl)ethylamino]-benzenesulfonylamino}-l,la,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-{2-[2-((S)~l~ethylpyrrolidin~3-yl)ethylamino]-

benzenesulfonyl-amino}-l,la,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxylic acid; 

(laR,7bS)-5-[2-((S)-l-ethylpyrrolidin-3~yloxymethyl)~4-fluoro-benzenesulfonylamino]~ 

l,la,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxylic acid; (laR,7bS)-5-[2-((R)-l-

ethylpyrrolidin-3-yloxymethyl)-4-fluoro-benzenesulfonylamino]-l,la,2,7b-tetrahydro-

cyclopropa-[c]chromene-4-carboxylic acid; (laR,7bS) -5-[2-(l-ethylpiperidin-3-ylmethyl)-4-

fluorobenzene-sulfonylamino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid; 

(1 aR,7bS)-5- (2-[2-((R)-1 -ethylpyrrolidin-2-yl)ethyl]-4-fluorobenzenesulfonyl-amino} -

l,la,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxylic acid; and pharmaceutically 

acceptable salts, stereoisomers, esters and prodrugs thereof. 

[0007e] In another aspect, there is provided a pharmaceutically acceptable composition 

comprising a compound as defined above and a pharmaceutically acceptable excipient. 

f0007fj In another aspect, there is provided the use of a compound as defined above in 

the manufacture of a medicament for treating and/or controlling obesity in a patient in need 

thereof. 

[0007g] In another aspect, there is provided the use of a compound as defined above in 

the manufacture of a medicament for inducing weight loss in a patient in need thereof. 
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[00081 The features and other details of the disclosure will now be more particularly 
described. Before further description of the present invention, certain terms employed in the 
specification, examples and appended claims are collected here. These definitions should be 
read in light of the remainder of the disclosure and as understood by a person of skill in the art. 

5 Unless defined otherwise, all technical and scientific terms used herein have the same meaning 
as commonly understood by a person of ordinary skill in the art. 

Definitions 

[0009] "Treating'" includes any effect, e.g., lessening, reducing, modulating, or 
eliminating, that results in the improvement of the condition, disease, disorder and the like. 

] 0 [0010] The term "alkenyl" as used herein refers to an unsaturated straight or branched 
hydrocarbon having at least one carbon-carbon double bond. Exemplary alkenyl groups 
include, but are not limited io, a straight or branched group of 2-6 or 3-4 carbon atoms, referred 
to herein as C2-6alkenyl, and C^alkenyl, respectively. Exemplary alkenyl groups include, but 
are not limited to, vinyl, allyl, butenyl, pentenyl, etc. 

15 [0011] The term "alkoxy'' as used herein refers to a straight or branched alkyl group 
attached to oxygen (alky!-0-). Exemplary alkoxy groups include, but are not limited to, 
alkoxy groups of 1-6 or 2-6 carbon atoms, referred to herein as Ci^alkoxy, and C2-6alkoxy, 
respectively. Exemplary alkoxy groups include, but are not limited to methoxy, ethoxy, 
isopropoxy, etc. 

20 [0012] The term "alkoxyalkyl" as used herein refers to a straight or branched alkyl 
group attached to oxygen, attached to a second straight or branched alkyl group (alkyi-O-alkyl-
). Exemplary alkoxyalkyl groups include, but are not limited to, alkoxyalkyl groups in which 

each of the alkyl groups independently contains 1-6 carbon atoms, referred to herein as Q. 
ealkoxy-Cj-galkyl. Exemplary alkoxyalkyl groups include, but are not limited to 

25 methoxymelhyl, 2-methoxyethyl, 1-methoxyethyl, 2-methoxypropyl, ethoxymethyl, 2-
isopropoxyelhyl etc. 

[0013] The term "alkyoxycarbony]" as used herein refers to a straight or branched alkyl 
group attached to oxygen, attached to a carbonyl group (alkyl-O-C(O)-). Exemplary 
alkoxycarbonyl groups include, but are not limited to, alkoxycarbonyl groups of 1-6 carbon 
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atoms, referred to herein as C|.6alkoxycarbonyl. Exemplary alkoxycarbonyl groups include, but 

are not limited to, methoxycarbonyl, ethoxycarbonyl, t-butoxycarbonyl, etc. 

[0014] The term "aikenyloxy" used herein refers to a straight or branched alkenyl group 

attached to oxygen (alkenyl-O-). Exemplary aikenyloxy groups include, but are not limited to, 

5 groups with an alkenyl group of 3-6 carbon atoms, referred to herein as C3.6alkenyloxy. 

Exemplary "aikenyloxy" groups include, but are not limited to allyloxy, butenyloxy, etc. 

[0015] The term "alkynyloxy" used herein refers to a straight or branched alkyny] 

group attached to oxygen (alkynyl-O). Exemplary alkynyloxy groups include, but are not 

limited to, groups with an alkynyl group of 3-6 carbon atoms, referred to herein as C3-

10 f,alkynyloxy. Exemplary alkynyloxy groups include, but are not limited to, propynyloxy, 

butynyloxy, etc. 

[0016] The term "alkyl" as used herein refers to a saturated straight or branched 

hydrocarbon. Exemplary alkyl groups include, but are not limited to, straight or branched 

hydrocarbons of 1-6, 1-4, or 1-3 carbon atoms, referred lo herein as Cj-galkyl, Chalky!, and Cj. 

15 salkyl, respectively. Exemplary alky] groups include, but are not limited to, methyl, ethyl, 

propyl, isopropyl, 2-methyl-l-butyl, 3-methyl-2-butyl, 2-methyl-l-pentyl, 3-methyI-l-pentyl, 

4-methyl-l-pcntyl, 2-methyl-2-pentyl, 3-methyl-2-pentyl, 4-methyl-2-pentyl, 2.2-dimethyl-l-

butyl, 3,3-dimethyl-l-butyl, 2-ethyl-l-butyl, butyl, isobutyl, t-butyl, pentyl. isopentyl, 

neopentyl, hexyl, etc. 

20 [0017] The term "alkylcarbonyl" as used herein refers to a straight or branched alkyl 

group attached lo a carbonyl group (alkyl-C(O)-). Exemplary alkylcarbonyl groups include, but 

are not limited to, alkylcarbonyl groups of 1-6 atoms, referred to herein as Ci.6aJkylcarbonyl 

groups. Exemplary alkylcarbonyl groups include, but are not limited to, acetyl, propanoyl, 

isopropanoyl, butanoyl, etc. 

25 [0018] The term "alkynyl" as used herein refers to an unsaturated straight or branched 

hydrocarbon having at least one carbon-carbon triple bond. Exemplary alkynyl groups include, 

but are nol limited to, straight or branched groups of 2-6, or 3-6 carbon atoms, referred to 

herein as C2-6alkynyl, and C^alkynyl, respectively. Exemplary alkynyl groups include, but are 

not limited to, elhynyl, propynyl, bulynyl, pentynyl, hexynyl, meihylpropynyl, eic. 

30 [0019] The term "carbonyl" as used herein refers to the radical -C(O)-. 

[0020] The term "cyano" as used herein refers to the radical -CN. 
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[0021] The term "cycioalkoxy" as used herein refers to a cycloalkyl group attached to 

oxygen (cycIoalkyl-O-). Exemplary cycioalkoxy groups include, but are not limited to, 

cycioalkoxy groups of 3-6 carbon atoms, referred lo herein as C3_6cycloalkoxy groups. 

Exemplary cycioalkoxy groups include, but are not limited lo, cyclopropoxy, cyclobutoxy, 

5 cyclohexyloxy, ctc 

[0022] The terms "cycloalkyl" or a "carbocyclic group" as used herein refers to a 

saturated or partially unsaturated hydrocarbon group of, for example, 3-6, or 4-6 carbons, 

referred to herein as C^cycloalkyl or C^cycloalkyl, respectively. Exemplary cycloalkyl 

groups includc, but are not limited lo, cyclohexyl, cyclopentyl, cyclopentenyl, cyclobutyl or 

10 cyclopropyl. 

[0023] The lerms "halo" or "halogen" as used herein refer to F, CI, Br, or I. 

[0024] The lerms "heteroaryl" or "heteroaromalic group" as used herein refers lo a 

monocyclic aromatic 5-6 membered ring system containing one or more heteroatoms, for 

example one to three heteroatoms, such as nitrogen, oxygen, and sulfur. Where possible, said 

15 heteroaryl ring may be linked lo the adjacent radical though carbon or nitrogen. Examples of 

heteroaryl rings include but are not limited to furan, ihiophene, pyrrole, thiazole, oxazole, 

isothiazole, isoxazolc, imidazole, pyrazolc, triazole, pyridine orpyrimidine etc. 

[0025] The terms "heterocyclyl" or "heterocyclic group" are art-recognized and refer to 

saturated or partially unsaturated, 4-10 membered ring structures, including bridged or fused 

20 rings, and whose ring structures include one to three heteroatoms, such as nitrogen, oxygen, 

and sulfur. Where possible, heterocyclyl rings may be linked lo Ihe adjacent radical through 

carbon or nitrogen. Examples of heterocyclyl groups include, but are not limited to, 

pyrrolidine, piperidine, morpholine, thiomorpboline, piperazine, oxeiane, azetidine, 

tetrahydrofuran or dihydrofuran etc. 

25 10026] The term "heterocyclyloxy" as used herein refers to a heterocyclyl group 

attached lo oxygen (heierocyclyl-O-). 

[0027] The term "heleroaryloxy" as used herein refers to a heteroaryl group attached to 

oxygen (heteroaryl-O-). 

[0028] The terms "hydroxy" and "hydroxy!" as used herein refers to Ihe radical -OH. 

30 [0029] The term "oxo" as used herein refers to the radical =0. 
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[0030] "Pharmaceutically or pharmacologically acceptable" include molecular entities 
and compositions that do not produce an adverse, allergic or other untoward reaction when 
administered to an animal, or a human, as appropriate. For human administration, preparations 
should meet sterility, pyrogenicity, and general safety and purity standards as required by FDA 

5 Office of Biologies standards. 

[0031] The term "pharmaceutically acceptable carrier" or "pharmaceulically acceptable 
excipient" as used herein refers to any and all solvents, dispersion media, coatings, isotonic and 
absorption delaying agents, and the like, that are compatible with pharmaceutical 
administration. The use of such media and agents for pharmaceulically active substances is 

10 well known in the art. The compositions may also contain other active compounds providing 
supplemental, additional, or enhanced therapeutic functions. 

[0032] The term "pharmaceutical composition" as used herein refers to a composition 
comprising at least one compound as disclosed herein formulated together with one or more 
pharmaceutically acceptable carriers. 

15 [0033] "Individual," "patient," or "subject" are used interchangeably and include any 

animal, including mammals, preferably mice, rats, other rodents, rabbits, dogs, cats, swine, 
cattle, sheep, horses, or primates, and most preferably humans. The compounds of the 
invention can be administered to a mammal, such as a human, but can also be administered to 
other mammals such as an animal in need of veterinary treatment, e.g., domestic animals (e.g., 

20 dogs, cats, and the like), farm animals {e.g., cows, sheep, pigs, horses, and the like) and 
laboratory animals {e.g., rats, mice, guinea pigs, and the like). The mammal treated in the 
methods of the invention is desirably a mammal in which treatment of obesity or weight loss is 
desired. "Modulation" includes antagonism (e.g., inhibition), agonism, partial antagonism 
and/or partial agonism. 

25 [0034] In the present specification, the term "therapeutically effective amount" means 
the amount of the subject compound that will elicit the biological or medical response of a 
tissue, system or animal, (e.g. mammal or human) that is being sought by the researcher, 
veterinarian, medical doctor or other clinician. The compounds of the invention are 
administered in therapeutically effective amounts to treat a disease. Alternatively, a 

30 therapeutically effective amount of a compound is the quantity required to achieve a desired 
therapeutic and/or prophylactic effect, such as an amount which results in weight loss. 
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[0035] The term "pharmaceuticajly acceptable salt(s)" as used herein refers to salts of 
acidic or basic groups that may be present in compounds used in the compositions. 
Compounds included in the present compositions that are basic in nature are capable of forming 
a wide variety of salts with various inorganic and organic acids. The acids that may be used to 

5 prepare pharmaceutically acceptable acid addition salts of such basic compounds are those that 
form non-toxic acid addition salts, i.e., salts containing pharmacologically acceptable anions, 
including, but not limited to, malate, oxalate, chloride, bromide, iodide, nitrate, sulfate, 
bisulfate, phosphate, acid phosphate, isonicotinale, acetate, lactate, salicylate, citrate, tartrate, 
oleate, tannate, pantothenate, bitartrate, ascorbate, succinate, maleate, gentisinate, fumarate, 

10 gluconate, glucaronate, saccharale, formate, benzoate, glutamate, melhanesulfonate, 
ethanesulfonate, benzenesulfonate, /?-toluenesulfonate and pamoate (i.e., 1,1 '-methylene-/?;5-(2-
hydroxy-3-naphlhoate)) salts. Compounds included in the present compositions that are acidic 
in nature are capable of forming base salts with various pharmacologically acceptable cations. 
Examples of such salts include alkali metal or alkaline earth metal salts, particularly calcium, 

15 magnesium, sodium, lithium, zinc, potassium, and iron salts. Compounds included in the 
present compositions that include a basic or acidic moiety may also form pharmaceutically 
acceptable salts with various amino acids. The compounds of the disclosure may contain both 
acidic and basic groups; for example, one amino and one carboxylic acid group. In such a case, 
the compound can exist as an acid addition salt, a zwitterion, or a base salt. 

20 [0036] The compounds of the disclosure may contain one or more chiral centers and, 
therefore, exist as stereoisomers. The term "stereoisomers" when used herein consist of all 
enanliomers or diastereomers. These compounds may be designated by the symbols "(+)." "(-
V "R" or "S," depending on the configuration of substituents around the stereogenic carbon 

atom, but the skilled artisan will recognize that a structure may denote a chiral center 
25 implicitly. The present invention encompasses various stereoisomers of these compounds and 

mixtures thereof. Mixtures of enantioiners or diastereomers may be designated in 
nomenclature, but the skilled artisan will recognize that a structure may denote a chiral center 
implicitly. 

[0037] The compounds of the disclosure may contain one or more double bonds and, 
30 therefore, exist as geometric isomers resulting from the arrangement of substituents around a 

carbon-carbon double bond. The symbol denotes a bond that may be a single, double or triple 
bond as described herein. Substituents around a carbon-carbon double bond are designated as 
being in the "Z' or "E" configuration wherein the terms "Z' and "E" are used in accordance 
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with IUPAC standards. Unless otherwise specified, structures depicting double bonds 
encompass both the "E" and "Z" isomers. Substituents around a carbon-carbon double bond 
alternatively can be referred to as "cis" or "trans," where "cis" represents substituents on the 
same side of the double bond and "trans" represents substituents on opposite sides of the 

5 double bond. 

[0038] Compounds of (he disclosure may contain a carbocyclic or heterocyclic ring and 
therefore, exist as geometric isomers resulting from the arrangement of substituents around the 
ring. The arrangement of substituents around a carbocyclic or heterocyclic ring are designated 
as being in the "Z" or "E" configuration wherein the terms "Z" and "E" are used in 

10 accordance with IUPAC standards. Unless otherwise specified, structures depicting carbocyclic 
or heterocyclic rings encompass both "Z" and "E" isomers. Substituents around a carbocyclic 
or heterocyclic rings may also be referred to as "cis" or "trans", where the term "cis" represents 
substituents on the same side of the plane of the ring and the term "trans" represents 

substituents on opposite sides of the plane of the ring. Mixtures of compounds wherein the 
15 substituents are disposed on both the same and opposite sides of plane of the ring are 

designated "cis/trans." 

[0039] Individual enantiomers and diasteriomers of compounds of the present invention 
can be prepared synthetically from commercially available starting materials that contain 
asymmetric or stereogenic centers, or by preparation of racemic mixtures followed by 

20 resolution methods well known to those of ordinary skill in the art. These methods of 
resolution are exemplified by (1) attachment of a mixture of enantiomers to a chiral auxiliary, 
separation of the resulting mixture of diastereomers by recrystallization or chromatography and 
liberation of the optically pure product from the auxiliary, (2) salt formation employing an 
optically active resolving agent, (3) direct separation of the mixture of optical enantiomers on 

25 chiral liquid chromatographic columns or (4) kinetic resolution using stereoselective chemical 
or enzymatic reagents. Racemic mixtures can also be resolved into their component 
enantiomers by well known methods, such as chiral-phase liquid chromatography or 
crystallizing the compound in a chiral solvent. Stereoselective syntheses, a chemical or 
enzymatic reaction in which a single reactant fonns an unequal mixture of stereoisomers during 

30 the creation of a new stereocenter or during the transformation of a pre-existing one, are well 
known in the art. Stereoselective syntheses encompass both enantio- and diastereoselective 
transformations, and may involve the use of chiral auxiliaries. For examples, see Carreira and 
Kvaemo, Classics in Stereoselective Synthesis, Wiiey-VCH: Weinheim, 2009. 
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[0040] The compounds disclosed herein can exist in solvated as well as unsolvated 
forms with pharmaceutically acceptable solvents such as water, ethanol, and the like, and it is 
intended that the invention embrace both solvated and unsolvated forms. In one embodiment, 
the compound is amorphous. In one embodiment, the compound is a single polymorph, in 

5 another embodiment, the compound is a mixture of polymorphs. In another embodiment, the 
compound is in a crystalline form. 

[0041] The invention also embraces isotopically labeled compounds of the invention 
which are identical to (hose recited herein, except that one or more atoms are replaced by an 
atom having an atomic mass or mass number different from the atomic mass or mass number 

10 usually found in nature. Examples of isotopes that can be incorporated into compounds of the 
invention include isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorus, sulfur, fluorine 
and chlorine, such as 2H, 3H, 13C, WC, 15N, !80,170,31P, 32P, 35S, 18F, and 36C1, respectively. 
For example, a compound of the invention may have one or more H atom replaced with 
deuterium. 

15 [0042] Certain isolopically-labeled disclosed compounds1 (e.g., those labeled with 3H 
and l4C) are useful in compound and/or substrate tissue distribution assays. Tritiated (i.e., JH) 
and carbon-14 (i.e., 14C) isotopes are particularly preferred for their ease of preparation and 
detectability. Further, substitution with heavier isotopes such as deuterium (i.e., 2H) may afford 
certain therapeutic advantages resulting from greater metabolic stability {e.g., increased in vivo 

20 half-life or reduced dosage requirements) and hence may be preferred in some circumstances. 
Isotopically labeled compounds of the invention can generally be prepared by following 
procedures analogous to those disclosed in (he examples herein by substituting an isotopically 
labeled reagent for a non-isolopically labeled reagent. 

[0043] The term "prodrug" refers to compounds that are transformed in vivo to yield a 
25 disclosed compound or a pharmaceutically acceptable salt, hydrate or solvate of the compound. 

The transformation may occur by various mechanisms (such as by esterase, amidase, 
phosphatase, oxidative and or reductive metabolism) in various locations (such as in the 
intestinal luimn or upon transit of the intestine, blood or liver). Prodrugs are well known in the 
art (for example, see Rautio, Kumpulainen, et al. Nature Reviews Drug Discovery 2008, 7, 

30 255). For example, if a compound of the invention or a pharmaceutically acceptable salt, 
hydrate or solvate of the compound contains a carboxylic acid functional group, a prodrug can 
comprise an ester formed by the replacement of the hydrogen atom of (he acid group with a 
group such as (C].g)alkyl, (C2-i?)alkylcarbonyloxymethyl, i-(alkylcarbonyloxy)ethyl having 
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20 

15 

20 

from 4 to 9 carbon atoms, l-methyl-l-(alky]carbonyloxy)-ethy] having from 5 to iO carbon 

atoms, alkoxycarbonyloxymethyl having from 3 to 6 carbon atoms, 1-

(alkoxycarbonyioxy)ethyl having from 4 to 7 carbon atoms, 1-methyl-1-

(alkoxycarbonyloxy)ethyl having from 5 to 8 carbon atoms, N-(alkoxycarbony])aminomethyl 

having from 3 to 9 carton atoms, l-(N-(alkoxycarbonyl)amino)ethyI having from 4 to 10 

carbon atoms, 3-phthalidyl, 4-crotonolactonyl, gamma-butyrolacton-4-yl, di-N,N-(Cj. 

2)aIkylamino(C2-3)alkyl (such as fi-dimethylaminoethyl), caibamoyl-(C-.2)alky], N,N-di(C). 

2)a]kyIcarbamoyl-(Ci.2)alkyl and piperidino-, pyrrolidino- or morpho]ino(C2-3)aIkyl. 

[0044] Similarly, if a compound of the invention contains an alcohol functional group, a 

prodrug can be formed by the replacement of the hydrogen atom of the alcohol group with a 

group such as (Ci.6)alky3carbonyloxymethyl, l-((Ci.6)alkylcarbonyloxy)ethyl, l-meihyI-l-((C|. 

g)alkylcarbonyloxy)ethyl (C;_6)alkoxycarbonyloxymethyl, N-(Ci. 

6)alkoxycarbonylaminomethyl, succinoyl, (C>„6)alky]carbonyl, a-amino(Ci^)alkylcarbonyl, 

arylalkylcarbonyl and a-aminoalkylcarbonyl, ora-aminoalkylcarbonyl-ct-aminoalkylcarbonyl, 

where each a-aminoalkylcarbonyl group is independently selected from the naturally occurring 

L-amino acids, P(0)(0H)2, -P(0)(0(Ci.6jalkyl)2 or glycosyl (the radical resulting from the 

removal of a hydroxyl group of the hemiacetal form of a carbohydrate). 

[0045] If a compound of the invention incorporates an amine functional group, a 

prodrug can be formed, for example, by creation of an amide or carbamate, an N-

alkylcarbonyloxvalkyl derivative, an (oxodioxolenyl)methyl derivative, an N-Mannich base, 

imine or enarnine. In addition, a secondary amine can be melabolically cleaved to generate a 

bioactive primary amine, or a tertiary amine can metabolically cleaved to generate a bioactive 

primary or secondary amine. For examples, see Simplicio, et al., Molecules 2008, 13, 519 and 

references therein. 

I. Tricyclic Compounds 

[0046] In certain embodiments, the present invention provides compounds of Formula I 

or Formula II: 
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wherein 
B1 may be a 3-6 membered saturated or partially unsaturated heterocyclic or carbocyclic 

ring; 

B2 may be a 3-6 membered saturated heterocyclic or carbocyclic ring; 

5 wherein the ring B1 or B2 may optionally be substituted by one or more fluorine atoms 
on any of the available carbon atoms 

D' may be a 5-7 membered heterocyclic, carbocyclic, heteroaromatic or aromatic ring; 

D2 may be a 5-7 membered heterocyclic or carbocyclic ring; 

wherein Bi is fused to D1 such that the two atoms shared by B1 and D1 are both carbon 
10 and B2 is fused to D2 such lhat the iwo atoms shared by B2 and D2 are both carbon; and wherein 

for Formula I the bond common to bolh theB' and D1 rings maybe a single or double bond; 

X! may be selected from the group consisting of: +-C(RDIRD2)-*, +-W!-*, +-C(RD1Rm)-
C(RD5RD6)-*, +-C(RC1)^C(RC2)-*, +-W2-C(RD5RDV, +-W2-C(0)-*, +-C(RD1RD2)-W4-*, +-
N=C(RC2)-*, +-C(RC1)=N-*, +-C(RDiRD2)-C(RD3RD4)-C(RD5RD5)-*, +-W2-C(RD3Rm)-

15 C(RD5RD6)-*, *-W2-C(0)-C(RD5RD6)-*, "l'-C(RD1RD2}-W3-C(R.D5RD6)-!t:, +-C(RD1RD2)-W3-C(0)-
*, +-C(RD1RD2)-C(RD'SRD4>W4-* and *-C(RDlRD2)-C(0)-W4-*; wherein the * and * indicate the 
attachment points of X1 as indicated in Formula I; 

X2 may be selected from ihe group consisting of: +-C(RD1RD2)-*, +-W'-*, +-C(RmRD2)-
CfRD5RDV\ +-W2-C(RD5RD6)-!tI, ^-W2-C(0)-*, ^-C(RD1RD2)-W4^, +-C(RD!RD2)-C(RD3RD4)-

20 C(RD5RD6)-*, +-W2-C(RD3RD4)-C(RD5RD6)-*, +-W2-C(0)-C(RD5RD6)-*. +-C(R"'RD2)-W3-
COR^R®6)-*, +-C(RDiRD2)-W3-C(0)-*, +-C(RD1RD2)-C(RD3RD4)-W4-* and +-C(RD1RD2)-C(0)-
W4-*; wherein the * and * indicate the attachment points of X2 as indicated in Formula II; 

Y may be selected from the group consisting of: a bond, *-CH2-#, *-0-#, *-CH2-CH2-4, 
*-0-CH2-#, *-CH2-0-', *-CH2-CH2-CH2-#> *-0-CH2-CH2-# and *-CH2-0-CH2-s; wherein the * 

25 and # indicate the attachment, points of Y as indicated in Formula I or Formula II; 

W1 may be selected from the group consisting of O, S, or N(RN1); 

W2 may be selected from the group consisting of O or N(RN2); 

W3 may be selected from the group consisting of O or N(RN3); 

W4 may be selected from the group consisting of O or N(RN4); 
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A may be a ring selected from the group consisting of phenyl, a 5-6 membered 

heteroaryl having 1, 2 or 3 heteroatoms each selected from S, N or 0, and a 4-7 membered 

heterocycle having 1, 2 or 3 heteroatoms each selected from N or O; 

RB1 and R52 are independently selected from the group consisting of H, F, OH, CN, 

5 C^alkoxy or C^alkyl; wherein Chalky! and Cj^alkoxy are optionally substituted by a group 

selected from OH, C^alkoxy, CN or one or more fluorine atoms; 

RAI may be selected, independently for each occurrence, from the group consisting of 

hydrogen, hydroxyl, cyano, halogen, C^alkyl or C^alkoxy; wherein Q^alkyl, or Cj^alkoxy 

may be optionally substituted by one or more fluorines; 

10 n may be 1 or 2; 

RA2 may be selected from the group consisting of hydrogen, R'R'N-, heterocyclyl, 

heterocyclyloxy and heterocyclyl-(NRa>; wherein said heterocyclyl may optionally be 

substituted by one or more substituents selected from RE and wherein if said hetcrocyclyl 

contains a -NH moiety that nitrogen may optionally be substituted by one or more groups Rh; 

15 or 

RA2 may be selected from the group consisting of: Ci.f,alkyl, C2-6alkenyl, Ca-salkynyl, 

Cj.6cycloalkyl, Ci^alkoxy, Cj-ealkenyloxy, Cj^alkynyloxy, C3.6cycloalkoxy, C>.f,alky]-S('0)w-

(wherein w is 0, 1 or 2), Ci.6aikyI-N(Ra)-, C|_6aIkyl-N(Ra>-carbonyl-, Ci^alkylcarbonyl-N(Ra)-, 

Cwalkyl-N(Ra)-caibonyl-N(R')-, C,.6alkyl~N(Ra)-SOr, C^alkyl-SOrNCR3)-, C,. 

20 (-,alkoxycarbonyl-N(Ra)-, Ci.6alkylcarbonyl-N(Ra)-Ci^alkyl-, C;^alkyl-N(R"j-carbony 1-Ct. 

6alky]-, Ci.6aIkoxyCi.6alkyl-; wherein C].6alkyl, C2^a!kenyl, C2-6alkynyl, C3^cycloalkyl, Cj. 

6alkoxy, C3.6alkenyloxy, C.^alkvnyloxy, C^cycloalkoxy, Ci.6alkyl-S(0)w-, Ci_6alkyS-N(Ra)-, 

C|.6alkyl-N(Ra)-caibonyl-, Ci.6alkylcarbonyI-N(Ra)-, C].6alky3-N(Ra)-carbonyl-N(Ra)-, C5. 

6alkyl-N(Ra)-S02-, Ci^alkyl-SOo-NCR")-, Ci.6aJkoxycaibonyI-N(Ra)-, Ci^alkylcarbonyl-

25 N(R6)C]-6alkyl-, C]^,alky]-N(Ra)-carbonyl-Ci.6aikyl-, Ci^alkoxy-Ci^alkyl may optionally be 

substituted by R!>, phenyl, phenoxy, heteroaryl, heteroaryloxy, heteroaryl-(NRB)-, heterocyclyl 

heterocyclyloxy or hetcrocyclyl-N(Ra)-; and wherein said heteroaryl or phenyl may optionally 

be substituted with one or more substituents selected from Rf; and wherein said heterocyclyl 

may optionally be substituted by one or more substituents selected from Rg; and wherein if said 

30 heterocyclyl contains a -NH moiety that nitrogen may optionally be substituted by one or more 

groups Rh; 
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RDi and R02 may be each independently selected from the group consisting of 

hydrogen, fluorine, hydroxyl, Chalky! or C^alkoxy; wherein the Chalky! and C^alkoxy 

may optionally be substituted by one or more fluorine atoms or a group selected from cyano or 

hydroxy!; 

5 R03 and R04 may be each independently selected from the group consisting of 

hydrogen, fluorine, hydroxyl, cyano, Ci.jalkyl or C^alkoxy; wherein She C].s alkyl and C1.3 

alkoxy may optionally be substituted by one or more fluorine atoms or a group selected from 

cyano, hydroxy] or NCR^R5); 

R05 and R06 may be each independently selected from the group consisting of 

10 hydrogen, fluorine, hydroxyl, cyano, Ci_2alkyl or C^alkoxy; wherein the Ci^alkyl and C.j. 

2a1koxy may optionally be substituted by one or more fluorine atoms or a group selected from 

cyano, hydroxy] orN(R.aRb); 

RC1 may be selected from the group consisting of hydrogen, halogen. Chalky] or Cj. 

jalkoxy; wherein the Cs^alkyl or Ci.jalkoxy may optionally be substituted by one or more 

15 fluorine atoms: 

RC2 may be selected from the group consisting of hydrogen, halogen, hydroxyl, cyano, 

Chalky! or Cj.2alkoxy; wherein the Chalky! and Cj.2alkoxy may optionally be substituted by 

one or more fluorine atoms or a group selected from cyano, hydroxyl or N(RaRb); 

RN1 may be selected from the group consisting of hydrogen or C^alkyl; 

20 RN2 may be selected from the group consisting of hydrogen or C^alkyl; 

RN3 may be selected from the group consisting of hydrogen, Chalky! or C[. 

2alkylcarbonyl; wherein the Chalky! and Ci^alkylcarbonyl may optionally be substituted by 

one or more fluorine atoms or a group selected from cyano, hydroxyl or N(RaRb); 

RN4 may be selected from the group consisting of hydrogen, Ci^alkyl or Cj. 

25 2alkylcarbonyl; wherein the Chalky! and C^alkylcarbonyl may optionally be substituted by 

one or more fluorine atoms or a group selected from cyano, hydroxyl or N(RaRb); 

Ra and Rb may be independently selected, for each occurrence, from the group 

consisting of hydrogen and Chalky!; wherein Q.jalkyl may optionally be substituted by one or 

more substituents selected from fluorine, cyano, oxo and hydroxyl; 

30 or Ra and R\ together with the nitrogen to which they are attached, may form a 4-6 

membered heterocyclic ring, which may have an additional heteroatom selected from O, S, or 
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N; wherein the 4-6 membered heterocyclic ring may optionally be substituted by one or more 

substituents selected from the group consisting of fluorine, cyano, oxo or hydroxyl; 

Rf may be independently selected, for each occurrence, from the group consisting ofR.p, 

hydrogen, Cj^alkyl, C^cycloalkyl, C2-6alkenyi, C2-6alkynyl, C^alkoxy, C].6alkyl-S(0)w-, 

5 (wherein wherein w is 0, 1 or 2), Ci„6alkylcarbonyl-N(Ra)- and Q.^alkoxycarbonyl-NfR3)-; 

wherein Ci.c>alkyl, C3-6cycloalkyl, C^alkenyl, C2-6alkynyl, C.icalkoxy, C.i.6alky!-S(0)w-, C;. 

6alkylcarbonyl-N(Ra)-, Ci.6alkoxycarbonyl-N(Ra)- may be optionally substituted by one or 

more substituents selected from Rr; 

R8 may be independently selected for each occurrence from the group consisting of Rp, 

10 hydrogen, oxo, C^alkyl, C2.6alkenyl, C2.6alkynyl, C^cycloalkyl, Q^aJkoxy, Ci.galkyl-S(0)w-, 

(wherein w is 0, 1 or 2), C1.6alkylcarbony]-N(Rn)- and Ci^alkoxycarbonyl-N(Ra)-; wherein Cj. 

6 alkyl, C2.6alkenyi, C2.6alkynyl, Cj^cycloalkyl, Cutalkoxy, C i.caikyl-S(0)w/-, Q. 

6alkylcarbonyl-N(Ra)-, Ci.(,alkoxycarbonyl-N(Ra)- may be optionally substituted by one or 

more substituents selected from Rp; 

15 Rl! may be independently selected for each occurrence from the group consisting of 

hydrogen, Cj^alkyl, C^alkenyl, C3.6alkynyl, C^cycloalkyl, Ci.6alkyl-S(0)2-, Ci. 

ealkoxycarbonyk R'R'N-carbonyl- and R'R-iN-S02-; wherein Chalky!, C3.6alkcnyl, C3.6alkynyl 

C3.6cycloalkyl and CiJ5alkyl-S(0)2-, C[.6alkylcarbonyl- may optionally be substituted by one or 

more substituents selected from Rp; 

20 R1 and R' may be selected independently for each occurrence from the group consisting 

of hydrogen, Chalky! C3_6cycloalkyl, heterocyclyl and heterocyclylcarbonyl; wherein Chalky! 

and Cs.ftcycloalkyl may be optionally substituted by one or more substituents selected from 

fluorine, hydroxyl, cyano, RaRbN-, RaR°N-carbonyl- and C^alkoxy and wherein heterocyclyl 

and heterocyclylcarbonyl may be optionally substituted by one or more substituents selected 

25 from Chalky!, C2.<>aikenyl, C2-6alkynyl, C3.6cycloalkyl, C].6alkoxy, halo-Ci-s-alkyl, hydroxy)-

Ci.6-alkyl, RH^-C^alky]- and Ci.o-alkoxy-Ci-6-alkyl group; and wherein if said heterocyclyl 

or heterocyclylcarbonyl contains a -NH moiety dial nitrogen may optionally be substituted by 

one or more groups C|.6alkyl, C3.6alkenyl, C^alkynyl, Cj.rxycloalkyl, Ci_6alkyl-S(0)2- and Cj. 

6-alkylcarbonyl; 

30 or Rl and RJ taken together with the nitrogen to which (hey are attached may form a 4-7 

membered heterocyclic ring, which may have an additional heteroatom selected from O, S, or 

N; wherein the 4-7 membered heterocyclic ring may be optionally substituted on carbon by one 
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or more substituents selected from the group consisting of fluorine, hydroxyl, oxo, cyano, C4. 

6aJky], C,.6alkoxy, RaRbN-, RaRbN-S02- and RBRbN-carbonyl-; wherein said C,.6alkyl or C,. 

6alkoxy may optionally be substituted by fluorine, hydroxyl or cyano; and wherein the 4-7 

membered heterocyclic ring may be optionally substituted on nitrogen by one or more 

5 substituents selected from the group consisting of Ci.6alkyl and RaRbN-carbonyl-; and wherein 

said Ci_6alkyl may be optionally substituted by fluorine, hydroxyl, cyano; 

Rp may be independently selected, for each occurrence, from the group consisting of 

halogen, hydroxyl, cyano, Ci.galkoxy, R'R-'N-, R'R*N-carbonyl-, R'R'N-SOo- and R'R'N-

carbonyI-N(Ra)-; 

10 and pharmaceutically acceptable salts, stereoisomers, esters and prodrugs thereof. 

[0047] In some embodiments, X1 may be selected from the group consisting of: +-0-*, 
+-N(RN1)-*, +-C(RD1RD2)-C(RD5RD6)-*, +-C(RC1)=C(RC2)-*, ^-O-CO^R06)-*, 

*-N(RN2)-C(RD5RDV, +-0-C(0)-*, +-N(RN2)-C(0)-*, VN^O*02)-* and 
+-0-C(RD3RD4)-C(RD5RD6)-*; wherein the + and * indicate the attachment points of X1 as 

15 indicated in Formula I. Exemplary X' moities may be selected from the group consisting of: +-

NH-* +-0-CH2-*, '-NH-CH2>, +-N=CH-* and +-CH=CH-*; wherein the * and * indicate the 

attachment points of X1 as indicated in Formula I. 

[0048] In some embodiments X2 may be selected from the group consisting of +-0-*, 
+-N(RNi)-*> +-C(RDIRD2)-C(RD5RD6)-*, +-0-C(RU5RD6)-*, +-NCRN2)-C(R1)5RD6)-*, +-0-C(0)-*, 

20 +-N(RN2)-C(0)-*, and +-0-C(Rl33RD4)-C(RD5R°6)-*; wherein the + and * indicate the attachment 

points of X2 as indicated in Formula II. Exemplary X2 moities may be selected from the group 

consisting of: *-0-CH2-* and ""-NH-CHo-*; wherein the + and * indicate the attachment points 

of X2 as indicated in Formula H. 

[0049] In one embodiment, RD1, RD2, RC1, RNi and RN2 may be independently selected 

25 for each occurrence from the group consisting of hydrogen and methyl. For example, RDI, R132, 

R.:'\ R.NI and RN2 may be hydrogen. 

[0050] In certain embodiments, RD3, R04, R05 and R06 may be independently selected 

for each occurrence from the group consisting of hydrogen, fluorine, cyano and C^alkyl. For 

example, R°\ R04, R05 and RD(i may be hydrogen. 

30 [0051] In an embodiment, RC2 may be selected from the group consisting of hydrogen, 

halogen, cyano and C^alkyl. For example, RC2 may be hydrogen. 
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10 

hydrogen. 

[0052] In certain embodiments, RB! of the tricyclic compound of Formula II may be 
selected from (he group consisting of H, F or Ci.2alkyl. For example, RBi may be H or methyl. 

In another embodiment, RB2 of the tricyclic compound of Formula II inay be 

In certain embodiments, ring D! may be selected from the group consisting of: 

# # # 
Y 

N 

wherein the *, # and + indicate the points of atiachment lo the phenyl ring and the B' ring as 
indicated in Formula I. Exemplary D! rings that may form part of the contemplated tricyclic 
core may include those selected from the group consisting of: 

# # 
Y 

In certain embodiments, ring D" may be selected from the group consisting of: 

ft 

20 

wherein the *, # and + indicate the points of attachment to the phenyl ring and the B' ring as 
indicated in Formula II. 

15 [0056] In some embodiments, Y may be selccied from the group consisting of a bond, 
*-0-CH2-'f and *-CH2-0-CH9-#; wherein the * and # indicate the points of attachment to Y as 
indicated in Formula I or Formula II. For example, Y may be a bond or *-0~CH2-#; wherein 
the * and # indicate the points of attachment to Y as indicaied in Formula I or Formula H. 

[0057] For example, ring B1 or B2 may, in certain embodiments, be selected from the 
group consisting of: 
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X1 

x1 

# 

x' X1 

v 
X1 

o 
x2 R X R 

wherein the * and # indicate the points of attachment to Y as indicated in Formula I and H. 
Exemplary B! and B2 rings that may form part of the contemplated tricyclic core may include 
those selected from (he group consisting of: 

RB1 . 

X' W R 

Provided herein, for example, are tricyclic compounds represented by formulas 

la, lb, Ic, Id. le, If and Ig: 

V N 
(RA,)n H CO2H Ibf 

.0 

VSxN'T "N' 
IP?)' H CO^ Ic 

10 ' [0059] In certain embodiments, A may be phenyl. 
Also provided herein is a compound represented by Formula III: 
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# 

(RA1), 

Formula ID; 

10 

15 

20 

wherein: 
B1 may be a 3-6 membered saturated or partially unsaturated heterocyclic or carbocyclic 

ring; wherein the ring B1 may optionally be substituted by one or more fluorine atoms on any 
of the available carbon atoms; 

D1 may be a 5-7 membered heterocyclic, carbocyclic, heteroaromatic or aromatic ring; 
wherein B; is fused to D1 such that the two atoms shared by B1 and D1 are both carbon; and 
wherein the bond common to both the B1 and D1 rings may be a single or double bond; 

X1 may be selected from die group consisting of: +-C(RDlRD2)-*, +-C(RDiRD2)-
C(RD5RD6)-*, +-C(RC1)=C(RC2)-*, *-W2-C(RD5RD6)-* +-W2-C(0)-*, +-C(RDiRD2;-W4-*, +-
N=C(RC2)-*, +-C(RCl)=N-*, +-C(RD1RD2)-C(RD3RD4)-C(RD5RD6)-a:, ^-W^CfR^R04)-
C(RDSRD6)-*, *-W2-C(0)-C(RD5RD6)-*, H-C(RmRD2)-W3-C(RD5RD6)-*, +-C(RmED2)-W3-C(0)-
*, +-C(RDiRD2)-C(RD3RD4)-W4-* and +-C(RD1Rra)-C(0)-W4>; wherein the + and * indicate the 
attachment points of X: as indicated in Formula III; 

Y may be selected from the group consisting of: a bond, *-CH2-#, *-CH2-CH2-#, 
*-0-CH2-#, *-CH2-0-#, *-CH2-CH3-CH2-#, *-0-CH2-CH2-# and *-CH2-0-CH2-#; wherein the * 
and # indicate the attachment points of Y as indicated in Formula III; 

W1 may be selected from the group consisting of O, S or N(RN1); 

W2 may be selecied from the group consisting of O or N(RN2); 

W3 may be selected from the group consisting of O or N(RNa); 

W4 may be selecied from the group consisting of O or N(RN4); 

RA! may be selected, independently for each occurrence, from the group consisting of 
hydrogen, hydroxyl, cyano, halogen, Chalky! or Cj.jalkoxy; wherein Chalky!, or Ci.^alkoxy 
may be optionally substituted by one or more fluorines; 

nmaybeO, l,or2; 

RAi may be selected from the group consisting of hydrogen, R'RJN-, heterocyclyl, 
heterocyclyloxy and heterocyclyl-(NRa)-; wherein said heterocyclyl may optionally be 
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substituled by one or more substituents selected from Re and wherein if said heterocyclyl 
contains a -NH moiety that nitrogen may optionally be substituted by one or more groups Rh; 
or 

may be selected from the group consisting of: Chalky!, C2-6alkenyl, C2-6alkynyl, 
5 C3.6cycloalkyl, C^alkoxy, Q.,-,aikenyloxy, Cj^alkynyloxy, C^cycloalkoxy, Ci^alkyl-S(0)w-

(wherein w is 0, 1 or 2), C|^aIkyl-N(Ra)-, Ci.6alkyl-N(Ra)-catbonyl-, Ci.6alkylcarbonyI-N(Ra)-, 
Ci.6alkyl-N(Ra)-carbonyl-N(Ra)-, C!.6alkyl-N(Ra)-S02-, Ci.6alkyl-S02-N(Ri4}-, C,_ 
f,alkoxycart)onyl-N(Raj-, Ci^a]kylcarbonyl-N(Ra)-Ci^alky]-, Ci^alkyl-N(Rfl)-carbonyl-Ci. 

6alkyl-, Cs.6alkoxyC).6alkyl-; wherein Cj_6alkyl, C2-6alkenyl, C2.6alkynyl, Cj^ycloalkyl, Q. 
10 6alkoxy, C3.6alkenyloxy, Cj_6alkynyloxy, C3.6cycloalkoxy, C].ftalkyl-S(0)w-, Ci_6alkyl-NCRa)~, 

C].6alkyl-N(Ra)-carbonyl-, Cu6alkylcarbony]-N(Ra)-, Cu6alkyl-N(Ra)-carbonyl-N(Ra)-, Q. 
galkyl-N(Ra)-S02-, Ci^alkyl-SCVNCR*)-, Ci_6alkoxycarbonyl-N(Ra)-, Ci.6alkylcarbonyl-

N(Ra)C]^alkyl-, Ci.6alkyl-N(Ra)-caibonyl-C)^alkyl-, Cj-salkoxy-Cs^alkyl may optionally be 

substituted by Rp, phenyl, phenoxy, heteroaryl, heteroaryloxy, heteroaryl-(NRa)-, heterocyclyl, 
15 heterocyclyloxy or heterocycly!-N(Ra)-; and wherein said heteroaryl or phenyl may optionally 

be substituted with one or more substituents selected from R1; and wherein said heterocyclyl 
may optionally be substituted by one or more substituents selected from R£; and wherein if said 
heterocyclyl contains a -NH moiety that nitrogen may optionally be substituted by one or more 
groups Rh; 

20 RDI and Rm may be each independently selected from the group consisting of 
hydrogen, fluorine, hydroxyl, Chalky] or C^alkoxy; wherein the Chalky! and C^alkoxy 
may optionally be substituted by one or more fluorine atoms or a group selected from cyano or 
hydroxyl; 

RDJ and R04 may be each independently selecied from the group consisting of 
25 hydrogen, fluorine, hydroxyl, cyano, Ci„3alkyl or Ci.jalkoxy; wherein the C1.3 alkyl and CM 

alkoxy may optionally be substituted by one or more fluorine atoms or a group selected from 
cyano, hydroxyl orN(RaRb); 

RD5 and R06 may be each independently selected from the group consisting of 
hydrogen, fluorine, hydroxyl, cyano, Ci.2alkyl or C^alkoxy; wherein the Chalky] and Cj. 

30 2alkoxy may optionally be substituted by one or more fluorine atoms or a group selected from 
cyano, hydroxyl or N(RaRb); 
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RCi may be selected from the group consisting of hydrogen, halogen. Chalky! or C], 
ialkoxy; wherein the Chalky! or Ci^alkoxy may optionally be substituted by one or more 

fluorine atoms; 

RC2 may be selected from the group consisting of hydrogen, halogen, hydroxyl, cyano, 
5 Ct.ialkyl or Ci^alkoxy; wherein the Chalky] and Ci.ialkoxy may optionally be substituted by 

one or more fluorine atoms or a group selected from cyano, hydroxyl or NfRU11); 

RNi may be selected from the group consisting of hydrogen or Chalky]; 

RN2 maybe selected from the group consisting of hydrogen or Chalky!; 

RN3 may be selected from the group consisting of hydrogen, Chalky! or Cj. 
10 5alkylcarbonyl; wherein the Ci^alkyl and C^alkylcarbonyl may optionally be substituted by 

one or more fluorine atoms or a group selected from cyano, hydroxyl or N(RaRb); 

RN4" may be selected from (lie group consisting of hydrogen, Chalky! or C). 
2alkylcarbonyl; wherein the Chalky! and Cj^alkylcarbonyl may optionally be substituted by 
one or more fluorine atoms or a group selected from cyano, hydroxyl or N(RaRh); 

15 RB and Rb may be independently selected, for each occurrence, from the group 
consisting of hydrogen and Chalky!; wherein Cj.jalkyl may optionally be substituted by one or 
more substituents selected from fluorine, cyano, oxo and hydroxyl; 

or Ra and Rb, together with the nitrogen lo which they are altached, may form a 4-6 
membered helerocyclic ring, which may have an additional heleroalom selected from 0, S, or 

20 N; wherein the 4-6 membered heterocyclic ring may optionally be substituted by one or more 
substituents selecied from the group consisting of fluorine, cyano, oxo or hydroxyl; 

Rf may be independently selected, for each occurrence, from the group consisting of Rp, 
hydrogen, Cj^alkyl, C.^cycloalkyl, C2.ftalkenyl, C2.6alkynyl, Ci.6alkoxy, C]_6alkyl-S(0)w-, 
(wherein wherein w is 0, 1 or 2), Ci^alkylcarbonyl-N(Ra)- and Cj.6alkoxycarbonyl-N(Ra)-; 

25 wherein Chalky], C3-6cycloalkyl, C2-6alkenyl, C2-6alkynyl, Ci.ialkoxy, Ci-6a]kyl-S(0)w-, Cs. 
6alkylcarbonyl-N(Ra)-> Ci.6alkoxycarbonyl-N(Ra)- may be optionally substituted by one or 
more substituents selected from Rp; 

R8 may be independently selecied for each occurrence from Ihe group consisting of Rp, 
hydrogen, oxo, Cj^alkyl, C2.6alkenyl, C2.6alkynyl, Cs^cycloalkyl, C^talkoxy, Cj_6alkyl-S(0)w-, 

30 (wherein w is 0, 1 or 2), Ci.r,alkylcarbony3-N(Ra)- and Cj^alkoxycarbony]-N(Ra)-; wherein Ci. 

6alkyl, C2.6alkenyl, C2.6alkynyl, C3.6cycloalkyl, Ci^alkoxy, Ci.6alkyl-S(0)„.-, Ci. 
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6alkylcarbonyl-N(Ra)-, Ci.6alkoxycarbonyl-N(Ra)- may be optionally substituted by one or 
more substituents selected from Rp; 

R1' may be independently selected for each occurrence from the group consisting of 
hydrogen, Chalky!, C3.6alk.enyl, C3-ealkynyl, C3.6cycloalkyl, Ci^alkyl-SfOh-, Cj. 

5 6alkoxycarbonyl-, R'R'N-carbonyl- and R'RJN-S02-; wherein Cj.6alkyl, C3„6alkenyl, C3.6alkynyl 
C3.ecycl0alk.yl and Ci.6alkyl-S(0)2-, Ci^alkyScarbonyl- may optionally be substituted by one or 
more substituents selected from Rp; 

R1 and Rj may be selected independently for each occurrence from the group consisting 
of hydrogen, Chalky! C3.6cycloa.ikyl, heterocyclyl and heterocyclylcarbonyl; wherein Chalky 1 

10 and C3.6cycloalkyl may be optionally substituted by one or more substituents selected from 
fluorine, hydroxyl, cyano, R^^-, RaRbN-carbonyl- and Cj^aJkoxy and wherein heterocyclyl 
and heterocyclylcarbonyl may be optionally substituted by one or more substituents selected 
from Cu&alkyl, C2.ealkcnyl, C2.6alkynyi, Cj^cycloalkyl, Ci^alkoxy, halo-Ci.6-alkyl, hydroxyl-
Ci.c-alkyl, RH^-C^alky!- and Ci^-alkoxy-Ci-t-alkyl group; and wherein if said heterocyclyl 

15 or heterocyclylcarbonyl contains a -NH moiety that nitrogen may optionally be substituted by 
one or more groups Ci^alkyl, C3.6alkeny!, C3-6alkynyl, C3^cycloa]kyl, Cj.6alkyl-S(0)2- and Cj. 

6-alkylcarbonyl; 

or R! and RJ taken together with the nitrogen to which they are attached may form a 4-7 
membered heterocyclic ring, which may have MI addilional heteroatom selected from 0, S, or 

20 N; wherein the 4-7 membered heterocyclic ring may be optionally substituted on carbon by one 
or more substituents selected from the group consisting of fluorine, hydroxyl, oxo, cyano, Cj. 

6alkyl, Cj.6aIkoxy, RaRbN-, RaRbN-S02- and RT^N-carbonyl-; wherein said Chalky! or Cj. 
^alkoxy may optionally be substituted by fluorine, hydroxyl or cyano; and wherein the 4-7 
membered heterocyclic ring may be optionally substituted on nitrogen by one or more 

25 substituents selected from the group consisting of Chalky! and RaRbN-carbonyl-; and wherein 
said Chalky] may be optionally substituted by fluorine, hydroxyl, cyano; 

Rp may be independently selected, for each occurrence, from the group consisting of 
halogen, hydroxyl, cyano, C^alkoxy, R'RjN-, R'R'N-carbonyl-, R'RjN-S02- and R'RjN-
carbonyI-N(R")-; 

30 and pharmaceutically acceptable salts, stereoisomers, esters and prodrugs thereof'. 

[00611 In certain embodiments, RA1 of the tricyclic compound of Formula HI may be 
selected from the group consisting of hydrogen, halogen, Cj.2alkyl and C^alkoxy; wherein Cj. 
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oalkyl may optionally be substituted by one or more fluorines. For example, RA! may be 
hydrogen or fluorine. 
[0062] In another embodiment, R^2 of the tricyclic compound of Formula III may be 
selected from the group consisting of hydrogen, R'R'N, helerocyclyl. Chalky!, C3-6alkenyl, C3. 

5 ^cycloalkyl, C|.6alkoxy; wherein said hetcrocyclyl may optionally be substituted by one or 
more groups Rs; and wherein if said heterocyclyl contains a -NH moiety, that nitrogen may 
optionally be substituted by on or more groups Rh; and wherein said Q.^alkyl, C^alkenyl, C3. 

6cycloalkyl and C^alkoxy may optionally be substituted by one or more groups Rp. For 
example, RA2 may be selected from the group consisting of 3-(N,N-diethylammo)propyl, 3-

10 (pyrrolidin-l-yl)propyl, (Z)-3-(N,N-diethylamino)prop-l-enyl, (Z)-3-(azetidin-l-yl)prop-i-enyl 
and (Z)-3-(pyrrolidin-l-yl)prop-l-enyl. 
[0063] Also provided herein is a compound represented by Formula TV: 

RB1 

D2 may be a 5-7 membered partially unsaturated heterocyclic or carbocyclic ring; 

15 X" may be selected from the group consisting of: "-C(RDiRD2)-*, +-W'-*, 
+-C(RD1RD2)-C(RD5RD6)-*, +-W2-C(RDSRD6)-*, +-W2-C(0)-*, +-C(RD!RD2)-W4-3i, +-C(RD1RD2)-
C(RD3RD4)-CrRD5RU6)-^, +-W2-C(RD5RD4J-C(RD5RD6)-*, +-W2-C(0)-C(RD5RD6)-*, +-
C(RDIRD2)-W3-C(RD5RDf>)-*, *-C(RmRD2)-W5-C(0)-*, +-C(RD1RD2)-C(RD3RD4)-W4-* and +-
C(RD1RD2)-C(0)-W4-*; wherein the + and * indicate the attachment points of X2 as indicated in 

20 Formula IV; 

W1 may be selected from the group consisting of O, S or N(R.N1); 

W2 may be selected from the group consisting of O or N(RN2); 

W3 may be selected from the group consisting of O or N(RN3); 

W4 may be selecied from the group consisting of O or N(RN4); 

25 RBI may be selected from the group consisting of H, F, OH, CN, Ci.2a]koxy or Cu 
3alkyl; wherein Chalky! and C^alkoxy are optionally substituted by a group selected from 
OH, Ci^alkoxy, CN or one or more fluorine atoms; 
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RA1 may be selected, independently for each occurrence, from ihe group consisting of 

hydrogen, hydroxyl, cyano, halogen, Chalky] or C^alkoxy; wherein Ci^alkyl, or C^alkoxy 

may be optionally substituted by one or more fluorines; 

nmaybe 0, l,or2; 

5 RA2 may be selected from the group consisting of hydrogen, R'RJN-, heterocyclyl, 

heterocyclyloxy and heterocyclyl-(NRa)-; wherein said heterocyclyl may optionally be 

substituted by one or more substituents selected from RB and wherein if said helerocyclyl 

contains a -NH moiety lhat nitrogen may optionally be substituted by one or more groups Rh; 

or 

10 RA2 may be selected from the group consisting of: Chalky!, C2.6alkenyl, C2.6alkynyl, 

Cvgcycloalkyl, Ci^alkoxy, C3.6ajkenyloxy, C3.6a]kynyloxy, C3.6cycloalkoxy, C).6alkyl-S(0)w-

(wherein w is 0, 1 or 2), Ci_6alkyl-N(Ra)-, Ci.6alky3-N(Ra)-carbonyl-, Ci.^alkylcarbonyl-NfR3)-, 

C,.6alkyl-N(Ra)-caibonyl-N(RH)-, Ci.6alkyl-N(Ra)-S02-, C^alkyl-SCVNCR0)-, C,. 

6alkoxycarbonyl-N(Ra)-, Ci.6alkylcarbonyl-N(R'1)-Cj.6alkyl-, Ci.6alkyl-N(Ra)-carbony3-Cj. 

15 6alkyl-, Ci.ealkoxyCi^alkyl-; wherein Ci.galkyi, C2-6alkenyl, C2-6alkynyl, C3.6cycloalkyl, Cj. 

6alkoxy, C3-6alkenyioxy, Cs-salkynyloxy, C3-6cycloalkoxy, Ci.6a3kyl-S(0)w-, Ci.6alkyl-N(Ra)-, 

Ci.6a!kyl-N(R")-caibonyl-, Ci^aikylcarbonyl-N(Ra)-, Ci^.alkyl-NfR^-carboriyl-NfR3)-, C|. 

6aIkyl-N(Ra)-S02-, Ci^alkyl-SOj-N'CR")-, Ci.6alkoxycarbonyl-N(Ra)-, Ci„6alkylcaibonyl-

N(Ra)Cj^alkyl-, Ci.6alkyl-N(Ra)-carbonyl-C!^alkyl-, Ci.6alkoxy-Ci_6alkyJ may optionally be 

20 substituted by Rp, phenyl, phenoxy, heteroaryl, heteroaryloxy, heteroaryl-(NRa)-, heterocyclyl, 

heterocyclyloxy or heterocyclyl-N(Ra)-; and wherein said heteroaryl or phenyl may optionally 

be substituted with one or more substituents selecied from Rf; and wherein said helerocyclyl 

may optionally be substituted by one or more substituents selected from Rg; and wherein if said 

heterocyclyl contains a -NH moiety that nitrogen may optionally be substituted by one or more 

25 groups Rh; 

RD! and R02 may be cach independently selected from the group consisting of 

hydrogen, fluorine, hydroxyl, Ct.2alkyl orCs.2alkoxy; wherein the Chalky! and Cualkoxy 

may optionally be substituted by one or more fluorine atoms or a group selected from cyano or 

hydroxyl; 

30 R03 and R04 may be each independently selected from the group consisting of 

hydrogen, fluorine, hydroxyl, cyano, Chalky! or C^alkoxy; wherein the C,.3 alkyl and C{.3 
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alkoxy may optionally be substituted by one or more fluorine atoms or a group selected from 

cyano, hydroxyl orN(RaRb); 

RDS and RD6 may be each independently selecied from the group consisting of 

hydrogen, fluorine, hydroxyl, cyano, Cj^alkyl or C^alkoxy; wherein the C^alkyl and C]. 

5 2^koxy may optionally be substituted by a substituent or substituents selected from the group 

consisting of: one or more fluorine atoms,cyano, hydroxyl or N(RaRb); 

RC! may be selected from the group consisting of hydrogen, halogen, C^alkyl or C,. 

2alkoxy; wherein the Chalky] or C5.2alkoxy may optionally be substituted by one or more 

fluorine atoms; 

10 RC2 may be selected from the group consisting of hydrogen, halogen, hydroxyl, cyano, 

Ci.2alkyl or C^alkoxy; wherein the Ci^alkyl and Cj^alkoxy may optionally be substituted by 

one or more fluorine atoms or a group selected from cyano, hydroxyl or NfRTl0); 

RN1 may be selected from the group consisting of hydrogen or Chalky]; 

RN2 may be selected from the group consisting of hydrogen or Ci-2alkyl; 

15 RN3 may be selected from the group consisting of hydrogen, Q.jalkyl or Ci. 

2aIkylcarbonyl; wherein the Q^alkyl and Cs^alkylcarbonyl may optionally be substituted by a 

substituent or substituents selected from the group consisting of: one or more fluorines, cyano, 

hydroxy] or N(RaRb); 

RN4 may be selected from the group consisting of hydrogen, C^alkyl or Cs. 

20 2alkylcarbonyl; wherein the Chalky! and Ci.2alkylcarbonyl may optionally be substituted by a 

substituent or substituents selected from the group consisting of: one or more fluorines, cyano, 

hydroxyl orN(RHRb); 

Ra and Rn may be independently selected, for each occurrence, from the group 

consisting of hydrogen and Cjjalkyl; wherein Chalky] may optionally be substituted by one or 

25 more substituents selected from fluorine, cyano, oxo and hydroxyl; 

or Ra and Rb, together with the nitrogen to which they are attached, may form a 4-6 

membered heterocyclic ring, which may have an additional heteroatom selected from O, S, or 

N; wherein the 4-6 membered heterocyclic ring may optionally be substituted by one or more 

substituents selecied from the group consisting of fluorine, cyano, oxo or hydroxyl: 

30 R1 may be independently selected, for each occurrence, from the group consisting of Rp, 

hydrogen, C^alkyl, C3.<-,cycloalkyl, C2-<,alkenyl, C2-6alkynyl, Ci^alkoxy, Ci_6alkyl-S(0)w-, 
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(wherein wherein w is 0, 1 or 2), Cj.6alkylcarbonyl-N(Ra)- and C;_6alkoxycarbonyl-N(Ra)-; 
wherein Ci^alkyl, Cs^cycloalkyl, Ci-ealkenyl, C2.ealkynyi, Ci.6alkoxy, Ci.<;aIkyl-S(0)w-, Cj. 
6aJkylcarbonyl-N(Ra)-, Ci.6alkoxycarbony]-N(Ra)- may he optionally substituted by one or 
more substituents selected from Rp; 

5 R8 may be independently selected for each occurrence from the group consisting of Rp, 
hydrogen, oxo, Chalky!, C2-6alkeny3, C2-&alkynyl, C^cycloalkyl, Cut,alkoxy, Ci.<jalkyl-S(0)w-, 
(wherein w is 0, 1 or 2), Ci.6alkylcarbony]-N(Ra)- and Ci^alkoxycarbonyl-N(Ra)-; wherein Cj. 
ealkyl, C2-6alkenyl, C2.6alkynyl, Cj^cycloalkyl, Cj^alkoxy, Ci.6alkyl-S(0)w.-, C;. 
galkylcarbonyl-NfR")-, Ci^,alkoxycarbonyl-N(Ra)- may be optionally substituted by one or 

10 more substituents selected from Rp; 

Rh may be independently selected for each occurrence from the group consisting of 

hydrogen, Cj^aikyl, C3.6a!kenyl, C^alkynyl, C^cycloalkyl, Ci.6alkyl-SfO)2-, Ci. 
r,alkoxycarbonyl-, R'R-'N-carbonyl- and R'RjN-S02-; wherein Chalky], C3.6alkenyl, C3^alkynyl 
Cj^cycloalkyl and Cj.6alkyl-S(0)2-, Cj.6alkylcarbonyl- may optionally be subslituted by one or 

15 more substituents selected from Rp; 

R' and R' may be selected independently for each occurrence from the group consisting 
of hydrogen, C^alkyl C3.6cycI0aU.cyl, heterocyclyl Mid heterocyclylcarbonyl; wherein Cj^alkyl 
and Cjucycloalkyl may be optionally substituted by one or more substituents selecied from 
fluorine, hydroxyl, cyano, RaRbN-, RaRbN-carbonyl- and Q^alkoxy and wherein helerocyclyl 

20 and heterocyclylcarbonyl may be optionally substituted by one or more substituents selected 
from Cj.6aikyl, C2.6alkenyl, C2.6<ilkynyl, Cs^cycloalkyl, Cj.6alkoxy, halo-Cj.<,-alkyl, hydroxy]-
Ci.<s-alkyl, RaRbN-Cj.6alkyl- and Ci^-alkoxy-Cj^-alkyl group; and wherein if said heterocyclyl 
or heterocyclylcarbonyl contains a -NH moiety that nitrogen may optionally be substituted by 
one or more groups Cj.6alkyl, Cj.talkenyl, C3.6alkynyl, C3.6cycloalkyl, Ci.6alkyl-S(0)2- and Cj. 

25 6-alkyicarbonyl; 

or R1 and Rj taken together with the nitrogen to which they are attached may form a 4-7 
membered heterocyclic ring, which may have an additional heleroatom selected from O, S, or 
N; wherein the 4-7 membered heterocyclic ring may be optionally substituted on caibon by one 
or more substituents selected from the group consisting of fluorine, hydroxyl, oxo, cyano, Cj. 

30 ealkyl, Cj.6alkoxy, RaR°N-, RaRbN-S02- and RaRbN-carbonyl-; wherein said Ci.6alkyl or C,. 
ealkoxy may optionally be substituted by fluorine, hydroxyl or cyano; and wherein the 4-7 
membered heterocyclic ring may be optionally substituted on nitrogen by one or more 
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substituents selected from the group consisting of Ci.6alkyl and t^R^N-carbony]-; and wherein 

said Chalky! may be optionally substituted by one or more substituents selected from the 

group consisting of fluorine, hydroxyl, cyano; 

Rp may be independently selected, for each occurrence, from the group consisting of 

5 halogen, hydroxy!, cyano, C>.6alkoxy, RRN-, R'R'N-cavbony!-, R'R'N-SO,- and R'RjN-

carbonyl-N(R")-; 

and pharmaceutically acceptable salts, stereoisomers, esters and prodrugs thereof. 

[0064] In certain embodiments, RA! of the tricyclic compound of Formula IV may be 

hydrogen or fluorine. 

10 [0065] In another embodiment, R^ of the tricyclic compound of Formula IV may be 

selecied from the group consisting of hydrogen, R'R'ISi, heterocyclyl, Cu6alkyl, C^alkenyl, C3. 

^cycloalkyl, Q^alkoxy, heierocyc]y]-NRa-carbonyl-CJj5alkyl and heteracyclyl-carbonyl-NRa-

Ci.6aikyl; wherein said heterocyclyl may optionally be substituted by one or more groups R8; 

and wherein if said heterocyclyl contains a -NH moiety, that nitrogen may optionally be 

15 substituted by on or more groups Rh; and wherein said Chalky], C^alkenyl, C3^cycloalky1 

and C).6alkoxy may optionally be substituted by one or more groups RP. 

[0066] Also provided herein are compounds that may be selected from the group 

consisting of: cis-(3aRS,9bRS)-7-(benzenesulfonylamino)-1,3a,4,9b-tetrahydro-2H-furo[2,3-

c]chromene-6-carboxylic acid; cis-(3aRS,9bRS)-7-j'2-(3-diethylaminopropyl)-4-

20 fluorobenzenesulfonyl-amino]-1,3a,4,9b-tetrahydro-2H-furo[2,3-c]chromene-6-carboxylic 

acid; cis-f3aRS,9bRS)-7-[2-(3-{pyrro\idin-l-yl} propyl j-4-fiuorobenzenesulfonylammo]-

l,3a,4,9b-tetrahydro-2H-furo[2,3-c]chromene-6-carboxylic acid; cis-(3aRS,9bRS)-7-(2-((Z)-3-

die(hylaminoprop-l-enyl)-4-fluoroben2enesulfony3amino]-l,3a,4,9b-tetrahydro-2H-furo[2,3-

c]chromene-6-carboxylic acid; cis-(3aR,9bR)-7-[2-((Z)-3-diethy!aminoprop-l-enyl)-4-fluoro-

25 benzenesulfonylamino]- i,3a,4,9b-tetrahydro-2H-furo[2,3-c]chromene-6-carboxy!ic acid; cis-

(3aS,9bS)-7-l2-((Z)-3-diethylaminoprop-]-enyl)-4-f]uorobenzenesulfonylamino]-i,3a,4,9b-

tetrahydro-2H-furo[2,3-c]chromene-6-carboxylic acid; 7-[2-((Z)-3-diethyiaminoprop- I-eny!)-

4-fluorobenzenesulfonylamino]- l,2-dihydrofuro[2,3-c]quinoline-6-carboxylic acid formate 

salt; 7-(benzenesulfonylamino))-l,2-dihydrofuro[2,3 c]quinoline-6-carboxylic acid formate 

30 salt; cis-(3aRS,9bRS)-7-[2-((Z)-3-diethyiaminoprop-l-enyl)-4-fluorobenzenesulfonylamino]-

1,2,3a,4,5,9b-hexahydtofuro[2,3-c]qumoline-6-cart)Oxylic acid; (laRS,7bSR)-5-|2-((Z)-3-

diethylaminoprop-l-enyl)-4-fluorobenzenesulfonylamino]-l,la,2,7b-

tetrahydrocyc)opropa[c]chromene-4-carboxylic acid; (laR,7bS)-5-[2-((Z)-3-diethylaminoprop-
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J-enyl)-4-fiuorobenzenesulfonylamino]-l,la,2,7b-te<rahydrocyclopropa[c]chromene-4-
carboxylic acid; (laS,7bR)-5-[2-((Z)-3-dielhylaminoprop-l-enyl)-4-

fIuorohenzenesulfonylasnino]-l(la,2,7b-telrahydrocyc3opropa[c]chromene-4-carboxylic acid; 
(laRS,7bSR)-5-j2-((Z)-3-diethylammoprop-]-enyl)-4-fluorobenzenesulfonylamino]-7b-

5 methyl-l,la,2,7b-letrahydrocyclopropa[c}chromene-4-carboxylic acid; (laRS,7bSR)-5-[2-((E)-
3-dietliylammoprop-i-enyI)-4-fluorobenzenesuIfonylamino]-7b-meihy}-l,].a,2,7b-
tetrahydrocyc!opropa[c]chromene-4-carboxylic acid; cis-(3aRS,9bRS)-7-[2-(4-dimethylamino-
butylamino)-benzenesulfoi)ylamii)o]-l,3a,4,9b-Eetrahydro-2H-furo[2,3-c]chromene-6-
carboxylic acid; (laR,7bS)-5-[2-(3-dieihylaminopropyI)-4-fluorobenzenesulfonyl-amino]-

10 l,la,2,7b-letrahydrocyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-[2-((Z)-3-
diethylaminoprop-1 -enyl)-4-fiuorobenzene-sulfonylamino]-1,1-difluoro-1, la,2,7b-
tefrahydrocyclopropa[c}chromene-4-carboxy!ic acid; (iaR,7bS)-5-[2-((Z)-3-diethylaininoprop-
l-enyl)-4-fluorobenzene-sulfonylamino]-1,1 -difluoro-1, la,2,7b-
tetrahydrocyclopropa|c]chromene-4-carboxylic acid; (laS,7bR)-5-[2-((Z)-3-diethylaminoprop-

15 l-enyl)-4-fluorobcnzene-su!fonylaminoj-l,l-difluoro-l,la,2,7b-
tetrahydrocyc3opropa[c]chromene-4-carboxylic acid; (laRSJbSR)-5-[2((Z)-3-elhylaminoprop-
l-enyl)-4-fluoro-benzenesulfonylamino]-l,la,2,7b-tetrahydrocyclopropa-fc]chromene-4-
carboxylic acid; (laR,7bS)-5-[2((Z)-3-elhylaminoprop-l-eny])-4-
fluorobenzenesulfonylamino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid; 

20 (laS,7bR)-5-[2((Z)-3-ethylammoprop-3-eny])-4-fluorobenzene-sulfonylammo]-l,la,2,7b-
tetrahydro-cyc3opropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-{2[(Z)-3-(pyrrolidin-l-
y])prop-l-enyi]-4-fluorobenzenesulfonylamino}-],]a,2,7b-tetrahydro-cyc!opropa[c]chromene-
4-carboxylic acid; (laR,7bS)-5-{2[fZ)-3-(pyrroIidin-]-y!)prop-l-enyIj-4-
fluorobenzenesulfony3-amino}-l,la,2,7b-tetrahydro-cyclopropa[cjchromene-4-carboxyiic acid; 

25 (laS,7bR)-5-{2[(Z)-3-(pyrrolidin-l-yl)prop-l-eny31-4-f!uorobenzencsulfonylammo}-l,la,2,7b-
tetrahydro-cyclopropa[c]chromene-4-carboxylicacid; (laRS,7bSR)-5-}'2-(3-
dimethylaminopropylamii)o)-benzenesulfonylamino]~ 1,1a, 2,7b-
teirahydrocyclopropa[c]chromene-4-carboxylic acid; (laR,7bS)-5-[2-(3-
dimethylaminopropylamino)benzene-sulfonylarnino]-l,la,2,7b-

30 telrahydrocyc3opropa[c]chromene-4-carboxylic acid; (laS,7bR)-5-[2-(3-dimethylaminopropyl-
amino)benzenesulfonyIamino]-l,la,2,7b-teirahydrocyclopropa[c]chromene-4-carboxyIic acid; 
(laRS,7bSR)-5-[2-(4-dimelhy]aminobutylamino)benzenesulfony!amino]-l,la,2,7b-
tetrahydrocyclopropalcjchromene-4-carboxyIic acid; (laR,7bS)-5-[2-(4-dimethylamino-
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butylamirio)benzenesuIfonylamino]-1, ia,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic 
acid; (laS,7bR)-5-[2-(4-dimethylaminobutylamino)benzene-sulfony3amino]-l,la,2,7b-
telxahydrocyc]opropa[c"jchromene-4-carboxylic acid; (1aRS,7bSR)-5-[2-(5-dimethylamino-
pentylamino)benzene-sulfonylamino]-l,la,2,7b-tetrahydrocyciopropa[c]chromene-4-

5 carboxylic acid; (3aRS,7bSR)-5-{2[(Z)-3-(propan-2-yl)aminoprop-l-enyl]-4-
fluorobenzenesulfonyl-amino}-l,la,2Jb-letrahydrocyclopropa[cjchromene-4-carboxylic acid; 
(laRS,7bSR)-5-{2[(Z)-3-((S)-3-hydroxypyrro]idin-l-yl)aminoprop-l-enyl]-4-
fluorobenzenesulfony3ainino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid; 
daRS,7bSR)-5- {2[(Z)-3-((R)-3-hydroxypyrrolidin-1 -yl)aminoprop-1 -enyl]-4-fluorobenzene-

10 sulfonylamino}-l,la,2,7b-telrahydro-cyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-
5-[2((Z)-4-diethy!aminobul- l-enyl)-4-f]uorobenzenesulfony]-amino]-1,1 a,2,7b-
tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (I aR,7bS)-5-[2((Z)-4-diethylaminobut-1 -
enyl)-4-fluorobenzenesulfonyl-aminoJ-i,la,2,7b-teirahydrocyclopropa[cjchromene-4-
carboxylic acid; (1 aS,7bR)-5-[2((Z)-4-dielhy]amirtobut-1 -enyI)-4-fiuorobenzenesuIfanyl-

35 ammo]-l,la,2,7b-telrahydro-cyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-{2-[2-
(4-ethylpiperazin-l-yl)-ethyl]-4-fluorobenzenesulfonylamino} -1,1a, 2,7b-
tetrahydrocyclopropafclchromene-4-carboxyiic acid; (laRS,7bSR)-5- {2| (Z)-3-(azetidin- i -
yl)prop-l-enyl]-4-fluorobenzene-sulfonylamino}-l,la,2,7b-tetrahydro-cyclopropa[c]chromene-
4-carboxylic acid; (laRS,7bSR)-5-{2[(Z)-3-(3-bydroxy-azetidin-3-yl)prop-l-eny3]-4-

20 nuorobenzene-salfonylamino}-l,la,2,7b-letrahydrocyclopropa-[c]chromene-4-carboxylic acid; 
(laRS,7bSR)-5-{ 2[(Z}-3-(azetidin-l-yl)propyl]-4-fluorobenzenesulfonylammo}-1,1a,2,7b-
telrahydrocyclopropa[c]chromene-4-carboxylic acid; (iaRS,7bSR)-5-[2((Z)-4-
diethylaminobutyl)-4-fluorobenzenesulfonylaminoJ-1, la,2,7b-
letrahydrocyc]opropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-{2-[N-(4-

25 dimcthylaminobutyl)-N-methylamino3-benzenesulfonyl-amino}- 1,1a, 2,7b-
letrahydrocyclopropa-[c]chromene-4-carboxylicacid; (laRS,7bSR)-5-{2-[((S)-l-
ethylpyrrolidin-3-ylcarbamoy])-meihyl]-4-fluoro-benzenesulfonyl-amino}-l,la,2,7b-
tetrahydrocyc]opropa-[c]chromene-4-carboxy3ic acid; (laRS,7bSR)-5-[2-(l-ethylazetidin-3-y])-
4-fluorobenzenesulfony3amino3-l,la,2(7b-tetrahydro-cyciopropa[c]chromene-4-carboxylic 

30 acid; (laRS,7bSR)-5-{2-[((R)-l-ethylpyrrolidin-3-ylcarbamoyl)methyl)-4-
fluorobenzcnesu]fonyl-amino}-l,la,2,7b-tetrahydro-cyclopropa[cJchromene-4-carboxylic acid; 
(laRS,7bSR)-5- {2-[ 2-(p y rrol i din -1 -yl)-elhyl]-4-fiuorobenzenesulfonylamino} -1,1 a,2,7b-
tetrahydrocyclopropa[cjchromene-4-carboxylic acid; (laRS,7bSR)-5-[2-((R)-l-ethylpyrrolidin-
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3-ylmethyl)-4-fluorobenzenesulfonyl-amino]-l,la,2,7b-tetrahydro-cyc]opropa[c]chromene-4-
carboxylic acid; (laS,7bR)-5-[2-((R)-l-ethylpyrrolidin-3-yl:inelhy])-4-fluarobenzenesulfony]-
amino]-l,la,2,7b-letrahydro-cyclopropa[c]chromene-4-carboxyiicacid; (laR,7bS)-5-[2-((R)-l-
elhylpynolidin-3-ylmethyl)-4-fluorobenzenesulfony]-aminoj-I,la,2,7b-l:etrahydro-

5 cyclopropafcjchromenc-4-carboxylic acid; (laRS,7bSR)-5-l2-[((S)-i-ethylpynx>lidin-2-
yl)cabonyl-aminomethyl]-4-fiuorobenzene-sulfonylamino} -1,1 a,2,7b-
tetrahydrocyciopropajclchromene-4-carboxylic acid; (laRS,7bSR)-5-i'2-(4-
dimethylaminobutyrylamino)-4-fluorobenzenesu}fonyl-amino}-!,la,2,7b-tetrahydrocyc!opropa-
[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-[2-((S)-l-ethyl-pyrrolidin-3-ylmethyl)-4-

10 fiuorobenzenesullonyl-amino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylicacid; 
(laRS,7bSR)-5-[2-(3-dhnethylaminopropylcarbamoyl)benzene-sulfonylamino]-l,la,2,7b-
tetrahydrocyclopropa[c]chroirtene-4-carboxy]ic acid; (laRS,7bSR)-5-(2-{[N-((S)-l-ethyl-
pyrroIidin-3-yl)-N-methylcarbamoyl]methyl}-4-i1uoro-benzenesuIfonylamino)-l,la,2,7b-
tetrahydrocyciopropa-jc]chromene-4-carboxylic acid; (iaRS,7bSR)-5-(2-{[N-((R)-l-ethyl-

15 pyrrolidin-3-yl)-N-methylcarbamoyl]methyl}-4-fluoro-bcnzcnesulfonylamino)- 1,1a,2,'7b-
tetrahydrocyclopropa-|c]chromene-4-carboxylicacid; (laRS,7bSR)-5- {2- [2-((S)-1-
ethylpyrrolidin-2-yl)ethylamino]-benzenesulfonyl-amino}-l,ia,2,7b-tetrahydrocyclopropa-
[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-{2-[2-((R)-l-ethylpyrn>Iidin-2-y])ethylamino3-
benzenesulfonyl-amino}-l,la,2,7b-tetrahydrocyclopropa-[c]chrotsiene-4-carboxylic acid; 

20 (laRS,7bSR)-5-[2-(3-N,N,-dielhylaminopropylamino)ben2ene-sulfonylamino]-l,la,2,7b-
telrahydrocyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR.)-5-(2-{[((R)-l-
ethylpyrrolidine-2-yl)carbonyl-amino]methy] }-4-f)uorobenzenesulfonylamino}-1, la,2,7b-
tetrahydrocyclopropa[c]chromene-4-cart>oxylicacid; (laRS,7bSR)-5-{2-[(l-ethylazetidin-3-
ylmethyl)amino]benzene-sulfonylamino} -1,1 a,2,7b-telrahydrocyclopropa[c}chromene-4-

25 carboxylic acid; (laS,7bR)-5-[2-((Z)-3-dieihylaminoprop-]-cnyl)benzenesulfonylamino]-
1, la,2,7b-ielrahydrocyclopropa[c]chromene-4-carboxylic acid; (laR,7bS)-5-[2-((Z)-3-
dicthylaminoprop-l-enyl)benzenesulfonylamino]-l,la,2,7b-lelrahydrocyclopropa[c]chromenc-
4-carboxylic acid; (laRS,7bSR)-5-(2-{N-f((R)-l-ethylpyrrolidine-2-yl)carbonyl]-N-meihy!-
aminomethyl}-4-fluorobenzenesulfonylamino)-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-

30 carboxylic acid; (laRS,7bSR)-5-(2-{N-[((S)-l-etliylpyrrolidine-2-yl)carbonyl]-N-
methylamino-metliyl}-4-f!uorobenzenesulfonylamino)-1,1a,2,7b-
tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-[2-(4-
dimethylaminobutylamino)-4-Huorobenzenesu]fonyl-amino]-l,la,2,7b-
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tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-{2-[((R)-l-
ethy]pyrrolidin-3-yImeLhy])amino]-benzenesulfonylainino}-lJa,2,7l>te(rahydrocyclopropa-
[c]chromene-4-carboxylicacid; (laRS,7bSR)-5-{2-i((S)-l-ethylpyrrolidin-3-ylmethyl)amino]-

benzenesulfonylamino}-l.la,2,7b-cetrahydrocyclopropa-lcjchromene-4-carboxylic acid; 
5 (laRS,7bSR)-5-[2-(4-ethyl-2-oxopiperazin-l-ylmethy))-4-fluorobenzenc-sulfonylamino}-

1 Ja,2,7b-tetrahydrocyclopropa[c]chromenc-4-carboxylic acid; (laRS,7bSR)-5-[2-(l-
elhylpiperidin-4-yimelhyl)-4-fluon> benzenesulfonylamino]-1,1 a,2,7b-ietrabydrocyc!opropa-
[c]chromene-4-carboxylic acid; (iaRS,7bSR)-5-{2-[2-(!-ethylazetidin-3-yl)ethyl]-4-fluoro­
benzenesulfonyl-amino}-1,1 a,2,7b-telrahydrocyclopropajc|chromene-4-carboxylic acid; 

10 (laRS,7bSR)-5-{2-[((S)- l-azabicycio[2.2.2]oct-3-yl)amino]benzenesulfonyI-amino}- 1,1a, 2,7b-
tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-{2-[((R)-l-azabicyclo-
[2.2.2]oct-3-yl)amino]benzenesulfonyl-amino}-lJa,2,7b-tetrahydrocyc]opropa[c]chromene-4-
carboxylic acid; (laRS,7bSR)-5-(2-{j ((S)-l-ethylpyrrolidine-3-carbony))amino]meihyl}-4-
fluoro-benzenesulfonylamino)-l,la,2,7b-tetraliydrocyclopropa[c]chromene-4-carboxylic acid; 

15 (laRS,7bSR)-5-{2-[2-((R)-l-cthylpyrrolidin-3-ylamino)elhyl|-4-fliioro-
benzenesulfonylamino}-l,la,2,7b-telrahydrocyclopropa-[c]chromene-4-carboxylic acid; 
(laRS,7bSR)-5-{2-f((R)-l-ethylpyrrolidin-3-yl)amino]-benzenesulfonylaraino}-l,la,2,7b-
lelrahydrocyclopropa-[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-{2-[((S)-l-
elhylpynx>lidin-3~yl)amino]-benzenesulfonylamino}-l,la,2,7b-telrahydrocyclopropa-

20 [c]chromene-4-carboxylic acid; (laRS,7bSR)-5-(2-{f((R)-l-ethylpyrrolidine-3-
carbonyI)amino]-inethyl j-4-fluoro-benzenesulfonylamino)-l,Ia,2,7b-tetrahydro-
cydopTopa|c]chromene-4-carboxylic acid; QaRS,7bSR)-5-[2-((Z)-3-diethylamino-2-
methylprop-l-enyl)-4-fluorobenzene-sulfonylammoj-L,la,2,7b-
tetrahydrocyclopropajc]chromene-4-carboxylic acid; (laRS,7bSR)-5-{2-[2-((R)-l-

25 ethylpyrrolidin-3-yl)ethylamino]-benzcnesulfonylammo}-l,la,2!7b-tclrahydrocyc3opropa-
[c]chromene-4-carboxylic acid; (3aRSJbSR)-5-{2-[2-((S}-i-ethylpyrrolidin-3-yl)ethylamino]-
benzenesulfonyl-amino}-l,la,2,7b-tetrahydrocyclopropa-fc]chromene-4-carboxylic acid; 
(laR,7bS)-5-[2-((S)-l-ethylpynx>lidin-3-yloxymeihyl)-4-Huoro-benzenesulfonylamino]-
1 ,la,2,7b-tetrahydrocyclopropa-jc]chromene-4-carboxylic acid; (laR,7bS)-5-[2-((R)-l-

30 elhy!pyrro]idii]-3-yloxyme(iiyl)-4-fJuoro-benzenesuIfonylammo]-l,la,2,7b-
tetrahydrocyclopropa-[c]chromene-4-carboxylic acid: (laR,7bS) -5-[2-(l-e0iylpiperidin-3-
ylmelhyl)-4-fluoroben7,ene-sulfonylammo]-l,la,2,7b-le.trahydt,ocyclopTopa[c]chvomene-4-
carboxylic acid; (laR,7bS)-5-{2-[2-((R)-]-ethylpyrrolidin-2-yl)ethylj-4-fluorobenzenesulfonyl-
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amino} -1,1 a,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxylic arid; and pharmaceutically 
acceptable salts, stereoisomers, esters and prodrugs thereof. 
[0067] Procedures for making compounds described herein are provided below with 
reference to Schemes 1-3. In the reactions described below, it may be necessary to protect 

5 reactive functional groups (such as hydroxyl, amino, thio or carboxyl groups) to avoid their 
unwanted participation in (he reactions. The incorporation of such groups, and the methods 
required to imroduce and remove them are known to those skilled in the an (for example, see 
Greene, Wuts, Protective Groups in Organic Synthesis. 2nd Ed. (1999)). The deprotection step 
may be the final step in the synthesis such that the removal of protecting groups affords 

10 compounds of Formula I, as disclosed herein, or as exemplified in, for example, General 
Formula I, below. Starting materials used in the following schemes can be purchased or 
prepared by methods described in the chemical literature, or by adaptations thereof, using 
methods known by those skilled in the art. Hie order in which the steps are performed can vary 
depending on the groups introduced and the reagents used, but would be apparent to those 

15 skilled in the art. 
[0068] The general synthetic strategy used to prepare the tricyclic compounds of 
General Formula I is depicted in Scheme 1. The tricyclic system may be assembled in a variety 
of ways, starting from an appropriately substituted and protected phenyl ring 1A. The group G' 
is a suitably protected carboxylic acid, such as a methyl- or t-butyl carboxylate or is a 

20 functional group that may be readily converted into a carboxylic acid, such as a nitrile or 
aldehyde. The group G is a sulfonamide group, or a functional group that may be subsequently 
converted into a sulfonamide group such as a suitably protected aniline. The B'-ring can be 
directly attached to the substituted phenyl ring lo give intermediate IB, and then the D'-ring 
can be formed by an intra-molecular reaction to give intennediate 1E. Alternatively, the B '-ring 

25 can be attached to the substituted phenyl ring IA via a linker, X', to give intermediate IC, and 
then Ihe D'-ring can be formed by an intra-inolecular reaction to give intermediate IE. 
Alternatively, the D'-ring can be built up onto the substituted phenyl ring to give intermediate 
ID, and then the B'-ring assembled to give intennediate IE. Modifications to the B' and D' 
rings may be necessary lo provide the required saturated or partially unsaturated ring systems 

30 and this may be carried oul. prior to the formation of the tricyclic core or after it. For example, 
if the B' ring is a dihydro- or lelrahydrofuran it may be prepared from a corresponding furan 
compound by hydrogenation in the presence of a metal catalyst (for example palladium or 
palladium hydroxide on a solid support such as carbon) in a solvent (such as ethyl acetate, 
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ethanol or dioxane) optionally in (he presence of an acid (such as acetic acid). The 
bydrogenation may be carried out at any stage during die synthesis of the compounds either 
before or after the formation of the tricyclic core. Compounds of Formula I can be prepared 
from intermediate IE by removal of any protecting groups. Alternatively, further modifications 
may be made to IE, such as modifications at G, before the removal of any protecting groups to 
give compounds of General Formula I. Specific steps in the synthetic process are described in 
more detail below. 

