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HSP90 INHIBITORS 

This application claims the benefit of and priority from US provisional application no.  

61/472,061, filed April 5, 2011, the contents of which are incorporated herein by reference.  

5 

1. BACKGROUND 

This application relates to compounds that inhibit heat shock protein 90 (Hsp90).  

The Hsp90 family of proteins has four recognized members in mammalian cells: Hsp90 a 

and p, Grp94 and Trap-1. Hsp90 a and p exist in the cytosol and the nucleus in association with a 

10 number of other proteins. Hsp90 in its various forms is the most abundant cellular chaperone, and 

has been shown in experimental systems to be required for ATP-dependent refolding of denatured 

or "unfolded" proteins. It has therefore been proposed to function as part of the cellular defense 

against stress. When cells are exposed to heat or other environmental stresses, the aggregation of 

unfolded proteins is prevented by pathways that catalyze their refolding or degradation. This 

15 process depends on the association of the unfolded protein in an ordered fashion with multiple 

chaperones (Hsp60, Hsp90, Hsp70 and p23), forming a "refoldosome" and ultimately the ATP

dependent release of the chaperones from the refolded protein.  

Hsp90 can also play a role in maintaining the stability and function of mutated proteins. It 

seems to be required for expression of mutated p53 and v-src to a much greater extent than for their 

20 wild-type counterparts. It has been suggested that this occurs as a result of Hsp90-mediatcd 

suppression of the phenotypes of mutations that lead to protein unfolding.  

Hsp90 is also necessary to the conformational maturation of several key proteins involved 

in the growth response of the cell to extracellular factors. These include the steroid receptors as 

well as certain kinases (i.e., Raf serine kinase, v-src and Ier2). The mechanism whereby Hsp90 

25 affects these proteins is not fully understood, but appears to be similar to its role in protein 

refolding. In the case of the progesterone receptor, it has been shown that binding and release of 

Hsp90 from the receptor occurs in a cyclic fashion in concert with release of other chaperones and 

inimunophilins and is required for high affinity binding of the steroid to the receptor. Thus, Hsp90 

could function as a physiologic regulator of signaling pathways, even in the absence of stress.  

30 Hsp90 has been shown to be overexpressed in multiple tumor types and as a function of 

oncogenic transformation. Whether it plays a necessary role in maintaining transformation is 

unknown, but it could have at least three functions in this regard. Cancer cells grow in an 

environment of hypoxia, low pH and low nutrient concentration. They also rapidly adapt to or are 

selected to become resistant to radiation and cytotoxic chemotherapeutic agents. Thus, the general 

35 role ofHsp90 in maintaining the stability of proteins under stress may be necessary for cell viability
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under these conditions. Secondly, cancer cells harbor mutated oncogenic proteins. Some of these 

are gain-of-function mutations which are necessary for the transformed phenotype. Hsp90 may be 

required for maintaining the folded, functionally-active conformation of these proteins. Thirdly, 

activation of signaling pathways mediated by steroid receptors, Raf and other Hsp90 targets is 

5 necessary for the growth and survival of many tumors which thus probably also require functional 

Hsp90.  

Hsp90 has been recognized as a viable target for therapeutic agents. Hsp90 family 

members possess a unique pocket in their N-terminal region that is specific to and conserved 

among all Hsp90s from bacteria to mammals, but which is not present in other molecular 

10 chaperones. The endogenous ligand for this pocket is not known, but it binds ATP and ADP with 
low affinity and has weak ATPase activity. The ansamycin antibiotics geldanamycin (GM) and 

herbimycin (HA) have been shown to bind to this conserved pocket, and this binding affinity has 

been shown for all members of the Hsp90 family. International Patent Publication No.  
W098/51702 discloses the use of ansamycin antibiotics coupled to a targeting moiety to provide 

15 targeted delivery of the ansamycin leading to the degradation of proteins in and death of the 

targeted cells. International Patent Publication No. W00/61578 relates to bifunctional molecules 

having two moieties which interact with the chaperone protein Hsp90, including in particular 

homo- and heterodimers of ansamycin antibiotics. These bifunctional molecules act to promote 

degradation and/or inhibition of HER-family tyrosine kinases and are effective for treatment of 

20 cancers which overexpress Her-kinases.  

Exemplary small molecule therapeutics that bind to the same binding pocket of Hsp90 as 

ATP and the ansamycin antibiotics are disclosed in PCT Publication Nos. W002/36075, 
W02006/084030, W02009/042646, W02009/065035, and W02011/044394; U.S. Patent No.  

7,834,181; and U.S. Patent Publication Nos. 2005/0113339, 2005/0004026, 2005/0049263, 
25 2005/0256183, 2005/0119292, 2005/0113340, 2005/0107343, 2008/0096903, 2008/0234297, 

2008/0234314, 2008/0253865, and 2009/0298857, all of which are incorporated herein by 
reference.  

In particular, certain small molecule therapeutics that bind to the same binding pocket of 

Hsp90 can be described by the following general structural formula where ZI, Z2, and Z3 are 
30 selected from CH and N and the variable substiments are selected from a number of options:
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NH2  x2  Xd 

Zi / 

X4AZ2 
R Xc Xb 

While these compounds can be active as inhibitors of Hsp90, their level of activity is extremely 

variable with measured values for EC5 and IC5o being reported in anywhere from the micromolar 

5 to nanomolar ranges.  

2, SUMMARY 

In one aspect of the disclosure, new compounds that inhibit Hsp90 are described.  

Compounds of Formula (IA) or (TB) are herein disclosed: 

NH2  NH2  X2 

z"Z \/)a z1N Z Xa 

X4  Z2 X 
10 R Xb R Xb-Xd 

(IA) (TB) 

or a pharmaceutically acceptable salt thereof, wherein: 

(a) each of ZI, Z2 and Z3 is independently CH or N; 

(b) Y is CH2, 0, or S; 

15 (c) Xa, Xb, Xc and Xd are independently selected from CH, CH2, 0, N, NH, S, 
carbonyl, fluoromethylene, and difluoromethylene selected so as to satisfy valence, 

wherein each bond to an X group is either a single bond or a double bond; 

(d) X
2 is halogen, aryl, alkynyl, or amino; 

(e) X4 is hydrogen or halogen; and 

20 (f) R is straight-chain- or branched- substituted or unsubstituted alkyl, straight-chain

or branched- substituted or unsubstituted alkenyl, straight-chain- or branched

substituted or unsubstituted alkynyl, or substituted or unsubstituted cycloalkylwherein
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the R group is interrupted by 1, 2, or 3 groups selected from -S(O)N(RA)-, -NRAS(O)-, 

-SO2N(RA)-, -NRASO 2 -, -C(O)N(RA)-, and -NRAC(O)-, and/or terminated by -S(O)NRARB, 

-NRAS(O)RB, -SO 2 NRARB, -NRASO 2 RB, -C(O)NRARB, or -NRAC(O)RB, wherein each RA and RB 

is independently selected from hydrogen, C1-C6 alkyl, C2 -C6 alkenyl, C2 -C6 alkynyl, cycloalkyl, 

5 heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, 

heteroarylalkyl, and alkylheteroarylalkyl.  

In one aspect of the invention, there is provided a Compound of Formula (IA) or (IB): 

NH2  X2NH 2  X 

Z, Z - , Z3 

AK- '\ Y Xa 
X4 Z2 X6 C XXa Y-Xc X4  2  ,Xc 

R Xb R Xb-Xd 

10 (IA) (IB) 

or a pharmaceutically acceptable salt thereof, wherein: 

(a) each of ZI, Z2 and Z 3 is N; 

(b) Y is S; 

15 (c) Xa, Xb, Xc and Xd are 0, 0, CH 2, and CH 2, respectively; 

(d) X4 is hydrogen or halogen; and 

(e) X2 and R are a combination selected from the following: 

(i) in formula (IA): 

(a) X2 is NRiR 2, wherein R1 and R2 are each independently H, C1-C6 alkyl, 

20 C1-C6 alkenyl, C1-C6 alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, 

aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, or 

alkylheteroarylalkyl, and R is straight-chain- or branched- substituted 

or unsubstituted alkyl, straight-chain- or branched- substituted or 

unsubstituted alkenyl, straight-chain- or branched- substituted or 

25 unsubstituted alkynyl, or substituted or unsubstituted cycloalkyl 

wherein the R group is interrupted by one or more -S(O)N(RA)-, 

-NRAS(O)-, -SO 2N(RA)-, -NRASO 2-, -C(O)N(RA)-, or -NRAC(O)

groups, and/or terminated by an -S(O)NRARB, -NRAS(O)RB,
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-SO 2NRARB, -NRASO 2 RB, -C(O)NRARB, or -NRAC(O)RB group, 

wherein each RA and RB is independently selected from hydrogen, C1

C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, cycloalkyl, heteroalkyl, 

heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, 

5 heteroarylalkyl, and alkylheteroarylalkyl; or 

(b) X2 is halogen, and R is straight-chain- or branched- substituted or 

unsubstituted alkyl, straight-chain- or branched- substituted or 

unsubstituted alkenyl, straight-chain- or branched- substituted or 

unsubstituted alkynyl, or substituted or unsubstituted cycloalkyl 

10 wherein the R group is interrupted by one or more -S(O)N(RA)-, 

-NRAS(O)-, -SO 2N(RA)-, -NRASO 2-, or -C(O)N(RA)- groups, and/or 

terminated by an -S(O)NRARB, -NRAS(O)RB, -SO2NRARB, 

-NRASO2RB, -C(O)NRARB group, wherein each RA and RB is 

independently selected from hydrogen, C1-C6 alkyl, C2-C6 alkenyl, C2

15 C6 alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, 

alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and 

alkylheteroarylalkyl; or 

(c) X2 is halogen, and R is straight-chain- or branched- substituted or 

unsubstituted alkyl, straight-chain- or branched- substituted or 

20 unsubstituted alkenyl, straight-chain- or branched- substituted or 

unsubstituted alkynyl, or substituted or unsubstituted cycloalkyl 

wherein the R group is interrupted by one or more -NRAC(O)- groups, 

and/or terminated by an -NRAC(O)RB group, wherein each RA is 

independently selected from C2-C6 alkenyl, C2-C6 alkynyl, cycloalkyl, 

25 heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, 

alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl, and each RB 

is independently selected from hydrogen, C1-C6 alkyl, C2-C6 alkenyl, 

C2-C6 alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, 

heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and 

30 alkylheteroarylalkyl; or 

(d) X2 is aryl or alkynyl, R is straight-chain- or branched- substituted or 

unsubstituted alkyl, straight-chain- or branched- substituted or
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unsubstituted alkenyl, straight-chain- or branched- substituted or 

unsubstituted alkynyl, or substituted or unsubstituted cycloalkyl 

wherein the R group is interrupted by one or more -S(O)N(RA)-, 

-NRAS(O)-, -SO 2N(RA)-, or -NRAC(O)- groups, and/or terminated by 

5 an -S(O)NRARB, -NRAS(O)RB, -NRASO 2RB, or -NRAC(O)RB group, 

wherein each RA and RB is independently selected from hydrogen, CI

C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, cycloalkyl, heteroalkyl, 

heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, 

heteroarylalkyl, and alkylheteroarylalkyl; or 

10 (e) X2 is aryl or alkynyl, R is straight-chain- or branched- substituted or 

unsubstituted alkyl, straight-chain- or branched- substituted or 

unsubstituted alkenyl, straight-chain- or branched- substituted or 

unsubstituted alkynyl, or substituted or unsubstituted cycloalkyl 

wherein the R group is interrupted by one or more -NRASO 2 - or 

15 -C(O)N(RA)- groups, and/or terminated by an -SO2NRARB or 

-C(O)NRARB group, wherein each RA is independently selected from 

C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, cycloalkyl, heteroalkyl, 

heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, 

heteroarylalkyl, and alkylheteroarylalkyl, and each RB is independently 

20 selected from hydrogen, C1-C6 alkyl, C2 -C6 alkenyl, C2 -C6 alkynyl, 

cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, 

arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; 

(f) X2 is halogen, aryl, alkynyl, or NRiR 2, wherein R1 and R2 are each 

independently H, C1-C6 alkyl, C I-C6 alkenyl, C I-C6 alkynyl, cycloalkyl, 

25 heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, 

alkylheteroaryl, heteroarylalkyl, or alkylheteroarylalkyl; and R is 

straight-chain- substituted or unsubstituted alkyl, straight-chain

substituted or unsubstituted alkenyl, straight-chain- substituted or 

unsubstituted alkynyl, or substituted or unsubstituted cycloalkyl 

30 wherein the R group is terminated by an -S(O)NRARB, -NRAS(O)RB, 

-SO2NRARB, -NRASO2RB, -C(O)NRARB, or -NRAC(O)RB group, 

wherein RA is independently selected from hydrogen, C2-C6 alkenyl,
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C2-C6 alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, 

heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and 

alkylheteroarylalkyl, and RB is independently selected from CI-C 6 

alkyl, C2 -C6 alkenyl, C2 -C6 alkynyl, cycloalkyl, heteroalkyl, 

5 heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, 

heteroarylalkyl, and alkylheteroarylalkyl; and 

(ii) in formula (IB): 

(g) X2 is halogen, aryl, alkynyl, or NRiR 2, wherein R1 and R2 are each 

independently H, C1-C6 alkyl, C 1-C6 alkenyl, C I-C6 alkynyl, cycloalkyl, 

10 heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, 

alkylheteroaryl, heteroarylalkyl, or alkylheteroarylalkyl, and R is 

straight-chain- or branched- substituted or unsubstituted alkyl, straight

chain- or branched- substituted or unsubstituted alkenyl, straight-chain

or branched- substituted or unsubstituted alkynyl, or substituted or 

15 unsubstituted cycloalkyl wherein the R group is interrupted by one or 

more -S(O)N(RA)-, -NRAS(O)-, or -SO 2 N(RA)- groups, and/or 

terminated by an -S(O)NRARB or -NRAS(O)RB group, wherein each RA 

and RB is independently selected from hydrogen, CI-C 6 alkyl, C2 -C6 

alkenyl, C2 -C6 alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, 

20 heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and 

alkylheteroarylalkyl; or 

(h) X2 is halogen, aryl, alkynyl, or NRiR 2, wherein R1 and R2 are each 

independently H, C1-C6 alkyl, C1-C6 alkenyl, C1-C6 alkynyl, cycloalkyl, 

heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, 

25 alkylheteroaryl, heteroarylalkyl, or alkylheteroarylalkyl, and R is 

straight-chain- or branched- substituted or unsubstituted alkyl, straight

chain- or branched- substituted or unsubstituted alkenyl, straight-chain

or branched- substituted or unsubstituted alkynyl, or substituted or 

unsubstituted cycloalkyl wherein the R group is interrupted by one or 

30 more -NRASO 2, -C(O)N(RA)-, or -NRAC(O)- groups, and/or terminated 

by an -SO 2NRARB, -NRASO 2RB, -C(O)NRARB, or -NRAC(O)RB group, 

wherein each RA is independently selected from C i-C6 alkyl, C2 -C6
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alkenyl, C2 -C6 alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, 

heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and 

alkylheteroarylalkyl, and each RB is independently selected from 

hydrogen, C1 -C6 alkyl, C2-C6 alkenyl, C2 -C6 alkynyl, cycloalkyl, 

5 heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, 

alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; or 

(i) X2 is halogen, aryl, alkynyl, or NRiR 2, wherein R1 and R2 are each 

independently H, C1-C6 alkyl, C1-C6 alkenyl, C1-C6 alkynyl, cycloalkyl, 

heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, 

10 alkylheteroaryl, heteroarylalkyl, or alkylheteroarylalkyl; and R is 

straight-chain- or branched- substituted or unsubstituted alkyl, straight

chain- or branched- substituted or unsubstituted alkenyl, straight-chain

or branched- substituted or unsubstituted alkynyl, or substituted or 

unsubstituted cycloalkyl wherein the R group is terminated by an 

15 -S(O)NRARB, -NRAS(O)RB, -SO2NRARB, -NRASO2RB, -C(O)NRARB, 

or -NRAC(O)RB group, wherein each RA and RB is independently 

selected from hydrogen, C1-C6 alkyl, C2 -C6 alkenyl, C2 -C6 alkynyl, 

cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, 

arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl, 

20 and RB is independently selected from C2 -C 6 alkyl, C2 -C 6 alkenyl, C2

C6 alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, 

alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and 

alkylheteroarylalkyl.  

25 In another aspect of the invention, there is provided a Compound of Formula (IA) or (IB): 

NH2  X2NH 2  X 

ZN 1 -0 

X4  z2  Nc> X4  z ,Xc 
R Xb R Xb-Xd 

(IA) (IB) 

or a pharmaceutically acceptable salt thereof, wherein:
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(a) each of Zi, Z2 and Z3 is N; 

(b) Y is CH 2; 

(c) Xa, Xb, Xc and Xd are 0, 0, CH 2, and CH 2, respectively; 

(d) X4 is hydrogen or halogen; and 

5 (e) X2 and R are a combination selected from the following: 

(i) in formula (IA): 

(a) X2 is NR1 R2, wherein R1 and R2 are each independently H, C1 -C6 alkyl, 

C1-C6 alkenyl, C1-C6 alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, 

aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, or 

10 alkylheteroarylalkyl, and R is straight-chain- or branched- substituted 

or unsubstituted alkyl, straight-chain- or branched- substituted or 

unsubstituted alkenyl, straight-chain- or branched- substituted or 

unsubstituted alkynyl, or substituted or unsubstituted cycloalkyl 

wherein the R group is interrupted by one or more -S(O)N(RA)-, 

15 -NRAS(O)-, -SO 2N(RA)-, -NRASO 2-, -C(O)N(RA)-, or -NRAC(O)

groups, and/or terminated by an -S(O)NRARB, -NRAS(O)RB, 

-SO 2NRARB, -NRASO 2 RB, -C(O)NRARB, or -NRAC(O)RB group, 

wherein each RA and RB is independently selected from hydrogen, CI

C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, cycloalkyl, heteroalkyl, 

20 heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, 

heteroarylalkyl, and alkylheteroarylalkyl; or 

(b) X2 is halogen, and R is straight-chain- or branched- substituted or 

unsubstituted alkyl, straight-chain- or branched- substituted or 

unsubstituted alkenyl, straight-chain- or branched- substituted or 

25 unsubstituted alkynyl, or substituted or unsubstituted cycloalkyl 

wherein the R group is interrupted by one or more -S(O)N(RA)-, 

-NRAS(O)-, -SO 2N(RA)-, -NRASO 2-, -C(O)N(RA)-, or -NRAC(O)

groups, and/or terminated by an -S(O)NRARB, -NRAS(O)RB, 

-NRASO2RB, -C(O)NRARB, or -NRAC(O)RB group, wherein each RA 

30 and RB is independently selected from hydrogen, C1 -C6 alkyl, C2 -C6 

alkenyl, C2 -C6 alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl,



HI:\szp\Interwovn\NRPortbl\DCC\SZP\13342505_Ldocx-23 03/2017 

- 4F 

heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and 

alkylheteroarylalkyl; or 

(c) X2 is halogen, and R is straight-chain- or branched- substituted or 

unsubstituted alkyl, straight-chain- or branched- substituted or 

5 unsubstituted alkenyl, straight-chain- or branched- substituted or 

unsubstituted alkynyl, or substituted or unsubstituted cycloalkyl 

wherein the R group is terminated by a -SO 2NRARB group, wherein RA 

is selected from C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, cycloalkyl, 

heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, 

10 alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl, and RB is 

selected from hydrogen, C1-C6 alkyl, C2 -C6 alkenyl, C2 -C6 alkynyl, 

cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, 

arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; or 

(d) X2 is aryl or alkynyl, and R is straight-chain- or branched- substituted 

15 or unsubstituted alkyl, straight-chain- or branched- substituted or 

unsubstituted alkenyl, straight-chain- or branched- substituted or 

unsubstituted alkynyl, or substituted or unsubstituted cycloalkyl 

wherein the R group is interrupted by one or more -S(O)N(RA)-, 

-NRAS(O)-, -SO 2N(RA)-, -NRASO 2-, -C(O)N(RA)-, or -NRAC(O)

20 groups, and/or terminated by an -S(O)NRARB, -NRAS(O)RB, 

-NRASO2RB, or -NRAC(O)RB group, wherein each RA and RB is 

independently selected from hydrogen, C1-C6 alkyl, C2-C6 alkenyl, C2

C6 alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, 

alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and 

25 alkylheteroarylalkyl; or 

(e) X2 is aryl or alkynyl, and R is straight-chain- or branched- substituted 

or unsubstituted alkyl, straight-chain- or branched- substituted or 

unsubstituted alkenyl, straight-chain- or branched- substituted or 

unsubstituted alkynyl, or substituted or unsubstituted cycloalkyl 

30 wherein the R group is terminated by an -SO2NRARB or -C(O)NRARB 

group, wherein each RA is independently selected from C I-C 6 alkyl, C2

C6 alkenyl, C2-C6 alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl,
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aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, 

and alkylheteroarylalkyl, and each RB is independently selected from 

hydrogen, C1 -C6 alkyl, C2-C6 alkenyl, C2 -C6 alkynyl, cycloalkyl, 

heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, 

5 alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; and 

(ii) in formula (IB), 

(a) X2 is NRiR 2, wherein R1 and R2 are each independently H, C1 -C6 alkyl, 

C1-C6 alkenyl, C1-C6 alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, 

aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, or 

10 alkylheteroarylalkyl, and R is straight-chain- or branched- substituted 

or unsubstituted alkyl, straight-chain- or branched- substituted or 

unsubstituted alkenyl, straight-chain- or branched- substituted or 

unsubstituted alkynyl, or substituted or unsubstituted cycloalkyl 

wherein the R group is interrupted by one or more -S(O)N(RA)-, 

15 -NRAS(O)-, -SO 2N(RA)-, -NRASO 2-, -C(O)N(RA)-, or -NRAC(O)

groups, and/or terminated by an -S(O)NRARB,-NRAS(O)RB, 

-SO 2NRARB, -NRASO 2 RB, -C(O)NRARB, or -NRAC(O)RB group, 

wherein each RA and RB is independently selected from hydrogen, CI

C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, cycloalkyl, heteroalkyl, 

20 heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, 

heteroarylalkyl, and alkylheteroarylalkyl; or 

(b) X2 is halogen, aryl, or alkynyl, wherein R1 and R 2 are each 

independently H, C1-C6 alkyl, C I-C6 alkenyl, C I-C6 alkynyl, cycloalkyl, 

heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, 

25 alkylheteroaryl, heteroarylalkyl, or alkylheteroarylalkyl, and R is 

straight-chain- or branched- substituted or unsubstituted alkyl, straight

chain- or branched- substituted or unsubstituted alkenyl, straight-chain

or branched- substituted or unsubstituted alkynyl, or substituted or 

unsubstituted cycloalkyl wherein the R group is interrupted by one or 

30 more -S(O)N(RA)-, -NRAS(O)-, -SO 2N(RA)-, -NRASO 2 -, -C(O)N(RA)-, 

or -NRAC(O)- groups, and/or terminated by an -S(O)NRARB, 

-NRAS(O)RB, -NRASO2RB, or -NRAC(O)RB group, wherein each RA
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and RB is independently selected from hydrogen, C1 -C6 alkyl, C2 -C6 

alkenyl, C2 -C6 alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, 

heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and 

alkylheteroarylalkyl; or 

5 (c) X2 is halogen, aryl, or alkynyl, wherein R1 and R 2 are each 

independently H, C1-C6 alkyl, C1-C6 alkenyl, C1-C6 alkynyl, cycloalkyl, 

heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, 

alkylheteroaryl, heteroarylalkyl, or alkylheteroarylalkyl, and R is 

straight-chain- or branched- substituted or unsubstituted alkyl, straight

10 chain- or branched- substituted or unsubstituted alkenyl, straight-chain

or branched- substituted or unsubstituted alkynyl, or substituted or 

unsubstituted cycloalkyl wherein the R group is terminated by an 

-SO2NRARB or -C(O)NRARB group, wherein each RA is independently 

selected from C1 -C6 alkyl, C2-C6 alkenyl, C2 -C6 alkynyl, cycloalkyl, 

15 heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, 

alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl, and each RB 

is independently selected from hydrogen, C1-C6 alkyl, C2-C6 alkenyl, 

C2-C6 alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, 

heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and 

20 alkylheteroarylalkyl.  

In yet another aspect of the invention, there is provided a Compound of Formula (IA) 

or (IB): 

NH2  X2NH 2  X 

z 1 'i Z3  - -, Z YX -#J tY\IX % 
X4  N X4 

R XbR Xb-Xd 

25 (IA) (IB) 

or a pharmaceutically acceptable salt thereof, wherein: 

(a) each of Z1, Z2 and Z3 is N; 

(b) Y is 0;
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(c) Xa, Xb, Xc and Xd are independently selected from CH, CH 2, 0, N, NH, S, 

carbonyl, fluoromethylene, and difluoromethylene selected so as to satisfy valence, 

wherein each bond to an X group is either a single bond or a double bond; 

(d) X2 is halogen, aryl, alkynyl, or NRiR 2, wherein R1 and R 2 are each 

5 independently H, C1 -C6 alkyl, C1-C6 alkenyl, C1 -C6 alkynyl, cycloalkyl, 

heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, 

heteroarylalkyl, or alkylheteroarylalkyl; 

(e) X4 is hydrogen or halogen; and 

(f) R is straight-chain- or branched- substituted or unsubstituted alkyl, straight

10 chain- or branched- substituted or unsubstituted alkenyl, straight-chain- or 

branched- substituted or unsubstituted alkynyl, or substituted or unsubstituted 

cycloalkyl wherein the R group is interrupted by one or more -S(O)N(RA)-, 

-NRAS(O)-, -SO 2N(RA)-, -NRASO 2-, -C(O)N(RA)-, or -NRAC(O)- groups, and/or 

terminated by an -S(O)NRARB, -NRAS(O)RB, -SO 2NRARB, -NRASO 2 RB, 

15 -C(O)NRARB, or -NRAC(O)RB group, wherein each RA and RB is independently 

selected from hydrogen, C1-C6 alkyl, C2 -C6 alkenyl, C2-C6 alkynyl, cycloalkyl, 

heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, 

heteroarylalkyl, and alkylheteroarylalkyl.  

20 In a further aspect of the invention, there is provided a Compound of Formula (IA) 

NH2 

X4 Xc 
R Xb 

or a pharmaceutically acceptable salt thereof, wherein: 

(a) each of ZI, Z2 and Z 3 is N; 

(b) Y is S or CH 2; 

25 (c) Xa-Xc-Xb are -CH 2-CH 2-CH 2-, -O-CH 2-CH 2-, or -CH 2-CH 2-0-; 

(d) X4 is hydrogen or halogen; 

(e) X2 is halogen or alkynyl; and
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(f) R is straight-chain- Cl-C6 alkyl, which is terminated by a -NRAS(O)RB, 

-NRASO2RB, or -NRAC(O)RB group, wherein each RA and RB is independently 

selected from hydrogen, C 1-C6 alkyl, or cycloalkyl.  