General Formula 

[0069] In Scheme 1, Step (i), compounds of structure 1A may be coupled under a range 
of conditions to compounds of structure IB', where B' is an appropriate ring to afford 
compounds of the type IB. The introduction of the B" ring may require a number of steps and 
the preparation of a number of intermediates. Protecting groups may also be required. If R1 is a 
suitable group (such as ahaiide or triflate), IB' can be converted to IB by formation of a 
carbon-carbon bond. The carbon-carbon bond can be formed by reacting compounds of 
structure IB' where Rs is a borane, boronate or boronic acid group (such as a 2-formylfuran-3-
boronate) in the presence of a palladium catalyst (such as palladium chloride dppf or tris-
(dibenzylideneacetone)-dipaOadium), in the presence of a base (such as cesium carbonate) and 
a suitable reagent (such as a phosphine, for example, tri-rerr-butyl-phosphonium 
tetrafluoroborate or triphenylpbosphine) in an appropriate solvent (such as dioxane, water or 
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tetrahydrofuran, or mixtures thereof) and under appropriate conditions (such as heating, for 

example heating at 80-120°C for 1-2 hours or microwave irradiation al 120- 160°C for 10 

minutes to 1 hour) to afford IB. A wide range of appropriate reagents and conditions arc 

known to those skilled in the art lo couple organoboranes, boronates and boronic acids lo 

5 compounds such as 1A. [For example, sec Miyaura, Suzuki, Chem. Rev. 1995, 95, 2457; 

Suzuki, Modem Arene Chemistry 2002, 53-106]. 

[0070] Alternatively the carbon-carbon bond in Scheme 1, Slep (i) can be formed by 

coupling compounds of structure IB' in which B' is an appropriate ring and where R3 is a 

trialkylstannane (such as a tri-n-butylslannane) with compounds of structure IA where R; is a 

10 suitable group (such as a halide of triflate) in the presence of a palladium catalyst (such as 

palladium chloride dppf), in an appropriate solvent (such as dimethoxyethane or 

(etrahydrofuran) and under appropriate conditions (such as healing, at 80-120°C for 1-2 hours 

or by microwave irradiation at 120-160°Cfor 10 minutes to 1 hour) lo afford IB. A wide range 

of appropriate reagents and conditions are known to those skilled in the art to couple stannanes 

15 to aryl halidcs such as 1A. [For example, see Smith, March, March's Advanced Organic 

Chemistry, 5th Edition, Wiley: New York, 2001, pp.931-932; De Souza, Current Organic 

Synthesis 2006, 3(3), 313-326.1-

[0071] Alternatively compounds of structure 1A, where R1 is a suitable group (such as a 

halide or triflate), can be treated wilh, for example, a diboronate (such as bis-

20 pinacolatodiboron) in the presence of a palladium catalyst (such as palladium chloride dppf) 

and a base (such as potassium acetate or diisopropylamine) in an appropriate solvent (such as a 

mixture of dioxane and water) and under appropriate conditions (such as heating, for example 

at 80-120°C for 1-2 hours or by microwave irradiation at 120-160°C for 10 minutes to 1 hour) 

to give a compound of structure 1 A, where R! i s a boronate. A wide range of appropriate 

25 reagents and conditions are known to those skilled in the art to convcrt an aryl halide (or aryl 

triflate) to an arylboronate (or an arylborane) [for example, see Marshall Chemtracts 2000, 

13(4), 219-222]. The arylboronate (or arylborane) thus formed, can then be treated with 

compounds of structure IB' (where R3 is a halogen or triflate) in the presence of suitable 

reagents such as a phosphine (for example tri-tert-butyl-phosphonium tetrafluoroborate), a base 

30 (such as cesium carbonate) and a catalyst (such as rm-(dibenzylideneacetone)-dipailadium) in 

an appropriate solvent (such as a mixture of water and dioxane) under appropriate conditions 

(such as heating at 80-120°C for 1 -2 hours or by microwave irradiation al 120-160°C for 10 

minutes to 1 hour) to afford compounds of structure IB. 
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[0072] In Scheme 1, Step (iv), the groups R2 and R4 of compound IB can be coupled 

together to give the group X', which forms the D'-ring. R.2 or R4 may have been masked by 

protecting groups during Step (i), and may require deprotection before the group X' can be 

formed. Alternatively, R2 or R4 may require chemical modification before the group X' can be 

5 formed. For example if R2 or R4 is a nitro group, that group may be reduced, for example using 

hydrogen in the presence of a suitable catalyst (such as palladium on a solid support, such as 

carbon); or by treatment with an inorganic reducing agent (such as tin (II) chloride in DMF) to 

give an amino group. For example, if R2 or R4 is a hydroxyalkyl group, that group may be 

treated with an oxidising agent (such as Jones reagent or manganese dioxide) to give an 

10 aldehyde; or with a different oxidising agent (such as potassium permanganate) to give a 

carboxylic acid. For example, if R2 orR4 is MI aldehyde, that group may be treated with an 

oxidising agent (such as potassium permanganate) to give a carboxylic acid or with a reducing 

agent (such as sodium borohydride) to give an alcohol. For example, if R2 or R4 is a ketone, 

that group may be treated with a reducing agent (such as sodium borohydride) to give a 

15 secondary alcohol. For example, if R2 orR4 is a carboxylic acid or ester, lhat group may be 

treated with a reducing agent (such as lithium aluminium hydride) to give an alcohol. For 

example, if R2 orR4 is analkene group, that group may be treated with aborane (such as 9-

borobicyclononane) and convened to a primary or secondary alcohol. 

[0073] Formation of Ihe linker X' may be carried out in a number of ways known to 

20 those skilled in the art. For example, if one of the two groups R2 and R4 is a hydroxyl and the 

other is a substituted alkylalcohol then IB can be treated with a dehydrating agent (such as 

diisopropyl azodicarboxylate) in the presence of a phosphine, (such as triphenylphosphine) to 

give IE, where X' is an ether. Alternatively, if one of the two groups R2 or R4 is a hydroxyl and 

the other group is an alkyl group substituted with a leaving group (such as a halogen, losylate 

25 or triflate) IB can be treated with a base (such as diisopropylethylaminc, potassium carbonatc 

or sodium hydride) to form IE, where X' is an ether. 

[0074] Alternatively, if one of the groups R2 or R4 is a carboxylic acid and the other 

group is an alkyl halide or sulfonate, then IB can be treated with a base such as 

diisopropylethylamine, potassium carbonate or sodium hydride to form IE, where X' is an 

30 ester. 

[0075] Alternatively, if one of the two groups R2 or R4 is a hydroxyl, or substituted 

alkylaicohol and the other group is a carboxylic acid or carboxylic ester, then 1B can be treated 
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with an acid (such as hydrochloric acid) or dehydrating agent (such as 

dicyclohexylcarbodiimide or acelic anhydride) to form IE, where X' is an esler. 

[0076] Alternatively, if one of the two groupsR2 orR4 on IB is a hydroxyl or 

substituted alkyialcohol and the other group is a carboxylic acid, then the carboxylic acid can 

5 first be converted to a mixed anhydride (for example by treatment with 2,4,6-trichlorobenzoyl 

chloride) or to an activated ester (for example by treatment with HATU in the presence of a 

base such as diisopropylethylamine or pyridine), and the resulting mixed anhydride or activated 

ester can be further treated with a base (such as diisopropylethylamine, pyridine or potassium 

carbonate) to form IE, where X' is an ester. 

10 [0077] Alternatively, if one of the groups R2 or R4 on IB is an amine or a substituted 

alkylamine and the oilier group is a carboxylic acid, the carboxylic acid can be converted to an 

aclivated esler (for example by treatment with HATU and a base such as diisopropylethylamine 

or pyridine or TBTU in the presence of N-methylmorpholine), and the resulting activated ester 

can be further treated with a base to form IE where X' is an amide. 

15 [0078] Alternatively, if one of the two groups R2 or R4 on IB is an amine, or a 

substituted alkylamine and the other group is a carboxylic acid, then IB can then be treated 

with a dehydrating agent (such as such as diisopropylcarbodiimidc) lo form IE, where X' is an 

amide, 

[0079] Alternatively, if one of the two groups R2 or R4 is an amine, or substituied 

20 alkylamine and the other group is an alkyl group substituted with a leaving group (such as a 

halogen, tosylate or triflate) then IB can be treated with a base (such as diisopropylethylamine, 

pyridine or potassium carbonate) lo form IE, where X' is a substituted amine. 

[0080] Alternatively, if one of the two groups R2 or R4 is an aldehyde, and ihe other 

group is a phosphorane (such as an alkyl triphenylphosphorane) or an alkyl phosphonate (such 

25 as an alkyl phosphonic acid diethyl ester) then IB can be treated with a base (such as 

diisopropylethylamine, potassium carbonate or sodium hexamethyldisilazide) to form IE, 

where X' is an alkene which may, or may not be further substituied. 

[0081] Alternatively, if one of the two groups R2 or R4 is an amine and the other group 

is an aldehyde then 1B can be treated with an acid (such as p-toluenesulfoniic acid) or a Lewis 

30 acid (such as tin tetrachloride) to give IE, where X' is -CR=N- or -N=CR~. 

[0082] In Scheme 1, Step (ii), compounds of the structure 1A can be reacted with IC' 

to form the linker X' and give compounds of the structure IC. The formation of the linker X' in 
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compounds with the structure 1C may require a number of steps and the preparation of a 

number of intermediates, and the use of protecting groups may also be required. 

[0083] For example, if one of the two groups R" or R6 is a hydroxy] group and the other 

group is a substituted alkyialcohol then 1A and IC' can be treated with a dehydrating agent 

5 (such as diisopropyl azodicarboxylale) in the presence of a phosphine, (such as 

triphenylphosphine) to give IC, where X' is an ether. Alternatively, if one of the two groups R2 

or R4 is a hydroxy! and the other group is an alkyl group substituted with a leaving group (such 

as a halogen, or a mesylate) 1A and IC' can be treated with a base (such as 

diisopropylethylamine, potassium carbonate or sodium hydride) lo form IC, where X' is an 

10 ether. 

[0084] Alternatively, in Scheme !, Step (ii), if one of the two groups R2 orR6 is a 

hydroxyl, or alkyiaicohol and the other group is a carboxylic acid, then the carboxylic acid can 

be converted to an acy] halide (for example by treatment with thionyl chloride or oxalyl 

chloride), or lo a mixed anhydride (for example by treatment with 2,4,6-trichlorobenzoyl 

15 chloride in the presence of a base such as diisopropylethylamine) or lo an activated ester (for 

example by treatment with HATU in the presence of a base such as diisopropylethylamine or 

pyridine, or treatment with diisopropylcarbodiimide in the presence of HOBT), then 1A and 

IC' can be combined to form IC, where X' is an ester. 

[0085] Alternatively, if one of the two groups R2 or Rfi is an amine, or alkylamine and 

20 the other group is a carboxylic acid, then the carboxylic acid can be converted to an acy! halide 

(for example by treatment with thionyl chloride or oxalyl chloride), or to a mixed anhydride 

(for example by treatment with 2,4,6-trichlorobenzoyl chloride in the presence of a base such as 

diisopropylethylamine), or to an activated ester (for example by treatment with HATU in the 

presence of disopropylethylamine or pyridine, or treatment with diisopropylcarbodiimide in the 

25 presence of HOBT), then 1A and IC' can be combined to form IC, where X' is an amide. 

[0086] Alternatively, if one of the two groups R2 or R6 is an amine, or substituted 

alkylamine and the other group is an alkyl group substituted with a leaving group (such as a 

halogen, or a triflate) then 1A and IC' can be treated with a base (such as 

diisopropylethylamine, pyridine or potassium carbonale) lo form IC, where X' is a substituted 

30 amine. 

[0087] Alternatively, if one of the two groups R2 or R6 is an aldehyde, and the other 

group is a phosphorane (such as an alkyltriphenyiphosphorane) or MI alkylphosphonate (such as 

an alkylphosphonic acid diethyl ester) then 1A and IC1 can be treated with a base (such as 
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diisopropylethylamine or potassium carbonate or .sodium hexamethyldisilazide) lo form IC, 

where X' is an alkene which may, or may not be further substituted. 

[0088] In Scheme 1, Step (v), compounds of structure IE may be prepared from 

compounds of structure ICby reaction of the groups R1 and R5 under a range of conditions to 

5 form a carbon-carbon bond. If one of the groups R1 orR5 is a suitable group (such as a halide 

or triflate), and the other group is a borane, boronate or boronic acid then, in the presence of a 

palladium catalyst (such as palladium chloride dppf), and in the presence of a base (such as 

cesium carbonate), in an appropriate solvent (such as dioxane, water or tetrahydrofuran or 

mixtures thereof) and under appropriate conditions (such as heating, for example heating at 80-

10 120°C for 1-2 hours or microwave irradiation at 120-160°C for 10 minutes to 1 hour), IC can 

be converted into IE. A wide range of appropriate reagents and conditions are known to those 

skilled in the art to couple organoboranes, boronates and boronic acids to give compounds of 

the type IE. 

[0089] Alternatively, if one of the groups R' or R5 is a suitable group (such as a halide 

15 or triflate), and the other group is a trialkylstannane, the carbon-carbon bond can be formed in 

the presence of a palladium catalyst (such as palladium chloride dppf), in an appropriate 

solvent (such as dimethoxyethane or tetrahydrofuran) and under appropriate conditions (such as 

heating, al 80-120°C for 1-2 hours or by microwave irradiation at 120-160°C for 10 minutes to 

1 hour) to afford IE. A wide range of appropriate reagents and conditions are known to those 

20 skilled in the art to couple aryl or heteroaryl stannanes to aryl or heteroaryl balides. 

[0090] In Scheme 1, Step (iii), compounds of structure ].A may be reacted under a 

range of conditions with intermediates of the type ID1 to give compounds of structure ID 

where D' is a six- or seven-menibered fused heterocyclic ring and R9 and Ri0 are suitable 

functional groups that may be used to form the B'-ring. The groups R! and R7 may be reacted 

25 together to form a carbon-carbon bond, and the groups R2 and R8 may be reacted together to 

form the group X'. Methods to form bicyclic compounds of structure ID from subslituted 

phenyl rings of structure 1A are well known to those skilled in the art (see Comprehensive 

Heterocyclic Chemistry Ed.: Katritzky, Ramsden, Scriven, and Taylor, Elsevier, 2008). 

[0091] For example, a compound of structure 1A, where R2 is a hydroxyl group and R1 

30 is hydrogen, can be treated with a suitably protected and substituted 3-halo-propanoic acid or 

ester in an appropriate solvent (such as tetrahydrofuran or dimethyl form amide) and in the 

presence of a base (such as sodium carbonate or diisopropylethylamine) at a temperature 

between room temperature and die reflux temperature of the solvent to give a compound of the 
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fype 1A, where R2 is a substituied oxypropanoic acid or ester. This intermediate may be treated 
with a suitable reagent (such as a strong acid, for example triflic acid) to give ID where R9 is 
oxo, R10 is hydrogen and X' is -OCH2-. 
[0092] Alternatively, a compound of structure 1 A, where R2 is a hydroxyl and R! is 

5 hydrogen, can be treated with a propargyl halide or tosylatc in the presence of a base (such as 
potassium carbonale or cesium carbonate) in a solvent (such as acetone) at a temperature 
between room temperature and the reflux temperature of the solvent to give a compound of 
type 1A in which R2 is a propargyloxyl group. This intennediate may be heated to ~200°C or 
treated with an appropriate catalyst (such as a gold catalyst, for example triphenylphosphine 

10 gold triflamide) in an appropriate solvent (such as toluene) at a temperature between 80°C and 
the reflux temperature of the solvent to give a compound of structure ID wherein X' is -OCH?-, 
R9 and R10 are H and the bond between is a double bond (i.e. a chromene). 

[0093] Further modification of the intermediates of structure ID having a double bond 
between the carbons thai R9 and R10 are attached to (such as a chromene) may be achieved, for 

15 example, by treatment with a hydroborating agent (such as borane-THF complex) followed by 
oxidation with, for example, hydrogen peroxide to give a mixture of compounds of structure 
ID wherein X' is OCH2, R9 is H andR10 is a hydroxyl group and wherein X' is -OCH2-, R9 is a 
hydroxyl and R10 is H which may be separated by chromatography. 
[0094] Further modification of an intermediate of structure ID in which one of R9 and 

20 R10 is H and Ihe other is a hydroxyl may be carried out. For example, Ihe intermediate may be 
oxidized by treatment with an oxidizing agent (such as Dess Martin periodinane) lo give a 
compound of structure ID in which one of R9 and R'° is H the other is oxo. 

[0095J Alternatively, a compound of structure 1A in which R1 is an appropriate group 
(such as a halogen, for example bromine or iodine, or a triflate) and R2 is a protected amine 

25 (such as an acclainide or a Irifluoroacetatnidc) may be coupled with a terminal alkyne in the 
presence of a palladium catalyst (such as tetrakis(triphenylphosphine) palladium (0)) optionally 
in the presence of an additional copper catalyst (such as copper (I) iodide) in the presence of a 
base or salt (such as triethylamine or potassium acetate), in a solvent (such as tetrahydrofuran 
or dimethylformamide) at a temperature between room temperature and the reflux temperature 

30 of the solvent or by irradiation in the microwave at a temperature between 100°C and 160°C to 
give a compound of structure 1A in which R1 is a substituted alkyne and R2 is a protected 
amine (such as an acetamidc or a trifluoroacetamide). Alternatively, a compound of structure 

1A in which R1 is an appropriate group (such as a halogen, for example bromine or iodine, or a 
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triflaie) and R2 is a protected amine (such as an acetamide or a irifluoroacetamide) may be 
coupled with an acelylenic slannane in the presence of a palladium catalyst (such as palladium 
chloride dppf) in an appropriate solvent (such as dioxane, dimethoxyethane or tetrahydrofuran) 
at a temperature between room temperature and the reflux temperature of the solvent or 

5 alternatively by irradiation in the inicrowavc at a temperature between !00°C and 160°C to give 
a compound of structure 1A in which R1 is an alkyne and R2 is a protected amine (such as an 
acetamide or a irifluoroacetamide). 
[0096] In Scheme 1, Step (iii), a compound of structure 1A in which R1 is an 
appropriately subslituted alkyne and R2 is a protected amine (such as an acetamide of a 

10 irifluoroacetamide) may be treated with a base (such as potassium carbonate or sodium 
melhoxide) in an appropriate solvent (such as acetone, DMF or methanol) at a temperature 
between room temperature and the reflux temperature of the solvent to give a compound of 
structure ID in which X' is NH. Alternatively, a compound of structure 1A in which R1 is an 
appropriately substituted alkyne and R2 is a protected amine (such as an acetamide of a 

15 trifluoroacetamide) may be treated with a palladium catalyst (such as bis-
(triphenylphosphine)palladium chloride) in the presence of a base (such as triethylamine) and 
an appropriate catalyst (such as copper® iodide) in a solvent (such as dimethylformamide) at a 
temperature between room temperature and the reflux temperature of the solvent to give a 
compound of structure ID in which X' is NH. 

20 [0097] The general synthetic strategy to elaborate ID is shown in Scheme 2. 
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SCHEME 2 

H 

G' 2E 

10098] in Scheme 2, compounds of structure ID may be converted to a variety of 
compounds of structure IE using reactions known to (hose skilled in the art. In some cases 

5 modifications lo the groups R9 and Ri0 in ID may be required in order to be able to generate 
the require ring systems. One skilled in the art will recognize that it may be necessary for 
various functional groups to be protecled prior lo reaction. Specific steps in the synthetic 
procedures are described in more detail below. 
[0099] In Scheme 2, Step (i), ID in which R9 and R10 are both H and the bond between 

10 the carbon atoms is a double bond, may be treated with diethyl zinc and di-iodomethane 
optionally in the presence of addilional reagents (such as trifiuoroacetic acid or zinc iodide) in a 
solvent (such as 1,2-dichloroelhane) al a temperature between -7B°C and room temperature io 
give compounds of structure 2A in which the B' ring is a cyclopropyl ring. Alternatively, 
compounds of structure ID in which R9 and Ri0 are both H and the bond between the carbon 

15 atoms is a double bond, may be treated with trimeihyl sulfoxonium iodide or trimethyl 
sulphonium iodide in the presence of a base (such as sodium hydride) in a solvenl (such as 
dimethyl sulfoxide) al a temperature between room temperature and 100°C. Alternatively, 
compounds of structure ID in which R9 and R!0 are both H and the bond between the carbon 
atoms is a double bond, may be treated with diazomethane in the presence of a catalyst (such as 
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palladium acetate) in a solvent such as diethyl ether al a temperature between 0°C and room 

temperature. 
[00100] Alternatively, compounds of structure 2A may be prepared in a two step 
procedure. For example, in Scheme 2, Step (ii), ID in which R9 and R10 are both H and the 

5 bond between the carbon atoms is a double bond, may be treated with trimethylsilyl 
diazomethane in the presence of a catalyst (such as palladium acetate) in a solvent (such as 
diethyl ether) at a temperature between 0°C and room temperature to give the intennediate 2A' 

in which J is H and J' is a trimethyl silyl group. In Scheme 2, Step (iii), intermediates 2A' in 
which J is H and J ' is a trimethyl silyl group may be converted to compounds of structure 2A 

10 by treatment with a source of fluoride, (for example tetrabutyl ammonium fluoride) in a solvent 
(such as tetrahydrofuran) at a temperature between 0°C and room temperature. 
[00101] Alternatively in Scheme 2, Step (ii), ID in which R9 and R10 are both H and the 
bond between the carbon atoms is a double bond, may be treated with a haloform (such as 
chloroform or bromoform) in the presence of a base such as sodium hydroxide or potassium l-

15 butoxide in the presence of a catalyst (such as triethylbenzylammonium chloride or tetrabutyl 
ammonium bromide) in a mixture of water and a halogenated solvent (such as dicloromethane 
or dichloroethane) or alternatively in excess of the haloform al a temperature between room 
temperature and 80°C to give the intermediate 2A' in which J and J' are both chlorine or 
bromine. In Scheme 2, Step (iii), die intermediates 2A' in which J and J' are both chlorine or 

20 bromine may be convened lo compounds of structure 2A by treatment with a base (such as 
sodium melhoxide or sodium l-butoxide) in a solvenl (such as tetrahydrofuran) at a lemperalure 
between room temperature and the reflux temperature of the solvenl. Alternatively, the 
intermediates 2A' in which J and J' are both chlorine or bromine may be converted to 
compounds of structure 2A by reduction; for example, by treatment with lithium aluminium 

25 hydride in a solvent (such as tetrahydrofuran) at a temperature between 0°C and the reflux 
temperature of the solvent or alternatively, for example by hydrogenation using a catalyst (such 
as palladium on carbon) in a solvent (such as methanol or elhanol), optionally in the presence 
of a base (such as triethylamine). Alternatively, the intermediates 2A' in which J and J' are 
both chlorine or bromine may be convened lo compounds of structure 2A under radical 

30 conditions; for example, by treatment with a tin hydride (such as tributyl tin hydride) optionally 
in the presence of a radical initiator (such as azo-te-isobutyronitrile) in a solvent (such as 
toluene) at a temperature between room temperature and the reflux temperature of the solvent. 
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[00102] In Scheme 2, Step (iv), ID in which X' includes a carbonyl (for example where 
X" is -O-C(O)-) and R9 and R10 are both H and (he bond between the caibon atoms is a double 
bond, may be converted to the corresponding compounds 2B by treatmenl with ethylene in a 
solvent (such as dichloromethane) under photochemical conditions. 

5 [00103] Alternatively compounds of structure 2B may be prepared in a multi-step 
procedure. For example, in Scheme 2, Step (v), ID in which both R9 and RID are both H and the 
bond between the two carbon atoms is a double bond may be treated with an acrylate (such as 
ethyl acrylate) in a solvenl (such as acelonitrile) under photochemical conditions to give an 
intermediate 2B' in which J" is an ester group (such as an ethyl esler). The ester may be 

10 hydrolysed by, for example, treatment with sodium hydroxide or lithium hydroxide in a solvenl 
such as aqueous elhanol or aqueous dioxane at a temperature between room temperature and 
the rellux temperature of the solvent to give an intermediate of structure 2B' in which J" is a 
carboxylic acid. In Scheme 2, Step (vi), the acid may be removed for example by heating in, for 
example, quinoline optionally in the presence of a catalyst (such as copper) to around 200°C. 

15 [00104] In Scheme 2, Step (vii), ID in which R10 is a hydroxyl and R9 is a group CH2OH 
may be treated with a sulfonyl chloride (such as 4-toluenesulfonyl chloride or methanesulfonyl 
chloride) in ihe presence of a base (such as triethylamine), optionally in the presence of 4-
dimethylaminopyridine, in a solvent (such as dichloromethane or toluene) at a temperature 
between room temperature and the reflux temperature of the solvent. The product may be 

20 treated with a base (such as triethylamine, diisopropylethylamine or sodium hydride) in an 
appropriate solvent (such as dichloromethane, tetrahydrofuran or DMF) to give a compound of 
structure 2C. 
[00105] In Scheme 2, Step(viii), ID in which R9 is CM2CH2OH and R10 is CH2OH may 
be converted to compounds 2D. One of the hydroxyl groups may need to be protected and the 

25 other is treated with a sulfonyl chloride (such as 4-toluencsulfonyl chloride or methanesulfonyl 
chloride) in the presence of a base (such as triethylamine) optionally in ihe presence of 4-
dimethylaminopyridine, in a solvent (such as dichloromethane or toluene) al a temperature 
between room temperature and the reflux temperature of the solvent. After deprotection of the 
remaining hydroxyl group, the intermediate may be treated with a base (such as triethylamine, 

30 diisopropylethylamine or sodium hydride) in a solvent (such as dichloromethane, 
tetrahydrofuran or dimethylformamide at a temperature between room temperature and the 
reflux temperature of Ihe solvent to give a compound of structure 2D. 
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[00106] Alternatively, compounds of structure 2D may be prepared in a 2 step 
procedure. For example, in Scheme 2, Step (ix), ID in which R9 is CH2CO2H and RiCt is 

CH2OH may be converted to compounds of structure 2D'. The carboxylic acid may be 

converted to an acid chloride (by treatment with, for example, thionyl chloride or oxalyl 
5 chloride, optionally in the presence of a catalytic amount of DMF in a solvent such as 

dichloromethane or toluene) or to a mixed anhydride (for example by treatment with 2,4,6-
trichlorobenzoyl chloride in the presence of a base such as diisopropylethylamine) or to an 
activated ester (for example by treatment with HATU in the presence of a base such as 
diisopropylethylamine or pyridine, or treatment with diisopropylcarbodiimide in the presence 

10 of HOBT). The acid chloride, mixed anhydride or activated ester may then be treated with a 
base (such as triethylamine or pyridine), in a solvenl (such dichloromethane or toluene) lo give 
the compound of structure 2D". In Scheme 2, Step (x), compounds of structure 2D' may be 
converted to compounds of structure 2D by reduction, for example, by treatment with lithium 

aluminium hydride, sodium diisobutylaluminium hydride or borane-dimethyl sulfide complex, 
15 in an appropriate solvenl (such as tetrahydrofuran) at a temperature between -78°C and room 

temperature. 
[00107] In Scheme 2, Step (xi), ID in which R9 is CH2CH2OH and R10 is a hydroxyl 
may be treated with a sulfonyl chloride (such as 4-toluenesulfonyl chloride or methanesulfonyl 
chloride) in the presence of a base (such as Iriethylamine), optionally in the presence of 4-

20 dimethylaminopyridine, in a solvent (such as dichloromethane or loluene) at a temperature 
between room temperature and the reflux temperature of (he solvent, followed by treatment 
with a base (such as triethylamine, diisopropylethylamine or sodium hydride) in an appropriate 
solvent (such as dichloromethane, tetrahydrofuran or DMF) at a temperature between room 
temperature and the reflux temperature of the solvent to give a compound of structure 2E. 

25 [00108] Alternatively, compounds of structure 2E may be prepared in a 2 step procedure. 
In Scheme 2, Step (xii), ID in which R9 is H and R10 is oxo may be converted to compounds of 
structure 2E' by treatment with chloroacetaldehyde or bromoacetaldehyde in the presence of an 
aqueous base (such as sodium bicarbonate or sodium hydroxide in water) at a temperature 
between 0°C and room temperature, followed by treatment with an acid (such as concentrated 

30 sulfuric acid) in a mixture of water and an organic solvent (such as ethyl acetate). 
[00109] In Scheme 2, Step (xiii), compounds of structure 2E may be prepared from 
compounds of structure 2E' by hydrogenation in the presence of a metal catalyst (such as 
palladium or palladium hydroxide on a solid support such as carbon) in a solvent (such as an 
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ether, for example tetrahydrofuran or dioxane, or an alcohol, such as methanol or ethanol), 

optionally in the presence of an acid (such as acetic acid). Depending upon the nature of the 

linker X\ the bond between the two rings may be reduced or not to give either a 

tetrahydrofuran or a dihydrofuran. For example, if X' is -N=C- then the E' ring in 2E will be a 

5 dihydrofuran whereas if X' is -OCHj- then the B' ring will be a tetrahydrofuran. 

[00110] In Scheme 1, Step (vii), compounds of general structure IE may be converted to 

compounds of General Formula I by the conversion of the group G' to a carboxylic acid. If (he 

group G' is a carboxylic ester (such as a methyl, terf-butyl or benzyl ester) then a variety of 

reagents and conditions can be used to convert IE into a compound of (he General Formula I. 

10 For example, if G' is a methyl, ethyl or benzyl ester, it may be converted to a carboxylic acid 

by treatment with an inorganic base (such as lithium hydroxide or sodium hydroxide) in a 

solvent (such as methanol, dioxane or water, or mixtures thereof) at a temperature between 

room temperature and the reflux temperature of the solvent, or alternatively by microwave 

irradiation al 120-180°C for 10 minutes lo 1 hour. Alternatively if G' is a benzyl ester it may be 

15 converted to a carboxylic acid by hydrogenation in the presence of a catalyst (such as 

palladium on a solid support such as carbon) in a solvent (such as dioxane or ethyl acetate). 

Alternatively if G' is a terf-butyl ester, it may be converted to a carboxylic acid by treatment 

with an acid (such as irifluoromethanesulfonic acid or hydrogen chloride) in a solvent (such as 

dichloromethane or dioxane). 

20 [00111] Alternatively, if the group G' is a nitrile, it may be converted into a carboxylic 

acid by treatment with aqueous acid (such as a mineral acid, for example hydrochloric acid) 

under appropriate conditions (such as heating, for example to reflux); or by treatment with 

aqueous base (such as an aqueous hydroxide, for example aqueous sodium hydroxide) under 

appropriate conditions (such as healing, for example lo reflux). 

25 [00112] Alternatively, if the group G' is an aldehyde (CHO) or a hydroxymethyl 

(CH2OH) moiety then it may be converted into a carboxylic acid by treatment with a suitable 

oxidising reagent (such as potassium permanganate or chromic acid). 

[00113] The general synlbelic strategy to modify the group G is depicted in Scheme 3. 

The G group may be introduced and/or modified either before, during or after the assembly of 

30 the tricyclic ring system. Specific steps used to assemble sulfonamide are described in more 

detail below. 
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(ii) °- 0 

*s' H,N" y A'' SN 
H 

G' G' G1 

3A 3B 3C 

In Scheme 3, the asterisks denote either the presence of the groups RJ and R2 (as 
shown in Scheme 1) or the presence of the D' and B' rings, or intermediates towards the 

5 preparation of the rings (as shown in Schemes i and 2). 
[00115] In Scheme 3, Step (i), compounds of structure 3A in which G is a nitro group 
may be converted to compounds 3B by reduction, for example by catalytic hydrogenation in 
the presence of a metal catalyst (such as palladium on a solid support such as carbon) in a 

solvent (such as an ether, for example tetrahydrofuran, or an alcohol, for example methanol or 
10 ethanol). Alternatively, compounds of structure 3A in which G is a nitro group may be 

converted lo compounds of structure 3B by chemical reduction. For example, the reduction 
may be achieved using a metal or metal salt (such as iron, zinc or tin (II) chloride) in the 
presence of an acid (such as hydrochloric acid or acetic acid). 
[00116J In Scheme 3, Step (i), compounds of structure 3A in which G is a protected 

15 amino group may be converted to compounds of structure 3B by removal of the protecting 
groups. Protecting groups for amino groups are well known to those skilled in the art and 
methods for their removal arc equally well known [for example, see Greene, Wuts, Protective 
Groups in Organic Synthesis. 2nd Ed. (1999)]. For example, compounds of structure 3A in 
which F is an amino group protected with one or two Boc groups may be converted lo 

20 compounds of structure 3B by treatment with an acid (such as trifluoroacetic acid, formic acid 
or hydrogen chloride) in a solvent (such as dichloromethane or dioxane). 
[00117] Alternatively, in Scheme 3, Step (i), compounds of structure 3A in which G is a 
pivaloyl protected aniline may be converted to compounds of structure 3B by treatment with an 
acid (such as concenlrated sulfuric acid) in a solvent (such as methanol) a!, a temperature 

25 between room temperature and the reflux temperature of the solvenl. 
[0011.8] in Scheme 3, Step (ii), compounds of structure 3B may be converted to 
compounds of structure 3C by treatment with an appropriate sulfonyl chloride (such as a 
substiluted or unsubstituted benzene sulfonyl chloride) or an activated sulfonate ester (such as a 
pentalluorophenyl sulfonate ester) in the presence of a suitable base (such as pyridine, 

30 diisopropylethylamine or cesium carbonate) in a suitable solvent (such as dichloromethane or 
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dimethylfomnamide) at a temperature between room temperature and the reflux temperature of 

the solvent. 

[00119] Intermediates towards the preparation of compounds of Formula 1 or, for 

example, General Formula 1 may require reduction of an aromatic ring system lo give (he 

5 saturated ring system required in the compounds of Formula 1. This hydrogenation may be 

carried out by hydrogenation of the intermediates in the presence of a metal catalyst (for 

example palladium or palladium hydroxide on a solid support, such as carbon) in a solvent 

(such as ethanol, ethyl acetate or dioxane) optionally in the presence of an acid (such as acetic 

acid). The reduction of the aromatic rings may be carried out before the formation of the 

10 tricyclic ring system or after it or at any stage during the synsthesis as will be recognized by 

Ihose skilled in the art. 

[00120] Compounds of any of Formula I, Formula II or, for example, General Formula I 

as depicted above, or any of the intermediates described in the schemes above, can be further 

derivatised by using one or more standard synthetic methods known to those skilled in the art. 

15 Such methods can involve substitution, oxidation or reduction reactions. These methods can 

also be used to obtain or modify compounds of General Formula I or any preceding 

intermediates by modifying, introducing or removing appropriate functional groups. Particular 

substitution approaches include alkylation, arylation, heleroarylation, acyiation, thioacylation, 

halogenalion, sulfonylation, nitration, formylation, hydrolysis and coupling procedures. These 

20 procedures can be used to introduce a functional group onto the parent molecule (such as (he 

nitration or sulfonylation of aromatic rings) or to couple two molecules together (for example 

to couple an amine to a carboxylic acid to afford an amide; or lo form a carbon-carbon bond 

between two heterocycles). For example, alcohol or phenol groups can be converted lo ether 

groups by coupling a phenol with an alcohol in a solvent (such as tetrahydrofuran) in the 

25 presence of a phosphine (such as triphenylphosphine) and a dehydrating agent (such as diethyl, 

diisopropyl or dimethyl azodicarboxylate). Alternatively, ether groups can be prepared by 

deprotonation of an alcohol, using a suitable base (such as sodium hydride) followed by the 

addition of an alkylating agent (such as an alkyl halide or an alkyl sulfonate). 

[00121] In another example, a primary or secondary amine can be alkylated using a 

30 reductive alkylation procedure. For example, the amine can be treated with an aldehyde and a 

borohydride (such as sodium iriacetoxyborohydride, or sodium cyanoborohydride in a solvent 

(such as a halogenated hydrocarbon, for example dichloromethane, or an alcohol, for example 

ethanol) and, where necessary, in the presence of an acid (such as acetic acid). 
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[00122] In another example, hydroxy groups (including phenolic OH groups) can be 
converted into leaving groups, such as halogen atoms or sulfonyloxy groups (such as 
alkylsulfonyloxy, for example trifluoromethanesulfonyloxy, or aryl suphonyloxy, for example 
p-toluenesulfonyloxy) using conditions known to those skilled in the art. For example, an 

5 aliphatic alcohol can be reacted with thionyl chloride in a halogenated hydrocarbon (such as 
dichloromethane) to afford the corresponding alkyl chloride. A base (such as triethylamine) can 
also be used in the reaction. 
[001231 In another example, ester groups can be converted to the corresponding 
carboxylic acid by acid- or base-catalysed hydrolysis depending on the nature of the ester 

10 group. Acid catalysed hydrolysis can be achieved by treatment with an organic or inorganic 
acid (such as trifluoroacetic acid in an aqueous solvent, or a mineral acid such as hydrochloric 
acid in a solvent such as dioxane). Base catalysed hydrolysis can be achieved by treatment with 
an alkali metal hydroxide (such as lithium hydroxide in an aqueous alcohol, for example 
methanol). 

15 [00124] In another example, aromatic halogen substituents in the compounds may be 
subjected to halogen-metal exchange by treatment with a base (such as a lithium base, for 
example n-butyl or t-butyl lithium) optionally at a low temperature (such as -78°C) in a solvent 
(such as tetrahydrofuran) and the mixture may then be quenched with an electrophile to 
introduce a desired substituent. Thus, for example, a formyl group can be introduced by using 

20 dimelhylforrnamide as the electrophile. Aromatic halogen substituents can also be subjected lo 
palladium catalysed reactions to introduce groups such as carboxylic acids, esters, cyano or 
amino substituents. 
[00125] In another example, an aryl, or heteroaryl ring substituted with an appropriate 

leaving group (such as a halogen or sulfonyl ester, for example a triflate) can undergo a 
25 palladium catalysed coupling reaction with a wide variety of substrates to form a caibon-carbon 

bond. For example, a Heck reaction can be used to couple such a ring system to an alkene 
(which may, or may not, be further substituted) by treatment with an organopalladium complex 
(such as tetrakis(triphenylphosphine)palladium(0), palladium (A) acetate or palladium (II) 
chloride) in ihe presence of a ligand (such as a phosphine, for example triphenylphosphine) in 

30 the presence of a base (such as potassium carbonate or a tertiary amine, for example, 
triethylamine), in an appropriate solvent (such as tetrahydrofuran or DMF), under appropriate 
conditions (such as heating to, for example, 50-120°C). In another example, a Sonogashira 
reaction can be used to couple such a ring system to an alkyne (which may, or may not be 
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further subslituted) by treatment with a palladium complex (such as 
tetrakis(lriphenylphosphine)palladium(0)) and a halide salt of copper (I) (such as copper (I) 

iodide), in the presence of a base (such as a potassium carbonate or a tertiary amine, for 

example, triethylamine), in an appropriate solvent (such as tetrahydrofuran or 
5 dimethylformamide), under appropriate conditions (such as heating to, for example, 50-120°C). 

In another example, a Stille reaction can be used to couple such a ring system to an alkene, by 
treatment with an organotin compound (such as an alkynyltin or aikenyltin reagent, for example 
an aJkenyltribiityistannane) in the presence of a palladium complex (such as 
tetrakis(triphenylphosphine)palladium(0)), with, or without the presence of a salt (such as a 

10 copper (I) halide), in an appropriate solvent (such as dioxane or dimethylformamide), under 
appropriate conditions (such as heating to, for example, 50-120°C). 
[00126] Particular oxidation approaches include dehydrogenations and aromatisation, 
decarboxylation and the addition of oxygen to certain functional groups. For example, 
aldehyde groups can be prepared by oxidation of the corresponding alcohol using conditions 

15 well known to those skilled in the art. For example, an alcohol can be treated with an oxidising 
agent (such as Dess-Martin periodinane) in a solvent (such as a halogenated hydrocarbon, for 
example dichloromethane). Alternative oxidising conditions can be used, such as treatment 
with oxalyl chloride and an activating amount of dimethyisulfoxide and subsequent quenching 
by the addition of an amine (such as triethylamine). Such a reaction can be carried out in an 

20 appropriate solvent (such as a halogenated hydrocarbon, for example dichloromethane) and 
under appropriate conditions (such as cooling below room temperature, for example to -78°C 
followed by warming to room temperature). Tn another example, sulfur atoms can be oxidised 
to the corresponding sulfoxide or sulfone using an oxidising agent (such as a peroxy acid, for 
example 3-chloroperoxybenzoic acid) in an inert solvent (such as a halogenated hydrocaibon, 

25 for example dichloromethane) at around ambient temperature. 
[00127] Particular reduction approaches include the removal of oxygen atoms from 
particular functional groups or saturation (or partial saturation) of unsaturated compounds 
including aromatic or heteroaromatic rings. For example, primary alcohols can be generated 
from the corresponding ester or aldehyde by reduction, using a metal hydride (such as lithium 

30 aluminium hydride or sodium borohydride in a solvent such as methanol). Alternatively, 
CH2OH groups can be generated from the corresponding carboxylic acid by reduction, using a 
metal hydride (such as lithium aluminium hydride in a solvenl such as tetrahydrofuran). In 
another example, a nitro group may be reduced to an amine by catalytic hydrogenation in the 
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presence of a metal catalyst (such as palladium on a solid support such as carbon) in a solvent 
(such as an ether, for example tetrahydrofuran, or an alcohol, such as methanol), or by chemical 
reduction using a metal (such as zinc, tin or iron) in the presence of an acid (such as acetic acid 
or hydrochloric acid). In a further example an amine can be obtained by reduction of a nitrile, 

5 for example by catalytic hydrogenation in (he presence of a metal catalyst (such as palladium 
on a solid support such as carbon), or Raney nickel in a solvent (such as tetrahydrofuran) and 
under suitable conditions (such as cooling to below room temperature, for example to -78°C, or 
healing, for example to reflux). 
[00128] Salts of compounds of General Formula I can be prepared by (he reaction of a 

10 compound of General Formula 1 with an appropriate acid or base in a suitable solvent, or 
mixture of solvents (such as an ether, for example, diethyl ether, or an alcohol, for example 
ethanol, or an aqueous solvent) using conventional procedures. Salts of compound of General 
Formula I can be exchanged for other salts by treatment using conventional ion-exchange 
chromatography procedures. 

15 [00129] Where it is desired to obtain a particular enantiomer of a compound of General 
Formula I, this may be produced from a corresponding mixture of enantiomers by employing 
any suitable conventional procedure for resolving enantiomers. For example, diastereomeric 
derivatives (such as salts) can be produced by reaction of a mixture of enantiomers of a 
compound of General Formula I (such a racemate) and an appropriate chiral compound (such 

20 as a chiral base). The diastereomers can then be separated by any conventional means such as 
crystallisation, and the desired enantiomer recovered (such as by treatment with an acid in the 
instance where the diastereomer is a sail). Alternatively, a racemic mixture of esters can be 
resolved by kinetic hydrolysis using a variety of biocat^lysts (for example, seePateJ 
Steroseleciive Biocatalysts, Marcel Decker; New York 2000). 

25 [00130] Jn another resolution process a racemate of compounds of General Formula I 
can be separated using chiral High Performance Liquid Chromatography. Alternatively, a 
particular enantiomer can be obtained by using an appropriate chiral iniermediate in one of the 
processes described above. Chromatography, recrystallisalion and other conventional 
separation procedures may also be used with intermediates or final products where it is desired 

30 to obtain a particular geometric isomer of the invention. 
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II. Methods 
[00131] Another aspect of the invention provides methods of modulating the activity of 
MetAP2. Such methods comprise exposing said reccptor to a compound described herein. In 
some embodiments, die compound utilized by one or more of the foregoing methods is one of 

5 the generic, subgeneric, or specific compounds described herein, such as a compound of 
Formula I, Ja, lb, Ic, Id, Ie, If, H, III or IV. The ability of compounds described herein to 
modulate or inhibit MetAP2 can be evaluated by procedures known in the art and/or described 
herein. Another aspect of the invention provides methods of treating a disease associated with 
expression or activity of MetAP2 in a patient. For example, a contemplated method includes 

10 administering a disclosed compound in an amount sufficient to establish inhibition of 
intracellular MetAP2 effective lo increase thioredoxin production in the patient and to induce 
multi organ stimulation of anti-obesity processes in the subject, for example, by administering a 
disclosed compound in an amount insufficient to reduce angiogenesis in the patient. 

[00132] In certain embodiments, the invention provides a method of treating and or 
15 ameliorating obesity in a patient by administering an effective amount of a disclosed 

compound. Also provided herein are methods for inducing weight loss in a patient in need 
thereof. Contemplated patients include not only humans, but other animals such as companion 
animals (e.g., dogs, cats). 

[00133] Other contemplated methods of treatment include method of treating or 
20 ameliorating an obesity-related condition or co-morbidity, by administering a compound 

disclosed herein to a subject. For example, contemplated herein are methods for treating type 2 
diabetes in a patient in need thereof. 

[00134] Exemplary co-morbidities include cardiac disorders, endocrine disorders, 

respiratory disorders, hepalic disorders, skeletal disorders, psychiatric disorders, metabolic 
25 disorders, and reproductive disorders. 

[00135] Exemplary cardiac disorders include hypertension, dyslipidemia, ischemic 
heart disease, cardiomyopathy, cardiac infarction, stroke, venous thromboembolic disease and 
pulmonary hypertension. Exemplary endocrine disorders include type 2 diabetes and latent 
autoimmune diabetes in adults. Exemplary respiratory disorders include obesity-

30 hypoventilation syndrome, asthma, and obstructive sleep apnea. An exemplary hepatic 
disorder is nonalcoholic fatty liver disease. Exemplary skeletal disorders include back pain and 
osteoarthritis of weight-bearing joints. Exemplary metabolic disorders include Prader-Willi 
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Syndrome and polycystic ovary syndrome. Exemplary reproductive disorders include sexual 

dysfunction, erectile dysfunction, infertility, obstetric complications, and fetal abnormalities. 

Exemplary psychiatric disorders include weight-associated depression and anxiety. 

[00136] In particular, in certain embodiments, the invention provides a method of 

5 treating the above medical indications comprising administering to a subject in need thereof a 

therapeutically effective amount of a compound described herein, such as a compound of 

Formula!, Ia, lb, Ic, Id, le, If, II, III or IV. 

[06137] Obesity or reference lo "overweight" refers to an excess of fat in proportion to 

lean body mass. Excess fat accumulation is associated with increase in size (hypertrophy) as 

iO well as number (hyperplasia) of adipose tissue cells. Obesity is variously measured in terms of 

absolute weight, weight:height ratio, distribution of subcutaneous fai, and societal and esthetic 

norms. A common measure of body fat is Body Mass Index (BM1). The BM1 refers to the 

ratio of body weight (expressed in kilograms) to the square of height (expressed in meters). 

Body mass index may be accurately calculated using either of the formulas: weight(kg) / 

! 5 height2(m2) (SI) or 703 X weight(lb) / height2(in2) (US). 

[00138] In accordance with the U.S. Centers for Disease Control and Prevention (CDC), 

an overweight adult has a BMT of 25 kg/m2 to 29.9 kg/m2, and an obese adult has a BMI of 30 

kg/m2 or greater. A BMI of 40 kg/m2 or greater is indicative of morbid obesity or extreme 

obesity. Obesity can also refer to patients with a waist circumference of about 102 cm for 

20 males and about 88 cm for females. For children, the definitions of overweight and obese take 

into account age and gender effects on body fat. Patients with differing genetic background 

may be considered "obese" at a level differing from the general guidelines, above. 

[00139] The compounds of the present invention also are useful for reducing the risk of 

secondary outcomes of obesity, such as reducing She risk of left ventricular hypertrophy. 

25 Methods for treating patients at risk of obesity, such as those patients who are overweight, but 

not obese, e.g. with a BMI of between about 25 and 30 kg/m2, are also contemplated. In certain 

embodiments, a patient is a human. 

[00140] BMI does not account for the fact that excess adipose can occur selectively in 

different parts of the body, and developmenl of adipose tissue can be more dangerous to health 

30 in some parts of the body rather than in other parts of the body. For example, "central obesity", 

typically associated with an "apple-shaped" body, results from excess adiposity especially in 

the abdominal region, including belly fa! and visceral fat, and carries higher risk of co-
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morbidity than "peripheral obesity", which is typically associated with a "pear-shaped" body 

resulting from excess adiposity especially on die hips. Measurement, of waist/hip circumference 

ratio (WHR) cart be used as an indicator of central obesity. A minimum WHR indicative of 

centra! obesity has been variously set, and a centrally obese adult typically has a WHR of about 

5 0.85 or greater if female and about 0.9 or greater if male. 

[00141] Methods of determining whether a subject is overweight or obese lhat account 

for the ratio of excess adipose tissue to lean body mass involve obtaining a body composition 

of the subject. Body composition can be obtained by measuring Ihe thickness of subcutaneous 

fat in multiple places on the body, such as the abdominal area, the subscapular region, arms, 

10 buttocks and thighs. These measurements are ihen used to estimate total body fat wilh a margin 

of error of approximately four percentage points. Another method is bioelectrical impedance 

analysis (BIA), which uses the resistance of electrical flow through the body to estimate body 

fat. Another method is using a large tank of water to measure body buoyancy. Increased body 

fat will result in greater buoyancy, while greater muscle mass will result in a tendency to sink. 

15 [001421 In another aspect, the invention provides methods for treating an overweight or 

obese subject involving determining a level of at least one biomarker related to being 

overweight or obese in the subject, and administering an effective amount of a disclosed 

compound lo achieve a target level in the subject. Exemplary biomarkers include body weight, 

Body Mass Index (BMI), Waist/Hip ratio WHR, plasma adipokines, and a combination of two 

20 or more tiiereof. 

[00143] In certain embodiments, the compound utilized by one or more of the foregoing 

methods is one of the generic, subgeneric, or specific compounds described herein, such as a 

compound of Formula I, la, lb, lc, Id, le. If, II, IH or IV. 

[00144] The compounds of the invention may be administered lo patients (animals and 

25 humans) in need of such treatment in dosages that will provide optimal pharmaceutical 

efficacy. It will be appreciated that ihe dose required for use in any particular application will 

vary from patient lo patient, nol only with the particular compound or composition selected, but 

also with die route of administration, the nature of the condition being treated, die age and 

condition of the patient, concurrent medication or special diets then being followed by the 

30 patient, and other factors which those skilled in the art will recognize, with the appropriate 

dosage ultimately being al the discretion of the attendant physician. For treating clinical 

conditions and diseases noted above, a compound of this invention may be administered orally, 
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subcutaneously, topically, parenterally, by inhalation spray or rectally in dosage unit 
formulations containing conventional non-toxic pharmaceutically acceptable carriers, adjuvants 
and vehicles. Parenteral administration may include subcutaneous injections, intravenous or 
intramuscular injections or infusion techniques. 

5 [00145] Treatment can be continued for as long or as short a period as desired. The 
compositions may be administered on a regimen of, for example, one to four or more times per 
day. A suitable treatment period can be, for example, at least about one week, at least about 
two weeks, at least about one month, at least about six months, at least about 1 year, or 
indefinitely. A treatment period can terminate when a desired result, for example a weight loss 

10 target, is achieved. A treatment regimen can include a corrective phase, during which dose 
sufficient to provide reduction of weight is administered, and can be followed by a maintenance 
phase, during which a e.g. a lower dose sufficient to prevent weight gain is administered. A 
suitable maintenance dose is likely to be found in the lower parts of the dose ranges provided 
herein, but corrective and maintenance doses can readily be established for individual subjects 

15 by those of skill in the art without undue experimentation, based on the disclosure herein. 
Maintenance doses can be employed to maintain body weight in subjects whose body weight 
has been previously controlled by other means, including diet and exercise, bariairic procedures 
such as bypass or banding surgeries, or treatments employing other pharmacological agents. 

20 HI. Pharmaceutical Compositions and Kits 
[00146] Another aspect of the invention provides pharmaceutical compositions 
comprising compounds as disclosed herein formulated together with a pharmaceutically 
acceptable carrier. In particular, the present disclosure provides pharmaceutical compositions 
comprising compounds as disclosed herein formulated together with one or more 

25 • pharmaceutically acceptable earners. These formulations include those suitable for oral, rectal, 
topical, buccal, parenteral (e.g., subcutaneous, intramuscular, intradermal, or intravenous) 
rectal, vaginal, or aerosol administration, although the most suitable form of administration in 
any given case will depend on the degree and severity of the condition being treated and on the 
nature of the particular compound being used. For example, disclosed compositions may be 

30 formulated as a unit dose, and/or may be formulated for oral or subcutaneous administration. 

[00147] Exemplary pharmaceutical compositions of this invention may be used in the 
form of a pharmaceutical preparation, for example, in solid, semisolid or liquid form, which 
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contains one or more of Ihe compound of the invention, as an active ingredient, in admixture 
with an organic or inorganic carrier or excipient suitable for external, enteral or parenteral 
applications. The active ingredient may be compounded, for example, with the usual non­
toxic, pharmaceutically acceptable carriers for tablets, pellets, capsules, suppositories, 

5 solutions, emulsions, suspensions, and any other form suitable for use. The aclivc object 
compound is included in the pharmaceutical composition in an amount sufficient to produce the 
desired effect upon the process or condition of the disease. 

[00148] For preparing solid compositions such as tablets, the principal active ingredient 
may be mixed with a pharmaceutical carrier, e.g., conventional tableting ingredients such as 

i 0 corn starch, lactose, sucrose, sorbitol, talc, stearic acid, magnesium stearate, dicalcium 
phosphate or gums, and other pharmaceutical diluents, e.g., water, to form a solid 
preformulation composition containing a homogeneous mixture of a compound of the 
invention, or a non-toxic pharmaceutically acceptable salt thereof. When referring to these 
preformulation compositions as homogeneous, it is meant that the active ingredient is dispersed 

15 evenly throughout the composition so that the composition may be readily subdivided into 
equally effective unit dosage forms such as tablets, pills and capsules. 

[(>0149] In solid dosage forms for oral administration (capsules, tablets, pills, dragees, 
powders, granules and the like), the subject composition is mixed with one or more 
pharmaceulically acceptable carriers, such as sodium citrate or dicalcium phosphate, and/or any 

20 of the following: (1) fillers or extenders, such as starches, lactose, sucrose, glucose, mannitol, 
and/or silicic acid; (2) binders, such as, for example, caiboxymethylcellulose, alginates, gelatin, 
polyvinyl pyrrolidone, sucrose and/or acacia; (3) humectants, such as glycerol; (4) 
disintegrating agents, such as agar-agar, calcium carbonate, potato or tapioca starch, alginic 

acid, certain silicates, and sodium carbonale; (5) solution retarding agents, such as paraffin; (6) 
25 absorption accelerators, such as quaternary ammonium compounds; (7) wetting agents, such as, 

for example, acetyl alcohol and glycerol monosiearate; (8) absorbents, such as kaolin and 
bentonite clay; (9) lubricants, such a talc, calcium slearate, magnesium stearate, solid 
polyethylene glycols, sodium lauryl sulfate, and mixtures thereof; and (10) coloring agents. In 
the case of capsules, tablets and pills, the compositions may also comprise buffering agents. 

30 Solid compositions of a similar type may also be employed as fillers in soft and hard-filled 
gelatin capsules using such excipients as lactose or milk sugars, as well as high molecular 
weight polyethylene glycols and the like. 
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[00150] A tablet may be made by compression or molding, optionally with one or more 
accessory ingredients. Compressed tablets may be prepared using binder (for example, gelatin 
or hydroxypropylmelhyl cellulose), lubricant, inert diluent, preservative, disintegrant (for 
example, sodium starch glycolate or cross-linked sodium carboxymethyl cellulose), surface-

5 active or dispersing agent. Molded tablets may be made by molding in a suitable machine a 
mixture of the subject composition moistened with an inert liquid diluent Tablets, and other 
solid do,sage forms, such as dragees, capsules, pills and granules, may optionally be scored or 
prepared with coatings and shells, such as enteric coatings and other coalings well known in the 
pharmaceutical-formulating ait. 

10 [00151] Compositions for inhalation or insufflation include solutions and suspensions in 
pharmaceutically acceptable, aqueous or organic solvents, or mixtures thereof, and powders. 
Liquid dosage forms for oral administration include pharmaceutically acceptable emulsions, 
microemulsions, solutions, suspensions, syrups and elixirs. In addition to the subject 
composition, the liquid dosage forms may contain inert diluents commonly used in the art, such 

15 as, for example, water or other solvents, solubilizing agents and emulsifiers, such as ethyl 
alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, 
propylene glycol, 1,3-butylene glycol, oils (in particular, cottonseed, groundnut, com, germ, 
olive, castor and sesame oils), glycerol, tetrahydrofuryl alcohol, polyethylene glycols and fatty 
acid esters of sorbitan, cyclodextrins and mixtures thereof. 

20 [00152] Suspensions, in addition to the subject composition, may contain suspending 
agents as, for example, ethoxylaled isostearyl alcohols, polyoxyethylene sorbitol and sorbitan 
esters, microcrystalline cellulose, aluminum metahydroxide, benloniie, agar-agar and 
tragacanth, and mixtures thereof. 

[00153] Formulations for rectal or vaginal administration may be presented as a 
25 suppository, which may be prepared by mixing a subject composition with one or more suitable 

non-irritating excipients or carriers comprising, for example, cocoa butter, polyethylene glycol, 
a suppository wax or a salicylate, and which is solid at room temperature,-but liquid at body 
temperature and, therefore, will melt in die body cavity and release the active agent. 

[00154] Dosage forms for transdermal administration of a subject composition include 
30 powders, sprays, ointments, pastes, creams, lotions, gels, solutions, patches and inhalants. The 

active component may be mixed under sterile conditions with a pharmaceulically acceptable 
carrier, and with any preservatives, buffers, or propellants which may be required. 
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[00155] The ointments, pastes, creams and gels may contain, in addition lo a subject 
composition, excipients, such as animal and vegetable fats, oils, waxes, paraffins, starch, 
tragacanth, cellulose derivatives, polyethylene glycols, silicones, bentonites, silicic acid, talc 
and zinc oxide, or mixlures thereof. 

5 [00156] Powders and sprays may contain, in addition to a subject composition, 
excipients such as laclose, talc, silicic acid, aluminum hydroxide, calcium silicates and 
polyamide powder, or mixtures of these substances. Sprays may additionally contain 
customary propellants, such as chlorofluorohydrocarbons aid volatile unsubstituted 
hydrocarbons, such as butane and propane. 

10 [00157] Compositions and compounds of (he present invention may alternatively be 
administered by aerosol. This is accomplished by preparing an aqueous aerosol, liposomal 
preparation or solid particles containing the compound. A non-aqueous (e.g., fluorocaibon 
piopellant) suspension could be used. Sonic nebulizers may be used bccause they minimize 

exposing the agent to shear, which may resuil in degradation of the compounds contained in the 
15 subject compositions. Ordinarily, an aqueous aerosol is made by formulating an aqueous 

solution or suspension of a subject composition together with conventional pharmaceutically 
acceptable carriers and stabilizers. The carriers and stabilizers vary with (he requirements of 
the particular subject composition, but typically include non-ionic surfactants (Tweens, 
Pluronics, or polyethylene glycol), innocuous proteins like serum albumin, sorbitan esters, oleic 

20 acid, lecithin, amino acids such as glycine, buffers, salts, sugars or sugar alcohols. Aerosols 
generally are prepared from isotonic solutions. 

[00158] Pharmaceutical compositions of (his invention suitable for parenteral 
administration comprise a subject composition in combination with one or more 
pharmaceulically-acceptable sterile isotonic aqueous or non-aqueous solutions, dispersions, 

25 suspensions or emulsions, or sterile powders which may be reconstituted into sterile injectable 
solutions or dispersions just prior to use, which may contain antioxidants, buffers, hacterioslats, 
solutes which render the formulation isotonic with the blood of (he intended recipient or 
suspending or thickening agents. 

[00159] Examples of suitable aqueous and non-aqueous carriers which may be employed 
30 in the pharmaceutical compositions of the invention include water, ethanol, polyols (such as 

glycerol, propylene glycol, polyethylene glycol, and the like), and suitable mixtures thereof, 
vegetable oik, such as olive oil, and injectable organic esters, such as ethyl oleate and 
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cyclodextrins. Proper fluidity may be maintained, for example, by the use of coating materials, 
such as lecithin, by the maintenance of the required particle size in the case of dispersions, and 
by the use of surfactants 

[001661 ID another aspect, the invention provides enteral pharmaceutical formulations 
5 including a disclosed compound and an enteric material; and a pharmaceulically acceptable 

carrier or excipient thereof. Enleric materials refer to polymers that are substantially insoluble 
in the acidic environment of the stomach, and that are predominantly soluble in intestinal fluids 
at specific pHs. The small intestine is the part of the gastrointestinal tract (gut) between the 
stomach and the large intestine, and includes the duodenum, jejunum, and ileum. The pH of 

10 the duodenum is about 5.5, the pH of the jejunum is about 6.5 and the pH of the distal ileum is 
about 7.5. Accordingly, enteric materials are not soluble, for example, until a pH of about 5.0, 
of about 5.2, of about 5.4, of about 5.6, of about 5.8, of about 6.0, of about 6.2, of about 6.4, of 
about 6.6, of about 6.8, of about 7.0, of about 7.2, of about 7.4, of about 7.6, of about 7.8, of 
about 8.0, of about 8.2, of about 8.4, of about 8.6, of about 8.8, of about 9.0, of about 9.2, of 

15 about 9.4, of about 9.6, of aboul 9.8, or of about 10.0. Exemplary enteric materials include 
cellulose acelate phthalate (CAP), hydroxypropyl methylcellulose phlhalate (HPMCP), 
polyvinyl acetate phthalate (PVAP), hydroxypropyl methylcellulose acetate succinate 
(HPMCAS), cellulose acetate trimellitaie, hydroxypropyl methylcellulose succinate, cellulose 
acetatc succinate, cellulose acetate hexahydrophthalate, cellulose propionate phthalate, 

20 cellulose acetate maleate, cellulose acetate butyrate, cellulose acetate propionate, copolymer of 
methylmeihacrylic acid and methyl methacrylate, copolymer of methyl acrylate, 
meihylmethacrylate and methacrylic acid, copolymer of methylvinyl ether and maleic 
anhydride (Gantrez ES series), ethyl methyacrylate-methylmethacrylate-
chlorotrimethylammonium ethyl acrylate copolymer, natural resins such as zein, shellac and 

25 copal collophorium, and several commercially available enteric dispersion systems (e. g., 
Eudragit L30D55, Eudragil FS30D, Eudragit LI 00, Eudragit S100, Kollicoat EMM30D, 
Estacryl 30D, Coateric, and Aquateric). The solubility of each of the above materials is either 
known or is readily determinable in vitro. The foregoing is a list of possible materials, but one 
of skill in the art with the benefit of the disclosure would recognize thai it is not comprehensive 

30 and dial there are other enteric materials that would meet Ihe objectives of the present 
invention. 

[001611 Advantageously, the invention also provides kits for use by a e.g. a consumer in 
need of weight loss. Such kits include a suitable dosage form such as those described above 
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and instructions describing the method of using such dosage form to mediate, reduce or prevent 

inflammation. The instructions would direct die consumer or medical personnel to administer 

die dosage form according to administration modes known to those skilled in the art. Such kits 

could advantageously be packaged and sold in single or multiple kit units. An example of such 

5 a kit is a so-callcd blister pack. Blister packs arc well known in the packaging industry and are 

being widely used for the packaging of pharmaceutical unit dosage forms (tablets, capsules, 

and the like). Blister packs generally consist of a sheet of relatively stiff material covered with 

a foil of a preferably transparent plastic material. During the packaging process recesses are 

formed in the plastic foil. The recesses have the size and shape of the tablets or capsules to be 

10 packed. Next, the tablets or capsules are placed in the recesses and the sheet of relatively stiff 

material is sealed against the plastic foil at the face of the foil which is opposite from the 

direction in which the recesses were formed. As a result, the tablets or capsules are sealed in 

the recesses between the plastic foil and the sheet. Preferably the strength of the sheet is such 

that the tablets or capsules can be removed from the blister pack by manually applying pressure 

15 on the recesses whereby an opening is formed in the sheet at the place of the recess. The tablet 

or capsule can then be removed via said opening. 

[001621 It may be desirable to provide a memory aid on the kit, e.g., in the form of 

numbers next to the tablets or capsules whereby (he numbers correspond with the days of (he 

regimen which (he tablets or capsules so specified should be ingested. Another example of 

20 such a memory aid is a calendar printed on the card, e.g., as follows "First Week, Monday, 

Tuesday,... etc Second Week, Monday, Tuesday,..." etc. Other variations of memory 

aids will be readily apparent. A "daily dose" can be a single tablet or capsule or several pills or 

capsules to be taken on a given day. Also, a daily dose of a first compound can consist of one 

tablet or capsule while a daily dose of the second compound can consist, of several tablets or 

25 capsules and vice versa. The memory aid should reflect (his. 

[00163] Also contemplated herein are methods and compositions dial include a second 

active agent, or administering a second active agent. For example, in addition to being 

overweight or obese, a subject or patient can further have overweight- or obesity-related co­

morbidities, i.e., diseases and other adverse health conditions associated with, exacerbated by, 

30 or precipitated by being overweight or obese. Contemplated herein are disclosed compounds in 

combination with al leasl one other agent thai has previously been shown to treal these 

overweight- or obesity-related conditions. 
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[00164] For example, Type II diabetes has been associated with obesity. Certain 
complications of Type II diabetes, e.g., disability and premature death, can be prevented, 
ameliorated, or eliminated by sustained weight loss (Astrup, A. Pub Health Nutr (2001) 4:499-5 
15). Agents administered to treat Type II diabetes include sulfonylureas (e.g., Chlorpropamide, 

5 Glipizide, Glyburide, Glimcpiridc); meglitinides (e.g., Repaglinide and Naieglinidc); 
biguanides (e.g.. Metformin); thiazolidinediones (Rosiglitazone, Troglitazone, and 
Pioglitazone); dipeptidylpeptidase-4 inhibitors (e.g., Sitagliptin, Vildagliplin, and Saxagliptin); 
glucagon-like peptide-! mimetics (e.g., Exenatide and Liraglutide); and alpha-glucosidase 
inhibitors (e.g., Acarbose and Miglitol. 

10 [00165] Cardiac disorders and conditions, for example hypertension, dyslipidemia, 
ischemic heart disease, cardiomyopathy, cardiac infarction, stroke, venous thromboembolic 
disease and pulmonary hypertension, have been linked to overweight or obesity. For example, 
hypertension has been linked to obesity because excess adipose tissue secretes substances that 

are acted on by the kidneys, resulting in hypertension. Additionally, with obesity there are 
15 generally higher amounts of insulin produced (because of the excess adipose tissue) and this 

excess insulin also elevates blood pressure. A major treatment option of hypertension is weight 
loss. Agents administered to treat hypertension include Chlorthalidone; Hydrochlorothiazide; 
indapamide, Metolazone; loop diuretics (e.g., Bumetanide, Ethacrynic acid, Furosemide, Lasix, 
Torsemide); potassium-sparing agents (e.g., Amiloridc hydrochloride, benzamil, 

20 Spironolactone, and Triamterene); peripheral agents (e.g., Reserpine); central alpha-agonists 
(e.g., Clonidine hydrochloride, Guanabenz acetate, Guanfacine hydrochloride, and 
Methyldopa); alpha-blockers (e.g., Doxazosin mesylate, Prazosin hydrochloride, and Terazosin 
hydrochloride); beta-blockers (e.g., Acebutolol, Atenolol, Betaxolol, Bisoprolol fumarate, 
Carteolol hydrochloride, Metoprolol tartrate, Metoprolol succinate, Nadolol, Penbutolol sulfate, 

25 Pindolol, Propranolol hydrochloride, and Timolol maleate); combined alpha- and beta-blockers 
(e.g., Carvedilol and Labetalol hydrochloride); direct vasodilators (e.g., Hydralazine 
hydrochloride and Minoxidil); calcium antagonists (e.g., Diltiazem hydrochloride and 
Verapamil hydrochloride); dihydropyridines (e.g., Amlodipine besylate, Felodipine, Isradipine, 
Nicardipine, Nifedipine, and Nisoldipine); ACE inhibitors (benazepril hydrochloride, 

30 Captopril, Enalapril maleate, Fosinopril sodium. Lisinopril, Moexipril, Quinapril 
hydrochloride, Ramipril, Trandolapril); Angiotensin II receptor blockers (e.g., Losartan 
potassium, Valsartan, and Irbesartan); Renin inhibitors (e.g., Aliskiren); and combinations 
thereof. These compounds are administered in regimens and al dosages known in the art. 
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[00166] Carr et al. (The Journal of Clinical Endocrinology & Metabolism (2004) Vol. 
89, No. 6 2601 -2607) discusses a link between being overweight or obese and dyslipidemia. 

Dyslipidemia is typically treated with statins. Statins, HMG-CoA reductase inhibitors, slow 
down production of cholesterol in a subject and/or remove cholesterol buildup from arteries. 

5 Statins include mevastatin, lovastatin, pravastatin, simvastatin, vclostatin, dihydrocompactin, 
fluvastatin, atorvastatin, dalvastatin, carvastalin. crilvastatin, bevastatin, cefvastatin, 
rosuvastatin, pitavastatin, and gienvastatin. These compounds are administered in regimens 
and at dosages known in the art. Eckel (Circulation (1997) 96:3248-3250) discusses a link 
between being overweight or obese and ischemic heart disease. Agents administered to treat 

10 ischemic heart disease include statins, nitrates (e.g., Isosoibide Diniirale and Isosorbide 
Mononitrate), beta-blockers, and calcium channel antagonists. These compounds are 
administered in regimens and at dosages known in the art. 

[00167] Wong el al. (Nature Clinical Practice Cardiovascular Medicine (2007) 4:436-
443) discusses a link between being overweight or obese and cardiomyopathy. Agents 

15 administered lo treat cardiomyopathy include inotropic agents (e.g., Digoxin), diuretics (e.g., 
Furosemide), ACE inhibitors, calcium antagonists, anti-arrhythmic agents (e.g., Sol.olol, 
Amiodarone and Disopyramide), and beta-blockers. These compounds are administered in 
regimens and at dosages known in the art. Yusef et al. (Lancet (2005) 366(9497): 1640-1649) 
discusscs a link between being overweight or obese and cardiac infarction. Agents 

20 administered lo treat cardiac infarction include ACE inhibitors, Angiotensin D receptor 
blockers, direct vasodilators, beta blockers, anii-arrhythmic agents and thrombolytic agents 
(e.g., Alleplase, Retaplase, Tenecteplase, Anistreplase, and Urokinase). These compounds are 
administered in regimens and al dosages known in the art. 

[00168] Suk et al. (Stroke (2003) 34:1586-1592) discusses a link between being 
25 overweight or obese and strokes. Agents administered to treat strokes include anti-plaielet 

agents (e.g., Aspirin, Clopidogrel, Dipyridamole, and Ticlopidine), anticoagulant agents (e.g.. 
Heparin), and thrombolytic agents. Stein et al. (The American Journal of Medicine (2005) 
18(9):978-980) discusses a link between being overweight or obese and venous 
thromboembolic disease. Agents administered lo treat venous thromboembolic disease include 

30 anti-platelet agents, anticoagulant agents, and thrombolytic agents. Sztrymf et al. (Rev 
Pneumol Clin (2002) 58(2): 104-10) discusses a link between being overweight or obese and 
pulmonary hypertension. Agents administered to treat pulmonary hypertension include 
inotropic agents, anticoagulant agents, diuretics, potassium (e.g., K-dur), vasodilators (e.g., 
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Nifedipine and Diltiazem), Bosentan, Epoprostenol, and Sildenafil. Respiratory disorders and 

conditions such as obesity-hypoventilation syndrome, asthma, and obstructive sleep apnea, 

have lieen linked to being overweight or obese. Elamin (Chest (2004) 125:1972-1974) 

discusses a link between being overweight or obese and asthma. Agents administered to treat 

5 asthma include bronchodilators, anti-inflammatory agents, leukotriene blockers, and anli-Ige 

agents. Particular asthma agents include Zafirlukast, Fiunisolide, Triamcinolone, 

Beclomethasone, Terbutaline, Fluticasone. Formoterol, Beclomethasone, Salmelerol, 

Theophylline, and Xopenex. 

[00169] Kessleret al. (EurRespir J (1996)9:787-794) discusses a link between being 

10 overweight or obese and obstructive sleep apnea. Agents administered to treat sleep apnea 

include Modafmil and amphetamines. 

[00170] Hepatic disorders and conditions, such as nonalcoholic fatty liver disease, have 

been linked lo being overweight or obese. Tolman et al. (Ther Clin Risk Manag (2007) 6:1153-

1163) discusses a link between being overweight or obese and nonalcoholic fatty liver disease. 

15 Agents administered to treat nonalcoholic fatty liver disease include antioxidants (e.g., 

Vitamins E and C), insulin sensitizers (Metformin, Pioglitazone, Rosiglitazone, and Betaine), 

hepatoprotectants, and lipid-lowering agents. 

[00171] Skeletal disorders and conditions, such as, back pain and osteoarthritis of 

weight-bearing joints, have been linked to being overweight or obese, van Saase (J Rheumatol 

20 (1988) 15(7): 1152-1158) discusses a link between being overweight or obese and osteoarthritis 

of weight-bearing joints. Agents administered to treat osteoarthritis of weight-bearing joints 

include Acetaminophen, non-steroidal anti-inflammatory agents (e.g., Ibuprofen, Etodolac, 

Oxaprozin, Naproxen, Diclofenac, and Nabumetone), COX-2 inhibitors (e.g., Celecoxib), 

steroids, supplements (e.g. glucosamine and chondroitin sulfate), and artificial joint fluid. 

25 [0017.2] Metabolic disorders and conditions, for example, Prader-Willi Syndrome and 

polycystic ovary syndrome, have been linked to being overweight or obese. Cassidy (Journal 

of Medical Genetics (1997) 34:917-923) discusses a link between being overweight or obese 

and Prader-Willi Syndrome. Agents administered to treat Prader-Willi Syndrome include 

human growth hormone (HGH), sornatropin, and weighl loss agents (e.g., Oriistat, Sibutramine, 

30 Methamphetamine, lonamin, Phentermine, Bupropion, Diethylpropion, Phendimetrazine, 

Benzphetermine, and Topamax). 
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[00173J Hoeger (Obstetrics and Gynecology Clinics of North America (2001) 28(1):85-
97) discusses a link between being overweight or obese and polycystic ovary syndrome. 
Agents administered to treat polycystic ovary syndrome include insulin-sensilizers, 
combinations of synthetic estrogen and progesterone, Spironolactone, Hflomithine, and 

5 Clomiphene. Reproductive disorders and conditions such as sexual dysfunction, crcctile 
dysfunction, infertility, obstetric complications, and fetal abnormalities, have been linked to 
being overweight or obese. Larsen el al. (Int. J Obes (Land) (2007) 8". 1189 1198) discusses a 
link between being overweight or obese and sexual dysfunction. Chung el al. (Eur Urol (1999) 
36(l):68-70) discusses a link between being overweight or obese and erectile dysfunction. 

!0 Agents administered lo treat erectile dysfunction include phosphodiesterase inhibitors (e.g., 
Tadalafll, Sildenafil citrate, and Vanienafil), prostaglandin E analogs (e.g., Alprostadil), 
alkaloids (e.g., Yohimbine), and testosterone. Pasquali eial. (HumReprod (1997) 1:82-87) 
discusses a link between being overweight or obese and infertility. Agents administered lo 
treat infertility include Clomiphene, Clomiphene citrate, Bromocriptine, Gonadotropin-

15 releasing Hormone (GnRH), GnRH agonisi, GnRH antagonist, Tamoxifen/nolvadex, 
gonadotropins, Human Chorionic Gonadotropin (HCG). Human Menopausal Gonadotropin 
(HmG), progesterone, recombinant follicle stimulating hormone (FSH), Urofollitropin, Heparin, 
Follitropin a! fa, and Folliiropin beta. 

[00174] Weiss et al. (American Journal of Obstctrics and Gynecology (2004) 
20 190(4): 1091-1097) discusses a link between being overweight or obese and obstetric 

complications. Agents administered lo treat obstetric complications include Bupivacaine 
hydrochloride, Dinoprostone PGE2, Meperidine HC1, Ferro-folic-500/iberet-folic-500, 
Meperidine, Meihylergonovine maleate, Ropivacainc HC1, Nalbuphine HC1, Oxymorphone 
HC1, Oxytocin, Dinoprostone, Ritodrine, Scopolamine hydrobromide, Sufentanil cilrale, and 

25 Oxytocic. 

[00175] Psychiatric disorders and conditions, for example, weight-associated depression 
and anxiety, have been linked to being overweight or obese. Dixson ei al. (Arch Intern Med 
(2003) 163:2058-2065) discusses a link between being overweight or obese and depression. 
Agents administered to treal depression include serotonin reuptake inhibitors (e.g., Fluoxetine, 

30 Escitalopram, Citalopram, Paroxetine, Sertraline, and Venlafaxine); tricyclic antidepressants 
(e.g., Amitriptyline, Amoxapine, Clomipramine, Desipramine, Dosulepin hydrochloride, 
Doxepin, Imipramine, Iprindole, Lofepramine, Nortriptyline, Opipramol, Protriptyline, and 
Trimipramine); monoamine oxidase inhibitors (e.g., Isocarboxazid, Moclobemide, Phenelzine, 
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Tranylcypromine, Selegiline, Rasagiline, Nialamide, Iproniazid, lproclozide, Toloxatone, 
Linezolid, Dienolide kavapyrone desmethoxyyangonin, and Dextroamphetamine); 
psychostimulants (e.g., Amphetamine, Methamphetamine, Methylphenidate, and Arecoline); 
antipsychotics (e.g., Butyrophenones, Phenolhiazines, Thioxanthenes, Clozapine, Olanzapine, 

5 Risperidone, Queiiapine, Ziprasidone, Amisuipricic, Paliperidone, Symbyax, Tctrabenazine, 
and Cannabidiol); and mood stabilizers (e.g., Lithium carbonale, Valproic acid. Divalproex 
sodium. Sodium valproate. Lamolrigine, Carbamazepine, Gabapentin, Oxcarbazepine, and 
Topiramate). 

[00176] Simon et al. (Archives of General Psychiatry (2006) 63(7):S24-830) discusses a 
10 link between being overweight or obese and anxiety. Agents administered to treat anxiety 

include serotonin reuptake inhibitors, mood stabilizers, benzodiazepines (e.g., Alprazolam, 
Clonazepam, Diazepam, and Lorazepam), tricyclic antidepressants, monoamine oxidase 
inhibitors, and beta-blockers. 

[00177] Another aspect of the invention provides methods for facilitating and 
15 maintaining weight loss in a subject involving administering to the subject an amount of a 

disclosed compound effective lo result in weight loss in the subject; and administering a 
therapeutically effective amount of a different weight loss agent lo maintain a reduced weight 
in ihe subject. Weight loss agents include serolonin and noradrenergic re-uplake inhibitors; 
noradrenergic re-uptake inhibitors; selective serolonin re-uptake inhibitors; and intestinal lipase 

20 inhibitors. Particular weight loss agents include orlistal, sibutramine, methamphetamine, 
ionamin, phentermine, bupropion, dielhylpropion, phendimetrazine, benzphetermine, 
bromocriptine, lorcaseriiu topiramate, or agents acting to modulate food intake by blocking 
ghrelin action, inhibiting diacylglycerol acyltransferase 1 (DGAT1) activity, inhibiting slearoy! 
CoA desalurase 1 (SCDl) activity, inhibiting neuropeptide Y receptor 1 function, activating 

25 neuropeptide Y receptor 2 or 4 function, or inhibiting activity of sodium-glucose cotransporters 
1 or 2. These compounds are administered in regimens and al dosages known in She art. 

EXAMPLES 

[00178] The compounds described herein can be prepared in a number of ways based on 
the teachings contained herein and synthetic procedures known in the art.. In the description of 

30 the synthetic methods described below, it is to be understood that all proposed reaction 
conditions, including choice of solvent, reaction atmosphere, reaction temperature, duration of 
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the experiment and workup procedures, can be chosen lo be ihe conditions standard for that 

reaction, unless olherwise indicated. Il is understood by one skilled in the art of organic 

synthesis dial the functionality present on various portions of the molecule should be 

compatible with the reagents and reactions proposed. Substituents not compatible with the 

5 rcaclton conditions will be apparent to one skilled in the art, and alternate methods arc therefore 

indicated. The starting materials for the examples are either commercially available or are 

readily prepared by standard methods from known materials. 

[00179] At least some of die compounds identified as "Intermediates" herein are 

contemplated as compounds of the invention. 

10 [00180] 'H NMR spectra were recorded at ambienl temperature using a Varian Unily 

Inova (400MHz) spectrometer with a triple resonance 5mm probe for Example compounds, and 

either a Rruker Avance DRX (400MHz) spectrometer or a Bruker Avance DPX (300MHz) 

spectrometer for Intermediate compounds. Chemical shifts are expressed in ppm relative to 

letramethylsilane. The following abbreviations have been used: br = broad signal, s = singlet, d 

15 = doublet, dd = double doublet, ddd = double double doublet, dt = double triplet, t = triplet, td = 

triple doublet, q = quartet, m = multiplet. 

[00181] Mass Spectrometry (LCMS) experiments to determine retention times and 

associated mass ions were performed using the following methods: 

[00182] Method A: Experiments were performed on a Waters ZMD LC quadrapole mass 

20 spectrometer linked lo a Walers 1525 LC system with a diode array detector. The spectrometer 

has an electrospray source operating in positive and negative ion mode. Additional detection 

was achieved using a Sedex 85 evaporative light scattering detector. LC was carried out using a 

Luna 3micron 30 x 4.6mm C18 column and a 2mL/minute flow rate. The initial solvenl system 

was 95% water containing 0.1% formic acid (solvent A) and 5% acetonilrile containing 0.1% 

25 formic acid (solvenl B) for the first 0.5 minute followed by a gradient up lo 5% solvent A and 

95% solvent B over the next 4 minutes. The final solvent system was held constant for a further 

1 minute. 

[00183] Method B: Experiments were performed on a Waters V G Platform quadrupole 

spectrometer linked to a Hewlett Packard 1050 LC system with a diode array detector. The 

30 spectrometer has an electrospray source operating in positive and negative ion mode. 

Additional detection was achieved using a Sedex 85 evaporative light scattering detector. LC 

was curried out using a Luna 3micron 30 x 4.6mm C18 column and a 2mL/minute flow rate. 

The initial solvent system was 95% water containing 0.1% formic acid (solvent A) and 5% 
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acelonilrile containing 0. i % formic acid (solvent B) for the first 0.3 minute followed by a 
gradient up to 5% solvent A and 95% solvent B over the next 4 minutes. The final solvent 
system was held constant for a further 1 minute. 
[00184] Method C: Experiments were performed on a Waters Micromass ZQ2000 

5 quadrapole mass spectrometer linked to a Waters Acquity UPLC system with a PDA UV 
detector. The spectrometer has an electrospray source operating in positive and negative ion 
mode. LC was carried out using an Acquity BEH Umicron Cl8 column, an Acquity BEH 
Shield 1.7micron RP18 columtt or an Acquiiy HSST 1.8micron column. Each column has 
dimensions of 100 x 2.1mm and was maintained at40°C with a flow rate of 0.4inL/minute. The 

10 initial solvent system was 95% water containing 0.1% formic acid (solvent A) and 5% 
acetonitrile containing 0.1 % formic acid (solvent B) for the first 0.4 minute followed by a 
gradient up to 5% solvent A and 95% solvent B over the next 6 minutes. The final solvent 
system was held constant for a further 0.8 minutes. 
[00185] Method D: Experiments were performed on a Shimadzu LCMS-2020 

15 spectrometer with an eleclrospray source operating in positive ion mode. LC was carried out 
using a Shimadzu Shim-pack XR-ODS 2.2 micron 50x3.0mm column. The initial solvent 
system was 95% water containing 0.05% trifluoroacetic acid (solvent A) and 5% acetonitrile 
(solvent B) for the first 0.01 mmute then a gradient up to 100% solvenl B over the next 1.3 
minutes. The final solvenl syt=stem was held constant for a further 1 minute. 

20 [00186] Method E: Experiments were perfonned on a Waters ZMD LC quadrapole mass 
spectrometer linked to a Hewlett Packard HD 1100 syslem with a diode array deleclor. The 
spectrometer has an electrospray source operating in positive and negative ion mode. LC was 
carried out using a Luna 3micron 30 x 4.6mm C18 column and a 2mL/minute flow rate. The 
initial solvent system was 95% water containing 0.1% formic acid (solvent A) and 5% 

25 acetonitrile containing 0.1 % formic acid (solvent B) for the first 0.5 minute followed by a 
gradient up to 5% solvent A and 95% solvent B over the next 4 minutes. The final solvenl 
system was held constant for a further 1 minute. 
[00187] Method F: Experiments were perfonned on a Waters V G Platform quadrupole 
spectrometer linked to a Hewlett Packard 1050 LC system with a diode amy detector. The 

30 spectrometer has an electrospray source operating in positive and negative ion mode. 
Additional detection was achieved using a Sedex 85 evaporative light scattering detector. LC 
was carried out using a Luna 3micron 30 x 4.6mm C ] 8 column and a 2mL/minute flow rate. 
The initial solvent system was 95% water containing 0.1% formic acid (solvent A) and 5% 
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acetonitrile containing 0.1% formic acid (solvent B) for ihe first 0.3 minute followed by a 
. gradient up to 5% solvent A arid 95% solvent B over the nexi 4 minutes. The final solvent 

system was held constant for a further 1 minute.Microwave experiments were carried out using 
a Biotage Initiator™, which uses a single-mode resonator and dynamic field Urning. 

5 Temperatures from 40-250 °C can be achieved, and pressures of up to 20 bars can be reached. 
A facility exists to apply air cooling during the irradiation. 
[001881 Preparative HPLC purification was carried out using either a Cl8-reversc-phase 
column from Genesis (C18) or a C6-phenyl column from Phenomenex (C6- phenyl) (100 x 
22.5 mm i.d. with 7 micron particle size, UV detection at 230 or 254 nm, flow 5- 1.5mL/min), 

10 eluting with gradients from 100-0 lo 0-100 % water/acelonilrile or water/methanol containing 
0.1% formic acid.. Fractions containing the required product (identified by LCMS analysis) 
were pooled, Ihe organic fraction removed by evaporation, and the remaining aqueous fraction 
iyophilised, to give the product. 
[00189] Compounds which required column chromatography were purified manually or 

15 fully automatically using either a Biotage SP1™ Flash Purification system with Touch Logic 
Control™ or a Combiflash Companion® with pre-packed silica gel Isoluie® SPE cartridge, 
Biotage SNAP cartridge or Redisep® Rf cartridge respectively. 
[00190] Compounds have been named using Autonom2000 within ISISDraw. 
[00191] Abbreviations: 

20 DCM Dichloromethane 
IMS Industrial methylated spirits 
DMF N,N-Dimethylformamide 
DMAP 4-Dimethylaminopyridine 
THF Tetrahydrofuran 

25 DMSO Dimethylsulfoxide 
NMP N-methylpyrrolidinone 
DCE 1,2-Dichloroethane 
HATU 7-Azabenzotria7.ol-l-yl-N,N,N\N\letramethyluronium 

hexafiuorophosphate 
30 EDAC N-(3-Dimelhylaminopropyl)-N"ethylcarbodiimide hydrochloride 

IMS Industrial melhylated spirit 
NMM N-meth yl morphoiine 
DBU l,8-Diazabicyclo[5.4.0]undec-7-ene 
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Example 1: Cis-(3aRS,9bRS)-7-(Benzenesulfonylamino)-l.,3a,4,9b-tetrahydro-2H-furo[2,3-

c]chromene-6-carboxy]ic acid 

3 

H 

Mixture of tis enantiomers 

5 [00192] Lithium hydroxide (0.048g) was added to a solution of methyl cis-(3aRS,9bRS)-

7'("benzenesuli'onylamino)-l,3a,4,9b-ietrahydro-2H-furo[2,3-c]chromene-6-carboxy]ate 

(Intermediate 1, O.OBg) in a mixture of dioxane (lOmL) and water (5mL) and the resultant 

mixture was irradiated in the microwave at 2 3.0°C with air cooling for 20 minutes. Further 

lithium hydroxide (0.2g) was added and the mixture was irradiated in the microwave at 110°C 

10 with air cooling for a total of 80 minutes. After cooling, the solution was acidified by addition 

of aqueous formic acid solution (10%) and the resultant mixture was extracted with ethyl 

acetate, dried (MgS04) and filtered. The filtrate was evaporated lo dryness. The residue was 

dissolved in a mixture of methanol (lOrnL) and water (5mL) and treated wilh lithium hydroxide 

(0.2g) then irradiated in the microwave al 110°C with air cooling for 40 minutes. After cooling, 

15 the solution was acidified by addition of formic acid (10%) and the resultant mixture was 

extracted wilh ethyl acetate, dried (MgSCU) and filtered. The filtrate was evaporated to dryness 

and the residue was purified by preparative HPLC (C18) eluting wilh a mixture of acetonitrile 

and water, containing 0.1 % formic acid, with a gradient of 30-50% to give cis- (3aRS,9bRS}-7-

(benzenesu]fonylamino)-l,3a,4>9b-letrahydro-2H-furo[2,3-c]chromene-6-carboxylic acid 

20 (0.019g) as a while solid. 

[00193] ]HNMR (CDsOD) 8: 7.71 (2H, d), 7.54 (1H, t), 7.44 (2H, t), 7.24 (1H, d), 7.12 

(1H, d), 4.24 (1H, m), 4.09 (1H, dd), 3.92 (1H, dd), 3.8-3.65 (2H, m), 3.47 (1H, m), 2.45 (1H, 

m), 1.83 (1H, m). 

[00194] LCMS (Method C) r/t 3.79 (M-H) 374. 

25 

Example 2: Cis-(3aRS,9bRS)-7-[2-(3-Dielhylaminopropyl)-4-fluorobenzenesulfonyl-amino]-

l,3a,4,9b-tetrah5/dro-2H-futo[2,3-c]chromene-6-carboxylicacid 
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O' OH 

Mixture of cis enantiomers 

[00195] A solution of 7-[2-((Z)-3-diethylaminoprop- l-eny))-4-
fluorobenzenesulfony]amino]-4H-furo[2,3-c]chromene-6-carboxylic acid (Intermediate 8, O.lg) 
in a mixture of IMS (2mL) and glacial acetic acid (3mL) was treated, under an atmosphere of 

5 nitrogen, wilh palladium hydroxide on carbon (30%, 0.02g). The nitrogen was replaced by 
hydrogen and the mixture was slirred under an atmosphere of hydrogen for 100 minutes. The 
mixture was filtered through Celile and the filtrate was evaporated to dryness. The residue was 
dissolved in toluene and the solution was re-evaporated. The residue was trituiated with ether 
and the solid was collected by filtration and purified by preparative HPLC (C6-phenyl) eluting 

10 with a mixture of acetonitrile and water, containing 0.1 % formic acid, with a gradient of 20-
40% to give cis.-(3aRS,%RS')-7-[2-(3-diethylamirkopcopyl-4-fluorobenzenesulfonyl-amino]-
l,3a,4,9b-telrahydro-2H-furo[2,3-c]chromene-6-carboxy]ic acid (O.lg) as a white solid. 
[00196] *H NMR (CD^OD) S: 7.94 (IH, dd), 7.18 (IH, d), 7.17 (IH, m), 7.06 (IH, d), 
6.99 (IH, dt), 4.21 (IH, m), 3.98 (IH, dd), 3.88 (IH, dd), 3.72 (2H, m), 3.42 (IH, m), 3.23 (6H, 

15 m), 3.10 (2H, m), 2.42 (IH, m), 1.98 (2H, m), 1.81 (IH, in), 1.31 (6H, l). 
[00197] LCMS (Method C) r/t 3.10 (M+H) 507. 

Example 3: Cis-(3aRS,9bRS)-7-[2-(3-{PyrroIidin-l-yl}propyl)-4-fluorobenzene-
sulfonylamino]-l,3a,4,9b-tetrahydro-2H-furof2,3-c]chromene-6-carboxylic acid 

OH 

20 Mixture of cis enantiomers 

[00198] Lithium hydroxide (0.028g) was added to a solution of methyl cis-(3aRS,9bR.S)-
7-[2-(3-{pyrrolidin-l-yl}propyl)-4-fluorobenzenesuIfonylamino3-l,3a,4,9b-tetrahydro-2H-
furo[2,3-cjchromene-6-carboxyIate (Intermediate 14,0.06g) in dioxane (2mL) and water (lmL) 
and the mixture was stilted and heated at 80°C for 8 hours. After cooling, the mixture was 

25 acidified by addition of aqueous formic acid solution (10%) and extracted with DCM. The 
organic layer was dried (MgSC>4) and filtered. The filtrate was evaporated to dryness and the 
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residue was purified by chromatography on silica eluling with a mixture of ammonia in 

methanol (2M) and DCM with a gradient of 1 -10%. The isolated solid was triturated with a 

mixture of ether and cyclohexane (50%) and the solid was collected by filtration. The solid was 

purified by preparative HPLC (C18) eluling with a mixture of acetonitrile and water, containing 

5 0.1% formicacid, with a gradient of 20-95%. The isolated product was triturated with ether and 

the solid was collected by filtration to give cis-(3aRS,9bRS)-7-[2-(3-{pyrrolidin-l-yl}propyl)-

4-fluorobenzenesulfonylaminoj-1,3a,4,9b-telrahydro-2H-furo[2,3-c]chromene-6-carboxylic 

acid (0.006g) as a white solid. 

[00199] NMR (CD,OD) 5: 7.93 (IH, dd), 7.21 (IH, d), 7.14 (IH, dd), 7.08 (IH, d), 

10 6.99 (IH, dt), 4.21 (IH, m), 3.98 (IH, dd), 3.88 (IH, dd), 3.72 (2H, m), 3.43 (2H, m), 3.30 (4R, 

m), 3.13 (3H, m), 2.42 (IH, m), 2.07 (4H, m), 2.0 (2H, m), 1.81 (IH, m). 

[00200] LCMS (Method C) r/l 3.11 (M+H) 505. 

Example 4: Cis-(3aRS,9bRS)-7-[2-((Z)-3-Dielhylaminoprop-l-enyl)-4-fluoro-

15 benzenesulfonylamino |-l,3a,4,9b-tetrahydro-2H-furo[2,3-c]chromcne-6-carboxylic acid 

Mixture of cis enantiomers 

[00201] Prepared by proceeding in a similar manner to Example 3, starting from methyl 

cis-(3aRS,9bRS)-7-[2-((Z)-3-dielhylaminoprop-l-enyl)-4-fluorobenzenesulfonylamino]-

l,3a,4,9b-tetrahydro-2H-furo[2,3-c]chromene-6-carboxylate (Intermediate 17) and heating at 

20 80°C overnight. 

[00202] 'H NMR (DMSO-d6) 5: 7.65 (IH, dd), 7.30 (IH. d), 7.19 (2H, m), 7.02 (IH, d), 

6.92 (2H, d), 6.10 (IH, m), 4.09 (IH, m), 3.82-3.64 (4H, m), 3.63-3.30 (3H, m), 3.03 (4H, q), 

2.35 (IH, m), 1.68 (IH, m), 1.07 (6H, t). 

[00203] LCMS (Method C) r/t 3.05 (M+H) 505. 

25 
Examples 5 and 6: Separation of enantiomers from Example 4. 

[00204] Sample from Example 4 was subjected to chiral separation using a ChiralPak JC 

column, 4.6mm x 250mm, particle size Smicron. Injection solvenl DCE : absolute ethanol 1:1, 
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injection conceniration lmg/100 fiL, injection volume 120jiL. Eluting solvent absolute ethanol, 
flow rate 0.55mL/minute, temperature 2l°C. 

Example 5: First eluling enantiomer: retention lime on above column: 34.96 minutes, 93% de. 
5 [00205] fH NMR (DMSO-d6) 8: 7.64 (IH, dd), 7.29 (IH, d), 7.18 (2H, m), 7.01 (IH, d), 

6.92 (IH, d), 6.08 (IH, m), 4.09 (IH, m), 3.75 (2H, m), 3.59 (2H, m), 3.33 (3H, m), 3.03 (4H, 
br), 2.34 (IH, m), 2.68 (IH. m), 1.06 (6H, t). 
[00206] LCMS (Method C) r/l 3.07 (M+H) 505. 
Example 6: Second eluting enantiomer: retention time on above column 40.97 minutes, 65% 

10 de. 
[00207] 'H NMR (DMSO-d6) 6: 7.64 (IH, dd), 7.29 (IH, d), 7.18 (2H, m), 7.0! (IH, d), 
6.92 (IH, d), 6.08 (IH, m), 4.09 (IH, m), 3.75 (2H, m), 3.59 (2H, m), 3.33 (3H, m), 3.03 (4H, 
br), 2.34 (IH, m), 1.68 (IH, m), 1.06 (6H, t). 
[00208] LCMS (Method C) r/t 3.06 (M+H) 505. 

15 
Example 7: 7-[2-((Z)-3-Diethy]aminoprop-l-enyl)-4-fluorobenzenesulfonylainino]-2,2-
dihydrofuro[2,3-c]quino3ine-6-carboxylic acid formate salt 

20 7-[N-{2-((Z)-3-diethylaminoprop-l-enyl)-4-fluorobenzenesulfonyl}-N-(methoxy-
carbony])amino|-l,2-dihydrofuro[2,3-cjquinoline-6-carboxylate (Intermediate 20) as a yellow 

[00210] 'H NMR (CD3OD) 8: 8.50 (IH, s), 8.47 (2H, s), 7.96 (IH, m). 7.91 (IH, d), 7.79 

(IH, d), 7.45 (IH, d), 7.11 (2H, m), 6.13 (1.H, m), 3.79 (2H, d), 3.59 (2H, l), 3.10 (6H, m), 1.16 
25 (6H, m). 

[00211] LCMS (Method C) r/t 2.84 (M+H) 500. 

[00209] Prepared by proceeding in a similar manner to Example 1, starling from methyl 

solid. 

Example 8: 7-(Benzenesulfonylamino)-l,2-dihydrofuro[2,3-c]quinoline-6-carboxylic acid 
formate salt 
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cr OH 

[00212] Prepared by proceeding in a similar manner to Example 1, starting from methyl 
7-(benzenesulfonylamino)-l,2-dihydrofuro[2,3-c]quinoline-6-cairboxyiale (Intermediate 26). 
[00213] 'H NMR (DMSO-d6) 8: 8.54 (IH, s), 8.25 (IH, s), 7.78 (3H, m), 7.66 (IH, d), 
7.44 (3H, m), 4.69 (2H, t), 3.46 (2H, t). 
[00214] LCMS (Method C) r/t 3.66 (M+H) 371. 

Example 9: Cis-(3aRS,9bRS)-7-[2-((Z)-3-Diethyiaminoprop-l-enyl)-4-
fluorobenzenesulfoi\ylam.ino]-L,2,3a,4,5,9b-hexahydrofuto[23-c]qusnolme-6-carboxylic acid 

F o OH 

JO Mixture oi cis enarrtiomers 

[00215] Lithium hydroxide (0.09g) was added to a solution of methyl cis-(3aRS,9bRS)-
5-acciy]-7-[2-((Z)-3-diethyJaminoprop-l-enyl)-4-fluorobenzenesulfonylamino]-l,2,3a,4,5,9b-
hcxahydrofuro[2,3-c]quinoIine-6-carboxylalc (Intermediate 27, 0.06g) in a mixture of dioxane 
(5mL) and water (lmL) and the mixture was stirred and heated at 80°C overnight. The mixture 

15 was then irradiated in the microwave at 150"C for 30 minutes and then at 180°C for 30 minutes. 
After cooling, the mixture was filtered and the filtrate was acidified by addition of formic acid 
(lmL) and then evaporated to dryness. The residue was purified by preparative HPLC (C18) 
eluting with a mixture of acetonitrile and water, containing 0.1% formic acid, wilh a gradient of 
10-98%. The isolated product was dissolved in DCM and evaporated to dryness then dissolved 

20 in ether and evaporated lo dryness to give cis-(3aRS,9bRS)-7-[2-((Z)-3-diethylaminoprop-l-
enyl)-4-fluorobenzenesulfonylamino]-l,2,3a,4,5,9b-hexahydrofuro[2,3-c]quinolme-6-
carboxylic acid (0.005g) as a while solid. 
[00216] 'HNMR (CDClj)6: 8.54 (IH,br s),7.99 (IH,br s), 7.48 (IH, d). 7.04 (IH, m), 
6.90 (IH, d), 6.76 (IH, d), 6.62 (IH, m), 6.11 (IH, m), 4.17 (IH, m), 3.82 (IH, m), 3.78-3.59 

25 (2H, m). 3.32-3.10 (4H, m), 3.04-2.86 (3H, m), 2.35 (IH, m), 1.79 (IH, m). 1.15 (6H, t). 
[00217] LCMS (Method C) r/t 3.31 (M+H) 504 
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Example 10: (laRS,7bSR)-5-[2-(fZ)-3-Dieihylaminoprop- i -enyl)-4-

fiuorobenzenesulfonylamino]- i, i a,2,7b-letraJiydrocyclopropa[c|chromene-4-carboxylic acid 

5 [00218] Methyl (laRS,7bSR)-5- [2-((Z)-3-diethylaminoprop-l-enyl)-4-
fiuorobenzenesu]fonylamino]-l,la,2,7b-telrahydrocyclopropa[c]chromene-4-caiboxylate 
(Intermediate 40, 0.185g) and lithium hydroxide monohydratc (0.l59g) were suspended in 
dioxane (4mL) and water (lmL). The reaction mixture was irradiated in the microwave at 
135°C for 30 minutes. After cooling, the mixture was acidified to pH4 with formic acid, then 

10 ethanol and loluene were added and the mixture conccntrated in vacuo. The residue was 
irituraled with a mixture of methanol and DCM (10%) and the solid was filtered off and 
washed with a mixture of methanol and DCM. The filtrate was concentrated in vacuo and the 
residue was purified by chromatography on silica, eluting with a mixture of methanol and 
DCM with a gradient of 0-8%. The resultant product was triturated with ethyl acetate and dried 

15 in vacuo at 50oC to give (laRS,7bSR)-5-[2-((Z)-3-dielhylaminoprop-l-enyl)-4-
fluorobenzenesulfonylamino]-!, la,2,7b-letrahydrocyck)propa[c]chromene-4-carboxylic acid 
(0.066g) as a white solid. 
[00219] *H NMR (DMSO-dfi) 6: 7.64 (IH, dd), 7.35 (iH, d), 7.27-7.19 (2H, m), 7.10 
(IH, d), 6.93 (IH, d), 6.20-6.10 (!H, m), 4.17 (IH, d), 3.76 (2H, br, s), 3.57 (IH, d), 3.10 (4H, 

20 br, q), 1.92 (IH, Id), 1.75-1.69 (IH, m), 1.13 (6H, t), 0.94 (IH, td), 0.74 (IH, m). 
[00220] LCMS (Method C) r/t 3.32 (M+H) 475 

Examples 11 and 12: Separation of enantiomers from Example 10. 
[00221] Sample from Example 10 was subjected to chiral separation using a ChiralPak 

25 IC column, 10mm x 250mm, particle size 5micron. Eluting solvent ten-butyl methyl ether : 

isopropanol: DCM (16:20:64). 

Exampfe 31: First eluting enantiomer r/t on analytical column (4.6mm x 250mm): 21.8 
minutes >99% ee: (laS,7bR)-5-[2-((Z)-3-Diethylaminoprop- I-enyl)-4-

30 fluorohenzenesuIfonylammo}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-caiboxylic acid 
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.H 

[00222] *H NMR (CDC13) 6: 7.63 (IH, d), 7.43 (IH, m), 7.15-7.08 (2H, m), 6.85 (IH, 
dt), 6.72 (IH, dd), 5.93 (IH, m), 4.27 (IH, d), 3.98 (IH, br m), 3.68 (IH, m), 3.58 (IH, br), 
3.27-3.06 (4H, m), 1.87 (IH, m), 1.63 (IH, m), 1.23 (6H, t), 1.04 (IH, m), 0.91 (IH, m). 

5 LCMS (Method C) r/t 3.30 (M+H) 475 

Example 12: Second eluting enantiomer: r/l on analytical column (4.6mm x 250mm): 27.5 
minutes, >99% ee: (laR,7bS)-5-[2-((Z)-3-Diethylaminoprop-l-enyl)-4-fluorobenzenesulfonyl-
amino]-i,la,2,7b-tetrahy6rocyc\opropa[c]chrornene-4-caiboxylic acid 

10 [00223] 'H NMR (CDC13) 8: 7.63 (IH, d), 7.43 (IH, m), 7.15-7.08 (2H, m), 6.85 (IH, 
dt), 6.72 (IH, dd), 5.93 (IH, m), 4.27 (IH, d), 3.98 (IH, brm), 3.68 (i.H, m), 3.58 (IH, br), 
3.27-3.06 (4H, m), 1.87 (IH, m), 1.63 (IH, m), 1.23 (6H, t), 1.04 (IH, m), 0.91 (IH, m). 
LCMS (Method C) r/t 3.32 (M+H) 475. 

Absolute configuration of Examples 11 and 12 determined by X-ray crystal analysis of 
15 Example 12 with MetAP2. 

Example 13: (laRS,7bSR)-5-[2-((Z)-3-Diethy3aminoprop-l-enyl)-4-
fluorobenzenesulfonylamino]-7b-methyl-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-
carboxylic acid 

(laRS,7bSR)-5-[2-((Z)-3-diethylaminoprop-l-enyl)-4-fluorobenzenesulfonylamino]-7b-
methyl-l,la,2,7b-letrahydrocyclopropa[c]chromene-4-carboxylaie (Intermeidate48). 

20 [00224] Prepared by proceeding in a similar manner to Example 3, starting from methyl 



WO 2012/154676 PCT/US2012/036789 

-74-

'H NMR (CDCIj) 6: 9.8-9.2 (3H, br s), 7.65 (IH, d), 7.39 (IH, m), 7.24 (IH, d), 7.18 (IH, d), 

6.83 (IH, dt), 6.72 (IH, dd), 5.91 (IH, m), 4.21 (IH, d), 3.98 (IH, br t), 3.7 j (IH, d), 3.61 (IH, 

brs), 3.28-3.06 (4H, m), 1.41 (3H, s), 1.37 (IH, m), 1.24 (6H, t), 1.14 (IH, t), 0.74 (IH, dd). 

LCMS (Method C) r/l 3.55 (M+H) 489. 

Example 14: (laRS,7bSR)-5-[2-((K')-3-Diethylaminoprop-]-enyl)-4-

fluorobenzenesull'onylamino]-7b-melhy]-l,]a,2,7b-tetrahydrocyclopropa[cjchromene-4-

carboxylic acid 

10 [00225J Isolated as a minor by-product by preparative HPLC from the preparation of 

Example 13. 
!H NMR (CDC13) 5: 11.9 (IH, brs), 7.93 (IH, dd), 7.70 (IH, d), 7.25 (IH, d), 7.10 (IH. d), 

7.06 (IH, dd), 6.90 (IH, dt), 6.19 (IH, m), 4.23 (IH, d), 3.76 (IH, d), 3.68 (2H, m), 3.29 (4H, 

q), 1.36 (6H, t), 2.35 (3H, s), 1.31 (IH, m), 1.10 (IH, t). 1.67 (IH, dd). 

2 5 LCMS (Method C) r/t 3.66 (M+H) 489. 

Example 15: Cis-(3aRS,9bRS)-7-[2~(4-dimethylammobuiylamino)benzenesulfonylamino]-

l,3a,4,9b-tetrahydro-2H-furo[2,3-c3chromene-6-carboxylic acid 

Mixture of cis enantiomers 

20 [00226] 4-Dimethylainiiiobutylamine (0.348g) and triethylamine (0.2ml) were added to a 

suspension of cis-(3aRS,9bRS)-7-(2-fluorobenzenesulfonylamino)-l,3a,4,9b-tetrahydro-2H-

furo[2,3-c]chromene-6-carboxylic acid (Intermediate 57, 0.15g) in acetonitrile (].5mL) and the 

mixture was heated at 130°C in a sealed tube for 36 hours. The mixture was then diluted with 

water (2mL) and the solution was purified by preparative HPLC (C6-phenyi) eluting with a 
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mixture of methanol and water, containing 0.1% formic acid, with a gradient of 5-98%. The 
isolated product was further purified by chromatography on silica eluling with a mixture of 
methanol and DCM with a gradient of 0-15% to give cis-(3aRS,9bRS)-7-[2-(4-
dimethylaminobutylamino)-benzenesulfonylaminoJ-l,3a,4,9b-tetrahydro-2H-furo[2,3-

5 cjchrom.en.e-6-carboxylic acid (0.062g) as a glass foam. 
'H NMR (CDCI3) 5: 11.2! (IH, br s), 7.72 (IH, dd), 7.37 (]H, d), 7.26 (IH. m), 7.02 (IH, d), 
6.59 (IH, d), 6.56 (IH, t), 5.85 (IH, t), 4.29 (IH, dt), 4.05 (IH, dd), 3.85 (IH, m), 3.77 (2H, m), 
3.34 (IH, q), 3.21 (2H, m), 2.98 (2H, t), 2.80 (6H, s), 2.41 (IH, m), 2.05 (!H, m), 1.83 (lH,m), 
1.71 (2H, m). 

10 LCMS (Method C) r/t 3.18 (M+H) 490 

Eaxmple 16: (!aR,7hS)-5-[2-(3-Diethylaminopropy))-4-f]uorobenzenesulfony]-ajninoj-
l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

(laR,7bS)-5-[2-((2)-3-diethylaminoprop-l-enyl)-4-f]uorobenzenesulfonylainino]- 1,1a, 2,7b-
tetrahydrocycJopropa[c]-chroinene-4-carboxylicacid (Example 12) 

'H NMR (CDCi3) 6: 7.8] (IH, dd), 7.31 (IH, d), 7.07 (IH, d), 6.82 (2H, m), 4.32 (IH, d), 3.74 
(IH, d), 3.42-3.32 (IH, m), 3.1.8 (4H, m), 3.14-2.94 (3H, m), 2.00 (2H, in), 1.84 (IH, m), 1.62 

20 (IH, m), 1.31 (6H. t), 1.04 (IH, m), 0.8B (IH, m). 
LCMS (Method C) r/t 3.36 (M+H) 477. 

Example 17: (laRS.7bSR)-5-j2-((Z)-3-Diethylaminoprop-l-enyl)-4-fluorobenzene-
sulfonylamino]-1,1 -difluoro-1, 2a,2,7b-letrahydrocyclopropa[c]chromene-4-carboxylic acid 

25 [00227] Prepared by proceeding in a similar manner lo Example 2, starting from 

F 

25 
[00228] Prepared by proceeding in a similar manner to Example 10, starting from methyl 
(1 aRS,7bSR)-5-[2-((Z)-3-diethylaminoprop-1 -enyi)-4-f)uoroben7,enesulfonylamino]-1,1 -
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difluoro-1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate (Intermediate 59) as a 
white solid. 

*H NMR (CDCb) 8: 10.0-9.6 (iH, br s), 7.64 (IH, d), 7.47 (IH, dd), 7.21 (IH, d), 7.13 (IH, d), 

6.87 (IH, dt), 6.73 (IH, dd), 5.95 (IH, m), 4.28 (IH. d), 3.96 (IH, m), 3.92-3.79 (lH, br s), 
5 3.78-3.67 (IH, brs), 3.17 (4H, q), 2.64 (IH, i), 2.23 (1H, m). 1.24 (6H, t). 

LCMS (Method C) r/t 3.38 (M+H) 511. 

Examples 18 and 19: Separation of enantiomers from Example 17. 
[00229] Sample from Example 17 was subjected to chiral separation using a ChiralPak 

10 IA column, 20mm x 250mm, particle size Smicron. Eluting solvent methanol: ethanol: 
heptane (22.5:12.5:75). 

Example 18: First eluting enantiomer: r/t on analytical column (4.6mm x 250mm): 14.7 
minutes >95% ee. 

15 [00230] 'H NMR (DMSO-d6) S: 7.83 (IH, t), 7.27-7.27 (3H, m), 7.09 (IH, d), 6.85 (IH, 

d), 5.98 (IH, m), 4.27 (IH, d), 3.76 (IH, m). 3.56 (IH, t), 2.90 (IH, Q, 2.85 (IH, i), 2.77 (4H, 
br s), 2.55 (IH, s), 0.97 (6H, brt). 
LCMS (Method C) r/t 3.39 (M+H) 511 
Example 19: Second eluting enantiomer: r/t on analytical column 19.0 minutes, >95% ee. 

20 [00231] *K NMR (DMSO-ck) 8: 7.72 (IH, dd), 7.36 (IH, d), 7.26 (IH, dt); 7.21 (IH, 
dd), 7.18 (IH, d), 6.99 (lH, d), 6.13 (IH, m), 4.29 (IH, d), 3.87-3.70 (3H, m), 3.10 (4H, m), 
2.96 <lH,t), 2.56 (lH,m), 1.11 (6H,t). 
LCMS (Method C) r/t 3.39 (M+H) 521. 
Example 26: (laRS,7bSR)-5-[2((Z)-3-Ethylaminoprop-l-eny))-4-fluorobenzencsulfonyl-

25 amino)-l.la.2,7h-letrahydrocyclopropa[c]chromene-4-carboxyJic acid 

A mixture of methyl (laRS,7bSR)-5-[2((Z)-3-ethylammoprop-l-enyl)-4-
fluorobenzenesulfonylamino]-l,la,2Jb-tctrahydrocyc2opropa[c]chromene-4-carboxylate 
(Intermediate 63, 0.09g) and lithium hydroxide monohydtaie (0.047 g) in a mixture of dioxane 

30 (JOmL) and water (5m.L) was stirred and heated al 120°C for 32 hours. After cooling, the 
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10 

15 

20 

mixture was concentrated under vacuum and the residue was acidified lo pH4 with formic acid. 
The resultant solid was collected by filtration and washed with water to give (laRS,7bSR)-5-

[2((Z)-3-ethylaminoprop-1 -enyl)-4-fluorobenzene-sulfonylamino]-1,1 a,2,7b-
tetrahydrocyclopropa-[c]chromene-4-carboxylic acid (0.029g) as a grey solid. 

'HNMR (DMSO-dfe) 5: 10.4-9.95 (IH, brs), 7.51 (IH, dd), 7.21 (IH, d), 7.17 (IH, dt). 7.11 
(SH, dd), 7.07 (IH, d), 6.99 (IH, d), 5.93 (IH, m), 4.11 (IH, d), 3.60 (2H, m), 3.51 (IH, d), 
2.92 (2H, q), 1.87 (IH, m), 1.67 (IH, m), 1.12 (3H, t), 0.89 (IH, m), 0.69 (IH, m). 
LCMS (Method C) r/t 3.32 (M+H) 447. 

Examples 21 and 22: Separation of enantiomers from Example 20. 
[00232] Sample from Example 20 was subjected to chiral separation using a ChiralPak 
IC column, 10mm x 250mm, particle size 5micron. Eluting solvent jm-buty] methyl ether: 
isopropanol: DCM (15:20:65). 
[00233] Example 21: First eluting enantiomer: r/t on analytical column (4.6mm x 
250mm): 14.3 minutes >99% ee. 
[00234] 'H NMR (DMSO-d6) 6: 10.16 (2H, br s), 7.56 (1.H, dd), 7.26 (IH, d), 7.22 (3H, 

dt), 7.17 (IH, dd), 7.12 (IH, d), 7.05 (IH, d), 5.99 (IH, m), 4.16 (IH, d), 3.65 (2H, m)t 3.57 
(IH, d), 2.98 (2H, q), 1.93 (IH, in), 1.73 (IH, m), 1.17 (3H, t), 0.94 (IH, m), 0.78 (IH, q). 
LCMS (Method C) r/t 3.27(M+H) 447. 
Example 22: Second eluting enantiomer: r/t on analytical column 20.6 minutes, >99% ee. 

[00235] 'H NMR (DMSO-d6) S: 10.16 (2H, br s), 7.56 (IH, dd), 7.26 (1H, d), 7.22 (IH, 

dt), 7.17 (IH, dd), 7.12 (lH, d), 7.05 (IH, d), 5.99 (IH, m), 4.16 (IH. d), 3.65 (2H, m), 3.57 

(IH, d), 2.98 (2H, q), 1.93 (IH, dt), 1.73 (IH, m), 1.17 (3H, t), 0.94 (IH, dt), 0.75 (IH, q). 
LCMS (Method C) r/t 3.26(M+H) 447. 

Example 23: (laRS,7bSR)-5-{2[(Z)-3-(Pyrrolidin-l-y!)prop-l-enylj-4-fluorobenzene-
sulfony]amino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 
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Prepared by proceeding in a similar manner to Example 20, starting from inethy! (laRS,7bSR)-
5-{ 2[(Z)-3-(pyrrolidin-1 -yl)prop-1 -enyl]-4-fluorobenzene-sulfonylamino) -1, la,2,7b-
Letrahydrocyclopropa[c]chroinene-4-carboxylate (Intennediate 66) as a white solid. 
'H NMR (DMSO-d6) 8: 12.2-11.6 £1H, brs), 7.49 (IH, dd), 7.30 (IH, d), 7.21-7.22 (2H, m), 

5 7.09 (IH, m), 6.97 (IH, d), 6.10 (lH, m), 4.12 (IH, d), 3.80 (2H, d), 3.51 (IH, d), 3.28 (4H, m), 
1.89 (IH, m), 3.85 (4H, m), 1.68 (lH, m), 0.90 (lH.m), 0.69 (lH,m). 
LCMS (Method C) r/t 3.39 (M+H) 473 

Examples 24 and 25: Separation of enantiomers from Example 23. 
10 [00236] Sample from Example 23 was subjected to chiral separation using a ChiralPak 

IC column, 10mm x 250mm, particle size 5micron. Eluting solvent ferr-butyl methyl ether: 
ethanol (75:25). 
[00237] Example 24: First eluting enantiomer: r/t on analytical column (4.6mm x 
250mm): 17.5 minutes >99% ee 

15 [00238] lH NMR (DMSO-d6) 6: 7.55 (IH, dd), 7.35 (IH, d), 7.22 (2H, m), 7.14 (IH, d), 
7.02 (1H, d), 6.14 (lH, m), 4.17 (IH, d), 3.84 (2H, bi d), 3.57 (IH, d), 3.30 (4H, br), 1.97-1.85 
(5H, br m), 1.73 (IH, m), 0.95 (IH, dt), 0.74 (IH, q). 
LCMS (Method C) r/t 3.33(M+H) 473 
Example 25: Second eluting enantiomer: r/t on analytical column 21.4 minutes, >98% ee. 

20 [00239] lK NMR (DMSO-d6) 8: 7.55 (IH, dd), 7.34 (IH, d), 7.24 (IH, dd), 7.19 (IH, 

dd), 7.14 (IH, d), 7.02 (IH, d), 6.14 (IH, dt), 4.17 (IH, d), 3.84 (2H, br d), 3.57 (lH, d), 3.29 
(4H, br), 1.97-1.85 (5H,brm), 1.73 (SH,m), 0.95 (IH, dt), 0.74 (IH, q). 
LCMS (Method C) r/t 3.34(M+H) 473. 

25 Example 26: (laRS,7bSR)-5-[2-(3-Dimethylaminopropylamino)benzenesujjbnyj-ammo]-
i, 1 a,2,7b-telrahydrocyclopropa[c]chromene-4-carboxylic acid 

[00240] A mixture of(laRS,7bSR)-5-(2-fluorobenzenesuIfonylamino)-l,ia.2,7b-
letrahydrocycIopropa-[cjchromene-4-carboxyIic acid (Intermediate 67,0.25g), 3-

30 dimethylaminopropylamine (3.26g) and triethylamine (0.62g) in NMP (6rnL) was stirred and 
heated at) 40°C for 48 hours. After cooling, (lie mixture was concentrated under vacuum and 
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the residue was purified by chromatography on silica, eluting with a mixture of methanol and 

DCM with a gradient of 5-10%. The resultant product was repurified by preparative TLC, 

eluting with a mixture of methanol and DCM (10%) to give (laRS,7bSR)-5-[2-(3-

dimethylaminopropylamino)-benzenesulfonylamino]-l,ia,2,7b-

5 tetrahydrocyclopropa[c]chromene-4-carboxylic acid (0.08g) as an off white solid. 

'H NMR (DMSO-dfe) 6: 7.36 (IH, dd), 7.22 (IH, dl),7.02 (2H, s), 6.68 (IH, d), 6.44 (IH, t), 

6.24 (IH, brs), 4.31 (IH, d), 3.51 (IH, d), 3.30-3.10 (4H, m). 2.68 (6H, s), 1.83 (IH, m), 1.72-

1.52 (3H, m), 0.85 (IH, m), 0.65 (IH, m). 

LCMS (Method C) r/t 3.31 (M+H) 446. 

10 

Examples 27 and 28: Separation of enantiomers from Example 26. 

[00241] Sample from Example 26 was subjected to chiral separation using a ChiralPak 

IB column 20mm x 250mm, particle size 5 micron. Eluting solvent hexane : elhanol: 

diethylamine (49.8:50:0.2). 

15 

Example 27: First eluting enantiomer r/t on analytical column (4.6mm x 250mm) 14.61 

minutes (>98% ee). 

[00242] 5H NMR (DMSO-d6) 6: 7.37 (LH, dd), 7.23 (IH, dt),7.02 (2H, s), 6.68 (IH, d), 

6.45 (1H, t), 6.24 (IH, br s), 4.11 (IH, d), 3.52 (IH, d), 3.35-3.02 (4H, m), 2.67 (6H, s), 1.84 

20 (IH, m), 1.74-1.52 (3H, m), 0.85 (IH, m), 0.66 (IH, m). 

LCMS (Mediod C) r/t 3.21 (M+H) 446. 

Exampfe 28: Second eluting enantiomer: r/t on analytical column (4.6mm x 250mm) 18.16 

minutes (>98% ee). 

25 [00243] 1HNMR(DMSO-d6)8:7.37(lH,dd),7.23(lH,dt),7.02(2H,s), 6.68 (lH,d), 

6.44 (IH, t), 6.25 (IH. br s), 4.21 (IH, d), 3.51 (iH, d), 3.41-3.05 (4H, m), 2.69 (6H, s), 1.84 

(IH, m), 1.74-1.52 (3H, m), 0.85 (IH, m), 0.66 (IH, m). 

LCMS (Method C) r/t 3.20 (M+H) 446. 

30 Example 29: (]aRS,7bSR)-5-[2-(4-Dimethylaminobutylamino)benzenesu3fony]-amino]-

'i,la,2,To-teirahydrocyc'lopropalc)cnromene-4-carboxyiic acid 
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Prepared by proceeding in a similar manner to Example 26, starting from (laRS,7bSR)-5-(2-
fiuorobenzenesulfonylamino)- l,la,2,7b-letrahydrocyclopropa[cjchromene-4-carboxylic acid 
(Intermediate 67) and 4-dimethylaminobutylainine. 

5 'H NMR (DMSO-d6) 8: 13.0-12.0 (IH, br s), 7.58 (IH, dd), 7.28 (IH, dt), 7.02 (2H, s), 6.69 

(IH, d), 6.55 (IH, t), 5.70 (IH, m),4.14 (IH, d), 3.53 (IH, d), 3.15 (2H, m), 2.91 (2H, m), 2.67 
(6H, s), 1.83 (1H, m), 1.76 (2H, m), 1.66 (IH, m), 1.53 (2H, m), 0.84 (IH, m), 0.67 (IH, m). 
LCMS (Method C) r/t 3.43 (M+H) 460. 

10 Examples 30 and 31: Separation of enantiomers from Example 29. 
Sample from Example 29 was subjected to chiral separation using a ChiralPak IB column 
20mm x 250mm, particle size 5 micron. Eluting solvent hexane : ethanol : diethylamine 

(49.8:50:0.2). 

15 Example 30: First eluting enantiomer: r/t on analytical column (4.6mm x 250mm) 12.69 
minutes (>98% ee). 

'H NMR (DMSO-d6) 6: 13.0-12.2 (IH, br s), 7.58 (IH, dd), 7.28 (IH, dt), 7.02 (2H, m), 6.69 

(IH, ci), 6.55 (IH. t), 5.71 (IH, m), 4.14 (IH, d), 3.53 (IH, d), 3.15 (2H, m), 2.89 (2H, m), 2.67 
(6H, s), 1.83 (IH, m), 1.76 (2H, m), 1.66 (IH, m), 1.54 (2H, m), 0.85 (IH, m), 0.68 (IH, m). 

20 LCMS (Method C) r/t 3.33 (M+H) 460. 

Example 31: Second eluling enantiomer: r/t on analytical column (4.6mm x 250mm) 16.82 
minutes (>98% ee). 
lH NMR (DMSO-d6) 8: 12.9-12.1 (IH, br s), 7.58 (IH, dd), 7.28 (IH, dt), 7.02 (2H, s), 6.70 

25 (IH, d), 6.55 (IH, t), 5.71 (IH, m), 4.14 (IH, d), 3.53 (lH,d),3.l5 (2H,m),2.91 (2H, m), 2.68 
(6H, s), 1.83 (lH,m), 1.77 (2H, m), 1.66 (IH, m), 1.54 (2H,m),0.85 (IH, m), 0.68 (IH, m). 
LCMS (Method C) r/t 3.33 (M+H) 460. 

Example 32: (iaRS,7bSR)-5-[2-(5-Dimelhylaminopentylamino)benzenesulfony)amino]-
30 l,la,2,7b-teCrahydrocyclopropa[c]chrotnene-4-carboxylic acid 
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[00244] Prepared by proceeding in a similar manner to Example 26, starting from 
(1 aRS,7bSR)-5-(2-fluorobenzenesu)fonylamino)-l,! a,2,7b-tetrahycirocyclopropa[c]chromene-
4-carboxylic acid (Intermediate 67) and 5-dimetbylaminopentylamine. 

5 'H NMR (DMSO-d6) 8: 12.8-12.2(1H, br s), 7.67 (IH, dd), 7.30 (IH, dt), 6.98 (IH, d), 6.85 
(IH, d), 6.68 (IH, d), 6.60 (IH, t), 5.54 (IH, m), 4.14 (IH, d), 3.54 (IH, d), 3.05 (4H, m), 2.66 
(6H, s), 1.81 (IH, m), 1.63 (5H, m), 1.53 (2H,m),0.83 (IH, m), 0.67 (IH, m). 
LCMS (Method C) r/t 3.55 (M+H) 474. 

10 Example 33: (laRS,7bSR)-5-{2[(Z)-3-(Propan-2-3'l)aminoprop-l-enyl]-4-fluorobenzene-
sulfonylamino}-l,la,2,7b-tetrahydrocyclopropa[clchroinene-4-carboxylic acid 

[00245] A mixture of methyl (laRS,7bSR)-5-f2[(Z)-3-(propan-2-yl)aminoprop-l-enyl]-
4-fluorobenzenesulfonylamino}-i,la,2,7b-tetrahydrocyclopropa[c3chroinene-4-carboxylate 

15 (Intermediate 69, 0.12g) and lithium hydroxide monohydrate (O.lg) in a mixture of dioxane 
(lOmL) and waler (5mL) was stirred and healed at 100°C overnight. After cooling, the mixture 

was concentrated under vacuum and the residue was acidified to pH4 with formic acid then 
extracted with a mixlure of ethyl acetate and THF (1:1). The organic phase was dried (Na2S04) 
and filtered. The filtrate was evaporated lo dryness and the rsidue was dissolved in elhyl acetate 

20 (2mL) and hexane was added (lOmL). The solid was collected by filtration and washed with 
ether lo give (LaRS>7bSR)-5-{2[(Z)-3-(propan-2-yl)ammoprop-l-enyl]-4-fluoroben7,ene-
sulfonylamino}-l,la,2,7b-tetrahydrocyclopropa[c]chromenc-4-carboxylic acid (0.04g) as an off 
white solid. 

'H NMR (DMSO-cW 8: 10.5-9.8 (IH, br s), 7.54 (IH, dd), 7.23-7.08 (3H. m), 7.04 (IH. d), 
25 6.96 (IH, d), 5.91 (IH, m), 4.09 (IH, d), 3.63 (2H, m), 3.53 {IH, m), 3.49 (IH, d), 1.85 (IH, 

m), 1.67 (IH, m), 1.16 (6H, d), 0.86 (IH, m), 0.67 (IH, ra). 
LCMS (Method C) r/t 3.37 (M+H) 461. 
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Exampie 34: UaRS,7bSR)-5-{2KZ)-3-((S)-3-Hydroxypyxrolidin-l-yI)ainmoprop-l-enyI]-4-
fluorobenzenesulfonylamino} -1,1 a,2,7b-tetrahydrocycIopropa[c]chromene-4-carboxylic acid 

[00246] Prepared by proceeding in a similar manner to Example 33, starting from methyl 
5 (laRS,7bSR)-5- {2[(Z)-3-((S)-3-hydroxypyrrolidin- ] -yl)aminoprop-1 -enyl]-4-

fluorobenzenesulfonylamino}-l,la,2,7b4etrahydrocyclopropa[c]chromene-4-carboxylate 
(Intermediate 70). 
'H NMR (DMSO-d6) & 12.5-11.3 (IH, br s), 7.62 (IH, m). 7.32 (IH, d), 7.22 (2H, m), 7.13 
(]H, d), 6.98 (IH, d), 6.12 (IH, m), 5.26 (1H, m), 4.37 (lH, m), 4.19 (lH, d), 3.79 (2H, m), 

10 3.59 (IH, dd), 3.20-3.00 (3H, br s), 2.05 (IH, m), 1.94 (IH, m), 1.77 (2H, m), 0.96 (lH, m), 
0.76 (lH,m). 
LCMS (Method C) r/t 3.15 (M+H) 489. 

Example 35: (laRS,7bSR)-5- {2[(Z)-3-((R)-3-Hydroxypyrrolidin-1 -yljaminoprop- l-enylJ-4-
15 fkiorobenzenesulfonylamino}-!, la,2,7b-tetrahydro-cycIopropa[c]chromene-4-carboxy]ic acid 

[00247] Prepared by proceeding in a similar manner lo Exampie 33, starting from methyl 
(laRS,7bSR)-5-{2[(Z)-3-((R)-3-hydroxypyrrolidin-l-yl)aminoprop-l-enyl]-4-fluorobenzene-
sulfonylamino}-1, la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylatc (Intermediate 71). 

20 'H NMR (DMSO-d6) 6: 12.5-11.4 (IH, br s), 7.62 (IH, m), 7.33 (IH, d), 7.22 (2H, m), 7.13 

(IH, d), 6.98 (IH, d), 6.14 (IH, m), 5.26 (IH, m), 4.37 (lH, m). 4.19 (IH, d), 3.79 (2H, m), 
3.59 (IH, dd), 3.20-3.00 (3H, br s), 2.05 (IH, m), 1.94 (IH. m), 1.77 (2H. m), 0.96 (IH, m), 
0.76 (IH, m). 
LCMS (Method C) r/t 3.14 (M+H) 489. 

25 
Example 36: (laRS,7bSR)-5-[2((Z)-4-Diethylaminobut-l-enyl)-4-fluorobenzenesulfonyl-
aminoj-l, J a,2,7b-tetraiiydrocyclopropa[c]chromene-4-caiboxylic acid 
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[00248] Prepared by proceeding in a manner similar to Example 33, starting from methyl 

(laRS,7bSR)-5-{N-(methoxycarbonyl)-N-[2((Z)-4-diethylaminobut-l-enyl)-4-

f]uorobenzenesulf'onyl]amino}-l,la,2,7b-tetrahydrocyclopropalc]chromene-4-carboxylate 

5 (Intermediate 72). 

'H NMR (DMSO-d6) 8: 12.8-11.4 (IH, br s), 7.54 (IH, dd), 7.14-7.02 (4H, m), 6.83 (IH, d), 

5.66 (IH, m), 4.09 (IH, d), 3.51 (IH, d), 3.13 (2H, m), 2.92 (4H, m), 2.34 (2H, m), 1.84 (1H, 

m), 1.66 (IH, m), 1.06 (6H, I), 0.86 (IH, m), 0.67 (IH, m). 

LCMS (Method C) r/t 3.35 (M+H) 489. 

10 

Examples 37 and 38: Separation of enantiomers from Example 36. 

[00249] Sample from Example 37 was subjected to chiral separation using a ChiralPak 

IC column, 1 Omm x 250mm, particle size 5micron. Eluting solvent rerf-butyl methyl ether: 

isopropano!: DCM (16:20:64). 

15 

Example 37 : First eluting enantiomer: r/t on analytical column (4.6mm x 250mm): 25.8 

minutes >98% ee 

[002501 LH NMR (DMSO-d6) 8: 7.61 (IH, dd), 7.20-7.09 (4H, m), 6.90 (IH, d), 5.74 

(IH, m), 4.16 (IH, d), 3.58 (IH, d), 3.22-3.11 (2H, m), 2.99 (4H, m), 2.50 (2H, m), 1.92 (IH, 

20 dt), 1.72 (IH, tn), 1.15 (6H, t), 0.93 (1H, m), 075 (IH, m). 

LCMS (Method C) r/t 3.36(M+H) 489 

Example 38: Second eluling enantiomer: r/t on analytical column 44.0 minutes, >98% ee. 

[00251] !H NMR (DMSO-ds) 8: 7.61 (IH, dd), 7.20-7.10 (4H, m), 6.90 (IH, d), 5.74 

(IH, m), 4.16 (IH, d), 3.58 (IH, d), 3.23-3.10 (2H, m), 2.99 (4H, q), 2.51 (2H, m), 1.92 (IH, 

25 dt), 1.72 (lH,m). 1.15 (6H, t). 0.93 (IH, m), 0.75 (IH, m). 

LCMS (Method C) r/t 3.36 (M+H) 489 

Example 39: (laRS.7bSR)-5-{2-[2-(4-Ethylpiperazin-l-yl)-ethyl]-4-fluorobenzenesulfonyl-

amino}-l,ia,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 
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[00252] A solution of (laRS.7bSR.i-5-(4-F)uoro-2-vinylbenzenesulfony]amino)-
l,la,2,7b-teirahydro-cyclopropa[c]chromene-4-carboxy]ic acid (Intennediate 74, 0.035g) and 3 
drops ofN-ethyl piperazine in isopropanol (0.5mL) was irradiated in the microwave al 160 °C 

5 for 15 minutes then again at 170°C for 15minutes. After cooling, the mixture was purified by 
preparative HPLC (C18) eluting with a mixture of methanol and water, containing 0.1% formic 
acid, with a gradient of 20-60%. The isolated product was further purified by chromatography 
on silica eluling with a mixture of methanol and DCM with a gradient of 0-10% to give 
(laS,7bR)-5-{2-f2-(4-ethyjpiperazin-l-yl)-eihyl]-4-fluorobenzenesu3fony]amino}-l,la,2,7b-

10 tetrahydrocyclopropa[c}chromene-4-carboxy!ic acid (0.018g) as an off white solid. 
'H NMR. (CDC!;,) 5: 7.95 (1H, dd), 7.07 (2H. s), 6.95 (IH, dd), 6.91 (lH, dt), 4.38 (IH, d), 3.79 
(IH, d), 3.42 (2H, q), 3.35 (2H, q), 3.21-3.05 (4H, m), 3.04-2.88 (4H, m), 2.79 (2H, m), 1.86 
(IH, dt), 1.66 (IH, m), 1.22 (3H,t), 1.06 (ffl.q), 0.93 (lH,m). 
LCMS (Method C) r/t 2.95 (M+H) 504 

15 
Example 40: (laRS,7bSR)-5-{2[(Z)-3-(Azetidin-l-yl)prop-l-cnyl]-4-fluorobenzenesulfonyl-
amino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxyIic acid 

[00253] Prepared by proceeding in a manner similar lo Example 33, starting from methyl 
20 (laRS,7bSR)-5-{ 2-[(Z)-3-(azelidin-l-y3)prop- i -enyl]-4-fluorobenzenesulfonyl-amino }-

l,la,2,7b-tetrahydro-cycloprop&[c]chromen.e--4-ca?boxylate (Intermediate 76). 
'H NMR (DMSO-d6) 5: 12.8-11.1 (IH, brs), 7.51 (IH, dd), 7.26 (lH, d), 7.17 (IH, dt), 7.10 

(2H, m), 7.00 (IE d), 5.90 (IH, m), 4.12 (IH, d), 3.96 (4H, m), 3.74 (2H, m), 3.52 (IH, d), 
2.27 (2H, m), 1.89 (IH, m), 1.69 (IH, m), 0.90 (IH, m), 0.69 (IH, m). 

25 LCMS (Method C) r/t 3.26 (M+H) 459. 

Example 41: (iaRS,7bSR)-5-(2[(Z)-3-(3-Hydroxyazetidin-!-y])prop-l-enyl]-4-fluorobenzene-
sulfonylamino}- i, 1 a,2,7b-tetrahydrocyclopropa[c]chromenc-4-carboxylic acid 
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H 0 

[00254] Prepared by proceeding in a manner similar lo Example 33, starling from methyl 
(J aRS.7bSR)-5-{2-[(Z)-3-(3-hydroxyazetidin-1 -yl)prop-1 -enyl]-4-fluorobenzene-
sulfony]amino}-l,la,2,7b-cetrahydrocyclopropa[c|chromene-4-carboxylate (Intermediate 77). 

5 'H NMR (DMSO-ds) 8: 12.8-11.2 (1R br s), 7.53 (lH, m), 7.22 (IH, d), 7.17 (IH, dt), 7.09 
(2H, m), 6.97 (JH, d), 5.90 (IH, m), 4.40 (IH, m), 4.18 (2H, m), 4.12 (IH, d), 3.69 (4H, m), 
3.52 (iH, d), 1.87 (IH, m), 1.69 (IH, in), 0.89 (IH, m), 0.70 (IH, m). 
LCMS (Method C) r/t 3.18 (M+H) 475. 

10 Exampie 42: (laRS,7bSR)-5-{2[(Z)-3-(Azetidin-l-yl)propyl|-4-fluorobenzenesulfonylamino}-
l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

[00255] A solution of (laRS,7bSR)-5-{2[(Z)-3-(azetidin-l-yl)prop-l-enyl]-4-
fluorobenzene-sulfonylamino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-caiboxylic acid 

15 (Example 40, 0.03g) in metlianol was treated, under an atmosphere of nitrogen with palladium 
on carbon (10%, O.Olg). The nitrogen was replaced by hydrogen and the mixture was stirred 
under an atmosphere of hydrogen overnight. The mixture was filtered and the filtrate was 
evaporated to dryness. The residue was purified by HPLC (C18) to give (2aRS,7bSR)-5-
} 2[(Z> 3-(azetidin-1 -yl)propyl]-4-fiuorobenzenesuIfonylatnino}-1 ,ia,2,7b-

20 tetrahydrocyclopropa[c]chromene-4-carboxylic acid (0.019g) as a while solid. 
'H NMR (DMSO-dfi) 8: 7.76 (IH, dd), 7.20 (IH, dd), 7.09 (IH, dt). 7.05 (IH, d), 6.99 (lH, d) 

4.15 (IH, d), 3.97 (2H, m) 3.56 (IH, d), 3.14 (2H, m), 2.99 (4H, m), 2.29 (2H, m), 1.86 (IH, 
m), 1.81-1.64 (3H, m), 0.88 (lH, m), 0.69 (iH, m). 
'H LCMS (Method C) r/t 3.20 (M+H) 461. 

25 
Example 43: (laRS,7bSR)-5-[2((Z)-4-Dietiiylaminobutyl)-4-fiuorobenzenesul[onylaimiio]-
l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 
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[00256] Prepared by proceeding in a similar manner to Example 42, starling from 

(laRS,7bSR)-5-[2((Z)-4-diethylammobut-l-enyl)-4-fiuorobenzene-su!fony3amino]-](la,2,7b-

tetrahydrocyclopropa-[cjchromene-4-carboxylic acid (Example 36) as a while solid. 

5 'H NMR (DMSO-df.) 8: 13.0-11.6 (IH, br s), 7.82 (IH, dd), 7.23 (IH, dd), 7.08 (IH, dt), 7.02 

(IH, d), 6.96 (IH, d), 4.14 (lH,d), 3.55 (IH, d),2.99 (8H.m), 1.83 (lH,m), 1.65 (5H,m), 1.14 

(6H, t), 0.85 (IH, m), 0.69 (lH, m). 

LCMS (Method C) r/t 3.45 (M+H) 491. 

1.0 Example 44: (laRS,7bSR)-5-{2-[N-(4-Dimethylaminobutyl)-N-methylamino]-

benzenesulfonyi-ammo}-l,la.2,7b-telraiiydrocyclopropaic]chromene-4-carboxy)icacid 

[00257] A mixture of (laRS,7bSR)-5-(2-fluorobenzenesulfonylamino)-l,la,2,7b-

tetrahydrocyclopropa-[c]chromene-4-carboxylic acid (Intermediate 67, 0. lg), N-(4-

15 dimethylaminobutyl)-N-methylamme (Iniermediate 78, 1.07 g) and iriethylamine (0.42g) in 

NMP (6mL) was stirred and heated in a sealed lube at 150°C for 3 days. After cooling, the 

mixture was concetraled under vacuum and the residue was purified by chromalogrphy on 

silica, eluting with a mixture of methanol and DCM (10%) followed by repurification by HPLC 

(C18) to give (iaRS,7bSR)-5-{2-[N-(4-dimethy!aminobutyl)-N-methylainino]-

20 benzenesulfonylamino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid (0.03g) 

as a white solid. 

'H NMR (DMSO-d&) 8: 7.81 (IH, dd), 7.54 (IH, dl). 7.41 (lH, dd), 7.21 (IH, dt), 6.94 (IH, d), 

6.85 (IH, d), 4.12 (lH, d), 3.55 (IH, d), 2.96 (2H, t), 2.85 (2H, t), 2.64 (6H, s), 2.49 (3H, s), 

1.83 (IH, m), 1.74 (2H, m), 1.63 (3H, m). 0.87 (IH, m), 0.68 (IH, m). 

25 LCMS (Method C.) r/l 3.37 (M+H) 474. 
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Examplc 45: (laRS,7bSR)-5-{2-[((S)-l-Ethybyrrolidin-3-ylcarbamoyl)methyl]-4-fluoro-

benzenesulfonylamino}-l,la,2,7b-letrahydrocyclopropa[c]chromene-4-cait)Oxylic acid 

5 ylcarbamoyl)melhyl3-4-fiuorobenzenesulfonylamino}-l,ia,2,7b-

ietrahydrocyc]opropa[c]ehromene-4-carboxylate (Iniermediate 80, 0. !48g) and lithium 

hydroxide monohydrate (0.168g) in dioxane (3mL) and water (lmL) was irradiated in the 

microwave at 130°C for 40 minutes. After cooling, the mixture was diluted wilh methanol, 

acidified wilh formic acid and evaporated in vacuo. The residue was triturated with 10% 

10 methanol in DCM and filtered. The filtrate was evaporated in vacuo and the residue was 

purified by chromatography on silica, eluling with a mixture of methanol and DCM wilh a 

gradient of 0-20%. The resultant solid was triturated with ether and filtered off to give 

(laRS(7bSR)-5-{2-[((S)-l-ethylpyrroiidm-3-ylcarbamoy])methyl]-4-fluorobenzeiiesulfonyl-

amino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid (0.09lg) as a white 

'H NMR (DMSO-d6) 8: 9.56 (0.5H, br, d), 9.48 (0.5H, br, d), 7.59 (IH, m), 7.34 (IH, m), 7.16 

(2H, m), 7.06 (IH, t), 4.46 (IH, br, q), 4.13 (IH, d), 3.92 (IH, dd), 3.70 (IH, m), 3.65 (lH, d), 

3.58 (IH, br, m), 2.95-3.25 (6H, m), 2.40 (IH, m), 1.95 (2H, m), 1.76 (IH, m), 1.20 (3H, t), 

0.97 (IH, m), 0.78 (IH, m). 

20 LCMS (Method C) r/t 3.04 (M+H) 518. 

Exampie 46: (]aRS,7bSR)-5-[2-(l-Ethylazetidin-3-yJ)-4-fluorobenzene<iulfonylaminoj-

i,la,2,7b-tetrahydrocyclopropa[cJchromene-4-carboxylic acid 

[00258] A mixture of methyl (2aRS,7bSR)-5-{2-[((S)-l-ethylpyrrolidin-3-

15 solid. 

r 

25 [00259] Prepared by proceeding in a similar manner to Example 45, starling from methyl 

(1 aRS,7bSR)-5-[2-( 1 -ethylazetidm-3-yl)-4-fluorobenzenesulfonylamino]-1, la, 2,7b-

Lelrahydix>cyclopropa-[c)chromene-4-carboxylale (Iniermediate 86) as a while solid. 
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[00260] JH NMR (DMSO-d6) 5: 7.91 (IH, dd), 7.64 (IH, dd), 7.24 (lH,dt), 6.96 (IH, d), 
6.66 (IH, d), 4.79 (IH, m), 4.21 (IH, d), 4.35 (2H, br, t), 3.89 (2H, br, m), 3.62 (IH, d), 3.06 
(2H, q), 1.83 (3H, m), 1.70 (IH, m), 1.05 (3H, t), 0.88 (IH, m), 0.72 (1H, m). 
LCMS (Method C) r/l 2.99 (M+H) 447. 

Example 47: (iaRS,7bSR)-5-{2-[((R)-i-EthylpyrraIidin-3-ylcarbamoyI)methyl]-4-fluoro-
benzenesulfonylarmno}-l,la,2,7b-tettahydrQcyclapropa[c]chromene~4~carbaxylic acid 

[00261] Prepared by proceeding in a similar maimer to Example 45, starling from methyl 
10 (laRS,7bSR)-5-{2-[((R)-l-ethylpyrrolidin-3-y}carbamoyl)melhyl]-4-

fluorotaenzenesulfonylamino} -1,1 a,2,7b-tetrahydrocyclopropa[c3chromene-4-carboxylate 
(Intermediate 92) as a white solid. 

'H NMR (CDCls) & 10.30 (0.5H, br, s), 10.25 (0.5H, br, s), 9.88 (1H, br, s), 7.52 (1H, m), 
7.18-7.41 (3H, m), 6.75 (IK, m), 4.83 (0.5H, m), 4.70 (0.5H, m), 4.17 (1.5H, m), 3.84-4.10 

15 (1.5H, m), 3.60-3.86 (3H, m), 3.45 (0.5H, d), 3.31 (0.5H, m), 3.13 (0.5H, m), 2.98 (0.5H, in), 
2.83 (2H, m), 2.46 (IH, m), 2.29 (IH, m), 1.93 (IH.m), 1.67 (IH, q), 1.40 (3H, t), 1.13 (0.5H, 
m), 1.07 (0.5H, m), 0.97 (IH, m). 
LCMS (Methos C) r/t 3.03 (M+H) 518. 

20 Example 48: (laRS,7bSR)-5-{2-[2-(Pyrro}idin-l-yl)-ethyl]-4-fluorobenzenesulfonylainino}-
1, la,2,7b-tetrahydrocyc]opropa[c]chromene-4-carboxylic acid 

[00262] Prepared by proceeding in a similar manner lo Example 39, starting from 
(laRS,7bSR)-5-(4-fluoro-2-vinyibenzenesu]fony!amino)- 1,1a, 2,7b-

25 tetrahydrocyclopropa[c]chromene-4-carboxylic acid (Intermediate 74) and pyrrolidine as a 
white solid. 
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'H NMR (DMSO-ds) 5: 7.84 (IH, dd), 7.26 (JH, dd), 7.17 (IH, dt), 7.02 (IH, d), 6.74 (IH, d), 

4.16 (IH, d), 3.59 (IH, d), 3.36-3.20 (8H, m), 1.91 (4H, m), 1.85 (IH, m), 1.69 (IH, m), 0.89 

(IH, m), 0.70 (IH, m). 

LCMS (Method C) r/t 3.12 (M+H) 461. 

Example 49: (laRS,7bSR)-5-|:2-((R)-]-Ethy]pyrro]idin-3-ylmethyi)-4-f]uorobenzenesulfonyl-

amii)oj-i,la,2,7b-tetrahydrocyclopropa[c]chroirierie-4-carboxy]ic acid 

[00263] Lithium hydroxide (0J 1 lg) was added to a solution of methyi (laRS,7bSR)-5-

10 [2-((R)-l-ethyl-pyrrolidin-3-ylmethyl)-4-{luorobcnzenesulfonylamino]-1,1a,2,7b-

telrdhydrocyc)opropa-[c]chromene-4-carboxy] ate (Intermediate 95, 0.13g) in a mixture of 

dioxane (4mL) and water (lmL) and the mixture was stirred and heated at 85°C overnight. 

After cooling, the mixture was filtered and the filtrate was acidified by addition of 10% 

aqueous citric acid (lmL) and then extracted with DCM. The organic extract was dried 

15 (MgSCUj and filtered. The filtrate was evaporated lo dryness and the residue was triturated with 

diethyl ether and the solid was collected by filtration to give (laRS,7bSR)-5-[2-((R)-! -

etbylpyrrolidin-3-ylmethyl)-4-f]uorobenzenesuHonylaimno]-1,1 a,2,7b-

tetrahydrocycIopropafc]chromene-4-carboxylic acid (0.085g) as a white solid. 
[K NMR (DMSO-d6) 8: 7.8] (IH, dd), 7.28 (IH, dd), 7.16 (IH, dt), 7.11 (IH, dd), 6.99 (IH, 

20 dd), 4.20 (IH, dd), 3.60 (IH, t), 3.48-2.98 (9H, br m), 2.25 (IH, m), 1.93 (IH, dl), 1.73 (2H, 

m), i .23 (3H, i), 0.93 (IH, dt), 0.75 (IH, m). 

LCMS (Method C) r/t 3.21 (M+H) 475. 

Examples 50 and 51: Separation of enantiomers from Example 49. 

25 [002641 Sample from Example 49 was subjected to chiral separation using a ChiralPak 

IC column, 10mm x 250mm, particle size 5micron. Eluling solvent rm-butyl methyl ether: 

isopropanol: DCM (10:15:75). 

Example 50: First eluling enantiomer: r/t on analytical column (4.6mm x 250mm): 30.0 

minutes >99% ee. 

5 

\ / 
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[00265] 'H NMR (DMSO-d6) 8: 7.81 (IH, dd), 7.27 (IH, dd), 7.15 (IH, dl), 7.10 (lH, 
d), 7.01 (IH, d), 4.20 (lH, d), 3.58 (IH, d), 3.23-3.11 (6H, m), 3.11-3.06 (3H, m), 2.25 (IH, 
m), 1.91 (IH, dt), 1.73 (2H, m), 1.22 (3H, t), 0.92 (IH, dt), 0.73 (IH. m). 
LCMS (Method C) r/t 3.25 (M+H) 475. 

5 Example 51: Second eluting enantiomer: r/l on analytical column 40.0 minutes, >99% ee. 
[00266] >H NMR (DMSO-d6) 8: 7.80 (IH, dd), 7.27 (IH, dd), 7.15 (1H, dt), 7.10 (lH, 

d), 7.03 (IH, d), 4.18 (lH, d), 3.61 (IH, d), 3.48-2.97 (9H, br m), 2.27 (IH, m), 1.91 (iH,dt), 
1.71 (2H, m), 1.23 (3H, t), 0.93 (IH, dt), 0.74 (IH, m). 
LCMS (Method C) r/t 3.23 (M+H) 475. 

Example 52: (iaRS,7bSR)-5-{2-[((S)-l-Ethylpyrroiidin-2-yl)cabonylaminomethyl]-4-

fluorobenzenesulfonylamino} -1, la,2,7b-letrahydrocyclopropa[c]chromene-4-carboxylic acid 

[00267] A mixture of methyl (laRS,7bSR)-5-{2-[((S)-l-ethy]pyrrolidin-2-
15 yl)cabonylammome(hylj-4-fluorobenzenesulfonylamino}-l,la,2,7b-tetrahydrocyck)propa-

[cjchromene-4-carboxylate (Intennediate 101, 0.212g) and lithium hydroxide (0.05g) in 
dioxane (5.5mL) and water (2.5mL) was irradiaied in the microwave at 150°C for 30 minutes. 

After cooling, Ihe mixture was diluted with water, acidifed wilh formic acid to pH5 and 
extracted with elhyl acetate. The organic layer was washed wilh waler, dried (MgS04) and 

20 filtered. The filtrate was evaporate to dryness and the residue was purifed by HPLC (C18) 

eluting with a mixture of methanol and water, containing 0.1 % formic acid, with a gradient of 
35-75% lo give (laRS,7bSR>5-{2-[((S)-l-ethylpyrrolidin-2-yl)cabonylaminomethyl]-4-
fluorobenzenesulfonylamino j -1,1 a,2,7b-letrahydrocycIopropa-[cjchromene-4-carboxylic acid 
(0.064g) as a white solid. 