5 3. DETAILED DESCRIPTION 

The invention includes the following: 

(1) A Compound of Formula (IA) or (IB): 

NH 2  NH2 

N4 Z2 Z N X'c X Z2  xc Z 
R Xb R Xb-Xd 

(IA) (IB) 

10 or a pharmaceutically acceptable salt thereof, wherein: 

(a) each of Z1, Z2 and Z3 is independently CH or N; 

(b) Y is CH 2, 0, or S; 

(c) Xa, Xb, Xc and Xd are independently selected from CH, CH 2, 0, N, NH, S, carbonyl, 

fluoromethylene, and difluoromethylene selected so as to satisfy valence, wherein each bond to an 

15 X group is either a single bond or a double bond; 

(d) X2 is halogen, aryl, alkynyl, or amino; 

(e) X4 is hydrogen or halogen; and 

(f) R is straight-chain- or branched- substituted or unsubstituted alkyl, straight-chain- or 

branched- substituted or unsubstituted alkenyl, straight-chain- or branched- substituted or 

20 unsubstituted alkynyl, or substituted or unsubstituted cycloalkyl wherein the R group is interrupted 

by -S(O)N(RA)-, -NRAS(O)-, -SO2N(RA)-, -NRASO 2-, -C(O)N(RA)-, or -NRAC(O)-, and/or 

terminated by -S(O)NRARB, -NRAS(O)RB, -SO 2NRARB, -NRASO 2 RB, -C(O)NRARB, or 

-NRAC(O)RB, wherein each RA and RB is independently selected from hydrogen, C1-C6 alkyl, C2

C6 alkenyl, C2-C6 alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, 

25 arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl.  

(2) The compound as in the above (1) which is a Compound of Formula (1):
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NH
2 

Y0 

X4  N 

R O 

(1) 

or a pharmaceutically acceptable salt thereof, wherein Y is CH2 or S.  

(3) The compound as in the above (1) which is a Compound of Formula (2): 

NH2 X2 

>- Y \/ X 
X N 

Xb 
R 

5 
(2) 

or a pharmaceutically acceptable salt thereof, wherein: 

one of Xa and Xb is 0 and the other is CH 2; and 

Y is CH 2 or S.  

10 (4) The compound as in the above (1) which is a Compound of Formula (3): 

NH2  X 

\>j-Y \/ Xa 

Xb 
R 

(3) 

or a pharmaceutically acceptable salt thereof, wherein:
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one of Xa and Xb is C(=O) and the other is CH 2; and 

Y is CH 2 or S.  

(5) The compound as in the above (1) which is a Compound of Formula (4): 

NH2 

X Ne 

4  N Xc 
R X 

5 (4) 

or a pharmaceutically acceptable salt thereof, wherein: 

Xa-Xc-Xb is CH 2-CH2-CH 2 , CH=CH-CH 2, or CH2-CH=CH; and 

Y is CH2 or S.  

(6) The compound as the above (1) which is a Compound of Formula (5): 

NH2  )( 

4N N \9_ 
Xb 

R 

10 
(5) 

or a pharmaceutically acceptable salt thereof, wherein at least one of Xa and Xb is CHE or CF2 and 

the other is CHF, CF 2, or CH2.  

(7) The compound as in the above (1) which is Compound of Formula (6): 

NH2 

NN 
N 

X4  N 

15 R 0 
(6)
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or a pharmaceutically acceptable salt thereof.  

(8) The compound as in the above (1), wherein Z is CH or Z2 is CH or Z3 is CH.  

(9) The compound as in the above (1), wherein Z1 and Z2 are each CH or Z1 and Z3 are 

each CH or Z2 and Z3 are each CH.  

5 (10) The compound as in the above (1), wherein Z1, Z2, and Z3 are each CH.  

(11) The compound as in the above (1) to (10), wherein R is interrupted by one or more 

S(O)N(RA)-, -NRAS(O)-, -SO 2N(RA)-, -NRASO2 , -C(O)N(RA)-, or -NRAC(O)- groups.  

(12) The compound as in the above (1) to (11), wherein R is terminated by an -S(O)NRAR3, 

-NRAS(O)R3, -SO 2NRARS, -NRASO 2RB, -C(O)NRARB, or -NRAC(O)Rs group.  

10 

(13) The compound as in one of the above (1) to (12), wherein R is 2-ethanesulfonic acid 

isopropylamide, 2-ethanesulfonic acid ethylamide, 2-ethanesulfonic acid methylamide, 2

ethanesulfonic acid amide, 2-ethanesulfonic acid t-butylamide, 2-ethanesulfonic acid 

isobutylamide, 2-ethanesulfonic acid cyclopropylamide, isopropanesulfonic acid 2-ethylamide, 

15 ethanesulfonic acid 2-ethylamide, N-2 ethyl methanesulfonamide, 2-methyl-propane-2-sulfonic 

acid 2-ethylamide, 2-methyl-propane-2-sulfinic acid 2-ethylamide, 2-methyl-propane-1 -sulfonic 

acid 2-ethylamide, cyclopropanesufonic acid 2-ethylamide, 3-propane-1-sulfonic acid 

isopropylamide, 3-propane-1-sulfonic acid ethylamide, 3-propane-1-sulfonic acid methylamide, 3

propane-l-sulfonic acid amide, 3-propane-1-sulfonic acid t-butylamide, 3-propane-1-sulfonic acid 

20 isobutylamide, 3-propane-l-sulfonic acid cyclopropylamide, propane-2-sulfonic acid 3

propylamide, ethanesulfonic acid 3-propylamide, N-3-propyl methanesulfonamide, 2-methyl

propane-2-sulfonic acid 3-propylamide, 2-methyl-propane-2-sulfinic acid 3-propylamide, 2-methyl

propane-1-sulfonic acid 3-propylamide, cyclopropanesulfonic acid 3-propylamide, 3-N-isopropyl 

propionamide, 3-N-ethyl propionamide, 3-N-methyl propionamide, 3-propionamide, 3-N-t-butyl 

25 propionamide, 3-N-isobutyl propionamide, 3-N-cyclopropyl propionamide, N-2-ethyl 

isobutyramide, N-2-ethyl propionamide, N-2-ethyl acetamide, N-2-ethyl formamide, N-2-ethyl 2,2

dimethyl-propionamide, N-2-ethyl 3-methylbutyramide, or cyclopropane carboxylic acid 2-ethyl

amide.  

(14) The compound as in one of the above (1) to (12), wherein R is cyclopropane 

30 carboxylic acid 3-propyl-amide, N-3-propyl 2,2-dimethyl-propionamide, N-propyl-2-methyl

propane-2-sulfinamide, t-butanesulfonic acid 3-propylamide, or cyclopropanesulfonic acid 3

propylamide.  

(15) The compound as in one of the above (1) to (14), wherein X
4 is H or F.



WO 2012/138894 PCT/US2012/032371 

8 

(16) The compound as in one of the above (1) to (15), wherein Y is S.  

(17) The compound as in one of the above (1) to (15), wherein Y is CH 2.  

(18) The compound as in one of the above (1) to (17), wherein X2 is optionally substituted 

heteroaryl.  

5 (19) The compound as in one of the above (1) to (18), wherein X2 is furan-2-yl, furan-3-yl, 
5-methylfaran-2-y, 1H-pyrazol-2-yl, lH-pyrazol-3-yl, thiazol-2-yl, 5-methylthiazol-2-yl, oxazol-2

yl, or 5-methyloxazol-2-yl.  

(20) The compound as in one of the above (1) to (17), wherein X2 is alkynyl.  

(21) The compound as in one of the above (1) to (17) or (20), wherein X2 is ethynyl.  

10 (22) The compound as in one of the above (1) to (17), wherein X2 is halo.  

(23) The compound as in one of the above (1) to (17) or (22), wherein X2 is I.  

(24) The compound as in one of the above (1) to (17), wherein X2 is amino.  

(25) The compound as in one of the above (1) to (17) or (24), wherein X2 is 

dimethylamino.  

15 (26) The compound as in one of the above (1) to (11) or (13) to (25), wherein Z1 is N or Z2 

is N or Z3 is N.  

(27) The compound as in one of the above (1) to (10) or (13) to (25), wherein Zi and Z2 are 

each N or Zi and Z3 are each N or Z2 and Z3 are each N.  

(28) A pharmaceutical composition comprising the compound as in one of the above (1) to 

20 (27) and a pharmaceutically acceptable carrier.  

(29) A method for treating or preventing cancer or a neurodegenerative disorder, 

comprising administering to a patient in need thereof a therapeutically effective amount of a 

compound as in one of the above (1) to (27).  

(30) Use of a compound as in one of the above (1) to (27) in formulating a pharmaceutical 

25 composition for the treatment or prevention of cancer or a neurodegenerative disorder, 

(31) A method for the inhibition of Hsp90, comprising contacting Hsp90 with an Hsp90 

function inhibiting amount of a compound as in one of the above (1) to (27).  

(32) Use of a compound as in one of the above (1) to (27) in formulating a pharmaceutical 

composition for the inhibition of Hsp90.  

30 (34) A Compound of Formula (IA) or (TB):
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NH2  NH2 

N - ZN Z1 

R Xb R Xb-Xd 

(IA) (IB) 

or a salt thereof, wherein: 

(a) each of Z, Z2 and Z3 is independently CH or N; 

5 (b) Yis CH2,O,orS; 

(c) Xa, Xb, Xc and Xd are independently selected from CH, CH2, 0, N, NH, S, 

carbonyl, fluoromethylene, and difluoromethylene selected so as to satisfy valence, 

wherein each bond to an X group is either a single bond or a double bond; 

(d) X2 is a leaving group for introduction of a a radiolabeled atom to the structure; 

10 (e) X4 is hydrogen or halogen; and 

(f) R is straight-chain- or branched- substituted or unsubstituted alkyl, straight-chain

or branched- substituted or unsubstituted alkenyl, straight-chain- or branched

substituted or unsubstituted alkynyl, or substituted or unsubstituted cycloalkyl wherein 

the R group is interrupted by one or more -S(O)N(RA)-, -NRAS(O)-, -SO 2 N(RA)-, 

15 NRASO2-, -C(O)N(RA)-, or -NRAC(O)- groups, and/or terminated by an -S(O)NRARB, 

NRAS(O)RB, -SO 2NRARB, -NRAS0 2RB, -C(O)NRARB, or -NRAC(O)RB group, wherein 

each RA and Ra is independently selected from hydrogen, C1-C6 alkyl, C2-C6 alkenyl, 

C2-C6 alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, 

arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl.  

20 

(35) A compound as in (34) above, or a salt thereof, wherein X2 is trialkyl tin 

or -Sn(CH2CH 2(CF2)5 CF 3)3.  

(36) Use of a compound as in (34) or (35) above, or a salt thereof, as a precursor for the 

25 formation of a radiolabeled compound.  

A. Compounds of Formulae (IA) and (IB) 

As stated above, the disclosure encompasses Compounds of Formulae (IA) and (IB):



WO 2012/138894 PCT/US2012/032371 

10 

NH2  X2NH 2  X 

N11 Z - Xa 

x z2  N / 4a x4~ N 'XC 
X4 ac y Xc Z 

R Xb R Xtr-Xd 

(IA) (IB) 

or a pharmaceutically acceptable salt thereof, wherein: 

(a) each of Zi, Z2 and Z3 is independently CH or N; 

5 (b) Y is CH2, O, or S; 

(c) Xa, Xb, Xc and Xd are independently selected from CH, CH2, 0, N, NH, S, 

carbonyl, fluoromethylene, and difluoromethylene selected so as to satisfy valence, 

wherein each bond to an X group is either a single bond or a double bond; 

(d) X2 is halogen, aryl, alkynyl, or amino; 

10 (e) X4 is hydrogen or halogen; and 

(f) R is straight-chain- or branched- substituted or unsubstituted alkyl, straight-chain

or branched- substituted or unsubstituted alkenyl, straight-chain- or branched

substituted or unsubstituted alkynyl, or substituted or unsubstituted cycloalkylwherein 

the R group is interrupted by -S(O)N(RA)-, -NRAS(O)-, -SO2N(RA)-, -NRASO-, 

15 C(O)N(RA)-, and -NRAC(O)-, and/or terminated by -S(O)NRARs, -NRAS(O)Rs, 

SO2NRARB, -NRASO2R3, -C(O)NRARS, or -NRAC(O)R3, wherein each RA and RB is 

independently selected from hydrogen, CI-C6 alkyl, C-C 6 alkenyl, C2-C6 alkynyl, 

cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, 

alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl.  

20 In certain embodiments, there may be 1, 2 or 3 interrupting and/or terminating 

groups, which maybe the same or different. In general, the R groups of these compounds can 

be described as sulfonamido groups, sulfinamido groups, or amido groups.  

In certain embodiments, specific R groups include without limitation: 2-ethanesulfonic 

acid isopropylamide, 2-ethanesulfonic acid ethylamide, 2-ethanesulfonic acid methylamide, 2

25 ethanesulfonic acid amide, 2-ethanesulfonic acid t-butylamide, 2-ethanesulfonic acid 

isobutylamide, 2-ethanesulfonic acid cyclopropylamide, isopropanesulfonic acid 2-ethylamide, 

ethanesulfonic acid 2-ethylamide, N-2 ethyl methanesulfonamide, 2-methyl-propane-2-sulfonic 

acid 2-ethylamide, 2-methyl-propane-2-sulfinic acid 2-ethylamide, 2-methyl-propane-l-sulfonic 

acid 2-ethylamide, cyclopropanesufonic acid 2-ethylamide, 3-propane-1-sulfonic acid 

30 isopropylamide, 3-propane-1-sulfonic acid ethylamide, 3-propane-1 -sulfonic acid methylamide, 3

propane-1-sulfonic acid amide, 3-propane-1-sulfonic acid t-butylamide, 3-propane-1-sulfonic acid
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isobutylamide, 3-propane-i-sulfonic acid cyclopropylamide, propane-2-sulfonic acid 3

propylamide, ethanesulfonic acid 3-propylamide, N-3-propyl methanesulfonamide, 2-methyl

propane-2-sulfonic acid 3-propylamide, 2-methyl-propane-2-sulfinic acid 3-propylamide, 2-methyl

propane-1-sulfonic acid 3-propylamide, cyclopropanesulfonic acid 3-propylamide, 3-N-isopropyl 

5 propionamide, 3-N-ethyl propionamide, 3-N-methyl propionamide, 3-propionamide, 3-N-t-butyl 

propionamide, 3-N-isobutyl propionamide, 3-N-cyclopropyl propionamide, N-2-ethyl 

isobutyramide, N-2-ethyl propionamide, N-2-ethyl acetamide, N-2-ethyl formamide, N-2-ethyl 2,2

dimethyl-propionamide, N-2-ethyl 3-methylbutyramide, and cyclopropane carboxylic acid 2-ethyl

amide.  

10 In certain embodiments, specific R groups include without limitation: cyclopropane 

carboxylic acid 3-propyl-amide, N-3-propyl 2,2-dimethyl-propionamide, N-propyl-2-methyl

propane-2-sulfinamide, t-butanesulfonic acid 3-propylamide, and cyclopropanesulfonic acid 3

propylamide.  

In another embodiment, Z1 is CH. In another embodiment, Z2 is CH. In another 

15 embodiment, Z3 is CH. In another embodiment, Z, is N. In another embodiment, Z2 is N. In 

another embodiment, Z3 is N.  

In another embodiment, Z, and Z2 are each CH. In another embodiment, Z1 and Z3 are each 

CH. In another embodiment, Z2 and Z3 are each CH. In another embodiment, Z1 and Z2 are each 

N. In another embodiment, Z, and Z3 are each N. In another embodiment, Z2 and Z3 are each N.  

20 In another embodiment, Zi and Z2 are each CH and Z3 is N. In another embodiment, Zi 

and Z3 are each CH and Z2 is N. In another embodiment, Z2 and Z3 are each CH and Zi is N. In 

another embodiment, Zi and Z2 are each N and Z3 is CH. In another embodiment, Zi and Z3 are 

each N and Z2 is CH. In another embodiment, Z2 and Z3 are each N and Z, is CH. In another 

embodiment, Z1, Z2, and Z3 are each CH. In another embodiment, Z1, Z2, and Z3 are each N.  

25 In the structures set forth in Formulae (1) through (6) below, embodiments are provided in 

which ZI, Z2, and Z3 are each N. These embodiments are intended as exemplary, and are not 

intended to exclude the above embodiments in which one, two, or three of ZI, Z2, and Z3 is CH with 

the same substituents or other substituent combinations within the scope of Formulae (IA) and (IB) 

as set forth above. In particular, embodiments in which Z2 or Z3 are each CH are considered to be 

30 within the scope of this disclosure, 

B. Definitions 

As used in connection with the present disclosure, the terms used herein have the following 

meaning:
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The terms alkyll" and "substituted alkyl" are interchangeable unless otherwise specifically 

noted and refer to substituted and unsubstituted C1 -C15 straight-chain saturated aliphatic 

hydrocarbon groups, i.e., groups having 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 carbon atoms, and substituted 

and unsubstituted C-C 5 branched saturated aliphatic hydrocarbon groups, i.e., groups having 3, 4, 

5 5, 6, 7, 8, 9, or 10 carbon atoms. For example, "alkyl" includes but is not limited to: methyl (Me), 

ethyl (Et), propyl (Pr), isopropyl, butyl (Bu), tert-butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, 

and the like. In one embodiment, an alkyl is a C1-C6 alkyl, i.e., a group having 1, 2, 3,4, 5, or 6 

carbon atoms. An alkyl can be substituted with 1, 2, or 3 substituents or optionally substituted with 

1, 2, or 3 substituents. Illustrative examples of substituted C1-C6 alkyl groups include -CH 2OH, 

10 CF2OH, -CH2C(CH3)2C(O)OCH3, -CF3, -C(O)CF3, -C(O)CH3, -(CH 2)4SCH3, 

CH(C(O)OH)CH2CH2 C(O)N(CH 3)2, -(CH2)5NHC(O)NH 2, -CH2CH 2-(4-fluorophenyl), 

CH(OCH3)CH2CH 3, -CH 2SO2NH2, and -CH(CH 3)CH 2CH 2 OC(O)CH3.  

The terms "alkenyl" and "substituted alkenyl" are interchangeable unless otherwise 

specifically noted and refer to substituted and unsubstituted C2-Ci straight-chain aliphatic 

15 hydrocarbon groups having 1, 2, or 3 carbon-carbon double bonds, i.e., groups having 1, 2, 3, 4, 5, 
6, 7, 8, 9, or 10 carbon atoms, and substituted and unsubstituted C-C 5 branched aliphatic 

hydrocarbon groups having 1, 2, or 3 carbon-carbon double bonds, i.e., groups having 3, 4, 5, 6, 7, 

8, 9, or 10 carbon atoms. For example, "alkenyl" includes but is not limited to: ethenyl, 1-prop-1

enyl, 1-prop-2-enyl, 2-prop-l-enyl, 1-but-3-enyl, 2-pent-2-enyl, 1-hex-6-enyl, 1-hept-7-enyl, 1-oct

20 8-enyl, and the like. In one embodiment, an alkenyl is a Cr Cs alkenyl, i.e., a group having 2, 3, 4, 
5, or 6 carbon atoms and 1 or 2 carbon-carbon double bonds. An alkenyl can be substituted with 1, 
2, or 3 substituents or optionally substituted with 1, 2, or 3 substituents. Illustrative examples of 

substituted C2-C6 alkenyl groups include -C(H)=CHCH2OH, -C(H)=CF 2, 

CH2C(H)=CH(CH2)2CF 2OH, -CH 2 C(=CH 2)C(O)OCH 3, -C(H)=CHCF 3, 
25 CH2CH2C(H)=CHC(O)CH3, -C(H)=C(CH3)SCH3, -C(H)=CHC(H)=C(CH 3)C(O)OCH 3, and 

C(H)=C=CHOC(O)CH3.  

The terms "alkynyl" and "substituted alkynyl" are interchangeable unless otherwise 

specifically noted and refer to substituted and unsubstituted C2-CIO straight-chain aliphatic 

hydrocarbon groups having 1, 2, or 3 carbon-carbon triple bonds, i.e., groups having 1, 2, 3, 4, 5, 6, 
30 7, 8, 9, or 10 carbon atoms, and substituted and unsubstituted C-CiO branched aliphatic 

hydrocarbon groups having 1, 2, or 3 carbon-carbon triple bonds, i.e., groups having 3, 4, 5, 6, 7, 8, 

9, or 10 carbon atoms. For example, "alkynyl" includes but is not limited to: ethynyl, 1-prop-l

ynyl, 1-prop-2-ynyl, 2-prop-1-ynyl, 3-prop-1-ynyl, 1-but-3-ynyl, 2-pent-2-ynyl, 1-hex-6-ynyl, 1

hept-7-ynyl, 1-oct-8ynyl, and the like. In one embodiment, an alkynyl is a C2-Cs alkynyl, i.e., a 

35 group having 2, 3, 4, 5, or 6 carbon atoms and 1 or 2 carbon-carbon triple bonds. An alkynyl can 

be substituted with 1, 2, or 3 substituents or optionally substituted with 1, 2, or 3 substituents.
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Illustrative examples of substituted C2-C6 alkynyl groups include -CuCCH2OH, -C=CF, 

CH 2C=C(CH2)2CF2OH, -CuCCH2 C(O)OCH3, -CH 2CBCCF3, -CH2 CH 2CuCC(O)CH 3, -C=CSCH3, 

and -CuCC(O)OC(O)CH3.  

The terms "cycloalkyl" and "substituted cycloalkyl" are interchangeable unless otherwise 

5 specifically noted and refer to a mono- or multi-ringed carbocycle wherein each ring contains 3, 4, 

5, 6, 7, 8, 9, or 10 carbon atoms, and wherein any ring can contain 1, 2, or 3 carbon-carbon double 

or triple bonds. For example, "cycloalkyl" includes but is not limited to: cyclopropyl, cyclobutyl, 

cyclopentyl, cyclohexyl, cycloalkenyl, cycloalkynyl, and cycloheptyl. A cycloalkyl can be 

substituted with 1, 2, or 3 substituents or optionally substituted with 1, 2, or 3 substituents.  

10 The term "amino" refers to the group -NRIR2, wherein R and R2 are each independently H, 

C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, 

heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, or alkylheteroarylalkyl.  

Optionally the amino group can be protonated to provide a compound in salt form. A protonated 

amino group, being positively charged, is usually associated with an anion known to those in the 

15 art, such as OH~, cr, Br-, CH 3C(O)O~, H2 PO$, or HS0 4.  

The terms "aryl" and "substituted aryl" are interchangeable unless otherwise specifically 

noted and refer to a monocyclic, polycyclic, biaryl aromatic groups covalently attached at any ring 

position capable of forming a stable covalent bond, certain preferred points of attachment being 

apparent to those in the art (e.g., 3-phenyl, 4-naphthyl, and the like). An aryl can be substituted 

20 with 1, 2, or 3 substituents or optionally substituted with 1, 2, or 3 substituents. The definition of 

"aryl" includes but is not limited to heteroaryl. Illustrative examples of aryl groups include phenyl, 

biphenyl, naphthyl, dihydronaphthyl, tetrahydronaphthyl, indenyl, indanyl, azulenyl, anthryl, 

phenanthryl, fluorenyl, pyrenyl, anthracenyl, pyridyl, pyrimidyl, pyridizinyl, thiadiazolyl, and the 

like.  

25 The term "heteroalkyl" refers to an alkyl group where one or more of the carbon atoms or 

hydrogen atoms present is replaced, independently, with a nitrogen, oxygen, sulfur, or halogen 

heteroatom. If the heteroatom does not have the same number of valence sites as the carbon atom it 

replaces, the number of hydrogens bonded to the replacement heteroatom may need to be increased 

or decreased to match the number of valence sites of the heteroatom. For example, if a carbon atom 

30 (with a valence of four) is replaced by a nitrogen atom (valence of three), one of the hydrogen 

atoms formerly attached to the replaced carbon is deleted. Likewise, if a carbon atom is replaced 

by a halogen atom (valence of one), three of the hydrogen atoms formerly attached to the replaced 

carbon is deleted. The term "heteroalkyl" also refers to (1) an alkyl group where at least one of the 

hydrogen atoms attached to a carbon or (2) to a heteroalkyl group where at least one of the
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hydrogen atoms attached to a heteroatom of the heteroalkyl can be substituted with at least one of 

the following: alkyl, aryl, and heteroalkyl.  

The terms "heteroaryl" and "substituted heteroaryl" are interchangeable unless otherwise 

specifically noted and the terms "heterocyclo" and "substituted heterocyclo" are interchangeable 

5 unless otherwise specifically noted and these terms refer to a monovalent unsaturated group having 

a single ring or multiple condensed rings, from 1 to 8 carbon atoms, and from 1 to 4 heteroatoms 

within the ring, each heteroatom being independently selected from nitrogen, sulfur, or oxygen. In 

either heteroaryl or heterocyclo, the point of attachment to the molecule can be at a heteroatom or 

elsewhere within the ring. A heteroaryl or heterocyclo can be substituted with 1, 2, or 3 

10 substituents or optionally substituted with 1, 2, or 3 substituents.  

Illustrative examples of heteroaryl groups include thienyl, benzothienyl, isobenzothienyl, 

2,3-dihydrobenzothienyl, furyl, pyranyl, benzofuranyl, isobenzofiranyl, 2,3-dihydrobenzofuranyl, 

pyrrolyl, pyrrol-3-yl, pyrrol-1 -yl, indolyl, isoindolyl, 3H-indolyl, indolinyl, indolizinyl, indazolyl, 

imidazolyl, imidazol-4-yl, 2H-imidazolinyl, benzimidazolyl, pyridyl, pyrazinyl, pyradazinyl, 

15 pyrimidinyl, pyrimidin-2-yl, triazinyl, quinolyl, isoquinolyl, 4H-quinolizinyl, cinnolinyl, 

phthalazinyl, quinazolinyl, quinoxalinyl, 1,8-naphthyridinyl, pteridinyl, carbazolyl, acridinyl, 

phenazinyl, phenothiazinyl, phenoxazinyl, chromanyl, benzodioxolyl, piperonyl, purinyl, pyrazolyl, 

pyrazol-3-yl, triazolyl, 1,2,4-triazol-1-yl, tetrazolyl, tetrazol-1-yl, thiazolyl, thiazol-4-yl, 

isothiazolyl, benzthiazolyl, oxazolyl, oxazol-2-yl, isoxazolyl, isoxazol-3-yl, benzoxazolyl, 

20 oxadiazolyl, 1,2,4-oxadiazol-3-yl, thiadiazolyl, pyridazin-4-yl, pyrazin-2-yl, thiophen-2-yl, furan-2

yl, pyridin-2-yl, pyridin-4-yl, pyrimidin-2-yl, and the like.  