25 'H NMR (CDCh) 5: 10.8-9.6 (1H, br s), 8.90 (IH, br t), 7.73 (IH, m), 7.20 (3H, m), 6.86 (IH, 

m), 4.88 (2H, m), 4.37 (IH, dd), 3.85 (IH, dt), 3.61 (IH, m), 3.43 (lH, m), 2.97 (IH, m), 2.77 
(2H, m), 2.23 (2H, m), 2.03 (IH, ra), 1.91 (2H, m), 1.69 (IH, in), 1.18 (3H, q), 1.01 (2H, m). 
LCMS (Method C) r/l 3.09 (M+H) 518. 
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Example 53: (laRS,7bSR)-5-[2-(4-Dimethylammobutyrylainino)-4-fluorobenzenesu]fonyl-
amino|-Lla,2,7b-telrahydrocyclopropa[c]chromene-4-caihox.ylic acid 

[08268] A mixture of methyl (laRS,7bSR)-5-[2-(4-dioiethylaininobutyryl)-4-

5 t"luoTobenzes\esul{onyl-amiuoj-l,l0-,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 
(Intermediate 108, 0.2g), potassium carbonate (0.22g), lH-pyrazole-3-amine (0.34g) and 
lithium iodide (1.07g) in DMF (30mL) was irradiated in the microwave at 150°C for 1 hour. 
After cooling, the mixture was diluted with methanol and acidified to pH 3 with formic acid 
then concentrated under vacuum. The residue was purified by chromatography on silica, eluting 

10 with a mixture of methanol and DCM (5%). The resultant product was purified by HPLC (CIS) 
to give (laRS,7bSR)-5-[2-(3-dimethylaminob\ityryl)-4-fluorobenzenesulfonyl-amino]-
l,la,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxy]ic acid (0.03g) as a white solid. 

*H NMR (DMSO-de) 8: 7.95 (IH, dd), 7.80 (1H, dd), 6.96 (IH, d), 6.95 (IH, dl), 6.79 (IH, d), 
4.13 (IK, d), 3.56 O.H, d), 3.04 (2H, 0,2.68 (6H, s), 2.56 (2H, t), 1.94 (2H, m), 1.81 (IH, m), 

15 1.64 (IH, m), 0.84 (IH, in), 0.66 (lH, m). 
LCMS (Method C) r/t 3.12 (M+H) 492. 

Example 54: (laRS,7bSR)-5-[2-((S)-l-Ethylpyrrolidin-3-ylmethyl)-4-fluorobenzenesulfonyl-
amino]-1,1 a,2,7b-tetrahydrocyciopropajcJchromene-4-carboxylic acid 

(laRS,7bSR)-5-[2-((S)-l-elhylpyrrolidin-3-ylmethyl)-4-:fiuorobenzenesulfonylamino}-
1, la, 2,'7b-telrahydro-cyclopropa[c]chromene-4-carboxylate (Intermediate 113). 

*H NMR (DMSO-d6) 8: 7.81 (IH, dd), 7.27 (IH, dd), 7.15 (IH. dt), 7.10 (JH, d), 7.02 (IH, dd), 
25 4.19 (IH, dd), 3.56 (IH, t), 3.23-3.11 (6H, m), 3.11-3.06 (3H, m), 2.25 (IH, m), 1.91 (lH.dt), 

m (2H, HI), 1.22 (3H, V), 0.92 (IH, dl), 0.73 (ffi, m). 
LCMS (Method C) r/t 3.21 (M+H) 475. 

20 
[00269] Prepared by proceeding in a similar manner io Example 49, starting from methyl 
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Examplc 55: (3aRS,7bSR)-5-[2-(3-Dimethylaminopropy3carbamoyl)benzenesu3fonylaminoj-

], I a,2,7h-tetrahydrocyc]opropa-[cjchromene-4-carboxyjic acid 

5 [00270] A solution of tm-buty] (laRSJbSR)-5-{2-[N-(2,4-dimethoxybenzyI)-N-(3-

dimethylamino-propyljcarbamoyllbenzenesulfonylamino}-], !a,2,7b-telrahydro~cyciopropa-

[c]chromene-4-carboxylate (Intermediate 119, 0.03g) in trifluoroacetic acid (5mL) was stirred 

and heated al 30°C overnight. The mixture was evaporated to dryness and the residue was 

purified by HPLC (C18) to give (laRS,7bSR)-5-[2-(3-

30 dimethylaminopropylcarbamoyl)benzenesulfony3amino]-l,la,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxy3ic acid (0.033g) as a white solid. 

'H NMR (DMSO-dft) 6: 8.61 (IH. br l), 7.73 (IH, d), 7.52 (IH, t), 7.43 (2H, m), 6.97 (IH, d), 

6.82 (IH. d), 4.14 (lH, d), 3.58 (IH, d), 3.26 (2H, m). 3.04 (2H. i). 2.60 (6H, s), 1-85 (3H, m), 

1.67 (IH, m), 0.87 (IH, m), 0.68 (IH, m). 

15 LCMS (Method C) r/t 2.79 (M+H) 473. 

Example 56: (laRS.7bSR)-5-(2-{[N-((S)-l-Ethylpyrrolidin-3-yl)-N-

methylcarbairioyi]methyl} -4-fluorobenzenesuIfonylamino)-1, la,2,7b-

ietrahydrocyciopropa[cJchromene-4-carboxyIic acid 

methylcarbamoy3]-methyI }-4-fluorobenzenesulfonylamino)-1,1 a,2,7b-

telrahydrocyclopropa[c]chromene-4-carboxylaie (Intermediate 126, 0.047g) and lithium 

hydroxide monohydrate (0.168g) in dioxane (3mL) and water (lmL) was irradiated in the 

25 microwave at 130°C for 40 minutes. After cooling, the mixture was diluted wilh methanol, 

acidified with formic acid and evaporated in vacuo. The residue was triturated with 10% 

methanol in DCM, filtered and the filtrate was evaporated in vacuo. The residue was purified 

20 
[00271] A mixture of methyl (laRS,7bSR)-5-(2-{[N-((S)-l-ethylpyrrolidin-3-yl)-N-
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by chromatography on silica, eluting with a mixture of methanol and DCM with a gradient of 
0-40%. The resultant solid was triturated with ethyl acetate and filtered off to give 
(laRS,7bSR)-5-(2-{[N-((S)-l-ethylpyrrolidin-3-yl)-N-methylcarbamoyl]-melhyI}-4-
fluorobenzenesulfonylam\no)-l,la,2,7b-telrahydrocyclopropa[cjchK>mene-4-cartK>xylic acid 

5 (0.022g) as a white solid. 
'H NMR (DMSO-dfi at 80°C) 6: 7.83 (1H, I), 7.12 (IH, dl), 7.08 (IH, d). 7.01 (IH, d), 6.84 

(IH, m), 4.61 (lH, br, s). 4.19 (IH, d), 4.12 (2H, s), 3.73 (IH, d), 2.71-3.18 (7H, br, m), 2.94 
(3H, s), 1.85-2.15 (3H, m), 1.72 (IH, m), 1.17 (3H, t), 0.95 (IH. m), 0.78 (IH, m). 
LCMS (Method C) r/t 3.08 (M+H) 532. 

10 

Exampie 57: (laRS,7bSR)-5-(2-{[N-((R)-!-Ethylpyrrolidin-3-yl)-N-
methyIcaibaraoyl]methyl}-4-fluorobenzenesulfonylaraino)-l.,la,2,7b-
tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

15 [00272] A mixture of methyl (laRS,7bSR)-5-(2-{ [N-((R)- l-ethylpyrrolidin-3-
yl)methyIcarbamoyl]-N-methyl}-4-fluorobenzertesulfonylainino)-l,la,2,7b-
tetrahydrocyclopropa[c]chromene-4-carboxylate (Intermediate 131, 0.076g) and lithium 
hydroxide monohydrate (0.268g) in dioxane (3mL) and water (iinL) was irradiated in the 

microwave al 130°C for 40 minutes. After cooling the mixture was diluted with methanol, 
20 acidified with formic acid and evaporated in vacuo. The residue was triturated with 10% 

methanol in DCM, filtered and the filtrate was evaporated in vacuo. The residue was purified 
by chromatography on silica, eluting with a mixture of methanol and DCM wilh a gradient of 
0-40%. The resultant solid was triturated with ethyl acetatc and filtered off to give 
(laRS,7bSR)-5-(2-{[N-((R)-i-ethylpyrrolidin-3-yl)-N-me(hylcarbamoyl]-methyl}-4-fiuoro-

25 benzenesulfonylamino)-J, la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid (0.028g) 
as a white solid. 
'H NMR (DMSO-d6 at 80°C) 5: 7.83 (IH, t), 7.12 (IH, dt), 7.08 (IH, d), 7.01 (IH. d), 6.84 

(IH, m), 4.61 (IH, br, s), 4.1.9 (IH, d), 4.12 (2H, s), 3.73 (lH, d), 2.71-3.18 (7H, br, m), 2.94 

(3H, s), 1.85-2.15 (3H, m), 1.72 (IH, m), 1.17 (3H, t), 0.95 (IH, m), 0.78 (IH, m). 
30 LCMS (Method C) r/t 3.08 (M+H) 532. 
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Esampie 58: (laRS,7bSR)-5-{2-[2-((S)-l-Etiiylpyrrolidin-2-yl)ethylaminojbenzenesulfonyl-

ammo}-l,la,2,7b-lelrahydrocyclopropa[c3chromene-4-carboxyiic acid 

5 [00273] A mixture of (laR.S,7bSR)-5-(2-fluorobcnzenesu]fonylamino)-l,la,2,7b-

telrahydrocyclopropa-[c]chromene-4-carboxylic acid (Intermediate 67, O.lg), 2-((S)-i-

ethylpyrrolidin-2-yljethylaiT)ine (Intermediate 136, 0.5g) and triethylamine (0.5mL) was stirred 

and heated in a sealed tube at 140°C overnight. After cooloing, the mixture was concentrated 

under vacuum and (be residue was purified by chromatography on silica, eluting with a mixture 

10 of methanol and DCM (10#). The product was repurified by HPLC (C18) to give 

(laRS,7bSR)-5-{2-[2-((S)-i-elhylpyrrolidin-2-yl)ethylamino]benzenesuIfonyiamina}-

l,la,2,7b-lelrahydrocyclopropa[c]chromene-4-carboxylic acid (0.022g) as a white solid. 

NMR (DMSO-d5) 8: 7.47 (IH, m), 7.25 (IH, t), 6.92 (IH, d), 6.89 (IH, m), 6.72 (IH, d), 6.53 

(IH, dt),6.0-5.3 (IH, br s), 4.11 (IH, dd), 3.53 (IH, t), 3.33-2.80 (7H, m), 2.19 (2H, m), 1.92 

15 (2H,m), 1.82 (2H, m), 1.64 (2H,m), 1.17 (3H, l), 0.84 (IH, in), 0.67 (IH, m). 

LCMS (Method C) T/1 3.34 (M+H) 486. 

Example 59: (laRS,7bSR)-5-{2-[2-((R)-l-Ethylpyrrolidin-2-yl)ethylammolbenxcnesulfony!-

amino}-!,la,2,7b-tetrahydrocyclopropa| c|chromene-4-carboxylic acid 

(laRS,7bSR)-5-(2-fluorobenzenesulfonylamino)-l,ia,2,7b-letraliydrocyclopropa-[cjchromene-

4-carboxylic acid (Intennediate 67) and 2-((R)-l-e(hylpyrrolidin-2-y])ethylamine (Intermediate 

141). 

25 'H NMR (DMSO-d6) 8: 7.47 (IH, m), 7.25 (IH, t). 6.97 (IH, d), 6.90 (IH, m), 6.72 (IH, d), 

6.53 (IH, dl), 6.0-5.4 (IH, br s). 4.12 (IH, dd), 3.53 (IH, i), 3.35-2.85 (7H, m), 2.20 (2H, m), 

1.93 (2H, m), 1.81 (2H, m), 1.65 (2H, in), 1.18 (3H, t), 0.84 (1H, m), 0.67 (1H, in). 

20 
[00274] Prepared by proceeding in a similar manner to Example 58, starting from 
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LCMS (Method C) r/l 3.32 (M+H) 486. 

Example 6(4: (laRS,7bSR)-5-f2-(3-N,N,-DielhylaminopTOpylamini>)benz.enesuIfonylamino]-
l,la,2,7b-telrahydrocyclopropa[cjchromene-4-carboxylic acid 

[00275] 3-Diethylaminopropyl amine (0.975g) was added to a solution of (laRS,7bSR)-
5-(2-fluorobenrsn.esulfonylamino)-l,la,2,7b-letrahydrt5cyclopropa[c]chromene-4-caiboxylic 
acid (Intermediate 67, 0.09lg) in NMP (3mL) and the mixture was heated al J40°C in a sealed 
lube for 36 hours. After cooling, the mixture was diluted wilh water (2mL) and the solution was 
purified by preparative HPLC (CIS) eluting wilh a mixture of methanol and water, containing 
0.1% formic acid, with a gradient of 10-98% to give (laRS,7bSR)-5-[2-(3-
diethylaminopropylamino)benzenesulfonylamino]-],la,2,7b-
telrahydrocyclopropa[c]chromene-4-carboxylic acid (0.039g) as a white solid. 
SHNMR (DMSO-do) 8: 7.45 (IH, dd), 7.28 (IH, dt), 7.04 (2H, m), 6.74 (lH, d), 6.51 (IH, t), 
6.17 (IH, brs), 4.16 (IH, d), 3.57 (lH, d), 3.54-2.97 (8H, brm), 1.87 (IH, dt), 1.81-1.63 (3H, 
m), 1.15 (6H, 1), 0.89 (IH, m). 0.72 (IH, m). 
LCMS (Method C) r/l 3.31 (M+H) 474. 

Exampie 61: (laRS,7bSR)-5-(2-{[((R)-l-Ethylpyrrolidine-2-yl)carbonylamino]methyl}-4-
fluorobenzenesulfonylamino)-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

[00276] A mixture of methyl (laRS,7bSR)-5-(2-{[((R.)-l-ethylpyrrolidine-2-
yl)carbonylaraino]methyl}-4-fluorobenzenesulfonylamino)-l,la,2,7b-
tetrahydrocyclopropa[c]chromene-4-carboxylate (Intennediate 146,0.120g) and lithium 
hydroxide monohydrale (0.095g) was suspended in dioxane (5inL) and water (lmL) and the 
mixture was stirred and heated al 110°C for 22.5 hours. After cooling, the volatiles were 
removed in vacuo and the residue was acidified by addition of aqueous citric acid solution 
(]0%) and extracted with DCM. The organic layer was dried (Na^SOi) and filtered and the 
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filtrate was evaporated to dryness. The residue was purified by preparative HPLC (C18) eluting 
with a mixture of methanol and water, containing 0.1% formic acid, with a gradient of 10-98%) 
to give (laRS,7bSR)-5-(2-{[((R)-I-ethylpyrrolidine-2-yl)carhonylamino]methyI)-4-
fluorobcnzenesulfonylamino)-l,la,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxylic acid 

5 (0.043g) as a white solid. 
lH NMR (DMSO-df,) 5: 8.77 (IH, d), 7.83 (IH, dd), 7.22 (1H: Id), 7.12 (IH, dd), 7.08 (IH, d), 
6.16 (IH, dd), 4.73 (2H, d), 4.24 (IH, d), 3.67 (IH, d), 3.54 (lH, br s), 3.37-3.28 (lH, m), 2.93-
2.80 (IH, m), 2.80-2.61 (2H, m), 2.30-2.20 (iH, m), 1.95-1.70 (5H, m), 1.08 (3H, t), 0.95 (IH, 
dt), 0.76 (lH, q). 

10 LCMS (Method C) r/t 3.09 (M+H) 518. 

Example 62: (IaRS,7bSR)-5-{2-[(3-Ethylazetidin-3-yimethyl)amino]benzene-suifonyIamino}-
l,la,2,7b-telrahydrocyclopropa[cJchromene-4-carboxylic acid 

15 [00277] A mixture of (laRS,7bSR)-5-(2-fluorobenzenesulfonylamino)-l,1a,2,7b-
ietrahydrocyclopropa-[c)chromene-4-carboxylic (Intermediate 67, 0.07g) and (1-ethyiazetidin-
3-yl)mcthylamine (Intermediate 149,0.7g) in DMSO (1.4mL) was divided evenly between 7 
microwave vials and each was irradiated in the microwave at 130"C for4 hours. After cooling, 
the combined mixture was concentrated under vacuum and the residue was purified by 

20 chromatography on silica, eluting with a mixture of methanol and DCM (10%). The product 
was repurified by HPLC (C18) lo give (laRS,7bSR)-5-{2-[(l-ethylazetidin-3-
ylmethyl)amino]benzenesulfonyiamino}-l,la,2,7b-tetrahydrocycjopropa[c]chromene-4-
carboxylic acid (0.012g) as an off-while solid. 

'H NMR (DMSO-de) 8: 7.34 (lH, d), 7.22 (IH, t), 7.04 (IH, d), 6.97 (IH, d), 6.74 (lH, d), 6.49 
25 (IH, t), 6.34 (IH, brs), 4.10 (lH, d), 3.75-3.55 (4H, m), 3.18 (IH, brm), 3.03 (lH.br m), 2.88 

(2H, m), 2.32 (IH, m), 1.85 (lH, m), 1.67 (IH, m), 1.19 (IH, m), 0.98 (3H, l), 0.86 (IH, m), 
0.69 (IH, m) 
LCMS (Method C) r/l 3.21 (M+H) 457. 

30 Examples 63 and 64: (IaR,7bS)-5-[2-((Z)-3-Dielhylaminoprop-l-enyl)benzenesulfonyl-
amino]-l,].a,2,7b-letrahydrocyclopropa[c]chromene-4-carboxy!ic acid and (laS,7bR)-5-[2-
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((Z)-3-diethylaminoprop-l-enyl)benzenesulfonylamino]-],la,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylic acid 

(00278] A mixture of methyl (laRS,7bSR)-5-[2-((Z)-3-diethylaminoprop-!-

enyl)benzenesulfonylamino]-l,ia,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

(Intermediate 153, 0.495g) and lithium hydroxide monohydrale (0.442g) was suspended in 

dioxane (20mL) and waler (5mL) and Eiie mixture was stirred and heated at 80°C for 12.5 

hours. After cooling, the volatiies were removed in vacuo and the residue was acidified by 

addition of aqueous citric acid solution (10%) and extracted with DCM. The organic layer was 

dried (Na2SCU) and filtered. The filtrate was evaporated to dryness and the residue was purified 

by preparative HPLC (C18) eluting with a mixture of acetonitrile and water, containing 0.1% 

formic acid, with a gradient of 35-70% lo give (laRS JbSR)-5-[2-((Z)-3-diethylaminoprop-l-

enyl)benzenesulfonylamino | -1, la,2,7b-tetrahydrocyclopropajc]chromene-4-carhoxylic acid 

(O.I47g) as a white solid. 

This material was subjected lo chiral separation using a ChiraJPak IC column, 4.6mm x 

250mm, particle size 5micron. Eluling solvenl absolute elhanol, 

Example 63: First eluting enantiomer: retention time on above column: 25.71 minutes, >99% 

ee. 

[00279] 'H NMR (DMSO-d*) 8: 7.65 (IH, dd), 7.60 (IH. Id), 7.44-7.37 (2H, m), 7.28 

(IH, d), 7.08 (IH, d), 6.95 (IH, d), 6.15-6.05 (IH, m), 4.16 (IH, d), 3.77-3.67 (2H, m), 3.56 

(IH, d), 3.13-3.03 (4H, m), 1.90 (IH, dl), 1.71 (IH. q), 1.12 (6H, 0, 0.92 (IH, dt), 0.72 (IH, q). 

LCMS (Method C) r/t 3.20 (M+H) 457. 

Example 64: Second eluling enantiomer: retention time on above column 35.51 minutes, >99% 

[00280] 'H NMR (DMSO-d6) 6: 7.65 (IH, dd), 7.60 (IH, id), 7.43-7.38 (2H, m), 7.28 

(IH, d), 7.08 (IH, d), 6.95 (IH, d), 6.16-6.07 (IH, m), 4.16 (IH, d), 3.77-3.67 (2H. m), 3.56 

(IH, d), 3..09 (4H, q), 1.91 (IH, dt), 1.71 (IH, q), 1.12 (6H, t), 0.93 (IH, dt), 0.72 (IH, q). 

LCMS (Method C) r/t 3.20 (M+H) 457. 

ee. 
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Example 65: (jaRS,7bSR)-5-(2-{N-[((R)-l-Ethylpyrrolidine-2-yl)carbonyl]-N-meihylamino-
methylJ-4-fluorobenzenesulfonylamino)- ], ] a,2,7b-letrahydrocyclopropa[c]chromene-4-
carboxylic acid 

5 [00281] A mixture of methyl (laRS,7bSR)-5-(2-{N-[((R)-l-ethylpyrrolidine-2-
yl)carbonyI]-N-melhyl-aminomethyl}-4-fiuorobenzenesulfonylanimo)-l,la,2,7b-
letrahydrocyclopropa[c]cbromene-4-carboxylate (Intennediate 155, 0.177g) and lithium 
hydroxide monohydrale (0.136g) in dioxane (5mL) and waler (2mL) was stirred and heated at 
1()0°C for 19.5 hours. After cooling, the mixture was evaporated to dryness and the residue was 

10 acidified by addition of aqueous citric acid solution (10%). The resultant solid was collected by 
filtration, washed with water and dried under vacuum at 40°C. The solid was purified by 
preparative HPLC (C18) eluting with a mixlure of methanol and waler, containing 0.1% formic 
acid, with a gradient of 10-98% lo give (l.aRS,7bSR)-5-(2-{N-[((R)-l-ethylpyrrolidine-2-
yl)carbonyl]-N-methylaminomethyl }-4-fluoro-benzenesulfonylamino)-1, la,2,7b-

15 ietrahydrocyclopropa[c]chromene-4-carboxylic acid (0.053g) as a white solid. 

'H NMR (DMSO-4) 8: 7.93-7.78 (IH, m), 7.17 (IH, m)5 6.99 (0.5H, m), 6.95 (0.5H, d), 6.90-
6.76 (1.5H, m), 6.69 (0.5H, dd), 5.02 (1.5H, m), 4.86 (0.5H, dd), 4.61-4.44 (IH, br s), 4.15 (IH, 
dd), 3.55 (3H, m), 3.11 (2H, m), 2.90 (3H, 2s), 2.06-1.54 (6H, m), 1.18-1.05 (4H, m), 0.84 
(IH, m), 0-68 (IH, m). 

20 LCMS (Method C) r/t 3.14 (M+H) 5 32. 

Example 66: (laRS,7bSR)-5-(2-{N-[((S)-l-Eihylpyrrolidine-2-yl)cafbonyl]-N-methylamino-
melhyl j-4-fiuorobenzencsuifony]amino)-l, la,2,7b-tetrahydrocyc]opropa[c]chromene-4-
carboxylic acid 

25 
[00282] Prepared by proceeding in a similar manner to Example 65, starting from methyl 
(laRS,7bSR)-5-(2-{N-[((S)-].-ethylpyrro3idine-2-yl)carbony]j-N-methylaminomethy]}-4-
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fluorohenzene-sulfonylamino)- i, la,2,7b-tetrahydrocyclopropa|c jchromene-4-carboxylate 
(Intennediate 160) as a white solid. 
'H NMR (DMSO-d6) 7.94-7.76 (IH, m). 7.18 (IH, m), 7.02-6.92 (IH, m), 6.92-6.76 (1,5H, m), 
6.68 (0.5H, m), 5.02 (1.5H, m), 4.86 (0.5H, dd), 4.65-4.49 (IH, brs), 4.15 (IH, dd), 3.55 (3H, 

5 m), 3.14 (2H, m), 2.91 (3H, 2s), 2.07-1.59 (6H, m), 1.13 (4H, m), 0.85 (IH, m), 0.68 (IH, m). 
LCMS (Method C) r/t 3.15 (M+H) 532. 

Example 67: (laRS7bSR)-5-[2-(4-Dimethylammohutylammo)-4-
fluorobenzenesulfonylamino]-l,la,2,7b-tetrahydrocyclopropafc]chromene-4-carboxyIic acid 

! 

10 
[00283] A mixture of methyl (iaRS.7bSR.i-5-[2-(4-dimethylaminobutylainino)-4-
fi.uorobenzene-sulfonylamino]-l, la,2,7b-telrahydrocyclopropa[c]chroniene-4-carboxylate 
(Intermediate 161, 0.485g) and lithium hydroxide monohydrale (0.505g) in dioxane (9mL) and 
water (3mL) was irradiated in the microwave at 130°C for 45 minutes. After cooling, the 

15 mixture was diluted with methanol, acidified with formic acid and evaporated in vacuo. The 
residue was triturated with 20% methanol in DCM, filtered and the filtrate was evaporated in 
vacua. The residue was purified by chromatography on silica, eluting with a mixture of 
methanol and DCM with a gradient of 0-20%. The resultant solid was triturated with ethyl 
acetate and filtered off to give 0aRS,7bSR)-5-[2-(4-dimethylammobutylamino)-4-

20 fluorobenzenesulfonylamino]-l,la,2,7b-telrahydrocyclopropa-[c]chromene-4-carboxylicacid 
(0.215g) as a white solid. 

'H NMR (DMSO-de) 6: 12.52 (2H, br, s), 7.65 (IH, dd), 7.08 (2H, q), 6.56 (IH, dd), 6.39 (IH, 

dt), 5.98 (IH, m), 4.20 (1R d), 3.59 (IH, d), 3.22 (2H, q), 2.98 (2H, m), 2.75 (6H, s), 1.91 (lH, 
m), 1.81 (2H, ra), 1.72 (lH, m), 1.58 (2H, m), 0.92 (lH, m), 0.76 (IH, m). 

25 LCMS (Method C) r/t 3.43 (M+H) 478. 

Example 68: (laRS,7bSR)-5-{2-[((R)-l-Ethylpyrrolidin-3-ylmethyl)ainino]benzene-
su]fonylamino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 
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[00284] A solution of (iaRS7bSR)-5-(2-fluorobenzenesulfonylammo)- 1,1a,2,7b-
letrahydrocyclopropa-[c]chromene-4-carboxylic acid (Intennediate 67, 0.105g), ((R)-l-
ethylpym)lidin-3-yl)melhyl-amine (Intermediate 163, 0.5g)and triethylamine (0-5g) inDMSO 

5 (lmL) was stirred and heated at 140°C overnight. After cooling, the mixture was concentrated 
under vacuum and the residue was purified by chromatogrpahy on silica, eluting with a mixture 
of methanol and DCM (5%). The product was purified by HPLC (CIS) to give (laRS,7bSR)-5-
{2- [((R> 1-elhylpyrroiidin- 3-ylmethyl)atmno]henzene- sulfonylamino) -1,1 a,2,7b-
tetrahydrocycIopropa(c]-chromene-4-carboxylic acid (0.03g) as a while solid, 

10 *H NMR (DMSO-dg) 6: 7.38 (IH, dd), 7.24 (IH, t), 7.06 (2H, s), 6.81 (IH, d), 6.49 (IH, t), 

6.14 (IH, br s), 4.13 (IH, dd), 3.54 (2H, m), 3.25 (2H, m) 3.07 (4H, tn), 2.82 (IH, m), 2.63 
(IH, m), 1.96 (IH, m), 1.86 (1H, m), 1.71-1.46 (2H, m), 1.19 (3H, in), 0.87 (IH, m), 0.70 (IH, 
m). 
LCMS (Method C) r/l 3.31 (M+H) 472. 

Example 69: (1 aRS,7bSR)-5-{2-i((S)-1 -Ethylpyrrolidin-3-ylmethyl)amino]benzene-
su!fonylamino}-i,la,2,7b-tetrahydrocyclopropa[cjchromene-4-carboxylic acid 

[00285] A solution of (laRS,7bSR)-5-(2-fluorobenzenesulfonylamino)-l,la,2,7b-
20 telrahydrocycJopropa-[c]cbromene-4-carboxylic (Intermediate 67, O.OSgj. and ((S)-I-

ethylpyrrolidin-3-yl)methylamine (Intermediate 169, 0.8g) in DMSO (0.2mL) was stirred and 
healed at 120°C for 24 hours. After cooling, the mixlure was diluted wilh methanol and 
concnetrated under vacuum. The residue was purified by HPLC (C18) to give (laRS,7bSR)-5-
{2- [((S)-l -ethylpyrrolidin-3-ylmethyl)amino]benzene-suifonylamino} -1, la,2,7b-

25 tetrahydrocyciopropajcj-chrosnene-4-cafboxylic acid (0.03g) as a white solid. 

'H NMR (l^MSO-dg) S: 7.37 (IH, dd), 7.24 (IH, t), 7.05 (2H, s), 6.80 (IH, d), 6.48 (IH, t), 

6.13 (IH, br s), 4.13 (IH, dd), 3.54 (2H, m), 3.24 (2H, m), 3.05 (4H, m), 2.82 (IH, m), 2.62 

15 
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(IH, in), 1.95 (IH, m), 1.85 (1H, m), 1.71-1.46 (2H, m), 1.18 (3H, m), 0.86 (IH, m), 0.69 (IH, 

m). 
LCMS (Method C) r/t 3.25 (M+H) 472. 

5 Example 70: (iaRS,7bSR)-5-[2-(4-Ethyl-2-oxopiperazin-l-ylmethyl)-4-fluorobenzene-
sulfonylamino]-l,la,2,7b'te!rahydn)cyclopropa[c]chromene-4-carboxylic acid 

fiuorobenzenesulfonylamino]-l,la,2,7b-telrahydrocyclopropa[c]chromene-4-carboxylate 
10 (Intermediate 173, 0.28g) and lithium hydroxide monohydrale (0.126g) in dioxane (9mL) and 

water (3mL) was irradiated in the microwave at 130°C for 30 minutes. After cooling, the 
mixture was diluted with methanol, acidified wilh formic acid and evaporated in vacuo. The 
residue was triturated with 20% methanol in DCM, filtered and the filtrate was evaporated in 
vacuo- The residue was purified by chromatography on silica, eluting with a mixture of 

15 methanol and DCM with a gradient of 0-20%. Hie resultant solid was triturated wilh ether and 
filtered to give (laRS,7bSR)-5-[2-(4-ethy]-2-oxo-piperazin-l-ylmethyl)-4-
fluorobenzenesulfonykminoj-i,ia,2,7b-tetrahydrocyciopropa-[cjchromene-4-carboxylic acid 
(0.17f)g) as a white solid. 
lH NMR (CDCfe) 8: 11.28 (IH, br, s), 8.02 (IH, dd), 7.31 (IH, d), 7.23 (IH, d), 6.98 (2H, m), 

20 4.98 (2H, q), 4.57 (IH, d),4.04 (IH, d), 3.36 (2H, t), 3.30 (2H, s), 2.72 (2H. t), 2.51 (2H, q), 
1.96 (IH, m), 1.80 (lH,m), 1.11 (4H, m), i.03 (lH,m). 
LCMS (Method C) r/t 2.96 (M+H) 504. 

Example 71: (laRS,7bSR)- 5-[2-(l-Ethylpiperidin-4-ylmethyl)-4-
25 fluorobenzenesulfonylamino]-l,la,2,7b-tetrahydrocyclopropa(c]chromene-4-carboxylic acid 

00286] A mixlure of methyl (laRS,7bSR)-5-[2-(4-ethy!-2-oxopipcrazin-l-ylmethyl)-4-
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[00287J Methyl (laRS,7bSR)-5-[2-(l-ethylpiperidin-4-ylmethyl)-4-
f3uorobenzenesulfonylamino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 
(Intermediate 377, 0.279g) and lithium hydroxide monohydrale (0.233g) were suspended in 
dioxane (7tnL) and water (3mL) and the mixture was slirred and heated at 80°C for 25 hours. 

5 Further lithium hydroxide monohydrale (0.116g) was added and the mixlure heating was 
continued for 18 hours. After cooling, the volatiies were removed in vacuo, the residue was 
acidified by addition of aqueous citric acid solution (30%) and saturated with sodium chloride. 
The mixture was extracted with DCM and the organic layer was dried (Na2S04.) and filtered. 
The filtrate was evaporated to dryness and the residue was purified by preparative HPLC 

30 (C18), eluting with a mixlure of methanol and waler, containing 0.1% formic acid, wilh a 
gradient of 10-98% to give (laRS,7bSR)-5-[2-(l-ethylpiperidin-4-ylmethyl)-4-
nuorobenr.enesulfonylamino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxyIic acid 
(0.117g) as a white solid. 
lU NMR (DMSO-d6) 8: 7.99 (IH, dd), 7.22-7.34 (2H, m), 6.99 (IH, d), 6.76 (IH, d), 4.20 (IH, 

15 d), 3.60 (IH, d), 3.34 (2H, d), 3.02-2.88 (4H, m), 2.71 (2H, br s), 1.99 (IH, br s), 1.84 (IH, dt), 
1.74-1.62 (3H, in), 1.56-1.40 (2H, m), 1.18 (3H, t), 0.89 (IH, dt), 0.73 (IH, q). 
LCMS (Method C) r/t 3.22 (M+H) 489. 

Example 72: (laRS,7bSR)-5-{2-[2-(]-Ethylazctidin-3-yi)ethyl]-4-fluorobenzene-
20 su3fonylamino}-l,3a,2,7b-telrahydrocyclopropa[c]chromene-4-carboxylicacid 

[00288] A mixture of methyl (laRS,7bSR)-5-{2-[2-(l-ethylazetidin-3-yl)ethyl]-4-
fluorobenzene-sulfonylamino}-!,] a,2,7b-telrahydrocyclopropa[c]chromene-4-carboxyiate 
(intermediate 183,0.306g) and lithium hydroxide monohydrate (0.421g) in dioxane (7.5mL) 

25 and water (2.5mL) was irradiated in the microwave at 130"C for 45 minutes. After cooling, the 
mixture was diluted with methanol, acidified with formic acid and evaporated in vacuo. The 
residue was triturated with 20% methanol in DCM, filtered and the filtrate was evaporated in 
vacuo. The residue was purified by chromatography on silica, eluting with a mixture of 
methanol and DCM with a gradient of 0-30%. The resultant solid was triturated with ether and 

r 
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filtered to give (laRS,7bSR)-5-{2-[2-(l-e(hyl-azetidin-3-yl)ethyl]-4-
fluorbenzene&ulfonylamino) i,la,2,7b-tetrahydrocyclopropa[c]chromene-4-cart>oxyIic acid 
(0.241g) as a white solid. 

'H NMR fDMSO-d6) 8: 7.92 (IH, br, s), 7.35 (IH, dd), 7.22 (IH, dt), 7.17 (IH, d), 6.78 (IH, 
5 br, s), 4.27 (IH, d), 4.05 (2H, m), 3.78 (2H, br, s), 3.70 (IH, d), 3.17 (2H, q), 2.86 (2H, br, s), 

2.70 (IH, br, s), 3.95 (IH,m), 1.84 (2H, m), 1.75 (IH, m), 1.11 (3H, t), 0.98 (IH, m), 0.76 
(IH, m). 
LCMS (Method C) r/t 3.36 (M+H) 475. 

10 Example 73: (laRS,7bSR)-5-{2-[((S)-l-Azabicyclo[2.2.21ocl-3-yl)amino]benzenesullonyl-
amino}-1, la,2,7b-tetrahydrocyc]opropa[c]chromene-4-carboxylic acid 

[002891 A solution of (laRS,7bSR)-5-(2-fluorobenzenesulfonylamino)-l,la,2,7b-
telrahydrocyclopropa-[c]chromenc-4-carboxyIic acid (Iniermediate 67, 0.6g) and (S)~1-

15 azabicyclo[2.2.2]oct-3-ylamine (6.0g) in DMSO (6mL) was stirred and heated in a selaed 
vessel al 140°C for 22 hours. After cooling, the mixture was diluted with methanol and 

concentrated under vacuum. The residue was purified by HPLC (C18) lo give (laRS,7bSR)-5-
{2-[((S)-l-azabicycIo[2.2.2}ocl-3-y3)aminolbenzenesullbnylamino}-l,la,2,7b-
tctrahydrocyclopropa[c]chromci\e-4-carbox.yUc acid (G.107g) as a white solid. 

20 £HNMR (DMSO-d6) 6: 7.58 (IH, ddd), 7.25 (IH, t), 6.94 (IH, dd), 6.76 (2H, t), 6.62 (2H, m), 

6.06 (IH, d), 4.14 (IH, t), 3.86 (IH, brs), 3.57 (3H, m), 3.16-2.87 (4H, m), 2.12 (IH, m), 2.01 
(IH, m), 1.82 (3H, in), 1.65 (2H, m), 0.83 (IH, m), 0.67 (lH, m). 
LCMS (Method C) r/l 3.16 (M+H) 470). 

25 Example 74: (laRS,7bSR)-5-{2-[((R)-l-Azabicyclo[2.2.2]oct-3-yl)amino]benzenesulfonyl-
araino}-i,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 
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.N 

[00290] Prepared by proceeding in a similar manner io Example 73, starting from 
(laRS,7bSR)-5-(2-fluorobenzenesulfonykmino)-l,la,2,7b-tetrahydrocyclopropa-[c}chroniene-
4-carboxylic acid (intermediate 67) and (R)-l-azabicyclo[2.2.2]oct-3-ylamine. 

5 lH NMR (DMSO-d6) §: 7.58 (IH, ddd), 7.25 (IH, t), 6.94 (IH, dd), 6.76 (2H, t), 6.62 (2H, m), 

6.07 (IH, d), 4.13 (IH, t), 3.86 (IH, br s), 3.57 (3H, m), 3.16-2.87 (4H, m), 2.12 (IH, m), 2.01 
(IH, m), 1.83 (3H, m), 1.64 (2H, m), 0.83 (2H, m), 0.67 (IH, m). 
LCMS (Method C) r/t 3.15 (M+H) 470 

10 Example 75: (laRS,7bSR)-5-(2-{[((S)-l-ethylpyrrolidine-3-carbonyl)amino]methyl}-4-fluoro-
benzenesulfonylamino)- i, Ia,2,7b- tetrahydrocyclopropa[cjchromene-4-carboxylic acid 

[00291] Melhyl (laRS,7bSR)-5-(2-{[((S)-l-ethy3pyrrolidine-3-carbony3)aminojmethyi}-
4-fluoro-benzenesuifonylamino)-1,1 a,2,7b-tctrabydrocyclopropa[c]chromene-4-carboxylate 

15 (Intermediate 188, 0.190g) and lithium hydroxide monohydrale (0.i50g) were suspended in 
dioxane (5mL) and water (5mL) and the mixture was stirred and heated al 100°C for 18.5 
hours. After cooling, the volatiles were removed in vacuo and the residue was acidified by 
addition of aqueous citric acid solution (10%) and extracted with DCM. The organic layerwas 
dried (l^SCU) and filtered. The filtrate was evaporated to dryness and the residue was purified 

20 by preparative HPLC (C18) eluling with a mixture of acetonitrile and water, containing 0.1% 
fonnic acid, with a gradient of 25-60% to give (laRS,7bSR)-5-(2-{[((S)-l-ethylpyrrolidine-3-
carbonyl)aminoJmethyl}-4-fluoroben7.enesulfonylammo)-1,1 a,2,7h-
letrahydrocyclopropa[cjchromene-4-carboxylic acid (0.092g) as a while solid. 
'H NMR (DMSO-dfi) 6: 8.78 (IH, q), 7.89-7.82 (IH, m), 7.19 (IH, id), 7.12 (IH, dt), 7.02 (IH, 

25 dd), 6.75 (IH, dd),4.74 (2H, d), 4.19 (IH, d), 3.62 (II-I, dt), 3.50-3.15 (5H, m), 3.10 (2H. q), 
2.35-2.23 (IH, m), 2.104.99 (IH, m), 1.86 (IH, dt), 1.75-1.67 (IH, m), 1.20 (3H, 0, 0.90 (IH, 
dt), 0.73 (IH, q) 
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LCMS (Method C) r/t 3.01 (M+H) 518 

Example 76: (1aRS,7bSR)-5-{2-[2-((R)-l-Elhylpyrrolidin-3-ylamino)ethy]]-4-fluoro-

benzenesulfonylamino}- l,la,2,7b-lelrahydrocyclopropa[cjchromene-4-carboxylic acid 

[00292] A solution of (laRS,7bSR}-5-(4-nuoro-2-vmy3benzenesu3fonylamino)-

l,la,2,7b-tetrahydro-cyclopropa[c|chromene-4-carboxylic acid (Intennediate 74, 0.l50g) and 

(R)-l'ethylpyrrolidin-3-ylamine (Intermediate 193, 0.25g) in ethylene glycol (1ml) was 

irradiated in the microwave at 200 °C for 30 minutes. After cooling, the mixture was diluted 

10 with water and loaded onto a SCX-2 SPE cartridge then washed with water, methanol and 2M 

ammonia in methanol. The basic fractions were combined and evaporated to dryness. The 

residue was purified by preparative HPLC (C18) eluting with a mixture of methanol and water, 

containing 0.1% ammonia, with a gradient of 10-98%. Then further purified by preparative 

HPLC (C18) eluting with a mixture of acetonitrile and water, containing 0.1% formic acid, 

15 widi a gradient of 10-60% to give (3aRS,7bSR)-5-{2-[2-((R)--l-elhylpyrroHdin-3-

yIamino)ethyl]-4-fluorobenzenesulfonylamino}-I,3.a,2,7b-letrahydro-cyclopropa[c]chromene-

4-carboxylic acid (0.005g) as a white solid. 

'H NMR (CDCh) 5: 7.86 (IH, dd), 7.43 (IH, dd), 7.31 (IH, dt), 7.27 (IH, d), 6.59 (IH, d), 4.31 

(IH, d), 4.18-3.97 (1.5H, br), 3.82-3.64 (1.5H, br), 3.79 (IH, d), 3.33-3.20 (8H, br), 2.31 (IH, 

20 brs), 2.04 (lH,m), 1.84 (IH, q), 1.26 (4H,t), 1.07 (IH, m), 0.86 (IH, q). 

LCMS (Method C) r/t 2.60 (M+H) 503.9 

Example 77: (laRS,7bSR)-5-{2-[((R)-l-Ethylpyrrolidin-3-yl)amino]benzenesulfonylamino}-

l,la,2,7b-tetraiiydrocyclopropa[c]chromene-4-carboxylic acid 

25 
[00293j A solution of (laRS,7bSR)-5-(2-fluorobenzenesulfonyIamino)-l,ia,2,7b-

tetrahydrocyclopropa-[c}chromene-4-carboxylic acid (Intermediate 67, 0.13g) and (R)-l-
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ethylpyrrolidin-3-ylamine (Intermediate 193, 1.22g) in DMSO (0.7inL) was stirred and heated 
in a selaed vessel at 120CC for 22 hours. After cooling, the mixture was diluted with methanol 

and concentrated undervacuum. The residue was purified by HPLC (C18) lo give 
(laRS,7bSR)-5-{2-L((S)-l-ethylpyrrolidin-3-yl)aminojbenzenesulfonyiamino|-l,la,2,7b-

5 tetrahydrocyclopropafcjchromene-4-carboxylic acid (0.207g) as a white solid. 
lH NMR (DMSO-d6) 8: 7.32 (2H, m), 7.04 (IH, d), 6.98 (IH, m), 6.72 (IH, d), 6.60 (lH, I). 
5.55 (IH, brs), 4.18 (IH, brs), 4.11 (IH, t), 3.78 (IH, brs), 3.66-3.48 (2H, m), 3.18-2.94 (4H, 
m), 2.54 (IH, m), 1.86 (2H, m), 1.66 (IH, m), 1.22 (3H, t), 0.86 (IH, m), 0.68 (IH, in). 
LCMS (Method C) r/t 3.40 (M+H) 458. 

10 
Example 78: (1 aRS,7bSR)-5-{ 2-[((S)-1 -Ethylpyrrolidin-3-yl)amino]benzenesulfonylamino} -
i,la,2,7h-telrahydrocyclopropa[c]chromene-4-carboxylic acid 

15 (laRS,7bSR)-5-(2-fluoTobenzenesu5iony^ammD)-i,Ia,2,7b-tetTahy!irocyc,jOpropa-[c")chromene-
4-carboxylic acid (Intermediate 67) and (S)-l-ethy3pyrrolidin-3-ylamine (Intennediate 194). 
>H NMR (DMSO-d6) 6: 7.32 (2H, m). 7.05 (IH, d), 6.98 (IH, m), 6.72 (IH, d), 6.60 (lH, t), 

5.54 (IH, br s), 4.20 (IH, br s), 4.11 (IH, t), 3.80 (IH, brs), 3.69-3.48 (2H, m), 3.19-2.96 (4H, 
m), 2.56 (IH, m), 1.86 (2H, m), 1.66 (IH, m), 1.22 (3H, t), 0.87 (IH, m). 0.68 (IH, m). 

20 LCMS (Method C) r/t 3.40 (M+H) 458. 

Example 79: (laRS,7bSR)-5-(2-{[((RH-Ethylpyrrolidine-3-ylcarbony3)amino]methyl}-4-
fluoro-benzenesulfonylamino)-1, la,2,7b-ietrahydrocyclopropa[c]chromene-4-carboxylic acid 

25 [00295] A mixlure of methyl (laRS,7bSR)-5-(2-{[((R)-I-ethylpyrroIidine-3-
ylcarbonyl)amino]methyl}-4-f]uoro-benzenesuHonylamino)-l,la,2,7b-
tetrahydrocyclopropa|c]chromene-4-carboxylate (Intennediate 195, 0.2I5g) and lithium 

[00294] Prepared by proceeding in a similar manner to Example 77, starling from 
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hydroxide monohydrate (0.l70g) was suspended in dioxane (5mL) and water (5mL) and the 
mixture was stirred and heated at 80°C for 21 hours. The temperature was raised to I00°C and 
the mixture was stirred and heated at that temperature for 2.5 hours. Further lithium hydroxide 
monohydrate (0.05g) was added and the mixture was stirred and heated at I00°C for 2 hours. 

5 After cooiing, the volatiles were removed in vacuo and the residue was acidified by addition of 
aqueous citric acid solution (10%) and extracted with DCM. The organic layer was dried 
(Na2S04) and filtered. The filtrate was evaporated lo dryness and the residue was purified by 
preparative HPLC (C18) eluting with a mixture of acetonitrile and water, containing 0. i % 
formicacid, wilh a gradient of 25-60% to give (laRS,7bSR)-5-(2-{[((R)-l-ethylpyrrolidine-3-

10 ylcarbonyl)-amino]melhyl}-4-fluorobenzenesu]fonylamino)-l,la,2,7b-
telrahydrocyclopropa[c]chromene-4-carboxylic acid (0.103g) as a white solid. 
lH NMR (DMSO-d6) 8: 8.78 (IH, q), 7.89-7.83 (IH, m), 7.18 (IH, td), 7.11 (IH, dt), 7.01 (IH, 
dd), 6.76 (1H, dd), 4.74 (2H, d), 4.19 (IH, d), 3.61 (IH, dt), 3.46-3.12 (5H, m), 3.07 (2H, q), 
2.34-2.22 (IH, m), 2.10-1.98 (IH, m), 1.86 (IH, dt), 1.70 (IH, q), 1.19 (3H, t), 0.90 (1H, dt), 

15 0.73 (IH.q). 
LCMS (Method C) r/t 3.04 (M+H) 5! 8. 

Exampie SO: (iaRS,7bSR)5-[2-((Z)-3-Diethylamino-2-methylprop-l-enyl)-4-fluoro-
benzenesulfonylamino]-l,la,2,7b-ietrahydrocyclopropa[c3chromene-4-carboxylicacid 

[00296] A mixture of methyl (laRS,7bSR)-5-{N-[2-((Z)-3-diethylamino-2-methylprop-
l-enyl)-4-fluorobenzenesulfonyl]-N-melhoxycarbonylamino]-l,la,2,7b-tetrahydrocyclopropa-
[c]chromene-4-carboxylaie (Intermediate 200, 0.264g) and lithium hydroxide monohydrate 
(0.505g) in dioxane (9mL) and water (3mL) was irradiated in the microwave at 130°C for 40 

25 minutes. After cooling, the mixture was diluted wilh methanol, acidified with formic acid and 
evaporated in vacuo then azeolroped with a mixture of ethanol and toluene. The residue was 
triturated with 15% methanol in DCM, filtered and the filtrate was evaporated in vacuo. The 
residue was purified by chromatography on silica, eluling wilh a mixture of methanol and 
DCM wilh a gradient of 0-40%. The resultant solid was triturated wilh ether and filtered to give 

20 
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(laRS,7bSR)-5-[2-((Z)-3-dielhylaniino-2-inelhy]prop-l-enyl)-4-fiuorobenzene-sulfonylamino}-
l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid (0.202g) as a white solid. 
lH NMR (DMSO-d6) 8: 7.95 (IH, dd), 7.28 (IH, dt), 7.14 (1H, dd), 7.06 (IH, d), 6.92 (IH, s), 
6.64 (IH, d), 4.25 (1H, d), 3.64 (IH, d), 3.36 (2H, br, s), 2.63 (4H, q), 1.96 (3H, s), 1.90 (IH, 

5 m). 1.74 (IH, m), 0.93 (IH, m), 0.86 (6H, I), 0.75 (IH, tn). 
LCMS (Method C) r/t 3.27 (M+H) 489 

Example 81: (laRS,7bSR)-5-{2-[2-((R)-l-EthylpyrroIidin-3-yl)ethylamino|benzene-
sulfonylamino}-l,la,2,7b-telrahydrocyclopropa[c|chromene-4-carboxylic acid 

[00297] A mixture of (laRS,7bSR)-5-(2-fluorobenzenesuifonylammo)-l,la,2,7b-
tetrahydrocyclopropa-[c]chromene-4-carboxyIic acid (Intermediate 61, 0.2g) and 2-((R)-l-
elhylpyrrolidin-3-yl)ethylamine (intermediate 203, 2.0g) in DMSO (2mL) was divided between 
two sealed viais and each was stirred and healed at I30°C for 24 hours. After cooling, the 

15 combined mixture was diluted with methanol and then concentrated under vacuum. The residue 
was purified by HPLC (C18) to give (]aRS,7bSR)-5-{2-[2-((R)-i-ethylpyrroIidm-3-
yl)ethylainino]-benzenesulfonyl-amino}-lJa,2,7b-letrahydrocyclopropa[c]chromene-4-
carboxylic acid (0.125g) as a white solid. 

*H NMR (DMSO-d6) 5: 7.62 (IH, dt), 7.29 (IH, dt), 7.02 (2R 2s), 6.70 (iH, d), 6.58 (IH, t), 
20 5.84 (1R brm), 4.14 (lH, d), 3.54 (IH, d), 3.36 (IH m), 3.18 (3R m), 3.06 (4H, m), 2.59 (IH, 

m), 2.01 (IH, m), 1.83 (lH, m). 1.80-1.49 (4H, m), 1.19 (3H, q), 0.85 (IH, m), 0.69 (IH, m). 
LCMS (Method C) r/l 3.35 (M+H) 486. 

Example 82: (laRS,7bSR)-5-{2-[2-((S)-l-Ethylpyrro3idin-3-yl)ethylaminojbenzenesulfony)-
25 amino}-l,la,2,7b-tetrabydrocyclopropa[c]chromene-4-carboxylic acid 

10 
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[00298] Prepared by proceeding in a similar manner to Example 58, starting from 
(laRS,7bSR)-5-(2-fluorobenzenesu3fony!amino)-l,la,2,7b-tetrabydrocyclopropa-[c]chromene-
4-carboxylic acid (Intennediate 67) and 2-((S)-l-ethylpyrrolidin-3-yl)ethylamine (Intennediate 
208). 

5 !H NMR (DMSO-d6) 8: 7.62 (IH, dl), 7.29 (IH, dt), 7.02 (2H, 2s), 6.70 (IH, d), 6.57 (IH, t), 

5.84 (IH, brm), 4.14 (IH, d), 3.54 (IH, d), 3.36 (IH m), 3.17 (3H, m), 3.06 (4H, m), 2.57 (IH, 
m), 2.01 (IH, m), 1.83 (IH, m), 1.80-1.49 (4H, m), 1.19 (3H, q), 0.85 (IH, m), 0.68 (IH, m). 
LCMS (Method C) r/t 3.34 (M+H) 486. 

10 Example 83: (laR,7bS)-5-[2-((S)-l-Ethylpyrrolidin-3-yloxymelhyl)-4-fluorobenzene-
sulfonylamino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

[0029.9] A mixture of methyl (laR,7bS)-5-[2-((S)-l-ethylpyrrolidin-3-yloxymethyl)-4-
f]uorobenzene-sulfonylamino}-l(la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

15 (Intermediate 213, 0.217g) and lithium hydroxide monohydrate (0.168g) in dioxane (3mL) and 
water (lmL) was irradiated in the microwave al 130°C for 40 minutes. After cooling, the 
mixture was diluted with methanol, acidified with formic acid, evaporated in vacuo and 
azeolroped with a mixlure of loluene and elhanol. The residue was triturated wilh 15% 

methanol in DCM, filtered and fhe filtrate was evaporated in vacuo. The residue was purified 
20 by chromatography on silica, eluting with a mixture of methanol and DCM wilh a gradient of 

0-20%. The resultant gum was triturated with ether and ethyl acetate and filtered to give 
(laR,7bS)-5-[2-((S)-l-ethylpyrrolidin-3-yloxymethyl)-4-fluorobenzenesulfonylamino|-
l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid (0.136g) as a white solid. 

'H NMR (CDCb) 8: 7.35 (IH, dd), 7.23 (IH, d), 7.19 (IH, dd), 7.01 (IH, d), 6.83 (IH, dt), 
25 4.87 (IH, br, d), 4.73 (IH, br, d), 4.36 (2H, br, m), 4.19 (IH, d), 3.88 (IH, m), 3.84 (IH, d), 

3.38 (IH, m), 2.94 (IH, m), 2.86 (IH, m), 2.75 (IH, m), 2.26-2.45 (2H, m), 1.81 (IH, m). 1.60 
(IH, m), 1.39 (3H, I), 0.90 (2H, m). 
LCMS (Method C) r/t 3.25 (M+H) 491 
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Example 84: (laR,7bS)-5-[2-((R)-l-EthyJpyrrolidin-3-yloxymethyi)-4-fluorobenzene-
sulfonylamino]-! ,3 a,2,7b-tetrabydrocyc)opropa[c]chromene-4-carboxy]fc acid 

h U UM 

5 [00300] Prepared by proceeding in a similar manner lo Example 83, starling from methyl 
f laR,7bS)-5-[2-((R}- l-ethy]pyrrolidin-3-yIoxymethyl)-4-fluorobenzenesulfonylaminoj-
!,ia,2,7b-tetrahydro-cyc!opropa[c]chromene-4-carboxylate (Intennediate 217). 

'H NMR (DMSO-d6) 8: 7.83 (IH, dd), 7.44 (IH, dd), 7.20 (IH, dt), 7.07 (IH, d), 7.03 (IH, d), 
4.99 (IH, d), 4.49 (2H, d), 4.19 (2H, d), 3.57 (2H, d), 2.93-3.30 (4H, m), 2.34 (IH, m), 2.13 

10 (IH, m), 1.88 (IH, m), 1.72 (IH, m), 1.29 (3H, t), 0.92 (IH, m), 0.75 (IH, m). 
LCMS (Method C) r/t 3.25 (M+H) 491. 

Example 85: (laR,7bS) -5-[2-(]-Elhylpiperidin-3-ylmelhyI)-4-fluorobenzenesulfonylammoj-
l,la,2,7b-tetraliydrocyc3opropa[c]chromene-4-catt)oxylic acid 

fluorobenzenesulfonyl-amino]-1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 
(Intennediate 221, 0.07 Ig) and lithium hydroxide monohydrate (0.059g) was suspended in 
dioxane (5mL) and water (2mL) and the mixture was stirred and heated at 100°C for 25 hours. 

20 Further lithium hydroxide monohydrale (0.11.6g) was added and the mixture was heated at 
100°C for a further 18 hours. After cooling, the volatiles were removed in vacuo and the 
residue was acidified by addition of aqueous citric acid solution (10%) and saturated with 
sodium chloride. The mixture was extracted with DCM and the organic layer was dried 
(Na2SO^) and filtered. The filtrate was evaporated to dryness and the residue was purified by 

25 preparative HPLC (C18), eluting with a mixture of acetonitrile and water, containing 0.1 % 

n 
15 

[00301] A mixture of methyl (laR,7bS) )-5-[2-(!-elhylpiperidin-3-ylmethyl)-4-
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formic acid, wilh a gradient of 25-60% to give (laR,7bS)-5-[2-(l-ethyl-piperidin-3-ylmethyl)-
4-f]uorobenzenesulfonylaminoj-l,la,2,7b-tetraliydrocyclopropa-[cjchromene-4-carboxylic acid 
(0.032g) as a white solid. 

'H NMR (DMSO-dc) 8: 8.01-7.91 (IH, m), 7.26-7.18 (2H, m), 7.10-7.00 (2H. m), 4.22-4.17 
5 (IH, m), 3.61 (lH,d), 3.45-2.92 (5H, m), 3.02-2.88 (4H, m), 1.94-1.85 (IH, m), 1.80-1.65 

(3H, m). 1.65-1.50 (IH, m), 1.30-1.14 (4H, m), 0.97-0.87 (IH, m), 0.77-0.68 (IH, tn). 
LCMS (Method C) r/t 3.21 (M+H) 489. 

Example 86: (laR,7bS)-5-{2-[2-((R)-l-Ethylpyrrolidin-2-y])ethyl]-4-fluorobenzenesulfony]-
10 amino}-!.,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

\ U 

[00302] Lithium hydroxide (0.22g) was added to a solution of methyl (laR,7bS)-5-{2-
[2-((R)-l-ethyl-pyrrolidin-2-yl)ethy]]-4-fluorobenzenesulfonylamino}-l,la,2,7b-
telrahydrocyclopropa-[c]chrometwi-4-cB.rboxylate (Intermediate 229, 0.26g) in a mixture of 

15 dioxane (l2mL) and water (4mL) and the mixture was irradiated in a microwave at 1.50°C for 
20 minutes. After cooling, the mixture was evaporated to dryness and the residue was acidified 
by addition of 10% aqueous citric acid (3mL) and then extracted with DCM. The organic layer 
was dried (MgSO*) and filtered and the filtrate was evaporated to dryness. The residue was 
purified by preparative HPLC (C18) eluting with a mixture of acetonitrile and water, containing 

20 0.1% formicacid, with a gradient of 25-35% to give (laR,7bS)-5-{2-[2-((R)-l-ethylpyrrolidin-
2-yl)ethyl]-4-fluoro-benzenesulfonylamino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-
carboxylic acid (0.1 lg) as a white solid. 
lHNMR (DMSO-d6) 5: 7.88 (IH, dd), 7.33 (IH, dd), 7.15 (IH, dt), 7.08 (IH, d), 6.98 (IH, d), 
4.18 (IH, d), 3.68 (IH, br m), 3.58 (IH, d), 3.56 (IH, m), 3.22-2.96 (5H, m), 2.23 (lH, m), 2.03 

25 (4H, m), 1.87 (2H, m), 1.72 (IH, q), 1.31 (3H, t), 0.91 (IH, m), 0.72 (IH, q). 
LCMS (Method C) r/t 3.24 (M+H) 489. 

Intermediate 1: Methyl cis-(3aRS,9bRS)-7-(benzenesu]fonylamino)-l,3a,4,9b-telrahydro-2H-
30 furo[2,3-c)chromene-6-carboxylate 
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.0 

H 

Mixture ol cis enantiomers 

[00303] Formic acid (5mL) was added lo methyl cis-(3aRS,9bRS)-7-[f>w-(te>*r-
buloxycarbony!)amino]-I,3a,4,9b-ielrahydro-2H-furo[2,3-c3chromene-6-carboxylate 
(Intermediate 2, 0.15g) and the mixture was stirred at room temperature for 1 hour. The 

5 resultant mixture was evaporated to dryness and the residue was redissolved in toluene and 
evaporated to dryness three limes. Hie residue was dissolved in DCM (2mL) and pyridine 
(3mL) was added followed by benzenesulfonyl chloride (0.07g). The resultant mixture was 

stirred at room temperature for 90 minutes then diluted with DCM and washed -with sodium 
hydroxide (1M) and brine. The sodium hydroxide washing was saturated with salt and then 

10 extracted with ethyl acetate, dried (MgSCU) and filtered. The filtrate was evaporated to dryness 
to give methyl cis-(3aRS,9bRS)-7-(benzenesulfonylamino)-l,3a,4,9b-tetrahydro-2H-furo[2.3-
c]chromene-6-carboxylate (0.082g) as a gum. 
[00304] lE NMR (CDCI0 6: 7.73 (2H, dd), 7.53 (IH, t), 7.42 (2H, t), 7.25 (IH, d), 7.21 
(lH, d), 4.29 (IH, m), 4.03 (IH, dd), 3.93 (IH, dd), 3.82 (2H, I), 3.70 (3H, s), 3.45 (IH, m), 

15 2.48 (lH,m), 1.87 (lH,m). 

Intermediate 2: Melhyl cis-(3aRS,9bRS')-7-[bi.s-(rm-biiloxycarbonyl)amino]-l,3a.4,9b-
ietrahydro-2H-furo[2,3-c]chromene-6-carboxylate 

chromene-6-carboxylate (Intermediate 3, 0.15g) in a mixture of dioxane (15mL) and acetic acid 
(l,5mL) was treated under an atmosphere of nitrogen wilh palladium on carbon (10%, 0.02g). 
The mixture was stirred and the nitrogen was replaced by hydrogen then the mixture was 
stirred under an atmosphere of hydrogen for 3 hours. The mixlure was filtered through Celite, 

25 the pad was washed thoroughly with dioxane and the filtrate was evaporated to dryness to give 

Mixture of cis enantiomers 

20 [00305] A solution of methyl 7-[fris-(rm-butoxycarbonyl)amino]-4H-furo[2,3-cJ-
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methyl cis-(3aRS,9bRS)-7-[kw-(rert-butoxycarbonyl)ammo]-l,3a,4,9b-teirahydro-2H-furo[2,3-
c]chromene-6-carboxylate (0.15g) as a gum. 
[00306] 'H NMR (CDC13)S: 7.22 (IH, dd), 6.80 (IH, d), 4.36 (lH, m), 4.07 (2H, d), 
3.86 (2H, t), 3.84 (3H, s), 3.53 (IH, m), 2.50 {IH, m), 1.94 (1H, m), 1.40 (181-1, s). 

5 
Intermediate 3: Methyl 7-[te--(f<?rf-butoxycarhonyI)amino]-4H-furo[2,3-c]-chromene-6-
carboxylate 

100307] Carbon tetrabromidc (2.66g) was added to a solution of methyl 6-[bis-(tert-
10 butoxycarbonyl)attiinol-2-hydroxy-3-(2-hydroxymethylfuran-3-yl)-benzoate (Intermediate 4, 

2.65g) and triphenyl phosphide (2.1g) in DCM (40mL) and the resultant solution was stirred at 
room temperature for 1 hour. The mixture was evaporated to dryness and DMF (60mL) and 
cesium carbonate (5.59g) were added to the residue. The resultant mixture was stirred for 1 
hour, then partitioned between ethyl acetate and waler. The organic layer was separated, dried 

15 (Na2S04) and filtered. Hie filtrate was evaporated to dryness and the residue was purified by 
chromatography on silica, eluting with a mixture of ethyl acetate and cyclohexane wilh a 
gradient of 5-25% to give methyl 7-[kw'-(ter/-buloxycarbony))amino]-4H-iuro[2,3-cj-
chromene-6-carboxylate (0.735g) as a gum which crystallised on standing. 
[00308] 'HNMR (CDC13) 8: 7.45 (IH, m), 7.26 (IH, s), 6.79 (lH, d), 6.65 (IH, d), 5.44 

20 (2H, s), 3.87 (3H, s), 1.42 (18H, s). 

Intermediate 4; Methyl 6-(Ws-(r<*r?--butoxycarbonyi)am!no]-2-hydtoxy-3-(2-
hydroxymethyIfuran-3-yl)ben7.oate 

! 

25 [00309] 1M aqueous sodium hydroxide (50mL) was added to a solution of methyl 6-| WJ-
(iert-butoxycarbonyl)amino]-3-(2-hydroxymethylfuran-3-yl)-2-(4-methylbenzene-
sulfonyloxy)benzoate (Intermediate 5, 3.82g) in methanol (lOOmL) and the mixture was stirred 
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and healed at 45°C for 1.5 hours. The mixture was evaporated to dryness and the residue was 
dissolved in ethyl acetate and acidified with acetic acid. The organic layer was separated, dried 
(NajSO.)) and filtered. The filtrate was evaporated to dryness and the residue was purified by 
chromatography on silica, eluting with a mixlure of ethyl acetate and cyclohexane with a 

5 gradient of 10-50% to give methyl 6-[bw-(rer/-butoxycarbonyl)amino3-2-hydroxy-3-(2-
hydroxymelhylfuran-3-yl)benzoate (2.65g) as a white foam. 
J003101 'HNMR (CDOO 8: 11.91 (IH, s), 7.50 (2H, m), 6.80 (IH, d), 6.57 (IH, d), 4.58 
(2H, s), 3.97 (3H, s), 1.43 (18H, s). 

10 Intermediate 5: Melhyl 6-[fow-(r<?rr-butoxycarbonyI)amino]-3-(2-hydroxymethyl-furan-3-yl)-
2-(4-methylbenzenesulfonyloxy)benzoate 

OH 

butoxycarbonyl)amino]-3-(2-formylfuran-3-yl)-2-(4-meihy]benzenesulfonyloxy)-benzoate 
15 (Intermediate 6, 3.9g) in ethanol (50mL) and the mixture was stirred for 15 minutes. The 

mixture was evaporated to dryness and the residue was partitioned between ethyl acetate and 
water. The organic layer was separated, dried (Na2S04) and filtered. The filtrate was 
evaporated to dryness to give melhyl 6-[iw-(rerr-butoxycarbonyl)aminoj-3-(2-
hydroxymethylfuran-3-yl}-2-(4-melhylbenzene-sulfonyloxy)benzoate (3.82g) as a white solid. 

20 [003121 'H NMR (CDCh) 5: 7.40 (IH, d), 7.38 (2H, d), 7.30 (IH, d), 7.18 (IH, d), 7.11 
(2H, d), 6.28 (IH, d), 4.33 (2H, s), 3.82 (3H, s). 2.40 (3H, s), 1.42 (18H, s). 

[00311] Sodium borohydride (O.304g) was added to a solution of methyl 6-[bis-(ten-

Intermediate 6: Methyl 6-{&w-(rert-buioxycarbonyl)amino]-3-(2-formylfuran-3-y])-2-(4-
methylbeiizenesu] lony ioxy)benzoaie 
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o 

[00313] Triethylamine (0.848g) was added to a stirred solution of methyl 6-amino-3-(2-

formylfuran-3-y))-2-hydroxybenzoate (Iniermediate 7,1.72g), 4-methylbenzenesulfonyl 

chloride (1.25g) and DMAP (0.804g) in DCM (30mL) and the resultant mixture was stirred for 

5 1 hour. The mixture, was diluted with water and the organic layer was separated, dried 

(Na2S04) and filtered.. The filtrate was evaporated to dryness and the residue was dissolved in 

acetonitrile (30mL) and DMAP (0.804g) and di-rm-buty] dicarboante (3.16g) were added. The 

mixlure was stirred for 2 hours then diluted with ethyl acetate and water. The organic layer was 

separated, dried (Na2S04) and filtered. The filtrate was evaporated lo dryness and the residue 

10 was purified by chromatography on silica, eluting with a mixture of ethyl acetate and 

cyclohexane with a gradient of 10-50% to give methyl 6-[te-(rer?-butoxycarbonyl)amino]-3-

(2-formylfuran-3-yl)-2-(4-methylbenzenesulfonyloxy)-benzoate (3.9 lg) as a white foam. 

[00314] 'HNMR (CDC23)5: 9.13 (IH, d), 7.54 (IH, dd), 7.38 (IH, d), 7.32 (2H, d), 7.23 

(IH, d), 7.05 (2H, d), 6.75 (IH, d), 3.94 (3H, s), 2.37 (3H, s), 1.45 (18H, s). 

15 

Intermediate 7: Methyl 6-amino-3-(2-formylfuran-3-yl)-2-hydroxybenzoate 

to Wang et al, Bioorg Med Chem Let,t 2007,17, 2817; 1.84g), 2-formyIfuran-3-boronic acid 

20 pinacol esler (1.99g), tri-rerr-bulylphosphoniinn telrafluoroborate (0.218g), cesium carbonale 

(7.33g) and /m-(dibenzylideneacetone)dipaI)adium (0.343g) in dioxane (75mL) and water 

(9.4mL) was healed al 65°C, under nilrogen, for i hour. After cooling, the mixture was diluted 

with ethyl acetate and water and the organic layer was separated, dried (Na2S04) and filtered. 

The filtraie was evaporated to dryness and the residue was purified by chromatography on 

o 

[00315] A mixlure of methyl 6-amino-3-bromo-2-hydroxybenzoate (prepared according 
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silica, eluting with a mixture of ethyl acetate and cyclohexane wilh a gradient of 10-50% to 
give methyl 6-amino-3-(2-formylfuran-3-yl)-2-hydroxybenzoate (l,72g) as a yellow solid. The 
materia] was used without further characterisation. 

5 Intermediate 8: 7-[2-(fZ)-3-Dicthylaminoprop-i-enyl.)-4-fiuorobenzene-suIfonylamino]-4H-
furo[2,3-c]chromene-6-carboxylic acid 

[00316] Methyl 7-[2-((Z)-3-diethylammoprop- i.-enyl)-4-fluorobenzenesulfonylaminoj-
4H-furo[2,3-c[chromcne-6-carboxy!ale (Intermediate 9, 0.3 29g) was added to a solulion of 

10 lilhium hydroxide monohydrate (0.42g) in water (2mL) and dioxane (8mL), and the mixture 
was irradiated in die microwave al 130°C for 1 hour. After cooling, the mixture was acidified 
with formic acid, and evaporated to dryness. The residue was triturated with 10% methanol in 
DCM, filtered and the filtrate was evaporated to dryness. The residue was purified by 
chromatography on silica, eluting with a mixlure of methanol and DCM with a gradient of 0-

15 10%. The isolated product was triturated with ethyl acetate and the solid was collected by 
filtration and dried in vacuo to give 7-[2-((Z)-3-diethylaminoprop- l-enyl)-4-
fluorobenzenesu]fonylamino]-4H-furo[2,3-c]chromene-6-carboxylic acid (0.056 g) as a white 
solid. 
[00317] rH NMR (DMSO-d6) 5: 7.71 (IH, d), 7.68 (IH, d), 7.38 (IH, d), 7.28 (IH, dd), 

20 7.26-7.19 (2H, m), 7.02 (IH, d), 6.86 (IH, d), 6.20-6.11 (IH, m), 5.28 (2H, s), 3.79 (2H. d), 
3.12 (4H,q), 1.14 (6H, t). 
[00318] LCMS (Method C) r/t 3.48 (M+H) 503. 

Intermediate 9: Methyl 7-[2-((Z)-3-Diethylaminoprop-]-eny))-4-fiuorobenzene-
25 sulfonylamino)-4H-furo[2,3-c]chrornene-6-carboxylate 
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A mixture of methyl 7-(2-bromo-4-fluorobenzenesulfonylamino)-4H-furo[2,3-
c]chromene-6-carboxylate (Intermediate 10, 2.04g), N,N-diethyl-N-((Z)-l-
(ributylstannanyiprop-1 -en-3-yi)amine (Intermediate 11, 3.4g), tri-rerf-butylphosphonium 
tetrafluoroborate (0.246g), Jrw-(dibenzylideneacetone)dipalladium (0.0.388g) in dioxane 

5 (35mL) was degassed and purged with argon then heated at 100°C for 3.5 hours. After cooling, 
the mixture was diluted with ethyl acetate and filtered. The filtrate was washed with water, 
dried (Na2S04) and filtered. The filtrate was evaporated to dryness and the residue was purified 
by chromatography on silica, eluting with a mixture of ammonia in methanol (2M) and DCM 
with a gradient of 0-10%. The product was triturated with ether and the solid was collected by 

10 nutation to give methyl 7-[2-((Z)-3-diethylaminoprop- 1-en- l-yl)-4-fluoroben/,enesuU'onyl-
amino]-4H-furo[2,3-c]chromene-6-carboxylate (1.47g) as a pale orange solid, 
[00320] NMR (CDC13) 8: 8.06 (IH, dd), 7.40 (IH, m). 7.17 (IH, d), 7.14-6.98 (2H, 
m), 7.0-6.9 (2H, m), 6.56 (IH, d), 6.06 (IH, m), 5.37 (2H, s), 3.87 (3H, s), 3.17 (2H, m), 2.55 
(4H, m), 0.97 (6H, t). 

Intermediate 10: Methyl 7-(2-bromo-4-fluorobenzenesulfonylamino)-4H-furo[2,3-
c]chromene-6-carboxylale 

[00321] Methyl 7-[fe-f/f?rt-butoxycarbony])amino]-4H-furo[2,3-cj-chromene-6-
20 carboxylate (Intermediate 3, 2.66g) was dissolved in formic acid (50mL) and the mixture was 

stirred at room temperature for 90 minutes. The mixture was evaporated to dryness and the 
crude residue was partitioned between ethyl acetate and aqueous potassium carbonate solution 
(10%). The organic layer was separated, dried (MgS04) and filtered. The filtrate was 
evaporated lo dryness and the residue was dissolved in DCM (20mL) and pyridine (lOmL) and 

25 2-bromo-4-fluorobenzenesulfonyl chloride (1.95g) was added. The resultant mixture was 
stirred for 3.5 hours then evaporated to dryness. The residue was dissolved in DCM washed 
with water and filtered through a phase separator. The filtrate was evaporated to dryness and 
the residue was purified by chromatography on silica, eluting with a mixture of ethyl acetate 
and cyclohexane with a gradient of 0-60% to give methyl 7-(2-bromo-4-fluorobenzenesulfonyl-

30 amino)-4H-furo[2,3-c]chromene-6-carboxylaie (0.47g) as a pale yellow solid. 
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[00322] lHNMR (CDC33) 6: 9.25 (IH, brs), 8.14 (lH, dd), 7.40 (2H, m), 7.16 (2H, m), 
7.12 (IH, m), 6.55 (IH, d), 5.36 (2H, s), 3.92 (3H, s). 

Intermediate 11: N,N-Diethyl-N-((Z)-l.-tributy\siannanv1prop-l-en-3-yl>-amme. 

j »»Bu, 

[00323] Diethylamine (19mL) was added to a solution of ((Z)-3-bromoprop-l-cnyI)-
iributyi-stannane (Intermediate 12, 7.52g) in THF (60mL) and the mixture was stirred for 3 
hours. The reaction mixture was evaporated to dryness and the residue was purified by 
chromatography on a silica column which had been pre-washed with 20% triethylamine in 

10 acetonitrile. The column was eluted with a mixture of ethyl acetate and pentane wilh a gradient 
of 0-10% to give N,N-diethyl-N-((Z)-l-tributylstannanylprop-l-en-3-y])amine (4.75 g) as an 
orange oil. 
[00324] 'H NMR (CDCls) 5: 6.59 (IH, dt), 5.97 (IH, dt), 3.08 (2Hr dd), 2.53 (4H, q). 
1,49 (6H, m), 1.37-1.24 (6H, m), 1.04 (6H, t), 0.92-0.89 (15H, m). 

Intermediate 12: ((Z)-3-Brornoprop-i-enyl)-tributylstannane 
15 

SnBu3 

[00325] A solution of triphenylphosphine (5.32g) in DCM (60mL) was added to a 
solution of (Z)-3-tributylslannanylprop-2-en-1 -ol (Intermediate 13, 6.4g) and carbon 

20 tetrabromide (9.18g) in DCM (60mL) and the mixture was stirred for 2.5 hours. The mixture 
was evaporated to low volume and pentane was added. The solids were removed by filtration 
and the filtrate was evaporated to dryness. Pentane was added and the solids were again 
removed by filtration and the filtrate was evaporated to dryness lo give ((Z)-3-bromoprop-l-
eny])-tributylstannane (12.14 g) as an oil. 

25 [00326] *H NMR (CDCls) 8: 6.71 (IH, dt), 6.11 (IH, d), 3.88 (2H, d), 1.52-1.50 (6H, m), 
1.37-1.27 (6H, m), 0.99-0.97 (6H, m), 0.90 (9H, t). 

Intermediate 13: (Z)-3-Tributylstannanylprop-2-en-i -ol 

SnBu, 
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[00327J Propargyl alcohol (5mL) was added to a solution of lithium aluminium hydride 

(1M in THF, 43mL) inTHF (70mL) at -78°C. The resultant mixture was warmed to room 

temperature and stirred for 18 hours. It was re-cooled to -78QC and a solution of tri-n-butyl tin 

chloride (8.32mL) in diethyl ether (50mL) was added and the mixture was stirred for 3 hours 

5 whilst gradually warming to room temperature. The reaction mixture was cooled to -5°C and 

quenched by addition of water and 15% aqueous sodium hydroxide solution, then wanned to 

room temperature. Ethyl acetate was added and She mixture was stirred for 1 hour. The mixture 

was filtered through Celite and the filtrate was evaporated to dryness. The residue was purified 

by chromatography on a silica column which had been pre-washed with 20% triethylamine in 

10 acetonitrile. The column was eluted with a mixture of elhyl acetate and pentane wilh a gradient 

of 0-10% to give (Z)-3-tributylstannanyl-prop-2-en-l-ol (5.06 g) as a clear oil. 

[00328] !HNMR (CDCls) 6: 6.70 (IH, dt), 6.08 (iH, dt), 4.12 (2H, dd), 1.49 (6H, m), 

1.31 (6H, m), 0.98-0.84 (15H, m). 

15 Intermediate 14: Methyl cis-(3aRS,9bRS)-7-[2-(3-{pyrrolidin-l-yl}propyl)-4-

fluorobenzenesulfonylamino]-l,3a,4,9b-tetrahydro-2H-furo[2,3-c]chromene-6-caiboxylate 

fluorobenzene-sulfonylamino]-4H-furo[2,3-cJchromene-6-carboxylate (intennediate 15, 0.06g) 

20 in MS (4mL) and formic acid (2 drops) was treated under an atmosphere of nitrogen with 

palladium hydroxide on caibon (10%, 0.02g). The nitrogen was replaced by hydrogen and the 

mixture was stirred under an atmosphere of hydrogen for 1 hour. The mixture was filtered 

through Celite and the filtrate was evaporated to dryness to give methyl cis-(3aRS,9bRS)-7-[2-

(3-{pynoiidm-l-yl}psopyl)-4-fluoTobenzene-suIfonylamino]-l,3a,4,9b-tetrahydro-2H-iuTo[2,3-

25 cjchromene-6-carboxylate (0.06g) which was used without further characterisation. 

Intermediate 15: Methyl 7-[2-((Z)-3-(pyrrolidin~l-yl}piop-l-ettyl)-4-fLuorobetizene-

sulfonyiamino]-4H-furo[2,3-clchromene-6-carboxylate 

[00329] A solution of melhyl 7-[2-((Z)-3-{pyrro]idin-l.-yl)prop-!-enyl)-4-
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[00330] Prepared by proceeding in a similar manner to Intermediate 9, starting from 
methyl 7-(2-bromo-4-fluorobenzenesulfonylamino)-4H-furo[2,3-cjcbromene-6-carboxylate 
(Intermediate 10) and l-((Z)-3-lributylstannanylally!)pyrrolidine (Intermediate 16). 

5 [00331] lH NMR (CDsOD) 6: 8.02 (IH, dd), 7.51(lH,m), 7.16 (2H,d), 7.11-7.01 
(2H,m), 6.76 (lH.d), 6.69 (IH, d), 5.93-5.83 (IH, m), 5.31 (2H, s), 3.80 (3H, s), 3.37-3.33 
(2H, in), 2.69 (4H,m), J.78(4H,m). 

Intermediate 16: l-((Z)-3-lributyIstannanyla3Jyl)pyrrolidine 

10 SnBu* 
[00332] Prepared by proceeding in a similar manner lo Intermediate 11 starting from 
((Z)-3-bromoprop-l-enyl)tributylstaimane (Intermediate 12) and pyrrolidine. 
[00333] 'H NMR (CDC13) 8: 6.64 (lH,d0, 5.96 (IH, dl), 3.10 (2H, dd), 2.51(4H,m), 
1.79-1.78 (4H,m), 1.54-1.45 (6H, m), 1.36-1.26 (6H, m), 0.91-0.88 (15H, t). 

15 
Intermediate 17: Methyl cis-(3aRS,9bRS)-7-[2-((Z)-3-dielhylaminoprop-l-enyl)-4-
fluoro benzenesulfonylamino]-!,3a,4,9b-tctrahydro-2H-furo[2,3-c]chromene-6-carboxylatc 

Mixture of ois enantiomers 

[00334] Prepared by proceeding in a similar manner lo Intermediate 9, starting from 
20 methyl cis-(3aRS,9bRS)-7-(2-bromo-4-fliiorobenzenesulfonylamino)-l,3a,4,9b-tetrahydro-2H-

furo[2,3-c]chromene-6-carboxylate (Intennediate 18) and N,N-diethyl-N-((Z)-l-
tribulylstannanylprop-l-en-3-yl)-amine (Intermediate 11) and healing at 80°C for 2 hours. 
[00335] LCMS (Method A) r/t 2.25 (M+H) 519. 
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Intermediate 18: Methyl cis-(3aRS,9bRS)-7-(2-bromo-4-fluorobenzenesulfonyl-amino)-
l,3a,4,9b-tetrahydro-2H-furo[2,3-c]chromene-6-carboxyla(e 

Mixture of ois enantiomers 

[00336] 2-Bromo-4-fluorobenzenesulfonyl chloride (0.335g) was added to a solution of 
5 methyl cis~(3aRS,9bRS)-7-amino-l,3a,4,9b-tetrahydro-2H-furo[2,3-c]chromene-6-carboxylate 

(Intermediate 19, 0.255g) in DCM (4mL) and pyridine (2mL) and the resultant mixture was 
stirred at room temperature overnight. The mixture was evaporated to dryness and the residue 
was purified by chromatography on silica eluting with a mixture of ethyl acetate and 
cyclohexane with a gradient of 0-100% to give methyl cis-(3aRS,9bRS)-7-(2-bramo-4-

10 fluorobenzenesu]fonylamino)-l,3a,4,9b-tetrahydro-2H-furo[2,3-c]chromene-6-carboxylate 
(0.486g) as a yellow gum. 
[00337] 'H NMR (CDC13) 5: 9.47 (IH, s), 8.17 (1H, m), 7.42 (1H, dd), 7.12 (IH, dt), 
7.11 (2H, s), 4.28 (IH, m), 4.06 (1H, dd), 3.96 (IH, dd), 3.91 (3H, s), 3.82 (2H, m), 3.41 (IH, 
m), 2.45 (lH,m), 1.84 (IH, m). 

Intermediate 19: Methyl cis-(3aRS,9bRS)-7-amino-l,3a,4,9b-tetrahydro-2H-furo[2,3-
c]chromene-6-carboxylate 

Mixture of cis enantiomers 

[00338] Triiluoroacctic acid (7mL) was added to a solution of methyl cis-(3aRS,9bRS)-
20 7-[b«-(K!«-butoxycarbonyi)ammo]-l,3a,4,9b-tetrahydro-2H-furo[2,3-c]chromene-6-

carboxylate (Intermediate 2,0.66g) in DCM (15mL) and the mixture was stirred at room 
temperature for 1 hour. The mixture was evaporated to dryness and the residue was treated with 
aqueous sodium bicarbonate and extracted with DCM, dried (MgSO*) and filtered. The filtrate 
was evaporated lo dryness to give methyl cis-(3aRS,9bRS)-7-amino-l,3a,4,9b-tetrahydro-2H-

25 furo[2,3-c]chromene-6-caiboxylate (0.255g) as a gum. 
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[00339] *H NMR (CDC13) 5: 7.0 (IH, dd), 6.31 (IH, d), 4.32 (IH, m), 4.01 (2H, m), 3.88 
(3H, s), 3.84 (2H, m), 3.39 (IH, m), 2.41 (IH, m), 1.86 (IH, m). 

Intermediate 20: Melhyl 7-[N-{2-((Z)-3-Diethylaminoprop-l-eny])-4-fluoro-
5 benzenesulfonyI}-N-(methoxycaibonyl)amino]-l,2-dihydrofuro[2,3-c]quinolinc-6-carboxy3ate 

[00340] Prepared by proceeding in a similar manner to Intennediate 9, starting from 
methyl 7-[N-(2-bromo-4-fluorobenzenesulfonyl)-N-(methoxycarbonyl)amino]-l,2-dihydn>-
furo[2,3-c]quinoline-6-carboxylate (Intermediate 21) and N,N-diethyl-N-((Z)-1 -

10 tribulylstannanylprop-1 -en-3-yl)amine (Intermediate 1J) and heating at 60°C for 1 hour. 
[00341] 'H NMR (CDCfe) 8: 8.72 (IH, s), 8.32 (IH, dd), 7.76 (IH, d), 7.62 (IH, d), 
7.22-7.08 (3H, m), 6.03 (IH, m), 4.87 (2H, t), 3.93 (3H, s), 3.62 (3H, s), 3.56 (2H, 0, 3.20 (2H, 
m), 2.52 (4H, m), 0.97 (6H, I). 

15 Intermediate 21: Methyl 7-[N-(2-broino-4-f]uorobenzenesulfonyl)-N-(inethoxy-
carbony3)amino3-l,2-dihydrofuro[2,3-c]quinoline-6-carhoxylate 

[00342] A solution of methyl 7-(2-bromo-4-fluorobenzenesulfonylamino)-l,2-dihydro-
furo[2,3-c3quinoline-6-carboxylate (Intennediate 22, 0.29g) in THF (5mL) was added slowly to 

20 a suspension of sodium hydride (40% oil dispersion, 0.048g) in THF (3 5mL). Once the 
evolution of hydrogen had ceased, methyl chloroformale (0.147g) was added and the mixture 
was stirred at room temperature lor 1 hour. The mixture was diluted with ethyl acetate, washed 
with saturated sodium bicarbonate solution, dried (MgS04) and filtered. The filtrate was 
evaporated to dryness and the residue was triturated with a mixture of ether and cyclohexane 

25 (1:1) and the solid was collected by filtration to give methyl 7-[N-(2-bromo-4-



WO 2012/154676 PCT/US2012/036789 

-123-

fluorohenzenesulfonyl)-N-(methoxy-carbonyl)amino]-l,2-dihydrofuro[2,3-c]quino]ine-6-
carboxylate (0.3g) as a paie orange solid. 
[00343] >HNMR (CDC]3) 6: 8.73 (IH, s), 8.48 (IH, dd), 7.76 (2H, s), 7.51 (IH, dd), 
7.25 (IH, m), 4.86 (2H, t), 4.01 (3H, s), 3.66 (3H, s). 3.56 (2H, t). 

5 
Intermediate 22: Methyl 7-(2-bromo-4-f]uorobenzenesulfonylamino)-l,2-dihydro-furo[2.3-
cjquinoline-6-carboxylate 

[00344] Prepared by proceeding in a similar manner to Intermediate 18, starling from 
10 methyl 7-amino- l,2-dihydrofuro[2,3-c]quinoline-6-caiboxylate (Intermediate 23) and 2-bromo-

4-fluorobenzenesulfonyl chloride and stirring at room temperature for 3 days. 
[00345] JH NMR (CPC13) 8: 8.60 (IH, s), 8.07 (IH, dd), 7.84 (IH, d), 7.62 (IH, d), 7.43 
(IH, dd), 7.06 (IH, m), 4.79 (2H, t), 4.02 (3H, s), 3.48 (2H, I). 

15 Intermediate 23: Methyl 7-amino-l,2-dihydrofuro[2,3-c]quino3ine-6-carboxylale 

[00346] A solution of methyl 7-aminofuro[2,3-c]quinoline-6-carboxylate (Intermediate 
24, l.l3g) in a mixture of dioxane (5mL) and acetic acid (5mL) was treated under an 
atmosphere of nitrogen with palladium hydroxide on carbon (10%, O.lg). The nitrogen was 

20 replaced by hydrogen and the mixture was stirred under an atmosphere of hydrogen for 24 
hours. The mixture was diluted with ethyl acetate and filtered through Celite and the filtrate 
was washed with 1M aqueous sodium hydroxide solution, dried (MgS04) and filtered. The 
filtrate was evaporated lo dryness and the residue was purified by chromatography on silica 
eluting with a mixture of methanol and ethyl acetate with a gradient of 0-10%. The isolated 

25 product was trituiated with a mixture of ether and cyciohexane and the solid was collected by 
filtration to give methyl 7-amino-l,2-dihydrofuro[2,3-c]quinoline-6-carboxylate (0.666g) as a 
yellow solid. 
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[00347] NMR (CDCI3) 8: 8.56 (IH, s), 7.51 (1H, d), 6.95 (1H, d), 5.16 (2H, br s), 
4.74 (2H, t), 4.05 (3H, s), 3.46 (2H, t). 

Intermediate 24: Methyl 7-aminofuro[2.3-c]quinoline-6-carboxylate 

[00348] A mixture of methyl 3-bromo-2,6-diaminobenzoate (Intermediate 25, 1.34g), 2-
formylfuran-3-boronic acid pinacol ester (i .46g), tri-iert-hutylphosphonium tetrafluoroborate 
(0.305g), cesium carbonate (5.15g) and 7ra-(dibenzylideneacetone)dipaIladium (0.49g) in a 
mixture of dioxane (80mL) and water (30mL) was degassed and purged with argon then heated 

10 at 60°C for 1 hour. After cooling, the mixture was filtered through Celite and the pad was 
washed thoroughly with ethyl acetate. The filtrate was washed with water, dried (MgS04) and 
filtered. The filtrate was evaporated to dryness and the residue was purified by chromatography 
on silica eluting with a mixture of ethyl acetate and cyclohexane with a gradient of 0-100% to 
give methyl 7-aminofuro[2,3-c]quinoline-6-caiboxylate (1.13g) as a brown gum. 

15 [00349] 'HNMR (CDC1S)S: 9.11 (IH, s), 7.95 (lH,d), 7.82 (1H, d), 7.14 (IH,dd), 7.05 
(IH, d), 5.05 (2H, br s), 4.08 (3H, s). 

Intermediate 25: Methyl 3-bromo-2,6-diaminobenzoate 

20 [00350] Iron powder (4.07g) was added slowly wilh stirring and cooling lo a solution of 
melhyl 6-amino-3-bromo-2-nitrobenzoate (prepared according to Brock et al, Tetrahedron, 
1963, 19, 1911; 2.0g) in a mixture of absolute ethanol (49mL), acetic acid (5mL), formic acid 
(0.7mL) and water (15mL). On completion of the addition, the mixture was stirred at room 
temperature for2 hours. The mixture was diluled wilh DCM and water (1:3) then filtered 

25 through Celite. The layers were separated and the aqueous layer was extracted with DCM. The 
combined organic layers were washed with 1M aqueous sodium hydroxide solution, dried 
(MgS04) and filtered. The filtrate was evaporated to dryness and the residue was triturated with 
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etlier and cyclohexane (1:1) and the solid was collected by fillralion lo give methyl 3-bromo-
2,6-diaminobenzoate (1.34g) as a pale yellow solid. 
[00351] 5H NMR (CDC13) 8: 7.21 (lH,d),6.U (2H, br s), 5.88 (IH, d), 5.46 (2H, br s), 

3.93 (3H, s). 

Intermediate 26: Methyl 7-(benzenesulfonylamino)-l,2-dihydro[furo[2,3-c]quinoline-6-
carboxylate 

r-\ 
o 

[00352] Prepared by proceeding in a similar manner to Intermediate 18, starling from 
10 methyl 7-amino-l,2-dihydrofuro[2,3-c]quinoline-6-caiboxyiate (Intermediate 23) and 

benzenesuifonyl chloride and stirring al room temperature overnight. 
[00353] 'H NMR (CDC13) 8: 8.59 (IH, s), 7.94 (IH, d), 7.70 (iH, d), 7.50 (IH, m), 7.40 
(2H, t), 7.21 (2H, m), 4.81 (2H, t), 3.75 (3H, s), 3.51 (2H, l). 

15 Intermediate 27: Methyl cis-(3aRS,9bRS>5-acelyl-7-[2-((Z)-3-diethylaminoprop-] -enyl)-4-
fluorobenzenesulfonylamino]-l,2,3a,4,5,9b-hexahydrofuro[2,3-c]quinoline-6-carboxylale 

Mixture of cis enantiomers 

[00354] Prepared by proceeding in a similar manner lo Iniermediate 9, starting from 
methyl cis-(3aRS,9bRS)-5-acety)-7-(2-bromo-4~£luorohenzenesuIfonylammo)-l,2,3a.4,5,9b-

20 hexahydrofuro[2,3-c]quinoline-6-carboxylale (Iniermediate 28) and heating at 80"C for 2 

hours. 
[00355] LCMS (Method B) r/l 2.29 (M+H) 560. 

Intermediate 28: Melhyl cis-(3aRS,9bRS)-5-acetyl-7-(2-bromo-4-fluorobenzene-
25 su)fonylamino)-l,2,3a,4,5,9b-hexahydrofuro[2,3-c]quinoline-6-carboxylate 
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Mixture of ois enantiomers 

[003561 Prepared by proceeding in a similar manner to Intermediate 18, starting from 
melhyl cis-(3aRS,9bRS)-5-acetyl-7-ammo-l,2,3a,4,5,9b-hexahydrofuTo[2,3-e]quinoline-6-
carboxylaie (Intennediate 29) and 2-bromo-4-fluorobenzenesulfonyl chloride. 

5 [003571 'HNMR (CDC13) 6: 9.51 (IH, brs), 8.16 (IH, m), 7.42 (IH, dd), 7.34 (1H, d), 
7.18 (1H, d), 7.12 (IH, dl),4.46 (IH, d), 3.84 (2H, m), 3.81 (3H, s), 3.67 (IH, m), 3.49 (IH, 
m), 3.38-3.19 (IH, m), 2.41-2.30 (IH, ra), 2.25 (3H, s), 1.57 (IH, m). 

Intermediate 29: Methyl cis-(3aRS,9bRS)-5-acetyl-7-amino-l ,2,3a,4,5,9b-hexahydrofuro[2,3-
10 c]quinoline-6-carboxylate 

Mixture of cis enantiomers 

[00358] Concentrated sulfuric acid (5 drops) was added to a solution of methyl cis-
(3aRS,9bRS)-5-acetyl-7-(2,2-diinethyIpropiony]amino)-l,2,3a,4,5,9b-bexahydro-furo[2,3-
c]quinoline-6-carboxylate (Intermediate 30, 0.15g) in methanol (5mL) and the solution was 

15 stirred and heated at reflux for 48 hours. After cooling, the mixture was evaporated to low 
volume and the residue was dissolved in ethyl acetate and carefully washed with saturated 
aqueous sodium bicarbonate solution. The organic iayer was filtered through a phase separator 
and the filtrate was evaporated to dryness lo give methyl cis-(3aRS,9bRS)-5-acety]-7-amino-
l,2,3a,4,5,9b-hexahydrofuro[2,3-c]quinoIine-6-carboxylale (0.09g) as a brown gum. 

20 [00359] 'HNMR (CDC13) 5: 7.04 (IH, d), 6.53 (IH, d), 4.97 (2H, br s), 4.47 (IH, in), 
3.90 (2H, m), 3.79 (3H, s), 3.67 (IH, m), 3.45 (IH, m), 3.30 (IH, m), 2.4-2.32 (IH, m), 2.27 
(3H, s), 1.68-1.54 (lH,m). 

25 
Intermediate 30: Methyl cis-(3aRS,9bRS)-5-acetyI-7-(2,2-diiriethyIpropionylainino)-
l,2,3a,4,5,9b-hexahydrofuro[2,3-c]quinolme-6-carboxyMe 
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Mixture of cis enantiomers 

[00360] Sodium hydride (60% oil dispersion, 0.02g) was added lo a solution of methyl 

2-acetylamino-6-(2,2-dimethylpnopionylainino)-3-[cis-(2RS,3RS)-2-(methanesulfonyl-

oxymelhyl)tetrahydrofuran-3-yI]benzoate (Intermediate 31, 0.)66g) mTHF (3mL) and the 

5 mixture was stirred al room temperature for 20 minutes. A saturated aqueous solution of 

ammonium chloride was added and the mixlure was extracted with DCM, dried (MgSCU) and 

fillered. The filtrate was evaporated lo dryness to give methyl cis-(3aRS,9bRS)-5-acetyl-7-(2,2-

dimethylpropiony]amino)-l,2,3a,4,5>9b-hexaliydroi\iro[2,3-c]quino3ine-6-cait)oxylate (0.15g) 

as a tan coloured solid. 

10 [00361] 'HNMR (CDClj) 6: 9.92 (IH, s), 8.29 (IH, d), 7.30 (IH, d), 4.51 (lH,d),3.82 

(3H, s), 3.75 (2H, m), 3.69 (1.H, m), 3.56 (IH, m), 3.37-3.27 (IH, brm), 2.44-2.34 (IH, br m), 

2.29 (3H, s), 1.68-1.58 (IH, brm), 1.29 (9H, s). 

Intermediate 31: Methyl 2-acetylamino-6-(2,2-dimethylpropiony3amino)-3-[cis-(2RS,3RS)-2-

15 (methanesulfonyloxymethyl)tetrahydrofuran-3-yl]benzoate 

[00362] Methanesulfonyl chloride (0.042mL) was added to a mixture of methyl 2-

acetylainino-6-(2,2-dimethylpropionyIamino)-3-[cis-(2RS,3RS)-2-(hydroxyme(hyl)-

tetrahydrofuraii-3-yl]benzoate (intennediate 32, 0.14g) and triethylamine (0.15mL) in DCM 

20 (5mL) and Ihe resultant mixture was stirred at room temperature for 30 minutes. The mixture 

was washed with IM hydrochloric acid, dried (MgSCU) and filtered. The filtrate was 

evaporated to dryness lo give methyl 2-acetylamino-6-(2,2-dimelhylpropionylaxnino)-3-[cis-

(2RS,3RS)-2-(methanesulfonyloxymeihyl)-tetrahydrofuran-3-yl]benzoate (0.166g) as a gum. 

[00363] LCMS (Method B) r/t 2.57 (M+Na) 493. 

Mixture ot cis enantiomers 

25 
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Intermediate 32: Methyl 2-acetylamino-6-(2,2-dimethylpropionylamino)-3-[cis-(2RS,3RS)-2-
(hydroxymethyl)-teirahydrofuran-3-y!]benzoate 

Mixture ol cis enantiomers 

[00364] A solution of melhyl 2-acetylamino-6-(2,2-dimethylpropionylamino)-3-(2-
5 hydroxymethy!furan-3-yl)benzoate (Iniermediate 38, 0.2g) in dioxane (4mL) and acelic acid 

(1 mL) was treated under an atmosphere of nitrogen with palladium hydroxide on carbon (i 0%, 
0.03g). The nitrogen was replaced by hydrogen and the mixlure was stirred under an 
atmosphere of hydrogen overnight. The mixture was filtered through Celite and the pad was 

washed thoroughly with ethyl acetate. The filtrate was evaporated to dryness and the residue 
10 was purified by chromatography on silica eluting with a mixlure of methanol and ethyl acetate 

with a gradient of 0-10% lo give methyl 2-acetylamino-6-(2,2-dimelhylpropionylamino)-3-[cis-
(2RS,3RS)-2-(hydroxymethy3)tetrahydrofuran-3-yl]benzoate (0.14g) as a white solid. 
[00365] 'H NMR (CDC13) 8: 9.70 (IH, br s), 8.29 (IH, d), 8.25 (IH, br s), 7.36 (IH, d), 
4.22 (IH, m), 4.10 (IH, m), 3.91 (IH, m), 3.90 (3H, s), 3.64 (2H, m), 3.24 (IH, m), 2.41 (IH, 

15 m), 2.16 (3H, s). 2.11 (IH, m), 1.30 (9H, s). 

Intermediate 33: Melhyl 2-acetylamino-6-(2,2-dimethylpropionylamino)-3-(2-
hydroxymethylfuran-3-yl)benzoaie 

20 [00366] Tetrabutylammonium fluoride (1M solution in THF, l.imL) was added lo a 
stirred, cooled solution of methyl 2-acetylamino-3-[2-(?e/7-butyidimethylsilanyloxymethyl)-
furan-3-ylj-6-(2,2-dimethylpropionylamino)benzoate (Intermediate 34, 0.43g) in THF (lOmL) 
at 0°C and the mixture was stirred at 0°C for 40 minutes then evaporated to dryness. The 
residue was partitioned between ethyl acetate and water and the organic layer was washed with 

25 brine, dried (MgS04) and filtered. The filtrate was evaporated to dryness and the residue was 
purified by chromatography on silica eluting wilh a mixture of methanol and ethyl acetate with 
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a gradient of 0-2% to give methyl 2-acetylamino-6-(2,2-dimethylpropionylamino)-3-(2-
hydroxymethylfuran-3-yl)benzoate (Q.2g) as a gum. 
[00367] lH NMR (CDC13) 8: 9.95 (IH, br s), 8.36 (IH, d), 8.00 (IH, br s), 7.46 (IH, s), 
7.36 (IH, d), 6.32 (IH, s), 4.54 (2H, d), 3.90 (3H, s), 2.45 (IH, t), 1.99 (3H, s), 1.32 (9H, s). 

Intermediate 34: Methyl 2-acetylamino-3-[2-(iert-butyIdimethylsijanyloxymethyl)-furan-3-
yI]-6-(2,2-dimethylpropionylamino)benzoate 

[00368] Acctyl chloride (0.09mL) was added to a stirred solution of methyl 2-amino-3-
10 [2-(re,r?-butyldimethylsilanyloxymethyl)furan-3-yl]-6-(2,2-dimethylpropionylamino)-benzoale 

(Intermediate 35, 0.47g) in DCM (5mL) and pyridine (0.16mL) and the mixture was stirred at 
room temperature for 1 hour. The mixture was diluted with DCM and washed with water and 
brine, dried (MgS04) and filtered. The filtrate was evaporated to dryness and the residue was 
purified by chromatography on silica eluting with a mixture of elhyl acetate and cyclohexane 

15 with a gradient of 20-50% to give methyl 2-acetylamino-3-[2-(rer/-
butyldimethylsilanyloxymelhyl)-furan-3-yl]-6-(2,2-dimethy]propionylamino)benzoate (0.442g) 
as a colourless foam. 
[00369] 'H NMR (CDC13) 8: 10.08 (IH, br s), 8.34 (IH, d), 8.15 (IH, br s), 7.46 (IH, s), 
7.36 (IH, d), 6.32 (IH, s), 4.51 (2H, s), 3.93 (3H, s), 1.98 (3H, s), 1.32 (9H, s), 0.93 (9H, s), 

20 0.13 (6H,s). 

Intermediate 35: Methyl 2-amino-3-[2-(ferf-butyldimethylsilanyloxymethy])furan-3-yl]-6-
(2,2-dimethylpropionylamino)-benzoate 

diamino-3-[2-(J<?rf-buiyldimethylsilanyloxymethyl)furan-3-yljbenzoate (Intermediate 36, l.Og) 
and sodium bicarbonate (0.268g) in ethyl acetate (20mL) and waler (7mL) at 0°C. The mixture 

25 [00370] Pivaloyl chloride (0.353g) was added lo a stirred, cooled mixlure of methyl 2,6-
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was allowed to warm lo room temperature and stirred for 3.5 hours. Further pivaloyl chloride 
(0.048g) was added and the mixture was stirred for 1 hour. Elhyl acetate was added and the 

layers were separated. The organic layer was washed with aqueous sodium bicarbonate solution 
dried (MgSCU) and filtered. The fillrale was evaporated to dryness and the residue was purified 
by chromatography on silica eluting with a mixture of ethyl acelatc and cyclohexane wilh a 
gradient of 5-20% to give methyl 2-ammo-3-[2-(ter{-butyldimethyl&ilanyloxymethyl)furan-3-
yl]-6-(2,2-dimethylpropionylamino)benzoate (0.744g) as an oil. 
[00371] 'HNMR (CDC13)5: 10.81 (IH, brs), 7.97 (IH, d), 7.48 (IH, s), 7.18 (lH,d), 
6.41 (IH, s), 5.67 (2H, s), 4.51 (2H, s), 3.98 (3H, s), 1.33 (9H, s), 0.87 (9H, s), 0.05 (6H, s). 

Intermediate 36: Methyl 2,6-diamino-3-[2-(rerf-bulyldimetliylsilanyloxymethyl)-furan-3-
yl]benzoate 

[00372] A mixture of methyl 3-bromo-2,6-diaminobenzoaie (Intermediate 25, 2.6g), 2-
(rerr-butyldimethylsilanyloxymethyl)furan-3-boronic acid (Intennediate 37, 3.5g), cesium 
carbonate (ll.35g), iri-fert-butylphosphonium telrafluoroborate (0.334g) and iris-
(dibenzylideneacelone)dipalladium (0.529g) in dioxane (72mL) and waler (18mL) was 
degassed and purged with nitrogen then heated at 70°C for 75 minutes. After cooling, ethyl 
acetate and waler were added and the mixture was filtered through Celite. The fillrale was 
separated and the organic layer was washed with brine, dried (MgS04) and filtered. The filtrate 
was evaporated to dryness and the residue was purified by chromatography on silica eluting 
with a mixture of elhyl acetate and cyclohexane with a gradient of 5-20% to give methyl 2,6-
diamino-3-[2-(rm-butyldimethylsilanyloxymethyl)furan-3-yl|benzoate (2.39g) as a viscous oil 
which was used wilhoul further characterization. 

Intermediate 37: 2-(ferr-Butyldimethylsilanyloxymethyl)furan-3-boronic acid 

[00373] n-Butyllithium (2.5M in hexanes, 11.25mL) was added slowly lo a stirred, 
cooled solution of 3-bromo-2-(rer/-butyldimethylsilanyloxymethyl)furan (Intennediate 38, 
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7.5g) in dry ether (150mL) while maintaining the temperature below -70°C. The mixture was 
stirred al -78°C for 2.5 hours. Tri-isopropyl borate (6.75g) was added and the mixture was 

allowed lo warm to room temperature and stirred for 1.75 hours. Ethyl acetate and aqueous 
ammonium chloride solution were added and the layers were separated. The organic layer was 

5 washed with aqueous ammonium chloride solution, dried (MgS04) and filtered. The filtrate 
was evaporated to dryness and the residue was purified by chromatography on silica eluting 
with a mixture of ethyl acelate and cyclohexane with a gradient of 10-35% to give 2-(tert-
butyldimethylsilany]oxymethyl)iuran-3-boronic acid (3.6g) which was used directly without 
further characterization. 

10 

Intermediate 38: 3-Bromo-2-(ft?rr-butyldimelhylsilanyloxymelhyl)furan 

[00374] rerf-Butyldimethylsilanyl triflate (I7.13g) was added slowly to a stirred, cooled 
solution of 3-bromo-2-hydroxymethylfuran (Intermediate 39, 10. Ig) in DCM (160mL) and 

15 pyridine (9.57g) while maintaining the temperature al 0UC. The mixture was allowed lo warm 
to room temperature and stirred for 1 hour. The mixture was washed with aqueous citric acid 
solution, brine, dried (Na2S04) and filtered. The filtrate was evaporated to dryness to give 3-
broino-2-(fcrt-buly]dimethyjsi]anyloxymethy])furan (17. lg). 
[00375] NMR (CDC]3) 6: 7.35 (IH, d), 6.38 (IH. d), 4.65 (2H, s), 0.90 (9H, s), 0.09 

20 (6H, s). 

Intermediate 39: 3-Broino-2-hydroxymelhylfuran 

B^0 

'OH 

[00376] Sodium borohydride (1.14g) was added slowly to a stirred, cooled solution of 3-
25 bromo-2-formylfuran (5g) in a mixture of THF (50mL) and methanol (25mL) while 

maintaining the temperature around 0°C. The mixture was allowed lo warm to room 
temperature and stirred for 1 hour. The mixture was evaporated to dryness and the residue was 
partitioned between ethyl acetate and water. The aqueous layer was extracted with ethyl aceiale 
and the combined organic layers were washed with brine, dried (TN^SCU) and filtered. The 
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filtrate was evaporated to dryness to give 3-bromo-2-hydroxymethylfuran (5.3lg) as a 
colourless oil. 

[00377] 'H NMR (CDCb) 8: 7.37 (IH, d), 6.42 (IH, d), 4.65 (2H, d), 1.71 (IH, t). 

5 Intermediate 40: Methyl (laRS,7bSR)-5-[2-((Z)-3-dielhylaminoprop-l-enyl)-4-
fluorobenzene-sulfonylamino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

[00378] A solution of methyl (laRS,7bSR)-5-(2-bromo-4-fluorobenzenesulfonyIamino)-
l,la,2,7b-tctrahydrocyclopropa[c]chromene-4-carboxylaie (Intermediate 41, 0.208g) and N,N-

10 diethyl-N-((Z)-l-tributylstannanylprop-I-en-3-yl>amme (Intermediate 11,0.367g) in dioxane 
(5mL) and DMSO (0.5mL) was de-gassed and flushed with nitrogen. Tris-
(dibenzylideneacetone)-dipalladium (0.02 lg) and tri-r<?rr-butyIphosphonium tetrafluoroborate 
(0.013g) were added and the mixture was again de-gassed and flushed with nitrogen. The 
resultant mixture was heated at 95°C for 45 minutes. After cooling, the mixture was partitioned 

15 between ethyl acetate and water and the organic layer was dried (MgSCXt) and filtered. The 
filtrate was concentrated in vacuo and the residue was purified by chromatography on silica, 
eluling wilh a mixture of methanol and DCM, with a gradient of 0-12% to give methyl 
(laRS,7bSR)-5-[2-((Z)-3-diethylaminoprop-l-eny])-4-f]uorobenzenesulfonylamino]-].,]a,2,7b-
tetrahydrocyclopropa[c]chromene-4-carboxylaie (0.188g) as a yellow/brown oil. 

20 [00379] 'H NMR (CDCI3) 8: 8.06 (IH, dd), 7.16 (IH, dj, 7.09-7.03 (2H, m), 6.94 QH, 
d), 6.86 (IH, d), 6.10-6.02 (lH, m), 4.33 (IH, d), 3.84 (3H, s), 3.78 (IH, d), 3.13 (2H, br, d), 
2.54 (4H, br, q), 1.88 (IH, m), 1.71 (IH, m), 1.03-0.92 (8H, m). 

Intennediate 41: Methyl (laRS,7bSR)-5-(2-bromo-4-fluorobenzenesulfonylamino)-l,la,2,7b-
25 telrahydrocyclopropa[c]chromene-4-carboxylate 
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[00380] Methyl (laRS,7bSR)-5-amino-l,la,2,7b-tetrahydrocyc]opropa[c]chromcne-4-
carboxylate (Intermediate 42, 0.120g) was suspended in DCM (5mL). Pyridine (0.8S5mL) and 

2-bromo-4-fluorobenzenesufonyl chloride (0.180g) were added. The mixture was stirred at 

room temperature for 5 hours then concentrated in vacuo. The residue was dissolved in ethyl 
5 acetate and washed with 0.5M aqueous hydrochloric acid solution, dried (MgS04) and filtered. 

The filtrate was concentrated in vacuo and the residue was purified by chromatography on 
silica, eluting wilh a mixture of ethyl acetate and cyclohexane, with a gradient of 5-10% to give 
melhyl (laRS,7bSR)-5-(2-bromo-4-fluorobenzenesu]fonylamino)-l,Ia,2,7b-
tetrahydrocyclopropa[c]chromene-4-carboxylate (0.208g) as a colourless oil. 

10 [00381] "H NMR (CDC13) 5: 9.31 (IH, br, s), 8.14 (IH, dd), 7.41 (IH, dd), 7.17 (IH, d), 
7.11 (IH, ddd), 7.06 (IH, d), 4.34 (IH, dd), 3.90 (3H, s), 3.80 (1H, dd), 1.94-1.85 (lH, m), 
1.75-1.67 (lH.m), 1.01 (2H,m). 

Intermediate 42; Methyl (laRS,7bSR)-5-amino-l,la,2,7b-tetrahydrocyclopropa[c]chromene-
15 4-carboxylatc 

[00382] Methyl (laRS,7bSR)-5-(2,2-dimelhylpropiony!ammo)-l,la,2,7b-
tetrahydrocycIopropa[c]chromene-4-carboxylate (Intermediate 43, 0.3 lOg) was suspended in 
methanol (7.5mL) and concentrated sulphuric acid (4 drops) was added. The reaction mixture 

20 was heated to reflux, under an atmosphere of nitrogen, for 36 hours. A further 2 drops of 
concentrated sulphuric acid was added and heating was continued for a further 24 hours. After 
cooling, the mixture was concentrated in vacuo and the residue was partitioned between ethyl 
acetate and saturated aqueous potassium carbonale solution. The aqueous layer was extracted 
wilh ethyl acetate and the combined organic layers were dried (Na2SC>4) and filtered. The 

25 filtrate was concentrated in vacuo and the residue was purified by chromatography on silica, 
eluling with a mixture of ethyl acetate and cyclohexane, wilh a gradient of 5-20% to give 
methyl (laRS,7bSR)-5-amino-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 
(0.120g) as an off-white solid. 
[00383] 'H NMR (CDC13) 5: 7.06 (IH, d), 6.26 (lH, d), 4.33 (IH, d), 3.87 (3H, s), 3.85 

30 (IH, d), 1.83 (IH, td), 1.64 (IH, m), 0.99-0.89 (2H, m). 
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Intermediate 42A: Melhyl (laR,7bS)-5-axnino-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-

carboxylale 

Lux C-3 column, 50mm x 250mm, particle size 5micron. Eluting with 5% methanol (+0.1% 

diethylamine) in C02 

Absolute configuration of Intermediate 42A was confirmed by conversion of a sample to 

Exampie 12 and comparison with the analytical chiral HPLC. 

10 Intermediate 43: Methyl (laRS,7bSR)-5-(2,2-dimethylpropionylamino)-l,la,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylate 

[00385] Methyl (laRS,7bSR)-l,l-dibromo-5-(2,2-dimethylpropionylamino)-1,1a,2,7b-

tetrahydro-cyclopropa[c]chromene-4-carboxylate (Intermediate 44, 1.13g) was suspended in 

15 elhanol (30mL). Zinc dust (1.17g), followed by ammonium chloride (1.31g) were added and 

the reaction mixlure was healed io reflux, under an atmosphere of nitrogen, for 6 hours. After 

cooling, the solid was filtered off and washed with elhyl acetate. The filtrate was concentrated 

in vacuo and the residue was purified by chromatography on silica, eluting wilh a mixlure of 

ether and cyclohexane, with a gradienl of 5-12.5% to give methyl (laRS,7bSR)-5-(2,2-

20 dimelhylpropionylamino)-1,la,2 Jb-tctrahydrocyclopropa|c]chromene-4-carboxylale (0.31 Og) 

as a colourless oil. 

[00386] 'H NMR (CDC13) 8: 9.72 (iH, br, s), 7.98 (IH, d), 7.30 (iH, d), 4.36 (IH, dd), 

3.91 (3H, s), 3.84 (IH, dd), 1.95 (IH, td), 1.73 (IH, m), 1.28 (9H, s), 1.03 (2H, m). 

5 [00384] Sample from Intermediate 42 was subjected to chiral SFC separation using a 

25 Intermediate 44: Methyl (laRSt7bSR)-l,l-dibromo-5-(2,2-dimethylpropionylamino)-

l,ia,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 
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[00387] Methyl 7-(2,2-dimethylpropionylamino)-2H-chromene-8~carboxylale 

(intennediate 45, 2.372g) and benzyl triethyl ammonium chloride (0.373g) were suspended in 

btomoform (6.45mL) and aqueous sodium hydroxide solution (50%, 3.64tnL) was added 

5 dropwise. The resultant black suspension was heated to 60°C for 2 hours. After cooling, the 

mixture was partitioned between water and ethyl acetate. The emulsion formed was filtered 

through a pad of Celite and the organic layer was decanted off. The aqueous was re-extracted 

with ethyl acetate and Ihe combined organic layers were dried (MgSCU) and filtered. The 

filtrate was conccntrated in vacuo and the residue was purified by chromatography on silica, 

10 eluting with a mixture of ethyl acetate and cyclohexane, with a gradient of 2.5-15% lo give 

melhyl 1,1 -dibromo-5-(2,2-dimethylpropionylamino)-1, 1 a,2,7b-

letrahydrocyclopropa[c]chromene-4-carboxylate (1.557g) as an off-white solid. 

[00388] *H NMR (CDCfe) 5: 9.89 (IH, br, s), 8.13 (IH, d), 7.43 (IH, d), 4.47 (IH, dd), 

4.32 (IH, dd), 3.91 (3H, s), 2.89 (IH, d), 2.45 (IH, ddd), 1.30 (9H, s). 

15 

Intennediate 45: Methyl 7-(2,2-dimethylpropionylamino)-2H-chromene-8-carboxylate 

[00389] A solution of methyl 2-(2,2-dimethylpropiony]amino)-6-(prop-2-

ynyloxy)benzoate (Intermediate 46, 4.74g) and [to(lriftuoromethanesulfonyI)imidate]-

20 (triphenylphosphine)gold (2:1) toluene adduct (0.060g) in toluene (70mL) was heated to 85°C, 

under an atmosphere of nitrogen for 3 hours. After cooling, the mixture was concentrated in 

vacuo and the residue was purified by chromatography on silica, eluting wilh a mixture of ethyl 

acetate and cyclohexane, with a gradient of 0-20% to" give methyl 7-(2,2-

ditnethylpropionylamino)-2H-chromene-8-carboxylate (3.59g) as a colourless oil. 

25 [00390] 'H NMR (CDCfe) 8: 10.02 (IH, br, s), 8.05 (IH, d), 7.05 (IH, d), 6.39 (IH, 

ddd), 5.76 (IH, dt), 4.83 (2H, dd), 3.93 (3H, s), 1.30 (9H, s). 
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Intermediate 46: Melhyl 2-(2,2-dimethylpropionylamino)-6-(prop-2-yny]oxy)benzoate 

[00391] A mixture of methyl 2-(2,2-dimethylpropionylammo)-6-hydoxybcnzoate 
5 (Intermediate 47, 4.57g), propargyl bromide (80% solution in toluene. 2.03mL) and potassium 

carbonate (3.74g) in acetone (35mL) was heated at reflux for 8 hours. After cooling, the 

mixture was filtered and the filtrate was concentrated in vacuo. The residue was purified by 
chromatography on silica, eluting with a mixture of ethyl acetate and cyclohexane, with a 
gradient of 5-20% to give methyl 2-(2,2-dimeihyipropionylamino)-6-tprop-2-ynyioxy)benzoaie 

10 (4.74g) as an oil which crystallised on standing to give a white solid. 
[00392] 'H NMR (CDC13) 8: 9.89 (1.H, br, s), 8.16 (IH, dd), 7.41 (IH, I), 6.83 (IH, dd), 
4.74 (2H, d), 3.95 (3H, s), 2-53 (IH, t), 1.31 (9H, s). 

Intennediate 47: Methyl 2-(2,2-dimethylpropionylamino)-6-hydoxybenzoate 

15 
[00393] Trimelhylacetyl chloride (3.69g) was added to a mixture of methyl 2-amino-6-
hydoxybenzoate (prepared according to Comess et al, US2004 0167128, 3.99g) and sodium 
bicarbonate (2.57g) in ethyl acetate (77mL) and water (l8mL). The reaction mixture was 
stilted at room temperature for 1 hour. A further amount of trimelhylacetyl chloride (I.85g) 

20 was added and the mixture was stirred for 1 hour. A further amount of trimethylacelyl chloride 
(0.920g) was added and the mixture was stirred for 30 minutes. The mixlure was diluted with 
elhyl acelale, the layers were separated and Ihe organic layer was dried (Na2S04) and filtered. 
The filtrate was concentrated in vacuo and the residue was purified by chromatography on 
silica, eluting wilh a mixture of ethyl acetate and cyclohexane, wilh a gradient of 5-25% to give 

25 methyl 2-(2,2-dimethylpropionylamino)-6-hydoxyhenzoate (5.79g) as a white solid. 
[00394] lH NMR (CDC13) 8: 10.32 (IH, br, s), 8.22 (IH, dd), 7.41 (IH, l), 6.71 (IH. dd), 
4.08 (3H, s), 1.33 (9H, s). 
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Intermediate 48: Methyl Q aRS,7bSR)-5-[2-((Z)-3-diethylaminoprop- l-enyl)-4-

fiuorobenzenesulfonylamino]-7b-methyl-l,la,2,7b-telrahydrocyclopropa[c]chromene-4-

carboxylate 

5 [003951 Prepared by proceeding in a similar manner lo Intermediate 40, starting from 

melhyl (laRS,7bSR)-5-(2-bromo-4-fluorobenzenesulfonylamino)-7b-methy]-l,la.2,7b-

tetrahydrocycIopropa(c]chromene-4-carboxylate (Intermediate 49) and N,N-dielhyl-N-((Z)-1 -

tributyistannanylprop-i-en-3 y!)amine (Iniermediate 11). 

*H NMR (CDCls) 8: 8.07 (IH, dd), 7.28 (1H, d), 7.05 (2H, m), 6.95 (IH, d), 6.88 (1H, d), 6.06 

10 (IH, m), 4.28 (IH, d), 3.85 (3H, s), 3.83 (IH, d), 3.14 (2H, br d), 2.53 (4H, q), 1.41 (3H, s), 

1.12 (IH, m), 1.07 (iH, t), 0.93 (6H, t), 0.84 (1H, dd). 

Intermediate 49: Methyl (laRS,7bSR)-5-(2-bromo-4-fluorobenzenesulfonylamino)-7b-

mefhyl-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylale 

methyl (laRS,7bSR)-5-ammo-7b-methyM ,la,2,7b-l£trahydrocyc)opTC>pa[c)chromeTie-4-

carboxylate (Intennediate 50) and 2-bromo-4-fiuorobenzenesulfonyl chloride. 
lH NMR (CDCI3) 8: 9.18 (IH, brs), 8.14 (IH, dd), 7.41 (lH, dd), 7.29 (IH, d), 7-11 (IH, m), 

20 7.08 (IH, d), 4.28 (IH, d), 3.89 (3H, s), 3.84 (IH, d), 1.44 (IH, m), 1.42 (3H, s), 1.10 (1H, t), 

0.83 (IH, dd). 

Intermediate 50: Methyl (laRS,7bSR)-5-amino-7b-methyl-1, la,2.7b-teirahydrocvclopropa-

[c]chromene-4-carboxylate 

15 
[00396] Prepared by proceeding in a similar manner 10 Intennediate 41, starting from 
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[00397] Trifluoroacetic acid (4mL) was added lo a solution of methyl (laRS,7bSR)-5-
(/ejt-butoxycarbonylamino)-7b-methy]-l,la,2,7b-tetrahydrocyc!opropa-[c]chromene-4-
carboxylate (Intermediate 51, 0.6g) in dichloromethane (4mL) and ihe resultant dark solution 

5 was stirred at room temperature for 1 hour. The solution was evaporated lo dryness and the 
residue was partitioned between water and ethyl acetaie and treated widi a small amount of 
solid sodium bicaibonate until the pH of the aqueous layer was >7. The layers were separated 
and the aqueous layer was extracted with elhyl acetate. The combined organic layers were 

washed with water, dried (MgS04) and filtered. The filtrate was evaporated to dryness to give 
10 methyl(laRS,7bSR)-5-ammo-7b-melhyl-l,la,2,7b-teirahydrocyctopropa-[c]chromene-4-

carboxylate (0.402g) as a red/orange solid. 
!H NMR (CDC13) 5: 7.20 (IH, d), 6.30 (IH, d), 4.27 (1H, d), 3.90 (IH, d), 3.88 (3H» s), 1.42 
(3H, s), 1.37 (IH, m), 1.06 (IH, t), 0.78 (IH, dd). 

15 Intennediate 51: Methyl (laRS,7bSR)-5-(ter/-butoxycarbonylamino)-7b-mediyI-l,la,2,7b-
tel.rahydrocyclopropa-[c]chromene-4-carboxylate 

[00398] Prepared by proceeding in a similar manner to iniermediate 43, starting from 
melhyl (1 aRS,7bSR)-5-(?e/t-butoxycarbonylamino)-1, i-dibromo-7b-methyl-1, la, 2,7b-

20 tetrahydr0-cycl0pr0pa-[c)chr0mene-4-cart)0xylaie (Intermediate 52). 
lH "NMR (CDCI3) 5: 8.27 (IH, brs), 7.72 (IH. d), 7.38 (IH, d), 4.29 (IH, d), 3.91 (3H, s), 3.88 
(IH, d), 1.50 (9H, s). 1.46 (3H, s), 1.44 (IH, m), 1.13 (IH, t),0.84(lH. dd). 

Intermediate 52: Methyl (laRS,7bSR)-l,l-dibromo-5-(rer/-butoxycarbonylamino)-7b-methyl-

25 l,la,2,7b-letrahydrocyclopropa-[c}chromene-4-carboxylate 
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Br 

>Ll 
H 

[00399] Prepared by proceeding in a similar manner lo Inlennediale 44, slaiting from 
melhyl 4-methyl-7-(re>-r-buloxycarbonylamino)-2H-chromene-8-carboxylate (Intermediate 53). 

'H NMK (CDCb) 5: 8.55 (IH, br s), 7.87 (IH, d), 7.42 (JH, d). 4.75 (lH, dd), 4.13 (IH, dd), 
5 3.92 (3H, s), 2.05 (IH, dd), 1.79 (3H, s), 1.50 (9H. s). 

Intermediate 53: Melhyl 4-methyl-7-(f<?rt-butoxycarbonyIamino)-2H-chromene-8-carboxylaie 

H 

[00400] Prepared by proceeding in a similar manner lo Intermediate 45, slatting from 
10 melhyl 2-[ii'i--(terf-buiyoxycarbonyl)ainino]-6-(bul-2-ynyloxy)benzoate (Intermediate 54). 

'H NMR (CDCb) 5: 8.66 (IH, br s), 7.77 (IH, d), 7.18 (IH, dd), 5.53 (lH, m), 4.73 (2H, m), 
3.93 (3H, s), 1.99 (3H, q), 1.51 (9H, s). 

Intermediate 54: Methyl 2-[£i'.y-(;ert-butyoxycarbonyl)amino}-6-(bul-2-ynyloxy)benzoate 

[00401] Prepared by proceeding in a similar manner to Iniermediate 46, starting from 
methyl 2-[£>*'.v-(f<?r7-butyoxycarbonyl)amino]-6-hydroxybenzoate (Intermediate 55) and 1-
bromobul-2-yne 

'H NMR (CDCb) & 7.36 (1H, t), 7.08 (IH, dd), 6.82 (IH, dd). 4.70 (2H, q), 3.84 (3H, s), 1.84 
20 (3H, t), 1.39 (18H, s). 
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Intermediate 55: Methyl 2-[My-(r<?n-butyoxycarbonyl)amino]-6-hydroxybenzoate 

Prepared by proceeding in a similar manner to Intermediate 4, starting from methyl 2-[bis-(tert-
butoxycarbony])amino]-6-(4-methylbenzenesu]fonyloxy)benzoate (Intermediate 56) 

'H NMR (CDCI3) 5: 11.17 (IH, s), 7.40 (IH, t), 6.99 (IH, dd). 6.69 (IH, dd), 3.92 (3H, s), 1.37 
(18H, s). 

Intermediate 56: Methyl 2-[i?is-(tert-biitoxycarbonyl)amino}-6-(4-
methylbenzenesulfonyloxy)-benzoate 

[00402] Prepared by proceeding in a similar manner to Intermediate 6, starting from 
methy! 2-amino-6-hydroxybenzoate (prepared according to Comess etal, US2004 0167128) 

'H NMR (CDC33) 8: 7.72 (2H, d), 7.40 (IH, t), 7.31 (2H. d),7.22(lH, dd), 7.11 (IH, dd), 3.71 
(3H. s), 2.44 (3H, s), 1.33 (18H, s). 

Intermeidatc 57: Cis-(3aRS,9bRS)-7-(2-fluorobenzenesu]fonylamino)-l,3a,4,9b-tetrahydro-
2H-furo[2,3-clchromene-6-carboxy!ic acid 

^ O^OH 

Mixture of cis enantiomers 
[00403] A mixture of lithium hydroxide (0.5g) and methyl cis-(3aRS,9bRS)-7-(2-
fluorobenzenesulfonyl-amino)-l,3a,4,9b-tetrahydro-2H-furo[2,3-c]chromenc-6-carboxy]ale 
(Intermediate 58, 0.217g) in a mixture of dioxane (13mL) and water (4mL) was divided 
between two microwave vials and the mixtures were irradiated in the microwave at 150"C for 
10 minutes. After cooling, the combined mixture was acidified by addition of 10% aqueous 
citric acid (2mL), extracted with DCM, dried (MgSCU) and filtered. The filtrate was evaporated 
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to dryness to give ci5-(3aRS,9bRS)-7-(2-fluorobenzenesu]fony]amino)-l,3a,4,9b-tetrahydro-
2H-furo[2,3-c]chromene-6-carboxylic acid (0.5I8g) as a glass. 
'HNMR (CDCb) 3: 12.00 (1H, br s), 11.57 (IH, brs). 7.97 (lH,dt),7.55 (1H, m), 7.43 (IH, 
d), 7.26 (2H, m), 7.15 (IH, t), 4.43 (IH, dd), 4.37 (IH, m), 4.14 (IH, dd), 3.83 (2H, m), 3.50 

5 (IH, m). 2.50 (IH, m), 1.87 (IH.m). 

Intermediate 58: Methyl cis-(3aRS,9bRS)-7-(2-fluorobenzenesulfonylamino)-l,3a,4,9b-
tetrahydro-2H-furo[2,3-c]chromene-6-caiboxylate 

10 [00404] 2-FluorobenzenesulfonyJ chloride (0.5g) was added to a solution of methyl cis-
(3aRS,9bRS)-7-amino-l,3a,4,9b-tetrahydro-2H-furo[2,3-c]chromene-6-carboxy3ate 
(Intermediate 19, 0.53g) in DCM (IQtnL) and pyridine (20mL) and the resultant mixture was 
stirred al room temperature for 48 hours. The mixture was evaporated lo dryness and the 
residue was treated with water, extracted wilh DCM, dried (MgS04) and filtered. The filtrate 

15 was evaporated to dryness and the residue was purified by chromatography on silica, eluting 
wilh a mixture of ethyl acetate and cyclohexane with a gradient of 0-60% to give methyl cis-
(3aRS,9bRS)-7-(2-fluorobenzenesulfonylamino)-l,3a,4,9b-letrahydro-2H-furo[2,3-
cjchromene-6-carboxyiate (0.574g) as a pale yellow solid. 

'H NMR (CDCI3) 8: 9.11 (IH, s), 7.85 (IH, dt), 7.53 (IH, m), 7.23 (IH, d), 7.21 (IH, dt), 7.15 
20 (IH, d), 7.13 (IH, dd), 4.28 (IH, in), 4.04 (IH, dd). 3.95 (IH, dd), 3.87 (3H, s), 3.82 (2H, m), 

3.41 (IH, m), 2.45 (JH,m), J.84(2H, m). 

25 

Intermediate 59: Methyl (laRS.7bSR)-5-[2-((Z)-3-diethylaminoprop-l-enyl)-4-
fluorobenzenesulfonylamino]-1,1-difluoro-l,la,2,7b-tetrahydro-cyciopropa[c]chromene-4-
carboxylate 
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[00405] Prepared by proceeding in a similar manner to Intermediate 9, starting from 
methyl (l.aRS,7bSR)-5-(2-bromo-4-fluorobenzenesulfonylammo)-l,l-difluoro-i,la,2,7b-
tetrahydro-cyclopropa[c]chromene-4-carboxylate (Intermediate 60) and N.N-diethyl-N-ffZj-1 -

5 tributylstannany]prop-l-en-3-yl)amine (Intennediate 11) as a pale yellow gum. 

'HNMR (CDCb) 6: 8.11 (IH, dd), 7.18 (IH, d), 7.13-7.04 (2H, m), 6.98 (IH, d), 6.93 (lH, d), 
6.08 (IH, m), 4.38 (IH, d), 4.02 (lH, m), 3.87 (3H, s), 3.23-3.04 (2H, br s), 2.67 (IH, I), 2.60-
2.43 (4H, br s), 3.32 (IH, m), 0.94 (6H, t). 

10 intermediate 60: Methyl (laRS,7bSR)-5-(2-bromo-4-fluorobenzenesulfonylamino)-l,J-
difluoro-1,1 a,2,7b-tetrahydrocyclopropafc|chromene-4-carboxylate 

[00406] Prepared by proceeding in a similar manner to Intennediate 18, starting from 
melhyl (1 aRS,7bSR)-5-amino-1,1 -difluoro-1,1 a,2,7b-teirahydrocyclopropa[c]chromene-4-

15 carboxylate (Intennediate 61) and 2-bromo-4-fluorobenzene sulfonyl chloride, as a colourless 
foam. 
lH NMR (CDCb) 8: 9.58 (IH, s), 8.18 (IH, dd), 7.42 (IH, dd), 7.20 (IH, d), 7.13 (IH, d), 7.16-
7.08 (IH, m), 4.38 (IH, d), 4.03 (IH, m), 3.91 (3H, s), 2.67 (IH, I), 2.32 (311, m). 

20 Intermediate 61: Melhyl (laRS,7bSR)-5-amino-l,l-difluoro-l,la,2,7b-tetrahydrocyclopropa-
[cjchromene-4-carboxylate 



WO 2012/154676 PCT/US2012/036789 

-143 -

[00407] Prepared by proceeding in a similar manner to Intermediate 42, starling from 
methyl (laRS,7bSR)-5-(2,2-dimethylpropionylamino)-l,l-difluoro-l,la,2,7b-tetrahydro-
cyclopropa[c]chromene-4-carboxylate (Intermediate 62) as an off white solid. 

5 'H NMR (CDCI3) S: 7.07 (1H, d), 6.30 (IH, d), 5.19-4.95 (2H, br s), 4.32 (IH, d), 4.11 (IH, 
m), 3.87 (3H, s), 2.60 (IH, I), 2.27 (IH, m). 

Iniermediate 62: Methyl (laRS,7bSR)-5-(2,2-dimeihylpropionylarnino)-L,l-difIuoro-
l,la,2,7b-tetrahydrocycIopropa[c]chromene-4-carboxylate 

[00408] Methyl 7-(2,2-dimethylpropionylamino)-2H-chromene-8-carboxyiate 
(Intermediate 45, l.Og) was dissolved in diglyme (30mL) and the solution was heated lo 160°C. 
Sodium chlorodifluoroacelale (4.27g) was added in portions over 15 minutes with the final 
portion being washed in with diglyme (15mL). On completion of the addition the mixture was 

15 heated at 180°C for 15 minutes. After cooling, the mixture was poured into water and extracted 
with ethyl acetale, washed wilh waler, dried (MgS04) and fillered. The filtrate was evaporated 
to dryness and the residue was purified by chromatography on silica, eluling wilh a mixture of 
elhyl acetate and pentane with a gradient of 2.5-15% to give methyl (laRS,7bSR)-5-(2,2-
dimethylpropionylammo)-l,l-difluoro-l,la,2,7b-tetrahydro-cyclopropa[c]chromene-4-

20 carboxylate (0.66g) as a colourless oil. 

'NMR (CDCI3) S: 9.86 (1.H, br s), 8.12 (IH, d), 7.33 (IH, d), 4.41 (IH, d), 4.07 (IH, m), 3.92 
(3H, s), 2.74 (IH, t), 2.34 (IH, m), 1.29 (9H, s). 

25 

Intermediate 63: Methyl (laRS,7bSR)-5-[2-((Z)-3-elhylaminoprop-l-enyl)-4-
fluorobenzenesulfonylaminoj-1 ,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 



WO 2012/154676 PCT/US2012/036789 

- 144 -

[00409] Methane sulfonic anhydride (0.09g) was added to a stirred, cooled mixture of 
methyl (laRS!7bSR)-5-{N-[methoxycarhonyI]-N-[2-((Z)-3-hydroxyprop-)-enyl)-4-
fluorobenzenesu]fonyl]amino}-l,la,2,7b-tetrahydrocyclopropa[c3chromene-4-carboxylate 

5 (Intermediate 64, 0.l7g) and N,N-di-isopropyl-N-ethylamine (0.134g) in DCM. (lQmL) at 0°C. 
The temperature was allowed to rise to room temperature and the mixlure was stirred for 2 
hours. A solution of ethylamine (2M in toluene, 2mL) was added and ihe resultant mixture was 
slirred at room temperature for 3 hours then diluted wilh water. The organic layer was 
separated, dried (NajSCU) and filtered. The filtrate was evaporated to dryness to give methyl 

10 (laRS,7bSR)-5-[2((Z)-3-ethylaininoprop-l-enyl)-4-fluorobenzenesulfonyl-amino]-l,la,2,7b-
tetrahydro-cyclopropa[c]chromene-4-carboxylale (0.09g) as a white solid. 
'H NMR (DMSO-d6) 6: 7.89 (IH, dd), 7.35 (IH, d), 7.16 (iH, m), 7.08 (IH, d), 6.83 (IH, d), 

6.58 (IH, d), 5.69 (lH, m), 4.17 (IH, d), 3.84-3.04 (2H, br s), 3.67 (3H, s), 3.58 (IH, d), 2.78 
(2H, m), 1.83 (IH, m), 1.66 (IH, m), 1.04 (3H, t), 0.88 (IH, m), 0.64 (IH, m). 

15 
Intermediate 64: Melhyl (laRS,7bSR)-5-{N-[2-((Z)-3-hydroxyprop-l-eny])-4-fluorobenzene-
suifonyl]-N-[methoxycarbonyI]amino}-1,1a,2,7b-tetrahydrocyclopropa-[c]chromene-4-
carboxylale 

20 [00410] A mixture of methyl (laRS,7bSR)-5-[N-(2-bromo-4-fluorobenzenesulfonyJ)-N-
(methoxycarbonyl)aminoj-1, la,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxylate 
(Iniermediate 65, 0.6g), (Z)-3-tributylstannanylprop-2-en-l-ol (Intermediate 12, 0.81g), tris-
(dibenzylideneacetone)dipalladium (O.lg) and trw<?rt-butylphosphonium tetrafluoroborate 
(0.07g) in dioxane (]8mL) and DMSO (2mL) was slirred at room temperature for 30 minutes. 

25 The resultant mixture was diiuted wilh ethyl acetate and washed with waler, dried (Na2S04) 
and filtered. The filtrate was evaporated to dryness and the residue was purified by 
chromatography on silica, eluting with a mixture of ethyl acetate and petroleum ether wilh a 

•O 
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giadient of 30-50% to give methyl (laRS,7bSR)-5-{N-[2-((Z)-3-hydroxyprop-l-enyl)-4-
fiuorobenzenesulfonyl]-N-[melhoxycarbonyl]amino}-l,la,2,7b-letrahydrocyclopropa-
[c]chromene-4-carboxylate (0.55g) as an off-white solid. 

NMR (CDCls) 6: 8.19 (IH, m), 7.39 (IH, d), 7.16 (IH, m), 7.02 (IH, in), 6.96 (2H, m), 6.03 

5 (IH, m), 4.41 (IH, m), 4.23 (2H, m), 3.88 (IH, dd), 3.71 (3H, 2s), 3.65 (3H, 2s), 2.06 (IH, m), 
1.82 (lH,m), 1.25 (IH, m), 1.14 (lH,m). 

Intermediate 65: Methyl (laRS,7bSR)-5-[N-(2-bromo-4-fluorobenzencsulfonyl)-N-
(meihoxycaibonyl)amino]-l,la,2,7b-tetrahydrocyclopropa-Ic]chromene-4-cart)oxylate 

[00411] A solution of melhyl (laRS,7bSR)-5-(2-bromo-4-fiuorobenzenesulfonylamino)-
l,la,2.7b-tetrahydrocyclopropa[c]chromene-4-carboxylate (Intermediate 41, 1.7g) in THF 
(20ml--) was added to a suspension of sodium hydride (70% oil dispersion, 0.2g) in THF 
(lOmL). The resultant solution was stirred for 30 minutes then methyl chloroformale (0.53g) 

15 was added. The resultant mixture was stirred at room temperature overnight. Saturated aqueous 
sodium bicarbonate was added and the mixlure was extracted wilh elhyl acetate, dried 
(Na2S04) and filtered. The fillrale was evaporated lo dryness and the residue was purified by 
chromatography on silica, eluling with a mixture of elhyl acetate and petroleum ether (30%) lo 
give methyl (laRS,7bSR)-5-[N-(2-bromo-4-fluorobenzenesulfonyl)-N-

20 (methoxycarbonyl)amino]-l,]a,2,7b-letrahydrocyclopropa-[c]chromene-4-carboxylate (1.6g) as 

a white solid. 
'H NMR (CDC13) 5: 8.42 (IH, m), 7.48 (IH, dd), 7.37 (IH, d), 7.19 (2H, m), 4.42 (IH, m), 
3.95 (IH, dd), 3.86 (3H, s,), 3.69 (3H, s), 2.06 (lH, m), 1.84 (IH, m), 1.16 (2H, m). 

25 Intermediate 66: Methyl (laRS,7bSR)-5-{2[(Z)-3-(pyrrolidin-l-yl)prop-l-cnyl]-4-
iluorobenzenesulfonylamino} -1,1 a,2,7b-lelrahydrocyclopropalc]chromene-4-carboxylate 

10 
F 
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[00412] Prepared by proceeding in a similar manner to Intermediate 63, starling from 
methyl (laRS,7bSR)-5-{N-[meihoxycarbonyl]-N-[2-((Z)-3-hydroxyprop-l-enyI)-4-
fluorobenzenesulfonyl|aminoJ-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

5 (Intermediate 64) and pyrrolidine as a brown oil. 
LCMS (Method D) r/t 1.28 (M+H) 487 

Intermediate 67: (laRS,7bSR)-5-(2-Fluorobenzenesu3fonylamino)-l,ia,2,7b-tetrahydro-
cyclopropa[c]chromene-4-carboxylic acid 

1,1 a,2,7b-tetrahydrocyc]opropa[cjchromene-4-carboxylate (Intermediate 68, 0.6g) and lithium 
hydroxide monohydrate (1.5g) in dioxane (45mL) and water (13.8mL) was stirred and heated at 
100°C overnight. After cooling, the mixture was concentrated under vacuum and the residue 

15 was diluted with water and acidified to pH3 with 1M hydrochloric acid. The precipitated solid 
was collected by filtration to give (laRS,7bSR)-5-(2-fluorobenzenesulfonylamino)-l,la,2,7b-
tetrahydrocyclopropa[c]chromene-4-caiboxylic acid (0.58g) as a white solid. 

*H NMR (DMSO-dc) 8: 13.05 (IH, br s), 9.96 (IH, s), 7.73 (2H, m), 7.45-7.31 (2H, m), 7.23 

(IH, d), 6.64 (IH, d), 4.29 (IH, d), 3.74 (IH, d), 2.01 (IH, m), 1.80 (IH, m), 1-02 (IH, m), 0.81 

Intennediate 68: Methyl (laRS,7bSR)-5-(2-fluorobenzsnesulfonylamino)-I!la,2,7b-
tetrahydrocyclopropaj"cjchromene-4-carboxylate 

10 
[00413] A mixture of methyl (laRS,7bSR)-5-(2-Fluorobenzenesu]fonylamino> 

20 (lH,m). 
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[00414] Prepared by proceeding in a similar manner to Intermediate 41, starting from 
methyl (laRS,7bSR)-5-amino-l,la,2,7b-letrahydrocyclopropa[c]chromene-4-carboxylate 
(Intermediate 42) and 2-fluorobenzenesulfony} chloride. 

5 'H NMR (CDC13) 8: 8.90 (IH, s), 7.84 (IH, dt), 7.53 (IH, m), 7.24-7.11 (4H, m), 4.34 (IH, d), 

3.88 (3H, s), 3.80 (IH, dd), 1.91 (IH, m), 1.74 (IH, m), 1.02 (2H, m). 

Intermediate 69: Methyl (laRSJbSR)-5-(2[(Z)-3-(propan-2-yl)aminoprop-i-enyl]-4-

fluorobenzenesulfonylamino}-I,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

methyl (laRS,7bSR)-5-{N-[methoxycait!onyl]-N-[2-((Z)-3-hydroxyprop-l-enyl)-4-
fluorobenzene-su3fonyl]aminoi-l,la,2,7b-telrahydrocyclopropa[cjchromene-4-caiboxylate 
(Intennediate 64) and 2-aminopropane. 

15 LCMS (Method D) r/t 1.17 (M+H) 475. 

Intermediate 70: Melhyl (laRS,7bSR)-5-{2[(Z)-3-((S)-3-hydroxypyrrolidin-l-yl)aminoprop-
l-enyl]-4-f]uorobenzenesuIfonylamino}-l,ia,2,7b-tetrahydrocyc!opropa[cjchromene-4-

carboxylate 

10 
[00415] Prepared by proceeding in a similar manner to Intennediate 63, starting from 

20 
[00416] Prepared by proceeding in a similar manner to Intermediate 63, starling from 
methyl (laRS,7bSR)-5-{N-[methoxycarbonyl]-N-[2-((Z)-3-hydroxyprop-l-enyl)-4-
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fluorobenzene-sulfonyl]amino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxy3ate 
(Intennediate 64) and (S)-3-hydroxypyrrolidine. 
LCMS (Method D) r/t 1.14 (M+H) 503. 

5 Intermediate 71: Methy] (laRS,7bSR)-5-{2[(Z)-3-((R)-3-hydroxypyrrolidin-l-yl)aminoprop-
l-enyl]-4-fluorobenzenesulfonylamino}-l,la,2,7b-tetrahydroicyclopropa[c]chromene-4-
carboxylate 

[00417] Prepared by proceeding in a similar manner lo Intennediate 63, starting from 
10 methyl (laRSJbSR)-5-{N-[methoxycaibonyl]-N-{2-((Z)-3-hydroxyprop-l-eny])-4-

fluorobenzene-sulfonyljamino} -1, Ia,2,7b-letrahydrocyclopropa| c]chromene-4-carboxylate 
(Intennediate 64) and (R)-3-hydroxypyrrolidine and used without further characterisation. 

Intermediate 72: Methyl (laRS,7bSR)-5-{N-(melhoxycarbonly)-N-[2((Z)-4-dielhylaminobut-
15 l-enyi)-4-fluorobenzenesulfonyl)amino)-l,Ia,2,7b-tetrahydrocyc]opropa[c]chromene-4-

carboxylate. 

[00418] Methyl sulfonic anhydride (0.062g) was added to a stirred, cooled mixture of 
methyl (laRS,7bSR)-5-{N-[methoxycarbonyI]-N-[2-((Z)-4-hydroxybut-l-enyl)-4-

20 l]uorobenzene-su3fonyl]amino}-].,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 
(Intennediate 73, 0.12g) and N.N-di-isopropyl-N-elhylamine (0.046g) in DCM (15mL) at 0°C. 
The resultant mixture was stirred at 0°C for 20 minutes. Diethylamine (0.026g) was added and 
the mixture was then stirred at room temperature for 24 hours. The mixlure was diluted with 
water and extracted with DCM, dried (Na2S04) and filtered. The filtrate was evaporated to 

25 dryness and the residue was purified by chromatography on silica, eluting wilh a mixture of 
methanol and DCM wilh a gradient of 2-10% to give methyl (laRS,7bSR)-5-{N-
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(niethoxycarbonly)-N-[2((Z)-4-diethylaminobut-l-enyl)-4-fluorobenzenesulfonyl]amino}-
l,la,2,7b-tetrahydrocyclopropa-[c]chromene»4-carboxylate (0.08g) as alight yellow solid. 
LCMS (MethodD) r/tl.22 (M+H) 561. 

5 Intermediate 73: Methyl (laRS,7bSR)-5-{N-[methoxycarbonyl]-N-[2-((Z)-4-hydroxybut-l-
enyl)-4-fluorobenzenesulfonyl]amino}-1,1 a,2,7b-letrahydrocyclopropa[c jchromene-4-
carboxylate 

[00419] Prepared by proceeding in a similar manner to Intermediate 64, starting from 
10 methyl (laRS,7bSR)-5-[N-(2-bromo-4-fluorobenzenesulibny])-N-(methoxycatbony])amino}-

l,la,2,7b-tetrahydrocyclopropa-[c3chromene-4-carboxylate (Intennediate 65) and (Z)-4-
tributylstannanylprop-3-en-l -ol (prepared according to Miura et al, Organic Letters, 2005, 7(3) 

503). 
'H NMR (CDCb) 8: 8.18 (IH, m), 7.38 (IH, d), 7.13 (3H, m), 6.96 (IH. d), 5.91 (IH, m), 4.44 

15 (IH, m), 3.98 (IH, dd), 3.79 (3H, s), 3.75 (2H, m), 3.65 (3H, s), 2.49 (2H, m), 2.07 (lH, m), 
LSI (IH, in), 1.27 (IH,m), 1.15 (lH,m). 

intermediate 74: (laRS.7bSR)-5-(4-Fluoro-2-vinylbenzenesulfony3ainino)-l,la,2,7b-
tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

[00420] Lithium hydroxide (O.lOlg) was added to a solution of methyl (3aRS,7bSR)-5-
(4-fluoro-2-viny]benzencsulfonylamino)-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-
carboxylate (Iniermediate 75,0.I5Qg) in a mixture of dioxane (3mL) and water (0.6mL) and 
the mixture was irradiated in the microwave at 130°C for 30 minutes. After cooling, the 

25 mixture evaporated lo dryness and the residue was acidified by addition of 10% aqueous citric 
acid (2mL), extracted with DCM, dried (MgS04.) and filtered. The filtrate was evaporated to 
dryness and the residue was purified by chromatography on silica eluting with a mixture of 
methanol and DCM with a gradient of 0-10% to give (laRS,7bSR)-5-(4-fluoro-2-
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vinylbenzenesulfonylamino)-l,la,2,7b-telrahydrocyc]opropa[c]chromene-4-carboxylic acid 

(0.0.35g) as a glass. 

*H NMR (CDCls) 5: 11.69 (IH, br s), 8.10 (IH, dd), 7.50 (IH, dd), 7.31-7.17 (3H, m), 7.03 

(IH, dt), 5.60 (IH, d), 5.50 (IH, d), 4.60 (IH, d), 4.04 (IH, d), 1.97 (IH, m), 1.81 (IH, ra), 

5 1.20 (lH,m). 0.99 (]H,m). 

Intermediate 75: Methyl (laRS JbSR)-5-(4-fluoro-2-viny!benzenesulfonylamino)- ], 1 a,2,7b-

teirahydrocyclopropa[c]chromene-4-carboxylate 

10 [00421] A mixture of methyl (laRS,7bSR)-5-(2-bromo-4-fiuorobenzenesuifonylamino)-

l,Ja,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate (Intermediate 41, O.lg), vinyl 

boronic acid pinacol ester (0.073g), fris(tripheny]phospine)palladium (11) chloride (0.034g) and 

cesium carbonate (0.215g) in dioxane (5mL) and water (iml) was degassed and purged with 

argon then irradiated in a microwave at 130°C for 20 minutes. After cooling, the mixture was 

15 partitioned between 1M hydrochloric acid and ethyl acetate. The organic layer was dried 

(MgSCU) and filtered and the filtrate evaporated to dryness to give methyl (laRS,7bSR>5-(4-

fluoro-2-vinylbenzenesuIfonyl-amino)-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-

carboxylate (0.15g) as a yellow glass. 

'H NMR (CDCls) 5: 8.99 (IH, br s), 7.97 (1H, dd), 7.38 (IH, dd), 7.21 (IH, dd), 7.18 (IH, d), 

20 7.05 (IH, d), 7.00 (IH, m), 5.59 (IH, d), 5.38 (IH. d), 4.32 (IH, d), 3.77 (4H, in), 1.90 (IH, dt), 

1.71 (IH, m), 1.00 (2H, m). 

Intermediate 76: Methyl (1 aRS,7bSR)-5-{ 2-[fZ)-3-fazeiidin-1 -yl)prop-1 -eny]]-4-fluoro-

benzenesulfonylamino} -1,1 a,2,7b-letrahydrocyclopropa[c3chromene-4-carboxylate 

25 
[00422] Prepared by proceeding in a similar manner to Intermediate 63, starting from 

methyl (laRS,7bSR)-5-{N-[inethoxycarbonyl]-N-[2-((Z)-3-hydroxyprop-l-enyl)-4-
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fiuorobenzene-sulfonyljamino} -1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 
(Intermediate 64) and azetidine as a yellow oil. 
LCMS (Method D) r/t 1.17 (M+H) 473. 

5 Intermediate 77: Methyl (laRS,7bSR)-5-{2-[(Z)-3-(3-hydroxyazetidin-l-yl)prop- l-cnylj-4-
fluorobenzenesulfonylamino}- l,la,2,7b-tetrahydrocyclopropa[c jchromene-4-carboxylate 

[00423] Prepared by proceeding in a similar manner to Intermediate 63, starting from 
methyl (laRS,7bSR)-5-{N-[methoxycarbonyl]-N-[2-((Z)-3-hydroxyprop-l-enyl)-4-

10 fluorobenzene-sulfonyl]amino} -1J a,2,7b-tetrahydrocyclopropafc]chromene-4-carboxylate 
(Intermediate 64) and 3-hydroxyazetidine as a yellow oii. 
LCMS (Method D) r/t 1.15 (M+H) 489. 

Intermediate 78: N-(4-DimelhylaminobutyI)-N-methylamine 

15 1 

[00424] A solution of lithium aluminium hydride in THF (1M, 28mL) was added 
dropwise to a stirred, cooled solution of N-(4-dimethylaminobulyJ)formamide (Intermediate 79, 
2.1 g) in THF (60mL) while maintaining the temperature at 0°C under an atmosphere of 
nitrogen. On completion of the addilion, the mixture was stirred and heated at 75°C for 2 hours. 

20 The reaction mixture was cooled to 0°C and ethanol was added then the mixture was 
evaporated to dryness. The residue was diluted with a mixture of diethyl ether and DCM (30%) 
and the solid was filtered off. The filtrate was evaporated to dryness lo give N-(4-
dimethylaminobutyl)-N-methylarnine (1.5g) as a yellow oil. 
!H NMR (CDC13) 8: 2.56 (2H, m), 2.41 (3H, s), 2.25 (2H, in), 2.20 (6H, s), 1.47 (4H, m). 

Intermediate 79: N-(4-Dimethylaminobuty])formamide 
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'NH 

[00425] 
CHO 

A solution of 4-dimethylaminobutylamine (3.0g) in ethyl formate (30mL) was 
stirred and heated at reflux under an atmosphere of nitrogen for 3 hours. After cooling, the 
mixture was evaporated to dryness and the residue was purified by chromatography on silica, 

5 eluting with a mixture of methanol and DCM (20%) to give N-(4-
dimethy]aminobutyi)formamide (2.7g) as a pale yellow oil. 
lHNMR (CDCI3) S: 8.14 (IH, s), 6.80 (IH, s), 3.50 (2H, m), 2.28 (2H, m), 2.20 (6H, s), 1.61 

(4H, m). 

10 Intermediate 80: Methyl (laRS,7bSR)-5-{2-[((S)-l-cthylpyrrolidin-3-ylcaibainoyl)methyI]-4-
fluorobenzenesuifony]ammo}-l,la,2,7b-tetrahydrocyclopropa[clchromene-4-carboxylate 

fluorobenzenesulfonylamino)-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-caiboxylate 
15 (Intermediate 83, 0.180g), (S)-l-ethylpyrrolidin-3-ylamine ditrifluoroacetic acid sail 

(Intermediate 81, O.I71g), EDAC (0.144g) and triethylamine (0.202g) in DCM (5mL) was 
allowed to stand at room temperature for 6 days then washed with waler and fillered through a 
phase separator. The filtrate was directly purified by chromatography on silica, eluting with a 
mixture of methanol and DCM wilh a gradient of 0-20% lo give methyl (laRS,7bSR)-5-{2-

20 [((S)-l-ethyipyrrolidin-3-ylcarbamoy3)methyl]-4-fluorobenzenesuIfonylamino}-i,la,2,7b-
tetrahydrocycIopropa[c}chromene-4-carboxylate (0.178g) as an off-white foam. 
LCMS (Method E) r/t 2.57 (M+H) 532 

IntermediateSl: (S)-l-Ethylpyrrolidin-3-ylamine ditrifluoroacetic acid salt 

[00426] A solution of methyl (laRS,7bSR)-5-(2-carboxymethyl-4-

25 
.2TFA 
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[00427] A solution of /erf-butyl ((S)-1 -ethyJpyrrolidin-3-yl)carbamate (Iniermediate 82, 
0.107g) in a solution of trifluoroacetic acid (2mL) and DCM (2mL) was left to stand at room 
temperature for 30 minutes then concentrated in vacuo. The residue was azeotroped with 
toluene to give (S)- l-ethylpyrrolidin-3-ylamine ditrifluoroacetic add salt (0.23 lg) as a light 

5 brown gum which was used without further characterisation. 

Intennediate 82: ferf-Butyl ((S)- l-ethylpyrro!idin-3-yl)carbamatc 

[00428] A mixture of tert butyl (S)-pyrrolidin-3-ylcaTbamate (1.048g), iodoethane 
10 (0.90g) and poiassium carbonate (1.55g) in acetonitrile (15mL) was stirred at room temperature 

for 17 hours then filtered. The filtrate was concentrated in vacuo and (he residue was triturated 
with DCM and filtered. The filtrate was concentrated in vacuo and the residue was purified by 
chromatography on silica, eluting with a mixture of methanol and DCM with a gradient of 0-
35% to give tert-butyl ((S)-l-ethylpyrrolidin-3-yl)carbamate (0.891g) as alight coloured gum. 

15 !H NMR (CDCJ?) 8: 5.11 (IH, br, s), 4.29 (IH, br, s), 3.88 (IH, br, s), 3.18 (IH, br, s), 2.90 
(2H, br, m), 2.76 (2H, br, m), 2.62 (IH, br, q), 2.38 (IH, m), 1.44 (9H, s), 1.28 (3H, t). 

Intermediate 83: Methyl (laRS,7bSR)-5-(2-carboxymethyl-4-fluorobenzenesulfonylamino)-
i,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylatc 

[00429] 1M Sodium hydroxide solution (3mL) was added to a solution of methyl 
(laRS,7bSR)-5-(4-fluoro-2-methoxycarbonylmethyIbenzenesulfonylamino)-1,1 a,2,7b-

letrahydrocyclopropa-[c]chromene-4-carboxy]ale (Intermediate 84, 0.438g) in methanol (6mL) 
and the mixture was heated at 50°C for 2 hours. After cooling, the mixture was evaporated to 

25 dryness and the residue was dissolved in ethyl acetate and water and acidified with 
concentrated hydrochloric acid. The organic layer was dried (NaiSCU) and filtered and the 
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flltrate was concentrated m vacuo, the residue was dissolved in louene and re-evaporated to 

give methyl (3aRS>7bSR)-5-(2-carboxymethyl-4-fluorobenzene-sulfonylairano)-l,la>27b-

tetrahydrocyc!opropa[c]chromene-4-carboxylate (0.422g) as a white solid. 

'HNMR (CDCI3) 8: 8.83 (IH, br, s), 7.86 (IH, dd), 7.22 (IH, d), 7.01 (3H, in), 4.32 (IH, d), 

5 4.00 (2H, m), 3.76 (!H, d), 3.73 (3H, s), 1.94 (IH, ra), 1.73 (IH, in), 1.02 (2H, m). 

Intermediate 84: Methy! (laRS,7bSR)-5-l4-f]uoro-2-(methoxycarbonylmethyl)benzene-

sulfonylamino]-l,la,2,7b-ietrahydrocyclopropa[c]chromenc-4-carboxylate 

10 [00430] A solution of methyl (2-chlorosuifonyl-5-fluorophenyl)acetate (Intennediate 85, 

0.293g) and methyl (laRS,7bSR)-5-amino-l,ia,2,7b-letrahydro-cyclopropa[c]chn>mene-4-

carboxylate (Intermediate 42, 0.219g) in pyridine (lmL) and DCM (3mL) was left to stand at 

room temperature for 4 days. The mixture was diluted with DCM, washed with 2M 

hydrochloric acid and filtered through a phase separator. The filtrate was concentrated in vacuo 

15 and the residue was purified by chromatography on silica, eluting with a mixture of ethyl 

acetalc and cyclohexane with a gradient of 0-40% lo give methyl (laRS,7bSR)-5-[4-fluoro-2-

(methoxycarbonylmethyl)-benzenesulfonylammo]-1, i a,2,7b-

tetrahydrocyclopropaj.c3chromene-4-carboxylate (0.438g) as a colourless gum. 

'H NMR (CDCI3) 8: 8.77 (IH. br, s), 7.84 (IH, dd), 7.22 (IH, d), 7.01 (3H, m), 4.33 (IH, d), 

20 4.01 (2H, s), 3.79 (lH, d), 3.76 (3H, s), 3.69 (3H, s). 1.93 (IH, m), 1.73 (IH, m). 1.03 (2H, m). 

Intermediate 85: Methyl (2-Chlorosulfonyl-5-fluoropheny])acetate 

[00431] Methyl (3-fluorophenyl)acetate (1.51g) was added dropwise to chlorosulphonic 

25 acid (7mL) with stirring and ice cooling. The cooling bath was removed and the mixture was 

allowed lo stand at room temperature for 16 hours before being carefully added to a mixture of 
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ice and ethyl acetate. The organic layer was separated, washed with water, dried (MgS04) and 

filtered. The filtrate was concentrated in vacuo and ihe residue was purified by chromatography 

on silica, eluling with a mixlure of elhyl acetate and cyclohexane with a gradient of 0-20% to 

give methyl (2-chlorosulfonyl-5-fluorophenyi)acetate (1.42g) as a white solid. 