When any group is substituted with 1, 2, or 3 substituents or optionally substituted with 1, 

2, or 3 substituents, each substituent is independently selected from the group comprising halo, 

OH, -SH, -CN, -N0 2,-NH 2, trihalomethyl, pentahaloethyl, Ci-Cioalkyl, arylCo-Cioalkyl, Co

25 CioalkyloxyCo-Cioalkyl, arylCo-CroalkyloxyCo-Cioalkyl, Co-CioalkylthioCo-Cioalkyl, arylCo

CioalkylthioCo-Cioalkyl, Co-CioalkylaminoCo-Cioalkyl, arylCo-CioalkylaminoCo-C 1salkyl, N-aryl-N

Co-CioalkylaminoCo-Cioalkyl, C-CioalkylcarbonylCo-Cioalkyl, arylC1 -C1salkylcarbonylCo-Cioalkyl, 

C-CioalkylcarboxyCo-Cioalkyl, arylC-CioalkylcarboxyCo-Cioalkyl, C-CioalkylcarbonylaminoCo

Cioalkyl, arylC1 -CloalkylcarbonylaminoCo-Cioalkyl, -Co-CioalkylC(O)ORx, and -CO

30 CjoaikylC(O)NRyRz wherein Rx, Ry and Rz are independently selected from hydrogen, alkyl, and 

aryl or Ry and Rz are taken together with the nitrogen to which they are attached to form a saturated 

cyclic or unsaturated cyclic system having 3, 4, 5, 6, 7, or 8 carbon atoms with at least one 

substituent as defined above. A "Coalkyl," as in Co-Cioalkyl, is a covalent bond.  

The term "Co-Cioalkyloxy" refers to an alkyl group having the indicated number of carbon 

35 atoms and attached to the molecule through an oxygen atom. In one embodiment, a Co-Cloalkyloxy
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is a C1-Csalkyloxy, i.e., a group having 1, 2, 3, 4, 5, or 6 carbon atoms. Illustrative examples of 

alkyloxy groups include methoxy, ethoxy, n-propyloxy, and isopropyloxy. Thus, the term "Co

CioalkyloxyCo-Croalkyl" refers to a Co-C 1 alkyloxy attached through an oxygen atom to a CO

Cloalkyl which is attached to the molecule. Likewise, the term "arylCo-CioalkyloxyCo-Cioalkyl" 

5 refers to a Co-Cloalkyloxy, which is substituted by aryl, attached through an oxygen atom to a Co

Cloalkyl which is attached to the molecule. A "Coalkyloxy" is -OH.  

The term "Co-C10alkylthio" refers to an alkyl group having the indicated number of carbon 

atoms and attached to the molecule through a sulfur atom. In one embodiment, a Co-Cioalkylthio is 

a C1-Cealkylthio, i.e., a group having 1, 2, 3, 4, 5, or 6 carbon atoms. Illustrative examples of 

10 alkyloxy groups include methylthio, ethylthio, n-propylthio, and isopropylthio. Thus, the term "Co

CioalkylthioCo-Croalkyl" refers to a CO-Cloalkylthio attached through a sulfur atom to a CO-Cioalkyl 

which is attached to the molecule. Likewise, the term "arylCo-CioalkylthioCo-Cioalkyl" refers to a 

Co-Cloalkylthio, which is substituted by aryl, attached through a sulfur atom to a Co-Cloalkyl which 

is attached to the molecule. A "Coalkylthio" is -SH.  

15 The term "C-C 1 alkylcarbonyl" refers to an alkyl group having the indicated number of 

carbon atoms and attached to the molecule through the carbon atom of a carbonyl group. In one 

embodiment, a C-Cioalkylcarbonyl is a C-Csalkylcarbonyl, i.e., a group having 1, 2, 3, 4, 5, or 6 

carbon atoms, including the carbonyl carbon atom. Thus, the term "C1-CroalkylcarbonylCo

Cioalkyl" refers to a C-Cioalkylcarbonyl attached through the carbon atom of a carbonyl group to a 

20 Co-Cioalkyl which is attached to the molecule. Likewise, the term "arylC1-CloalkylcarbonylCo

Cioalkyl" refers to a C1-C1 alkylcarbonyl, which is substituted by aryl, attached through the carbon 

atom of a carbonyl group to a Co-Cioalkyl which is attached to the molecule.  

The term "C1-Cloalkylcarboxy" refers to an alkyl group having the indicated number of 

carbon atoms, including the carboxy's carbon atom, and attached to the molecule through the 

25 carboxy group, wherein the carboxy group has either a -C(=0)-O- or a -O-C(=0)- orientation. In 

one embodiment, a C-Clsalkylcarboxy is a C-C 6alkylcarboxy, i.e., a group having 2, 3, 4, 5, or 6 

carbon atoms, including the carboxy's carbon atom. Thus, the term "C1-CioalkylcarboxyCo

Clsalkyl" refers to a C-Cioalkylcarboxy attached through the carboxy group to a CO-C 15alkyl which 

is attached to the molecule. Likewise, the term "arylC-CioalkylcarboxyCo-Cioalkyl" refers to a Cr 

30 C1 alkylcarboxy, which is substituted by aryl, attached through the carboxy group to a Co-Cioalkyl 

which is attached to the molecule.  

The term "Co-Cloalkylamino" refers to an alkyl group having the indicated number of 

carbon atoms and attached to the molecule through the nitrogen atom of the amino group -N(Rw)-, 

wherein Rw is H, C-C 6alkyl, or aryl. A "Coalkylamino" is -NHRw. In one embodiment, a Co

35 C10alkylamino is a C1-Csalkylamino, i.e., a group having 1, 2, 3, 4, 5, or 6 carbon atoms in the alkyl
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group and 0, 1, 2, 3, 4, 5, or 6 carbon atoms in the Rw group. Thus, the term "Co-CioalkylaminoCo

C1oalkyl" refers to a Co-Cioalkylamino attached through the nitrogen atom of an amino group to a 

Co-Cloalkyl which is attached to the molecule. Likewise, the term "arylCo-C1oalkylaminoCo

Cloalkyl" refers to a Co-Cioalkylamino, which is substituted by aryl, attached through the nitrogen 

5 atom of an amino group to a Co-C 1oalkyl which is attached to the molecule. The term "N-aryl-N

Co-CioalkylaminoCo-Cioalkyl" refers to an amine nitrogen atom substituted by aryl and Co-Cioalkyl, 

that nitrogen atom being further attached to a CO-C ialkyl which is attached to the molecule.  

The term "C-Cloalkylcarbonylamino" refers to an alkyl group having the indicated number 

of carbon atoms, including the carbonylamino's (i.e., amide's) carbon atom, and attached to the 

10 molecule through the amide, group, wherein the amide group has either a -C(=O)N(Rv)- or a 

N(Rv)C(=0)- orientation and wherein Rv is H or C-Csalkyl. In one embodiment, a Cr 

Cloalkylcarbonylamino is a Cl-Csalkylcarbonylamino, i.e., a group having 2, 3, 4, 5, or 6 carbon 

atoms, including the amide's carbon atom, in the alkyl group and 0, 1, 2, 3, 4, 5, or 6 carbon atoms 

in the Rv group. Thus, the term "C-CioalkylcarbonylaminoCo-Cioalkyl" refers to a C

15 Cioalkylcarbonylamino attached through the amide group to a CO-Cioalkyl which is attached to the 

molecule. Likewise, the term "arylC1 -C10alkylcarbonylaminoCo-Cioalkyl" refers to a C

Cloalkylcarbonylamino, which is substituted by aryl, attached through the amide group to a Co

CIoalkyl which is attached to the molecule.  

The term "alkylaryl" refers to an aryl group as defined above that is substituted with 1, 2, or 

20 3 alkyl groups as defined above; a tolyl group is an exemplary alkylaryl. In one embodiment, an 

alkylaryl group is a "lower alkylaryl" group having 1, 2, or 3 alkyl groups attached to an aryl group, 

each alkyl group having, independently, 1, 2, 3, 4, 5, or 6 carbon atoms.  

The term "arylalkyl" refers to an alkyl group as defined above that is substituted with 1, 2, 

or 3 aryl groups as defined above; a benzyl group is an exemplary arylalkyl. In one embodiment, 
25 an arylalkyl group is a "lower arylalkyl" group having 1, 2, or 3 aryl groups attached to an alkyl 

group having 1, 2, 3, 4, 5, or 6 carbon atoms.  

The term "heterocycloalkyl" refers to an alkyl group as defined above that is substituted 

with 1, 2, or 3 heterocyclo groups as defined above. In one embodiment, a heterocycloalkyl group 

is a "lower heterocycloalkyl" group having 1, 2, or 3 heterocyclo groups attached to an alkyl group 

30 having 1, 2, 3, 4, 5, or 6 carbon atoms.  

The term "alkylheteroaryl" refers to a heteroaryl group as defined above that is substituted 

with 1, 2, or 3 alkyl groups as defined above. In one embodiment, a alkylheteroaryl group is a 

"lower alkylheteroaryl" group having 1, 2, or 3 alkyl groups attached to a heteroaryl group, each 

alkyl group having, independently, 1, 2, 3, 4, 5, or 6 carbon atoms.
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The term "heteroarylalkyl" refers to an alkyl group as defined above that is substituted with 

1, 2, or 3 heteroaryl groups as defined above. In one embodiment, a heteroarylalkyl group is a 

"lower heteroarylalkyl" group having 1, 2, or 3 heteroaryl groups attached to an alkyl group having 

1, 2, 3, 4, 5, or 6 carbon atoms.  

5 The term "alkylheteroarylalkyl" refers to a heteroarylalkyl group as defined above that is 

substituted with 1, 2, or 3 alkyl groups as defined above. In one embodiment, an 

alkylheteroarylalkyl group is a "lower alkylheteroarylalkyl" group with each alkyl portion having, 

independently, 1, 2, 3, 4, 5, or 6 carbon atoms.  

The terms "halogen" and "halo" refer to fluorine, chlorine, bromine, and iodine.  

10 An R group disclosed to be " interrupted by -S(O)N(RA)-, -NRAS(O)-, -SO 2N(RA)-, 

NRASOr, -C(O)N(RA)-, and -NRAC(O)-, and/or terminated by -S(O)NRARs, -NRAS(O)Rs, 

SO 2NRARs, -NRASO2RB, -C(O)NRARB, or -NRAC(O)R3", means said R group is (1) interrupted by 

one or more (for example, 2, or 3) -S(O)N(RA)-, -NRAS(O)-, -SO 2 N(RA)-, -NRASr
0

2, 

C(O)N(RA)-, or -NRAC(O)- groups, (2) terminated by -S(O)NRAR3, -NRAS(O)RB, -SO
2NRARB, 

15 NRASO 2RB, -C(O)NRARB, or -NRAC(O)RB groups, or (3) interrupted by one or more (for example 

1, 2, or 3) -S(O)N(RA)-, -NRAS(O)-, -SO2N(RA)-, -NRASO-, -C(O)N(RA)-, or -NRAC(O)- groups 

and terminated by an -S(O)NRARB, -NRAS(O)RB, -SO 2NRARs, -NRASO 2Rs, -C(O)NRARs, 

or -NRAC(O)R3 group. In one embodiment, there are two interruptions and no terminations of an 

alkyl R group as described above. In another embodiment, there is one interruption and no 

20 terminations of an alkyl R group as described above. In another embodiment, there is no 

interruption and a termination of an alkyl R group as described above. In another embodiment, 

there is one interruption and a termination of an alkyl R group as described above.  

Should there be doubt as to the agreement of a depicted chemical structure and a chemical 

name, the depicted chemical structure governs.  

25 The term "pharmaceutically acceptable salt" refers to those salts which retain the biological 

effectiveness and properties of the "free" compounds of Formulae (IA) and (1B). A 

pharmaceutically acceptable salt can be obtained from the reaction of the free base of a Compound 

of Formulae (IA) or (IB) with an inorganic acid, for example, hydrochloric acid, hydrobromic acid, 

sulfuric acid, nitric acid, phosphoric acid, and the like, or an organic acid, for example, sulfonic 

30 acid, carboxylic acid, organic phosphoric acid, methanesulfonic acid, ethanesulfonic acid, p

toluenesulfonic acid, citric acid, fumaric acid, maleic acid, succinic acid, benzoic acid, salicylic 

acid, lactic acid, tartaric acid (e.g., (+)-tartaric acid or (-)-tartaric acid or mixtures thereof), and the 

like. Certain compounds of Formulae (IA) and (IB) have acidic substituents and can exist as 

pharmaceutically acceptable salts with pharmaceutically acceptable bases. The present disclosure 

35 includes such salts. Examples of such salts include metal counterion salts, such as sodium,



WO 2012/138894 PCT/US2012/032371 

18 

potassium, lithium, magnesium, calcium, iron, copper, zinc, tin, silver, or aluminum salts, and 

organic amine salts, such as methylamine, dimethylamine, trimethylamine, diethylamine, 

triethylamine, n-propylamine, 2-propylamine, or dimethylisopropylamine salts, and the like. The 

term "pharmaceutically acceptable salt" includes mono-salts and compounds in which a plurality of 

5 salts is present, e.g., di-salts and/or tri-salts. Pharmaceutically acceptable salts can be prepared by 

methods known to those in the art.  

Certain compounds of Formulae (IA) and (TB) and/or their pharmaceutically acceptable 

salts can exist in more than one crystal form and the present disclosure encompasses each crystal 

form and mixtures thereof. These crystal forms can be prepared by methods known to those in the 

10 art.  

The term "solvate" refers to a complex or aggregate formed by one or more molecules of a 

solute, e.g., a Compound of Formulae (IA) or (TB) or its pharmaceutically acceptable salt, and one 

or more molecules of a solvent, which is present in stoichiometric or non-stoichiometric amount.  

Suitable solvents include but are not limited to water, acetic acid, ethanol, methanol, isopropanol, 
15 and n-propanol. Where the solvent is water, the solvate is a hydrate. Exemplary hydrates include 

but are not limited to a hemihydrate, a monohydrate, a dihydrate, a trihydrate, and a tetrahydrate.  

In one embodiment, the solvent is pharmaceutically acceptable. In another embodiment, the 

complex or aggregate is in a crystalline form. In another embodiment, the complex or aggregate is 

in a noncrystalline form. The present disclosure encompasses each solvate and mixtures thereof 

20 These solvates can be prepared by methods known to those in the art.  

Certain compounds of Formulae (IA) and (IB) may exist in different tautomeric forms or as 

different geometric isomers, and the present disclosure includes each tautomer and/or geometric 

isomer of compounds of Formulae (IA) and (TB) and mixtures thereof.  

Certain compounds of Formulae (IA) and (TB) may contain one or more chiral centers and 

25 exist in different optically active forms, and the present disclosure includes each optically active 

form of compounds of Formulae (IA) aid (TB) and mixtures thereof When compounds of 

Formulae (IA) and (TB) contain one chiral center, the compounds exist in two enantiomeric forms 

and the present disclosure includes both enantiomers and mixtures of enantiomers, such as racemic 

mixtures. The enantiomers may be resolved by methods known to the art, for example, by 

30 formation of diastereoisomeric salts which may be separated, e.g., by crystallization or liquid 

chromatography. Alternatively, specific enantiomers may be synthesized by asymmetric synthesis 

using optically active reagents, substrates, catalysts or solvents, or by converting one enantiomer 

into the other by asymmetric transformation. When a Compound of Formulae (IA) or (IB) contains 

more than one chiral center, it may exist in diastereoisomeric forms. The diastereoisomeric 

35 compounds may be separated by methods known to the art, for example, by chromatography or
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crystallization, and the individual enantiomers may be separated as described above. The present 

disclosure includes each diastereoisomer of compounds of Formulae (IA) and (IB) and mixtures 

thereof.  

The term "isotopically enriched" refers to a Compound of Formulae (IA) or (IB) that 

5 contains an unnatural proportion of an isotope at one or more of the atoms constituting the 

compound, and the present disclosure includes each isotopically enriched form of compounds of 

Formulae (IA) and (IB) and mixtures thereof. In certain embodiments, an isotopically enriched 

compound contains unnatural proportions of one or more isotopes, including but not limited to 

hydrogen (H), deuterium (H), tritium (3H), carbon-t 1 ("C), carbon-12 ("C), carbon-13 ("C), 

10 carbon-14 (I 4C), nitrogen-13 ( 3N), nitrogen-14 (14N), nitrogen-15 (15N), oxygen-14 ("0), oxygen

15 (150), oxygen-16 (160), oxygen-17 (170), oxygen-18 (180), fluorine-17 (17F), fluorine-18 ('"F), 

sulfur-32 ("S), sulfur-33 ( 3 S), sulfur-34 (34S), sulfur-35 ("S), sulfur-36 (3 S), chlorine-35 ("Cl), 

chlorine-36 (55Cl), chlorine-37 ("C), bromine-79 (79Br), bromine-81 ('Br), iodine-123 (m3) 

iodine-125 (2'I), iodine-127 (121), iodine-129 ('99I), and iodine-131 (']). In another 

15 embodiment, an isotopically enriched compound contains unnatural proportions of one or more 

isotopes, including but not limited to 'H, 
2
H, 1

2
C, 13C, '

4
N, 15N, 16o, 17o, 17 F, "s, 33s, 34s, 36s, 

3C1, "Cl, 79Br, "Br, and 271 In another embodiment, an isotopically enriched compound is 

radioactive. In another embodiment, an isotopically enriched compound contains unnatural 

proportions of one or more isotopes, including but not limited to 3H, "C, 4C, 13N, 140, "O F, 35S, 
20 "Cl, 1S, 1251, "'1, and m..3 In another embodiment, an isotopically enriched compound contains 

unnatural proportions of 123, 14I, or 1311 and another isotope selected from 3H, "C, 4C, "N, "o, 
'O, "8F, 35S, and "Cl. In another embodiment, an isotopically enriched compound contains an 

unnatural proportion of m3 14I, and/or 131I. In another embodiment, an isotopically enriched 

compound contains an unnatural proportion of m. In another embodiment, an isotopically 

25 enriched compound contains an unnatural proportion of 4j. In another embodiment, an 

isotopically enriched compound contains an unnatural proportion of 1311.  

The term "isotopically enriched" refers to the percentage of incorporation of a less 

prevalent isotope (e.g., deuterium for hydrogen) of an element at a given location in a molecule in 

place of a more prevalent isotope (e.g., 'H for hydrogen) of that element. When an atom at a 

30 particular location in a molecule is designated as a particular less prevalent isotope, it is understood 

that the abundance of that isotope at that location is substantially greater than its natural abundance.  

The term "therapeutically effective amount" refers to an amount of a Compound of 

Formulae (IA) or (TB) or a combination of two or more such compounds that inhibits, totally or 

partially, the progression of the treated condition or alleviates, at least partially, one or more 

35 symptoms of the condition. A therapeutically effective amount can also be an amount which is 

prophylactically effective. The amount which is therapeutically effective depends on the patient's
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gender and size, the condition to be treated, the condition's severity, and the result sought. For a 

given patient, a therapeutically effective amount can be determined by methods known to those in 

the art.  

The term "patient" refers to an animal, including but not limited to a mammal, a primate 

5 (e.g., a human), cow, pig, sheep, goat, horse, dog, cat, rabbit, rat, or mouse.  

The term "cancer" or "neoplastic disorder" refers to a tumor resulting from abnormal or 

uncontrolled cellular growth. Examples of cancers include but are not limited to breast cancers, 

colon cancers, colorectal cancers, prostate cancers, ovarian cancers, pancreatic cancers, lung 

cancers, gastric cancers, esophageal cancers, glioma cancers, and hematologic malignancies.  

10 Examples of neoplastic disorders include but are not limited to hematopoietic disorders, such as the 

myeloproliferative disorders, essential thrombocytosis, thrombocythemia, angiogenic myeloid 

metaplasia, polycythemia vera, myelofibrosis, myelofibrosis with myeloid metaplasia, chronic 

idiopathic myelofibrosis, the cytopenias, and pre-malignant myclodysplastic syndromes.  

The term "hematologic malignancy" refers to cancer of the bone marrow and lymphatic 

15 tissue - body's blood-forming and immune system. Examples of hematological malignancies 

include but are not limited to myclodysplasia, lymphomas, leukemias, lymphomas (non-Hodgkin's 

lymphoma), Hodgkin's disease (also known as Hodgkin's lymphoma), and myeloma, such as acute 

lymphocytic leukemia (ALL), adult T-cell ALL, acute mycloid leukemia (AML), AML with 

trilineage myclodysplasia, acute promyelocytic leukemia, acute undifferentiated leukemia, 

20 anaplastic large-cell lymphoma, chronic lymphocytic leukemia, chronic myeloid leukemia, chronic 

neutrophilic leukemia, juvenile myelomonoeycetic leukemia, mixed lineage leukemia, 

myeloproliferative disorders, myclodysplastic syndromes, multiple myeloma, and prolymphocytic 

leukemia.  

The term "leukemia" refers to malignant neoplasms of the blood-forming tissues including 

25 but not limited to acute lymphoblastic leukemia, acute myeloid leukemia, acute mycloblastic 

leukemia, chronic lymphocytic leukemia, and chronic myelocytic leukemia. The leukemia can be 

relapsed, refractory, or resistant to conventional therapy.  

The term "neurodegenerative disorder" refers to a disorder in which progressive loss of 

neurons occurs either in the peripheral nervous system or in the central nervous system. Examples 

30 of neurodegenerative disorders include but are not limited to chronic neurodegenerative diseases 

such as diabetic peripheral neuropathy, Alzheimer's disease, Pick's disease, diffuse Lewy body 

disease, progressive supranuclear palsy (Steel-Richardson syndrome), multisystem degeneration 

(Shy-Drager syndrome), motor neuron diseases including amyotrophic lateral sclerosis ("ALS"), 

degenerative ataxias, cortical basal degeneration, ALS-Parkinson's-Dementia complex of Guam, 

35 subacute sclerosing panencephalitis, Huntington's disease, Parkinson's disease, multiple sclerosis,
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synucleinopathies, primary progressive aphasia, striatonigral degeneration, Machado-Joseph 

disease/spinocerebellar ataxia type 3 and olivopontocerebellar degenerations, Gilles De La 

Tourette's disease, bulbar and pseudobulbar palsy, spinal and spinobulbar muscular atrophy 

(Kennedy's disease), primary lateral sclerosis, familial spastic paraplegia, Wernicke-Korsakoffs 

5 related dementia (alcohol induced dementia), Werdnig-Hoffmann disease, Kugelberg-Welander 

disease, Tay-Sach's disease, Sandhoff disease, familial spastic disease, Wohifart-Kugelberg

Welander disease, spastic paraparesis, progressive multifocal leukoencephalopathy, and prion 

diseases (including Creutzfeldt-Jakob, Gerstmann-Straussler-Scheinker disease, Kuru and fatal 

familial insomnia). Other conditions also included within the methods of the present disclosure 

10 include age-related dementia and other dementias, and conditions with memory loss including 

vascular dementia, diffuse white matter disease (Binswanger's disease), dementia of endocrine or 

metabolic origin, dementia of head trauma and diffuse brain damage, dementia pugilistica, and 

frontal lobe dementia. Also other neurodegenerative disorders resulting from cerebral ischemia or 

infarction including embolic occlusion and thrombotic occlusion as well as intracranial hemorrhage 

15 of any type (including but not limited to epidural, subdural, subarachnoid, and intracerebral), and 

intracranial and intravertebral lesions (including but not limited to contusion, penetration, shear, 

compression, and laceration). Thus, the term "neurodegenerative disorder" also encompasses acute 

neurodegenerative disorders such as those involving stroke, traumatic brain injury, schizophrenia, 

peripheral nerve damage, hypoglycemia, spinal cord injury, epilepsy, anoxia, and hypoxia.  

20 In certain embodiments, the neurodegenerative disorder is selected from Alzheimer's 

disease, Parkinson's disease, amyotrophic lateral sclerosis, age-related memory loss, senility, and 

age-related dementia. In another embodiment, the neurodegenerative disorder is Alzheimer's 

disease, also characterized as an amyloidosis. Thus, other embodiments of the disclosure relate to 

the treatment or prevention of other amyloidosis disorders which share features, includin, but not 

25 limited to, hereditary cerebral angiopathy, normeuropathic hereditary amyloid, Down's syndrome, 

macroglobulinemia, secondary familial Mediterranean fever, Muckle-Wells syndrome, multiple 

myeloma, pancreatic- and cardiac-related amyloidosis, chronic hemodialysis arthropathy, Finnish 

amyloidosis, and Iowa amyloidosis.  

The term "pharmaceutically acceptable carrier" refers to a pharmaceutically-acceptable 

30 material, composition, or vehicle, such as a liquid or solid filler, diluent, solvent, or encapsulating 

material. In one embodiment, each component is "pharmaceutically acceptable" in the sense of 

being compatible with the other ingredients of a pharmaceutical formulation, and suitable for use in 

contact with the tissue or an organ of a patient without excessive toxicity, irritation, allergic 

response, immunogenicity, or other problems or complications, commensurate with a reasonable 

35 benefit/risk ratio. Pharmaceutically acceptable carriers are known in the art; see, e.g., 

Pharmaceutical Preformulation and Formulation (Gibson, ed., 2"d Ed., CRC Press, Boca Raton,
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FL, 2009); Handbook ofPharmaceutical Additives (Ash and Ash, eds., 3'd Ed., Gower Publishing 

Co., Aldershot, UK, 2007); Remington's Pharmaceutical Sciences (Gennaro, ed., 19th Ed., Mack 

Publishing, Easton, PA, 1995); and Handbook ofPharmaceutical Excipients (Amer.  

Pharmaceutical Ass'n, Washington, DC, 1986).  

5 

C. Compounds of Formula (IA) in Which Xa and Xb are Each 0 

In accordance with an embodiment of the disclosure, the compounds are of Formula (IA) in 

which Xa and Xb are each 0 and Xc is CH2. In certain embodiments, the compounds of this 

embodiment can be represented by Formula (1): 

NH2 

N 

X4  N 

10 R 

(1) 

or a pharmaceutically acceptable salt thereof, wherein: 

Y is CH2 or S; 

X4 is hydrogen or halogen; 

15 R is a is straight-chain- or branched- substituted or unsubstituted alkyl, straight-chain- or 

branched- substituted or unsubstituted alkenyl, straight-chain- or branched- substituted or 

unsubstituted alkynyl, or substituted or unsubstituted cycloalkyl wherein the R group is interrupted 

by -S(O)N(RA)-, -NRAS(O)-, -SO2N(RA)-, -NRASO 2-, -C(O)N(RA)-, or -NRAC(O)-, and/or 

terminated by -S(O)NRARB, -NRAS(O)RB, -SO2NRARs, -NRASO
2R, -C(O)NRARB, or 

20 NRAC(O)R3, wherein each RA and RB is independently selected from hydrogen, C I-C 6 alkyl, C2-C6 

alkenyl, C2-C6 alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, 

arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; and 

X2 is as disclosed below, 

C-1. In some embodiments of the disclosure, X2 is halogen. Table IA lists specific 

25 examples of compounds within this embodiment. In each of the structures as drawn, X2 is I and X4 

is H. However, corresponding structures in which X2 is F, Cl, or Br are within the scope of the 

disclosure. In each of the structures in Table 1A, Y is S. However, corresponding structures in 

which Y is CH2 and/or X4 is F, Cl, Br, or I are also within the scope of the disclosure. Additionally,
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in connection with each of the structures in Table 1A, corresponding structures in which X2 is F, Cl, 
or Br and Y is CH2 are also within the scope of the disclosure.  

Table 1A 

Compound No. Structure Name 
NH

2 

,I N- /o 2-[6-Amino-8-(6-iodo
N ,N benzo[l,3]dioxol-5

1A-1 ylsulfanyl)-purin-9-yl]
so2  ethanesulfonic acid 

HN isopropylamide 

NH
2 

N N - 2-[6-Amino-8-(6-iodo
S \ / 0 benzo[1,3]dioxol-5

IA-2 N O ylsulfanyl)-purin-9-yl]
ethanesulfonic acid 

S02 ethylamide 

NH
2 

N 2-[6-Amino-8-(6-iodo
N s > \ benzo[1,3]dioxol-5

1A-3 N -1 ylsulfanyl)-purin-9-yl]
ethanesulfonic acid 

HN methylamide 
NH

2 

N N - 2-[6-Amino-8-(6-iodo
1A-4 N benzo[1,3]dioxol-5

0 ylsulfanyl)-purin-9-yl]
so2 ethanesulfonic acid amide 

NH
2 

_S 2-[6-Amino-8-(6-iodo
N N enzo[1,3]dioxol-5

1A-5 ylsulfanyl)-purin-9-yl]
so2 ethanesulfonic acid tert

HN butylamide 

NH2 

N 0 2-[6-Amino-8-(6-iodo
ON benzo[1,3]dioxol-5

1A-6 ylsulfanyl)-purin-9-yl]
S0 2  ethanesulfonic acid 

HN isobutyl-amide
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Compound No. Structure Name 
NH2  I 

N ~. N2-[6-Amino-8-(6-iodo
K N benzo[1,3]dioxol-5

1A-7 ylsulfanyl)-purin-9-yl]
;S02 ethanesulfonic acid 

HN >cyclopropylamide 
NH2  I 

- Propanc-2-sulfonic acid 
N N {2-[6-amino-8-(6-iodo

lA-8 benzo[1,3]dioxol-5
NH ylsulfanyl)-purini-9-yl]

025' ethyl}-amide 

NH2 
N ~ NEthanesulfonic acid 12-[6

a /0 amino-8-(6-iodo
1A-9 N N 0benzo[1,3]dioxol-5

NH ylsulfanyl)-purin-9-yl]
02S'N etliyl}-amide 

N-'-N N-{(2-[6-Amino-g-(6-iodo
K a N /_0 benzo[1,3]dioxol-5

IA-10 N N 0ylsulfanyl)-purin-9-yl]

,NH ethyl)
02S\ methanesulfonamide 

NH2 
N\>F, _2-Methyl-propane-2

I-1N N 0 sulfonic acid {2-[6-amino
lA-il 08-(6-iodo

,NH benzo[1 ,3]dioxol-5
02S ylsulfanyl)-purin-9-yl]

______________ethyl}-amide 

NH2 

N .N 2-Methyl-propanc-2
N S /o suifinic acid {2-[6-aminto

lA-12 N N 08-(6-iodo

NH benzo[1,3]dioxol-5
os NHylsulfanyl)-purin-9-yl]

ethyl)-amidc 
NH2  I 

N C N 2-Methyl-propane-i
S\ / 0 sulfonic acid {-6aio 

IA-13 N N - 8-(6-iodo
NH bcnzo[1,3]dioxol-5
,NH ylsulfanyl)-purin-9-yl]

028\_Xethyl} -amide 
NH2 I 

N- a N /\ Cyclopropanesulfonic acid 
~N N 0{2-[6-amino-8-(6-iodo

IA-14 benzo[1 ,3]dioxol-5
NH ylsulfanyl)-purin-9-yl]

02E ethyl}-amide



WO 2012/138894 PCT/US2012/032371 

25 

Compound No. Structure Name 
NH2 

S0)- 3-[6-Amino-8-(6-iodo
N N benzo[1,3]dioxol-5

1A-15 ylsulfanyl)-purin-9-yl]

propane-1-sulfonic acid 
NH isopropylamide 

NH2 

\ / ~3-[6-Amino-8-(6-iodo
N N benzo[1,3]dioxol-5

1A-16 ylsulfanyl)-purin-9-yl]
propane-i -sulfonic acid 

02sNH ethylamide 

NH2 

s N3-[6-Amino-8-(6-iodo
SN benZO[1,3]dioxol-5

1A-17 ylsulfanyl)-purin-9-yl]
propane-i -sulfonic acid 

o2sNH methylamide 

NH2 

N - 3-[6-Amino-8-(6-iodo
a / benzo[1,3]dioxol-5

1A-18 N ylsulfanyl)-purin-9-yl]
propane-i -sulfonic acid 

02 amide 
NH, 

NH2 

-- 3-[6-Amino-8-(6-iodo
N N benzo[1,3]dioxol-5

1A-19 ylsulfanyl)-purin-9-yl]
propane-1-sulfonic acid 

02SN tert-butylamide 

NH2 

s 0 3-[6-Amino-8-(6-iodo
N N 9 benzo[1,3]dioxol-5

1A-20 ylsulfanyl)-purin-9-yl]
propane-1-sulfonic acid 

HN isobutyl-amide 

NH2 I 
N a 3-[6-Amino-8-(6-iodo

N N / benzo[1,3]dioxol-5
1A-21 o ylsulfanyl)-purin-9-yl]

propane-i -sulfonic acid 
02S, cyclopropylamide
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Compound No. Structure Name 
NH2 

a ~ /0Propanie-2-sulfonic acid ~N N ){3-[6-amilio-8-(6-iodo
1A-22 benzo[1,3]dioxol-5

HN, ylsulfanyl)-purin-9-yl
HN 02 propyll-amide 

NH2  I 

1 "\> /0 Ethanesulfonic acid {3-[6

123N N 0 amirio-8-(6-iodo
1A-23benzo[1,3]dioxol-5

ylsDlfanyl)-purin-9-yl]
HN, 1902propyl}-amnide 

NH2 

~ ~ 0 N-{3-[6-Amino-8-(6-iodo
N ezo13dixl5 

1A-24 0ylsulfanyl)-purin-9-yl]

propyl} 
HNk methanesulfoniamide 

NH2 
N ~ N -2-Methyl-propane-2

N N O sulfonic acid {3-[6-amino
IA-25 2 08-(6-iodo

benzo[1,3]dioxol-5
HN ylsulfanyl)-purin-9-yl]

80
2  propyl) -amide 

--- -- N H2 

IC *' \>-s ;- 2-Methyl-propape-2
N N sulfinic acid {3-[6-amino

IA-26 28-(6-iodo
HN benzo[1,3]dioxol-5
H~kylsulfanyl)-prin-9-yl

0o propyl}-amide 

N 2-Methyl-propane-i 
KN N / ? sulfonic acid {3-[6-amino

1A-27 2 ~8-(6-iodo
benzo[1,3]dioxol-5

HN, ytsulfanyl)-purin-9-yl]
802 propyl} -amnide 

NH2 

Cyclopropanesulfonic acid 
N N C 3-[6-amino-8-(6-iodo

IA-28 benzo[ 1,3]dioxol-5
ylsulfanyl)-purin-9-yl]

So2 propyl} -amnide
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Compound No. Structure Name 
NH2 

~ / C3-[6-Amino-8-(6-iodo~NN0 
IA-29 benzo[1,3]dioxol-5

o ylsulfanyl)-purin-9-yl]-N
H isopropyl-propionamide 

NH2 

NN - 3-[6-Amino-8-(6-iodo
IA-30 N N benzo[1,3]dioxol-5

ylsulfanyl)-purin-9-yl]-N

H o ethyl-propionamnide 

NH2 

~ 3-[6-Amino-g-(6-iodo
N N benzo[1,3]dioxol-5IA-3 1 0yLsulfanyl)-purin-9-yl] -N

oC methyl-propionamide 

v N -3-[6-Amino-8-(6-iodo

IA-32 KN N /9benzo[1,3]dioxol-5
0 ylsulfanlyl)-purin-9-yl

H2No propionamide 
NH2 

~ / C3-[6-Amino-8-(6-iodo

1A-33 N N o- ~ benzo[1,3]dioxol-5
o yisulfanyl)-purin-9-yl]-N

0N tert-butyl-propionamide 

NH2 

N ~ / a3-[6-Amino-8-(6-iodo
NNC 

1A-34 obenzo[1,3]dioxol-5
ylsulfaniyl)-purin-9-yl]-N

HN 
isobutyl-propionamide 

I'D \, / 3-[6-Amino-8-(6-iodo

1A-35 No benzo[1,3]dioxol-5
a ylsulfanyl)-purin-9-yl] -N

HN cyclopropyl-propionamide 

NH2 

N ,N /N-{2-[6-Amino-8-(6-iodo
IA-36 ) benzo[1,3]dioxol-5

NH ylsulfanyl)-purin-9-yl]
ethyl)}-isobutyrainide
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Compound No. Structure Name 

K \)-s~ / ~ N-{2-[6-Amioo-8-(6-iodo
IA-37 N N -Ibenzo[1,3]dioxol-5

ylsulfanyl)-purin-9-yl]

0 NH ethyl)}-propionamide 

IA-38 N N -Ibenzo[1,3]dioxo1-5
NIHylsulfanyl)-purin-9-yly

______________NH4 ethyl)}-aeetamide 

MH2 

N-{2-[6-Amino-8-(6-iodo
>- /N benzo[1,3]dioxol-5

IA-39 0 ylsulfanyl)-purin-9-yl]
NH ethyl)}-2,2-dimetliyl

o-k propionamide 

NH2  I 

0 N-{2-[6-Amino-8-(6-iolo
140N N benzo[1,3]dioxol-5

1A-40 0ylsulfanyl)-purin-9-yl]
NH ethyl) -3 -methyl

o=- butyramide 

N-' \/ Cyclopropanecarboxylic 
N N 0 acid {2-[6-amnino-8-(6

1A-41 0- iodo-benzo[1,3]dioxol-5
NH ylsulfanyl)-piirin-9-yl]

o1- ethyl)-amidde 

NH2 

N- -N,> N-{2-[6-Amino-8-(6-iodo
, _ S"O 

1A-42 'N N 0berrzo[1,3]dioxol-5
0Y ylsulfanyl)-purini-9-yl]

NH 

N 

IA-43 0 iodobenzo[d][1,3]dioxol 
-5-yl)thio)-9H-purin-9

\o yl)propyl)pivalamide 

NH2 

IA-44 Niodobenzolld][l,3]dioxol 

H -5-yl)thio)-9H-purin-9
o yl)propyl)isobutyramide
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Compound No. Structure Name 
NH2 I 

N-3-(6-amino-8-((6
SNiodobenzo[d][1,3]dioxol 

IA-45 -5-yl)thio)-9H-purin-9
yl)propyl)cyclopropane 

carboxamide 
NH, 

N-(3-(6-Amino-8-((6

IA-46 iodobenzo[d] [1,3]dioxol 
-5-yl)thio)-9H-purin-9

o-) yl)propyl)isobutyramide 

NH 1-((3-(6-Amino-8-((6
N / iodobenzo[d][1,3]dioxol 

IA-47 N-5-yl)thio)-9H-purin-9
yl)propyl)amino)-2

Ac methyl-1-oxopropan-2
y1 acetate 

NH2 

N. N - N-(3-(6-Amino-8-((6
N N iodobenzo[d][1,3]dioxol 

IA-48 -5-yl)thio)-9H-purin-9
NH yl)propyl)-2-hydroxy-2

o ON methylpropanamide 
NH2 

SN N-(3-(6-amino-8-((2
N N /0 iodo-5

1A-49 methoxyphenyl)thio)

HN 9H-purin-9
o yl)propyl)pivalamide 

NH2 1 

N 

N N 0 6-(6-amino-8-((6
1A-50 iodobenzo[d][1,3]dioxol 

-5-yl)thio)-9H-purin-9
yl)hexanamide 

0 

_________________NH2 

Table 4A lists specific examples in which X2 is halogen and X 4 is halogen. In each of the 

structures as drawn, X2 is I and X4 is F. However, corresponding structures in which X4 is H, Cl, 

Br, or I are within the scope of the disclosure. In each of the structures in Table 4A, Y is CH2.  

5 However, corresponding structures in which Y is S and/or X2 is F, Cl, or Br are also within the 

scope of the disclosure. Additionally, in connection with each of the structures in Table 4A, 

corresponding structures in which X4 is H, Cl, Br, or I and Y is S are also within the scope of the 

disclosure.
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Table 4A 

Compound No. Structure Name 
NH2 

- N / 2-(6-amino-2-fluoro-8-((6
F~ N N 0 iodobenzo[d][1,3]dioxol-5

4A-1 ' yI)methyl)-9H-purin-9-yI)
N-isopropyl

HN ;0 2  ethaneaulfonamide 

HN 

N -2-(6-an-mno-2-flhoro-8-((6

4A2F N N " /~ iodobenzo[d][1,3]dioxol-5
4A-2 o yl)methyl)-9H-purin-9-yl)

'S02 N-ethylethanesulfonamide 

NH2 I 

N ~ N -2-(6-amino-2-fluoro-8-((6

\ 0 iodobenzo[d][1,3]dioxol-5
4A-3 F N~ No yl)methyI)-9H-purin-9-yI)

HN ;S2methylethaneaulfonamide 

NH2 

N N > N , 2-(6-amino-2-fluoro-8-((6

4A-4 F~~ N N0 iodobenzo[d][1,3]dioxol-5
yl)methyl)-9H-purin-9

,a02  
yl)ethanesulfonamide 

HN 
NH2 

N 
I ~' / ~ 2-(6-amfio-2-fluoro-8-((6

4A5F N rN 0) iodobenzo[d][1,3]dioxol-5
4A-5 0 yl)methyl)-9H-purin-9-yl)

~SO2 N-(tert
HN ;S2butyl)ethanesulfonamide 

- o 2-(6-atmno-2-ftuoro-8-((6
F N N 0 iodobenzo[d][1,3]dioxol-5

4A-6 yl)methyl)-9H-purin-9-yl)
IS02  

N
HN isobutylethanesulfoniamide 

NH2 I 

F N N iodobenzo[d][1,3]dioxol-5
4A-7 yl)methyl)-9H-purin-9-yl)

,S0 2  N-cyclopropyl
HN 02ethianeaulfonamide
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Compound No. Structure Name 

N N N -N-(2-(6-amino-2-fluoro-g

0 ((6
4A-8 FEN N 0) ooez~][,]ixl5 

4A-8 yl)meffiyl)-9H-purin-9

0 ;NHyl)ethyl)propane-2
02 sulfoniamide 

NH2 

-. ~ N -N-(2-(6-amino-2-fluoro-8

4A-9 N N iodobenzo[d][l,3]dioxol-5
NH yl)methyl)-9H-purin-9

02H yl)ethyl)ethaoesulfonamide 

~N.N - 0 N-(2-(6-amino-2-fluoro-g

((6
4A-1O F N N 0) iodobenzo[d][l,3]dioxol-5

yl)methyl)-9H-purin-9
NH yl)ethyl)merhanle

023' sulfonamide 

NH2 
N. - N-(2-(6-amino-2-fluoro-8

0 ((6
4A-l11F N iodobenzo[d][l,3]di.xo-5

yl)methyl)-9H-purin-9
,NH yl)ethyi)-2-methylpropane

0 2S 2-sulfonamide 

NH2 

N N. N -N-(2-(6-amino-2-fluoro-8

0 ((6
4 12F N N 0 iodobenzo[d][1,3]dioxol-5

yl)methyl)-9H-purin-9
Ns H yl)cthyl)-2-methylpropane

OS 2-sulfinamide 

NH2 

N N.N -N-(2-(6-aminio-2-fluoro-8

\/ 0 ((6
4A13FH N iodobenzo[d][1,3]dioxol-5

yl)meshyl)-9H-purin-9
,NH yl)ethyl)-2-methylpropane

0 2S 1 I-sulfonamide 

NH2 

N. N -N-(2-(6-amino-2-fluoro-8

F .N N 0(6 

NH 14 iodobenzo[d][1,3]dioxol-5
yl)metliyl)-9H-purin-9

02S NHyl)ethyl)cyclopropane

02 S sulfonamide



WO 2012/138894 PCT/US2012/032371 

32 

Compound No. Structure Name 
NH2 

N N /o 3-(6-aminao-2-fluoro-8-((6
F N N 0 iodobenzo[d][1,3]dioxol-5

4A-1 5 yl)methyl)-9H-purin-9-yl)
N-isopropylpropane-l

02!S N sulfonamide 

NH 

NTl I N -(6-amino-2-fluoro-g-((6
4A-16F N N 0 -j iodobenzo[d[1,3]dioxol-5
4Al F Nyl)methyl)9Hpurin-9yl)

N-ethylpropanec-l
02S sulfonamide 

NH 

N2  I 

N N A \ / 0 3-(6-amino-2-fluoro-8-((6
F N N 0 iodobenzo[d][1,3]dioxol-5

4A-17 0- yl)methyl)-9H-puritn-9-yl)
N-methylpropane-l

02S ' sulfonamide 
NH 

NH2  I 
~ N 

\ /> o 3-(6-amino-2-fluoro-8-((6
4A-18 F N C iodobenzo[d][ l,3]dioxol-5

yl)mesliyl)-9H-purin-9
yl)propane-1 -sulfonamide 

02 
NH2 

\ / 0 3-(6-amnino-2-fluoro-8-((6

4 19F "N N 0 j iodobenzo[d][l,3]dioxol-5
4A-19 C yl)methyl)-9H-purin-9-yl)

N-(tert-butyl)propane-i
023 sulfonam-ide 

HN 

NH2  I 

\ /0 3-(6-amino-2-fluoro-8-((6
F N N 0 iodobenzo[d][l,3]dioxol-5

4A-20 yl)methyl)-9H-purin-9-yl)
N-isobutylpropane-l

0)2S sulfonamide 
N-
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Compound No. Structure Name 
NH2 

N NK - 3-(6-amino-2-fluoro-8-((6

4A2 N N 0 iodobenzo[d][1,3]dioxol-5
4A-21 O ~ yl)methyl)-9H-purin-9-yl)

N-cyclopropylpropane-1
023 sulfonamide 

NH2  I 

jj N > N-(3-(6-amino-2-fluoro-8
F~ IN N ((6

4A-22 Oj iodobeozo[d][1,3]dioxol-5
4A-22yl)methyl)-9H-purin-9

HN yl)propyl)propane-2
IS02  sulfonamide 

NH2  I 

N ~ N -N-(3-(6-amino-2-fluoro-8

0 ((6
4-3F N N o) iodobenzo[d][ l,3]dioxoi-5

yl)methyl)-911-purin-9

HN yl)propyl)ethn-
HN 02 sulfonamide 

NH2  I 
-~ N -N-(3-(6-amino-2-fluoro-8

F NH N / ((6
4A-24 0o iodobenzo[d][l,3]dioxoi-5( yl)methyl)-9H-purin-9

HN yl)propyl)methane
HNI S02sulfonam-ide 

N N -N-(3-(6-amino-2-fluoro-8

F 'il > 0((6EN N- iodobenzo[d][1,3]dioxol-5
4A-25 yl)methyl)-9H-purin-9

HN yl)propyl)-2
HN methylpropane-2

S02  sulfonamide 

NH2  I 

IN N-(3-(6-amino-2-fluoro-8
0 ((6

IF NN iodobenzo[d][l,3]dioxol-5
4A-26 yl)methyl)-9H-purin-9

HN yl)propyl)-2
HN 'somethylpropaiie-2

30 sulfinamride
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Compound No. Structure Name 
NH2  I 

-. ~ N(3(-amino-2-fluoro-8

F N N 0((6
F N N-3 iodobenzo[d][1 ,3]dioxol-5

4A-27 yl)methyl)-9H-purin-9
HN yl)propyl)-2

HN, 302methylpropane-1

SO2  sulfonamide 

NH2 

:N N-(3-(6-amnino-2-fluoro-8\ 0 
F N N 0 ((6

4A-28 0 iodobenzo[d][l,3]dioxol-5
yl)methyl)-9H-purin-9

HN, yl)propyl)cyclopropane

5( 02 
sulfonamide 

NH2 

F N -N / 0 3-(6-amino-2-fluoro-8-((6
4A-29 IF N N o- iodobeozo(d][1,3]dioxoI-5

yI)methyl)-911-purin-9-y)
o N-isopropylpropanasnide 

HIN 

NH2 

0 3-(6-amino-2-fluoro-8-((6
4A-30 IF N IN 0 iodobeozo[d][1,3]dioxol-5

yI)methyl)-9H-purin-9-yl)

0o N-ethylpropanamide 
NN 

NH2 

\ / 0>_ 3-(6-amino-2-fluoro-8-((6
4A-31 ~ F N N ) iodobeozo[d][l,3]dioxol-5

0 yl)methyl)-9H-purisi-9-yl)

O N-methylpropanamide 
HN 

NH2 

~ NN -3-(6-amino-2-fluoro-8-((6

-c /, , 
4A-32 F~ N N O j iodobenzo~d][1,3]dioxol-5

oyl)mnethyl)-9H-purin-9
o yl)propanamide 

H2N 
NH2 

F IN~ IN ~ 0 3-(6-aoiino-2-fluoro-8-((6
4A-33 N ) iodobeozo[d][l,31dioxo-5

yl)methyl)-9H-purin-9-yl)
O N-(tert-butyl)propanamide 

H N
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Compound No. Structure Name 
NH2 

IF 0 3-(6-amino-2-fluoro-8-((6

4A-34 0 iodobenz[d][1,3]dioxol-5
yI)methyl)-9H-purin-9-yl)

o N-isobutylpropanamide 
HN\_ 

NH2 

IF IN IN ) iodobenzo[d][1,3]dioxol-5
4A-35 01 yl)methyI)-9H-purin-9-yl)

o N
HIN \>cyclopropyipropanamide 

NH2 

N >__ -/-(2-(6-amino-2-fluoro-8

IF IN N ((6
4A-36 0 iodobenzo[d][1,3]dioxoI-5

NH yl)methyl)-9H-purin-9
o yI)ethiyI)isobutyramide 

NH2 

~jN. ~ -N-(2-(6-amino-2-fluoro-8

u ((6

437F IN IN 
yl)methyl)-9H-purin-9

u N yl)ethyl)propionamide 
NH2 

N, N-(2-(6-amino-2-fluoro-8
\/ 0 ((6

4A-38 F- N N )o~]1,]dooI5 
yl)methyl)-911-purin-9

0 1N yl)ethyl)aeetamide 
NH2 

0 N-(2-(6-amino-2-fluoro-8

4A-39 F IN N iooez)]1,]ixl5 
yl)methyl)-9H-purin-9

N H-I yl)ethyl)formamide 
NH

N N-(2-(6-amino-2-fluoro-8

4A-40 0 iodobenzo[d][1,3]dioxol-5
NH yI)methyl)-9H-purin-9

0 yl)ethyl)pivalamide
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Compound No. Structure Name 
NH2  I 

N N, - N-(2-(6-amino-2-fluoro-8
I ((6

4A-41 F N iodobenzo[d][l,3]dioxol-5
yl)methyl)-9H-purin-9

NH yl)ethyl)-3

o) - methylbutanamide 

NH2 

N ~ N -N-(2-(6-amino-2-fluoro-8

O ((6

4A-42 F N0 - iodobenzo[d][1,3]dioxol-5
NH yl)methyl)-9H-purin-9

NH y1)ethyl)cycloprgpaoe

NH2  I 
- N-{3-[6-Aroino-2-fluoro

F N N -(6-iodo
4A-43, 0 benzo[1,3]dioxol-5

ylmethyl)-purin-9-yl]
propyl} -2,2-dimethyl

propionamide 

n N-{3-[6-Amino-2-fluoro

F N 8-(6-iodo
4A-44 benzo[1,3]dioxol-5

HN ylmethyl)-purin-9-yl]
propyl}-isobutyraide 

NH2 
N Cyclopropanecarboxylic 

N N \ 9 acid {3-[6-amino-2-fluoro
4A-45 0 8-(6-iodo

benzo[1,3]dioxol-5
NH ylmethyl)-purin-9-yl]

o-t; propyl) -amide 

NH2  I 

FN N N-{3-[6-Amino-2-fluoro
F)ll 8-(6-iodo

4A-46 K- benzo[1,3]dioxol-5
ylmethyl)-purin-9-yl]

o OH propionamide 
NH2 

- Acetic acid 1-{3-[6-am.ino

F N N 2-fluoro-8-(6-iodo
4A-47 K ~benzo[l,3]dioxol-5

ylmethyl)-purin-9-yl]
NH propylcarbamoyl} -1 

Ac methyl-ethyl ester
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Compound No. Structure Name 
NH

2  I 

N-{3-[6-Amino-2-fluoro
F N 8-(6-iodo

4A-48 benzo[1,3]dioxol-5
ylmethyl)-purin-9-yl]

NH propyl}-2-hydroxy-2
o OH methyl-propionamide 

Hsp90 binding results are presented for Compounds lA-5. 1A-10, lA-l , 1A-12, 1A-15, 
1A-19, 1A-22, 1A-24, 1A-25 to1A-28, 1A-43 to lA-50, 4A-26, 4A-28, 4A-43, and 4A-45in Table 
12 below. As can be noted therefrom, all compounds showed a high level of binding affinity.  

5 C-Il. In some embodiments of the disclosure, X2 is an optionally substituted aryl. Table 
1C lists specific examples of compounds within this embodiment. In each of the structures as 
drawn therein, X2 is a nitrogen-containing heteroaryl group, specifically a pyrazolyl group, and X4 

is H. Corresponding structures in which X2 is a different nitrogen-containing optionally substituted 

aryl group are within the scope of the disclosure. In each of the structures in Table IC, Y is S and 
10 X4 is H. However, corresponding structures in which Y is CH 2 and/or X4 is F, Cl, Br, or I are also 

within the scope of the disclosure. Additionally, in connection with each of the structures in Table 
1 C, corresponding structures in which X2 is a nitrogen-containing optionally substituted aryl group 

different from optionally substituted pyrazolyl, Y is CH 2, and/or X4 is F, Cl, Br, or I are also within 
the scope of the disclosure.  