5 'H NMR (CDCls) 5: 8.16 (IH, dd), 7.21 (2H, m), 4.19 (2H, s), 3.76 (3H, s). 

Intermediate 86: Methyl (laRS,7bSR)-5-l2-(l-ethylazetidin-3-yl)-4-fluorobenzene-

sulfonylamino]-Lla,2,7b-ictrahydrocyclopropa[cjchroTfiene-4-carboxylate 

10 [00432] A mixlure of methyl (laRS,7bSR)-5-[2-(azetidin-3-yl)-4-

nuorobenzenesulfonylamino]-l,la,2,7b-telrahydrocyclopropa[c]chromene-4-caiboxylate 

(Intermediate 87, 0.216g), iodoethane (0.078g) and potassium carbonate (0.138g) in acetonitrile 

(5mL) was stirred at room temperature for 18 hours. The mixture was evaporated to dryness 

and the residue was purified by chromatography on silica, eluting with a mixture of methanol 

15 and DCM with a gradient of 0-15% lo give methyl (laRS,7bSR)-5-[2-(l-ethylazetidin-3-yl)-4-

fluorobenzenesulfonylamino]-l,la,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxylate 

(0.05 lg). 

'H NMR (CDCJ3) 6: 7.97 (IH, dd), 7.62 (IH, dd), 7.24 (lH,d), 6.99 (IH, dt), 6.96 (IH, d), 

4.35 (IH, d), 4.31 (1H, m), 3.79 (3H, s), 3.77 (1H, d), 3.58 (2H, m), 3.22 (2H, br, m), 2.53 (2H, 

20 q), 1.93 (IH, m), 1.74 (IH, q). 0.99 (5H, m). 

Intermediate 87: Methyl (iaRS7bSR)-5-[2-(azelidin-3-yl)-4-fiuorobenzenesu3fonylamino]-

l,la,2,7b-letrahydrocyclopropajc]chromene-4-carboxylaie 

25 [00433] A mixture of methyl (iaRS,7bSR)-5-{4-fluoto-2-[i-(2.2,2-

trifiuoroacetyl)azetidin-3'yl]benzene-sulfonylaminoj-l,la,2,7b-
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tetrahydrocyclopropa[c]chromene-4-carboxy]ate (Inlennediale 88, 0.294g) and potassium 

carbonate (0.155g) in methanol (5mL) and waler (0.5mL) was stirred at room temperature for 

45 minutes. The mixlure was concentrated in vacuo and the residue was triturated with 10% 

methanol in DCM and filtered. The filtrate was concentrated in vacuo and the residue was 

5 purified by chromatography on silica, eluting wilh a mixture of methanol and DCM with a 

gradient of 0-40% to give methyl (laRS,7bSR)-5-[2-(azetidin-3-yl)-4-fluoro-

benzenesulfonylamino)-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxyIate (0.2l6g) as 

a pale yellow foam. 

'H NMR (CDCb) 6: 8: 7.94 (IH, dd), 7.54 (IH, dd), 7.27 (lH,d), 7.09 (IH, dt), 6.99 (lH, d), 

10 4.87 (IH, m), 4.32 (3H, m), 4.12 (2H, t), 3.78 (IH, m), 3.73 (3R, s), 1.94 (IH, m), 1.73 (IH, 

m), 0.99 (2H, m). 

Intermediate 88: Methy] (laRS,7bSR)-5-{4-f]uoro-2-[l-(2,2,2-lrifluoroacetyl)azelidin-3-

yl]benzenesulfonylamino}-l,la,2,7b-letrahydrocyc]opropa[c]chromene-4-caiboxylate 

y!]benzenesulfonyl chloride (Intermediate 89, 0.l92g) and methyl (laRS,7bSR)-5-amino-

l,la,2,7b-tetrahydrocyclopropa-[c3chromene-4-carboxy3ate (Iniermediate 42, 0.122g) in 

pyridine (lmL) and DCM (3mL) was left to stand atroom temperature for 18 hours. The 

20 mixture was diluted with DCM, washed wilh 1M hydrochloric acid and filtered through a phase 

separator. The filtrate was concentrated in vacuo and the residue was purified by 

chromatography on silica, eluling with a mixlure of ethyl acetate and cyclohexane with a 

gradient of 0-30% lo give methyl (laRS,7bSR)-5-{4-fluoro-2-[l-(2,2,2-irifluoro-

acetyl)azelidm-3-yl]benzenesulfonylamino}-l,la,2,7b-tetrahydrocyclopropa-[c]chromene-4-

25 carboxylate (0.294g) as a colourless gum. 

'HNMR (CDCb) 8: 8.99 (IH, br, s), 7.99 (IH, m), 7.81 (2H, m), 7.06 (2H, m), 4.68 (2H, m), 

4.41 (IH, m), 4.34 (IH, d), 4.19 (IH, m), 4.08 (IH, m), 3.79 (IH, m), 3.72 (3H, s), 1.94 (IH, 

m), 1.75 (lH,m), 1.02 (2H, m). 

15 
[00434] A solution of methyl 4-fluoro-2-[l-(2,2,2-trifluoroacetyl)azelidin-3-
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Intermediate 89: 4-Fluoro-2-[]-(2,2,2-trifluoroacety3)-a7.eiidin-3-yl|benzenesu3fonyl ch3oride 

[00435] Chlorosulphonic acid (5mL) was added to 2,2,2-trifiuoro-l-[3-(3-
fluorophcnyi)azetidin-1 -yl]ethanonc (Intermediate 90, 1.15g) with stirring and ice cooling. The 

5 mixture was stirred for 1 hour then poured carefully onto a mixture of ice and ethyl acetate. The 
organic layer was washed with water and concentrated in vacuo. The residue was purified by 
chromatography on silica, eluting with a mixture of ethyl acetate and cyclohexane with a 
gradient of 0-20% to give 4-fluoro-2-[ W2,2,2-trifIuoroacetyl)azetidin-3-yl]benzenesulfonyI 
chloride (0.910g) as a white solid. 

10 'HNMR (CDCb) 8: 8.22 (IH, m), 7.51 (IH, dd), 7.26 (IH, m), 4.95 (2H, m), 4.70 (IH, t), 
4.42 (lH,m), 4.31 (LH, in). 

Intermediate 90: 2,2,2-Trifluoro-l-[3-(3-fluorophenyl)azetidin-l-yl]ethanone 

15 [00436] A solution of f<?rf-butyl 3-(3-fluoropheny3)a2etidine-l-carboxylate (Intennediate 
92,2.5 lg) in trifluoroacetic acid (15mL) and DCM (15mL) was left to stand at room 
temperature for 30 minutes. The mixlure was concentrated in vacuo and the residue was 
azeotroped with toluene. The residue was dissolved in DCM (15mL) and pyridine (5mL) and 
trifluoroacetic anhydride (3.15g) was added. The mixlure was left to stand at room temperature 

20 for 30 minutes, then washed with 1M hydrochloric acid and filtered through a phase separator. 
The filtrate was concentrated in vacuo and the residue was purified by chromatography on 
silica, eluting with a mixture of ethyl acetate and cyclohexane with a gradient of 0-20% to give 
2,2>2-trifluoro-3-[3-(3-fluorophenyl)azetidin-i-y!]ethanone (2.3 lg) as a light brown oil. 

'H NMR (CDCls) 8: 7.36 (IH, m), 7.10 (IH, d), 7.02 (2H, m), 4.81 (IH, t), 4.57 (IH, I), 4,44 

25 (IH, dd). 4.20 (iH, dd), 3.96 (IH, m). 
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Intermediate 91: rerr-Butyl 3-(3-fluorophenyl)azelidine- i-carboxy!ate 

F 
[00437] A solution of 1,2-dibromoetbane (0.30g) in anhydrous DMF (25ml) was slirred 

5 with zinc dust (1.39g) at 70°C for 10 minutes then cooled to room temperature and 

chlorotrimethylsilane was (0.155g) added. The resultant mixture was stirred at room 

temperature for 45 minutes. ter?-Rutyl 3-iodoazetidine-l-carhoxylale (5g) added and stirring 

was continued at 40°C for 45 minutes then a solution of 3-fluoroiodobenzene (4.08g), 
rm(dibcnzy3ideneaceione)dipalladium(0) (0.325g) and fris(2-furyl)phosphine (0.165g) in DMF 

10 (15mL) was added and the mixture was stirred at 70°C for 3 hours. After cooling, the mixture 
was diluted wilh water and ethyl acetate and filtered through celite. The organic layer was 
washed twice with water, dried (Na2S04) and filtered. The filtrate was concentrated in vacuo 
and the residue was purified by chromatography on silica, eluting with a mixture of ethyl 
acetate and cyclohexane with a gradient of 0-10%. The crude product was further purified by 

15 chromalography on silica, eluting with a mixture of DCM and cyclohexane with a gradient of 
0-100% to give rert-bulyl 3-(3-fluorophenyl)azetidine-1 -carboxylate (2.52g) as a colourless oil. 

'H NMR (CDC33) 8: 7.32 (IH, m), 6.90-7.11 (3H, m), 4.34 (2H, I), 3.95 (2H, dd), 3.72 (IH, 

m), 1.48 (9H, s). 

20 intermediate 92: Melhyl (laRS.7bSR)-5-{2-[((R')-l-elhylpyrrolidin-3-ylcathamoyV)melhyl]-4-
fiuoroben?,enesulfony]amino}-],la,2,7b-telrahydrocyclopropajcjchroinene-4-carboxylaie 

[00438] Prepared by proceeding in a similar manner to Intermediate 80, starling from 
methyl (laRS,7bSR)-5-(2-caiboxymethyl-4-fluorobenzenesulfonylamino)-l,la,2,7b-



WO 2012/154676 PCT/US2012/036789 

-159 -

tetrahydro-cyclopropa[c]chromene-4-carhoxylate (Intermediate 83) and (R)-l-ethylpyrrolidin-
3-ylamine ditrifluoroacetic acid salt (lntermediale 93) as a light brown foam. 
LCMS (Method E) r/t 2.57 (M+H) 532. 

5 Intermediate 93: (R)- l-Ethylpyrrolidiii-3-ylaminc ditrifluoroacetic acid salt 

,2TFA 

[00439] Prepared by proceeding in a similar manner to Intermediate 81, starting from 
tert-butyl ((R)- l-e(hylpyrrolidin-3-yl)carbamate as a light brown gum which was used without 
further characterisation. 

10 

Intermediate 94: ten-Butyl ((R)-l-ethylpyrrolidin-3-yl.(carbamate 

[00440] Prepared by proceeding in a similar manner to Intermediate 82, starting from 
ten butyl (R)-pyrrolidin-3-yl-carbamate and iodoelhane as a light coloured gum. 

15 'H NMR (CDCb) 8: 5.09 (2H, br, s), 4.25 (IH, br, s), 3.08 (IH, br, s), 2.82 (2H, br, m), 2.69 
(2H,br,q), 2.52 (IH.br, q), 2.35 (IH, m), 1.44 (9H, s), 1.21 (3H, t). 

Intermediate 95: Methyl (laS,7bR)-5-[2-((R)-]-ethylpyrrolidin-3-yimethyI)-4-fluoro-
benzenesulfonylamino]-1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

[00441] A solution of methyl (laRS,7bSR)-5-amino-i,la,2,7b-
tetrahydrocyclopropafc]chromene-4-carboxylate (Intermediate 42, 0.257g) in DCM (lOmL) 
and pyridine (5mL) was treated with a solution of 2-((R)- l-ethylpyrrolidin-3-ylmethyl)-4-
fluorobenzenesulfonyl chloride (Intennediate 96, 0.36g) in DCM (lOmL) and the mixture was 
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stirred at room temperature overnight. The resultant mixture was evaporated to dryness and the 

residue was re-dissolved in DCM, washed with water, dried (MgS04) and filtered. The filtrate 

was evaporated to dryness and the residue was purified by chromatography on silica, eluting 

with a mixture of methanol and DCM with a gradient of 0-10%, then flushed with 100% 

5 methanol to give methyl (laS,7bR)-5-[2-((R)-1 -ethyIpyrrolidin-3-ylmethyl)-4-

fluorobenzenesulfonylamino]-!, la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

(0.13g) as a gum. 

'H NMR (CDC13) 8: 7.88 (IH, br t), 7.23 (IH, d), 7.13(1H, brd), 6.98 (2H, m), 4.33 (IH, d), 

3.79 (IH, d), 3.77 (3H, s), 3.20-2.90 (6H, m) 2.24 (IH, brs), 2.04-1.18 (3H, brs), 1.93 (2H, dt), 

10 1.74 (IH, q), 1.45 (3H, t), 1.02 (2H, m). 

Intermediate 96: 2-((R)-l-Etliylpyrrolidin-3-ylmethyl)-4-fluorobenzenesulfonyl chloride 

[00442] A solution of (R)-l-ethyl-3-(3-fluorobenzyI)pyrrolidine (Intermediate 97,0.24g) 

15 in DCE (1.2mL) was added carefully to chiorosulfonic acid and the mixture was slirred at room 

temperature for 2 hours. The mixture was carefully poured into iced water and extracted with 

DCM, dried (MgSOi) and fillered. The filtrate was evaporated to dryness lo give 2-((R)-l-

ethy]-pyrrolidin-3-ylmethyl)-4-fluorobenzenesulfonyl chloridc (0.36g) as an oil which was 

used without further charactersiation. 

20 

Intermediate 97: (R)-l-Ethyl-3-(3-fluorobenzyl)-pyrrolidine 

fiuorobenzyI)pyrrolidine (Intennediate 98, 0.36g) and potassium carbonate (0.55g) in 

25 acetonitrile and the mixture was stirred at room temperature for 2.5 hours. The mixture was 

diluted with ethyl acetate, filtered and the filtrate was evaporated 10 dryness. The residue was 

[00443] Ethyl bromide (0.22g) was added to a suspension of 3-(R)-(3-
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triturated with DCM, the solvent was decanted off and evaporated to dryness lo give (R)-l-
elhyl-3-(3-fluorobenzyl)pyrrolidine (0.24g) as an oil. 

'H NMR (CDCb) 7.22 (IH, m), 6.95 (IH, d), 6.88 (2H, m), 2.73-2.60 (4H, m), 2.52-2.38 
(4H, m), 2.17 (1H, dd), 1.97 (IH, m). 1.49 (iH. m), 1.09 (3H, t). 

5 

Intermediate 98: 3-(R)-(3-F]uorobenzyl)pyrrolidine 

[06444] Trifluoroacetic acid (10mL) was added to a solution of tert butyl (R)-3-(3-
fluorobenzyl)-pyrrolidine-1 -carboxylate (Intermediate 99, 0.5l5g) in DCM (lOmL) and the 

10 mixture was stirred for 1 hour at room temperature. The mixture was evaporated to dryness and 
the residue was partitioned between DCM and saturated aqueous NaHCO.v The organic extract 
was separated, dried (MgSCU) and filtered. The filtrate was evaporated to dryness to give 3-(R)-
(3-fluoro-benzyI)pyrrolidine (0.402g) as an oil. 
'H NMR (CDCI3) 8: 7.30-7.23 (2H, m), 6.94 (IH, d), 6.88 (IH, dl), 3.45-3.16 (3H, br m). 2.90 

15 (IH, m), 2.76 (2H, d), 2.63 (IH, tn), 2.12 (IH. m), 1.74 (IH, m). 

Intermediate 99: ferr-Butyl (R)-3-(3-fluorobenzyl)pyrrolidine-l-carboxyIate 
ox yN 

_v_o 

[00445] Nickel Iodide (0.l47g), lrans-2-aminocyclohexanol HC1 salt (0.74g), 3-
20 fluorobenzene boronic acid (0.78g) and sodium hexamethyldisilazide (0.208g) were placed in a 

sealed tube and degassed and purged with argon. Isopropanol (8mL) was added and the mixture 
was stirred at 40°C for 5 minutes. A solution of rm-butyl (R)-3-iodomeihylpyrrolidine-l-
carboxylate (Intermediate 100, 1.44g) in isopropanol (8mL) was added and the mixture was 
stirred and heated at 70°C overnight. After cooling, the mixture was diluted with ethyl acetate, 

25 fillered through Celile and the filtrate was evaporated lo dryness. The residue was purified by 
chromalography on silica, eluting with a mixture of elhyl acetate and cyclohexane with a 
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gradient of 0-60% lo give ferr-butyl (R)-3-(3-fluorobenzyl)pyrrolidine- ] -carboxylate (0.515g) 

as an oil. 
NMR (CDCb). S-. 7.27-7.21 (2H, m), 6.95-6.84 (2H, m), 3.46 (2H, m), 3.26 (IH, m), 2.98 

(IH, dd), 2.67 (2H, m), 2.40 (IH, m), 1.92(lH,m), 1.58 (lH,m), 1.46 (9H, s). 

5 
Intermediate 100: /m-Butyl (R)-3-iodomelhylpyrrolidine-1 -carboxylate. 

°, r-\ 
0 1 

I 

[00446] Iodine (1.91g) was added in portions to a vigorously stirred, ice cooled 

suspension of imidazole (0.681g) and triphenylphosphiiie (1.97g) in diethyl ether (12mL). The 
10 mixture was then stirred for 10 minutes before a solution of tert butyl (R.)-3-

hydroxymethylpyrrolidine-i-carboxylate (lg) in dioxane (6mL) was added dropwise. The 
resulting mixture was stirred at room temperature ovemighi, then diluted with diethyl ether and 
filtered. The solid was washed with diethyl ether and the combined filtrate was evaporated to 
dryness. The residue was purified by chromatography on silica, eluting with a mixture of ethyl 

15 acetate and pentane with a gradient of 0-20% to give tert-butyl (R)-3-iodomethylpyrrolidine-1-
carboxylate (1.44 g) as an oil. 
lH NMR (CDCI3) 8: 3.64-3.46 (2H, m), 3.33 (IH, m), 3.19 (2H, d), 3.02 (IH, dd), 2.49 (IH, 
m), 2.07 (IH, m), 1.65 (IH, m), 1.46 (9H, s). 

20 Intermediate 101: Melhyl (laRS,7bSR)-5-{2-[((S)-l-cthylpyrrolidin-2-yl)cabonyl-
aminomelhyl3-4-f]uorobenzenesulfonylamino}-l,la,2,7b-ietrahydrocyc]opropa-[c3chromene-4-
carboxylate 

[00447] A mixture of methyl (laRS,7bSR)-5-(2-aminomelhyl-4-
25 fluorobenzenesu]fonylajnino)-l,la,2,7b-letrahydrocyclopropa[c]chromene-4-carboxylate 

(Intennediate 102, 0.515g), HATU (0.483g), (S)-N-etbylpyrrolidine-2-carboxylic acid 
(Intennediate 106, 0.182g) and N,N-di-isopropyi-N-ethylamine (0.328g) in dry DMF (25mL) 
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was slirred at room temperature for 2 hours. The mixture was concentrated under vacuum and 

the residue was diiuted wilh water and extracted with ethyl acelate, washed with water, dried 

fMgSCLs) and filtered. The filtrate was evaporated lo dryness and the residue was purified by 

chromatography on silica, eluting with a mixture of methanol and DCM, with a graideni of 1-

5 2% to give methyl (laRS,7bSR)-5-{2-[((S)-l-cthylpyrrolidin-2-yl)cabonyl-aminomethyl]-4-

fluorobenzenesulfonylamino}-l,la,2,7b-tetrahydrocyclopropa-[c3chromene-4-carboxylate 

(0.505g) as a glassy solid. 

'H NMR (CDCb) 8: 9.2-8.9 (IH, br s), 7.82 (2H, m), 7.24 (2H, m), 7.00 (IH, dt), 6.95 (IH, 

dd), 475 (2H, m). 4.33 (IH, d), 3.99 (IH, br s), 379 (IH, m), 3.77 <3H, s), 3.67 (IH, m), 3.15-

10 2.87 (3H, m), 2.48 (IH, m), 2.02 (2H, m), i.93 (2H, m), 1.74 (IH, m), 1.20 (3H, m), 1.02 (2H, 

m). 

Intennediate 102: Methyl (iaRS,7bSR)-5-(2-aminomethyl)-4-fluorobenzenesulfonylamino)-

1,1a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

melhyl (laRS,7bSR)-5-(4-fluoro-2-trifluoroacetyIaminomethyl)benzenesulfonylamino)-

i,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate (Intermediate 103, 1.53g) in 

methanol (50mL) and the resultant mixture was stirred and healed at 45°C for 4 hours. After 

20 cooling, the mixture was concentrated under vacuum and the residue was diluted with waler 

and saturated with salt. The resultant solid was collected by filtration, washed with water and 

ethyl, acetate then dried under vacuum at 50°C to give melhyl (laRS,7bSR)-5-(2-aminoinethyl)-

4-fluoro-benzenesulfonylamino)-!, la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

(1.06g) as a white solid. 

25 !H NMR (DMSO-d6) 8: 8.52 (IH, br s), 7.99 (IH, dd), 7.32 (2H, m), 6.89 (IH, d), 6.74 (IH, d), 

4.32 (2H, s), 4.17 (IH, d), 3.70 (3H, s), 3.64 (IH, d), 1.82 (IH, m), 1.65 (IH, m), 0.89 (IH, m), 

0.61 (IH, m). 

15 
00448 A solution of potassium carbonate (2.1g) in water was added to a solution of 

Intermediate 103: Methyl (laRS.7bSR)-5-(4-f]uoro-2-irifiuoroacetylaminomethy]) 

30 benzenesulfonylamino)-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 
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[00449] Methyl (laRS,7bSR)-5amino-1, la,2,7b-tetrahydrocyclopropa[c3chromene-4-
carboxylate (Intermediate 42,0.972g) was added to a solution of 4-fluoro-2-
(trifluoroacetylaminomethyl)-benzenesulfonyl chloride (Intermediate 104, 1.53g) in DCM 

5 (25mL) and pyridine (6mL). The resultant mixture was stirred at room temperature for 2 hours. 
The mixlure was diluted wilh DCM, washed with water, HC1 (1M), waler, dried (MgSCU) and 
filtered. The filtrate was evaporated to dryness and (he residue was purified by chromatography 
on silica, eluling with a mixture of ethyl acetate and pentane with a gradient of 5-30% to give 
methyl (laRS,7bSR)-5-(2-trifluoroacetylaminomethyl)-4-fluorobenzenesulfonylamino)-

10 l,la,27b-le(rahydrocyelopropa-[c]chromene-4-carboxylate (1.76g) as a glassy foam. 
'H NMR (CDC13) 6: 9.04 (IH, br s), 7.83 (IH, dd), 7.49 (II-I, br t), 7.30 (IH, dd), 7.29 (IH, d), 

7.09 (IH, d), 7.06 (IH, dl), 4.61 (2H, d), 4.34 (IH, d), 3.78 (IH, dd), 3.73 (3H, s), 1.95 (iH, 
m), 1.75 (IH, m), 1.04 (2H, m). 

15 Intermediate 104: 4-Fluoro-2-(trifluoroacetylaminomelhyl)benzenesulfonyl chloride 

portionwise to chiorosulfonic acid (5mL), while stirring and cooling in an ice bath. On 
completion of the addition, the ice bath was removed and the mixture was allowed to come to 

20 room temperature then heated to 70°C for 3 hours. After cooling, the mixture was slowly added 
to ice and the resultant suspension was extracted wilh ethyl acetate, washed with water, dried 
(MgS04) and filtered. The filtrate was evaporated to dryness to give 4-fluoro-2-
(trifluoroacetylaminomethyl)benzenesulfonyl chloride (1.53g) as abrown solid. 

'H NMR (CDCI3) 8: 8.18 (IH, dd), 7.47 (lH, m), 7.29 (IH, m), 7.18 (IH, br s), 4.92 (2H, d). 
25 

Intermediate 105: 3-Fluoro-N-lrifiuoroacetylbenzylainine 

H 

[00450] 3-Fluoro-N-trifluoroacetylbenzylamine (Intermediate 105, 1.1 lg) was added 
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10 

F' 

[00451] Trifluoroacetic anhydride (5.05g) was added dropwise to an ice-cooled solution 
of 3-fiuorobenzy3amine (2.5g) and triethylamine (2.22g) in ethyl acetate (75mL) while 
maintaining the temperature below 10°C. The mixlure was stirred al 0-5°C for 1 hour Ihen 
allowed to warm to room temperature and stirred for 2 hours. Water was added and the layers 
were separated. The organic layer was washed with water, dried (MgS04> and filtered. The 
filtrate was evaporated to dryness to give 3-fiuoro-N-trifiuoroacelylbenzylamine (4.58g) as an 
oil which crystallised on standing to a white solid. 

'H NMR (CDCb) S: 7.34 (IH, m), 7.03 (3H, m), 6.72 (IH, br s), 4.53 (2H, d). 

Intermediate 106: (S)-N-Ethylpyrrolidine-2-carboxylic acid 

[00452] Palladium on carbon (10%, 0.2g) was added to a solution of benzyl (S)-N-
ethylpyrrolidine-2-carboxylate (Intermediate 107, 0.603g) under an atmosphere of nitrogen. 

15 The mixture was then hydrogenated at 4Bar for 3 hours. The mixture was filtered through 
Celite and the filtrate was evaporated to dryness lo give (S)-N-ethylpyrrolidine-2-carhoxylic 
acid (0.378g) as a straw coloured gummy solid. 

'H NMR (CDC]3) 8: 4.01 (IH, m), 3.78 (IH, m), 3.31 (IH, m), 3.18 (IH, m), 2.87 (lH, m), 
2.38 (IH, m), 2.27 (IH, m). 2.02 (2H m), 1.39 (3H, t). 

Intermediate 107: Benzyl (S)-N-ethy)pyrrolidine-2-carboxylate hydrochloride 
20 

N J ° 
[00453] lodoethane (1.34g) was added to a mixture of benzyl (S)-pyrrolidine-2-
caiboxylate (l.Og) and potassium carbonate (1.77g) in dry DMF (7mL) and She resultant 

25 mixture was stirred at room temperature for 3 days. The mixlure was diluted wilh water, 
extracted with ethyl acetate, washed witii water, dried (MgS04) and fillered. The filtrate was. 
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evaporated to dryness and the residue was purified by chromatography on silica, eluting with a 

mixture of ethyl acetate and pentane with a gradient of 10-20% to give benzyl (S)-N-

ethylpyrrolidine-2-carboxylate (0.643g) as a paie straw coloured oil. 
lK NMR (CDCls) 8: 7.35 (5H, m), 5.17 (2H, s), 3.19 (2H, m), 2.74 (1H, m), 2.45 (lH, m), 2.34 

5 (IH, m), 2.12 (IH, m) 1.93 (2H, m), 1.81 (lH,m), 1.10 (3H, 1). 

intennediate 108: Methyl (laRS,7bSR)-5-[2-(4-dimethylaminobutyrylamino)-4-

fluorobenzene-sulfonyIamino]-l,!a,2,7b-tetrahydrocyclopropa-[c]chromenc-4-carboxylate 

10 [00454] A mixture of methyl (laRS,7bSR> 5-(N-[melhoxycarbonyl]-N-[2-(4-

chlorobutyryl-amino)-4-fluorobenzenesu3fonyl]amino} -1, la,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylate (Intermediate 109, 0.15g) and dimethylamine (30% aqueous 

solution, 5mL) in acetonitrile (lOmL) was stirred and heated al 40°C for 10 hours. After 

cooling, the mixture was concentraied under vacuum and the residue was extracted with a 

15 mixture oi' ethyl acetate and THF (50%), dried (Na2S04) and filtered. The filtrate was 

evaporated to dryness and the residue was purified by thick layer chromatography on silica, 

eluting with a mixture of methanol and DCM (10%) to give methyl (laRS,7bSR)-5-[2-(4-

dimethylaminobutyiylamino>4-fluorobenzenesulfonyl-amino]- l,la,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylate (0.14g) as a yellow oil. 

20 LCMS (Method D) r/t 1.24 (M+H) 506. 

Intennediate 109: Melhyl (laRS,7bSR)-5-{N-[methoxycait>onyl]-N-[2-(4-chlorobutyry]-

amino)-4-fluorobenzenesulfonyl]amino}-1,1 a,2,7b-letrahydrocycIopropa-[c]chromene-4-

carboxylate 
O 

25 
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[00455] 4-Chlorobutyryl chloride (3.0g) was added lo a slirred, cooled solution of 

methyl (laR.S,7bSR)-5-[N-(methoxycarbony!)-N-(2-amino-4-fluorobenzenesulfonyl]amino}-

l,la,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxylate (Intermediate 110, 0.!35g) and 

triefhylamine (l.Og) in THF (lOmL) at 0"C. On completion of the addition, ihe mixture was 

5 slirred at room temperature for 4 hours.Saturated aqueous sodium bicarbonate was added and 

the mixture was extracted with ethyl acetate, dried (NajSO^ and filtered. The filtrate was 

evaporated to dryness and the residue was purified by chromalography on silica, eluting wilh a 

mixture of ethyl acetate and petroleum ether, with a gradient of 20-25% to give methy! 

(].aRS,7bSR)-5-{N-[methoxycarbonyl)-N-[2-(4-chlorobutyrylamino)-4-fluoro-

10 benzeriesulfonyl]amino}-l,la,2,7b-telrahydrocycIopropa-[cjchroinene-4-carboxylale (0.15g) as 

a yellow oil. 

LCMS (Method D) r/t 1.72 (M+H) 555. 

Intennediate 110: Melhy] (laRS,7bSR)-5-[N-(methoxycarbonyl)-N-(2-amino-4-

15 fluorobcnzene-sulfony3)amino]-Ma,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylaie 

[00456] A mixlure of methyl (! aRS,7bSR)-5-[N-(methoxycarbony!)-N-(4-fluoro-2-

nitrobenzene-sulfonyl)amino]-l,la,2,7b-tetrahydro-cyclopropa[c]chromene-4-carboxy3ate 

(Intermediate ! 11, 0.2g), zinc (0.54g) and acetic acid (0.5g) in ethanol (20mL) was stirred and 

20 healed at reflux for 1 hour. After cooling, the solid was filtered off and the filtrate was 

evaporated to dryness. The residue was treated with saturated aqueous sodium bicarbonate and 

extracted with ethyl acetate, dried (NaiSCU) and filtered. The filtrate was evaporated to dryness 

and the residue was purified by chromatography on silica, eluting with a mixture of ethyl 

acetate and petroleum elher with a gradient of 30-50% to give melhyl (laRS,7bSR)-5-[N-

25 (methoxycarbonyl)-N-(2-amino-4-fluorobenzenesulfonyl)amino]-l,la,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylate (0.15g) as a white solid. 

'H NMR (CDCls) S: 7.74 (iH, m), 7.36 (IH, d), 6.95 (IH, d), 6.47 (IH, m), 6.39 (IH, d), 5.37 

(2H, m), 4.42 (IH, m), 3.91 (IH, d), 3.74 (3H, 2s), 3.70 (3H, 2s), 2.06 (IH, m), 1.84 (IH, m), 

1.28 (IH, m), 1.15 (IH, m). 

30 
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Intermediate 111: Melhyl (laRS,7bSR)-5-[N-(melhoxycarbonyl)-N-(4-fluoro-2-nitrobenzene-
sulfonyl)amino]-l,la,2,7b-lelrahydrocyclopropa[c]chromene-4-caiboxylate 

[00457] A solution of methyl (laRS,7bSR)-5-(4-fluoro-2-nitrobenzenesulfony]amino)-
5 l,la,2,7b-telrahydro-cyclopropa[c]chroinene-4-carboxylate (Intermediate 112, 0.25g) in THF 

(lOinL) was added dropwise wilh stirring to a cooled suspension of sodium hydride (O.lg) in 
THF (5mL) at D°C. On completion of the addilion, the mixture was slirred at room temperature 

for 30 minutes. Methyl chloroformate (0.3g) was added dropwise and ihe mixture was stirred at 
room temperature for 1.5 hours. Saturated aqueous sodium bicarbonate was added and the 

10 mixture was extracted with ethyl acetate, dried (Na2SO.i) and filtered. The filtrate was 
evaporated lo dryness and (he residue was purified by chromalography on silica, eluting with a 
mixture of ethyl acetate and petroleum ether to give methyl (l.aRS,7bSR)-5-[N-
(me(hoxycarbonyl)-N-(4-fluoro-2-nitrobenzenesu!fonyl)amino]-l,la,2,7b-
tetrahydrocyclopropa-[c]chromene-4-carboxylate (G.2g) as a white solid. 

15 LCMS (Method D) r/t 1.58 (M+H) 481. 

Intermediate 112: Methyl (laRS,7bSR)-5-(4-fluoro-2-nilrobenzenesulfonylamino)-l,]a,2,7b-
tetrahydrocyclopropa[c]chromenc-4-carboxylate 

20 [00458] A mixture of methyl (laRS,7bSR)-5-amino-l,la,2,7b-tetrahydrocyc)opropa-
[c]chromene-4-carboxylate (Intermediate 42, O.lg), 4-f]uoro-2-nitrobenzenesulfonyl chloride 
(0.115g) and pyridine (2mL) in DCM (5mL) was stirred al room temperature overnight. The 
mixture was concentratcd under vacuum and the residue was partitioned belween ethyl acetate 
and waler. The organic layer was dried (Na2S04.) and fillered and the filtrate was evaporated to 

25 dryness. The residue was purified by chromatography on silica, eluting with a mixture of elhyl 
acetate and petroleum ether (20%) to give methyl (laRS,7bSR)-5-(4-fluoro-2-
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nilrobenzenesulfonylamino)-1,1 a,2,7b-tetrahydrocyclopropa(c jchromene-4-carboxylate (0.3 ig) 
as a yellow oil. 

'HNMR (CDCI3) 8: 8.56 (IH, brs), 7.92 (1H, m), 7.55 (IH, dd), 7.31 (2H, m), 7.24 (IH, m), 
4.34 (IH, d), 3.85 (3H, s), 3.82 (IH, d), 1.98 (IH, ra), 1.74 (lH.m), 1.08 (2H, m). 

5 
Intermediate 113: Methyl (laS,7bR)-5-[2-((S)-3-elhy3-pyrrolidin-3-ylmethyl)-4-fIuoro-
benzenesulfonylaminoJ-l,La,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

[00459] A solution of melhyl 5-ainino-l,la,2,7b-lelrahydrocyclopropa[c]chromene-4-
10 carboxylate (Intermediate 42, 0.19g) in DCM (30inL) and pyridine (3.5mL) was treated with a 

solution of 2-((S)-i-ethylpyrro3idin-3-y3methyl)-4-fiuorobenzenesulfony! chloride 
(Intermediate 114, 0.26g) in DCM (5mL) and the mixture was stirred and heated at 40°C for 1 
hour. The resultant mixture was evaporated to dryness and the residue was purified by 
chromatography on silica, eluting with a mixture of DCM and methanol wilh a gradient of 0-

15 25%, then flushed with 100% methanol lo give methyl (laS,7bR)-5-[2-((S)-!-ethylpyrrolidin-
3-ylmeihyl)-4-fluoTo-benzenesulionylammo}-l,la,2,7b-tetrahydrocyciopropaic]chromene-4-
carboxylate (0.l07g) as a gum. 
LCMS (Method A) r/t 2.29 (M+H) 489. 

20 Intermediate 114: 2-((S)-l-Ethyipyrrolidin-3-ylmethyl)-4-fluorohenzenesulfony] chloride 

[00460] Prepared by proceeding in a similar manner to Intermediate 96, starting from 
(S)-) -ethyl-3-(3-fluorobenzyl)pyrrolidine (Intermediate 115). 
LCMS (Method A) r/t 1.95 (M+H) 308. 

25 
Intennediate 115: (S)-3-Elhyl-3-(3-fluorobenzy3)pyrrolidine 
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[00461} Prepared by proceeding in a similar manner to Intermediate 97 starting with 3-
CS)-(3-fluoro-benzyl)pyrrolidine (Intermediate 116). 
lH NMR (CDCls) 8: 7.22 (IH, rn), 6.95 (IH, d), 6.88 (2H, m), 2.81-2.62 (4H, brm), 2.61-2.39 

5 (4H, brm), 2.21 (lH.brs), 1.99 (IH.m), L52(l.H,m), 1.11 (3H, t). 

Intermediate 116: 3-(S)-(3-FIuorobenzyi)-pyrrolidine 

[00462] Prepared by proceeding in a similar manner to Intermediate 98 starting with ten-
Id butyl (S)-3-(3-fluorobenzyl)-pyrrolidine-l-carboxylate (intennediate 117). 

'HNMR (CDCls) 8: 7.27 (lH,m), 6.96-6.84 (3H,m), 3.32 (IH, m), 3.25 (IH, dd), 3.16 (IH, 
m), 2.83 (IH, m), 2.73 (2H, d), 2.58 (IH, m), 2.08 (IH, m), 1.68 (IH, m). 

Intermediate 117: /<?r/-Butyl (S)-3-(3-fluorobenzyl)-pyrroIidine-l-carboxylate 

[00463] Prepared by proceeding in a similar manner to Intermediate 99 starting with tert-
butyl (S)-3-iodomethylpyrrolidine-l-carboxylate (Intermediate 118). 

'H NMR (CDCb) 8: 7.27 (IH, m), 6.97-6.83 (3H, m), 3.46 (2H, m), 3.25 (IH, m), 2.98 (IH, 
m), 2.67 (2H, m), 2.40 (IH, ra), 1.91 (IH, m), 1.58 (IH, m), 1.45 (9H, s). 

20 
Intermediate 118: f<?n-Butyl (S)-3-iodomelhylpyrrolidine-1-carboxylate 
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i 
100464] Prepared by proceeding in a similar manner lo Intermediate 1.00 starting with 
tert-butyl (S)-3-hydroxymethylpyrro3idine-1 -carboxylate. 
'H NMR (CDCls) 8: 3.59 (IH, dd), 3.51 (IH, m), 3.33 (IH, m), 3.19 (2H, d), 3.02 (IH, dd), 

5 2.49 (IH, m), 2.07 (iH, m), 1.65 (IH, m), 1.46 (9H, s). 

Intermediate 119: ren-Butyl (laRS,7bSR)-5-{2-[N-(2,4-dimethoxybenzyl)-N-(3-dimethyl-
aminopropyl)carbamoyl]benzenesulfonylamino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-

4-carboxylate 

[00465] A solution of N-(2,4-dimethoxybenzyl)-N-(3-dimethylaininopropyl)amine 
(Intermediate 120, 0.179g) in DCM (2mL) was added dropwise wilh slirring to a cooled 
solution of 2-chlorosulfonylbenzoyl chloride (Intermediate 121, 0.17g) in DCM (20mL) at 0°C. 
The mixture was slirred at 0°C for 1 hour then a solution of im-butyl (laRS,7bSR)-5-amino-

15 l,la,2,7b-tetrahydro-cyclopropa-[c]chromene-4-carboxylaie (Iniermediate 122, 0.185g) in 
DCM (2mL) was added. The resultant mixture was slirred and heated at 30-35°C overnight. 
After cooling, the mixture was concentrated under vacuum and the residue was purified by 

HPLC (C18) lo give rm-bulyl (laRS,7hSR)-5-{2-[N-(2,4-dimethoxybenzyl)-N-(3-

dimethylavninopTOpyl)caibamoyl]-beiizenesulfonylammo) -1,1 a,2,7b-teirahyaro-cyclopropa-
20 [clchromcne-4-carboxylate (0.03g) as a yellow oil. 

LCMS (Method D) r/t 3.16 (M+H) 680. 

Intermediate 126: N-(2,4-Dimethoxybenzyl)-N-(3-dimelhylaminopropy3)amine 
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[00466] A mixture of 3-dimethylaminopropylainine (3.06g), 2,4-dimethoxybenzaldehyde 
(6.0g) and sodium triacetoxyborohydride (9.54g) in methanol (20mL) was stirred at room 

temperature for 10 hours. The mixture was concentrated under vacuum and the residue was 
dissolved in ethyl acetate and washed with water and brine, dried (N^SCU) and filtered. The 

5 filtrate was evaporated to dryness to give N-(2,4-dimethoxybenzyl)-N-(3-
dimethylaminopropyl)amine (7.2g) as a brown oil which was used directly without further 
characterisation. 

Intermediate 121: 2-Chlorosulfonylbenzoyl chloride 

[00467] A mixture of l,l-dioxo-lH-llambda*6*benzo[c][l,2]oxathiol-3-one (4.5g) and 
phosphorous pentachloride (15g) was stirred and heated at 60"C overnight. After cooling, a 
mixture of ice and water was added and the solution was extracted with DCM, dried (NajSO.*) 
and filtered. The filtrate was evaporated (o dryness to give 2-chlorosulfonylbenzoy) chloride 

15 (5g) as a yellow solid which was used without further characterisation. 

Intermediate 122: rert-Butyl (laRS,7bSR)-5-amino-l,la,2,7b-tetrahydrocyclopropa-
[c]chromene-4-carboxy]ate 

20 [00468] Sodium borohydride (0.32g) was added in portions to a stirred solution of lerr-
bulyl (laRS,7bSR)-5-(trifiuoroacetylamino)-l Ja,2,7b-tetrahydro-cyclopropa-[c3chromene-4-
carboxylate (Intemediate 123, 0.5g) in ethanol (20mL). The resultant mixture was stirred al 
room temperature for I hour then concentraied under vacuum. The residue was purified by 
chromatography on silica, eluting with a mixture of elhyl acetate and petroleum ether wilh a 

25 gradient of 2-4% to give ?m-butyl (laRS,7bSR)-5-amino-l,la,2,7b-tetrahydrocyclopropa-
[c]chromene-4-carboxylate (0.2g) as a white solid. 
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'H NMR (CDCb) 5: 7.04 (IH, d), 6.25 (IH, d), 4.57 (2H, br s), 4.32 (IH, d), 3.87 (IH, d), 1.86 
(IH, m), 1.65 (IH, m), 1.60 (9H, s), 0.95 (2H, m). 

Intermediate 123: rerr-Butyl (laRS,7bSR)-5-(trifluoroacetylamino)-l,la,2,7b-letrahydro-
5 cyclopropa[cjchromene-4-carboxylate 

[00469] A mixture of (laRS,7bSR)-5-(trifluoroacetylamino)-l,la,2,7b-
telrahydrocyclopropa-[c]chromene-4-carboxy]ic acid (Intennediate 124, 0.97g), DMAP (0.2g), 
dicyclohexyl carbodiimide (1.33g) and di-tm-butyl dicarbonate (3.5 lg) in rm-butanol (20mL) 

10 was stirred and heated at reflux for 7 hours. After cooling, the mixture was concentrated under 
vacuum and the residue was purified by chromalography on silica, eluting with a mixture of 
ethyl acetate and petroleum ether (2%) to give rerr-butyl (laRS,7bSR)-5-

(trifluoroacetylamino)-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylatc (0.5g) as a 
yellow oil. 

15 lH NMR (CDCb) 8: 10.47 (iH, br s), 7.89 (IH, d), 7.34 (IH, d), 4.39 (IH, d). 3.88 (IH, d), 
2.02 (IH, m), 1.77 (IH, m), 1.60 (9H, s), 1.09 (2H, m). 

Intermediate 124: (iaRS,7bSR)-5-(Trifluoroacetylamino)-l,la,2,7b-telrahydrocycIopropa-
[c]chromene-4-carboxylic acid 

solution of (laRS,7bSR)-5-amino~l,la,2,7b-tetrahydro-cyclopropa-[c]chromene-4-carboxylic 
acid (Intermediate 125, 0.97g) and trieihylamine (2.39g) in THF (20mL). The resultant mixture 
was stirred at room temperature for 30 minutes. Waler was added and the mixture was 

25 extracted with ethyl acetate, dried (Na2S04) and filtered. The filtrate was evaporated to dryness 
and the residue was purified by chromatography on silica, eluting with a mixture of ethyl 

20 
[00470] Trifluoroacetic anhydride (2.98g) was added dropwise to a stirred, cooled 
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acetate and petroleum ether (2%) to give (laRS,7bSR)-5-(trifluoroacetylamino)-l,la,2,7b-

tetrahydrocyclopropa-[c]chromene-4-carboxylic acid (0.97g) as a while solid. 

'H NMR (DMSO-d6) 8: 7.92 (IH, d), 7.28 (iH, d), 4.54 (IH, d), 3.94 (IH, d), 2.27 (IH, m), 

2.02 (IH, m), 1.21 (IH, m), 0.95 (IH, m). 

Intermediate 125: (]aRS,7bSR)-5-Amino-l,la,2,7b-letrahydrocyclopropajc]chromene-4-

carboxylic acid 

[00471] A mixture of methyl (laRS,7bSR)-5-ammo-1,1a,2,7b-

10 tetrahydrocyclopropa[c]chromene-4-carboxylate (intermedaite 42, l.Og) and lithium hydroxide 

monohydrate (0.96g) in dioxane (16mL) and water (!4mL) was stirred and heated at 90°C for 1 

hour. After cooling, the mixture was concentrated under vacuum and the residue was diluted 

with waler and neutralised to pH7 with formic acid. The mixture was Ihen extracted with ethyl 

acetate, dried (N^SCU) and filtered and the fillrale was evaporated to dryness to give 

15 (laRS,7bSR)-5-amino-l,la,2,7b-tetrahydro-cyclopropa-[c]chromene-4-carboxylicacid (0.97g) 

as a yellow oil. 

LCMS (Method D) r/t 2.13 (M+H) 206. 

Intermediate 126: Methyl (laRS,7bSR)-5-(2-UN-((S)-l-ethylpyrroUdin-3-yl)-N-metbyl-

20 carbamoyl]-methyl j-4-fluorobenzenesulfonylamino)-1,1 a,2,7b-

tetrahydrocyclopropa[c]chromcnc-4-carboxylate 

[00472] EDAC (0.058g) was added to a stirred solution of methyl (laRS,7bSR)-5-(2-

carboxymelhyl-4-fluorobenzenesulfonylamino)-l,la,2,7b-telrahydrocycIopropa[cJchromene-4-

25 carboxylate (Inlennediale 83, 0.! 09g) in DCM (3mL) and the mixlure was slirred at room 

temperature for 10 minutes. A solution of N-((S)-l-ethylpyrrolidin-3-y3)-N-methylamine 

dihydrochloride (Intermediate 127, 0.102g) and trieihylamine (0.151g) in DCM (3mL) was 
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added and the mixture stirred for 17 hours. The mixture was evaporated in vacuo and the 
residue was dissolved in dioxane (4mL) and the mixture was heared at 75°C for 20 hours. After 
cooling, the mixture was diluted with DCM and water and filtered through a phase separator. 
The filtrate was evaporated in vacuo and the residue was combined with an identical reaction 
carried out earlier. The material was purified by chromalography on silica, eluting with a 
mixlure of methanol and DCM with a gradient of 0-50% to give melhyl (laRS,7bSR)-5-(2-
{[((S)-l-ethylpyrrolidin-3-yl)methylcarbajmoyl]methyl}-4-fluoro--benzenesulfonylamino)-
l,la,2,7b-tetrahydro-cyciopropa[c]chromene-4-carboxy3ate (0.48g) as a light brown foam. 
LCMS (Method E) r/t 2.65 (M+H) 546. 

Intermediate 127: N-((S)-l-Ethylpyrrolidin-3-yl)-N-methylamine dihydrochloride 

\ 
NH 

[00473] A mixture of benzyl N-((S)-l-ethylpyrrolidin-3-yl)-N-methylcarbamate 
(Intermediate 128, 0.682g) and 10% palladium on caibon (O.lOg) in ethanol (20mL) was stirred 
al room temperature under an atmosphere of hydrogen for 3 hours. The mixlurc was filtered, 
and concentrated hydrochloric acid (2mL) was added. The solution was evaporated in vacuo 
then redissolved in a mixture of toluene and elhanol then re-evaporated to give N-((S)-I-
ethylpyrrolidin-3-yl)-N-methylamine dihydrochloride (0.531g) as a light coloured, viscous oil 
which was used without further characterisation. 

Intermediate 128: Benzyl N-((S)-i-ethylpyrrolidin-3-yl)-N-methy3carbamate 

[00474] A mixture ofbenzyl N-melhyl-(S)-pyrrolidin-3-ylcarbamaie (Intermediate 129, 
1.28g), iodoethane (0.853g), and potassium carbonate (1.5 lg) in acetonitrile (12mL) was stirred 
at room temperature for 4 hours. The mixture was evaporated in vacuo and the residue was 
basified with 5M sodium hydroxide and fillered through a phase separator. The filtrate was 



WO 2012/154676 PCT/US2012/036789 

-176 -

concentrated in vacuo and the residue was purified by chromatography on silica, eluling with a 
mixture of methanol and DCM with a gradient of 0-30% to give benzyl N-((S)-1-
ediylpyrrolidin-3-yl)-N-methylcarbamate (0.686g) as a colourless oil. 

NMR (CDC13) 8: 7.35 (5H, m). 5.13 (2H, s), 4.84 (IH, br, s), 2.91 (3H, s), 2.30-2.82 (6H, 

m), 2.12 (IH, br, m), 1.79 (IH, m), 1.10 (3H, t). 

Intermediate 129: Benzyl N-methyl-(S)-pyrrolidin-3-ylcarbamate 

\\ 

[00475] A solution of rm-butyl (S)-3-(N-benzyloxycarbonyl-N-
10 methy]amino)pyrrolidine-i-carboxylate (Intennediate 130, 1.8 lg) in irifluoroacetic acid (8mL) 

and DCM (8mL) was left to stand at room temperature for 30 minutes. The resultant mixture 
was concentrated in vacuo and the residue was dissolved in DCM and brine, basified with 2M 
sodium hydroxide and filtered through a phase separator. The filtrate was concentrated in vacuo 
lo give benzyl N-methyl-(S)-pyrrolidin-3-ylcarbamate (1.46g) as a light coloured oil. 

15 lti NMR (CDCb; 8: 7.35 (5H, m), 5.14 (2H, s), 4.68 (IH, br, m), 3.08 (2H, m), 2.88 (3H, s), 
2.76-2.95 (3H, m), 2.01 (IH, m), 1.75 (IH, m). 

Intermediate 130: jm-Butyl (S)-3-(N-benzyloxycarbonyl-N-mediylamino)pyrrolidine-l-
carboxylate 

f * 
\ o 

j ° 
N 

20 
[00476] Sodium hydride (60% oil dispersion, 0.32g) was added to a stirred solution of 
ferf-butyl (S)-3-benzyloxycarbonylaminopyrrolidine-l-carboxylate (prepared according to 
Cheng el al, W02007 142585, 1.73g) inTHF(20mL) and the mixturc was stirred for 15 
minutes, lodomethane (1.85 g) was added and the mixture was stirred at room temperature for 1 

25 hour. Methanol was carefully added io destroy the excess sodium hydride then ethyl acetate 
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and water were added and the organic layer was washed with brine, dried (Na2S04), filtered. 

The filtrate was concentrated in vacuo to give rerf-butyl (S)-3-(N-benzyloxycaibonyl-N-

methylamino)pyrrolidine-!-carboxylate (1.66g) as a pale coloured oil. 

'H NMR (CDCls) 5: 7.36 (5H, m), 5.15 (2H, s), 4.79 (IH, br, s), 3.54 (2H, br, tn), 3.11-3.38 

5 (2H, br, m), 2.86 (3H, s), 1.98 (2H, m), 1.46 (9H, s). 

Intermediate 131: Methyl (laRS,7bSR)-5-(2-{[M-((R)-i-ethylpyrrolidm-3-yl)-N-methyl-

carbamoyl]methyl}-4-fluorobenzenesulfonylaminoH,la,2,7b-tetrahydrocyc!opropa-

[c]chromene-4-carboxyIate 

10 : 

[H0477J Prepared by proceeding in a similar manner to Intermediate 126, starting from 

methyl (laRS,7bSR)-5-(2-carboxymcthyl-4-fluorobenzenesulfonylamino)-1,1a,2,7b-

lelrahydro-cyclopropa[c]chromene-4-carhoxyiate (Intermediate 83) and N-((R)~1~ 

ethylpyrro3idin-3-y])-N-methylamine dihydrochloride (Intermediate 132) as alight brown 

15 foam. 

LCMS (Method E) r/t 2.63 (M+H) 546 

Intermediate 132: N-((R)-]-Ethylpyrrolidin-3-yl)-N-methylamine dihydrochloride 

\ 

20 [00478] Prepared by proceeding in a similar manner to Intermediate 127, starling from 

benzyl N-((R)-l-ethylpyrrolidin-3-yl)-N-methylcarbamatc (Intermediate 133) as a lighl 

coloured viscous oil, which was used without further characterization. 

Intermediate 133: Benzyl N-((R)-l-elhylpyrrolidin-3-yl)-N-methylcarbamate 
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[00479] Prepared by proceeding in a similar manner to Intennediate 128, starting from 
benzyl N-methyl-(R)-pyrrolidin-3-ylcarbamate (I including bridged or fused rings, and 
ntermediale 134) and iodoethane, as a light coloured oil. 

5 'H NMR- (CDCI3) 8: 7.35 (5H, m), 5.13 (2H, s), 4.84 (lH,br, s), 2.91 (3H, s), 2.30-2.87 (6H, 

m), 2.12 (IH, br, m), 1.80 (IH, m), 1.10 (3H, i). 

Intermediate 134: Benzyl N-methyl-(R)-pyrrolidin-3-ylcarbamate 

, o ^ 

I j o 
Nl"' 

H 

10 [00480] Prepared by proceeding in a similar manner to Intermdiate 129, starting from 
rerf-butyl (R)-3-(N-benzyloxycarbony]-N-methylamino)-pyrrolidine-l-carboxylate 
(Intennediate 135) as a plae coloured oil. 
THNMR (CDCI3) 6' 7.35 (5H, m), 5.14 (2H, s), 4.79 (IH, br, s), 3.08 (2H, m), 2.88 (3H, s), 
2.76-2.95 (3H, m), 2.01 (IH, m). 1.75 (IH, m). 

15 
Intennediate 135: terf-Butyl (R)-3-(N-benzyloxycarbonyI-N-methylarnino)pyrrolidine-l-
carboxylate 

rw 
\ o 

L J 0 
'"""N 

O^O 

Prepared by proceeding in a similar manner to Intermediate 130, starting from 
20 rerr-butyl (R)-3-benzyloxycarbonyIaminopyrrolidine-l-carboxy}ate (prepared according to 

Zhou et al, US 2008 0293771) and iodomethane, as a pale coloured oil. 
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!H NMR (CDCI3) 8: 7.35 (5H, m), 5.15 (2H, s), 4.69 (IH, br, s), 3.54 (2H, br, m), 3.11-3.38 
(2H, br, m), 2.86 (3H, s), 1.98 (2H, m), 1.46 (9H, s). 

Intermediate 136: 2((S)-l-Ethylpyrrolidin-2-yl)ethylamine 

[00482] ((S)-1-Acety]pyrrolidin-2-y])acetonitrile (Intermediate 137, 1 .Og) was added 
potionwise to a stirred, cooled solution of lithium aluminium hydride (0.36g) in THF (30m.L) 
under an atmosphere of nitrogen while maintaining the temperature at 0°C. The mixture was 
allowed to warm to room temperature then heated at reflux for 2 hours. After cooling, ethanol 

10 (4mL) was added dropwise and the resultant solid was filtered off. The filtrate was evaporated 
to dryness to give 2((S)-l-ethylpyrrolidin-2-y])ethylamine (0.6g) as a colourless oil. 

'H NMR (D2O) 8: 3.59 (IH, m), 3.37 (2H, m), 3.01 (4H, m), 2.24 (2H, m), 1.98 (3H, m), 1.65 
(lH,m), 1.21 (3H, 1). 

15 Intermediate 137: ((S)-l-Acetylpyrrolidin-2-yl)acetonitrile 

[00483] Acetyl chloride (8.6g) was added dropwise to a stirred, cooled solution of ((S)-
pyrrolidin-2-yl)acetonitrile hydrochloride (Intermediate 138, 8.0g) and Iriethylamine (16.5g) in 
DCM (80mL) while maintaining the temperature at 0°C. The resultant solution was stirred al 

20 0°C for 30 minutes. Water was added and the layers were separated. The aqueous layer was 
further extracted with DCM and the combined organic layers were washed with brine, dried 
(Na2S04) and filtered. The filtrate was evaporated to dryness and the residue was purified by 
HPLC (C18) to give ((S)-l-acetylpyrrolidin-2-yJ)acelonitrile (5.0g) as a light yellow oil which 
was used directly without further characterisation. 

25 
Intermediate 138: ((S)-Pyrrolidin-2-yl)acetonitrile hydrochloride 

H 
HCI 
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[00484] A solution of rer?-bu(yl (S)-2-cyanomethylpyno]idine-l-carboxylate 

(Intennediate 139, I3.0g) in methanol (130mL) and concentrated hydrochloric acid (13mL) 

was stirred and heated at 40°C overnight. After cooling, the mixlure was concentrated under 

vacuum and the residue was diluted with toluene and reconcentrated. Ethanol (20mL) was 

5 added and the resultant solid was collected by filtration and washed with hexane to give ((S)-

pyrrolidin-2-yl)acetonitrile hydrochloride (8.0g) as a white solid. 

LCMS (Method D) r/t 0.50 (M+H) HI. 

Intermediate 139: fen-Butyl (S)-2-cyanomethylpyrrolidine-l-carboxylate 

methylbenzenesulfonyloxymelhytypyrrolidine-1 -carboxylate (Intermediate 140, 29.6g) in 

DMSO (300mL) and the resultant mixture was stirred and heated at 90"C for 5.5 hours. After 

cooling, the mixture was treated with saturated aqueous iron (II) sulphate solution and the 

15 mixture was stirred for a further 5 hours then extracted with ethyl acetate. The organic layer 

was washed wilh brine, dried (Na2S04) and filtered. The filtrate was evaporated lo dryness and 

the residue was purified by chromatography on silica, eluling with a mixture of ethyl acetate 

and petroleum ether (5%) to give ten-butyl (S)-2-cyanomethylpyrrolidine-1-carboxylate 

(13.0g) as a light yellow oil which was used without further characterisation. 

20 

Intermediate 140: fm-Butyl (S)-2-(4-methylbenzenesulfonyioxymethyl)pyrroIidine-l-

carboxylate 

10 
[00485] Sodium cyanide (8.2g) was added to a solution of rerf-butyl (S)-2-(4-

25 

[00486] 4-Methylbenzenesulfonyl chloride (22.7g) was added portionwise to a stirred, 

cooled solution of ierf-butyl (S)-2-hydroxyoxymethyIpyrrolidine-1 -carboxylate (20.0g) in 

pyridine (70mL) while maintaining the temperature at 0°C. The resultant mixture was stirred at 
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room temperature overnight. The mixture was concentrated under vacuum and the residue was 
dissolved in DCM and washed with saturated aqueous sodium bicarbonate solution and brine, 
dried (Na2vS04> and filtered. The filtrate was evaporated to dryness to give /erf-butyl (S)-2-(4-
methy!benzenesulfonyl-oxymethyl)pyrrolidine-l-carboxylate (34g) as a yellow oil which was 

5 used without further characterisation. 

Intermediate 141: 2-((R)-l-Ethylpyirolidin-2-yl)ethy]amine 

[00487] Prepared by proceeding in a similar manner to Intermediate 136, stalling from 
10 (fS)-l-acetylpyrroIidin-2-yl)acetonitrile (Intermediate 142) and used without further 

characterisation. 

Intermediate 142: ((R)-l-Acetylpyrrolidin-2-yI)acetonurile 

15 [00488] Prepared by proceeding in a similar manner to Intennediate 137, starting from 
((R)-pyrrolidin-2-yl)acetonitrile hydrochloride (Intennediate 143) and used without further 
characterisation. 

Intermediate 143: ((R)-Pyrrolidin-2-yl)acetonitrile hydrochloride 

H 

20 HCI 

[00489] Prepared by proceeding in a similar manner to Intermediate 138, starting from 
rm-butyl (R)-2-cyanomethylpyrrolidine-1 -carboxylate (Intermediate 144) and used without 
further characterisation. 

25 Intermediate 144: rerr-Butyl (R)-2-cyanomethylpyrrolidine-1-carboxylate 
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[00490] Prepared by proceeding in a similar manner to Intermediate 139, starting from 

fert-butyl (R)-2-(4-melhylbenzenesulfonyloxymethy])pyrrolidine- 1-carboxylate (Iniermediate 

145) and used without further characterisation. 

Intermediate 145: /e/t-Butyl (R)-2-(4-methylbenzenesulfonyloxymethyl)pyrrolidine- ] -

carboxylate 

[00491] Prepared by proceeding in a similar manner to Intermediate 140, slaiting from 

10 f<?rf-buty! (R)-2-hydroxymethylpyrrolidine-l-carboxylate and used without further 

characterisation. 

Intennediate 146: Methyl (laRS,7bSR)-5-(2-{ [((R)-l-ethylpyrrolidine-2-yl)carbonylamino]-

methyl}-4-fluorobenzenesulfonylamino)-l,la,2,7b-telrahydrocyclopropa[c]chroniene-4-

15 carboxylate 

[00492] Prepared by proceeding in a similar manner to Intermediate 101, starting from 

methyl (laRS,7bSR)-5-(2-aminomethy]-4-fluorobenzenesu!fonylaimno)-l,la,2,7b-tetrahydro-

cyclopropa[c]chromene-4-carboxylate (Intennediate 102) and (R)-l-elhylpyrrolidine-2-

20 carboxylic acid (Intermediate 147) as a solid. 

LCMS (Method B) r/t 2.37 (M+H) 532 

Intermediate 147: (R)- l-Ethyl-pyrrolidine-2-carboxylic acid 
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[00493j Prepared by proceeding in a similar manner to Iniermediate 106, starting from 
ferf-butyl (R)-] -ethylpyrrolidine-2-carboxylate (Intermediate 148) as a solid. 
'H NMR (CDCb) 8: 3.99 (1H, m), 3.76 (IH. dd), 3.37-3.23 (IH, m), 3.21-3.08 (IH, m), 2.84 

5 (IH, dt), 2.45-2.21 (2H, m), 2.07-1.94 (2H, m), 1.39 (3H, t). 

Intermediate 148: Benzyl (R)-l-ethylpyrrolidine -2-carboxylate 

[00494] Prepared by proceeding in a similar manner to Intermediate 107, starting from 
10 benzyl (R)-pyrrolidine-2-carboxylate as a colourless oil. 

'H NMR (CDCb) 8: 7.34 (5H, m), 5.17 (2H, s), 3.19 (2H, m), 2.75 (IH, m), 2.45 (IH, m), 2.33 
(IH, m), 2.12 (IH, m), 1.93 (2H, m), 1.81 (IH, m), 1.09 (3H, t). 

intermediate 149: (l-Ethylazetidin-3-yl)methylamine 

[00495] A solution of 3-[br.?-(rerf-butoxycarbonylamino)methyl]-l-ethyIazetidine 
(Intermediate 150, 0.83g) in a mixture of methanol (6mL) and concentrated hydrochloric acid 
(lmL) was stirred and heated at 50°C for 3 hours. After cooling, the mixture was concentraied 
under vacuum and the residue was dissolved in isopropanol and treated with potassium 

20 carbonate (3g). The mixture was stirred at room temperature for 48 hours, then the solid was 
fillered off and the filtrate was evaporated to dryness to give (l-ethylazetidin-3-yl)methylamine 
(0.18g) as a light sticky gum which was used without further characterisation. 

Intermediate 150: 3-[fris-(ferr-Butoxycarbonylamino)methylj-l-ethylazetidine 
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[00496] A mixture of acetaldehyde (1.5g) and 3-[Ws-(ien-butoxycarbonyl-
amino)melhyl]azetidine (Inlennediale 151, 1 .Og) in elhanol (20mL) was stirred at room 
temperature for 30 minutes and then 10% palladium on carbon (0.3g) was added. The mixture 
was stirred under an atmosphere of hydrogen overnight. The solid was filtered off and the 
filtrate was evaporated lo dryness. The residue was purified by chromatography on silica, 
eluting with a mixture of methanol and DCM (10%) lo give 3-[bis-(tert-
butoxycarbonylamino)methyl]-1 -ethylazetidine (0.83g) as a colourless liquid, which was used 
without further characterization. 

Intermediate 151: 3-[b!s-frerNButoxycarbonylamino)methyl]azetidine 

[00497] A mixture of 3-ffc-frm-butoxycarbonylamino)methyl]-1-

(diphenylmeihyl)azeiidine (Iniermediate 152,6.4g) and 10% palladium on carbon (3g) in 
ethanol (1 OOmL) and acelic acid (2mL) was stirred under an atmosphere of hydrogen overnight. 
The solid was filtered off and the filtrate was evaporated to dryness. The residue was dissolved 
in ethyl acetate and washed with saturated aqueous sodium carbonale, dried (j^SCU) and 
filtered. The filtrate was evaporated to dryness and the residue was purified by chromatography 
on silica, eluting with a mixture of methanol and DCM (10%) to give 3-[bis-(ten-
butoxycarbonylamino)methyi]azetidine (4.0g) as a colourlcss liquid, which was used without 
further characterisation. 

Intermediate 152: 3-[W.r-(i<?r?-Butoxycarbonylamino)methyl]-I-(diphenylmethyl)-azetidine 
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00498] Di-tert-buiyl dicarbonate (22g) was added to a solution of 1 
(diphenylmethyl)azetidin-3-ylmethylamine (5g), DMAP (0.5g) and triethylamine (12g) in THF 
(1.50mL) and the resultant solution was stirred and heated al 60°C for 5 hours-. After cooling, 

5 the mixture was added to brine solution and extracted with ethyl acetatc, washed with brine, 
dried (Na2S04) and filtered. The filtrate was evaporated to dryness and the residue was purified 
by chromatography on silica, eluting wilh a mixture of ethyl acetate and petroieum ether (10%) 
to give 3-[6w-(f<?rt-buloxycarbonylamino)methyl]-l-(diphenylmethyl)azetidine (6.4g) as a 
white solid, which was used without further characterisation. 

0 

Intermediate 153: Methyl (laRS,7bSR)-5-[2-((Z)-3-diethylaminoprop-l-eny))benzene-
sulfonylamino]-!,ia.2,7b-letrahydrocyclopropa[cJchromene-4-carboxylate 

15 l,la,2,7b-tetrahydn>cyclopropa[c]chromene-4-carboxylate (Intermeidate 154, 0.612g),N,N-
diethyl-N-((Z)-l-tributylstannanylprop-l-en-3-yl)amine (Intermediate 11, I.13g), tri-rert-
butylphosphonium tetrafluoroborate (0.041g), m'j-(dibenzy]ideneacetone)dipalladium (0.064g) 
in dioxane (12mL) and DMSO (0.4mL) was degassed and purged with nitrogen then heated al 
100°C for 1.5 hours. After cooling, the mixture was diluted with brine and extracted with ethyl 

20 acetate. The organic layer was washed with water, dried (Na2S04) and filtered. The filtrate was 
evaporated to dryness and the residue was purified by chromatography on silica, eluting with a 
mixture of methanol and DCM with a gradient of 0-15% to give methyl (laRS,7bSR)-5-[2-
((Z)-3-diethylamino-prop- l-enyl)benzenesulfonylamino]-l, 1 a,2,7b-
tetrahydrocyclopropa[c]chromene-4-carboxylaie (0.495g) as a solid. 

"i 

[00499] A mixture of methyl (laRS,7bSR)-5-(2-bromobenzenesulfonylamino)-
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*H NMR (CDCls) 8: 8.06 (lH, dd), 7.52 (IH, m), 7.40 (lH, m), 7.30 (IH, m), 7.14 (IH, d), 
7.01 (IH, m), 6.86 (IH, d), 6.02 (IH, m), 4.33 (IH, d), 3.84 (3H, s), 3.77 (IH, d), 3.12 (2H, br 
s), 2.51 (4H, brs), 1.87 (IH, m), 1.70 (IH, m), 1.05-0.85 (8H, m). 

5 Intermediate 154: Methyl (laRS,7bSR)-5-(2-bromobenzenesulfonylamino)-1, la,2,7b-
tetrahydrocyclopropa[c]chromene-4-carboxyiate 

(laRS,7bSR)-5-amino-l,ia,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 
10 (Inlennediale 42, 0.40g) in DCM (l2mL) and pyridine (4mL) and Ihe resultant mixture was 

stirred at room temperature for 1 hour. The mixture was evaporated to dryness and the residue 
was dissolved in DCM and washed with 2N HCI, dried (NajSCU) and filtered. The filtrate was 
evaporated to dryness and the residue was purified by chromatography on silica, eluting wilh a 

mixture of ethyl acetate and cyclohexane with a gradient of 0-35% to give methyl 
15 (laRS,7bSR)-5-(2-bromo-benzenesulfonylainino)-l,la,2,7b-telrahydrocyclopropa[c]chromene-

4-carboxylate (0.612g) as a solid. 
lH NMR (CDCb) 8: 9.85 (IH, s), 7.89 (IH, dd), 7.85 (IH, dd), 7.57-7.49 (2H, m), 7.26 (IH, d), 
6.64 (IH, d), 4.27 (IH, d), 3.72 (IH, d). 3.66 (3H, s), 2.05-1.95 (IH, m), 1.86-1.76 (IH, m), 
1.08-0.98 (IH, m), 0.84-0.76 (IH, m). 

20 
Intermediate 155: Methyl (laRS,7bSR)-5-(2-|N-[((R)-l-ethylpyrrolidine-2-yl)carbonyf)-N-
methylaminomethyl}-4-fiuorobenzenesulfony]amino)-l,la,2,7b-tetrahydrocyclopropa-
[clchromene-4-carboxylate 

[00500] 2- Bromobenzenesulfonyl chloride (0.559g) was added lo a solution of methyl 

25 [00501] HATU (0.136g) was added to a mixture of methyl (laRS,7bSR)-5-(4-fluoro-2-
niethylaminomethylbenzenesulfonylamino)-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-
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carboxylate (Intermediate 156, 0.150g), (R)-l-ethylpyrrolidine-2-carboxylic acid (Intermediate 
147, 0.06lg) and N,N-diisopropyl-N-ethylamine (O.I24mL) in DMF (5mL) and the mixture 
was stirred for 3 days at room temperature. The volatiles were removed in vacuo and the 
residue was extracted with ethyl acetate (5()mL). The organic layer was washed with water 

5 (50mL), brine, dried (Na2S04.) and filtered. The filtrate was evaporated to dryness and the 
residue was purified by chromatography on silica eluling wilh a mixlure of methanol and DCM 
with a gradient of 0-10% lo give methyl (laRS,7bSR)-5-(2-{N-[((R)-l-ethylpyrrolidine-2-
yl)carbony]]methylamiiio]-methy] f-4-fluorobenzenesulfonylamino)-1,1a,2,7b-
tetrahydrocyclopropa[c]chromene-4-carboxylate (0.177g) as a solid. 

10 LCMS (Method F) r/t 2.33 (M+H) 546. 

Intermediate 156: Methyl (laRS,7hSR)-5-(4-fiuoro-2-methylaminomethylbenzenesuSfonyl-
amino)-1,1 a,2,7b-tetrahydrocyciopropajc Jchromene-4-carboxylate 

15 [00502] A solution of potassium carbonate (0.345g) in water (2mL) was added to a 
solution of methyl (laRS JbSR^S^-fluoro^-fN-methyJ-N-^^-trifluoroacetyri-
ammomethyll-benzenesulfonyl-aminoHJ.a^Jb-tetrahydrocyclopropafcjchromene^-
carboxylaie (Iniermediate 157, 0.257g) in methanol (12mL) and the mixture was heated at 
45°C for 3 hours. After cooling, the volatiles were removed in vacuo and the residue was 

20 treated with water (30mL) and saturated wilh sodium chloride and extracted with ethyl acetate 

(50mL). The organic layer was dried (NajSCU) and filtered and the filtrate was evaporated to 
dryness to give methyl (laRS,7bSR)-5-(4-f]uoro-2-melhy3aminomelhylbenzenesuIfonylamino)-
1, ].a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylale (0.156g) as a solid. 
LCMS (Method B) r/t 2.14 (M+H) 421. 

25 
Intermediate 157: Methyl (iaRS,7bSR)-5-(4-fluoro-2-[N-methyl-N-(2.2,2-trifluoroacet.yl)-
aminomethyl]benzenesulfony}amino)-l,la,2,7b-tetrahydrocyclopropa|c]chromene-4-
carboxylate 
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[00503] A mixture of 4- fluoro-2-[N-methyl-N-(2,2,2-

trifluoroacetyl)aminomethyl]benzenesulfonyl chloridc (Intermediate 158, 0.182g) was added to 

a solution of methyl (]aRS,7bSR)-5-amino-l,la,2,7b-ietrahydrocyclopropa[c]chromenc-4-

5 carboxylate (Intermediate 42, O.lOOg) in DCM (3mL) and pyridine (imL) and the resultant 

mixture was stirred at room temperature l'or ] hour. The mixture was evaporated to dryness and 

the residue was purified by chromatography on silica eluting wilh a mixture of ethyl acetate 

and cyclohexane with a gradient of 0-40% to give methyl (laRS,7bSR)-5-(4-fluoro-2-[N-

melhyl-N-(2,2,2-lrifluoroacetyl)aminomethy]]benzenesuSfonyI-amino)-l,la,2,7b-

1.0 tetrahydrocyclopropa[c]chromene-4-carboxylate (0.257g) as a solid. 

LCMS (Method F) r/t 3.77 (M+H) 517. 

Intermediate 158: 4- Fluoro-2-[N-methyl-N-(2,2,2-trifluoroacetyl)aminomethyl]benzene-

•sulfonyl chloride 

159, 0.497g) in DCE (0.5mL) was added lo stirred, cooled chiorosulfonic acid (3mL). The 

mixture was allowed to come up to room temperature and then heated at 70°C for 3 hours. 

After cooling, the mixture was added carefully lo a mixture of ice and water, then extracted 

20 with ethyl acetate, washed with water, dried (MgSO.*) and filtered. The filtrate was evaporated 

to dryness and the residue was purified by chromatography on silica, eluting with a mixture of 

ethyl acetate and pentane with a gradient of 2.5-10% lo give 4-fluoro-2-[N-meliiyl-N-(2,2,2-

trifiuoroacetyl)aminomethyl]-benzenesulfonyl chloride (0.2lg) as a clear oil. 

>H NMR (CDC13) 8: 8.20 (IH, m), 7.24 (IH, m), 7.01 (lH,d), 5.21 (2H, s), 3.24 (2H, s), 3.13 

15 
[00504] A solution of 3-fluoro-N-methy!-N-(trifluoroacetyI)benzylamine (Iniermediate 

25 (lH, s). 

Intermediate 159: 3-Fluoro-N-methyl-N-(trifluoroacetyl)benzylamine 
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[00565] A solution of 3-fIuoro-N-(trifluoroacetyl)benzyIamme (Intermediate 105, 
0.508g) in THF (5mL) was added lo a stirred suspension of sodium hydride (60% oi] 
dispersion, 0.096g) in THF (5mL). The resultant mixture was stirred at room temperature for 

5 30 minutes. lodomelhane (0.653g) was added and ihe mixture was stirred al room temperature 
overnight. The mixture was poured into water and extracted with ethyl acetate, washed with 
water, dried (MgSCU) and filtered. The filtrate was evaporated to dryness to give 3-fluoro-N-
methy3-N-(trifluoroacetyI)benzylamine (0.497g) as a white solid. 

'HNMR (CDCb) S: 7.34 (IH, m), 7.10-6.90 (3H, m), 4.63 (2H, s), 3.07 (2H, q), 2.94 (IH, s). 
10 

Intermediate 160: Methyl (laRS,7bSR)-5-(2-[N-((S)-l-ethylpyrro3idine-2-yl)carbonyl-N-
methylaminomethyl]-4-fluorobenzenesulfonylamino)-l,la,2,7b-tetrahydrocyclopropa-
[c]chromene-4-carboxylale 

15 [00506] Prepared by proceeding in a similar manner lo Intermediate 155, starting from 
methyl (laRS,7bSR)-5-(4-fluoro-2-methylaminomethylbenzenesu3fonylamino)- l,la,2,7b-
tetrahydro-cyclopropa[c]chromene-4-carboxylate (intermediate 156) and (S)-l-
ethylpyrrolidine-2-carboxyJic acid (Intennediate 106) as a solid/ 
LCMS (Method B) r/t 2.47 (M+H) 546. 

20 
Intermediate 161: Methyl (IaRS,7bSR)-5-[2-(4-dimetliylaminobulylamino)-4-fiuoio-
benzenesulfonylamino]-l,lii,2,7b-tetrahydrocyclopropa[c3chromene-4carboxylale 
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[00507] A solution of methyl (laRS,7bSR)-5-(2,4-difiuorobenzenesulfonylatnmo)-
l,la,2,7b-tetrahydro-cyclopropa[c]chromene-4-carboxylate (Intermediate 162, 0.675g) and 
N,N-dimethylbutane-diamine (0.496g) in dioxane (20mL) was stirred and heated at 80°C for 17 
hours then left at room temperature for 3 days. The solution was diluted with ethyl acetate, 

5 washed with potassium carbonate solution and water then dried (Na2S04) and filtered. The 
filtrate was concentrated in vacuo and the residue was purified by chromatography on silica, 
eluting with a mixture of methanol and DCM with a gradient of 0-40% to give methyl 
(laRSJbSR)-5-[2-(4-dimethyl-aminobutylamino)-4-fluorobenzene-sulfonylamino]-l,la,2,7b-
tetrahydrocyclopropa-[c]chromene-4carboxylate (0.499g) as a colourless gum. 

10 'H NMR. (CDCb) 8: 7.51 (IH, dd), 7.26 (IH, d), 7.12 (IH, d), 6.29 (2H, m), 6.00 (IH, br, s), 

4.31 (lH, d), 3.75 (IH, d), 3.50 (3H, s), 3.01 (2H, m), 2.25 (6H,s),2.11 (2H, t), 1.94 (3H, in), 
1.73 (1H, m), 1.58 (4H, m), 1.03 (2H, m). 

Intermediate 162: Methyl (iaRS,7bSR)-5-(2,4-difiuorobenzenesulfonylamino}-1, la,2,7b-
15 te(rahydrocyclopropa[c]chromene-4-carboxylate 

methyl (laRS,7bSR)-5-amino-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylater 

(Intermediate 42, 0.438g) in pyridine (2mL) and DCM (4mL) and the solution was left al room 
20 temperature for 2 hours. The mixture was diluted with DCM, washed wilh 2M hydrochloric 

acid, dried (Na2S04)and filtered. The filtrate was concentrated in vacuo and the residue was 
purified by chromatography on silica, eluting with a mixture of ethyl acetate and cyclohexane 
with a gradient of 0-30% to give methyl (laRS,7bSR)-5-(2,4-difluorobenzenesu]fonylamino)-
l,la,2,7b-tetrahydrocyclopropa[c}chromene-4-carboxylate (0.761g) as a light coloured gum. 

25 lH NMR (CDCla) 8: 8.90 (IH.br, s), 7.82 (IH, m), 7.22 (IH, d), 7.13 (IH, d), 6.88 (2H, m), 
4.32 (IH, d), 3.89 (3H, s), 3.79 (IH, d), 1.90 (IH. m), 1.71 (IH, m), 1.01 (2H, m). 

Intermediate 163: ((R)-l-Ethylpyrrolidin-3-ylmethyl)amine 

F 

[00508] 2,4-Difluorobenzenesulphonyl chloride (0.468g) was added to a solution of 
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[00509] Lithium aluminium hydride was added to a stirred solution of ((R)-l-
acetylpyrroMin-3-ylmethyl)amme (Intennediate 164, 1.5g) in THF (50mL) and ihe resulting 
mixture was stirred and heated at reflux for 2 hours. After cooling, ethanol was slowly added 
and the mixture was concentrated under vacuum. The residue was diiuted with DCM and the 

5 solid was filtered off. The filtrate was evaporated to dryness to give ((R)-l -ethylpyrrolidin-3-
ylmethy3)amine (0.9g) as a yellow solid. 
LCMS (Method D) r/t 0.396 (M+H) 129. 

Intermediate 164: ((R)- l-AcetylpyrroMin-3-ylmethyl)amme 

[00510] A mixture of benzyl N-((S)- l-aceiy]pym>lidin-3-y]methyl)-N-benzyIcarbamate 

(Intennediate 165, 4.2g) and palladium hydroxide on carbon (0.4g) in methanol (42mL) was 
stirred under an atmosphere of hydrogen at 60°C for 48 hours. The mixture was filtered and the 
filtrate was evaporated to dryness to give ((R)-l-acetylpym>lidin-3-ylmethyI)amine (1.5g) as a 

15 light yellow oil. 
LCMS (Method D) r/t 0.49 (M+H) 143. 