15 Table IC 

Compound No. Structure Name 
HN 

NH2  2-{6-Amino-8-[6-(1H
N - pyrazol-3-yl)

IC-1 N N benzo[1,3]dioxol-5
ylsulfanyl]-purin-9-yl} 

ethanesulfonic acid 
HN isopropylamide 

HN \ 

NH2  H 2-{6-Amino-8-[6-(1H
N - pyrazol-3-yl)

1C-2 N N \/O benzo[1,3]dioxol-5
ylsulfanyl]-purin-9-yl} 

ethanesulfonic acid 

HN,S02 ethylamide
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Compound No. Structure Name 
HN\ 

NH2  N ~ 2-{6-Amino-g-[6-(lH

- pyrazol-3-yl)
IC-3 N /N benzo[1,3]dioxol-5

ojylsulfanyl}-purin-9-yl} 
ethanesulfonic acid 

HiSO2  
methylamilde 

HN

NH2  2-{6-Amino-8-[6-(1H
pyrazol-3-yl)

IC-4 N N N 0benzo[1,3]dioxol-5

0 ylsulfanyl] -puriin-9-y} 

_______________H 2Nethanesulfonic acid amide 
NH2  N 2{-mn--6( 

NN 

s /0 pyrazol-3-yl)
1C-5 N) benzo[1,3]dioxol-5

ylsulfanyl]-purin-9-yl}I 
ethanesulfonic acid tert

HN S2butylamide 

HN\ 
NH2  j~ 

v.N - 2-{6-Amino-8-[6-(1H
' 0 pyrazol-3-yl)

I C-6 N N jbenzo[1,3]dioxol-5
ylsulfanyl] -purin-9-yl} 

;so2  ethanesulfonic acid 
IHN isobutyl-amide 

HN \ 

~.NH- 2-{6-Amino-8-[6-(1H
0 pyrazol-3-yl)

1 C-7 N N benzo[1,3]dioxol-5
ylsulfanyl] -purini-9-yl} 

,so2  ethanesulfonic acid 
HN S2cyclopropylamide 

HN \ 
NH, Prpn--sloi ai 2 
N .N Propan-ocac(

0>s~/ ~ {-mn--6(H 
1C-8 N N 0pyrazol-3-yl)

benzo[1,3]dioxol-5
NH ylsulfanyl]-purin-9-yl} 

o~s ethyl)-amide
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Compound No. Structure Name 
HN 

NH2  h 
~ N Ethanesulfonic acid (2-{6

amino-8-[6-(lH-pyrazol-3
0 yl)-benzo[l,3]dioxol-5

ylsulfanyl]-purin-9-y} 

,NH ethyl)-amide 
02S_ 

HN \ 
NH2  ~ 
N N -N-(2- {6-Amino-8-[6-(lH

ic-Ia N S N / benzo[1,3]dioxol-5
ylsulfanyl]-purin-9-yl} 

NH ethyl)-methanesulfonamide 
02s 

HN\ 
NH 

2 

N N\ - 2-Methyl-propane-2

N~ ~ S s ulfonic acid (2- {6-amino
ic-li N N 0-~ 8-[6-(1H-pyrazol-3-yl)

NH benzo[1,3]dioxol-5
NH ~ ylsulfanyi]-purin-9-y} 

02S ethyl)-amide 

HN \ 
NH2  N2-Methyl-propane-2

N t > sulfinic acid (2-{6-amino

IC-12 N N S 0 8-[6-(IH-pyrazol-3-yl)
benzo[1,3]dioxoi-5

NH yiaulfanyi]-prin-9-yl} 
os IN ethyi)-amide 

HN\ 

NH - 2-Methyl-propane-i
s \ s ulfonic acid (2-{6-amino

lC-i3NN N8-[6-(lH-pyrazoi-3-yi)I130- benzo[i,3]dioxol-5

NH yisuifanyl]-purin-9-y} 
o2S _ ethyl)-amide 

HN\ 
NH2  ~ 

, N - Cyclopropaneaulfonic acid 
\ / 0(2-{6-amino-g-[6-(iH

IC-14 N N pyrazoi-3-yi)
benzo[1,3]dioxoi-5

,NH yisuifanyl]-purin-9-yl) 
0 2S\ ethyi)-amide
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Compound No. Structure Name 

NH2  N 

~.. N - -{6-Amino-8-[6-(lH
S 1 /0 pyrazol-3-yl)

lC-1 0N benzo[1,3]dioxol-5
ylsulfanyl]-purin-9-y} 
propane-i1 -sulfonic acid 

0 NH isopropylamide 

HN\ 

-N N 3-{6-Amino-8-[6-(1H
~ S ~/ ~ prazo-3-yi)

1C-16 N ,N > benzo[1,3]dioxol-5
0 yisulfanyi]-purin-9-yl} 

I; propane-i1 -aulfonic acid 
02S ethylamide 

NH 

FIN\ 

N HN 3-{f6-Amino-8-[6-(ll
\> / 0 pyrazol-3-yl)

1C-17 N Nbenzo[1,3]dioxol-5
ylsulfanyl]-purin-9-yl} 
propane- I -aulfonic acid 

02S, methylamide 
NH 

FIN\ 
NH2  3-{6-Aminio-8-[6-(lH

/ pyrazol-3y) 
lC-18 N N benzo[i,3]dioxol-5

ylsulfanyl]-purin-9-yll 
propane- I -sulfonic acid 

02S~ amide 

H2 

NH2  N 3-{6-Amino-8-[6-(ll
N--N\ pyrazoi-3-yi)

IC-19 N INbenzo[1,3]dioxol-5
Ojyiaufanyi]-purin-9-yl} 

propane- I -sulfonic acid 

02S tert-butylamide 

HN 

NH2  h 
N-_ N, 3-{6-Anaino-8-[6-(1H

s 0 pyrazol-3-yi)

1C-20 "'Ibenzo[1,3]dioxoi-5

K' ylsulfanyl]-purin-9-yl} 
31 propanec-1-sulfonic acid 

HNS isobutyl-amide
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Compound No. Structure Name 

NH2  Nj- 3-{6-Amino-8-[6-(1H

pyrazol-3-yl)
IC-21 KN ,N benzo[1,3]dioxol-5

0 ylsulfanyl]-purin-9-yI} 
propane-i -sulfonic acid 

O2S~<cyclopropylamide 

HN 
NH2  r 

~ Propanie-2-sulfonic acid (3

N N \/0{-amilio-8-[6-(1H
IC-22 pyrazol-3-yl)

benzo[l,3]dioxol-5

HN ylsulfanyl]-purin-9-yl} 
HN, 02propyl)-amide 

HN\ 
NH'2 

S N - Ethanesulfonic acid (3-{f6> 0 amino-8-[6-(1H-pyrazol-3
IC-23N N 0yI)-benzo[1,3]dioxol-5

( ylsulfanyl]-puriin-9-yl} 

HN propyl)-amide 
0o2 
HN\ 

N HNN N-(3- {6-Amino-8-[6-(1H
N >S pyrazol-3-yl)

1C-24 N N benzo[1,3]dioxol-5
0yisulfanyl]-purin-9-y} 

HN propyl)
HN0 methanesulfonamide 

HN\ 
NH2  ~ 

~ 2-Methyl-propane-2

N s 0 sulfonic acid (3-{6-armno
NC2 N 4 8-[6-(llL-pyrazol-3-yl)1C-2 0-1benzo[1 ,3]dioxol-5

ylsulfanyl]-purin-9-yl} 
HS02 propyl)-amide
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Compound No. Structure Name 
HN\ 

NH2  n 
N 

2-Methyl-propane-2
6\ /0 sulfinic acid (3-{6-amino

1C2 o 8-[6-(lH-pyrazol-3-yl)

1C-26 NNbenzo[1,3]dioxol-5
ylsulfanyl]-purin-9-yl} 

HN 'sopropyl)-amide 

HN \ 
NH2  h 

~ ~ N -2-Methyl-propane-i

s' S 0 sulfuric acid (3- {6-anino
I27N N 8-[6-(lH-pymazol-3-yl)

( benzo[1,3]dioxot-5

HN ylsulfanyl]-purin-9-yl) 
HN IS02propyl)-amide 

HN x 

NH2  j 

N~ Cyclupropanesulfonic acid 
> I (3-f{6-amino-8-[6-(1H

1C-28 N pyrazol-3-yl)
benzo[l,3]dioxol-5

ylsulfanyl]-purin-9-yl} 
HN 1 02propyl)-amide 

N N N 3-{6-Amino-8-[6-(lH

IC2 N / 0 pyrazol-3-yl)
lC-29 N benzo[1,3]dioxol-5

o ylsulfanyl]-purin-9-yl} -N
HN isopropyl-propionamide 

H \ , 

NH , N - 3-{6-Amnino-8-[6-(lH
I \a / 0 pyrazol-3-yl)

1C-30 N N benzo[l,3]dioxol-5
0ylsulfanyl] -purin-9-y} -N

o ethyl-propionamnide 
N 

-. NH - 3-{6-Amino-8-[6-(1H
S /0 pyrazol-3y) 

IC-31 N N benzo[1,3]dioxol-5
0ylsulfanyl]-purin-9-yI}-N

o methyl-propionamide
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Compound No. Structure Name 
HN- X 

NH2  N ~ 3-{6-An-ino-8-[6-(1H

1C-3 ~ 1 2-S / 0pyrazol-3-yl)
IC32N N 0 benzo[1,3]dioxol-5

0 ylsulfanyl]-purini-9-yl} 

o propionamide 

HN \ 

NH2  n 
N '- N -3-{6-Amino-8-[6-(1H

K S~ /0 pyrazol-3-yl)
IC-33 N N 0benzo[1,3]dioxol-5

o ylsulfanyl]-purin-9-yl} -N
0N tert-butyl-propionamide 

HN-" 

NH2  p 
N IN -3- {6-Aminlo-8-[6-(1H

I /-3 No pyrazol-3-yl)
lC-34N N ~benzo[1,3]dioxol-5

ylsulfanyl] -puriol-9-yll -N
H N_ isobutyl-propioniamide 

HN\ 
NH2  k 
N N- 3 -{f6-Amnino-8 -[6-(1 H

0C3 pyrazol-3-yl)
1C-3 '~ ~2'S ~benzo[1,3]dioxol-5

o ylsulfany1] purin-9-yl).-N

HN-\ 

NH2  ~j 
N N NN-(2-{(6-Amino-8-[6-(1H

\C3 / 0 pyrazol-3-yl)
1C-3 N Nbenzo[l,3]dioxol-5

NH ylsulfanyl]-purin-9-yl} 

o ethyl)-isobutyramide 

HN\ 

NHN N-(2-{(6-Arnino-8-[6-(1H
I ~ S ~/0 pyrazol-3-yl)

1 C-37 ~ N N )benzo[l,3]dioxol-5
ylsulfanyl] -purin-9-y} 

NH ethyl)-propionarnide 
0= 

H N\ 
NH2  N-2 {-mno8[6-H 

S s pyrazol-3-yl)
1C-30-N benzo[1,3]dioxol-5

NH ylsulfanyl]-purin-9-yl}
0 NH ethyl)-acetamide
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Compound No. Structure Name 

NH-2  j-N-(2-{6-Amino-8-[6-(1H

N ( N - pyrazol-3-yl)
N /N benzo[1,3]dioxol-5

ylsulfanyl]-purin-9-yl} 

NH ethyl)-formamnide 

HN N\ 
NH2  N ~ N-(2- {6-Amino-8-[6-(1H

N( - \>a\/~pyrazol-3-yl)
1C40N N benzo[1,3]dioxol-5

I C-40ylsulfanyl]-puriin-9-yl} 

NH ethyl)-2,2-dimethyl

o1-x propionamide 

HN N\ 
NH2  N ~ N-(2-{6-Anuino-8-[6-(1H

NI -S-]] / pyrazol-3-yl)
IC-41 N N benzo[1,3]dioxol-5

ylsulfanyll-purin-9-yi) 
NH ethyl)-3-methyl

o1- butyramide 

HN N, 
NH2 N Cyclopropanecarboxylic 

N' - N acid (2-{6-amino-8-[6

NC4 N 0 (1H-pyrazol-3-yl)
1C-42benzo[1,3]dioxol-5

NH ylsulfanyl]-purin-9-yl} 
o ethyl)-amnide 

HN N 
NH2  N- N-(3- f6-Amino-8-[6-(lH

1C-43 N N~benzo[1,3]dioxol-5
ylsulfanyl]-purin-9-yl} 

HN propyl)-2,2-dimethyl
oN propionamide 

NH
2  N

NH / 5pyrazol-3-yl)
I1C-44 0 benzo[1,3]dioxol-5

ylaulfanyl]-p-rin-9-y} 
H propyl)-iaobutyramide
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Compound No. Structure Name 
HN N 

NH2  N Cyclopropanecarboxylic 

s 0 acid (3-{6-amino-8-[6

C-45 N N a(H-pyrazol-3-yl)
benzo[1,3]dioxol-5

NH ylsulfanyl]-purin-9-yl}
O propyl)-amide 

HN 

NH2  NN-(3-{6-Amino-8-[6-(1H

)S 0 pyrazol-3-yl)
1C46 N 9) benzo[1,3]dioxol-5

ylsulfanyl]-purin-9-yl}

NH propyl)-2-hydroxy
o OH propionamide 

HN 

NH2  Acetic acid 1-(3-{6-amino
N s 8-[6-(1H-pyrazol-3-yl)

1C-47 N N > benzo[1,3]dioxol-5
ylsulfanyl]-purin-9-yl} 

NH propylcarbamoyl)-l
Ac methyl-ethyl ester 

HN 

NH2  N-(3-{6-Amino-8-[6-(1H
N / o pyrazol-3-yl)

1C-48 N 0benzo[l,3]dioxol-5
ylsulfanyl]-purin-9-yl} 

NH propyl)-2-hydroxy-2
o OH methyl-propionamide 

HN N 
NH 2  N' 

N 
N N-S \ / N-(3-(6-amino-8-((5

1C-49 N N methoxy-2-(lH-pyrazol-3
yl)phenyl)thio)-9H-purin

HN 9-yi)propyl)pivalamide 
0 

Table ID lists specific examples of additional compounds within this embodiment. In each 

of the structures as drawn therein, X2 is a nitrogen and oxygen-containing heteroaryl group, 

specifically an oxazolyl group, and X4 is H. Corresponding structures in which X2 is a different 

5 nitrogen and oxygen-containing optionally substituted aryl group are within the scope of the 

disclosure, In each of the structures in Table 1D, Y is S and X4 is H. However, corresponding 

structures in which Y is CH2 and/or X4 is F, Cl, Br, or I are also within the scope of the disclosure.
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Additionally, in connection with each of the structures in Table 1D, corresponding structures in 

which X2 is a nitrogen and oxygen-containing optionally substituted aryl group different from 

optionally substituted oxazolyl, Y is CH 2, and/or X4 is F, Cl, Br, or I are also within the scope of the 

disclosure.  

5 Table ID 

Compound No. Structure Name 

NH2  o 
N ~ N 2-(6-amino-8-((6-(oxazol

N 0 2-yl)benzo[d][1,3]dioxol
ID-1 N)5-yl)thio)-9H-purin-9-yl)

N-isopropyl
H 02 ethanesulfonamide 

HN 

NH2  o' 

N N 2-(6-amino-8-((6-(oxazol

1D-2 N , N 2-yl)benzo[d][1,3]dioxol
N N 5-yl)thio)-9H-purin-9-yl)

N-ethylethanesulfonamide 
HN 

NH NH2 N 2-(6-amino-8-((6-(oxazol

N1 \>s 0 2-yl)benZo[d][1,3]dioXOl
1D-3 N N 5-yl)thio)-9H-purin-9-yl)

N
S02 methylethanesulfonamide 

HN 

NH2  O' 

N2N N 2-(6-amino-8-((6-(oxazol
1D-4 N - / 2-yl)benzo[d][1,3]dioxol

N 5-yl)thio)-9H-purin-9
yl)ethanesulfonamide 

,502 
H2 N 

NH rN 
NH2  o' 

NH N \ 2-(6-amino-8-((6-(oxazol
) - 0 2-yl)benzo[d][1,3]dioxol

iD-5 5-yl)thio)-9H-purin-9-yl)
N-(tert

H S02 butyl)ethanesulfonamide
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Compound No. Structure Name 

NH2  o 

N 2-(6-anmino-8-((6-(oxazol
N N 2-yl)benzo[d][l,3]dioxol

1D-6 05-yl)thio)-9H-purin-9-yl)

,S02 N
HN I2isobutylethaniesulfonamide 

NI-H o 
N 'l- N> 2-(6-amino-8-((6-(oxazol

S\s- 0 2-yl)benzo[d][l,3]dioxol
ID-7 N Sy~hu-Hprn9y) 

N-cyclopropyl
H SO2  ethaneaulfonamide 

H N 

N2  o 
N ' N 0 N-(2-(6-amino-8-((6

> \- / (oxazol-2

lD-9 N N 03 yl)benzo[d][1,3]dioxol-5
yl)thio)-9H-purin-9

,NH yl)ethyl)propane-2
02S \-sulfonamide 

'N N-(2-(6-amino-8-((6

N "' N -(oxazol-2

ID9N N 3yl)benzo[d][1,3]dioxol-5

yl)ethyl)ethane-2
02 N sulfonamide 

NH2  ~/N-(2-(6-amino-8-((6
N "'N - (oxazol-2

\ / _ 0 yl)benzo[d][1,3]dioxol-5
iD- N yl)thio)-9H-purin-9

NH yl)ethyl)methane-2
029 N sulfoniamide 

NH2  o 
N 2 N-(2-(6-amino-8-((6

\ / (oxazol-2
D-lN N o yl)benzo[d][l,3]dioxol-5

0 yl)thio)-9H-purin-9
NH yl)ethyl)-2-methylpropane

029 2-sulfonamiide
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Compound No. Structure Na-me 

NH2  o' 
NHN N-(2-(6-amino-g-((6

N,2S (oxazol-2

ID-12 ' 4N) yl)be-nzo[d][l,3]dioxol-50 yl)thio)-9H-purin-9
NH yl)ethyl)-2-methylpropanie

OS' 2-sulfmnamide 

NH N N-(2-(6-amino-8-((6
- \ / (oxazol-2

ID-13 N Nyl)benzo[d][1,3]dioxol-5
yl)thio)-911-puri.-9

NH yl)ethyl)-2-methylpropane
02S 1- -sulfonamide 

N2 ~ -(2-(6-mn8(( 

1D14N N 0 (oxazol-2 
KN yl)benzo[d][1,3]dioxol-51D-14yl)thio)-9H-purin-9

0SNH yl)ethyl)cyclopropanc
02S sulfonamide 

NH2  o 
NN- N - 3-(6-amino-8-((6-(oxazol

\ 0 N N Q 2-yl)benzo[d][1,3]dioxol
ID-15 0- 5-yl)thio)-911-purin-9-yl)

N-isopropylpropane-1 
02S sulfonamide 

NH 

NH2 

NN N 3-(6-amino-8-((6-(oxazol

$ N-ethylpropane-1 
O2~ sulfonamide 

NH 

NH2  0 / 

N 3 3(-mn-8-((6-(oxazollD-17N 5(-ylmtioHprn9y 
, N>-s 0 2-yl)benzo[d][l,3]dioxol

$ N-methylpropasie-1
O2~ sulfonamide 

NH
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Compound No. Structure Name 

NH2  o 

iD-iS N N 2-yl)benzo[d][1,3]dioxol
0 5-yl)thio)-9H-purin-9

yl)propane-1 -sulfonamide 
02 ' 

NH2 

N2  0 1 

N N - 3-(6-amrino-8-((6-(oxazol
\ /-- 0 2-yl)benzo[d][1,3]dioxol

1D-19 KN N-j 5-yl)thio)-9H-purin-9-yl)

N-(tert-butyl)propane- 1 
sulfonamfide 

NH2  
e" 

N \ 3-(6-arniina-8-((6-(oxazol
N N 2-yl)beno[d][1,3]dioxol

1D-20 5-yl)thio)-9H-purin-9-yl)
N-isobutylpropane-1I

o2s sulfonamide 
HN-> 

e"N 
NH2  0'/ 

N .N -3-(6-amino-8-((6-(oxazol

>- \ 0 2-yl)benzo[d][1,3]dioxol
ID-21 N N )5-yl)thio)-9H-purin-9-yl)

N-cyelopropylpropane-1 
sulfonamide 

02 S 
HN-<__ _ _ 

NH2  
o/ 

N '~ N -N-(3-(6-amino-8-((6

N 0 (oxazol-2
1D-2 yl)benzo[d][1,3]dioxol-5

ID2K yl)thio)-9H-purin-9
HN yl)propyl)propane-2

H S02 sulfonamide 

NH 'N 

N 2~ N -N-(3-(6-arnino-8-((6

IL ,>-S / 0(oxazol-2

1D-23 N N 0) yl)benzo[d][1,3]dioxol-5
yl)thio)-9H-purin-9

HN yl)propyi)ethane
HN sulfonamide 

SO2
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Compound No. Structure Name 

2  0/N-(3-(6-amino-8-((6

NN \ / 0(oxazol-2

D-4N N yl)benzo[d][1,3]dioxol-51D-2 0- yl)thio)-9H-purin-9
HN yl)propyl)methane-2
HN sulfonamide 

502 

NH 2  0 /N-(3-(6-amino-8-((6

- \>- / 0 (oxazol-2
N N )yl)benzo[d][1,3]dioxol-5

ID-25 yl)thio)-9H-purin-9

HN yl)propyl)-2
HN, somethylpropaine-2

SO2  
sulfonamide 

2 N N-(3-(6-amnino-8-((6
N\ _~ (oxazol-2 

N N A yl)benzo[d][l,3]dioxol-5
ID-26 0 yl)thio)-91{-purin-9

HN yl)propyl)-2
HN rmethylpropane-2

so sulfinamide 

NH2 N0 / N-(3-(6-amino-8-((6

N '~ N -(oxazol-2

N N / Ano~j13dixl5 
1D-27 yl)thio)-9H-purin-9

HN yl)propyl)-2
HN, methylpropane-l

0O2  sulfonamide 

NH2  0' 

N 6' NN, N-(3-(6-amino-8-((6
% \ 0 (oxazol-2

1D-28 N N Ayl)benzo[d][l,3]dioxol-5
yl)thio)-9H-purin-9

yl)propyl)cyclopropan
H So2  sulfonamide 

NH2  0~ 

N /N0 3-(6-amino-8-((6-(oxazol-2

ID-29 N N Ayl)benzo[d][l,3]dioxol-5
yl)thio)-9H-purin-9-yl)-N

HN isopropyipropanamide
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Comnpound No. Structure e Name 

NH Y 4N 3-(6-amino-8-((6-(oxazol

1D -/O N 2-yl)beozo[d][1,3]dioxol-5

o ethyipropanamide 

NH2  o 
N 3-(6-amino-8-((6-(oxazol

\> N 0 2-yl)benzo[d][1,3]dioxot
ID3o 5-yl)thio)-9H-purin-9-yI)

o N-methylpropanamide 
HN 

NH2  
o' 

N 2 3-(6-amino-8-((6-(oxazol
1D-32 \/0 2-yl)benzo[d][1,3]dioxol

N N )5-yl)thio)-9H-purin-9

o 0 yl)propionamide 
H2N 

N2  o0 
N - 3-(6-amiino-8-((6-(oxazol

ID-33 N N -32-yl)berrzo[d][t,3]dioxol
5-yl)thio)-9H-purin-9-yl)

HN N-(tert-butyl)propanamide 

NH2 
N 0 

N 3-(6-amino-8-((6-(oxazol
1D-34 N N 2-yl)benzo[d][1,3]dioxol

05-yl)thio)-9H-purin-9-yl)

Co N-isobutylpropanamide 
HN__ 

NH2  N 

ID-35 N Nyl)benzo [d] [1,3] dioxol-5 

yl)thio)-9H-purin-9-yl)-N

HN cyclopropyipropanamide
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Compound No. Structure Name 

NH2  o 
N - N N-(2-(6-amioo-8-((6

\ N o (oxazol-2
ID-36 N Nyl)benzo[d][1,3]dioxol-5

NH yl)thio)-9H-purin-9
NH yl)ethyl)isobutyraniide 

NH2  (" 

N 2 N, 0- N-(2-(6-amino-8-((6

,D-7 - >_S / 0 (oxazolb2
ID-37N , O' yl)benzo[d][i,3]dioxol-5

yl)thio)-9H-purin-9
NH 0 ~ ty~poinmd 

NHN 

N ' 0N N-(2-(6-amino-8-((6
tD-38 _ s\ 0 (oxazol-2
I-8N N 3yl)beozo[d][1,3]dioxol-5

yl)thio)-9H-purin-9

NH yl)ethyl)acetamide 

NH N N-(2-(6-amino-8-((6

ID-39 N NyI)benzo[d][1,3]dioxol-5

0 yl)thio)-9H-purin-9
NJH yl)ethyl)formamide 

0--/ 

NH e N N-(2-(6-amino-8-((6
1D-40 4,~S (oxazol-2
140N N 3yl)benzo[d][1,3]dioxol-5

yl)thio)-9H-purioi-9
NH yl)ethyl)pivalamide 

NHN N2  0 N-(2-(6-amino-8-((6

1D-41 N N 3y1)benzo~d][1,3]dioxol-5
yl)thio)-9H-purin-9

NH yl)ethyl)-3
0= < methylbutanamide
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Compound No.- Structure Name 
NH2  oN-(2-(6-amino-8-((6

N, 
1~ s- ~ o(oxazol-2

N N )yl)benzo[d][1,3]dioxol-5
1D-420 ( yl)thio)-9H-purin-9

NH yl)ethyl)cyclopropane
0 carboxamide 

NH2 N N-{(3-[6-Amino-8-(6

lD-43 No oxazol-2-yl
ylsulfanyl)-purin-9-yl]

HN propyl}-2,2-dimethyl

a, propionamide 

NH2  
N 

N N s N-(3-[6-Ainino-g-(6
N- N' 4 0 oxazol-2-yl

1D-44 2benzo[1,3]dioxol-5
HN~ ylsulfanyl)-purin-9-yl]
HN 0 propyll -isobutyramiide 

eN 
NH2  0 /Cyclopropanecarboxylic 

16j n-s 07 acid 3-[6-amino-8-(6
1D-45 N N 0 ) oxazol-2-yl

benzo[1,3]dioxol-S

NH ylsulfanyl)-purin-9-yl]
0 propyl}-amide 

NH eN 
2  /N- {3-[6-Amino-8-(6

~ i- ~ 0 oxazol-2-yl

ID-46 N N 7: bbenzo[1,3]dioxol-5
ylsulfanyl)-purin-9-yi]

'NH propyl}-2-hydroxy

o"I OH propionamide 

NH N 
NH z Acetic acid 1-{3-[6-amino

~ '~ ~$- ~ 0 8-(6-oxazol-2-yl
ID-4 N Nbenzo[1,3]dioxol-5
1D-4 N Nylsulfanyl)-purini-9-yl]

'NH propylcarbamoyl} 
AC methyl-ethyl ester
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Compound No. Structure Name 

NH NH2  N-{3-[6-Amino-8-(6

)--s 0 oxazol-2-yl
14 o benzo[1,3]dioxol-5

1D-48 Nylsulfanyl)-purin-9-yl]

NH propyl)-2-hydroxy-2
oH methyl-propionamide 

NH2  0o N 

-s N-(3-(6-amino-8-((5

ND-49 N ' methoxy-2-(oxazol-2
yl)phenyl)thio)-9H-purin

HN 9-yl)propyl)pivalamide 
0 

Table 1E lists specific examples of additional compounds within this embodiment. In each 

of the structures as drawn therein, X2 is a nitrogen and sulfur-containing heteroaryl group, 

specifically a thiazolyl group, and X4 is H. Corresponding structures in which X2 is a different 

5 nitrogen and sulfur-containing optionally substituted aryl group are within the scope of the 

disclosure. In each of the structures in Table iE, Y is S and X4 is H. However, corresponding 

structures in which Y is CH2 and/or X4 is F, Cl, Br, or I are also within the scope of the disclosure.  

Additionally, in connection with each of the structures in Table IE, corresponding structures in 

which X 2 is a nitrogen and sulfur-containing optionally substituted aryl group different from 

10 optionally substituted thiazolyl, Y is CH 2, and/or X4 is F, Cl, Br, or I are also within the scope of 

the disclosure.  