Intermediate 165: Benzyl N-((S)-l-acetylpyrrolidin-3-ylmethyl)-N-benzyicarbamale 

pyrrolidin-3-yhnethyl)-N-benzylcarbamate (intennediate 166, 5.9g) and triethylamine (3.68g) 
in DCM (80mL) with ice cooling. The resultant mixture was stirred al room temperature for 2 
hours then concentrated under vacuum. The residue was treated wilh saturated aqueous sodium 
bicarbonate and extracted with ethyl acctaic, dried (NaiS04) and fillered. The filtrate was 

25 evaporated to dryness and the residue was purified by chromatography on silica, eluting wilh 
ethyl acetate to give benzyl N-((S)- l-amylpyrrolidin-3-ylmethyl)-N-benzylcaibamatc (4.2g) as 
a yellow oil. 
LCMS (Method D) r/t 1.65 (M+H) 367. 

10 

20 [00511] Acetyl chloride (2.86g) was added to a stirred solution of benzyl N-((S)-
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Intermediate 166: Benzyl N-((S)-pyrrolidin-3-ylmethyl)-N-benzylcarbamate 

;err-Butyl (S)-3-[N-benzyl-N-(benzyloxycarbonyl)aminomethyl}pyrrolidine-L-carboxylate 
(Intermediate 167, llg) was added dropwise lo a solution of acetyl chloride (15g) in methanol 

5 (50mL) and the resultant mixture was slirred at room temperature overnight. The mixture was 
concentrated under vacuum and ihe residue was purified by HPLC (C18) it) give benzyl N-((S)-
pyrroltdin-3-ylmethyl)-N-ben7.ylcarbamate (8.0g) as an off white solid which was used without 
further characterisation. 

10 Intermediate 167: im-Butyl (S)-3-[N-benzyl-N-(benzyloxycarbonyl)aminomethyl]-
pyrrol idine-1 -carbox ylate 

[00512] A solution of ferf-butyl (R)-3-(N-benzyloxycarbonyI)aminomethylpyrrolidine-l-
carboxylate (Intermediate 168, I9g) in DMF (90mL) was added dropwise to a suspension of 

15 sodium hydride (60%, 4.55g) in DMF (lOOmL) After stirring for 30 minutes, benzyl bromide 
(11,7g) was added dropwise. The resultant mixture was stirred and heated at 70°C overnight. 
After cooling, saturated aqueous sodium bicarbonate was added and the mixture was extracted 

with eithyl acetate, dried (Na2S04) and fillered. The filtrate was purified by chromatography on 
silica, eluting with a mixture of ethyl acetate and petroleum ether (10%) to give fen-butyl (S)-

20 3-[N-benzyl-N-(benzyioxycaibony])aminomethyl]-pyrro]idine-l-carboxylate (1 l.Og) as a light 
yellow oil, which was used without further characterisation. 

Intermediate 168: fen-Butyl (R)-3-(N-benzyloxycarbonyl)ammomeihylpyrrolidinc-1-
carbox vlale 
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[00513] Benzyl chloroformate (14.1g) was added dropwise to a cooled solution of tert-
butyl (R)-3-aminomethylpyrrolidine-l-carboxylate (I5g) in THF (150mL) while maintaining 
the temperature below 0°C. On completion of the addition, triethylamine (15.2g) was added 
dropwise. The resultant mixture was stirred at -5°C for 30 minutes then at room temperature 

5 overnight. Brine was added and the mixture was extracted with ethyl acetate, washed with 
brine, dried (Na2S04) and filtered. The filtrate was evaporated to dryness to give tert-butyl (R)-
3-(N-benzyloxycarbonyI)aminomethylpyrrolidine- i -carboxylate (23g) as a colourless sticky 
gum, which was used without further characterisation. 

10 Intermediate 169: ((S)-l-Ethylpyrrolidin-3-yl)methylainine 

[00514] Palladium on caibon (10%, 0.3g) was added to a solution of benzyl N-((S)-l-
ethylpyrrolidin-3-ylmethyl)carbamate (Intermediate 170, 1.8g) in methanol (20mL) and the 
resultant mixture was stirred under an atmosphere of hydrogen for 24 hours. The mixture was 

15 filtered and the filtrate was evaporated to dryness to give ((S)-1-ethylpyrrolidin-3-
yl)methylamine (0.8g) as a colourless oil, which was used without further characterisation. 

Intermediate 170: Benzyl N-((S)-1 -cthylpyrrolidin-3-ylmethyl)carbamatc 

20 [00515] lodocthane (4.1g) was added lo a cooled mixture of benzyl N-((R)-pyrrolidin-3-
ylmethyl)carbainate trifluoroacetate salt (Iniermediate 17L,7.6g) and potassium carbonate 
(12.2g) inDMF (lOmL) while mainlaining the temperature at 0°C. The mixture was then stirred 
at room temperature for 4 hours. Water was added and the mixture was extracted with ethyl 
acetate, washed wilh brine, dried (NaaSOi) and filtered. The filtrate was evaporated to dryness 

25 to give benzyl N-((S)-l-ethylpyrrolidtn-3-ylmethyl)carbamate (1.8g) as a colourless oil, which 
was used without further characterisation. 

Intermediate 171: Benzyl N-((R)-pyrrolidin-3-ylmethyl)carbamate. trifluoroacetate salt 
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CFgCOjH O 

™o 
[00516] A mixture of ferf-butyl (S)-3-(N-benzyk>xycarbony})ammomethylpyrrolidine-l-
carboxylate (Intermediate 172, 8.0g) in trifluoroacetic acid (lOmL) was slirred at room 
temperature for 5 hours. The mixture was concentrated under vacuum to give crude benzyl N-

5 ((R)-pyrrolidin-3-ylmelhyl)carhamale trifluoroacelale salt (7.6g) as a light brown oil which was 
used without further purification or characterisation. 

Intennediate 172: rerf-Buty! (S)-3-(N-benzyloxycarbony])aminomethy]pyrro3idine-l-
carboxylate 

[00517] Prepared by proceeding in a similar manner to Intermediate 168, starting form 
ter/-buty] (S)-3-aminomethylpyrrolidine- ] -carboxylate and used without further 
characterisation. 

35 Intermediate 173: Methyl (laRS,7bSR)-5-[2-(4-Ethyl-2-oxopiperazin-l-ylmethyl)-4-
fluorobenzene-sulfonylamino]-l,la,2,7b-leirahydrocyclopropa[c]chromene-4-carboxylate 

chloride (Intermediate 174, 0.368g) and methyl (laRS,7bSR)-5-amino-I,la,2,7b-tctrahydro-
20 cyclopropa[c]chromene-4-carhoxylate (Intermediate 42,0.219g) in pyridine (3nvL) and DCM 

(3mL) was left to stand at room temperature for 17 hours. The mixlure was evaporated in vacuo 
and the residue was dissolved in water and DCM and the organic layer was dried (NajSC).}) and 
filtered. The filtrate was concentraied in vacuo and the residue was purified by chromatography 
on silica, eluting with a mixture of ethyl acetate and cyclohexane with a gradient of 50-100% to 

25 give a gum which was triturated wilh ether and filtered lo give methyl (laRS,7bSR)-5-[2-(4-
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etbyl-2-oxopipera7.in-l-ylmethy])-4-fluorobenzenesulfonylamiiio]-l,la,2,7b-letrahydro-
cyc'iopropa[cjchromene-4-carboxy'iate (0.312g) as a white solid. 

'H NMR (DMSO-d6) 8: 9.95 (iH, br, s), 7.81 (IH, dd), 7.26 (2H, m), 6.89 (IH, dd), 6.59 (IH, 

d), 4.75 (2H, s), 4.29 (IH, d), 3.71 (IH, d), 3.62 (3H, s), 3.15 (4H, m), 2.70 (2H, I), 2.45 (2H, 
5 q), 2.02 (IH, m), 1.72 (IH, m), 1.06 (IH, m), 1.02 (3H, t), 0.80 (IH, q). 

Intermediate 174: 2-(4-Ethyl-2-oxopipera?.in-l-ylmethyl)-4-fluorobenzenesulfonyl chioride 

[00519] Chlorosulphonic acid (2mL) was added to 4-ethyl-l-(3-fluorobenzyl)-piperazin-
10 2-one (Intermediate 175, 0.59g) with stirring and cooling in ice. The cooling was removed and 

the solution was stiired at room temperature for 4 hours before being carefully added to a 
mixture of ethyl acetate, ice and sodium bicarbonate. The organic layer was dried (NaiSO.*) and 
fillered and the filtrate was concentraied in vacuo lo give 2-(4-elhyl-2-oxopiperazin-1 -
ylmethyl)-4-fluoro-benzenesulfonyl chloride (0.37g) as a colourless gum. 

15 LCMS (Method E) r/t 1.99 (M-H)335. 337 

Intermediate 175: 4-Ethy3-l-(3-fluoro-benzyl)-piperazin-2-one 

[00520] Sodium hydride (60% oil dispersion, 0.176g) was added to a stirred solution of 
20 4-elhyl-piperazin-2-one (Intennediate 176, 0.512g) in anhydrous THF (lOmL) and the mixture 

was stirred at room temperature for 10 minutes. 3-Fluorobenzyl bromide (0.827g) was added 
and stirring was continued for 2 hours. The solution was diluted wilh water and ethyl acetate 
and the organic layer was dried (NasSCVj and fillered. The filtrate was concentraied in vacuo 
and the residue was purified by chromatography on silica, eluting with a mixture of methanol 



WO 2012/154676 PCT/US2012/036789 

-196 -

and DCM with a gradienl of 0-5% to give 4-ethyl-l-(3-fluorobenzyl)piperazin-2-one (0.595g) 
as a colourless oil. 

'H NMR (CDC13) 8: 7.26 (1H, m), 6.91- 7.10 (3H, m). 4.61 (2H, s), 3.27 (2H, l), 3.23 (2H, s), 

2.65 (2H, 0, 2.48 (2H, q), 1.09 (3H, I). 
5 

Intennediate 176: 4-Ethylpiperazin-2-one 

Sr^H 
6 

[00521] A mixture of 2-oxopiperazine (1.07g), iodoetliane (1.72g) and potassium 
carbonate (2.76g) in acetonitrile (50tnL) was stirred at 55°C for 3 hours. After cooling, the 

10 mixture was filtered and the fillrate was concentrated in vacuo. Hie residue was triturated with 
DCM and filtered and the filtrate was concentrated in vacuo. The residue was purified by 
chromatography on silica, eluting with a mixture of methanol and DCM with a gradient of 0-
40% to give 4-ethylpiperazin-2-one (0.99 lgj as a colourlcss oil. 

'H NMR (CDCb) 8: 6.81 (IH, br. s), 3.37 (2H, m), 3.14 (2H, s), 2.66 (2H, t), 2.50 (2H, q), 1.11 

15 C3H. 0-

Intermediate 177: Methyl (]aRS,7bSR)-5-[2-(l-ethylpiperidin-4-ylmethyl)-4-fiuoroben?;ene-
sulfonylamino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

20 [00522] 2-(l-Ethy]piperidine-4-ylmethyl)-4-fluorobenzenesulfonyl chloride 
(Intermediate 178, 0.l65g) was added to a solution of methyl (laRS,7bSR)-5-amino-l,la,2,7b-
tetrahydrocyclopropa-[c]chromene-4-carboxylate (Intermediate 42,0.290g) in DCM (5mL) and 
pyridine (1 mL) and the resultant mixlure was stirred at room temperature for 21 hours. The 
mixture was evaporated lo dryness and die residue was purified by chromalography on silica 

25 eluting wilh a mixture of 2M NH3 in methanol and DCM with a gradienl of 0-20% to give 
melhyl (laRS,7bSR)-5-[2-(l-ethy]-piperidin-4-ylmethyl)-4-fkiorobenzenesulfonylamino]-
l,la,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxylate (0.200g) as a solid. 
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LCMS (Method F) r/t 2.34 (M+H) 503 

Intermediate 178: 2-(l-Ethylpiperidin-4-ylmethyl)-4-fluorobenzenesu]fonyl chloride 

5 [00523] A solution of l-ethyi-4-{3-fluorob£nzyl)piperidine (Intermediate 179,0.250g) in 
DCE (1 mL) was added to chiorosulfonic acid (2mL) at 0°C. The mixture was allowed to warm 
to room temperature and stirred for 2 hours. The resultant mixture was added caefuily to 
ice/water and extracted with DCM. The organic layer was dried (Na2S04) and filtered and the 
filtrate was evaporated to dryness to give 2-(l-ethy]piperidin-4-ylmethy3)-4-

10 fluorobenzenesulfony] chloride (0.290g) as a solid. 
!H NMR (CDCU) 8: 8.17 (IH, dd), 7.17 (IH, m), 7.08 (1H, dd), 3.59 (2H, d), 3.13-2.99 (4H, 
m), 2.57 (2H, m), 2.24 (2H, m), 1.95-1.77 (3H, m), 1.47 (3H, t). 

Intennediate 179: l-Ethyl-4-(3-fluorobenzyl)piperidine 

(Intennediate 180, 0.259g) and potassium carbonate (0.204g) in acetonitrile (lOmL). The 
mixture was stirred for 20 hours then filtered. The filtrate acidified by addition of few drops of 
2M HCI and the solution was passed through a SCX-2 column (iOg). The product was eluted 

20 with 2M ammonia in methanol and the residue after evaporation was triturated with diethyl 
ether. The solid was filtered off and the filtrated was concentrated in vacuo lo give l-ethyl-4-
(3-fluorobenzyl)piperidine (0.210g) 
'H NMR (CDCls) 8: 7.24-7.16 (IH, m), 6.94-6.79 (3H, m), 2.91 (2H, dt), 2.52 (2H, d), 2.36 
(2H, q), 1.82 (2H, td), 1.68-1.57 (2H, m), 1.56-1.44 (IH, m), 1.30 (2H, m), 1.06 (3H, 0-

15 
[00524] Bromoetbane (0.1 mL) was added to a mixture of 4-(3-fluorobenzyl)piperidine 

25 
Intermediate 180: 4-(3-Fiuorobenzyl)piperidine 
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Hf 

[00525] A mixlure of benzyl 4-(3-fluorobenzylidene)piperidine-l-carboxylate 

(Intermediate 181, 1.05 g), 20% palladium hydroxide on carbon (0.227g), IMS (30mL) and 

acelic acid (lOmL) was degassed by nitrogen/vacuum purging. The mixture was placed under 

5 an atmosphere of hydrogen with rapid stirring. After 2 hours the mixture was filtered and the 

filtrate was diluted with water (40mL) and neutralized with Na2C03- The solution was 

saturated with sodium chloride, extracted wilh ethyl acetate dried (MgS04) and filtered. The 

filtrate was concentraied in vacuo and the residue was dissolved in a mixture of methanol and 

water (20mL, 1:1) and passed down a SCX-2 column. The product was eluted with 2M 

10 ammonia to give 4-(3-fluorobenzyl)piperidine (0.532g) 

'H NMR (CDCls) 5: 7.24-7.16 (IH, m), 6.95-6.77 (3H, m), 3.04 (2H, dt), 2.56 (2H, dd), 2.51 

(2H,d), 1.73-1.54 (3H, m), 1.42 (IH, s), 1.14 (2H, m) 

Intermediate 181: Benzyl 4-(3-fluorobenzylidene)piperidine-l-carboxylate 

fluorobenzyljphosphonate (Intermediate 182, lg) in THF (40mL) al 0°C. The mixture was 

stirred for 30 minutes then benzyl 4-oxopiperidine-i-carboxySate (0.947g) was added at 0°C. 

The mixture was allowed to warm to room temperature and stirred for 21.5 hours. The mixture 

20 was partitioned between water and ethyl acetate and the organic layer was washed with brine, 

dried CNajSCU) and filtered. The filtrate was evaporated to dryness and the residue was purified 

by chromatography on silica eluling with a mixture of ethyl acetate and cyclohexane with a 

gradienl of 0-25% to give benzyl 4-(3-fluorobenzylidene)piperidine-l-carboxylate (1.05g) 
LH NMR (CDC13) 5: 7.39-7.22 (6H, m), 6.98-6.83 (3H. m), 6.33 (IH, s), 5.15 (2H, s), 3.54 (4H, 

15 
[00526] Sodium hydride (0.245g) was added portionwise to a solution of diethyl (3-

25 dl), 2.41 (4H, dt). 
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Intermediate 182: Diethyl (3- fluorobenzyl)phosphonate 

° 1 
F 

[00527] A mixture of 3-fluorobenzyl bromide (2g) and triethyl phosphite (2.2mL) was 
heated at ]60°C under nitrogen for 4 hours. After cooling, the were volatiles removed in vacuo 

5 and the residue was purified by chromatography on silica eluting with a mixture of ethyl 
acetate and cyclohexane with a gradient of 0-100% lo give diethyl (3-
fluorobenzyl)phosphonaie (2.46g) 
lH NMR (CDC33) S: 7.31-7.22 (IH, m). 7.11-6.89 (3H, m), 4.09-3.97 (4H, m), 3.13 (2H, d), 
1.25 (6H, t). 

0 
Intermediate 183: Methyl (iaRS,7bSR)-5-{2-[2-(l-ethylazeiidin-3-yl)ethyl]-4-fluorobenzene-
sulfonylamino}-1, la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

15 l,la,2,7b-tetrahydrocyclopropa[c]chromen-5-ylsuIfamoyl)phenyl]ethyI}azetidme-l-
carboxylate (Intermediate 184, 0.397g) in DCM (5mL) and irifluoroacetic acid (5mL) was left 
at room temperature for 30 minutes then evaporated in vacuo and the residue was dissolved in 
toluene and re-evaporated. The residue was dissolved in DCM (15mL) and acetaldehyde 
(0.063g) was added followed by sodium triacetoxyborohydride (0.30lg). The mixture was 

20 stirred al room temperature for 2 hours then diluted with ethyl acetate and water and the 
organic layer was dried (Na2S04) and filtered. The filtrate was concentrated in vacuo and the 
residue was purified by chromatography on silica, eluling with a mixture of methanol and 
DCM with a gradient of 0-25% to give methyl (laRS,7bSR)-5-{2-[2-(2-ethylazetidin-3-
yI)ethyI]-4-fluorobenzenesulfonylammo!-l,la,2,7b-ietrahydrocyclopropa[c]chiomene-4-

25 carboxylate (0.312g) as a white foam. 

[005281 A solution of/m-buty] (laRS,7bSR)-3-{2-[5-fluoro-2-(4-methoxycarbonyl-
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LCMS (Method E) r/t 2.75 (M+H) 489. 

Intermediate 184: ten-butyl (] aRS,7bSR)-3-{2-[5-f!uoro-2-(4-inethoxycarbony]-1,1 a,2,7b-
tetrahydro-cyclopropalc]chromen-5-ylsulfamoy].)phenyl]ethyl}azetidine-l-carboxylate 

[00529] A mixture of tert-bulyl (laRS,7bSR)-3-{(E/Z)-2-[5-lluoro-2~(4-
methoxycarbonyl-1, la,2,7b-tetrahydrocyclopropa[c]chromen-5~ 
ylsu3famoyI)pbenyl]vinyl}azetidine-l-carboxylate (Iniermediate 185, 0.502g) and 10% 
palladium on carbon (0.05g) in ethanol (25mL) was stirred under an atmosphere of hydrogen 

10 for 30 minutes. The suspension was filtered and the filtrate was concentrated in vacuo. The 
residue was purified by chromatography on silica, eluling with a mixture of ethyl acetate and 
cyclohexane with a gradient of 0-40% to give rerr-butyl (laRS,7bSR)-3-{2-[5-fluoro-2-(4-
inethoxycarbonyl-l,la,2,7b-tetrahydrocyclopropa[cjchromen-5-y3sulfamoyl)phenyl]-
ethyl 'f axclidinc-1 -carboxylate (0.40lg) as a colourless gum. 

15 'HNMR (CDCb) 5: 9.01 (IH, br, s). 7.90 (IH, dd), 7.21 (IH, d), 7.02 (IH. d), 6.94 (2H, m), 
4.32 (IH, d), 4.00 (2H, t), 3.79 (IH, d). 3.77 (3H, s), 3.56 (2H, dd), 2.79 (2H, dd), 2.56 (IH, 
m), 1.89 (3H, m), 1.72 (IH, m), 1.45 (9H, s), 0.99 (2H, m). 

Intermediate 185: tert-Butyl (laRS,7bSR)-3-{(E/Z)-2-[5-fluoro-2-(4-methoxycarbonyl-
20 1,1 a,2,7b-tetrahydro-cyclopropa[c jchromen-5-ylsulfamoyI)phenyl]vinyl jazetidine- ] -

carboxylate 

25 

A mixture of methyl (laRS,7bSR)-5-(2-bromo-4-fluorobenzenesulfonylamino)-
l,la,2,7b-tcirahydrocyclopropa[c3chromene-4-carboxylate (Intennediate 43,0.456g), rm-buiyj 
3-((E/Z)-2-lrimethylstannanyIvinyl)azetidine-l-carboxylate (Intermediate 186, 0.433g), 

fra(dibenzylideneacelone)dipalladium(0) (0.046g) and iri-rert-butylphosphonium 

tetrafluoroborate (0.029g) in dioxane (I5mL) and DMvSO (1.5mL) was stirred and heated al 
90°C under nitrogen for 1 hour. After cooling, die solution was diluted with ethyl acetate, 
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washed with waler, dried (Na2SO.t) and filtered. The filtrate was concentrated in vacuo and ihe 
residue was purified by chromalography on silica, eluting widi a mixture of ethyl acetate and 
cyclohexane with a gradient of 0-40% to give /en-butyl (laRS,7bSR)-3-{(E/Z)-2-[5-f]uoro-2-
(4-methoxycarbonyl-l,3a,2,7b-ietFahydrocyclopropa[c]chromen-5-ylsulfamoyl)pheny3jvinyl j-

5 azetidine-1 -carboxylate (0.508g) as a colourless gum. 
LCMS (Method E) r/t 4.47 (M-H) 557 

Intermediate 186: terr-ButyJ 3-((E/Z)-2-trimediylstannanylviny3)a2etidine-l-carboxylate 

(Intermediate 187, 1.39g), hexamelhylditin (2.95g), and 
/errato(lriphenylphosphine)pal]adium(0) (0.52g) in anhydrous THF (40mL) was stirred and 
heated al 50°C under nitrogen for 2 hours. After cooling, the mixture was evaporated in vacuo 
and the residue was purified by chromalography on silica, eluling with a mixture of ethyl 

15 acetaie and cyclohexane with a gradient of 0-10% to give rm-butyl 3-((E/Z)-2-
trimethylslannanylvinyl)azetidine- 1-carboxylale (0.60lg) as a pale yellow oil. 

'H NMR (CDC13) 8: 5.79-6.5 (2H, m), 3.95 (2H, m), 3.62 (2H. m), 2.88-3.12 (IH, m), 1.32 

(9H, s), 0.0 (9H, s). 

20 Intermediate 187: terf-Butyl 3-((E/Z)-2-iodovinyl)azetidine-l-carboxylate 

(8.37g) in anhydrous THF (25mL) was added to a stirred suspension of anhydrous 
chromium(H) chloride in anhydrous THF (lOOmL) under nilrogen and the mixture was stirred 

25 at room temperature for 4 hours. The resulting mixture was diluted with water and ediyl acetaie 
and the organic layer was dried (NaoSC>4) and filtered. The filtrate was concentraied in vacuo 
and the residue was purified by chromatography on silica, eluting with a mixture of ethyl 
acetate and cyclohexane with a gradient of 0-15% lo give rm-butyl 3-((E/Z)-2-
iodovinyI)azetidine-1 -carboxylate (2.0 lg) as a pale yellow oil. 

o 

10 [00531J A solution of zeri-butyl 3-((E/Z)-2-iodovinyl)azelidine-l-carboxylate 

[00532J A solution of fer/-butyl 3-formylazetidine-l-carboxylale (1.97g) and iodoform 
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'H NMR (CDCfe) 5: 6.71 (0.8H, dd), 6.55 (0.2H, t), 6.33 (0.2H, d), 6.18 (0.8H, d), 4.20 (0.4H, 
t), 4.08 (1.6H, 0. 3.76 (2H, m), 3.45 (0.2H, m), 3.19 (0.8H, m), 1.44 (9H, s). 

Intennediate 188: Methyl (laRS,7bSR)-5-(2-{[((S)-l-elhylpyrrolidine-3-carbonyl)amino]-
5 melhyl}-4-fluorobenzenesu}fonylainmo)-l,la,2,7b-tetrahydrocyclopropafc}chromene-4-

[00533] HATU (0.234g) was added to a mixture of (S)-l-ethyipyrrolidine-3-carboxylic 
acid (Intermediate 189, 0.089g) and NMM (0.068mL) in DMF (4mL) and the mixture was 

10 stirred for 15 minutes. Melhyl (laRS,7bSR)-5-(2-aminomethy!-4-
f]uorobenzenesulfonylainino)-l,la,2,7b-letrahydrocyclopropa[c]chromene-4-caiboxylate 
(Intermediate 102, 0.250g) was added and the mixture was stirred for 20 hours. The mixture 
was diluted with water and extracted with ethyl acetate. The organic layer was washed with 
saturated NaHCOj solution, dried (Na^SO^ and filtered. The filtralc was evaporated to dryness 

15 and the residue was purified by chromatography on silica eluting with a mixture of 2M 
ammonia in methanol and DCM with a gradient of 0-15% to give methyl (laRS,7bSR)-5-(2-
{(((S)-l-ethylpyrrolidine-3-carbonyl)amino]methyl}-4-fluoro-benzenesulfonylammo)-
l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate (0.190g) as a solid. 
SH NMR (CDC13) 8: 7.81 (IH, dd), 7.46-7.38 (IH, m), 7.30-7.20 (3H, m), 7.06-6.93 (2H, m), 

20 4.58 (2H, d), 4.32 (IH. dd), 3.79 (JH, dd), 3.76 (3H, s), 2.93-2.78 (3H, m), 2.70-2.49 (4H, m), 
2.24-2.08 (IH, m), 2.00-1.87 (2H, m), 1.78-1.68 (IH, m), 1.15 (3H, t), 1.06-0.98 (2H, m) 

Intermediate 189: (S)- l-Ethyl-pyrroiidine-3-carboxylic acid 

0.563g), 20%pailadium hydroxide on carbon (0.056g), elhyl acetate (9mL) and IMS (lmL) was 
degassed and hydrogenated for 4 hours. The catalyst was removed by filtration, washed with 

carboxylate 

o 
25 [00534] A mixture of benzyl (S)-l-ethylpyrrolidine-3-carboxvlate (Iniermediate 190, 
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ethyl acetate and ihe filtrate was concentraied in vacuo lo give (S)-l-ethylpyrrolidine-3-
carboxylic acid (0.318g) as a solid. 
'H NMR (CDCb) 8: 12.46-10.55 (1H, br s), 3.84-3.57 (IH, br s), 3.49-3.26 (IH, br s), 3.26-
2.93 (5H, m), 2.50-2.33 (IH. m), 2.28-2.11 (IH, m), 1.35 (3H, l). 

5 
Intermediate 190: Benzyl (S)-1 -ethylpyrrolidine-3-cattooxylate 

rO-yO^O 
o 

[00535] Elhyl bromide (0.21 mL) was added to a mixture of benzyl (S)-pyrrolidine-3-
carboxylate trifluoroacetic acid salt (Intermediate 191, 0.897g), potassium carbonate (0.97 lg) 

10 and DMF (iOmL) at room tempertaure and the mixture was stirred for 25 hours. Further ethyl 
bromide (0.1 lmL) was added and stirring was continued for 24 hours. Further ethyl bromide 
(0.05mL) was added and stirring was continued for 22 hours. The resultant mixture was diluted 
with water and extracted with diethyl ether, washed with brine, dried (Na2S04) and filtered. 
The filtrate was concentrated in vacuo to give benzyl (S)- l-ethylpyrrolidine-3-carboxylate 

15 (0.563g). 
lH NMR (CDCb) 8: 7.38-7.30 (5H, m), 5.13 (2H, s), 3.09 (IH, m), 2.93 (IH, t), 2.76-2.66 (lH, 
m), 2.63 (IH, dd), 2.56-2.41 (3H, m), 2.16-2.05 (2H, m). 1.10 (3H, t). 

Intermediate 191: Benzyl (S)-pyrrolidine-3-carboxylate trifluoroacetic acid salt 

HOYCJD 
20 0 

[00536] Trifluoroacetic acid (2.5mL) was added lo a solution of benzyl (S)-l-fer/-
butoxycarbonylpyrrolidinc-3-carboxyIate (Intermediate 192, 0.859g) and DCM (IOmL) at room 
tempertaure. The mixture was stirred for 4 hours then concentrated in vacuo. The residue was 

azetroped with loluene then ethyl acetate lo give benzyl (S)-pyitolidine-3-carboxy}ate 
25 trifluoroacetic acid salt (lg). 

'H NMR (CDCb) 8: 7.41-7.29 (5H, m), 5.16 (2H, dd), 3.64-3.45 (2H, m), 3.44-3.23 (3H, m), 
2.42-2.20 (2H, m). 

Intermediate 192; Benzyl (S)-l-fm-butoxycarbonylpyrrolidine-3-carboxylate 
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[00537] DBU (0.764mL) was added lo a mixture of benzyl bromide (0.6lmL), (S)-l-
tert-butoxycarbonyl-pyrrolidine-3-carboxylic acid (lg) in anhydrous toluene (IOmL) and the 
mixture was stirred at room temperature for 24 hours. The mixture was filtered and (he filtrate 

5 was concentrated in vacuo. The residue was purified by chromatography on silica eluting with 
a mixture of ethyl acetate and cyclohexane with a gradient of 0-35% lo give benzyl (S)-1 -lert-
butoxycarbonylpyrroIidine-3-carboxylate (0.859g) 
'H NMR (CDC13) 8: 7.39-7.29 (5H, m), 5.14 (2H, s), 3.70-3.41 (3H, m), 3.41-3.27 (lH, m), 
3.08 (IH, m), 2.13 (2H, q), 1.45 (9H, s). 

10 
Intermediate 193: (R)-l-Ethylpyrrolidin-3-ylamine 

NiH, 

Ci 
N 

J 
[00538] Acetyl chloride (!5mL) was added to methanol (120mL) and the resultant 
solution was stirred for 20 minutes. A solution of ?m-butylN-((R)-l-ethylpyrrolidin-3-

15 yl)carbamate (intermediate 94, 8.4g) in methanol (30mL) was then added and the mixlure was 
stirred and healed at 80°C overnight. After cooling, the mixture was concentrated under 
vacuum and the residue was redissolved in methanol (150mL) and potassium carbonate (25.8g) 
was added. The mixture was stirred and heated at 30°C for 30 hours. After cooling, the solid 
was filtered off and the filtrate was distilled, collecting the product at 100°C to give (R)-l-

20 ethylpyrrolidin-3-ylamine (2.10g) as a yellow oil, which was used without further 
characterisation. 

Intermediate 194: (S)-l-Ethylpyrrolidin-3-ylamine 

25 Prepared by proceeding in a similar manner to Intennediate 193, starting from tert-butyl N-
((S)-l-ethylpyrrolidin-3-yl)carbamate (Intermediate 82) and used without further 
characterisation. 
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Intermediate 195: Methyl (laRS,7bSR)-5-(2-{[((R)-l-ethylpyrrolidine-3-carbonyl)amino]-
methyl }-4-fluorobenzenesu]fony]amino}-1, ] a,2,7b-tetrahydrocyclopropa[c]chromene-4-
carboxyiate 

[00539] Prepared by proceeding in a similar manner to Intermediate 188, starting from 
melhyl (iaRS,7bSR)-5-(2-aminomelhyl-4-fluorobenzenesuIfonylamino)-l,la,2,7b-ietrahydro-
cyclopropa[c]chromene-4-carboxylate (intermediate 102) and (R)- l-ethylpyrroiidine-3-
carboxylic acid (Intermediate 196). 

10 'H NMR (CDCb) 5: 7.81 (IH, dd), 7.43-7.34 (iH, m), 7.30-7.20 (3H, m), 7.05-6.93 (2H, m), 
4.59 (2H, d), 4.32 (IH, dd), 3.79 (III, dd), 3.76 (3H, s), 2.99-2.84 (3H, m), 2.81-2.73 (lH, m), 
2.73-2.60 (3H, m), 2.27-2.12 (IH, m), 2.01-1.88 (2H, m), 1.78-1.67 (IH, m), 1.17 (3H, s). 1.08-
0.98 (2H, m). 

15 Intermediate 196: (R)-l-Ethylpyrrolidine-3-carboxylic acid 

o 

[00540] Prepared by proceeding in a similar manner to Intermediate i 89, starling from 
benzyl (R)-l-ethylpyrrolidine-3-carboxylate (Intermediate 197). 
lH NMR (CDC13) 8: 11.05-9.55 (IH, br s), 3.71 (IH, br s), 3.37 (IH, br s), 3.27-2.94 (5H, m), 

20 2.49-2.32 (IH, m), 2.29-2.13 (IH, m), 1.35 (3H, t). 

Intermediate 197: Benzyl (R)-l-ethylpyrroiidine-3-carboxylate 

o 
Prepared by proceeding in a simialr manner to Intermedaite 190, starting from benzyl (R)-

25 pyrrolidine-3-carboxylate trifluoroacetic acid salt (Intermediate 198). 
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'H NMR. (CDCI3) 8: 7.38-7.30 (5H, m), 5.13 (2H, s), 3.09 (IH, m), 2-93 (IH, t), 2.76-2.66 (IH, 
m), 2.63 (IH, dd), 2.52-2.42 (3H, m), 2.16-2.06 (2H, m), 1.11 (3H, t). 

Intermediate 198: Benzyl (R)-pyrrolidine-3-carboxylic trifluoroacetic acid salt 

5 0 

[00541] Prepared by proceeding in a similar manner lo Intermediate 191, starting from 
benzyl (R)-l-fen-butoxycarbonyipyrrolidine-3-carboxylate (Intennediate 199). 
lH NMR (CDCb) 8: 7.41-7.29 (5H, m), 5.16 (2H, dd), 3.64-3.45 (2H, m), 3.42-3.23 (3H, m), 
2.41-2.20 (2H, m). 

10 
Intermediate 199; Benzyl (R)-l-rerf-buioxycarbonylpyrrolidine-3-cari3oxylaie 

j^>cyjO 
[00542] Prepared by proceeding in a similar manner lo Intermediate 192, starling from 
(R)-l-/m-butoxycarbonyl-pyrrolidine-3-carboxyIic acid. 

15 lH NMR (CDCI3) 8: 7.42-7.29 (5H, m), 5.15 (2H, s), 3.72-3.42 (3H, m), 3.42-3.26 (IH, m), 
3.08 (IH, m), 2.13 (2H, q), 1.45 (9H, s). 

Intermediate 200: Methyl (laRS,7bSR)-5-{N-[2-((Z)-3-diethylamino-2-methylprop-l-eny3)-
4-fluorobenzenesulfony3]-N-(medioxycarbonyl)amino}-l,la,2,7b-teti-aiiydrocyclopropa-

20 [c]chromene-4-caitioxylate 

[00543] Methanesulphonic anhydride (0.159g) was added lo a solution of methyl 
(laRS,7bSR)-5-{N-[4-fluoro-2-((Z)-3-hydroxy-2-methyiprop-j-enyl)benzenesuIfony]]-N-
(melhoxycarbonyl)amino}-l,la,2,7b-letrahydrocyclopropa[c]chromene-4-carboxylate 

25 (Iniermediate 201, 0.310g) and N,N-diisopropyl-N-ethylamine (0.118g) in DCM (IOmL) and 
the mixture was left at room temperature for 1 hour. Diethylamine (1 mL) was added and the 



WO 2012/154676 PCT/TJS2012/036789 

-207 -

solution was left for a further 16 hours. The mixture was washed with water and filtered 
through a phase separator. The filtrate was concentrated in vacuo and the residue was purified 

by chromatography on silica, eluting with a mixlure of methanol and DCM with a gradient of 
0-8% lo give methyl (laRS,7bSR)-5-{N-[2-((Z)-3-diethylamino-2-methylprop-l-enyl)-4-

5 fluorobenzcne-su]fonyl]-N-methoxy-carbonyIamino}-l,Ia,2,7b-
letrahydrocyclopropa|cjchromene-4-carboxylate (0.268g) as a white foam. 
LCMS (Method E) r/l 2.79 (M+H) 561. 

Intermediate 201: Methyl (]aRS,7bSR)-5-{N-[4-fluoro-2-((Z)-3-hydroxy-2-methylprop-l-
10 eny])benzenesu3fonyl)-N-(melhoxycarbonyl)amino}-l,la,2,7b-letrahydrocyc3opropa-

[c]chromene-4-carboxylate 

[00544] Concentrated hydrochloric acid (lmL) was added to a solution of methyl 
(laRS,7bSR)-5-(N-{2-[(Z)-3-(terr-butyIdimethylsi]anyloxy)-2-methylprop-l-enyl]-4-

15 fluorobenzenesulfonyl]-N-methoxycarbonyl-amino}-l,la,2,7b-
tetrahydrocyclopropa[c]chroinene-4-carboxylate (Intermediate 202, 0.385g) in methanol 
(20mL) and the mixture was left at room temperature for 45 minutes. The solution was 
concentrated in vacuo and the residue was purified by chromatography on silica, eluting with a 
mixture of ethy! acetate and cyclohexane with a gradient of 0-60% to give melhyl 

20 (iaRS,7bSR)-5-{N-[4-fluoro-2-((Z)-3-hydroxy-2-methylprop-l-enyl)benzenesulfonyl]-N-
methoxycarbonylamino}-1, la,2,7b-tetrahydrocyc]opropa-[c]chromene-4-caiboxyiate (0.314g) 
as a white foam. 

'HNMR (CDC!3) S: 8.18 (IH, dd), 7.35 (IH, d), 7.11 (IH, dt), 6.94 (IH, d), 6.89 (IH, d), 6.74 

(IH, s), 4.39 (IH, d), 3.82-4.17 (3H, m), 3.76 (1.5H, s), 3.72 (1.5H, s), 3.64 (3H, s)} 1.98 (4H, 
25 m), 1.82 (IH, q), 1.14 (2H, in). 

Intennediate 202: Methyl (laRS,7bSR)-5-(N-{2-[(Z)-3-(ze»-r-butyldimelhylsilanyIoxy)-2-
methylprop-l-enyl]-4-fluorobenzenesulfonylj-N-(melhoxycartionyl)amino}-l,la,2,7b-
tetrahydrocyclopropa-[c]chromene-4-carboxylate 
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[00545] A mixture of methyl (laRS,7bSR)-5-[N-(2-bromo-4-fluorobenzenesulfonyl)-N-
(methoxy-carbonyl)ainino]-l.,la,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxy]ate 
(Intermediate 65, 0.257g), wrf-buty]-dimethyi-((Z)-2-melhyl-3-tributylslannanylallyloxy)silane 

5 (0.475g), fr!'s(diben2ylideneacetone)dipalladium(0) (0.023g) and tri-r<?/t-butylphosphonium 
letrafluoroboraie (0.0l5g) in dioxane (8mL) and DMSO (0.8mL) was stirred and healed at 
90"C under nitrogen for 1 hour. Further m'i-(dibenzy]ideneacetone)dipalladium(O) (0.023g) and 
tri-re/v-butylphosphonium tetrafluoroborate (0.015g) were added and healing was continued for 
a further 40 minutes. After cooling, the mixture was diluted with ethyl acetaie, washed with 

10 water, dried (H^SOA) and filtered. The fillrale was concentrated in vacuo and the residue was 
purified by chromatography on silica, eluting with a mixture of ethyl acetate and cyclohexane 
with a gradient of 0-20% lo give methyl (laRS,7bSR)-5-(N-{2-|(Z)-3-(rerr-
butyldimelhylsilanyloxy)-2-methylprop-l-enyl]-4-fluorobenzenesulfonyl]-N-methoxycarbonyl-
amino}-1, Ia,2,7b-letrahydrocyclopropa[c]chromene-4-carboxylate (0.23 lg) as a colourless 

15 gum. 
LCMS (Method E) r/l 5.22 (M+Na) 642. 

Intermediate 203: 2-((R)- i -Ethylpyrrolidin-3-yl)ethylamine 

20 [00546] Lithium aluminium hydride (1.0g) was added in portions to a slirred, cooled 
solution of 2-((S)- l-elhylpyrrolidin-3-yl)acelonilrile (Iniermediate 204, 3.8g) in THF (20mL) at 
0°C. On completion of the addilion, Ihe mixture was slirred at room temperature for 4 hours. 
Water was added cautiously, followed by addilion of 15% aqueous sodium hydroxide solution 
and more water. The solid was filtered off and the filtrate was evaporated to dryness. The 

25 residue was dissolved in DCM, dried (Na2S04) and fillered. The fillrate was evaporated to 
dryness to give 2-((R)-l-ethyipyrrolidin-3-yl)ethylamine (2.0g) as a colourless oil, which was 
used without farther characterisation. 
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Intermediate 204: 2-((S)-l -Ethylpyrrolidin-3-yl)acetonitrile 

[01)547] Iodoethane (10. ig) was added to a mixture of 2-((S)-pyrrolidin-3-yl)acetonitrile 
hydrochloride (Intermediate 205, 7.9g) and potassium carbonate (29.7g) in DMF (20m.L) and 
the resultant mixture was stirred at room temperature for 5 hours. "Water was added and the 
mixture was extracted with ethyl acetate, washed with brine, dried (Na2S04) and filtered. The 
filtrate was evaporated to dryness to give 2-((S)-l-elhylpyrro]idin-3-y])acetonitrile (3.8g) as a 
yellow oil which was used without further characterisation. 

Intermediate 205: 2-((S)-Pyrrolidin-3-yl)acetonitrile hydrochloride 
-CN 

10 

$ HC\ 

[00548J A solution of tm-butyl (S)-2>-cyanomethylpyrroMine-l -carboxylate 
(Intermediate 206, 12.3g) in methanol (150mL) and concentrated hydrochloric acid (l2mL) 

15 was stirred and heated at 50°C overnight After cooling, the mixture was concentrated under 
vacuum to give crude 2-((S)-pyrrolidin-3-yl)acetonitrile hydrochloride (9.0g) as a white solid 
which was used without farther characterisation. 

Intennediate 206: rm-Butyl (S)-3-cyanomethylpyrrolidine-l-carboxylate 
/• CN o 

[00549] A mixlure of /erf-butyl ((R)-3-(4-mcihylbenzenesulfonyloxymethyl)pyrrolidine-
1-carboxylate (Intermediate 207, 22.3g) and sodium cyanide (6.13g) in DMSO (lOOmL) was 
stifred and heated at 100°C for 4 hours. After cooling, a saturated aqueous solution of iron (II) 
sulphaie was added and the mixture was stirred at room temperature for 8 hours. The resultant 

25 mixture was extracted with ethyl acetate, washed wilh brine, dried (t^SO.*) and filtered. The 
filtrate was evaporated to dryness and the residue was purified by chromatography on silica. 
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eiuting with an mixture of ethyl acetate and petroleum ether (20%) to give fcjf-bulyl (S)-3-
cyanomethylpyrrolidine-1 -carboxylate (12.3g) as a while solid which was used withoul further 
characterisation. 

5 Intermediate 207: tm-Butyl ((R)-3-(4-methy3benzencsulfony3oxymethy3)-pyrrolidinc-1 -
carboxylate 

Prepared by proceeding in a similar manner lo Intermediate 140, slatting from rerr-butyl (R)-3-
hydroxymethylpyrrolidine-1-carboxylate and 4-mcthylbenzenesu5fonyl chloride and "used 

10 without further characterisation. 

Intermediate 208: 2-((S)-l-Ethylpyirolidin-3-yl)ethy]amine 
NH, 

[00550] Prepared by proceeding in a similar manner lo Iniermediate 203, starting from 2-
15 ((R)-l-ethylpyrroiidin-3-yl)acetonitrile (Intermediate 209) and used without further 

characterisation. 

Intermediate 209: 2-((R)-1 -Ethylpyrro3idin-3-yl)acelonitri)e 
..-—CN 

20 [00551] Iodoethane (6.46g) was added in portions to a cooled mixlure of 2-((R)-
pyrrolidin-3-yl)acelonitrile (Iniermediate 210, 4.6g) and potassium carbonate (8.6g) in 
acetonilrilc (30mL) al 0°C. The mixture was stirred for 3 hours at 0°C then concentrated under 
vacuum. The residue was partitioned between water and DCM. The organic layer was washed 
with brine, dried (Na2SO.j) and fillered. The filtrate was evaporated lo dryness to give 2-((R)-l-
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ethy]pynolidki-3-yl)acetonkrile (2.1g) as a colourless liquid which was used without further 
characterisation. 

Intermediate 210: 2-((R)-Pyrrolidin-3-y3)acetonitrile hydrochloride 
CN 

[005521 Prepared by proceeding in a siiniiar manner to Iniermediate 205, starting from 
/m-butyl (R)-3-cyanomethylpyrro]idine-l-carboxylate (Iniermediate 211) and used without 
further characterisation. 

10 Intermediate 211: ferr-Buiyl (R)-3-cyanomelhyipyrro!idme- 1-carboxylate 
.-—CN 

N 
I 

Cr^o 

[00553] Prepared by proceeding in a similar manner to Intermediate 206, sarting from 
rerr-butyl ({S)-3-(4-methylbenzenesulionyloxymethyl)pyiTolidine-1 -carboxylate (Intermediate 
212) and used without further characterisation. 

15 
Intermediate 212: ferf-Butyl ((S)-3-(4-melhylbenzenesu!fonyloxyinetiiyl)-pyrrolidine-l-
carboxylate 

J, 
o^o 

[00554] Prepared by proceeding in a similar manner to Intermediate 140, starting from 
20 tert-butyl (S)-3-hydroxymethylpyrrolidine-l-carboxylate and 4-methylbenzenesulfonyl 

chloride and used without further characterisation. 
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Intermediate 213: Melhyl (laR,7bS)-5-[2-((S)-l-ethylpyrrolidin-3-yloxymethyl)-4-fluoro-
benzenesulfonylamino]-l,la,2.7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

[00555] A solution of ferf-butyl (S)-3-[(laR,7bS)-5-fiuoro-2"(4-methoxycarbonyl-
5 ],la,2,7b-tetrahydro-cyclopropa[c]chromen-5-yisulfamoyl)henzyloxy]pyrrolidine-l-

carboxylate (Intermediate 214,0.284g) in trifluoroacetic acid (4mL) and DCM (4mL) was left 
at room temperature for 30 minutes. The mixture was evaporated in vacuo and the residue was 
azeotroped with toluene. The residue was dissolved in DCM (4mL) and acetaldehyde (0.044g) 
was added followed by sodium triacetoxyborohydride (0.2I2g). The mixture was stirred at 

10 room temperature for 1 hour. The resulting solution was diluted with DCM and 1M sodium 
hydroxide solution and the organic layer was dried (Na2S04) and filtered. The filtrate was 
evaporated in vacuo and the residue was purified by chromatography on silica, eluting with a 
mixture of methanol and DCM wilh a gradienl of 0-20% to give methyl (laR,7bS)-5-[2-((S)-l-
ethylpyrrolidin-3-yloxymelhyl)-4-fluorobenzenesulfonylamino]-l,La,2,7b-

15 tetrahydrocyclopropa[c]chromene-4-carboxylate (0.22lg) as a while foam. 
lH NMR (CDCls) 5:7.76 (IH, dd), 7.32 (IH, dd), 7.16 (1H, d), 6.94 (IH, dt), 6.87 (IH, d). 

4.86 (IH, d), 4.68 (IH, d), 4.32 (IH, d), 4.19 (IH, m), 3.79 (IH, d), 3.73 (3H, s), 3.13 (IH, d). 
2.92 (iH, q), 2.35-2.75 (4H, m), 2.10 (2H, m), 1.92 (IH, m), 1.72 (IH, m), 1.14 (3H, t), 1.03 

(2H, m). 
20 

Intermediate 214: rm-Buty] (S)-3-[(laR,7bS)- 5-fluoro-2-(4-methoxycarbonyI-l,la,2,7b-
tetrahydrocyclopropa[c]chromen-5-ylsulfamoy])benzyloxy]pyrrolidine-l-carboxylate 
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[00556] A solution of 2m-buiyl (S)-3-(2-chlorosulfonyl-5-fluorobenzyloxy)pyrroiidine-

1-carboxylate (Iniermediate 215, 0.295g) in DCM (2mL) was added lo a solution of melhyl 

(laR,7bS)-5-amino-l(la,2,7b-letrahydrocyclopropa[c]cbromene-4-carboxylate (Intennediate 

5 42A, 0.11 g) m DCM (2mL) and the mixlure was left at room temperature for 5 days. The 

mixture was diiuted with DCM, washed with 1M hydrochloric acid and filtered through a phase 

separator. The fillrale was evaporated in vacuo and ihe residue was purified by chromatography 

on silica, eluling with a mixture of ethyl acetate and cyclohexane with a gradient of 0-30% to 

give r<?rf-butyl (S)-3-[5-fluoro-2-((LaR,7bS)-4-methoxycarbonyl-l,la,2,7b-

10 tetrahydrocyclopropa-[c]chroinen-5-ylsulfamoyl)benzyloxy]pyrrolidine-1-carboxylate (0.288g) 

as a white foam. 

'HNMR (CDCb) 8: 8.86 (IH, br, s), 7.76 (IH, dd), 7.41 (lH, dd), 7.25 (IH, d), 7.07 (lH, d), 

6.95 (IH, dt), 4.69-4.91 (2H, br, q), 4.32 (IH, d), 4.19 (IH, m), 3.77 (IH, d), 3.71 (3H, s), 3.49 

(4H, br, m), 1.89-2.18 (3H, m), 1.73 (IH, m), 1.47 (9H, s), 1.00 (2H, m). 

15 
Intermediate 215: rerf-Butyl (S)-3-(2-chlorosulfonyl-5-fluorobenzyloxy)pyrroIidinc-l-

carboxylaie 

[00557] n-Butyllithium (1.6M in hexanes. 3.3mL) was added lo a solution of *er?-butyl 

20 (S)-3-(2-bromo-5-fluorobenzyloxyjpyrrolidme-]-carboxylate (Intermediate 216,1.87g), in 

anhydrous THF (20mL) at -78°C under an atmosphere of nitrogen and die mixture was stirred 

for 30 minutes. Sulphur dioxide was passed through the resulting solution for 30 minutes, then 
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the cooling bath was removed and the mixlure was allowed to warm to room temperature and 

stirred for 15 minutes. The solution was evaporated in vacuo and die residue was dissolve in 

DCM (20mL) and N-chlorosuccinimide (0.668g) was added. The mixture was stirred for 30 

minutes then diiuted wilh ether and waler. The organic layer was dried (MgSO*) and filtered 

5 and the filtrate was evaporated in vacuo. The residue was purified by chromatography on silica, 

eluting wilh a mixture of ethyl acetate and cyclohexane with a gradienl of 0-25% lo give teri-

butyl (S)-3-(2-chIorosulfonyI-5-f]uorobenzyloxy)pyrrolidine-]-carboxylaie (l.Olg) as a 

colourless, viscous oil. 

'HNMR (CDC13) 8: 8.09 (IH, dd), 7.58 (IH, dd), 7.18 (IH, dt), 4.98 (2H, q), 4.28 (IH, m), 

10 3.40-3.61 (4H, m), 1.92-2.20 (2H, m), 1.47 (9H, s). 

Intermediate 216: ferf-Butyl (S)-3-(2-bromo-5-fluorobenzy!oxy)pyrrolidine-1 -carboxylate 

15 rm-butyl fS)-3-hydroxypyrrolidine-1 -carboxylate (0.935g) in THF (15mL) and the mixture 

was slirred for 5 minutes. 2-Bromo-5-fluorobcnzyl bromide (1.608g) was added and slirring 

was continued for 20 hours. The resultant suspension was filtered and the filtrate was 

evaporated to dryness. The residue was purified by chromalography on silica, eluling with a 

mixture of ethyl acetate and cyclohexane with a gradient of 0-15% to give ten-butyl (S}-3-(2-

20 bromo-5-fluorobenzyloxy)-pyrro3idine-l-carboxylate (1.88g) as a colourless oil. 

'H NMR (CDCI3) 8: 7.46 (IH, dd), 7.22 (IH, dd), 6.88 (IH, dt), 4.52 (2H, s), 4.19 (IH, m), 

3.40-3.65 (4H, br, m), 1.91-2.18 (2H. m), 1.49 (9H, s). 

[00558] Sodium hydride (60% oil dispersion, 0.24g) was added to a stirred solution of 

25 

Intermediate 217: Methyl (laR,7bS)-5-[2-((R)-l-elhylpyrrolidin-3-yioxymethyl)-4-fluoro-

benzenesulfonylamino]-l,la,2,7b-letrahydrocyclopropa[c]chromene-4-carboxy]ate 
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( 

[00559] Prepared by proceeding in a similar manner to Intermediate 213, starting from 

tert-butyl (R)-3-[(laR,7bS)-5-fluoro-2-(4-methoxycaibony]- 1,1a,2,7b-

letrabydrocyclopropa[c]chromen-5-ylsullamoy])benzyloxyj-pyrrolidine-]-caiboxyjate 

5 (Intermediate 218). 

'HNMR (CDCb) 8: 7.76 (IH, dd), 7.32 (IH, dd), 7.17 (IH, d), 6.95 (IH, dt), 6.88 (IH. d). 

4.85 (IH, d), 4.68 (IH, d), 4.32 (lH, d), 4.18 (IH, m), 3.81 (IH, d), 3.72 (3H, s), 3.11 (IH, d), 

2.92 (IH, q), 2.25-2.75 (4H, m), 2.09 (2H, m), 1.91 (IH, m), 1.72 (IH, m), 1.14 (3H, t), 1.03 

(2H, m). 

10 

Intermediate 218: fert-Butyl (R)-3-f(laR,7bS)-5-fluoro-2-(4-methoxycarbonyI-l,la,2,7b-

telrahydrocyclopropa[c]chromen-5-ylsu]famoy])benzyloxy]pyrrolidine-1-carboxylate 

[00560] Prepared by proceeding in a similar manner to Intermediate 214, starting from 

15 rm-bulyl (R)-3-(2-chlorosulfonyl-5-fluorobenzyloxy)pyrrolidine-l-carboxy]ate (Intermediate 

219) and methyl (laR,7bS)-5-amino-l,la,2,7b-telrahydrocyclopropa[c]chromene-4-carboxylate 

(Intennediate 42A). 

'HNMR (CDCls) 6: 8.86 (IH,br, s), 7.76 (IH, dd),7.41 (IH, dd), 7.25 (IH, d), 7.07 (IH, d), 

6.95 (IH, dt), 4.78 (2H, br, s), 4.32 (IH, d), 4.19 (IH, m). 3.77 (IH, d), 3.71 (3H, s), 3.49 (4H, 

20 br, m), 1.89-2.18 (3H, m), 1.73 (lH, m), 1.47 (9H, s), LOO (2H, m). 
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Intermediate 219: terr-Butyl (R)-3-(2-chlorosulfonyl-5-fluorobenzyloxy)pyrrolidine-l-
carboxylate 

Prepared by proceeding in a similar manner to Intermediate 215, starting from rm-butyl (R)-3-
(2-bromo-5-fluorobenzyloxy)pyrrolidine-1 -carboxylate (Intermediate 220). 

'HNMR (CDCls) 8: 8.10 (IH, dd), 7.58 (IH, dd). 7,17 (IH, dt), 4.99 (2H, q), 4.28 (IH, m), 
3.40-3.61 (4H, m), 1.92-2.20 (2H, m), 1.48 (9H, s). 

Intermediate 220: ferr-Buty] (R)-3-(2-bromo-5-fiuorobenzyloxy)pyrrolidine-l-carboxylate 

[00561] Prepared by proceeding in a similar manner to Intermediate 216, starting from 
fm-butyl(R)-3-hydroxy-pyrro]idine-l-carboxylate. 

'H NMR (CDC33) 8: 7.46 (iH, dd), 7.22 (IH, dd), 6.88 (IH, dt), 4.52 (2H> s), 4.19 (IH, m), 

3.40-3.65 (4H, br, m), 1.91-2.18 (2H, m), 1.49 (9H, s). 

Intermediate 221: Methyl (laR,7bS)-5-[2-(i-ethy3piperidin-3-ylmethyl)-4-fluorobenzene-

sulfonylamino]-1,1 a,2,7b-tetrahydrocyclopropa[c jchromene-4-carboxylate 
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[00562] 2-( 1 -ElhyIpiperidin-3-ylmethyl)-4-fluorobenzenesulfonyl chloride (Intermediate 
222, 0.2lg) was added lo a solution of methyl (laR,7bS)-5-amino-l,la,2,7b-
letrahydrocyc)opropa[c}chromene-4-carboxylate (Intermediate 42A 0.290g) in DCM (IOmL) 
and pyridine (2mL) and the resultant mixture was stirred at room temperature for 4 hours. The 

5 mixture was evaporated to dryness and the residue was partitioned between DCM and water. 
The organic layer was dried (Na2S04), filtered and the filtrate was concentrated in vacuo. The 
residue was purified by chromatography on silica eluting with a mixture of 2M ammonia in 
methanol and DCM wilh a gradient of 0-15% lo give methyl (laR,7bS)-5-|2-(l-ethylpiperidin-
3-ylmethyl)-4-fiuoro-benzenesulfonyIamino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-

20 carboxylate (0.07lg). 
'H NMR (CDClj) 8: 7.95-7.88 (IH, m), 7.21-7.15 (IH, m), 7.03-6.86 (3H, m), 4.31 (IH, d), 
3.81-3.73 (4H, m), 2.89-2.63 (4H, in), 2.39-2.28 (2H, m), 2.09-2.08-1.95 (IH, m), 1.94-1.44 
(8H, m), 1.06-0.94 (6H, m). 

15 Intermediate 222: 2-(l-Ethylpiperidin-3-ylmethyl)-4-fluoro-benzcnesulfonyl chloride 

[00563] A solution of l-ethyl-3-(3-fluorobenzyl)piperidine (Intennediate 223, 0.214g) in 
DCE (lmL) was added to chiorosulfonic acid (2mL) at 0°C. The mixture was allowed to warm 
to room temperature and stirred for 2 hours. The mixture was added dropwise to a mixture of 

20 ice and brine and extracted with DCM. The organic layer was dried (Na2S04) and filtered and 
the filtrate was evaporated to dryness to give 2-(l-ethylpiperidin-4-ylmethyl)-4-fluoiobenzene-
sulfonyl chloride (0.44g) as a solid. 
LH NMR (CDC13) 8: 8.17-8.11 (IH, m), 7.43-7.37 (IH, m), 7.19-7.12 (IH, m), 3.62-3.52 (IH, 
tn), 3.42-3.32 (IH, m), 3.16 (2H, d), 3.11-2.92 (3H, m), 2.64-2.29 (3H, m), 1.91 (2H, d), 1.43 

25 (3H,t), 1.39-1.23 (lH,m). 

Intermediate 223: l-Elhyl-3-(3-fluorobenzyl)-piperidine 
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[00564] A solution of lithium aluminium hydride (2M in THF, 2.8mL) was added 
dropwise to a solution of l-[3-(3-fluorobcnzyl)piperidin- l-yl]ethanone (Intermediate 224, 
0.66g) in anhydrous THF (20mL) at 0°C under argon. The mixture was stirred for 30 minutes 

5 then allowed to warm lo room temperature and slirred for 2 hours. The mixture was recooled to 
0°C and water was added. The mixture was extracted with ether, washed with brine, dried 
(Na2S04) and filtered. The fillrale was evaporated to dryness to give 1 -elhy!-3-(3-
fluorobenzyOpiperidine (0.535g). 
lH NMR (CDCb) 8: 7.25-7.17 (IH, m), 6.95-6.80 f3H, m), 2.92-2.73 (2H, m), 2.58-2.42 (2R 

10 m), 2.42-2.26 (2H, m), 1.96-1.76 (2H, m), 1.74-1.48 (4H, m), 1.04 (3H, t), 1.00-0.84 (IH, m). 

Intermediate 224: l-[3-(3-Fluorobenzyl)piperidin- l-yl]ellianone 
Y° 

[00565] A mixture of ]-{3-[l-(3-fluorophenyl)methylidene]piperidin-3-yl}ethanone 
15 (Inlennediale 225, 0.7g), palladium hydroxide (20% on carbon, 0.07g) in ethyl acetate (20mL) 

and MS (linL) was degassed by nitrogen/vacuum purging. The mixture was stirred under an 
atmosphere of hydrogen for 21.5 hours. The mixture was filtered the filtrate was evaporated to 
dryness to give l-[3-(3-nuorobenzyl)piperidin-l-ylJethanone (0.66g). 
'H NMR (CDCb) 8: 7.31-7.17 (IH. m). 6.97-6.80 (3H, m), 4.52-4.43 (0.5H, m), 4.41-4.31 

20 (0.5H, m), 3.76-3.65 (0.5H, m). 3.65-3.55 (0.5H, m). 3.07-2.95 (0.5H, m), 2.82-2.62 (3.5H, m), 

2.60-2.49 (IH, m), 2.45-2.33 (IH. m), 2.08 (1.5H, s), 1.95 (1.5H, s), 1.83-1.63 (3H, m), 1.50-
1.32 (IH, m), 1.29-1.09 (IH, m). 

Intermediate 225: 1 - {3-[ 1 -(3-Fluorophenyl)methylidene]piperidin-1 -yl Jethanone 
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[00566] Acetyl chloride (0.515mL) was added lo a mixlure of 3-[l-(3-
nuorophenyl)methylidene]-piperidine hydrochloride (Iniermediate 226, i.5g) and N,N-di-
isopropyl-N-ethylamine (2.52mL) in anhydrous THF (50mL) at 0°C under nitrogen. The 

5 mixture was allowed to warm to room temperature and was stirred for 2 hours. The mixture 
was diluted with waler (lOOmL) and extracted with ether, washed with brine, dried (NajSCU) 
and filtered. The filtrate was evaporated to dryness and the residue was purified by 
chromalography on siiica eluting with a mixture of ethyl acetate and cyclohexane with a 
gradient of 75-100% to give i-{3-['-(3-fluorophenyl)-methylidene]piperidin-l-yl}ethanone 

10 (1.3Sg). 
;HNMR (CDCls) 8: 7.37-7.21 (lH, m), 7.04-6.82 (3H, m), 6.48-6.26 (IH, 4s), 4.39-4.00 (2H, 
m), 3.72-3.48 (2H, m), 2.61-2.41 (2H, m), 2.18-2.02 (3H, 4s), 1.83-1.61 (2H, m). 

Intermediate 226: 3-[l-(3-FluorophenyI)methylidene]piperidine hydrochloride 

3-[l-(3-f!.uorophenyl)methylidene]piperidine-l-carboxy3ale (Iniermediate 227, 2.38g) in ether 
(30mL) and the mixture was stirred at room temperature for 5 hours. The mixture was 
concentrated in vacuo and the residue was treated with ether. The solid was collected by 

20 filtration, washed with ether and dried under vacuum to give 3-[l-(3-
fluorophenyl)methylideneJpiperidine hydrochloride- (1.64g). 
'H NMR (CDCb) 3:2 ratio of E and Z isomers 5: 9.34 (2H, br s). 7.48-7.37 (iH, m), 7.22-7.00 
(3H, m), 6.59 (IH, s), 3.78-3.68 (2H. m), 3.13 (2H, m), 2.52 (1.2H, m), 2.43 (0.8H, m), 1.84 
(1.2H, m), 1.76 (0.8H, m). 

15 
[00567] A solution of HCI in dioxane (4M, 30mL) was added to a solution of tert-butyl 

25 
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Intermediate 227: r<?n-Butyl 3-[l-(3-fluorophenyl)methylidene]piperidine-l -carboxylate 

[00568] (3-Fluorobenzyltriphenylphosphonium bromide (Intermediate 228, 5.3g) was 

added in portions to a solution of sodium rerr-buloxide (] .06g) in anhydrous THF (20mL) at 

5 room temperature and the mixture was stirred for 30 minutes. A solution of /er/-buiyl 3-

oxopiperidine-i -carboxylate (2g) in anhydrous THF (IOmL) was added dropwise at room 

temperature and the mixture was stirred for 24 hours. The mixture was diluted with water 

(lOOmL) arid extracted with ether (lOOmL), washed with brine, dried (Na2S04) and fillered. 

The filtrate was concentrated in vacuo and the residue was purified by chromatography on 

10 silica eluting with a mixture of elhyl acetate and cyclohexxane with a gradient of 0-20% lo give 

rm-butyl 3-[l-(3-fluorophenyl)-methylideneJpiperidine-l-carboxylale (1.42g). 

'HNMR (CDCls) 3:2 ratio of E and Z isomers 5: 7.33-7.21 (IH. m), 7.05-6.85 (3H, m), 6.37 

(Q.6H, s), 6.28 (0.4H, s), 4.16 (0.8H, s), 4.00 (1.2H, s), 3.50 (2H, I), 2.50 (1.2H, m), 2.39 (0.SH, 

m), 1.72 (0.8H, m), 1.62 (1.2H, m), 1.48 (5.4H, s), 1.34 (3.6H, brs). 

35 

Intermediate 228: (3-Fluorobenzyl)triphenylphosphonium bromide 

[00569] A mixture of 3-fluorobenzyl bromide (5g) and triphenyl phosphine (6.94g) in 

toluene (50mL) was heated at reflux for 3 hours. After cooling, the solid was collected by 

20 filtration, washed with toluene and dried under vacuum at 50°C to give (3-

fluorobenzyl)triphenylphosphonium bromide (10. lg). 

'H NMR (DMSO-d6) 8: 7.96-7.87 (3H, m), 7.81-7.64 (12H, m), 7.35-7.26 (IH, m), 7.20-7.13 

(IH, m), 6.88-6.82 (IH, m), 6.78-6.70 (IH, m), 5.21 (2H, d). 
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10 

Intermediate 229: Melhyl (laR,7bS)-5-{2-[2-((R)-l-ethylpyrrolidin-2-yl)ethyI]-4-f3uoro-

benzenesulfonylamino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

[00570] Prepared by proceeding in a similar manner to Intermediate 95, starting from 2-

[2-((R)-l-elhyl-pyrrolidin-2-yl)-elhyl]-4-fluorobenzenesu}fonyl chloride (intermediate 230) and 

methyl (iaR,7bS)-5-amtno-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

(Intennediate 42A). 

LCMS (Method A) r/t 2.30 (M+H) 503. 

Intennediate 230: 2-[2-((R)- l-Ethylpyrrolidin-2-yl)elhyl]-4-fiuorobenzenesulfonyl chloride 

ci 

f "" 

[00571] Prepared by proceeding in a similar manner to intermediate 96, starting from 

(R)-l-ethyl-2-[2-(3-fluorophenyl)elhyl]pyrrolidme (intermediate 231). 

15 'H NMR (CDC13) 8: 8.11 (IH, dd), 7.42 (IH, dd), 7.14 (IH, t), 3.93 (IH, m), 3.46-3.21 (2H, 

in), 3.13 (IH, m), 2.91 (2H, m), 2.43 (2H, m), 2.32 (2H, m), 2.11. (3H, m), 1.50 (3H, t). 

Intennediate 231: (R)-l-Ethyl-2-[2-(3-fluorophenyl)ethyl]pyrrolidine 

20 [00572] A solution of l-{(R)-2-[2-(3-{luorophenyl)elhyl]pyrrolidin-l-yl}elhanone 

(Intermediate 232, 0.48g) in THF (20mL) was cooled to 0°C and treated with a solution of 

lithium aluminum hydride (2M in THF, 3.6mL) under an atmosphere of nitrogen. The resultant 

mixture was allowed to warm to room temperature before heating to 60°C overnight. The 

mixture was cooled to 0°C and treated with water (0.35ml), 4N sodium hydroxide solution 
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(0.35ml) and further water (0.9m]). Sodium bisulphate powder was added to the suspension and 

the slurry was filtered through Celite and (he filtrate was evaporated lo dryness lo give (R)-I-

elhyl-2-[2-(3-fluoro-pheny!)ethyJ]pyrrolidme (0.41 g) as an oil. 

'H NMR (CDCls) 8: 7.22 (IH, m), 6.96 (IH, d), 6.87 (2H, m), 3.18 (IH, dd), 2.87 (IH, m), 

5 2.69 (IH, m), 2.55 (1H, m), 2.20 (IH, dq), 2.12-1.91 (4H, m), 1.75 (2H, m), 1.54 (2H, m), l.iO 

(3H, t). HNMR 205205 

Intermediate 232: l-{(R)-2-[2-(3-Fluorophenyl)ethyl]pyrrolidin-l-yl}ethanone 

oi 
10 Acetyl chloride (0.29ml) was added to a solution of N,N-diisopropyl-N-ethylamine (0.7 lml) 

and (R)-2-[2-(3-fiuorophenyl)ethyl]-pyrro!idine (Intermediate 233, 0.39g) in DCM (30ml) and 

the mixture was stiired for 1.5 hours. The mixlure was washed with IM HCI, dried (MgS04) 

and filtered. The filtrate was evaporated to dryness to give 3-{(R)-2-[2-(3-fluoropbenyl)ethyl]-

pyrrolidm-1 -yl jethaxione (0.48g) as an oil. 

15 >H NMR (d^-DMSO, 80°C) 6: 7.28 (IH, q), 7.02 (2H, I), 6.92 (IH, t), 3.93 (lH, br s), 3.41 (2H, 

m), 2.60 (2H, m), 2.05-1.54 (6H, m), 1.90 (3H, t). 

Intermediate 233: (R)-2-|2-('3-Fluorophenyl)ethyl]pyrrolidine 

20 [00573] Trifluoroacetic acid (5mL) was added to a solution of rm-butyl (R)-2-[2-(3-

fluoix>phenyl)ethyl]-pynx)lidine-1-carboxylate (Intermediate 234, 0.55g) in DCM (5mL) and 

the mixture was stirred at room temperature for 1.5 hours. The mixture was evaporated to 

dryness and the residue was dissolved in a small amount of methanol and loaded onto a 20g 

SCX-2 SPE cartridge, washed wilh methanol then eluted with 2M ammonia in methanol to give 

25 (R)-2-[2-(3-f]uoropheny3)-ethyl]pyrrolidine (0.39g). 

'H NMR (CDC13) 8: 7.23 (IH, q), 6.97 (IH, d), 6M (2E, m), 2.99 (2H, m), 2.85 (lH,m), 2.69 

(2H, m), 1.91 (IH, m), 1.75 (3H, m), 1.61 (lH.brs), 1.28 (IH, m). 
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Intermediatc 234: rerf-Butyl (R)-2-[2-(3-fluorophenyi)ethyl]pyrrolidine-l-carboxylate 

[00574] A solution of r<?n-butyl (S)-2-(3-fluorophenylethynyl)pyrrolidine-l-carboxylate 
5 (Iniermediate 235, 1.26g) in IMS (70inL) was carefully added lo 20% palladium on carbon 

(0.6g) under a caibon dioxide atmosphere. The mixture was degassed under vacuum and placed 
under an atmosphere of hydrogen. This was repeated three times then the mixture was stirred 
under an atmosphere of hydrogen for 18 hours. The mixture was fillered through Celite and the 
filtrate was evaporated to dryness. The residue was purified by chromatography on silica, 

10 eluting with a mixture of DCM and pentane with a gradient of 0-100% to give ferf-butyl (R)-2-
[2-(3-f]uoro-pbeny])eihyl]pyrro3idine-l-carboxylate (0.55g) as an oil. 
'H NMR (CDCla) 8: 7.21 (lH, br m), 6.99-6.81 (3H. br m), 3.80 (lH, br d), 3.37 (2H, brd). 
2.61 (2H, brm), 1.97 (2H, brm). 1.83 (2H, m), 1.65 (2H, brm), 1.45 (9H, s). 

15 Intermediate 235: fe?r/-Butyl (S)-2-(3-fiuorophenylethynyl)pyrrolidine- i-carboxylate 

[00575] A suspension of 3-fluorobromobenzene (0.62ml), mXdibenzylideneacetone) 
dipalladium(O) (0.276g), tri-ferf-butylphosphonium tetrafluoroborate (0.165g) and tert-butyl 
(S)-2-tributyl-stannanyletliynylpyiTolidme-l-carboxylate (Intermediate 236, 2.94g) in 

20 anhydrous toluene (40ml) was degassed under nitrogen and stirred at room temperature for L5 
hours. The mixture was evaporated to dyrness and the residue was purified by chromatogrphy 
on silica, eluting wilh a mixlure of DCM and pentane with a gradient of 0-100% lo give tert-
butyl (S)-2-(3-fluoro-phenylethynyl)pyrrolidine-l-carboxylate (1.26g) as an oil. 

'HNMR (CDCb) 8: 7.25 (lH, m), 7.16 (IH, brd), 7.08 (IH, brd), 6.99 (IH, br t), 4.69 (IH, br 
25 d), 3.51 (IH, brs), 3.37 (IH,brs), 2.11 (3H,brm), 1.94 (IH, brs), 1.49 (9H,s). 

Intermediate236: /<?n-Butyl(S)-2-lributylstannanylethynylpyrrolidine-l-carboxylate 
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n-Butyl lithium (2.5M solution in hexanes. 1 lmL) was added dropwise to a 
cooled solution of tert-butyl (S)-2-ethynylpyrroIidine-1 -carboxylate (prepared according A 
Paul et al, Tetrahedron, 2006,<52, 8919,4.49g) in dry THF (230ml) under an atmosphere of 

5 nilrogen while maintaining the temperature below -65°C. When ihe addilion was completed, 
the mixlure was slirred al -78°C for 15 minutes then allowed to warm lo 0°C and stirred for 2.5 
hours. Tributyl tin chloride (7.7mL) was added dropwise over five minutes and Ihe mixture was 
stirred at room temperature for 1.5 hours. The mixture was coolcd to 0°C and saturated sodium 
bicarbonate was added while maintaining the temperature below 15°C. The layers were 

10 separated and the aqueous layer was extracted wilh ethyl acclate, washed wilh saturated sodium 
bicarbonate, waler, dried (MgSCU) and filtered. The filtrate was evaporated io dryness and the 
residue was purified by chromatography on silica, eluting with a mixture of pentane and ethyl 
acetate wilh a gradient of 0-7.5% to give tert-butyl (S)-2-lributylstannanylelhynylpyrrolidine-i-
carboxylate (0.39g) as an oil. 

15 NMR (CDCI3) 8: 4.41 (iH, br s), 3.45 (IH, brm), 3.28 (IH, br s), 2.03 (3H,brm), 1.86 

(IH, br s), 1.54 (6H, m), 1.48 (9H, s), 1.33 (6H, q), 0.95 (6H, I), 0.90 (9H, t). 

[00577] Compounds are tested for their capacity to inhibit recombinant human MelAP2 
activity using the following assay. 

20 [00578] Human recombinant MetAP2 expressed in Sf9 cells followed by affinity 
purification and EDTA treatment lo remove endogenous active site cation was dialysed against 
MnCh to produce the manganese enzyme used in the assay. The assay was carried out for 30 
minutes at 25°C in 50mM HEPES buffer containing lOOmM NaCl, pH 7.5 the presence of 
0.75mM Methionine-Alanine-Serine (MAS) substrate and 50(tg/inl amino acid oxidase using a 

25 dilution of purified MetAP2 giving > 3-fold signal: noise. Cleavage of the substrate by 
MetAP2 and oxidation of free methionine by amino acid oxidase was detected and quantified 
using fluorescence generated by Amplex red (10-acetyl-3,7-dihydroxyphenoxazine) in 
combination wilh horseradish peroxidase which detects H2Q2 released during the oxidation 
step. The fluorescent signal was detected using a multiwell fluorimeter. Compounds were 
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diluted in DMSO prior to addition to assay buffer, the final DMSO concentration in the assay 
being 1%. 
[00579] The JCso is defined as the concentration at which a given compound achieves 
50% inhibition of control. IC50 values are calculated using the XLfit software package (version 

5 2.0.5). 
[00580] Compounds of the invention demonstrated activity in the assay of this Example 

as indicated in the following table, wherein A represents < 0.05|iM, B represents IC50 between 

0.05 pM and 0.5|iM, and C represents ICso>0.5^M. 

Compound name Activity 
Cis-(3aRS,9bRS)-7-(Benzenesu3fonyiainino)-i,3a,4,9b-
tetrahydro-2H-furo[2s3-c]chromene-6-caiboxylic acid 

B 

Cis-(3aRS,9bRS)-7-[2-(3-DiethyIaminopropyl)-4-

fluoTObenzenesulfony3-amino|-l,3a,4,9b-tetrahydto-2H-furo[2,3-
c]chromene-6-carboxyiic acid 

B 

Cis-(3aRS,9bRS)-7-[2-(3-{Pyrro!idin-I-yJ}propyI)-4-
fluorobenzene-sulfonylamino]-1,3a,4,9b-tetrahydro-2H-furo[2,3-
e]chromene-6-carboxylic acid 

A 

Cis-(3aRS,9hRS)-7-[2-((Z)-3-Diethylaminoprop-l-enyl)-4-
fluoro-benzenesulfonylamino j-1,3a,4,9b-tetrahydro-2H-ftiro[2,3-
c]chromene-6-carboxyiic acid 

A 

First eluting enantiomer of cis-(3aRS,9bRS)-7-[2-((Z>3-
Diethylaminoprop-l-enyl)-4-fluoro-benzenesuIfonyIaminoj-
l,3a,4,9b-tetrahydro-2H-furo[2,3-c]chromene-6-carboxylic acid 

A 

Second eluting enantiomer of cis-(3aRS,9bRS)-7-[2-((Z>3-
Dielhylaminoprop- ] -eny])-4-fluoro-benzenesulfony]amino}-
l,3a,4,9b-lelrahydro-2H-furo[2,3-c]chromene-6-carboxylic acid 

B 

7-[2-((Z)-3-Dielhylaminoprop-l-enyl)-4-fluorobenzenesulfonyl-
amino]-I,2-dihydrofuro[2,3-cjquinoline-6-carboxylic acid 
fonnale salt 

A 

7-(Benzenesulfonylamino))-l,2-dihydrofuro[2,3-c]quinoline-6-
carboxylic acid formate salt 

A 
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Cis-(3aRS,9bRS)-7-[2-((Z)-3-Dielhylaminoprop-l-enyl)-4-

fluoro benzenesulfonylamino]-1,2,3a,4,5,9b-hexahydrof'uro[2,3-

cjquinoline-6-carboxylic acid 

A 

5-[2-((Z)-3-Diethylaminoprop-1 -eny3)-4-f]uorobenzenesulfonyl-

amino]-l,la.2,7b-tetrahydrocyclopropa[c}chrotnene-4-carboxylic 

acid 

A 

(laS,7bR) 5-[2-((Z)-3-Diethylaminoprop-l-enyl)-4-

fluoroben7,enesulfonyl-amino]-l,la,2,7b-

tetrahydrocyclopropa[c]chromcnc-4-carboxylic acid 

B 

(laR,7bS) 5-[2-((Z)-3-Dicthylaminoprop-I-eny})-4-

fluorobenzenesulfonyl-amino]-1, 1 a,2,7b-

tetrahydrocyclopropaic]chromene-4-carboxylic acid 

A 

(laRS,7bSR)-5-[2-((Z)-3-Diethylaminoprop-l-enyI)-4-

fiuorobenzenesulfonylarnino]-7b-methyl-l,la,2,7b-

ietrahydioeyclopropalc]chTomene-4-carboxylicacid 

A 

(laRS,7bSR)-5-[2-((E)-3-Dielhylaminoprop-]-enyl)-4-

fluorobenzenesulfon ylamino]-7b-melhyl-1,1 a,2,7b-

telrahydrocyc)opropa[c]chromene-4-carboxyiic acid 

B 

Cis-(3aRS,9bRS)-7-[2-(4-dimethylainino-butylamino)-

benzenesuIfonylamino]-l»3a,4,9b-tetrahydro-2H-furo[2,3-

cjchromene-6-carboxyiic acid 

B 

(laR,7bS)-5-[2-(3-Diethylaminopropyl)-4-fiuorohenzenesulfonyI-

amino]-l,la,2,7b-tetrdhydrocyclopropa[c]chromene-4-caiboxylic 

acid 
A 

(laRS,7bSR)-5-[2-((Z)-3-Diethylammoprop-l-enyl)-4-

fluorobenzene-sulfonylamino]-1,1-difluoro-1,1 a,2,7b-

tetnihydrocyclopropafcjchromene-4-carboxylic acid 

A 

Firsi eluling enantiomer of (laRS,7bSR)-5-[2-((Z)-3-

diethylaminoprop-l-enyI)-4-fluorobenzene-sulfony]amino]-l, 1 -

difluoro-l,la,2,7b-lelrahydrocyclopropa[c]chromene-4-

carboxylic acid 

B 

Second eluting enantiomer of (laRS,7bSR)-5-[2-((Z)-3-

diethylaminoprop-1 -enyl)-4-fluorobenzene-sulfonylamino}-1,1-
A 
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difluoro-1, la,2,7b-tetrahydroc yclopropafclchromene-4-

carboxyiic acid 

(laRS,7bSR)-5-[2((Z)-3-Elhylaminoprop-l-enyl)-4-fluoro-

benzenesulfonylamino]-1, la,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylic acid 

A 

First eluting enantiomer of (laRS,7bSR)-5-[2((Z)-3-

ethyiaminoprop-1 --enyi}-4-fiuorobenzenesulfony)airsinoj-

l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

A 

Second eluting enantiomer of (laRS,7bSR)-5-[2((Z)-3-

ethylaminoprop-] -enyl)-4-fluorobcnzene-sulfonylamino]-

l,la,2,7b-tetrahydro-cyclopropa[c]chromene-4-caitioxy!ic acid 

B 

(laRS,7bSR)-5-{2[(Z)-3-(PyrroIidin-l-yl)prop-l-enyl]-4-

fluorobenzenesulfonylamino} -1,1 a,2,7b-tetrahydro-

cyclopropa[c}chromene-4-carboxylic acid 

A 

First eluting enantiomer of (laRS,7bSR)-5-{2[(Z)-3-(pyrro1idin-

1 -yl)prop-1 -eny]]-4-fiuorobenzenesiiifonylaminoj-l, 1 a,2,7b-

tetrahydro-cyc]opropa[clchromene-4-carboxylic acid 

B 

Second eluting enantiomer of (laRS,7bSR)-5-{2[(Z)-3-

(pyrrolidin- 3 -yl)prop-1 -enylj-4-fiuorobenzenesulfonylamino j-

l,la,2,7b-tetrahydro-cyclopropa[c]chromene-4-carboxyIic acid 

B 

(laRS,7bSR)-5-[2'(3-Dimethylaminopi-opy5amino)benzene-

su]fonylamino3-l,la,2,7b-tetrahydrocyc}opropa[cjchromene-4-

carboxylic acid 

A 

First eluling enantiomer of (laRS,7bSR)-5-[2-(3-

diinethy]aminopropylamino)benzene-suJforiylainino]-1.1 a,2,7b-

tetrahydrocyclopropa|c]chromene-4-carboxy3ic acid 

C 

Second eluting enantiomer of (laRS,7bSR)-5-[2-(3-

diinelhylaminopropylainino)benzene-su]fonylamino]-1. la,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

A 

(laRS,7bSR)-5-[2-(4-Dimelhylammobutylainino)benzene-

sulfonylamino]-1,1 a,2,7b-tetrahydrocyclopropa[c jchromene-4-

carboxylic acid 

A 

First eluting enantiomer of (laRS,7bSR)-5-[2-(4- B 
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dimethylaminobutylamino)benzene-sulfonylaimnoj-l,la,2,7b-
tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

Second eluling enantiomer of (JaRS,7bSR)-5-[2-(4-
dimeihylaminobuty3amino)benzene-suIfonylamino]-l,la,2,7b-
letrahydrocyclopropa[c3chromene-4-carboxylicacid 

A 

(laRS,7bSR)-5-[2-(5-Dimethylaminopenlylamino)benzene-
sulfoiiylaxnino]-l,la,2,7b-letrahydrocyclopropa[c]chromene-4-
carboxylic acid 

A 

(laRS.7bSR)-5-{2[(Z)-3-(propan-2-y])aminoprop-l-enyl]-4-
fluorobenzene-sulfonyiamino}- 1,1a, 2,7b-
tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

B 

(laRS,7bSR)-5-{2[(Z)-3-((S)-3-hydroxypyrroJidin-l-
yl)aminoprop-l-eny!]-4-fluorobenzenesulfonylamino)-3,la,2,7b-
teirahydrocyclopropa[c]chromene-4-carboxylic acid 

B 

(laRS,7bSR)-5- {2[(Z)-3-((R)-3-Hydroxypyrrolidin-1-
yl)aminoprop-1 -enyl]-4-fluorobenzene-sulfonylamino}-1, la,2,7b-
lelrahydro-cyclopropa[c)chromene-4-carboxylic acid 

B 

(laRS^7bSR)-5-[2((Z)-4-Diethylaminobul-l-eny])-4-
fluorobenzenesulfonyl-aminoj-1,1 a,2,7b-
tetraliydrocyclopropa[c]chromene-4-carboxylic acid 

A 

First eluting enantiomer of (laRS,7bSR)-5-[2((Z)-4-
diethylaminobul-l-enyl)-4~fluorobenzenesuilbnyi-ainino]-
l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

B 

Second eluting enantiomer of (laRS,7bSR)-5-[2((Z)-4-
dielhylaminobut-l-enyl)-4-fluorobenzcnesuIfonyl-amino]-
l,la,2,7b-tetrahydrocyclopropa[c3chromene-4-carboxylic acid 

B 

(1 aRS,7bSR)-5- {2-[2-(4-Ethylpiperazin-1 -yl)-ethyl]-4-
fluorobenzenesulfonylamino} -1,1 a, 2,7b-
letrahydrocyclopropa[c]chromene-4-carboxylic acid 

B 

(laRS,7bSR)-5- {2[(Z)-3-(Azetidin- l-yJ)prop-1 -enyl]-4-

fluorobenzene-sulfonyJamino}-l,la,2,7b-tetrahydro-

cyclopropa[c]chromene-4-carboxylic acid 
B 

(laRS,7bSR)-5-{2|(Z)-3-(3-Hydroxyazetidin-]-yl)prop-3-enyl]- A 
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4-fluorobenzene-sulfonylamino}-1,1 a,2,7b-
tetrahydrocyclopropa[c}chromene-4-carboxylic acid 

(laRS,7bSR)-5-{2[(Z)-3-(Azetidin-l-yl)propylj-4-
fhiorobenzenesulfonylamino}-1, la,2,7b-

tecrahydrocyclopropa[c]chromene-4-carhoxylic acid 
B 

(laRS,7bSR)-5-[2((Z)-4-Diethylarainobutyl)-4-
fluorobenzenesulfonylamino]-1,1 a,2,7b-
tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

B 

(laR.S,7bSR)-5-{2-[N-(4-DimethyJaminobutyl)-N-melhyiamino}-
benzenesulfonyl-amino}-l,la,2,7b-tetrahydrocyc]opropa-
[cjchromene-4-carboxylic acid 

C 

(iaRS,7bSR)-5- {2-[((S)- i -ElhylpyrroIidin-3-ylcarbamoyI)-
melhyl}-4-fluoro-benzenesulfony]-amino}-l,la,2,7b-
tetxahydrocyclopropa-[c]chromene-4-carboxylic acid 

B 

(laRS,7bSR)-5-r2-(l-Ethylazetidin-3-yl)-4-fluorobenzene-
sulfonylamino}- 1, la,2,7b-tetrahydro-cyclopropa[c}chromene-4-
carboxylic acid 

B 

(laRS,7bSR)-5-{2-[((R)-l-Ethylpyrrolidm-3-ylcarbamoyl)-
melhylj-4-fluorobenzenesulfonyl-amino}-!, la,2,7b-lelraliydro-
cyclopropa[c]chromene-4-carboxylic acid 

B 

(laRS,7bSR)-5-{2-[2-(Pyrrolidin-l-yl)-ethyI]-4-fluorobenzene-
sulfonylamino}-l,la,2,7b-tetrahydrocyclopropa{c]chromene-4-
carboxylic acid 

B 

(laRS,7bSR)-5-[2-({R)-]-EthylpyrroIidin-3-ylmelbyl)-4-
fluorobenzcnesulfonyl-amixio}-l,la,2,7b-tc(rahydro-
cycIopropa[c]chromene-4-carboxylic acid 

A 

First eluling enantiomer of (laRS,7bSR)-5-[2-((R)-l-ethyl-
pyrrolidin-3-ylmeihyl)-4-fluorobenzenesulfonylamino]-l,la,2,7b-
tetrahydro-cyclopropa[c]chromene-4-carboxylic acid 

B 

Second eluting enantiomer of (laRS,7bSR)-5-[2-((R)-l-
Ethylpyrrolidin-3-ylmethyl)-4-fluorobenzenesuIfony]-ammo]-
1, !.a,2Jb-telrahydro-cyclopropa[c}chromene-4-carboxylic acid 

A 

(laRS,7bSR)-5-{2-[((S)-l-Elhylpyrrolidin-2-yl)cabonyl- A 
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aminome(hyl}-4-f1uorobenzenesu]fonylamino}-1, J a,2,7b-
tetrahydrocyclopropa[c]chromene-4-carboxylic acid 
(laRS,7bSR)-5-[2-(4-Dimelhyiaminobutyrylamino)-4-
fluorobenzenesulfonyl-amino]-i,la,2,7b-tetrahydrocyclopropa-
[c]chromene-4-carboxy!ic acid 

B 

(laRS,7bSR)-5-[2-((S)-i-Ethyl-pymiIidin-3-ylmethyl)-4-
fiuorobenzenesulfonyl-aminoj-1, la,2,7b-
tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

B 

(3.aRS,7bSR.)-5-(2-(3-DimethyIaminopropylcarbamoyl)benzene-
sulfonylamino]-1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-
carboxylic acid 

B 

(laRS,7bSR)-5-(2-{[N-{(S)-l~Ethy]-pyrrolidin-3-yl)-N-methyJ-
carbamoyl]methyl}-4-fluoro-benzenesuH'onylamino)-l,la,2,7b-
telrahydrocycIopropa-[c]chromene-4-carboxyUc acid 

B 

(laR.S,7bSR)-5-(2-(fN-((R)-l-Elhylpyrrolidin-3-yl)-N-methyl-
carbamoy3]methyi}-4-fiuoro-benzenesulfonylamino)-l,la,2,7b-
letrahydtocydopropa-[c)chromene-4-carhoxylic acid 

B 

(laRS,7bSR)-5-{2-[2-((S)-l-Ethy]pyrrolidin-2-yl)ethylamino]-
benzenesulfonyl-amino}-1,1 a,2,7b-tetrahydrocyclopropa-

[cjchromene-4-carboxylic acid 
A 

(laRS,7bSR)-5-{2-[2-((R)-l-Ethylpyrrolidin-2-yl)ethylamino]-
benzenesulfony]-amino}-l,Ia,2,7b-tetrahydrocyclopropa-
Sc]chromesve-4-carboxyHc acid 

A 

(laRS,7bSR)-5-[2-(3-N,N(-Diethy]aminopropylamino)benzene-
sulfonylamino]-l,la,2,7b-tctrahydrocyclopropa[c]chromenc-4-
carboxyiic acid 

A 

(laRS,7bSR)-5-(2-{[((RH-Ethylpyrro]idine-2-yl)carbonyl-
amino]methyl}-4-fluorobenzenesulfonylammo)-l,la,2,7b-
ietrahydrocyclopTopafc'}chromene-4-carboxylic acid 

B 

()aRS,7bSR)-5-{ 2-[(l-Ethylazetidin-3-ylmethyljamino] benzene­

sulfonylamino}- 1, la,2,7b-letrahydrocyclopropafc]chromene-4-
carboxylic acid 

B 

First eluting enantiomer of (laRS,7bSR)-5-[2-((Z)-3- B 
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diethylaminoprop-1 -enyl)benzenesulfonylamino]-1, la,2,7b-
tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

Second eluling enantiomer of (laRS,7bSR)-5-[2-((Z)-3-
die(hylaminoprop-l-enyl)benzenesu3fonylamino]-1,1a,2,7b-
tetrahydrocyciopropa[c]chromene-4-carboxylic acid 

A 

(laRS,7bSR)-5-(2-{N-|((R)-I-EthylpyrroIidine-2-yl)carbonyl]-N-
methylaminomethyl }-4-fluorobenzenesulfonylamino)-1,1 a,2,7b-
tcirahydrocyclopropa[c]chromcne-4-carboxylicacid 

B 

(laRS,7bSR)-5-(2-{N-[((S)-l-Ethylpyrrolidine-2-yl)carbonyl]-N- B 
metliylamino-methyI}-4-fluon>benzenesulfonylannino)-l,la,2,7b-
telrahydrocyclopropa[c]chromene-4-carboxylic acid 
(J.aRS,7bSR)-5-[2-(4-Dimethy]aminobutylamino)-4-fluoro-
benzenesulfonyl-amino}-l,la,2,7b-tetrahydrocyclopropa-
[c]chromene-4-carboxy3ic acid 

B 

(laRS,7bSR)-5-{2-[((R)-l-Ethylpyrrolidin-3-yjmethy3)aminol-
benzenesulfonylamino}-1 ,la,2,7b-telrahydrocyclopropa-
[c]chromene-4-carboxy3ic acid 

B 

(laRS,7bSR)-5-{2-[((S)-i-Ethylpyrro3idin-3-ylmethyl)iunino]-
benzenesulfonylamino}-1, 3a,2,7b-lelrahydrocyclopropa-
[c]chromene-4-carboxylic acid 

B 

(laRS,7bSR)-5-[2-(4-Ethyl-2-oxopiperazin-l-ylmethyl)-4-
fluorobenzene-sulfonylamino]-l,la,2,7b-tetrahydrocyclopropa-
(c]chromene-4-carboxylic acid 

B 

(laRS,7bSR)-5-[2-(l-Ethylpiperidin-4-ylmethyl)-4-fluoro-
benzcncsulfonyJamino]-1,3a,2,7b-tetrahydrocyclopropa-
[c]chrx>mene-4-carboxylic acid 

A 

(laRS,7bSR)-5-{ 2-[2-(l-Ethylazetidin-3-yl)ethy3]-4-fluoro­
benzenesulfonyl-amino}-1, la,2,7b-telrahydrocyclopropa-
[c|chtomene-4-carboxylic acid 

B 

(laRS,7bSR)-5-{2-[((S)- l-Azabicyclo[2.2.2joct-3-
yl)amino]benzenesulfonyl-amino}- 3, la,2,7b-
tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

B 

(laRS,7bSR)-5-{2-[((R)-l-Azabicyclo[2.2.2]oct-3- A 
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yl)amino]benzenesulfonyl-amino}-l,la,2,7b-
tetrahydrocyclopropa[c]chromene-4-carboxylic acid 
(laRS,7bSR)-5-(2-{[((S)-l-elhylpyrro]idine-3-
carbonyl)amino]methyl}-4-fluoro-benzenesulfonylamino)-
l,]a,2,7b-ietrahydrocyclopropa[c]chromene-4-carboxylic acid 

B 

(1 aRS,7bSR)-5- {2-[2-((R)-1 -Ethylpyrrolidin-3-ylamino)ethyl3-4-
fluoro-benzenesulfonylamino }-l, la,2,7b-telrahydrocyclopropa-
[c]chromene-4-carboxylic acid 

B 

(laRS,7bSR)-5-{2-l((R)-l-Ethy]pynx)lidin-3-yl)aininoj-
benzenesulfonylamino}-l,la,2,7b-tetrahydrocyclopropa-
[c]chromene-4-carboxylic acid 

B 

(laRS,7bSR)-5-{2-[((S)-l-Ethylpynr>lidin-3-yl)amino]-
benzenesulfonylamino}-l,la,2,7b-tetrahydrocyclopropa-
[c]chromene-4-carboxylic acid 

B 

(laRS>7bSR)-5-(2-{S((R)-l-Ethylpyrrolidine-3-carbotvyl)ammo]-
methyl }-4-fluoro-benzenesulfonylamino)-1 ,la,2,7b-tetrahydro-
cyclopropafc]chromene-4-carboxylic acid 

B 

(laRSJbSR)-5-[2-((Z)-3-Diethylamino-2-metbylprop-l-enyl}-4-
fluorobenzene-sulfonylamino]-l,la,2,7b-letrahydrocyclopropa-
[c]chromene-4-carboxylic acid 

A 

(laRS,7bSR)-5-{2-{2-((R)-l-Ethylpyrrolidin-3-yl)ethylamino]-
benzenesulfonylamino}-l,la,2,7b-ietrahydrocyclopropa-
[c]chtomene-4-carboxylic acid 

B 

(laRS,7bSR)-5-{2-[2-((S)-l-Ethylpyrro]idin-3-yl)cthylamino.]-
benzenesulfonyl-amino}-l,ia,2,7b-teirahydrocyclopropa-
[c]chromene-4-carboxylic acid 

B 

(LaR,7bS>5-[2-((S)-I-Elhylpyrrolidin-3-yloxymeShyI)-4-fluoro-
benzenesulfonylaminoj-l,la,2,7b-tetrahydrocyclopropa-
[clchromene-4-carboxylic acid 

B 

(laR,7bS)-5-[2-((R)-l-Ethylpyrrolidin-3-yloxymelhyl)-4-fluoro-
benxertesulfonylamirvo] -1,1 a,2,7b-tetrahy drocyclopropa-
[c]chromene-4-carboxylic acid 

B 

(laR,7bS) -5-[2-(l-Ethylpiperidin-3-ylme(hyl)-4-fluorobenzene- B 



WO 2012/154676 PCT/US2012/036789 

-233-

sulfonylamino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-
carboxylic acid 
(laR,7bS)-5-{2-[2-((R)-3-Elhyipyrrolidin-2-yl)elhyl]-4-
fluorobenzenesulfonyl-amino} -1 la,2,7b-tetrahydrocyclopropa-
[c]chromene-4-carboxylic acid 

B 

INCORPORATION BY REFERENCE 

[00581] All publications and patents mentioned herein, including those items listed 

below, are hereby incorporated by reference in their entirely for all purposes as if each 

5 individual publication or patent was specifically and individually incorporated by reference. In 

case of conflict, the present application, including any definitions herein, will control. 

EQUIVALENTS 

[00582] While specific embodiments of Ihe subject invention have been discussed, the 

above specification is illustrative and not restrictive. Many variations of Ihe invention will 

become apparent lo those skilled in the ait upon review of this specification. The full scope of 

10 the invention should be determined by reference to ihe claims, along wilh their full scope of 

equivalents, and the specification, along with such variations. 

[00583] Unless otherwise indicated, all numbers expressing quantities of ingredients, 

reaction conditions, arid so forth used in the specification and claims are to be understood as 

being modified in all instances by the term "about." Accordingly, unless indicated to the 

15 contrary, (lie numerical parameters set forth in this specification and attached claims are 

approximations lhat may vary depending upon the desired properties sought to be obtained by 

the present invention. 

[00584] What is claimed is: 
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1. A tricyclic compound represented by: 

C°2H Formula I or 1 Formula II 

wherein: 

B5 is a 3-6 membered saturated or partially unsaturated heterocyclic or carbocyclic ring; 

B2 is a 3-6 membered saturated heterocyclic or carbocyclic ring; 

1 2 wherein the ring B or B is optionally substituted by one or more fluorine atoms on any 
of the available carbon atoms; 

D1 is a 5-7 membered heterocyclic, carbocyclic, heteroaromatic or aromatic ring; 

D" is a 5-7 membered heterocyclic or carbocyclic ring; 

wherein B1 is fused to D1 such that the two atoms shared by B1 and D5 are both carbon 

and B2 is fused to D2 such that the two atoms shared by B2 and D2 are both carbon; and wherein 

for Formula I the bond common to both the B1 and D1 rings is a single or double bond; 

X1 is selected from the group consisting of: +-C(RD1RD2)-*, +-W1-*, +-C(RD1RD2)-

C(RD5RD6)-*, +-C(RC1)=C(RC2)-*, +-W2-C(RD5RD6)-*, +-W2-C(0)-*, +-C(RD1RD2)-W4-*, +-

N=C(R02)-*, +-C(RC5)=N-*, +-C(RD1RD2)-C(RD3RD4)-C(RD5RD6)-*, +-W2-C(RD3RD4> 

C(RD5RIXI)-H;, +-W2-C(0)-C(RD5RD6)-*, +-C(RD1RD2)-W3-C(RD5RD6)-*, +-C(RD1RD2)-W3-C(0)-

*, +-C(RD!RD2)~C(RD3RD4)-W4-!!: and +-C(RD1RD2)-C(0)-W4-*; wherein the + and * indicate the 
attachment points of X1 as indicated in Formula I; 

X2 is selected from the group consisting of: +-C(RD1RD2)-*, +-C(RD1RD2)-
C(RD5RD6)-*, +-W2-C(RD5RD6)-*, +-W2-C(0)-*, +~C(RmRm)-W4-*, +-C(RDiRD2)-C(RD3RD4)-

C(RD5Rm)-*, +-W2-C(RD3RD4)-C(RD5RD6)-*, ^W^C^-CCR^R06)-*, +-C(RD1RD2)-W3-

C(RD5Rr>6)-*, +-C(RDiRD2)-W3-C(0)-*, +-C(RDlRD2)-C(RD3RD4)-W4-* and 4-C(RDiRD2)~C(0)-

W4wherein the + and * indicate the attachment points of X2 as indicated in Formula II; 

Y is selected from the group consisting of: a bond, *-CH2-#, *-0-#, *-CH2-CH2-#, *-0-

CH2-#, *-CH2-0-#, *-CH2-CH2-CH2-#, *-0-CH2-CH2-# and *-CH2-0-CH2-#; wherein the * and # 

indicate the attachment points of Y as indicated in Formula I or Formula II; 

W! is selected from the group consisting of O, S or N(RN1); 
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W2 is selected from the group consisting of O or N(RN2); 

W3 is selected from the group consisting of O or N(RN3); 

W4 is selected from the group consisting of O or N(RN4); 

A is a ring selected from the group consisting of phenyl, a 5-6 membered heteroaryl 

having 1, 2 or 3 heteroatoms each selected from S, N or O, and a 4-7 membered heterocycle 

having 1, 2 or 3 heteroatoms each selected from N or O; 

RB1 and RB2 are independently selected from the group consisting of H, F, OH, CN, 

Ci-2alkoxy or Chalky!; wherein Ci-salkyl and Ci-^alkoxy are optionally substituted by a group 

selected from OH, Q^alkoxy, CN or one or more fluorine atoms; 

RA1 is selected, independently for each occurrence, from the group consisting of 

hydrogen, hydroxyl, cyano, halogen, Chalky! or Ci^alkoxy; wherein Q^alkyl, or Ci^alkoxy 

may be optionally substituted by oneor more fluorines; 

n is 0, 1, or 2; 

RA2 is selected from the group consisting of hydrogen, R'RJN-, heterocyclyl, 

heterocyclyloxy and heterocyclyl-(NRa)-; wherein said heterocyclyl may optionally be 

substituted by one or more substituents selected from R8 and wherein if said heterocyclyl 

contains a -NH moiety that nitrogen may optionally be substituted by one or more groups Rh; 

or 
RA2 is selected from the group consisting of: C^alkyl, C2-6alkenyl, C2-(,alkynyl5 C3-

6cyc]oalkyl, Ci^lkoxy, C3-.6alkenyl.oxy, C3-6alkynyloxy, Cs-ecycloalkoxy, Ci^alkyl-S(0)w-

(wherein w is 0, 1 or 2), Ci-6alkyl-N(Ra)-, Ci-6alkyl~N(Ra)-carbony]~, C1 ̂ alkylcarbonyl-N(Ra)-, 

Ci.6alkyl-N(Ra)-carbonyl-N(Ra)-? Ci_6alkyl-N(Ra)-S02-, C^aIkyl-S02-N(Ra)-, C,_ 

6alkoxycarbonyl-N(Ra)-, Ci_6alkylcarbonyl-N(Ra)-Ci-6alkyl-, Ci.6alkyl-N(Ra)-carbonyl-Ci-

6alkyl-, Ci-6alkoxyCi-6alkyl-; wherein Chalky I, C2-6alkenyl, C2-6alkynyl, Cj-ccycloalkyl, Ci-

galkoxy, C3-6alkenyIoxy, C3-6alkynyloxy, C3-6cycloalkoxy, Ci-6alkyl-S(0)w-, Ci_<5alkyl-N(Ra)~, 

Ci-6alkyl-N(Ra)-earbonyl-, Ci_6alkylcarbonyl-N(Ra)-, C1_6alkyl-N(Ra)-carbonyl-N(Ra)-, C}. 

6alkyl-N(Ra)-SOr> Ci.6alkyl-S02-N(Ra)-, C1 ̂ alkoxycarbonyl-N(Ra)-, Ci.6alkylcarbonyl~ 

N(Ra)Ci-6alkyl-, Cj-6alkyl-N(Ra)-carbonyl-Ci-6alkyl-, C1 -6alkoxy-C 1 -6alkyl may optionally be 

substituted by Rp, phenyl, phenoxy, heteroaryl, heteroaryloxy, heteroaryl-(NRa)-, heterocyclyl, 

heterocyclyloxy or heterocycly 1-N(Ra)-; and wherein said heteroaryl or phenyl may optionally 

be substituted with one or more substituents selected from Rf; and wherein said heterocyclyl 

may optionally be substituted by one or more substituents selected from Rg; and wherein if said 
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heterocyclyl contains a -NH moiety that nitrogen may optionally be substituted by one or more 

groups Rh; 

RD5 and Rm are each independently selected from the group consisting of hydrogen, 

fluorine, hydroxyl, Cj-2alkyl or Ci-2alkoxy; wherein the Cj-2alkyl and Ci-2alkoxy may 

optionally be substituted by one or more fluorine atoms or a group selected from cyano or 

hydroxyl; 

RD3 and RD4 are each independently selected from the group consisting of hydrogen, 

fluorine, hydroxyl, cyano, Ci-3alkyl or C]-3alkoxy; wherein the C].3 alkyl and C1-3 alkoxy may 

optionally be substituted by one or more fluorine atoms or a group selected from cyano, 

hydroxyl or N(RaRb); 

RD5 and R136 are each independently selected from the group consisting of hydrogen, 

fluorine, hydroxyl, cyano, Ci-2alkyl or Ci-2alkoxy; wherein the Ci-2alkyl and C{-2alkoxy may 

optionally be substituted by a substituent or substituents selected from the group consisting of: 

one or more fluorine atoms,cyano, hydroxyl or N(RaRb); 

RC1 is selected from the group consisting of hydrogen, halogen, Cj^alkyl or Ci-2alkoxy; 

wherein the Ci-2alkyl or Ci-2alkoxy may optionally be substituted by one or more fluorine 

atoms; 

R is selected from the group consisting of hydrogen, halogen, hydroxyl, cyano, Ci_ 

2alkyl or Q^aikoxy; wherein the Ci-2alkyl and Ci-2alkoxy may optionally be substituted by one 

or more fluorine atoms or a group selected from cyano, hydroxyl or N(RaRb); 

RN1 is selected from the group consisting of hydrogen or Ci^alkyl; 

RN2 is selected from the group consisting of hydrogen or Ci-2alkyl; 

RN3 is selected from the group consisting of hydrogen, Chalky! or C]-2alkylcarbonyl; 

wherein the CL-3alkyl and Ci-2alkylcarbonyl may optionally be substituted by a substituent or 

substituents selected from the group consisting of: one or more fluorines, cyano, hydroxyl or 

N(R2Rb); 

RN~ is selected from the group consisting of hydrogen, Ci-3alkyl or Ci^alkylcarbonyl; 

wherein the Ci-3alkyl and Ci-2alkylcarbonyl may optionally be substituted by a substituent or 

substituents selected from the group consisting of: one or more fluorines, cyano, hydroxyl or 

N(RaRb); 
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Ra and Rb are independently selected, for each occurrence, from the group consisting of 

hydrogen and Chalky!; wherein C^alkyl may optionally be substituted by one or more 

substituents selected from fluorine, cyano, oxo and hydroxyl; 

or Ra and Rb, together with the nitrogen to which they are attached, may form a 4-6 

membered heterocyclic ring, which may have an additional heteroatom selected from O, S, or 

N; wherein the 4-6 membered heterocyclic ring may optionally be substituted by one or more 

substituents selected from the group consisting of fluorine, cyano, oxo or hydroxyl; 

Rf is independently selected, for each occurrence, from the group consisting of Rp 

hydrogen, Chalky!, Cvccycloalkyl. C2-<>alkenyl, C2-6alkynyl, Ci-6alkoxy, Ci-6alkyl-S(0)w-, 
(wherein wherein w is 0, 1 or 2), Ci-6alkylcarbonyl-N(Ra)- and Ci^alkoxycarbonyl-N(Ra)-; 

wherein C^alkyl, C3_6cycloalkyl, C2-6alkenyl, C^alkynyl, Q^alkoxy, Ci-6alkyl-S(0)w-, Q. 

6alkylcarbonyl-N(Ra)-, Ci-6alkoxycarbonyl-N(Ra)- may be optionally substituted by one or 

more substituents selected from Rp; 

Rg is independently selected for each occurrence from the group consisting of Rp 

hydrogen, oxo, Cj^alkyl, C2-6alkeny], C2_6alkynyL C3_6cycloalkyl, Ci^alkoxy, Ci^alkyl-S(0)w-, 

(wherein w is 0, 1 or 2), Ci-6alkylcarbonyl-N(Ra)- and Ci-6alkoxycarbonyl-N(Ra)-; wherein Ci. 

ealkyl, C2-6alkenyl, C2-6alkynyl, C3-6cycloalkyl, Ci^alkoxy, Ci^alkyl-S(0)w-, Ci-
6alkylcarbonyl-N(Ra)-, Ci-6alkoxycarbonyl-N(Ra)- may be optionally substituted by one or 

more substituents selected from Rp; 

Rh is independently selected for each occurrence from the group consisting of hydrogen, 

Ci-6alkyl, Cj^alkenyl, C3-6alkynyl, C3-6cycloalkyl, Ci-6alkyl-S(0)2-, Cj^alkoxycarbonyl-, 

R'R^N-carbonyl- and R1RjN-S02-; wherein Q^alkyl, C3^alkenyl, Cs^alkynyl Cs^cycloalkyl 

and Ci^alkyl-S(0)2-, Ci ̂ alkylcarbonyl- may optionally be substituted by one or more 

substituents selected from Rp; 

R1 and RJ are selected independently for each occurrence from the group consisting of 

hydrogen, Ci.4alkyl C3-6cycloalkyl, heterocyclyl and heterocyclylcarbonyl; wherein Q^alkyl 

and Cs^cycloalkyl may be optionally substituted by one or more substituents selected from 

fluorine, hydroxyl, cyano, RaRbN-, RaRbN-carbonyl- and C^alkoxy and wherein heterocyclyl 

and heterocyclylcarbonyl may be optionally substituted by one or more substituents selected 

from Ci-galkyl, C2^alkenyl, C2^alkynyl, Cs^cycloalkyl, Ci-ealkoxy, halo-Ci-6-alkyl, hydroxyl-

Ci-6-alkyl, RaRbN-Ci^>alkyl- and Ci^-alkoxy-Ci^-alkyl group; and wherein if said heterocyclyl 

or heterocyclylcarbonyl contains a -NH moiety that nitrogen may optionally be substituted by 
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one or more groups C^alkyl, Cs^alkenyl, C3^alkynyl, C3^cycloalkyl, Ci^alkyl-S(0)2- and Cj. 

6-alkylcarbonyl; or R5 and RJ taken together with the nitrogen to which they are attached form a 

4-7 membered heterocyclic ring, which may have an additional heteroatom selected from 0, S, 

or N; wherein the 4-7 membered heterocyclic ring may be optionally substituted on carbon by 

one or more substituents selected from the group consisting of fluorine, hydroxyl, oxo, cyano, 

Ci-6alkyl, Ci-ealkoxy, RaRbN-, RaRbN-S02~ and RaRbN-carbonyl-; wherein said Cj^alkyl or Ci_ 

6alkoxy may optionally be substituted by fluorine, hydroxyl or cyano; and wherein the 4-7 

membered heterocyclic ring may be optionally substituted on nitrogen by one or more 

substituents selected from the group consisting of Ci-ealkyl and RaRbN-carbonyl-; and wherein 

said Ci^alkyl may be optionally substituted by one or more substituents selected from the 

group consisting of fluorine, hydroxyl, cyano; 

Rp is independently selected, for each occurrence, from the group consisting of halogen, 

hydroxyl, cyano, Cj^aikoxy, R!RJN-, R'RjN-carbonyl-, R'R^N-SCV and R'RjN-carbonyI-N(R2)-; 

and pharmaceutically acceptable salts, stereoisomers, esters and prodrugs thereof. 

2. The tricyclic compound of claim 1, wherein X1 is selected from the group consisting of: 
+-0-*, '"-NCR™)-*, +-C(RD,RD2)-C(RD5RD6)-*, +-C(RC])=C(RC2)-*, f-0-C(RD5RD6)-*, 
*-N(RN2)-C(RD5RD6)-*, +-0-C(0)-* +-N(RN2)-C(0)-*S +-N=C(RC2)-* and 
+-0~C(RD3Rm)-C(RD5RD6)-*; 

wherein the + and * indicate the attachment points of X1 as indicated in Formula I. 

3. The tricyclic compound of any one of claims 1-2, wherein X1 is selected from the group 
consisting of: +-NH-* +-0-CH2-*, +-NH-CH2-*, +-N=CH-* and +-CH=CH-*; 

wherein the + arid * indicate the attachment points of X1 as indicated in Formula I. 

4. The tricyclic compound of claim 1, wherein X2 is selected from the group consisting of: 
+-G-*, +-N(RN1)-*, +-C(RD1RD2)-C(RD5RD6)-if:, +-0-C(RD5R D6)-*, +-N(RN2)-C(RD5RD6)~*, 
+-0-C(0)-*, +-N(RN2)-C(0)-*, and +-0-C(RD3Rm)-C(RD5RM)-*; wherein the + and * indicate 

the attachment points of X as indicated in Formula II. 

5. The tricyclic compound of claim 1 or 4, wherein X2 is selected from the group consisting of: 
+-0-CH2-* and +-NH-CH2-*; wherein the + and * indicate the attachment points of X2 as 

indicated in Formula II. 
6. The tricyclic compound of any one of claims 1-5, wherein RD1, RD2, Rcl, RNI and RN2 are 

independently selected for each occurrence from the group consisting of hydrogen and methyl. 

7. The tricyclic compound of any one of claims 1-5, wherein RDI, Rm, RC1, RN1 and RN2 are 

hydrogen. 
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8. The tricyclic compound of any one of claims 1-7, wherein RD3, RD4, RDS and RD6 are 

independently selected for each occurrence from the group consisting of hydrogen, fluorine, 

cyano and Ci-2alkyl. 

9. The tricyclic compound of any one of claims 1-7, wherein RD3, RD4, R05 and RD6 are 

hydrogen. 

10. The tricyclic compound of any one of claims 1-9, wherein R " is selected from the group 

consisting of hydrogen, halogen, cyano and Ci^alkyl. 

11. The tricyclic compound of any one of claims 1-9, wherein RC2 is hydrogen. 

12. The tricyclic compound of any one of claims 1-11, wherein RB1 is H, F or Ci^alkyl. 

13. The tricyclic compound of any one of claims 1-11, wherein RB1 is H or methyl. 

14. The tricyclic compound of any one of claims 1-13, wherein R "is H. 

15. The tricyclic compound of any one of claims 1-14, wherein D1 is selected from the group 

consisting of: 

wherein the *, # and + indicate the points of attachment to the phenyl ring and the B1 ring as 

indicated in Formula I. 

16. The tricyclic compound of any one of claims 1-15, wherein D1 is selected from the group 

consisting of: & •& 
wherein the *, # and + indicate the points of attachment to the phenyl ring and the B1 ring as 

indicated in Formula I. 

17. The tricyclic compound of any one of claims 1-14, wherein D2 may be selected from the 

group consisting of: 
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4 wherein the *, # and + indicate the points of attachment to the phenyl ring and the B2 ring as 

5 indicated in Formula II. 

1 18. The tricyclic compound of any one of claims 1-17, wherein Y is selected from the group 
2 consisting of a bond, *-0-CH2-# and *-CH2-OCH2~#. 

1 19. The tricyclic compound of any one of claims 1-18, wherein Y is a bond or *-0-CH2-#. 

1 20. The tricyclic compound of claim any one of claims 1-19, wherein BJ or B2 is selected from 
2 the group consisting of: 

4 wherein the * and # indicate the points of attachment to Y as indicated in Formulas I and II. 

1 0 1 21. The tricyclic compound of any one of claims 1-20 , wherein B orB is selected from the 
2 group consisting of: 

it it $ n^1 JJ ii 

1- -9 -9 A X1 X' x x2 R 
0 

4 wherein the * and # indicate the points of attachment to Y as indicated in Formulas I and II. 

1 22. The tricyclic compound of claim 1, wherein the compound is represented by: 
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CO2H 

23. The tricyclic compound of claim 22, wherein A is phenyl. 

24. A tricyclic compound represented by: 

f %p *6" (R 

wherein: 

B1 is a 3-6 membered saturated or partially unsaturated heterocyclic or carbocyclic ring; 

wherein the ring B1 is optionally substituted by one or more fluorine atoms on any of the 

available carbon atoms; 

D1 is a 5-7 membered heterocyclic, carbocyclic, heteroaromatic or aromatic ring; 

wherein Bl is fused to D1 such that the two atoms shared by B1 and D1 are both carbon; and 

wherein the bond common to both the B1 and D1 rings is a single or double bond; 

X1 is selected from the group consisting of: +-C(RD1RD2)-*, +-C(RD1RD2)-

C(RD5RD6)-*, +-C(Rcl)=C(RcV, +-W2-C(RD5RD6)-*, +-W2-C(0)-*, +-C(RD1RD2)-W4-*, +-
N=C(RC2)-*, +-C(Rcl)=N-*, +-C(RD1RD2)-C(RD3RD4)-C(RD5RD6)-*, +-W2-C(RD3RD4)-
C(RD5RD6)^, +-W2-C(0)-C(RD5RD6)-Hs, +-C(RD1RD2)-W3-C(RD5RD6)-*, +-C(RDiRD2)-W3-C(0)-

*, +-C(RD1RD2)-C(RD3RD4)-W4-Ji: and +-C(RD1RD2)-C(0)-W4-*; wherein the + and * indicate the 

attachment points of X1 as indicated in Formula III; 

Formula III; 
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Y is selected from the group consisting of: a bond, *-CH2-#, *-0-#, *-CH2-CH2-#, *-0-

CH2-#, *~CH2-G-#, *-CH2-CH2-CH2-#, *-G-CH2-CH2-# and *-CH2~OCH2-#; wherein the * and # 

indicate the attachment points of Y as indicated in Formula III; 

W5 is selected from the group consisting of O, S orN(RN1); 

W2 is selected from the group consisting of O or N(RN2); 

W3 is selected from the group consisting of O or N(RN3); 

W4 is selected from the group consisting of O or N(RN4); 

RA1 is selected, independently for each occurrence, from the group consisting of 

hydrogen, hydroxyl, cyano, halogen, Ci^alkyl or Ci^alkoxy; wherein Ci^alkyl, or C^alkoxy 

may be optionally substituted by one or more fluorines; 

n is 1 or 2; 

is selected from the group consisting of hydrogen, R'R^N-, heterocyclyl, 

heterocyclyloxy and heterocyclyl-(NRa)-; wherein said heterocyclyl may optionally be 

substituted by one or more substituents selected from Rg and wherein if said heterocyclyl 

contains a -NH moiety that nitrogen may optionally be substituted by one or more groups Rh; 

or 

R'U is selected from the group consisting of: Ci^alkyl, C2-6alkenyl, Cxgalkynyl, C3-

6cyc]oa]kyl, C^alkoxy, C3-6alkenyloxy, C.v6alkynyloxy, C3-6Cycloalkoxy, Ci_6alkyl-S(0)w-

(wherein w is 0, 1 or 2), Ci.-6alkyI-N(RaK Ci.6alkyl-N(Ra)-carbonyl-, Ci-c,alkylcarbonyl-N(Ra)~, 

Ci-6alky!-N(Ra)-carbonyl-N(Ra)-, C1.6alkyl-N(Ra)-S02-, C1^alkyl-S02-N(Ra)-, Ci-

6alkoxycarbonyl-N(Ra)-, Ci-6alkylcarbonyl-N(Ra)-Ci-6alkyl-, Ci^alkyl-N(Ra)-carbonyl-Ci-

6alkyl-, Ci.6alkoxyCialkyl-; wherein Cj^alkyl, C2-6alkenyl, C2-6alkynyl, Cs^cycloalkyl, Ci. 

6alkoxy, Cs^alkenyloxy, C3-6alkynyloxy, C3-6cycloalkoxy, Ci-6alkyl-S(0)w-, Ci^alkyl-NfR3)-, 

Ci-6alkyl-N(Ra)-carbonyl-, Ci-6alkylcarbonyl-N(Ra)-, Ci-6alkyl-N(Ra)-carbonyl-N(Ra)-, Cj-

6alkyl-N(Rd)-S02-, Ci-6alkyl-S02-N(Ra)-, C] -6alkoxycarbonyl-N(Ra)-, Ci^alkylcarbonyl-

N(Ra)Ci^alkyl-, Cj^alkyl-N(Ra)-carbonyl-Ci-6alkyl-, Ci^alkoxy-Ci^alkyl may optionally be 

substituted by Rp, phenyl, phenoxy, heteroaryl, heteroaryloxy, heteroaryl-(NRa)-, heterocyclyl, 

heterocyclyloxy or heterocyclyl-N(Ra)-; and wherein said heteroaryl or phenyl may optionally 

be substituted with one or more substituents selected from Rf; and wherein said heterocyclyl 

may optionally be substituted by one or more substituents selected from R8; and wherein if said 
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heterocyclyl contains a -NH moiety that nitrogen may optionally be substituted by one or more 

groups Rh; 

RD1 and R02 are each independently selected from the group consisting of hydrogen, 

fluorine, hydroxyl, Ci-2alkyl or Ci-2alkoxy; wherein the Ci-2alkyl and Cj^alkoxy may 

optionally be substituted by one or more fluorine atoms or a group selected from cyano or 
hydroxyl; 

RD3 and R04 are each independently selected from the group consisting of hydrogen, 

fluorine, hydroxyl, cyano, Chalky! or Ci-salkoxy; wherein the C1-3 alkyl and C1-3 alkoxy may 

optionally be substituted by one or more fluorine atoms or a group selected from cyano, 
hydroxyl or N(RaRb); 

RD5 and R06 are each independently selected from the group consisting of hydrogen, 

fluorine, hydroxyl, cyano, C]-2alkyl or Ci-2alkoxy; wherein the Ci-2alkyl and Ci-2alkoxy may 

optionally be substituted by one or more fluorine atoms or a group selected from cyano, 
hydroxy] or N(RaRb); 

RCi is selected from the group consisting of hydrogen, halogen, Ci.2alkyl or C^alkoxy; 

wherein the Cj^alkyl or C]-2alkoxy may optionally be substituted by one or more fluorine 
atoms; 

Q2 R is selected from the group consisting of hydrogen, halogen, hydroxyl, cyano, Ci. 

2alkyl or Ci-2alkoxy; wherein the Chalky! and Ci-2alkoxy may optionally be substituted by one 

or more fluorine atoms or a group selected from cyano, hydroxyl or N(RaRb); 

R1 is selected from, the group consisting of hydrogen or Ci-2alkyl; 

RN2 is selected from the group consisting of hydrogen or Ci^allcyl; 

RN3 is selected from the group consisting of hydrogen, Ci-3alkyl or Q^aikylcarbonyl; 

wherein the Chalky! and Cj-2alkylcarbonyl may optionally be substituted by one or more 
fluorine atoms or a group selected from cyano, hydroxyl or N(RaRb); 

RN4 is selected from the group consisting of hydrogen, Chalky! or Q^alkylcarbonyl; 

wherein the Chalky! and Ci^alkylcarbonyl may optionally be substituted by one or more 

fluorine atoms or a group selected from cyano, hydroxyl or N(RaRb); 
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Ra and Rb are independently selected, for each occurrence, from the group consisting of 

hydrogen and Ci.3alkyl; wherein Ci-3alkyl may optionally be substituted by one or more 

substituents selected from fluorine, cyano, oxo and hydroxyl; 

or Ra and Rb, together with the nitrogen to which they are attached, may form a 4-6 

membered heterocyclic ring, which may have an additional heteroatom selected from O, S, or 

N; wherein the 4-6 membered heterocyclic ring may optionally be substituted by one or more 

substituents selected from the group consisting of fluorine, cyano, oxo or hydroxyl; 

Rf is independently selected, for each occurrence, from the group consisting of Rp, 

hydrogen, Ci^alkyl, Cvscycloalkyl, Ci-ealkenyl, C2-6alkynyl, Cj_6alkoxy, Ci-6alkyl-S(0)w-, 

(wherein wherein w is 0, 1 or 2), Ci.galkylcarbonyl-N(Ra)- and Ci.ealkoxycarbonyl-N(Ra)-; 

wherein Cj^alkyl, C3_6cycloalkyl, C2-6alkenyl, C2-6alkynyl, Ci^alkoxy, Ci-6alkyl-S(0)w-, Q_ 

6alkylcarbonyl-N(R3)-, Ci-6alkoxycarbonyl-N(Ra)- may be optionally substituted by one or 

more substituents selected from Rp; 

Rg is independently selected for each occurrence from the group consisting of Rp, 

hydrogen, oxo, Cj-galkyl, (^alkenyl, (^alkynyl, C3-ecycloalkyl, C^alkoxy, Ci^alkyl-S(0)w-, 

(wherein w is 0, 1 or 2), Ci-6alkylcarbonyl-N(Ra)- and Ci-6allcoxycarbonyl-N(Ra)-; wherein Ci-

6alkyl, C2-6alkenyl, C2-6alkynyl, C3-6cycloalkyl, Ci^alkoxy, Ci-6alkyl-S(0)w-, Ci-

6alkylcarbonyl-N(Ra)-, Cj-6alkoxycarbonyl-N(Ra)- may be optionally substituted by one or 

more substituents selected from R1; 

Rh is independently selected for each occurrence from the group consisting of hydrogen, 

Ci-galkyl, C3-6alkenyl, (^alkynyl, C3-6cycloalkyl, Ci-6alkyl-S(0)2-, Q^alkoxycarbonyl-, 

R'R'N-carbony]- and R'R'N-SC^-: wherein C].6alkyl, C3-6alkenyl, C3-6alkynyl (^cycloalkyl 
and Cj.6alkyl-S(0)2-, Cu,alkylcarbonyl- may optionally be substituted by one or more 

substituents selected from Rp; 

R1 and RJ are selected independently for each occurrence from the group consisting of 

hydrogen, Ci^alkyl (^cycloalkyl, heterocyclyl and heterocyclylcarbonyl; wherein Ci-4alkyl 

and C3-6cycloalkyl may be optionally substituted by one or more substituents selected from 

fluorine, hydroxy!, cyano, RaRbN-, RaRbN-carbonyl- and Ci-3alkoxy and wherein heterocyclyl 

and heterocyclylcarbonyl may be optionally substituted by one or more substituents selected 

from Ci^alkyl, C2-6alkenyl, C2^alkynyl, (^.cycloalkyl, C^alkoxy, halo-Ci-g-alkyl, hydroxyl-

Cj-6-alkyl, RaRbN-C].6alkyl- and Ci-6-alkoxy-Ci_6-aIkyl group; and wherein if said heterocyclyl 

or heterocyclylcarbonyl contains a -NIi moiety that nitrogen may optionally be substituted by 
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one or more groups Ci^alkyl, C3-6alkenyl, Cs-ealkynyl, Cs^cycloalkyk Ci-6alkyl-S(0)2- and Ci-

6-alkylcarbonyl; 

or R! and RJ taken together with the nitrogen to which they are attached form a 4-7 

membered heterocyclic ring, which may have an additional heteroatom selected from O, S, or 

N; wherein the 4-7 membered heterocyclic ring may be optionally substituted on carbon by one 

or more substituents selected from the group consisting of fluorine, hydroxyl, oxo, cyano, Ci. 

galkyl, Ci-6alkoxy, RaRbN-, RaRbN-S02- and RaRbN-carbonyl-; wherein said Ci^alkyl or Cu 

ealkoxy may optionally be substituted by fluorine, hydroxyl or cyano; and wherein the 4-7 

membered heterocyclic ring may be optionally substituted on nitrogen by one or more 

substituents selected from the group consisting of Ci^alkyl and RaRbN-carbonyl-; and wherein 

said Ci^alkyl may be optionally substituted by fluorine, hydroxyl, cyano; 

Rp is independently selected, for each occurrence, from the group consisting of halogen, 

hydroxyl, cyano, Cj^alkoxy, R^N-, R'R'N-carbonyK R'R^N-SCV and R^N-carbonyl-NCR'1)-; 

and pharmaceutically acceptable salts, stereoisomers, esters and prodrugs thereof. 

25. The tricyclic compound of claim 24, wherein RAi is selected from the group consisting of 

hydrogen, halogen, Ci-2alkyl and Ci-2alkoxy; wherein C-i-2alkyl may optionally be substituted 
by one or more fluorines. 

26. The tricyclic compound of claim 24, wherein RA1 is selected from hydrogen or fluorine. 

27. The tricyclic compound of any one of claims 24-26, wherein R'4"2 is selected from the group 

consisting of hydrogen, R!RjN, heterocyclyl, Ci^alkyl, Cs-ealkenyl, C3-6cycloalkyl, Ci^alkoxy; 
wherein said heterocyclyl may optionally be substituted by one or more groups Rg; and wherein 
if said heterocyclyl contains a -NH moiety, that nitrogen may optionally be substituted by on or 

more groups Rh; and wherein said Q^alkyl, C3-6alkenyl, Cs-gcycloalkyl and Ci-ealkoxy may 

optionally be substituted by one or more groups Rp. 

28. The tricyclic compound of any one of claims 24-27, wherein RA2 is selected from the group 

consisting of 3-(N,N-diethylamino)propyl, 3-(pyrrolidin-l-yl)propyl, (Z)-3-(N,N-

diethylamino)prop-1 -enyl, (Z)-3-(azetidin-1 -yl)prop-1 -enyl and (Z)-3-(pyrrolidin-1 -yl)prop-1 -

enyl. 
29. The tricyclic compound represented by: 
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Formula IV 

D is a 5-7 membered partially unsaturated heterocyclic or carbocyclic ring; 

X2 is selected from the group consisting of: +-C(RD1RD2)-*, "'"-W1-*, 
+-C(RD1RD2)-C(RD5RD6)-*, +-W2-C(RD5RD6)-*, +-W2-C(0>-*, +-C(RD1RD2)-W4-*, +-C(RmRm}-

C(RD3RD4)-C(RD3RD6)-*, +-W2-C(RD3RW)-C(RD5RD6)-*, +~W2-C(0)-C(RD5RD6)-*, +-

C(RD1RD2)-W3-C(RD5RD6)-*, +-C(RD,RD2)-W3-C(0)-*, +-C(RDIRD2)-C(RD3Rm)-W4-* and+-

C(RD1RD2)-C(0)-W4-*; wherein the + and * indicate the attachment points of X2 as indicated in 

Formula IV; 

W1 is selected from the group consisting of O, S or N(RN>); 

W2 is selected from the group consisting of O or N(RN2); 

W3 is selected from the group consisting of 0 or N(RN") 

W4 is selected from the group consisting of O or N(RN4); 

RB1 is selected from the group consisting of H, F, OH, CN, Ci^alkoxy or Ci^allcyl; 

wherein Ci^alkyl and C]_2alkoxy are optionally substituted by a group selected from OH, 

Ci-2alkoxy, CN or one or more fluorine atoms; 

RAi is selected, independently for each occurrence, from the group consisting of 

hydrogen, hydroxyl, cyano, halogen, Cj^alkyl or C^alkoxy; wherein Chalky!, or Ci^alkoxy 

may be optionally substituted by one or more fluorines; 

n is 0, 1, or 2; 

RA2 is selected from the group consisting of hydrogen, R'R'N-, heterocyclyl, 

heterocyclyloxy and heterocyclyl-(NRa)-; wherein said heterocyclyl may optionally be 

substituted by one or more substituents selected from R8 and wherein if said heterocyclyl 

contains a -NH moiety that nitrogen may optionally be substituted by one or more groups Rh; 

or 

R^ is selected from the group consisting of: Ci^alkyl, C2-6alkenyl, C2^alkynyl, C3-

(icycloalkyl, Ci-ealkoxy, Cs-ealkenyloxy, Cs-^alkynyloxy, C?-6cycloalkoxy, Ci-6alkyl-S(0)w-

(wherein w is 0, 1 or 2), Ci-6alkyl~N(Ra)-, Ci-6alkyl-N(Ra)-carbonyl-, Ci-6alkylcarbonyl-N(Ra)-, 
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Ci-6alkyl-N(Ra)-carbonyl-N(Ra)-, Ci_6alkyl-N(Ra)-S02-, Ci-6alkyl-S02-N(R3)-, Ci_ 

6a3koxycarbonyl~N(Ra)-, Ci_6alkylcarbonyl-N(Ra)-Ci-6alkyl-, Ci-6alkyl-N(Ra)-carbonyl~Q_ 

6alkyl-, C]-6alkoxyCi-6alkyl-; wherein Ci^alkyl, C2-6alkenyl, C^alkynyl, C3-ecycloalkyl, Ci-

galkoxy, Cs-ealkenyloxy, C3-6alkynyloxy, C3-6cycloalkoxy, Ci-6alkyl-S(0)w-, Ci-6alkyl-N(Ra)-, 

Ci-6alkyl~N(Ra)~carbonyl-, Ci-6alkylcarbonyl-N(Ra)~, Ci-salkyl-N(Ra)-carbonyi-N(Ra)-, Ci_ 

6alkyl-N(Ra)-S02-, Ci-6alkyl-S02-N(Ra)-, Ci-6alkoxycarbony 1 -N(Ra)-, Ci^alkylcarbonyl-

N(Ra)Ci_6alkyl-, Ci.oalkyl-N(Ra)-carbonyl-Ci-6alkyl-, Ci-ealkoxv-Ci-ealkyl may optionally be 

substituted by Rp, phenyl, phenoxy. heteroaryl, heteroaryloxy, heteroaryl-(NRa)-, heterocyclyl, 

heterocyclyloxy or heterocyclyl-N(Ra)-; and wherein said heteroaryl or phenyl may optionally 

be substituted with one or more substituents selected from Rf; and wherein said heterocyclyl 

may optionally be substituted by one or more substituents selected from R8; and wherein if said 

heterocyclyl contains a -NH moiety that nitrogen may optionally be substituted by one or more 

groups Rh; 

RD1 and Rm are each independently selected from the group consisting of hydrogen, 

fluorine, hydroxyl, Ci-aalkyl or Ci_2alkoxy; wherein the C].-2alkyl and Cj^alkoxy may 

optionally be substituted by one or more fluorine atoms or a group selected from cyano or 

hydroxyl; 

RD3 and Rm are each independently selected from the group consisting of hydrogen, 

fluorine, hydroxyl, cyano, Ci^alkyl or Ci^alkoxy; wherein the C1-3 alkyl and Cj-3 alkoxy may 

optionally be substituted by one or more fluorine atoms or a group selected from cyano, 

hydroxyl or N(RaRb); 

RD5 and R1* are each independently selected from the group consisting of hydrogen, 

fluorine, hydroxyl, cyano, Cj.oalkyl or Ci-2alkoxy; wherein the Q^alkyl and Ci-2alkoxy may 

optionally be substituted by a substituent or substituents selected from the group consisting of: 

one or more fluorine atoms,cyano, hydroxyl or N(RaRb); 

RC1 is selected from the group consisting of hydrogen, halogen, Cj-2alkyl or Ci_2alkoxy; 

wherein the Ci-2alkyl or Q^alkoxy may optionally be substituted by one or more fluorine 

atoms; 

RC2 is selected from the group consisting of hydrogen, halogen, hydroxyl, cyano, Ci-

2alkyl or C]-2alkoxy; wherein the C1-2alkyl and Ci-2alkoxy may optionally be substituted by one 
or more fluorine atoms or a group selected from cyano, hydroxyl or N(RaRb); 

RNI is selected from the group consisting of hydrogen or Ci-2alkyl; 
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RN2 is selected from the group consisting of hydrogen or Cj^alkyl; 

RN3 is selected from the group consisting of hydrogen, C].3alkyl or Ci_2alkylcarbonyl; 

wherein the Ci-3alkyl and Ci-2alkylcarbonyl may optionally be substituted by a substituent or 

substituents selected from the group consisting of: one or more fluorines, cyano, hydroxy] or 

N(RaRb); 

RN4 is selected from the group consisting of hydrogen, Chalky! or Cj^alkylcarbonyl; 

wherein the Ci-3alkyl and Ci-2allcylcarbonyl may optionally be substituted by a substituent or 

substituents selected from the group consisting of: one or more fluorines, cyano, hydroxyl or 

N(RaRb); 

Ra and Rb are independently selected, for each occurrence, from the group consisting of 

hydrogen and Chalky!; wherein Ci-3alkyl may optionally be substituted by one or more 

substituents selected from fluorine, cyano, oxo and hydroxyl; 

or Ra and Rb, together with the nitrogen to which they are attached, may form a 4-6 

membered heterocyclic ring, which may have an additional heteroatom selected from O, S, or 

N; wherein the 4-6 membered heterocyclic ring may optionally be substituted by one or more 

substituents selected from the group consisting of fluorine, cyano, oxo or hydroxyl; 

Rf is independently selected, for each occurrence, from the group consisting of Rp, 

hydrogen, Ci^alkyl, Cs^cycloalkyl, C2-ealkenyl, C2-6alkynyl, C^alkoxy, Ci-6alkyl-S(0)w-, 

(wherein wherein w is 0, 1 or 2), Q_6alkylcarbonyl-N(Ra)- and Ci^alkoxycarbonyl-N(Ra)-; 

wherein Ci-eallcyl, Cs-^cycloalkyl, C2-6alkenyl, C2-6alkynyl, Ci^alkoxy, Ci-6alkyl-S(0)w-, Ci. 

6alkylcarbonyl-N(Ra)-, Ci-6alkoxycarbonyl-N(Ra)- may be optionally substituted by one or 

more substituents selected from Rp: 

R8 is independently selected for each occurrence from the group consisting of Rp, 

hydrogen, oxo, Ci-ealkyl, C.2-6alkenyl, C.2-6alkynyl, Cs-ecycloalkyl, Ci^alkoxy, Cj.6alkyl-S(0)w-» 

(wherein w is 0, 1 or 2), Ci-6alkylcarbonyl-N(Ra)- and Ci-6alkoxycarbonyl-N(Ra)-; wherein Ci-

6alkyl, C2-6alkenyl, C2-6alkynyl, C3-ecycloalkyl, C^alkoxy, Ci-6alkyl-S(0)w-, Ci. 

6alkylcarbonyl-N(R3)-, Cj-6alkoxycarbonyl-N(Ra)- may be optionally substituted by one or 

more substituents selected from Rp; 

Rh is independently selected for each occurrence from the group consisting of hydrogen, 

Ci^alkyl, C3-6alkenyl, C3-6alkynyl, C^cycloalkyl, C]-6alkyl-S(0)2-, Ci^alkoxycarbonyl-, 

R'RjN-carbonyl- and R'RjN-S02-; wherein Q^alkyl, C3_6alkenyl, Cg-galkynyl C3^cycloalkyl 
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and Ci_6alkyl-S(0)2-, Cj^alkylcarbonyl- may optionally be substituted by one or more 

substituents selected from Rp; 

R1 and RJ are selected independently for each occurrence from the group consisting of 

hydrogen, Ci-4alkyl, C3-6cycloalkyl, heterocyclyl and heterocyclylcarbonyl; wherein Chalky! 

and Cs^cycloalkyl may be optionally substituted by one or more substituents selected from 

fluorine, hydroxyl, cyano, RaRbN-, RaRbN-carbony3- and Cj^alkoxy and wherein heterocyclyl 

and heterocyclylcarbonyl may be optionally substituted by one or more substituents selected 

from Ci-6alkyl, C2-6alkenyl, C2-ealkynyl, Cs-ecycloalkyl, Cj-6alkoxy, halo-Ci-6-alkyl, hydroxyl-

C]-6-alkyl, RaRbN-Ci-6alkyl- and Cj.-6-alkoxy-C]-6-alkyl group; and wherein if said heterocyclyl 

or heterocyclylcarbonyl contains a -NH moiety that nitrogen may optionally be substituted by 

one or more groups Ci.6alkyl, C^alkenyl, C3^alkynyl, C3-6cycloalkyl, Ci^alkyl-S(0)2- and Q. 

6-alkylcarbonyl;or R1 and RJ taken together with the nitrogen to which they are attached form a 

4-7 membered heterocyclic ring, which may have an additional, heteroatom selected from O, S, 

or N; wherein the 4-7 membered heterocyclic ring may be optionally substituted on carbon by 

one or more substituents selected from the group consisting of fluorine, hydroxyl, oxo, cyano, 

Ci-ealkyl, Q-galkoxy, RaRbN-, RaRbN-S02- and RaRbN-carbonyl-; wherein said Chalky] or Cu 

6alkoxy may optionally be substituted by fluorine, hydroxyl or cyano; and wherein the 4-7 

membered heterocyclic ring may be optionally substituted on nitrogen by one or more 

substituents selected from the group consisting of Cusalkyl and RaRbN-carbonyl-; and wherein 

said Ci^alkyl may be optionally substituted by one or more substituents selected from the 

group consisting of fluorine, hydroxyl, cyano; 

Rp is independently selected, for each occurrence, from the group consisting of halogen, 

hydroxy!., cyano, Ci^alkoxy, R*RjN-, R'RjN-carbonyl-, R'R^N-SCV and R'R^N-carbonyl-NCR2)-; 

and pharmaceutically acceptable salts, stereoisomers, esters and prodrugs thereof. 

30. The tricyclic compound of claim 29, wherein RA1 is selected from hydrogen or fluorine. 

31. The tricyclic compound of any one of claims 29-30, wherein RA2 is selected from the group 

consisting of hydrogen, R'RJN, heterocyclyl, Ci^alkyl, C3-c,alkenyl, Cvc,cycloalkyl, Ci^alkoxy; 

wherein said heterocyclyl may optionally be substituted by one or more groups Rs; and wherein 

if said heterocyclyl contains a -NH moiety, that nitrogen may optionally be substituted by on or 

more groups Rh; and wherein said Ci-ealkyl, C3-6alkenyl, C3^cycloalkyl and Cj^alkoxy may 

optionally be substituted by one or more groups Rp. 
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32. A compound selected from the group consisting of: cis-(3aRS,9bRS)-7-

(benzenesulfonylamino)-l,3a,4,9b-tetrahydro-2H-furo[2,3-c]chromene-6-carboxylic acjd; cis-

(3aRS,9bRS)-7-[2-(3-diethylaminopropyl)-4-fluorobenzenesulfonyl-amino]-l,3a,4,9b-

tetrahydro-2H-furo[2.3-c3chromene-6~carboxylic acid; cis-(3aRS,9bRS)-7-[2-(3-{pyrrolidin-l-

yl}propyl)-4-fluorobenzene-sulfonylamino]-U3a,4,9b-tetrahydro-2H-furo[2,3-c]chromene-6-

carboxylic acid; cis-{3aRS,9bRS)-7-[2-((Z)~3~diethylaminoprop-l-enyl)~4-fluoro-

benzenesulfonylamino]-l,3a,4,9b-tetrahydro-2H-furo[2,3-c]chromene-6-carboxylic acid; cis-

(3aR,9bR)-7-[2-((Z)-3-diethylam.inoprop-l-enyl)-4-fluorobenzenesulfonylamino]-1,3a,4,9b-

tetrahydro-2H-furo[2,3-c]chromene-6-carboxylic acid; cis-(3aS,9bS)-7-[2-((Z)-3-

diethylaminoprop-l-enyl)-4-fluorobenzenesulfonylamino3-l,3a,4,9b-tetrahydro-2H-furo[2,3-

c]chromene-6-carboxylic acid; 7-[2-((Z)-3-diethylaminoprop-l-enyl)-4-fluorobenzenesulfonyl-

amino]-l,2-dihydrofuro[2,3-c]quinoline-6-carboxylic acid formate salt; 7-

(benzenesulfonylamino))-l.,2-dihydrofuro[2,3-c3quino]ine-6-carboxylic acid formate salt; cis-

(3aRS,9bRS)-7-[2-((Z)-3-diethylaminoprop-l-eny1)-4-fluorobenzenesulfonylamino]-

1,2,3a,4,5,9b-hexahydrofuro[2,3-c]quinoline-6-carboxylic acid; (laRS,7bSR)-5-[2-((Z)-3-

diethylaminoprop-1 -enyl)-4-fluorobenzenesulfonylamino] -1,1 a,2,7b-
tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laR,7bS)- 5-[2-((Z)-3-diethylaminoprop-

1 -enyl)-4-fluorobenzenesulfonyl amino] -1,1 a,2,7b-tetrahydrocyclopropa[c] chromene-4-

carboxylic acid; (laS,7bR)~5-[2-((Z)-3-diethylaminoprop-l-enyl)-4-

fluorobenzenesulfonylamino]-1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid; 

(laRS,7bSR)-5-[2-{(Z)-3-diethylaminoprop-l-enyl)-4-fluorobenzenesulfonylamino]-7b-

methyl-1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-[2-((E)-

3~diethylami.noprop-l-enyl)-4-fluorobenzenesulfonylamino]-7b-methyl-l,la,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxy]ic acid; cis-(3aRS,9bRS)-7-[2-(4-dimethylamino-

buty]amino)-benzenesu3.fonylamino]-l,3a,4,9b-tetrahydro-2H-furo[2,3-c]chromene-6-

carboxylic acid; (l aR,7bS)-5-[2-(3-diethylaminopropyl)-4-fluorobenzenesulfonyl-amino]-

l!la,2,7b"tetrahydrocyclopropa[c]chromene~4-carboxyli.c acid; (laRS,7bSR)-5-[2-((Z)-3-

diethylaminoprop-l-enyl)-4-fluorobenzene-sulfonylamino]-l, 1-difluoro-1, la,2,7b-

tetrahvdrocyclopropa[c3chromene-4-carboxylic acid; (laR,7bS)-5-[2-((Z)-3-diethylaminoprop-

l-enyl)-4-fluorobenzene-sulfonylamino]-l,l-difluoro-l,la,2,7b-
tetrahydrocyclopropa[c3chromene-4-carboxylic acid; (laS,7bR)-5-[2-((Z)-3-diethylaminoprop-

1 -enyl)-4-fluorobenzene-sulfonylamino]-1,1-difluoro-1, la,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-[2((Z)-3-ethylaminoprop-
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l-enyl)-4-fhioro-benzenesulfonylamino]-l,la,2,7b-tetrahydrocyclopropa-[c3chromene-4-

carboxylic acid; (laR,7bS)-5-[2((Z)-3-ethylaminoprop-l-enyl)-4-

fluorobenzenesul.fonylamino3-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid; 

(laS,7bR)-5-[2((Z)-3-ethylaminoprop-l-eny])-4-fIuorobenzene-sulfonylamino]-l,la,2,7b-

tetrahydro-cyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-{2[(Z)-3-(pyrrolidin-l-

yl)prop-l-enyl]-4-fluorobenzenesulfonylamino}-l,la,2,7b-tetrahydro-cyclopropa[c]chromene-

4-carboxylic acid; (1 aR,7bS)-5-{2[(Z)-3-(pyrrolidin-l-yl)prop-1 -enylj-4-

fluorobenzenesulfonylamino}-l,la,2,7b-tetrahydro-cyclopropa[c3chromene-4-carboxylic acid; 

(1 aS ,7bR)-5- {2[(Z)-3-(pyrrolidin- l-yl)prop-1 -enyI]-4-fluorobenzenesulfonylamino}-l, 1 a,2,7b-

tetrahydro-cyclopropa[c]chromene-4~carboxylic acid; (laRS.7bSR)-5-[2-(3-dimethylamino-

propylamino)benzene-sulfonylamino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-

carboxylic acid; (laR,7bS)-5-[2-(3-dimethylaminopropylamino)benzene-sulfonyIamino]-

l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laS,7bR)-5~[2~(3-

dimethylamino-propylamino)benzene-sulfonylamino] -1,1 a,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-[2-(4-

dimethylaminobutylamino)benzene-sulfonylamino3-1,1a,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laR,7bS)-5-[2-(4-dimethylaminobutyl-

amino)benzene-sulfonylamino3-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid; 

(laS,7bR)-5-[2-(4-dimethylaminobutylamino)benzene-sulfonylamino]-l,la,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-[2-(5-dimethylamino-

pentylamino)benzene-sulfonylamino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-
carboxylic acid; (laRS,7bSR)-5-{2[(Z)-3-(propan-2-yl)am.inoprop-l-enyl]-4-fluorobenzene-
sulfonylamino)-1,1 a,2.7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (1 aRS,7bSR)-

5-{2[(Z)-3-((S)-3-hydroxypyrro]idin-l-yl)aminoprop-l-eny].]-4-fluorobenzenesulfonylamirio}-

1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-{2[(Z)~3-((R)~ 

3-hydroxypyrrolidin-1 -yl)aminoprop-1 -enyl]-4-fluorobenzene-sulfonylamino} -1,1 a,2,7b-

tetrahydro-cyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-[2((Z)-4-

diethylaminobut-1 -enyl)-4-fluorobenzenesulfonyl-amino3 -1,1 a,2,7b-
tetrahydrocyclopropa[c]chromene-4-carboxyli.c acid; (1 aR,7bS)-5-[2((Z)-4-diethylaminobut-1 -

enyl)-4-fluorobenzenesulfonyl-amino3-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-

carboxylic acid; (laS,7bR)-5-[2((Z)-4-diethylaminobut-l-enyl)-4-fluorobenzenesulfonyl-

amino]-l,l.a,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxylic acid; (1 aRS,7bSR)-5-{2-[2-

(4-ethylpiperazin-l.-yl)-ethyl]-4-fluorobenzenesulfonylamino}-1,1 a,2,7b-
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tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-{2[(Z)-3-(azetidin-l-

yl)prop- l-enyl]-4-fluorobenzene-sulfonylam.ino} -1,1 a,2,7b-tetrahydro-cyclopropa[c]chromene-

4-carboxylic acid; (laRS,7bSR)-5-{2[(Z)-3-(3-hydroxyazetidin-l-yl)prop-l-enyl]~4-

fluorobenzene-sulfonylamino] -1,1 a,2,7b-tetrahydro-cyclopropa[c]chromene-4-carboxylic acid; 

(laRS,7bSR)-5-{ 2[(Z)-3-(azetidin-1 -yl)propyl]-4-fluorobenzenesulfonylamino} -1, la, 2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-[2((Z)-4-

diethylaminobutyl)-4-fluorobenzenesulfonylamino]- 1,1a, 2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-{2-[N-(4-dimethylamino-

butyl)-N-methylamino]-benzenesulfonyl-amino}-l,la,2,7b-tetrahydrocyclopropa-[c]chromene-

4-carboxylic acid; (laRS,7bSR)-5-{2-[((S)-l-ethylpyrrolidin-3-ylcarbamoyl)methyl]-4-fluoro-

benzenesulfonyl-amino}-l,la,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxylic acid; 

(laRS,7bSR)-5-[2-(l-ethy]azetidin-3-yl)-4-fluorobenzenesulfonylamino]-l,la,2,7b-tetrahydro-

cyclopropa[c]chromene-4-carboxylic acid: (laRS,7bSR)-5-{2-[((R)-l.-ethylpyrrolidin-3-

ylcarbamoyl)methyl]-4-fluorobenzenesiilfonyl-amino} -1,1 a,2,7b-tetrahydro-cyclopropa-

[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-{2-[2-(pyrrolidin-l-yl)-ethyl]-4-

fluorobenzenesulfonylamino j -1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxy!ic acid; 

(laRS.7bSR)~5-[2-((R)~l-ethylpyrrolidin~3-ylmethyl)-4-fluorobenzenesulfonyl-amino]-

l,la,2,7b-tetrahydro-cyclopropa[c3chromene-4-carboxylic acid; (laR,7bS)-5-[2-((R)-l-

ethylpyrrolidin-3-ylmethyl)-4-fluorobenzenesulfonyl-amino]-l,la,2,7b-tetrahydro-

cyclopropa[c]chromene-4-carboxylic acid; (laS,7bR)-5-[2~((R)-l-ethylpyrrolidm-3-ylmethyl)-

4-fluorobenzenesulfonyl-am.ino]-l,la,2,7b-tetrahydro-cyclopropa[c]chromene-4-carboxylic 

acid; (1 aRS,7bSR)-5-{2-[((S)-1 -ethylpyrrolidin-2-yl)cabonyl-aminomethyl]-4-

fluorobenzenesulfonyl-amino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid; 

(laRS,7bSR)-5-[2-(4-dimethylaminobutyrylamino)-4-fluorobenzenesulfonyl-amino]-l,la,2,7b-

tetrahydrocyclopropa-[c]chromene-4-carboxylic acid; (1. aRS,7bSR)-5-[2-((S)-1 -ethyl-

pyrrolidin-3-ylmethyl)-4-fluorobenzenesulfonyl-amino]-l, 1 a,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-[2-(3-

dim.ethylami.nopropylcarbamoyl)benzene-sulfonylamino]- 1,1a, 2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-(2-{ [N-((S)- 1-ethyl-

pyrrolidin-3-yl)-N-methylcarbamoyl]methyl }-4-fluoro-benzenesulfonylamino)-1,1 a,2,7b-

tetrahydrocyclopropa-[c3chromene-4-carboxylic acid; (laRS,7bSR)-5-(2-{ [N-((R)-1-

ethylpyrrolidin-3-yl)-N-methylcarbamoyl]methyl} -4-fluoro-benzenesulfonylamino)-1,1 a,2,7b-

tetrahydrocyclopropa-[c]chromene-4-carboxylic acid; (1 aRS,7bSR)-5-{2-[2-((S)-1 -
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ethylpyrrolidin-2-yl)ethylamino]-benzenesulfonyl-amino}-l,la,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylic acid; (1 aRS;7bSR)-5- {2-[2-((R)~ 1 »ethylpyrrolidin-2-yl)ethylamino]-

benzenesulfonyl-amino}-l,la,2,7b-tetraliydrocyclopropa-[c]chromene-4-carboxylic acid; 

(laRS,7bSR)-5-[2-(3-N»N,-diethylamjnopropylamino)benzene-sulfonylamino]-l,la,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (1 aRS,7bSR)-5-(2- {[((R)-1 -
ethylpyrrolidine-2-yl)carbonyl-amino]methyl}-4-fluorobenzenesulfonylamino)-l,la,2,7b-
tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-{2-[(l-ethylazetidin-3-
ylmethyl)amino]benzene-sulfonylamino}-l,las2,7b-tetrahydrocyclopropa[c]chromene-4-

carboxylic acid; (laR,7bS)-5-[2-((Z)-3-diethylaminoprop-l-enyl)benzenesulfonylamino]-

l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laS,7bR)-5-[2-((Z)-3-

diethylaminoprop-1 -enyl)benzenesulfonylamino]-l, 1 a,2,7b-tetrahydrocyclopropa[c]chromene-

4-carboxylic acid; (l.aRS,7t'SR)-5-(2-{N-[((R)-l-ethylpyrrolidine-2-yl)carbonyl]-N-

methylaminomethyl}-4-fluorobenzenesulfonylamino)-l,la,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-(2-{N-[((S)-l-ethylpyrrolidine-2-yl)carbonyl]-

N-methylamino-methyl} -4-fluorobenzenesulfonylamino)-1,1 a,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-[2-(4-dimethylaminobutylamino)-4-

fluorobenzenesulfonyl-amino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid; 

(laRS,7bSR)-5-{2-[((R)-l-ethylpyrrolidin-3-ylmethyl)amino]-benzenesulfonylamino}-
l,la,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-{2-[((S)-l-

ethylpyrrolidin-3-ylmethyl)amino3-benzenesulfonylamino} -1,1 a,2.7b-tetrahydrocyciopropa-

[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-[2-(4-ethyl-2-oxopiperazin-l~ylmethyl)-4-

fluorobenzene-sulfonylamino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid; 

(laRS»7bSR)-5-[2-(l-ethylpiperidin-4-ylmethyl)-4-fluoro-benzenesulfonylamino]-l,la,2,7b-

tetrahydrocyclopropa-[c]chromene-4-carboxylic acid; (laRS.7bSR)-5-{2-[2-fl-ethylazetidin-3-

yl)ethyl]-4-fluorobenzenesulfonyl-amino) -1.. 1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-

carboxylic acid; (laRS,7bSR)-5-{2-[((S)-l-azabicyclo[2.2.2}oct-3-yl)amino]benzenesulfonyl-

amino}-l,la,2.7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-{2-

[((R)-l-azabicyclo[2.2.2]oct-3-yl)amino]benzenesulfonyl-amino}-l,la,2,7b-

tetrahydrocyclopropa-[c]chromene-4-carboxylic acid; (laRS.7bSR)-5-(2-{[((S)-l-

ethylpyrrolidine-3-carboriyl)-amino]methyl}-4-fS.uoro-benzenesulfonylamino)-l,la,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid; (1 aRS,7bSR)-5-{2-[2-((R)-1-

ethylpyrrolidin-3-ylamino)ethyl]-4-fluoro-benzenesulfonylamino }-l,l a?2,7b-

tetrahydrocyclopropa-[c]chromene-4-carboxylic acid; (laRS,7bSR)-5-{2-[((R)-l-
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ethylpyrrolidin-3-yl)amino]-benzenesulfonylamino}-l,la,2,7b-tetrahydrocyclopropa-[c]chromene-4-

carboxylic acid; (laRS,7bSR)-5-{2-[((S)-l -ethylpyrrolidin-S-y^aminoj-benzenesulfonylaminol-

^la^^b-tetrahydrocyclopropa-fcjchromene^-carboxylic acid; (laRS,7bSR)-5-(2-{[((R)-l-

ethylpyrroiidine-3-carbonyl)ammo]-methyl}-4-fluoro-benzenesulfonylamino)-l,la,2,7b-tetrahydro-

cyclopropa[c]chromene-4-carboxylic acid; (laR$,7bSR)-5-[2-((Z)-3-diethylamino-2-methylprop~l-

enyl)-4-fluorobenzene-sullbnylamino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic 

acid; (laRS,7bSR)-5-{2-[2-((R)-l-ethylpyrrolidin-3-yl)ethylamino]-benzenesulfonylamino}-

1, la,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxylic acid; (laRS,7bSR)-5- (2-[2-((S)-1 -

ethylpyrrolidin-3-yl)ethylamino]-benzenesulfoiiyl-amino}-l,la,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylic acid; (laR,7bS)~5~[2-((S)-l.-ethylpyrrolidin-3-yloxymethyl)-4-fluoro-

benzenesuifonylamino]-1, t a,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxylic acid; (1 aR,7bS)-

5-[2-((R)-1 -ethylpyrrolidin-3~yloxymethyl)-4-fluoro-benzenesulfonylammo]-1,1 a,2,7b-tetrahydro-

cyclopropa-[c]chromene-4-carboxylic acid; (laR,7bS) -5-[2-(l-ethylpiperidin-3-ylmethyl)-4-

fluorobenzene-sulfonylamino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid; 

(laR,7bS)-5-{2-[2-((R)-l~ethylpyrroiidin-2-yl)ethyl]-4-fluorobenzenesulfonyl-amino}-l,la,2,7b-

tetrahydrocyclopropa-[c]cliromene-4-carboxylic acid; and pharmaceutically acceptable salts, 

stereoisomers, esters and prodrugs thereof. 

33. A pharmaceutically acceptable composition comprising a compound of any one of claims 1-32 

and a pharmaceutically acceptable excipient. 

34. Use of a compound of any one of claims 1-32 in the manufacture of a medicament for treating 

and/or controlling obesity in a patient in need thereof. 

35. Use of a compound of any one of claims 1-32 in the manufacture of a medicament for inducing 

weight loss in a patient in need thereof. 

36. The use of claim 34 or 35, wherein the patient is a human. 

37. The use of claim 34 or 35, wherein the patient is a cat or dog. 

38. The use of any one of claims 34-36, wherein the patient has a body mass index greater than or 

equal to about 30 kg/m2 before the administration. 

39. The use of any one of claims 34-38, wherein the compound is to be administered orally. 

40. The composition of claim 33, wherein the composition is formulated as a unit dose. 

41. The composition of claim 33, wherein the composition is formulated for oral administration. 
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42. The composition of claim 33, wherein the composition is formulated for intravenous or 

subcutaneous administration. 

43. The use of claim 34 or 35, wherein said medicament is to be administered in an amount sufficient 

to establish inhibition of intracellular MetAP2 effective to increase thioredoxin production in the 

patient and to induce multi organ stimulation of anti-obesity processes in the subject. 

44. The use of claim 43, wherein said medicament is to be administered in an amount insufficient to 

reduce angiogenesis in the patient. 