Table lE 

Compound No. Structure Name 

NN 

NH2  S 

)- N 2-(6-amino-8-((6-(thiazol-2
1E1N N Of yl)benzo[d][1,3]dioxol-5

N- 0 yl)thio)-9H-purin-9-yl)-N
sN2 isopropylethanesulfonamide 

HN 

N2 S/ 

-N(N N 2-(6-amino-8-((6-(thiazol
IE-2 N O 2-yl)benZo~d][1,3]dioxol

5-yl)thio)-9H-purin-9-yl)
so2 N-ethylethanesulfonamide 

HN
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Compound No. Structure Name 

N2  s 
N '~ N -2-(6-amino-8-((6-(thiazol

I ~-S\ / 0 2-yI)benzo[d][1,3]dioxol
1E-3KN N5-yl)thio)-9H-purio-9-yl)

0 N

HN 02 methylethanesulfoinamide 

NH2  s 
N N -2-(6-amnino-8-((6-(thiazol

1E4, \ /S 0 2-yl)benzo[d][1,3]dioxol
oE4N - 5-yl)thio)-9H-purin-9

yl)ethanesulfoiinmide 
;S02 

H2N 
NH2  

a / 

N'- NN>_ 2-(6-amino-8-((6-(thiazol
N NS \ /- 0 2-yl)benzo[d][1,3]dioxol

1E-5 N0N ) 5-yl)thio)-9H-purin-9-yl)

0O2 
N-(tert

HN butyi)ethanesulfonamide 

NH2  s 

N N 2-(6-ami no-8-((6-thiazol

N N )2-yl)benzo[d][l,3]dioxol
1E-6 5-yt)thio)-9H-purin-9-yl)

,802 N
N S isobutylethanesulfonamide 

NH2  s' 

N >NN_ 2-(6-arnino-8-((6-(thiazol
,N s- \ / 0 2-yl)berrzo[d][1,3]dioxol

02 N-eyelopropyl
H ethanesulfonamide 

NH2  s 
N N N N-(2-(6-amino-8-((6

- \/ (thiazol-2 

1E-8 N N )yl)benzo[d][1,3]dioxol-5
yl)thio)-9H-purin-9

NH yl)ethyl)propane-2
OXS sulfonamide
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Compound No. Structure Name 

NH N N-(2-(6-amino-8-((6

N-1 'NN (thiazol-2

1E-9 N- :\>NS yl)benzo[d][l,3]dioxol-5
0 yl)thio)-9H-purin-9

NH yl)ethl)ethane-2
0 2 sNH sulfonamide 

NH2  ("NN-(2-(6-amino-8-((6

N N IN - (thiazol-2
1E-10 N \, / 0 yl)benzo[d][l,3]dioxol-5

N N 0o yl)thio)-911-purin-9

~NH yl)ethyl)methane-2
______________02S N sulfonamide 

NHN 

N 2N N-(2-(6-amino-8-((6
I '>-s\ / ~(thiazol-2

1E-11 N N oyl)benzo[d][1,3]dioxol-5
yl)thio)-9H-purin-9

,NH yl)etliyl)-2-methylpropane
0 2S 2-sulfonamide 

NH2  
ra 

N 'N N -N-(2-(6-amino-8-((6
\ / (thiazol-2

1E-12 N N yl)benzo[d][l,3]dioxol-5
yl)thio)-9H-purin-9

,NH yl)ethyl)-2-methylpropane
os 2-sulfmnamide 

NH2  s 
N 'N NI N-(2-(6-amino-8-((6

\> / 0 (thiazol-2

IE-13 N ,N yl)benzo[d][1,3]dioxol-5
yl)thio)-9H-purisi-9

,NH yl)ethyl)-2-methylpropane
0 2S,_ 1-sulfonamide 

NH2  
s\ 

N 2'N H N-(2-(6-an-ino-8-((6
>\ 5 (thiazol-2

1E-14 N N yl)benzo~d][1,3]dioxol-5
yl)thio)-9H-purin-9

NH yl)ethyl)eyclopropane
02 S sulfonamide
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Compound No. Structure Name 

NH2  s' 
N N / 3-(6-amino-8-((6-(thiazol

N N 2-yl)benzo[d][1,3]dioxol
IE-15 ) 5-yl)thio)-9H-purin-9-yl)

N-isopropylpropane-1I
02S sulfonamide 

NH 

NH2  a 
N N 3-(6-amino-8-((6-(thiazol

KN >S /0 2-yl)benzo[d][1,3]dioxot

$ N-etliylpropane-l
028 sulfonamide 

NH 

NH2  a 
N - H - 3-(6-amino-8-((6-(thiazol

1Ek1 N >- \ N / 0 2-yl)benzo[d][l,3]dioxol
lE-10N 5-yl)thio)-9H-purin-9-yl)

0 N-methylpropane-1

O2~ sulfonamide 
NH 

N2  a' 
N ~ N -3-(6-amino-8-((6-(thiazol> 

lB-18 'N N 0 2-yl)benzo[d][1,3]dioxol
oj 5-yI)thio)-9H-purin-9

yl)propane- 1 -sulfonamide 
02S 

NH2 

NH2  a' 
N N, 3-(6-aminio-8-((6-(thiazol

\/N 0 2-yl)benzo~d][1,3]dioxol
lE-19 N H 5-yl)thio)-9H-purin-9-yl)

N-(tert-butyl)propane-1
o~a~.NKsulfonamide 

NH2  a 
N- N 3-(6-amino-8-((6-(thiazol

N , N 0 2-yl)benzo[d][l ,3]dioxol
lB-20 3) 05-yl)thio)-9H-purini-9-yl)

N-isobutylpropane-l
0 2S, sulfonamide 

HN-
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Compound No. Structure Name 

NH2  Saz 

N N 3-(6-aminio-8-((6-(thiazol
N N > \,'0 2-yl)benzo[d][l ,3]dioxol

IE2 5-yl)thio)-91{-purin-9-yl)

N-cyclopropylpropane-1 
sulfonamide 02s 

N2  sz 

NN-(--amino-8-((6
o (thiazol-2

IE-22 NN yl)beuzo[d][1,3]dioxol-5
yl)thio)-9H-purin-9

HN ~ yl)propyl)propane-2
H SO2  sulfonamide 

NH2  
a! 

N s N-(3-(6-amino-8-((6
K - / 0(thiazol-2

IE-23 N N yl)benzo[d][l,3]dioxol-5
yl)thio)-9H-purin-9

HN yl)propyl)ethane-2
HN , sulfoniamide 

-- /s 

NH2  
a' 

N N N -N-(3-(6-amino-8-((6

\ /0 (thiazol-2
lE-24 N N 3- yl)benzo[d][1,3]dioxol-5

yl)thio)-9H-purin-9
HN yl)propyl)methane-2
HN , sulfonamide 

NH2  s 
N S N-(3-(6-amino-8-((6

(thiazol-2
N , Nyl)benzo[d][1,3]dioxol-5

lE-25 yl)thio)-9H-purin-9
HN yl)propyl)-2
HN, rmethypropane-2

S02  sulfonamide 

N2  S N-(3-(6-amino-8-((6

N ,N 3 yl)benzo[d][1,3]dioxol-5
lE-26 yl)thio)-9H-purin-9

HN yl)propyl)-2
HN, methypropane-2

0O sulfinamide
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Compound No. Structure Name 
( N 

NH2  N-(3-(6-amino-8-((6
N- ,_ ti712 

N N 1 6yl)benzo[d][1,3]dioxol-5
lE-27 0 yl)thio)-9H-purin-9

HN yl)propyl)-2
HN, methypropane-1

>jS0 2  
sulfonamide 

NH2  a 
NNN N-(3-(6-amino-S-((6

N / 0 (thiazol-2
IE-28 N0 - yl)benzo[d][1,3]dioxol-5

yl)thio)-9H-purin-9

HN 0yl)propyl)cyclopropan
'So2  sulfonamide 

<I 

NH2  
a' 

N-' - 3-(6-am-ino-8-((6-(thiazol.  
\ N/ 0 

1E-29 N,:N- 2-yl)beno[d][1,3]dioxol
0N 5-yl)thio)-9H-purin-9-yl)

0 N-isopropylpropanamide 

NH2  ' 
N ~-N -3-(6-amino-8-((6-(thiazol

lE-30 N N 2-yl)benzo[d][l,3]dioxol
o5-yl)thio)-9H-purini-9-yl)

O N-ethylpropanamide 
HN 

NH2  a 
N N -3-(6-amnino-8-((6-(thiazol

IE-31 6:/c 2-yl)benzo[d][l,3]dioxolo 5-yl)thio)-9H-purin-9-yl)

HN N-methylpropanamide 

NH S 3-(6-aminio-g-((6-(thiazol
lE-2 \/ 2-yl)benzo[d][l,3]dioxolIEN N 5-yl)thio)-9H-purin-9

0O yl)propanamide 

H2
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Compound No. Structure Name 

NH2  s/ 

1E-33 N N )2-yl)benzo[d] [1,3]dioxol
HN 0 5-yl)thio)-9H-purin-9-yl)

o N-(tert-butyl)propanamide 

NH, s'N 

N N N 
\ / 3-(6-aniino-8-((6-(thiazol

IE-34 N N )2-yI)benzo[d][1,3jdioxol
o5-yl)thio)-9H-purin-9-yl)

0o N-isobutylpropanamide 
HN,_ 

NH2  s 
3-(6-amnino-8-((6-(thiazol

1E-35 N : 62-yl)benzo[d] [1,3]dioxol
1E-5 N N o 5-yl)thio)-9H-purin-9-yl)

o N
HN cyclopropylpropanamide 

NH2  s 
N N - N-(2-(6-amino-g-((6

\ / 0 (thiazol-2
IE-36N N )yl)benzo[d][1,3]dioxol-5

NH yl)thio)-9H-purin-9
NH yl)ethyl)isobutyramide 

NH2  
a' 

N- 2NN N-(2-(6-amnino-8-((6
1E-7 K~ S /0 (thiazol-2

I37N N )4 yl)benzo[d][ 1,3]dioxol-5
0 yl)thio)-9H-purin-9

NH yI)ethyl)propionamide 
0= 

NH-] a / 

N '9N N-(2-(6-amino-8-((6
N(E-38 N \>-s 0 (thiazol-2

NE3 N _A yl)benzo[d][ 1,3]dioxol-5
yl)thio)-9H-purin-9

NH yl)ethyl)acetamide 

NH2  (NN-(2-(6-amino-8-((6

N 'N N (thiazol-2
NE3 N A,4 yl)benzo[d][1,3]dioxof-5

0 yI)thio)-9H-purin-9
NH yl)etliyl)fonmamide 

__________________ 0--_____________
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Compo-und No. Structure Name 

NH2 
N 2 N-(2-(6-amino-8-((6

1E-0 - a \ / C (thiazol-2
N N y1)benzo[d][1,3]dioxo1-5

0 ~yl)thio)-9H-purini-9
NH yl)ethyl)pivalamide 

NHN N -N-(2-(6-amino-8-((6

1E-4 K ~ ~/ ~(thiazol-2
N 0 yl)benzo[d][l,3]dioxol-50 yl)thio)-9H-purin-9

NH yl)ethyl)-3
O0L methylbutanamide 

NH2  N 
NHN N -N-(2-(6-amino-8-((6

K - \ 0 (thiazol-2
1E-42 N Nyl)benzo[d][1,3]dioxol-5

NH yl)thio)-9H-purin-9
NH yl)ethyl)cyclopropane

carboxamide 

N N S 
H N N -N-{3-[6-Amino-8-(6

\ N 0 thiazol-2-yl
IE-43 111benzo[1,3]dioxol-5

ylsulfanyl)-purin-9-yl]
HN propyL) -2,2-dimethyl

o propionamide 

NH2  N 

N- \ N-{3-[6-Amino-8-(6
N N s 0thiazol-2-yl

IE-44 benzo[1,3]dioxol-5
ylsulfanyl)-purin-9-yl]

HN ~ propyl I-isobutyramide 

NH N - Cyclopropanecarboxylic 

NC , \-s 0 acid {3-[6-arnino-8-(6
1E-45 N N thiazol-2-y1

benzo[1,3]dioxol-5
NH ylsulfanyl)-purin-9-yl]

propyl} -amide
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Compound No. Structure Name 

NH2  
5/ N2 N N-{3-[6-Amino-8-(6

N )">-- s / 0 thiazol-2-yl
E46 benzo[1,3]dioxol-5

ylsulfanyl)-purin-9-yl]
NH propyl}-2-hydroxy

o OH propionamide 

NH 8 Acetic acid l-{3-[6-aminoN 

N 0 8-(6-thiazol-2-yllE-47 N N benzo[1,3]dioxol-5
ylsulfanyl)-purin-9-yl]

NH propylcarbamoyl -1
o Ac methyl-ethyl ester 

NH
2  a 6 N-{3-[6-Amino-8-(6

)-- 0 thiazol-y
IE-48 Obenzo[1,3]dioxol-5

ylsulfanyl)-purin-9-yl]
NH propyl}-2-hydroxy-2

o OH methyl-propionamide 

NH 
NH2  S 

N N-S N-(3-(6-amino-8-((5

IE-49 N- methoxy-2-(thiazol-2
yl)phenyl)thio)-9H-purin

HN 9-yl)propyl)pivalamide 
0 

Table IF lists specific examples of additional compounds within this embodiment. In each 
of the structures as drawn therein, X2 is an oxygen-containing heteroaryl group, specifically a 
furanyl group, and X4 is H. Corresponding structures in which X2 is a different oxygen-containing 

5 optionally substituted aryl group are within the scope of the disclosure. In each of the structures in 
Table IF, Y is S and X4 is H. However, corresponding structures in which Y is CH 2 and/or X4 is F, 
Cl, Br, or I are also within the scope of the disclosure. Additionally, in connection with each of the 
structures in Table IF, corresponding structures in which X2 is an oxygen-containing optionally 
substituted aryl group different from optionally substituted furanyl, Y is CH 2, and/or X4 is F, Cl, Br, 

10 or I are also within the scope of the disclosure.  

Table IF 

Compound No. Structure Name
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Compound No. Structure Name 

N N N 2-(6-amino-8-((6-(furan-2
0 N> yl)benzo[d][1,3]dioxol-5

1F-i N yl)thio)-9H-purin-9-yl)-N
isopropyl

HN S02 ethanesulfonasnide 

NH2  0 
N'--,CN, -2-(6-amino-8-((6-(furan-2

IF-2 N Nyl)benzo[d][,3]dioxol-5
1F0 yl)thio)-9H-purin-9-yl)-N

ethylethanesulfonamide 
HN 

NH2  0 

I',-" >2-(6-amino-8-((6-(furan-21 s--
IF-3 N N 0yl)benzo[d][1,3]dioxol-5

yl)thio)-9H-purin-9-yl)-N
methylethatiesuifonamide 

HN 

NH2 
N NN 2-(6-amino-8-((6-(faran-2

lF-4 Io yl)benzolld][l,3]dioxol-5
o yl)thio)-9H-purin-9

yl)ethanesulfonarnide 
S02 

H2N 

N N 2-(6-amino-8-((6-(firan-2
N~ N \>/_ yl)benzo[d][t,3]dioxol-5

lF-5 N3o yl)thio)-9H-purin-9-yl)-N

,S02  (tert
HN 'S02butyl)ethanesulfonamide 

NH2  0 

\ o 2-(6-amino-8-((6-(furan-2
IF-6 N o yl)benzo[d][1,3]dioxol-5IF-6 0yl)thio)-9H--purin-9-yl)-N

HN S02 isobutylethanesulfonamide
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Compound No. Structure Name 

N-'N 2-(6-amino-8-((6-(furan-2
N N yt)benzo~d][1,3]dioxol-5

cyclopropyl
HN $02ethanesulfonamide 

NH2N N-(2-(6-amino-8-((6\ /,> 0 (furan-2 
lF-8 N N Osyl)benzo[d][l,3]dioxol-5

yI)thio)-9H-purin-9
INH yl)ethyl)propane-2

0 2S 'I-sulfonamide 

NH2  N-(2-(6-amino-8-((6
NN (furan-2 

lF-9 KN _N > yl)benzo[d][l,3]dioxol-5
yl)thio)-911-pisrin-9
yl)ethyl)ethanie-2

0NH sulfonamide 

NH2  0/N-(2-(6-aminio-g-((6
N '*~ N (furan-2 

IF-10 N 2- N yl)benzofd][1,3]dioxol-5
N N yl)thio)-9H-purin-9

,NH 0yl)ethyl)methane-2

0 NH sulfonamiide 
N2 S 

N ~ N -N-(2-(6-arnino-8-((6

- \ / 0_ (furan-2
IF-l1N1 - yl)benzo[d][l,3]dioxol-5

NH yl)thio)-9H-purin-9
02S )qHyl)ethyl)-2-methylpropane

02S 2-sulfonamide 

NH2N N-(2-(6-amino-8-((6
\ / 0> (furan-2

iF-12 ~ N N yl)benzo[d][l,3]dioxol-5

NH 0 yl)thio)-9H-purin-9
,NH yl)ethyl)-2-methylpropaneos 2-sulfinamide
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Compound No. Structure Name 

NH2N N-(2-(6-amino-8-((6
N -- (furan-2

1F-3 N N yl)benzo[d][1,3]dioxol-5
IF1 yl)thio)-9H-purin-9

NH yl)ethyl)-2-methylpropane
02 S 1-sulfonamide 

NH2N N-(2-(6-amino-8-((6
1K- )~s / 0(furan-2

IF-14 N Nyl)benzo[d][l,3]dioxol-5

yl)thio)-9H-purin-9
,NH yl)ethyl)eyclopropanle

0 2 S '5sulfoniamide 

N 2 ,:N 3-(6-amino-8-((6-(furan-2

IF-1 N Nyl)benzo[d][1,3]dioxol-5
lF-152 O ~ yl)thio)-9H-purin-9-yl)-N) isopropylpropane-l

025 sulfonamide 
NH 

N' N > 3-(6-amino-8-((6-(furan-2
\ /N yl)benzo[d][1,3]dioxol-5

IF-16 N3 yl)thio)-9H-purin-9-yl)-N$ ethylpropane-l
025~ sulfonamide 

NH 

NH2  a 
N- > 3-(6-amino-8-((6-(furan-21K. ~5 \ / 0 yl)bcnzo[d][1,3]dioxol-5

IF-17 N Nyl)thio)-9H-purin-9-yl)-N$ methylpropane-l
02~ sulfonamide 

NH 

NHI:- N, 3-(6-amino-8-((6-(furan-2

IF-18 :C Nyl)benzo[d][l ,3]dioxol-5
1F-18 Nyl)thio)-9H-purin-9

yl)propanle-l -sulfonamide 
023 

NH2
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Compound No. Structure Name 

Nl- N,3-(6-amino-8-((6-(furan-2
NC2 / 0 yl)benzo[d][1,3]dioxol-5

1F-19 N N) yl)thio)-9H-purin-9-yl)-N$ (tert-butyl)propanie-l
j sulfonamide 

NH2 

N- /N0 3-(6-amino-8-((6-(furan-2
N N yl)benzo[d][1,3]dioxol-5

IF-20 0yl)thiio)-9H-purin-9-yl)-N

isobutylpropane-1
0 2 S sulfonamide 

NH2  3-(6-amino-8-((6-(fisran-2

N yl)benzo[d][l,3]dioxol-5
IF-21 NH yl)thio)-9H-purin-9-yl)-N

cyclopropylpropane-lI 
sulfonam-ide 

02S 

N-< 

N ~ N -N-(3-(6-amino-8-((6

N (furan-2

1F-22 'NHN yl)benzo[d][1,3]dioxol-5
yl)thio)-9H-purin-9

HN yl)propyl)propane-2
H'so2  sulfonamide 

N H"N N-(3-(6-amino-8-((6
\>/_ (furan-2

IF-23 N N )yl)benzo~d][1,3]dioxol-5
yl)thio)-9H-purin-9

NN o yl)propyl)ethane-2
HN, sulfonamide 

NH2N N-(3-(6-amino-8-((6
\ / 0(furan-2

1F-24 N N )yl)benzo[d][1,3]dioxol-5
yl)thio)-9H--purin-9

yl)propyl)meth-n-2
HSO sulfonamide 
/ 0
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Compound No.- Structure Name 

IH 
N-(3-(6-amino-8-((6

\ / C(furan-2
N N yl)benzo[d][1,3]dioxol-5

IF-25 yl)thio)-9H-purin-9
HN~ yl)propyl)-2
HN 'somethylpropane-2

502 sulfonamnide 

N N N N-(3-(6-amino-8-((6
IL N '>_ \/ (ftiran-2

IF-26 N Nyl)benzo[d] [1,3]dioxol-5
yl)thio)-9H-purin-9

NN yl)prcopyl)propane-2
HN'so sulfinamnide 

NH2  ~ /N-(3-(6-amino-8-((6
\ / Q(furan-2

N N yl)benizo[d][1,3]dioxol-5
IF-27 N2 yl)thio)-9H-purin-9

HN yl)propyl)2
HN methylpropane-1

SO02  
sulfonamide 

NN N N-(3-(6-amiino-8-((6
, /N (furan-2

NF N yl)benzo[d][l,3]dioxol-5
lF-28yl)thio)-9H-purin-9

HNyl)pro~pyl)cyclIopro~pane
HN'So2  sulfonamide 

<I 

NH2  0 

\ / 3-(6-amino-8-((6-(furan-2
IF-29 N N % yl)benzo[d] [1,3]dioxol-5

0 yl)thio)-9H-purin-9-yl)-N
o isopropyipropanamide 

NH2  0 

N N N -3-(6-amino-8-((6-(furan-2

\/0 yl)benzo[d][1,3]dioxol-5
1F-30N yl)thio)-9H-purin-9-yl)-N

NH ethyipropanamide
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Compound No. Structure Name 

NH2  0 

N '~ N -3-(6-amino-8-((6-(furan-2
. \\ / 0 yl)benzo[d][1,3]dioxol-5

1F-3 1 N N 0yI)thio)-9H-purin-9-yl)-N

HN methyipropanamide 

NH2  0 3-(6-amino-8-((6-(furan-2

N1F.3N - yl)benzo[d][1,3]dioxol-5 
M N Nlti)9Hprn9 

o 0 yl)propanamide 

NH2  0 

N ~ ~ 3-(6-amino-8-((6-(fiuran-2N-,N 

1F-33 N ,N 0 yl)benzo[d][1,3]dioxol-5
0yl)thio)-911-purin-9-yl) -N

o (tert-butyl)propanami de 
HNX 

NH2  0 

N,N_ - 3-(6-amino-8-((6-(furan-2
1F-34 N N % 6yl)benzo[d][1,3]dioxol-5

0yl)thio)-9H-purin-9-yl)-N

o isobutyipropanamide 

NH2  0 

\ / CN\ -(6-an-ino-8-((6-(furan-2
N N % ) yl)benzo[d][1,3]dioxol-5

IF-35 ojyl)thio)-9H-purin-9-yl)-N

HN cyclopropyipropanamide 

HN 

NH2N N-(2-(6-amino-8-((6

-3 / 0 (furan-2
IF-6N N o 1  yl)benzo[d][1,3]dioxol-5

NH yl)thio)-9H-purini-9
NH yl)ethyl)isobutyramide 

NH2  0/N-(2-(6-amino-8-((6

~N (furani-2
1F-37 N ,N yl)benzo[d][1,3]dioxol-5

yl)thio)-9H-purin-9

0 NHyl)ethyl)propaaide
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Compound No. Structure Name 

N -HN N-(2-(6-amino-8-((6
I !rn -S (furan-2

1F-38 'N N )yl)benzo[d]II1,3]dioxol-5
yl)thio)-9H-purin-9

NH yl)ethyl)acctamide 

NH2  o /N-(2-(6-amino-8-((6
N' N -(ua-2

0H 
yl)thio)-9H-pu 

fin-9

NH yl)ethyl)formamide 

NH2N N-(2-(6-amino-8-((6
NF-4 -N,/_, (furan-2

140N N % t yl)beozo[d]Ijl,3]dioxol-5
y1)thio)-9H-purin-9

NH yl)ethyl)pi-valamide 

0 

NH2  0/N-(2-(6-amino-8-((6

0- N (furan-2
1F41N N yl)benzo[d][1,3]dioxol-5IF-41 yl)thio)-9H-purini-9

NH yl)ethyl)-3
o methylbutanamide 

NH2N N-(2-(6-amino-8-((6
~ >_s\ (faran-2

IF-42 N Nyt)benzo[d][1,3]dioxol-5
yl)thio)-9H-purin-9

NH yl)ethyl)cyclopropane
0 carboxamide 

N '-. N -0 2-(6-amino-g-((6-(5
- /0 methylfuran-2

IF-43 NN >_ 0 yl)benzo[d][1,3]dioxol-5
yl)thio)-91{-purin-9-yl)-N

o0 isopropyl
HN ethanesulfonamide
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Compound No. Structure Name 

NH2  
I 

N '~ N -2-(6-amino-8-((6-(5

IL -S / methylfuran-2
IF-44 N N ojyl)benzo[d][1,3]dioxol-5

0yl)thio)-9H-purin-9-yl)-N

,S02  ethylethanesulfonamide 
HN 

NH2  2-(6-amino-8-((6-(5

d' 'k> ~ 0 methylfuran-2
1F-45 N N )yI)henzo[d] [1,3]dioxot-5

0yl)thio)-9H-purin-9-yl)-N

HN 02  
methylethanesulfonamide 

NH2  0 / 2-(6-amino-8-((6-(5

1F-46N IL N>s\ methylfuran-2
I46N ,N>yl)benzo[d][1,3]dioxol-5

yl)thio)-9H-purin-9
,so. yl)ethanesulfonamide 

H2N 

N "HN 2-(6-amino-8-((6-(5
IL ~ -S \/ ~methylfuran-2

1F-47' N Na yl)benzo[d][1,3]dioxol-5
1F-4 0- yl)thio)-9H-purin-9-yl)-N

;SO2  
(tert

HNN butyl)ethanesulfonamnide 

NH2  

J'- / - 2-(6-amino-8-((6-(5
N methylftsran-2

IF-48 0yl)benzo[d][jl,3]dioxol-5
;$02 yl)thio)-9H-purin-9-yl)-N

HN isobutylethanesulfonaniide 

NH2- N - 2-(6-amnino-8-((6-(5
fl/ 0 methylfoiran-2

IF-49 NN' yl)benzo[d][l,3]dioxol-5
yl)thio)-9H-purin-9-yl)-N

,S0 2  cyclopropyl
HN >ethanesulfoniamide
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Comnpound No. Structure Name 

NI-12N N-(2-(6-amnino-8-((6-(5
I> / 0 methylfuran-2

)F5 yl)benzo[d][1,3]dioxol-5
0 yl)thio)-9H-psirin-9

NH yl)ethyl)propane-2
02S 1 sulfonamide 

NH2  o/N-(2-(6-amino-8-((6-(5
N '-N - methylfuran-2

IF-51 N N yI)benzo[d][1,3]dioxol-5
0 yl)thio)-9H-purin-9

NH yl)ethyl)ethane-2
0 2s N sulfonamide 

NH2  / N-(2-(6-amino-8-((6-(5
- methylfaran-2

IF-52 N N yl)benzo[d][1,3]dioxol-5

yl)ethyl)methane-2
OXNH sulfonamide 

N ~ N -N-(2-(6-amino-8-((6-(5

\/0 methylfaran-2
IF-53 N N 0yl)beozo[d][1,3]dioxol-5

yl)thio)-9H-purin-9
02S NHyl)ethyl)-2-methylpropane

2-sulfonamide 

NI-1N N-(2-(6-amino-8-((6-(5
K -~Xs /0 methylfuran-2

1F-54 N N 0 yl)benzo[d][l,3]dioxol-5
yl)thio)-9H-purin-9

NH yl)ethyl)-2-nmethylpropane
OS' 2-sulfinamide 

N -HN N-(2-(6-aniino-8-((6-(5
\ / 0methylfuran-2

lF55N N )yl)benzo[d][l,3]dioxol-S
yl)thio)-9H-purin-9

,NH yl)ethyl)-2-mnethylpropane
0 2S\_ 1-sulfonamide
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Compound No. Structure Name 

NH 'N - N-(2-(6-amino-8-((6-(5
I'>)-s 0 methylfilran-2

1F-56 O'N N yl)benzo[d][1,3]dioxol-5
0 yl)thio)-9H-purin-9

,NH yl)ethyl)cyclopropane
02 S 1>sulfonamide 

NH 
NN 3-(6-amino-8-((6-(5

N \/ metliylfuran-2

isopropylpropane-1
0 NH sulfonamide 

NH 2  / 3-(6-amino-8-((6-(5
N0 \/Oethylfuran-2

lFN , N yl)benzo [d] [1, 3] dioxol-5 IF-58yl)thio)-9H-purin-9-yl}-N
ethylpropane-l

02S 'sulfonamide 

NH2  03-(6-amino-g-((6-(5

IF-59 KN N jyl)benzo[d][l,3]dioxol-5
yl)thio)-9H-purin-9-yl)-N

NH2  methylpropane-l

O25 sulfonamide 

N1- NN - 3-(6-amino-8-((6-(5
' I / 0 methylfaran-2 

IF-60 N N 0 yl)benzo[d][1,3]dioxol-5
0 yl)thio)-9H-purin-9

yl)propane-lI -sulfoniamide 
NH2 

NH2  / 3-(6-amino-8-((6-(5
N >_ / methylfuran-2

NF6 N yl)benzo[d][1,3]dioxol-5IF-6 O' yl)thio)-9H-purin-9-yl)-N
(tert-b-tyl)propa-

02S sulfonamide



WO 2012/138894 PCT/US2012/032371 

73 

Compound No, Structure Name 

NH2  0 

N NN -3-(6-am-ino-8-((6-(5

- S 0)s~ methylfuran-2

IF-62 N N, 0 1  yl)benzo[d][1,3]dioxol-5
yl)thio)-9H-purin-9-yl)--N

j2 isobutylpropane-1 
HN sulfonamide 

NH2  0 /3-(6-amino-8-((6-(5
NN methylfuran-2

IF-63 N ,N 0yl)benzo[d][1,3]dioxol-5
0- yl)thio)-9H-purin-9-yl)-N

cyclopropylpropane- I 
sulfonamide 

HNA 

NH2 

N N N -N-(3-(6-amino-8-((6-(5

"' 1 0 methylfuran-2
lF-64 N N oj yl)bcnzo[d][l,3]dioxol-5K yl)thio)-9H-purin-9

HN yl)propyl)propane-2
HS02 sulfonamnide 

NH2  0 

N NN N-(3-(6-amnino-8-((6-(5-S \ / 0 methylfuran-2

1F-65 N N 0) yl)benzo[d][l,3]dioxol-5
yl)thio)-9H-purin-9

HN o yl)propyl)ethane-2
HN '802sulfonamide 

NH 0 N-(3-(6-amino-8-((6-(5
\ / n methylfuran-2 

1-6N _N )yl)benzo[d][l,3]dioxol-5
IF-66 ojyl)thio)-9H-purin-93 yl)propyl)methane-2

HN sulfonamide 
s02 

NH 0 N-(3-(6-amino-8-((6-(5
\, / ehlu -2

N N > 0 yl)benzo[d][1,3]dioxol-5
1F-67 0j yl)thio)-9H-purin-9

HN yl)propyl)-2
HN 'S02methylpropane-2

SO2
sulfonamide
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Compound No. Structure Name 

NH2  0 

N ~ NN-(3-(6-armino-8-((6-(5

IL ->- \/ 0 methylfuran-2

1F-68 N N )yl)benzo[d][1,3]dioxol-5
yl)thio)-9H-purin-9

HN yl)propyl)propane-2
HNso sulfinarmide 

NH2  0 /N-(3-(6-amino-8-((6-(5
-N\ methylfuran-2

'N N/S \/ yl)benzo[d][l,3]dioxol-5
IF-69 yl)thio)-9H-purin-9

yl)propyl)2
HN~ methylpropatne- 1

SO2  sulfonamide 

NH2  0 

1N >_N N-(3-(6-amino-8-((6-(5
\L-,~ -S \/0 methylfuran-2

1F-70 N N 0 yl)benzo[d][1,3]dioxol-5
yl)thio)-9H-purin-9

NH yl)propyl)cyclopropane
so'P2  sulfonamnide 

NH2 

N :: N -3-(6-amino-8-((6-(5

IL \ >-. 0 methylfuran-2
1F-71 N N yl)benzo[d][1,3]dioxnl-5

yl)thio)-9H-purin-9-yl)-N
o isopropyipropanamide 

HN 

NH2N 3-(6-amino-8-((6-(5
1F-2 L ~ \ omethylfuran-2

NF7 N yl)benzo[d][1,3]dioxol-5
yl)thio)-9H-purin-9-yl)-N

0o ethyipropanamide 

NH 0 

NHNN 3-(6-amino-g-((6-(5
0F7 L ~ methylfuran-2

173N N )yl)benzo[d][1,3]dioxol-5
0yl)thio)-9H-purin-9-yl)-N

Hto methyipropanamide
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Compound No. Structure Name 

N HN 3-(6-amino-8-((6-(5
\/0 methylfuran-2

1F-74 N N )yl)beoizo[d][1 ,3]dioxol-5

0 yl)thio)-9H-purin-9
H2N yl)propanainide 

NH2 N 

N N -3-(6-amino-8-((6-(5\H / 0 methylfuran-2
IF-75 N N)yl)benzo[d][1,3]dioxol-5

yl)thio)-9H-purin-9-yl)-N
(tert-butyl)propanamide 

NX 
0 

N 3-(6-amino-8-((6-(5NH2 o methylfuratn-2
1F-76 N N 0 yl)benzo[d][1 ,3]dioxol-5

o yl)thio)-9H-purin-9-yl)-N
HN isobutyipropanamide 

NH2  0" 
N N -3-(6-amino-8-((6-(5

\/0 methylfuran-2
1F-77 N N 0 yl)benzo[d][1,3]dioxol-5

yl)thio)-9H-purin-9-yl)-N
HN 

NH2 

t N\ 9~ N-(2-(6-amino-8-((6-(5
I ~ -s / methylfuran-2 

1-9N 0 yl)benzo[d][1,3]dioxol-5

NH yl)thio)-9H-purin-9
NH yl)ethyl)isobutyramide 

NH,

NH ,- N N-(2-(6-amino-8-((6-(5

1FN N - /0 methylfuran-2
IF7 N N 0 yl)benzo[d][1,3]dioxol-5

yl)thio)-9H-purin-9
NH yl)ethyl)propanamide
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Compound No. Structure Name 

NH2 N-(2-(6-amino-8-((6-(5
I ,, ' - 0 methylfuran-2

IF-80 N N )yl)benzo[d][1,3]dioxol-5
yl)thio)-9H-purin-9

NH yl)ethyl)acetamide 

NH2  o/N-(2-(6-amino-8-((6-(5
N N, - methylfuran-2

IF-iN N yl)benzo[d][1,3]dioxol-5
0 yl)thio)-9H-purin-9

NH yl)ethyl)formamide 

N1-1 

N , N- 16methylfuran-2
IF-92 0' yt)benzo[d][1,3]dioxol-5

~NH yl)thio)-9H-purin-9

OI yi)ethyl)pivalamide 

NH2 N-(2-(6-amino-8-((6-(5
N( , N -methylfuran-2

IF-83 N N yl)benzo[d][1,3]dioxol-5
yt)thio)-9H-purin-9

NH yl)ethyl)-3

o=1 methylbutanamide 

NH2 
SN -N-(2-(6-amino-8-((6-(5

0>~~ methylfuran-2
1F-8 N N 0- yl)benzo[d][1,3]dioxol-5

1F-84yl)thio)-9H-purin-9
NH yl)ethyl)cyclopropane

0== carboxamide 

NH2  u /N-(3-{6-Amino-8-[6-(5

'~ i0 methyl-furan-2-yl)
117-85 Nbenzo[1,3]dioxol-5

1F-85 N ylsulfanyl]-purin-9-y} 

NH propyl)-2,2-dimethyl

o C propionamide
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Compound No, Structure Name 

NH I N-(3-{f6-Amino-8-[6-(5

1IF-86 0 Jbenzo[1,3]dioxol-5

ylsulfanyl]-purin-9-yl}.
HN propyl)-isobutyram-ide 

0 

NH2  0 /Cyclopropanecarboxylic 

i j n -s , acid (3-{f6-amino-g-[6-(5
IF-8 N Nmethyl-furan-2-yl)1F-8 N Nbenzo[1,3]dioxol-5

NH ylsulfanyl]-purin-9-yl} 
0ll propyl)-amide 

NH2  /N-(3- {6-Amino-8-[6-(5

I' - -C methyl-faran-2-yl)
IF-88 N fNbenzo[1,3]dioxol-5

yl sul fanyl] -purin-9 -yl} 
NH propyl)-2-hydroxy

o OH propionamide 

NH2  0 /Acetic acid 1-(3-{6-amino

0 8-[6-(5-methyl-faran-2-yl)
1F-9N fN )benzo[1,3]dioxol-5

1F-89 0ylsulfanyl]-purin-9-yll}

NH propylcarbamoyl)-1 
O 0 Ac mnethyl-ethyl ester 

NH2  a I N-(3-{6-Amino-8-[6-(5
N ~ / o 0methyl-furan-2-yl)

IF-90 N N )benzoll,3]dioxol-5ylsulfanyl]-purin-9-yl} 

NH propyl)-2-hydroxy-2
o OH methyl-propionamide 

NH2  0 

N N-(3-(6-amnino-8-((5
N N: \ / methoxy-2-(5

IF-91 0 ~ methylfuran-2

HN yl)phenyl)thio)-9H-purin
0N 9-yl)propyl)pivalamide
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C-Il. In some embodiments of the disclosure, X2 is an alkynyl group, e.g., ethynyl, 1

prop-1-ynyl, and 3-prop-1-ynyl. Table 1B lists specific examples of compounds within this 

embodiment. In each of the structures as drawn, X2 is ethynyl and X4 is H. However, 

corresponding structures in which X2 is another alkynyl group, including specifically for example 

5 propynyl or butynyl, are within the scope of the disclosure. In each of the structures in Table 1B, Y 

is S. However, corresponding structures in which Y is CH2 and/or X4 is F, Cl, Br, or I are also 

within the scope of the disclosure. Additionally, in connection with each of the structures in Table 

1B, corresponding structures in which X2 is another alkynyl group, including specifically for 

example propynyl or butynyl, and Y is CH2 are also within the scope of the disclosure.  

10 Table lB 

Compound No. Structure Name 
NH2 

N N - 2-[6-Amino-8-(6-ethynyl
N -s O benzo[1,3]dioxol-5

1B-1 N ylsulfanyl)-purin-9-yl]

so2 ethanesulfonic acid 
HN isopropylamide 

NH2 N 12-[6-Amino-8-(6-ethynyl
I-s \ o benzo[1,3]dioxol-5

1B-2 N N ylsulfanyl)-purin-9-yl]
ethanesulfonic acid 

HS02 ethylamide 

NH2 N 2-[6-Amino-8-(6-ethynyl
> 0-s benzo[1,3]dioxol-5

1B3-3 N N Oylsulfanyl)-purin-9-yl]
ethanesulfonic acid 

Hs02 methylamide 

N 2-[6-Anino-8-(6-ethynyl

1B-4 N- N o benzo[1,3]dioxol-5
oB-4ylsulfanyl)-purin-9-yl]

ethanesulfonic acid aide 
H7N 

NH
2 

N N 2-[6-Amino-8-(6-ethynyl
N N benZO[1,3]dioxol-5

lB-5 o ylsulfanyl)-purin-9-yl]
ethanesulfonic acid tert

HN butylamide
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Compound No. Structure Name 
NH2 

N 
I ~ / a 2-[6-Amino-8-(6-ethynyl

~N N benzo[1,3]dioxol-5
1B3-6 ylsulfanyl)-purin-9-yl]

;$0 2  ethanesulfonic acid 
HN isobutyl-amnide 

NH2 
N N2-[6-Amino-8-(6-ethynyl

N N benzo[l,3]dioxol-5
113-7 o~jylaulfanyl)-purin-9-yl

ethancaulfonic acid 
HN S02  cyclopropylamide 

NH2. N -Propane-2-sulfonic acid 
S /0 (2-[6-amino-8-(6-ethynyl

lB-S 0 benz[1,3]dsoxol-5

NH ylsulfanyl)-purin-9-yI]
02S ethyl)-amide 

NH X Ethancaulfonic acid {2-[6
\>- / 0 amino-g-(6-ethynyl

11B-9 ~ N N o-' benzo[l,3]dioxol-5

NH ylsulfanyl)-purin-9-yl]
ethyl}-amide 

N 2 \ 
NH2 N -N-(2-[6-Amino-8-(6

IC: ">-3 0 ethynyl-benzo[l,3]dioxol
IB-10 'N N 5-ylsulfanyl)-purin-9-yl]

NH ethyl) 
,N H methanesulfonarnide 

NH2 
N-' 2-Methyi-propane-2

N N 0 sulfonic acid {2-[6-amino
IB-11 8-(6-ethynyl

NH benzo[t,3]dioxol-5
02S ylsulfanyl)-purin-9-yl]

X- ethyl)}-amide 
NH2 N2-Methyl-propane-2

\ ~>-a sulfinic acid {2-[6-amino
1B-12N 9 ~ "~ 8-(6-ethynyl

113-12 0benzo[1,3]dioxol-5
osNH ylsulfanyl)-purifl-9-yl]

OS- ethyl}-amidc
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Compound No. Structure Name 
NH2 N2-Methyl-propane-i 

>-s sulfonic acid {2-[6-amino
1B-13 N NS-(6-ethynyl

benzo[1 ,3]dioxol-5

O, NH ylsulfainyl)-purin-9-yi]
02a ethyi} -amide 

NH2 

NJj-- -a Cyciopropanesulfonic acid 
/N { 2-[6-amino-8-(6-ethynyl

IB-14 0 benzo[1,3]dioxoi-5
NH ylsuifanyi)-purin-9-yi]

02S ethyl)}-amide 

NH2 

- ' a~ 3-[6-Amino-8-(6-ethynyl
N N benzo[1,3]dioxol-5

iB-15 ylsulfanyl)-purin-9-yl]
j propane-i -suifonic acid 

NH isopropylamide 

NH2 

N N 0benzo[1,3]dioxoi-5
IB-16 0 ~ ylsulfanyl)-purin-9-yl]

propane- I -suifonic acid 
0A5 ethyismide 

NH 

NH2 

N. - N -3-[6-Amino-8-(6-ethynyl

KN a benzo[1,3]dioxol-5
iB-i7 O0 yisulfanyl)-purin-9-yl]

propane- I -sulfonic acid 
02q methylamide 

/N H 

NH2 
- N\ 3-[6-Amino-8-(6-ethynyl

a 0~ benzo[1,3]dioxol-5
IB-18 N N) - ylsulfanyl)-purin-9-yi]$ propane-i -suifonic acid 

o~a amide 
NH, 

NH 

N.N -3-[6-Amino-8-(6-ethynyl

>N ' 0 benzo[1,3]dioxol-5
1B-19 N ylauifanyl)-purin-9-yll

propane-i1 -sulfonic acid 
____________0A53 tert-butylamide
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Compound No. Structure Name 
NH2 

C \> / s 3-[6-Amino-8-(6-ethynyl~N N C benzo[1,3]dioxol-5
IB-20 ()ylsulfanyl)-purin-9-yI]

propane-i1 -sulfonic acid 
0A isobutyl-amide 

NH2 

N N > 3-[6-Aminu-8-(6-ethynyl
-a benzo[1,3]dioxol-5

IB-21 N N n ylsulfanyl)-purin-9-yl]
propane- I -sulfonic acid 

02S, cyclopropylamide 

NH2 

N 
> - as Propanc-2-sulfonic acid 

N N 0{3-[6-amino-8-(6-ethynyl
1B-22 benzo[1,3]dioxol-5

ylsulfanyl)-purin-9-yl]
an S 2  propyll-amidc 

NH2 

N N Ethanesulfonic acid {3-[6
S , /N amino-8-(6-ethynyl

IB-23 0 benzo[1,3]dioxol-5
ylsulfanyl)-purin-9-yl]

HN 'propyl}-amide 
an2 

N H. N N-{3-[6-Amino-8-(6
K >6 S 0 ethynyl-benzo[1,3]dioxol

1B-N N 5-ylsulfanlyl)-purin-9-yl]

propyl) 
HN, methanesulfonamide 

NH2 
N "~ N -2-Mcthyl-propane-2

\ 0 sulfonic acid {3-[6-amino
IB-25 N N n8-(6-cthynyl

beuzuol ,3]dioxol-5
HN ,ylsulfanyl)-purin-9-yl]

'so2  propyl) -amide 

NH2 ~ ~... N2-Methyl-propane-2
0 sulfinic acid {3-[6-amino

IB-26 N8-(6-cthynyl
1B-26benzo[1,3]dioxol-5

HN, yisulfanyl)-purin-9-yl]
SO propyll-amide
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Compound No. Structure Name 

NH2 ~>aj2-Methyl-propane-i 
/l 0 sulfonic acid {3-[6-amino

IB-27 N 0 8-(6-ethynyi$ benzo[l,3]dioxol-5
HN yisuifanlyi)-purin-9-yI]

S02 propyl}-amide 

NH
2 

o Cyciopropaneaulfonic acid 
N N ){3-[6-amino-8-(6-ethynyl

IB-28 benzo[1 ,3]dioxoi-5

HN~ yisuifanyl)-purin-9-yi]
N S 2  propyil-amide 

NH2 

a> \\ / 0 ,-6Aino-8-(6-ethynyl
1B-29 N 4 benzo[i,3]dioxol-5

ylsulfanyl)-purin-9-yl]-N
oN isopropyl-propionanmide 

NH2 

0 3-[6-Anino-8-(6-ethyny
IB-3 N Nbnzo[1,3]diox-5
iB-30 0ylsulfanyl)-purin-9-yl]-N

HNo ethyl-propionamfide 

NH2 

a ~ / ~ 3-[6-Amino-8-(6-ethynyi
i-iN N benzo[1,3]dioxoi1-5

ylsulfanyl)-pu-fin-9-yi]-N
o methyl-propionamide 

HN 

NH2 ~ ~.N -3-[6-An-ino-8-(6-ethynyi
iB-3 N \/ 0benzn[1,3]dioxoi-5

I32N N yisuifanyl)-purin-9-yi]

o propionamide 
HN 

NH2 
Nin -ehnl 

K -a ~ / n 3-[6-Ano-8-(6-ehni 
1B-3 NN benzo[1,3]dioxoi-5

yisuifanyi)-purin-9-yi]-N
Co tert-butyi-propiorinide 

HN
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Comnpound No. Structure Name 
NH2  X 

N 
: \>- / 0 3-[6-Amino-8-(6-ethynyI

IB-3 0- benzo[1,3]dioxol-5
1B-34 ~ N NylsulfanyL)-purin-9-yI]-N

o isobutyl-propionamide 
HN_ 

NH2  \ 

I '-s / 3-[6-Amno-8-(6-ethynyl
IB-35 0benzo[1,3]dioxol-5IB-35 ylsulfanyl)-puriti-9-yl]-N

o cyclopropyl-propionamide 
HN 

NH2  X 

N 
\> S / 0 N-{2-[6-Amino-g-(6

1-6N xN ethynyl-benzo[1,3]dioxolIB-365-ylsulfanyl)-purin-9-yl]

0 NH ethyll-isobutyramide 

NH2 

I >-S \ / ~ N-{2-[6-Amino-8-(6
1B-37 ~ N Nethynyl-benzo[l,3]dioxol

5-ylsulfanyl)-purini-9-yl]
NH 

0 ) H ethyl I-propionamide 

NH2 

l-8N N 0 ethynyl-benzo[1,3]dioxol
05-ylsulfanyl)-purin-9-yl]

NH ethyl)}-acetamide 

NH2 
S-.N -N- {2-[6-Amino-8-(6

Nc c thynyl-benzo[1,3]dioxol
1B-39N o-'5-ylsulfanyl)-purini-9-yl]

NH ethyl)}-formamide 

NH2 
N --N - N-{2-[6-Amino-8-(6

S , / 0 ethynyl-benzo[1,3]dioxol
N N-4 5-ylsulfanyl)-purini-9-yl]

NH ethyl} -2,2-dimethyl

oIx/ propionamide
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Compound No. Structure Name 
NH, 

N -N-{2-[6-Armino-8-(6

NCI ethynyl-benzo[1,3]dioxol
1B3-41 N5-ylsulfanyl)-purin-9-yl]

NH ethyll-3-methyl

o butyramide 

NH2 
N ~ N -Cyclopropanearboxylic 

>_N3N acid {2-[6-amino-8-(6
IB-42 0 thynyl-benzo[1,3]dioxol

NH 5-ylsulfanyl)-purin-9-yl]
o ethyl) -amide 

NH2 

\ - /" \ N- {3-[6-Amino-8-(6
N ethynyl-berrzo[1,3]dioxol

IB-43 /5-ylsulfanyl)-purini-9-yl]
) propyl} -2,2-dimethyl

H propionamide 

NH2 

-S-N-{3-[6-Amnino-8-(6
1B-4 N 0ethynyl-benzo[1,3]dioxol

1B-44 $5-ylsulfanyl)-purin-9-yl]
HN propyl}-isobutyraraide 

NH2 

' \>-, Cyclopropanecarboxylic 
NN " N 5 acid {3-[6-amino-8-(6

1B-45 ethynyl-benzo[l ,3]dioxol
1
NH 5-ylsutfanyl)-purin-9-yl]

propyll-amide 

NH2 

CN\_ - N-{3-[6-Amino-8-(6
N N 0 ethynyl-benzo[1,3]dioxol

IB-465-ylsulfanyl)-purin-9-yl]

NH propionamide 
o OH 

NH2 ~N N ~Acetic acid 1-{3-[6-ami~no
8-(6-cthynyl

N4 

1B-47 N 0benzo[1,3]dioxol-5

?~NH ylsulfanyl)-purin-9-yl]
NH ~ propylcarbamoyl} -1 

o4 A methyl-ethyl ester
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Compound No. Structure Name 
NH2 

N N-{3-[6-Amino-8-(6
N N ethynyl-benzo[l,3]dioxol

IB-48 5-ylsulfanyl)-purin-9-yl]
propyl}-2-hydroxy-2

NH methyl-propionamide 

NH2 

N \. / N-(3-(6-amino-8-((2
N N ethynyl-5

1B-49 methoxyphenyl)thio)-9H
purin-9

yl)propyl)pivalamide 

Hsp90 binding results are presented for Compounds 1B-28. 1B-43, and 1B-45 in Table 12 

below. As can be noted therefrom, all compounds showed a high level of binding affinity.  

5 C-IV. In some embodiments of the disclosure, X2 is an amino group, i.e., -NR1R2, 

wherein R1 and R2 are each independently H, CI-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, cycloalkyl, 

heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, 

or alkylheteroarylalkyl. Table IG lists specific examples of compounds within this embodiment.  

In each of the structures as drawn, X2 is dimethylamino and X4 is H. However, corresponding 

10 structures in which X2 is another amino group, including specifically for example diethylamino, 

methylethylamino or cyclopropylamino, are within the scope of the disclosure. In each of the 

structures in Table IG, Y is S. However, corresponding structures in which Y is CH 2 and/or X4 is 

F, Cl, Br, or I are also within the scope of the disclosure. Additionally, in connection with each of 

the structures in Table 1 G, corresponding structures in which X2 is another amino group, including 

15 specifically for example diethylamino, methylethylamino or cyclopropylamino, and Y is CH 2 are 

also within the scope of the disclosure.  

Table 1G 

Compound No. Structure Name 

NH2 N / 2-(6-amino-8-((6
s \ / o (dimethylamino)benzo[d] 

1 G-1 o [1,3]dioxol-5-yl)thio)-9H
purin-9-yl)-N-isopropyl

H SO2 ethanesulfonamide
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Compound No. Structure Name 

NH N / 2-(6-amino-8-((6

1G-2 N N 0 (dimethylamino)benzo[d] 
N- [1,3]dioxol-5-yl)thio)-9H

0 purin-9-yI)-N
;So2  ethylethaniesulfonamide 

HN 

NH N / 2-(6-amino-8-((6
G-3- \ / (dimethylamino)benzo[d] 

1G3N N0[1,3]dioxol-5-yl)thio)-9H
0 purin-9-yl)-N

miethylethanesulfonamide 
HN 

NH, -N /2-(6-amino-8-((6
> (dimethylamino)benzo~d] 

IG4N \/ 0 [1,3]dioxol-5-yl)thio)-9H
purin-9

~0. yl)ethanesulfonlamide 
H2N 

N -' N 2-(6-amino-8-((6

IGL5 N / 0 (dimethylamino)benzo[d] 
1G-5 N[1,3]dioxol-5-yl)thio)-9H

( purin-9-yl)-N-(tert
HN 102 butyl)ethanesulfonamide 

N N 0 (dimethylamino)benzo[d] 

02 purin-9-yl)-N
HN0 isobutylethanesulfonamide 

NH2  
-N/ 

N '~ N -2-(6-amino-8-((6

N N 0 (dimethylamino)benzo[d] 
I G-7 N[1,3]dioxol-5-yl)thio)-9H

purin-9-yl)-N-cyclopropyl
HN S$2

ethanesulfonamide
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Compound No. Structure Name 

NH2  -N/ 

N- - N -N-(2-(6-amino-8-((6
\G- N/ 0 (dimethylamino)benzo[d] 

lG-8N N [l,3]dioxol-5-yl)thio)-9H

NH purin-9-yl)ethyl)propane
02S PH2-sulfonamide 

NH2  -N/ 

N N N-(2-(6-amnino-8-((6
N ~ / 0 (dimethylamino)benzo[d] 

1G-9 N'N 3' [l,3]dioxol-5-yl)thio)-9H
purin-9-yl)ethyl)ethane-2

NH sulfonamide 
02 5 

NH N N / N-(2-(6-amino-8-((6
\ ." l- / 0 (dimethylamnino)benzo[d] 

IG-10 N N 0 [1,3]dioxol-5-yl)thio)-9H
purin-9-yl)ethyl)methane

________ N'H 2-sulfoniamide 

NH N N N / N-(2-(6-amino-8-((6
\, / 0 (dimethylarnino)benizo[d] 

IG-11 ~ N IN> 3 [1,3]dioxol-5-yl)thio)-911Oj purin-9-yl)ethyl)-2

NMH 0methylpropane-2
02S sulfonamide 

NH2 -N /N-(2-(6-amino-g-((6

N- N,(dimethylamino)benzofd] 

IG-12 N N 0 [1,3]dioxol-5-yl)thio)-9H
purin-9-yl)ethyl)-2

INH methylpropane-2
as' sulfinamide 

NHN N - N-(2-(6-amnino-8-((6
\ / 0N (dimethylamino)benzo(d] 

1G-13 N N 3 [1,3]dioxol-5-yl)thio)-9H
purin-9-yl)ethyl)

NH ~ 2methylpropane- I
0 2S sulfonamide
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Compound No. Structure Name 

NH2  -N /N-(2-(6-amino-8-((6

-N (dimethylamino)benzo[d] 
IG-14 KN N 0 [l,3]dioxol-5-yl)thio)-9H

0- purin-9

NH yl)ethyl)cyclopropane
02S sulfonamide 

NH2  -N /3-(6-amino-8-((6

NK ,-S-/ / 0 (dimetliylamino)benzo[d] 
10-15 N N 0 [l,3]dioxol-5-yl)thio)-9H

purin-9-yl)-N
isopropylpropane-l 

0 NH sulfonamide 

NH2 -N /3 -(6 -am in -8 -((6 

IG-1 N N0 [,3]dioxol-5-yl)thio)-9H

1G-l6 [1 purin-9-yl)-N
) ethylpropane-l

02S sulfonamide 
NH 

NH2  -N /3-(6-amino-8-((6
-- (dimethylamino)benzo[d] 

IG-17 KN N0 [1,3]dioxol-5-yl)thio)-9H
purin-9-yI)-N

methylpropane-l 

NHS sulfonamide 
2 N 

NH2 -N /3-(6-aniino-8-((6
N N (dimethylamiino)beezo[d] 

IG-18 N N 0[1,3]dioxol-5-yl)thio)-9H

purin-9-yl)propane-1 
sulfonamide 

02s 
NH2 

NH2  _N/ 3-(6-amino-8-((6
N N>- I (dimethylamino)benzotd] 

IG-19N ,N /Y 0 [l,3]dioxol-5-ylthio)-9H

butyl)propane-lI 
0' sulfonamide
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Compound No. Structure Namne 

NH2 -N /3-(6-amino-8-((6

IG-2 N~N \> \ \/ (dimethylamino)benzo[d] 
N N\0 - [l,3]dioxol-5-yI)thio)-9H

purin-9-yI)-N

isobutylpropane-1
HN-) sulfonami .de 

NH N/ 3-(6-amnino-8-((6

N N N (dimethylamino)benzo[d] 

1 -1N N O) [1,3]dioxol-5-yl)thio)-9H
o purin-9-yl)-N

cyclopropylpropane-1I 
02S sulfonamide 

NH, _ / 

\ / N-(3-(6-amino-8-((6
N N 0 (dimetliylamino)benzo[d] 

IG-22 2 0 [l,3]dioxol-5-yl)thio)-9H
purin-9-yl)propyl)propane

HN, 2-sulfonamide 
0o2 

NH N / -(3-(6-amino-8-((6
IG2 / 0 (dimethylainino)benzo[d] 
lG-2 N N - [1 ,3]dioxol-5-yI)thio)-9H

purin-9-yl)propyl)ethane
2-sulfonamide 

NH2  -N /N-(3-(6-amino-8-((6

\'N,- /' (dimethylamino)benzo[d] 
I G-24 N N 0 [1,3]dioxoi-5-yl)thio)-9H

purin-9
HN yl)propyl)methane-2
Ht sulfonamide 

so2 

-H N /N-(3-(6-amino-8-((6

N N1> - ' , o (dimethylamino)benzo~d] 
1 -5N N 0 [1,3]dioxol-5-yl)thio)-9H

( purin-9-yl)propyl)-2
H

2  methylpropane-2
HN 30 sulfonamnide
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Compound No. Structure Name 

NH2  

N - N N-(3-(6-amnino-8-((6
- '-a /0 (dimethylamino)benzo [d] 

IG-26 N N 1- [1,3]dioxol-5-yl)thio)-9H
purin-9-yl)propyl)-2

HN methylpropane-2
Hso sulfinamide 

7'\ 

NH _N N N-(3-(6-amino-8-((6

N - 0 (dimethylanino)benzo[d] 
NG2 N ) [1,3]dioxol-5-yl)thio)-9H

1G-27purin-9-yl)propyl)-2

HN methylpropane-1 
HNO 

2  sulfonamide 

NH2 

N'-N NII N-(3-(6-amino-8-((6
K 0 (dimethylamino)benzo[d] 

NGN28 [1,3]dioxol-5-yl)thio)-9H
purin-9

yl)propyl)cyclopropane
HNIS02  sulfonamide 

NH2  -N/ 

N ~ N -3-(6-amino-8-((6

K >~ / 0 (dimehylaino)benzo[d] 
1G-29N N [1,3]dioxol-5-yl)thio)-9H1

o purin-9-yl)-N
0N isopropyipropanamide 

NH N / 3-(6-aminio-8-((6
10-3 KN ~ \/ 0(dimethylainino)benzo[d] 

I30N N 0 [1,3]dioxol-5-yl)thio)-9H
purin-9-yl)-N

HN ethyipropanamnide 

Hi 

NH2 _N /3-(6-amino-8-((6

1G-31N N 7 0 (dimethylamino)benzo[d] 
10-31 N 1,3]dioxol-5-y1)thio)-9H

purin-9-y1)-N
o methyipropanamide
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Compound No. Structure Name 

NH -. N / 3-(6-amino-8-((6

IG-32 ,,> \ / 0 (dimethylamino)benzo[d] 
N N 0 [1,3]dioxol-5-yl)thio)-9H

o ~ purin-9-yl)propanamide 

NH2  
-N/ 

\G3 / 0 (diimethylamino)benzo~d] 
1G-3 N N[1,3]dioxol-5-yl)thio)-9H

purin-9-yl)-N-(tert
o butyl)propanamiide 

NH 

NH N / 3-(6-amino-g-((6
N /' 0 (dimetliylamino)benzo~d] 

16-34 N N 0[1,3]dioxol-5-yl)thio)-9H

purin-9-yl)-N

isobutyipropanamide 

NH2  
-N/ 

N--, I /I 3-(6-amino-8-((6
N N 0(dimethylamino)benzo[d] 

1IG-35 0[1 ,3]dioxol-5-yl)thio)-9H1
o purin-9-yl)-N

HN \>cyclopropyipropanamide 

NH -N N N-(2-(6-amino-8-((6
Q: S >--\ / o (dimethylamino)benzo[d] 

IG3-36 N N O [l,3]dioxol-5-yl)thio)-9H

NH purin-9
0= yl)ethyl)isobutyratnide 

NH N N - N-(2-(6-amino-8-((6
\ / 0 (dimethylamino)benzo[d] 

IG-37 KN N ) 1,3] dioxol-5 -yl)thio)-9H
purin-9

NH yl)ethyl)propanamide 
0= 

NH2  
-N/ 

N-N N - N-(2-(6-amilio-S-((6
IG3 N / 0 (dimiethylamino)benzold] 

11338 N oj [l,3]dioxol-5-yl)thio)-9H

NH purin-9-yl)ethyl)acetrfmide 
NH _ _ __ _
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Compound No.- Structure -Name 
NH2  -N/ 

-N, N-(2-(6-amino-8-((6

IG3 N N ' 0 (dimethylamino)benzo~d] 
1G-39 N N[1,3]dioxol-5-yl)thio)-9H

( purin-9
0-/NH yl)ethiyl)formamide 

NH2  
N/ 

N N N-(2-(6-amino-8-((6
Nj N> 0x, (dimethylamino)benzo[d] 

IG-40 N ~[1,3]dioxol-5-yl)thio)-9H
K puriol-9

NH yI)ethyl)pivalamide 

NH2  -N/ 

N -': N> N-(2-(6-amino-8-((6
lG4 N )- N 0 (dimethylamino)benzo[d] 

ON N [1,3]dioxol-5-yl)thio)-9H

~NH purin-9-yl)ethyl)-3
NH methylbutananmide 

NH2  -N/ 

N-')N N-(2-(6-amino-8-((6
IL N >s 0 (dimethylarmino)beozo[d] 
NG N [1,3]dioxol-5-yl)vhio)-9H

NH purin-9
NH yl)ethyl)cyclopropane

earboxamide 

NH2  -N 
N-{3-[6-Amino-8-(6

0 dimethylamino
1G-43 -Ibeozo[1,3]dioxol-S

ylsulfanyl)-purin-9-yl]
HN propyl} -2,2-dimethyl

\, 0propionamide 

NH2  -N/ 

0 N-{3-[6-Amino-8-(6
N /N 

NGN44 dimethylamino
1G-44 0benzo[1,3]dioxol-5

HN~ ylsulfanyl)-purin-9-yI]
HN propyl I -isobutyramide 

NH2  N 
Cyclopropanecarboxylic 

N N 10 acid {3-[6-amino-8-(6
IG-4 Cl)dimethylamino

~'NH benzo[l,3]dioxol-5
NH ylsulfanyl)-purin-9-yl]

a-1 propyl} -amide
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Compound No. Structure Name 
NH2 

N-{3-[6-Amino-8-(6
s \ 0 dimethylamino

1G-46 N benzo[1,3]dioxol-5
ylsulfanyl)-purin-9-yl]

NH propyl}-2-hydroxy
OH propionamide 

NH2  -N 
N Acetic acid 1-{3-[6-amino

N N O 8-(6-dimethylamino
1G-47 benzo[1,3]dioxol-5

ylsulfanyl)-purin-9-yl]
NH propylcarbamoyll-1

o AC methyl-ethyl ester 

NH
2 

N N-{3-[6-Amino-8-(6
s o dimethylamino

1G-48 benzo[1,3]dioxol-5
ylsulfanyl)-purin-9-yl]

NH propyl}-2-hydroxy-2
o OH methyl-propionamide 

NH2  -N 

)--s N-(3-(6-amino-8-((2
N N (dimethylamino)-5

IG-49 methoxyphenyl)thio)-9H
purin-9

HN 0yl)propyl)pivalamide 

Hsp90 binding results are presented for Compounds 1G-28. 1G-43, and 1G-45 in Table 12 

below. As can be noted therefrom, all compounds showed a high level of binding affinity.  

5 D. Compounds of Formula (IA) in Which Xa or Xb is 0 

In accordance with another embodiment of the disclosure, the compounds are of Formula 

(IA) in which one of Xa and Xb is 0 and Xc and the other of Xa and Xb is CH 2. Thus, the 

compounds of this embodiment can be represented by Formula (2):
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NH2 

N 
NN N 

X4 N Xb 
R 

(2) 

or a pharmaceutically acceptable salt thereof, wherein: 

5 one of Xa and Xb is 0 and the other is CH 2; 

Y is CH 2 or S; 

X4 is hydrogen or halogen; 

R is a is straight-chain- or branched- substituted or unsubstituted alkyl, straight-chain- or 

branched- substituted or unsubstituted alkenyl, straight-chain- or branched- substituted or 

10 unsubstituted alkynyl, or substituted or unsubstituted cycloalkyl wherein the R group is interrupted 

by -S(O)N(RA)-, -NRAS(O)-, -SO 2 N(RA)-, -NRASO 2 -, -C(O)N(RA)-, or -NRAC(O)-, and/or 

terminated by -S(O)NRAR3, -NRAS(O)R3, -SO 2NRAR3, -NRASO 2RB, -C(O)NRARB, or 

NRAC(0)R3, wherein each RA and R3 is independently selected from hydrogen, C1-C6 alkyl, C2-C6 

alkenyl, C2-C6 alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, 

15 arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; and 

X2 is as disclosed below.  

D-I. In some embodiments of the disclosure, X2 is halogen. Table 2A lists specific 

examples of compounds within this embodiment. In each of the structures as drawn, X2 is I and X4 

is H. However, corresponding structures in which X2 is F, Cl, or Br are within the scope of the 

20 disclosure. In each of the structures in Table 2A, Y is S. However, corresponding structures in 

which Y is CH2 and/or X4 is F, Cl, Br, or I are also within the scope of the disclosure. Additionally, 

in connection with each of the structures in Table 2A, corresponding structures in which X2 is F, Cl, 

or Br and Y is CH2 are also within the scope of the disclosure, 

Table 2A 

Compound No. Structure Name
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Compound No. Structure Name 
NH2 I 

N >--N 2-[6-Am-ino-8-(5-iodo-2,3
' / dihydro-benzofuran-6

2A-1 2ylsulfanyl)-purin-9-yl]
ethanesulfonic acid 

HN S02  isopropylamide 

NH2 

N N -2-[6-Amino-8-(5-iodo-2,3

\ dihydro-benzofuran-6
2A-2 N0 ylsulfanyl)-purin-9-yI]

ethanesulfonic acid 
HN S0 2  

ethylamide 

NH2 

N - N 2-[6-Amino-8-(5-iodo-2,3
\ / dihydro-benzofuran-6

2A-3 N ylsulfanyl)-purin-9-yl
ethanesulfonic acid 

HNO 2  
methylamide 

NH2 

N ~. N -2-[6-Amino-8-(5-iodo-2,3

2A-4 N N / dihydro-benzofisran-6o ylsulfanyl)-purin-9-yl]
ethanesulfonic acid amide 

0O2 
H2 N 

NH2 

2-[6-Auiino-8-(5-iodo-2,3
N N dihydro-benzofaran-6

2A-5 2 ylsulfayl)..purin-9-yl]
ethanesulfonic acid tert

HNo$2  
butylarmide 

NH2 

~ S 2-[6-Amino-8-(5-iodo-2,3
N dihydro-benzofuran-6

2A-6 ylsulfaniyl)-purin-9-yl]
;S02 ethanesulfonic acid 

HN isobutyl-amide 

NH2 

N ~ N -2-[6-Amino-8-(5-iodo-2,3

N dihydro-benzofuran-6
2A-7 2 ylsulfanyl)-purin-9-yi]

ethanesulfonic acid 
HNS02 cyclopropylamide



WO 2012/138894 PCT/US2012/032371 

96 

Compound No. Structure Name 
NH2 

N Propane-2-sulfonic acid 
'N N' S 2-[6-amino-8-(5-iodo-2,3

2A-8 ,) 0 dihydro-benzofuran-6

NH ylsulfanyl)-purin-9-yl]
02S, ethyl) -amide 

NH2 

N \ Ethanesulfonic acid {2-[6
N SN amino-g-(5-iodo-2,3

2A-9 N N0 dihydro-benzoforan-6
NH ylsulfanyl)-purin-9-yl]

025 ethyl}-amide 

NH2 
N N 

N-(2-(6-Aminio-8-(5-iodo
N ' 0 N N / 2,3-dihydro-benzofuran-6

ylsulfanyl)-purin-9-yl)
___ __ __NH ethyl)-methanesulfonamide 

02 S\ 

NH2 

N _ N 2-Methyl-propane-2
N _ N sulfonic acid {2-[6-amino

2A-11 N 8-(5-iodo-2,3-dihydro

NH 0 benzofuran-6-ylsulfanyl)
02S NH purin-9-yl] -ethyl)}-amide 

NH2 

N'> N 2-Methyl-propane-2
N N>s sulfmnic acid {2-[6-amino

2A-12 0 8-(5-iodo-2,3-dihydro
NH benzoffiran-6-ylsulfanyl)

as', purin-9-yl] -ethyl) -am-ide 

NH2  I 

N '> N -2-Methyl-propane-i

N N 'sulfonic acid {2-[6-amino
2A-13 08-(5-iodo-2,3-dihydro

,NH bcnzofuran-6-ylsulfanyl)
023\_ puriln-9-yl] -ethyl)}-amide 

NH2 

N'> N -Cyclopropanesulfonic acid 
N S 2-[6-amino-8-(5-iodo-2,3

2A-14 0dihydro-benzofaran-6
NH ylsulfanyl)-purin-9-yl]

02s' ethyl}-amide
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Compound No. Structure Name 

NH 

" S 3-[6-Amino-8-(5-iodo-2,3

N N 0 dihydro-benzofaran-6
2A-15 ylsulfanyl)-purin-9-yI]

propane-i -sulfonic acid 
0ANH isopropylamide 

NH2 

-. ~N -3-[6-Amjino-8-(5-iodo-2,3

N N dihydro-benzofurao-6
2A-16 0ylsulfaoyI)-purin-9-yl]

propane- I -sulfonic acid 
02S, ethylamide 

NH 

NH2 

N ~ N -3-[6-Amnino-8-(5-iodo-2,3

IL N dihydro-benzofuran-6
2A-17 0 ylsulfanyl)-purin-9-yl]

propane-1I-sulfonic acid 
02A methylamide 

NH 

NH2  I 

N_ N N 3-[6-Amnino-8-(5-iodo-2,3

N / dihydro-benzoffiran-6
2A-l8 0 ylsulfanyl)-purin-9-yl]

propane- I -sulfonic acid 
02S~ amide 

NH2 
NH2 

N \N 3-[6-Amino-8-(5-iodo-2,3
KN N'S dihydro-benzofuran-6

2A-19 0ylsulfayl)-purin-9-yl]
propane- I -sulfonic acid 

02S~ tert-butylamide 
N

NH2 

> 3-[6-Amino-8-(5-iodo-2,3
NH 1  0 dihydro-benzofuran-6

2A-20 (ylsulfanyl)-purin-9-yl
propane- I -sulfonic acid 

H2S isobutyl-amide
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Compound No. Structure Namne 
NH2 

_sN 3-[6-Aroino-8-(5-iodo-2,3
Sdihydro-benzofuran-6

2A-2~ ~~ 1 0 yalanl-uin9y propane- I -sulfonic acid 

j ~ cyclopropylamide 

NH2 

N 
S Propane-2-sulfonic acid 

N N {0 D 3-[6-amino-8-(5-iodo
2A-22 2,3,3a,7a-tetrahydro

benzofuran-6-ylsulfanyl)
HN, S02purin-9-yl]-propyl}-amide 

NH2 

N - Ethaneaulfonic acid {3-[6
LK S /ainino-8-(5-iodo-2,3

2A-23 0 dihydro-benzofuran-6
HN ylsulfanyl)-purin-9-yl]

HN, propyl} -amide 
/ s02 

NH2 

N - N - N-(3-[6-Amino-8-(5-iodo
N N)s 2,3-dihydro-benzofiiran-6

2A-24 0 ylsulfanyl)-purin-9-yl]
propyl} 

N methaniesulfonamide 
S02 

NH2 

N N>s 2-Methyl-propane-2
N0 sulfonic acid {3-[6-arnino

2A-25 8-(5-iodo-2,3-dihydro

benzofuran-6-ylsulfanyl)_ 
HN, 302purin-9-yl]-propyl} -amide 

NH2 

N 

\ / 2-Methyl-propanc-2
N 0 sulitic acid {3-[6-amino

2A-26 8-(5-iodo-2,3-dihydro

bcnzofuran-6-yisulfanyl)
HN, 0purin-9-yl]-propyl}-amide
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Compound No. Structure Name 
NH2 

> 2-Methyl-propane-i
N sulfonic acid {3-[6-amiino

2A-27 8-(5-iodo-2,3-dihydro

HN benzoftiran-6-ylsulfanyl)
HN, S02purin-9-yl]-propyl)-amide 

NH2 

N 
N > Cyclopropanesulfonic acid 
NN 

0 {3-[6-amino-8-(5-iodo-2,3
2A-28 Kdihydro-benzofuran-6

HN
2  ylsulfanyl)-purin-9-yl]

HN I S02propyl}-arxide 

NH2  I 

\ / 3-[6-Amino-8-(5-iodo-2,3
N N 

2A-29 0 dihydro-benzofuran-6
o ylsulfanyl)-p-~in-9-yl]-N

HN isopropyl-propionamide 

NH2 

N-6Aio8(-oo23 

2A-30 N N dihydro-benzofuran-6
0ylsulfanyl)-purin-9-yl] -N

o ethyl-propionamide 
HN 

NH2 I 

N "' N 3-[6-Amino-8-(5-iodo-2,3
aA3 N N / dihydro-benzofuran-6

2A-3 "'' N 0ylsulfanyl)-purinl-9-yl]-N
H o methyl-propionamide 

NH2 

N "- N - 3-[6-Amino-8-(5-iodo-2,3
-3 N >~ N dihydro-benzofuran-6

oA ylsulfanyl)-purin-9-yl]

HN propionamide 
NH2  I 

N"'l N\ 
a N 3-[6-Amnino-8-(5-iodo-2,3

2A-33 0 dihydro-benzofuran-6
o ylsulfanyl)-purin-9-yl]-N

0N tet-butyl-propionamide
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Comnpound -No. Structure Name 
NH2 

N 3-[6-Amino-8-(5-iodo-2,3

2A-34 dihydro-benzofuran-6
o ylsulfanyl)-purin-9-yl]-N

oN isobutyl-propionamide 

NH2 I 

N N -6Aio85-oo23 

2A-35 0 dihydro-beozofuran-6

HN ylsulfanyl)-purin-9-yl]-N
HN cyclopropyl-propionamide 

NH
2 

N ~ NN-{2-[6-Amjino-8-(5-iodo

2A-36 N >- N / 2,3-dihydro-benzofuiran-6
ylsulfanyl)-purin-9-yl]

NH ethyl)}-propionamide 
NH2 

2A-3 N H2,3-dihydro-benzofuran-6
2A-37ylsulfanyl)-purin-9-yl]

NH ethyl)}-propionamide 
NH2  I 

N--' N N-{2-[6-Aminio-8-(5-iodo

2A-38 N >- N 0 2,3-dihydro-benzofuran-6
ylsulfanyl)-purin-9-yl]

0 NH ethyl)}-acetasnide 

NH2 

N ~.N -N-{(2-[6-Amino-8-(5-iodo

N SN 2,3-dihydro-benzofuran-6
2A-39 0ylsulfanyl)-purin-9-yl]

NH ethyl)}-2,2-dimethyl

o1\ propionamide 

NH2  I 

N N-{2-[6-Amino-8-(5-iodo
N N 2,3-dihydro-benzofuran-6

2A-40 0ylsulfanyl)-purin-9-yl]
NH ethyl) -3-methyl

o1- butyramide 

NH2 

N N Cyclopropanecarboxylic 
N N acid {2-[6-amino-8-(5

2A-41 0iodo-2,3 -dihydro
NH benzofurau-6-ylsulfanyl)

o_ purin-9-yl] -ethyl) -amide
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Compound No, Structure Name 
NH2 

N ~ NN-{2-[6-Amino-g-(5-iodo

2A-42 [ S N 2,3-dihydro-benzofuran-6
11 ylsulfanyl)-purin-9-yl]

NH ethlyl} -formamide 
NH2  I 

)CN' )- - /6 N-{3-[6-Amino-8-(5 -judo

2AN -2,3-dihydro-benzofuran-6
2-43 0 ylsulfanyl)-purin-9-yl]

H
2  propyl I-2,2-dimethyl

0 ~propionami de 

NH2  I 

2A-44 o 2,3-dihydro-benzofuran-6
ylsulfanyl)-purin-9-yl]

0 propyll -isobutyramide 

NH2 

N >-s ~ Cyclopropanecarboxylic 
N N acid {3-[6-amrino-8-(5

2A-45 iodo-2,3-dihydro
NH benzofuan-6-ylsulfhnyl)

O purin-9-yi]-propyl}-amide 

NH2 

N ~-s ~ N-{3-[6-Amino-8-(5-iodo
N N 2,3-dihydro-benzofuran-6

2A-46 ylsulfanyl)-purini-9-yl]
KNH propyl}-2-hydroxy

- OH propionamide 

NN N -Acetic acid l-{3-[6-amino
N N 8-(5-iodo-2,3-dihydro

2A-47 0 ~ benzofuran-6-ylsulfanyl)
purin-9-yl]

NH propylcarbamoyl}.-1
o ,AC methyl-ethyl ester 

NH2 

N N 02,3-dihydro-benzofuran-6

2A-48 ylsulfanyl)-purin-9-yl]

NH propyl}-2-hydroxy-2

O H methyl-propionamide
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Table 5A lists specific examples in which X2 is halogen and X4 is halogen. In each of the 

structures as drawn, X2 is I and X4 is F. However, corresponding structures in which X4 is H, Cl, 
Br, or I are within the scope of the disclosure. In each of the structures in Table 5A, Y is CH2.  

However, corresponding structures in which Y is S and/or X2 is F, Cl, or Br are also within the 

5 scope of the disclosure. Additionally, in connection with each of the structures in Table 5A, 
corresponding structures in which X4 is H, Cl, Br, or I and Y is S are also within the scope of the 

disclosure.  

Table 5A 

Compound No. Structure Name 
NH2 1 

N N -2-(6-amino-2-fluoro-8-((5

F N iodo-2,3
5A-1 0 dihydrobenzofuran-6

yl)methyl)-9H-purin-9-yl)
,so 2  

N-isopropyl
HN ethanesulfonamide 

NH2 I 

N ~ N - 2-(6-amino-2-fluoro-8-((5

F N N N iodo-2,3
5A-2 F dihydrobenzofuran-6

yl)methyl)-9H-purin-9-yl)

HN $2 N-ethylethanesulfonamide 

NH2 

N N 2-(6-amino-2-fluoro-8-((5
iodo-2,3

5A-3 F N N dihydrobenzofuran-6
30 yl)methyl)-9H-purin-9-yl)

's02 N
HN methylethanesulfonamide 

NH2 I 

N N 2-(6-amino-2-fluoro-8-((5
iodo-2,3

5A-4 F N 0 dihydrobenzofuran-6
yl)methyl)-9H-purin-9

,so2  
yl)sulfonamide 

H2N 
NH2 

N N - 2-(6-amino-2-fluoro-8-((5
F N N \ / iodo-2,3
5 N l~idihydrobenzofuran-6

5A-5 0 yl)methyl)-9H-purin-9-yl)
so 2  N-(tert

HN butyl)ethanesulfonamide



WO 2012/138894 PCT/US2012/032371 

103 

Compound No. Structure Name 
NH2  I 

N ,>_N 2-(6-amino-2-fluoro-8-((5

F N N /iodo-2,3

5A-6 0dihydrobenzofuran-6
yl)methyl)-9H-purin-9-yl)

HN ;S2N
isobutylethanesulfonamide 

NH2 

N ~ N2-(6-aminio-2-fluoro-8-((5

N iodo-2,3
5A-7 0 dihydrobenzofuran-6

yI)methyl)-9H-purin-9-yl)
SO2  N-cycloptopyl

HN ethanesulfonamide 

NH2  I 

N ~ - -(2-(6-amino-2-fluoro-8
F N ~ /((5-iodo-2,3

5A-8 yl)methyl)-9H-purin-9

,NH yl)ethyl)propanie-2
02 S \-sulfonamide 

NH2 

N ~- N -N-(2-(6-amino-2-fluoro-8

F N N((5-iodo-2,3

5A-9 F N Hroezoaan6 
yl)methyl)-9H-purin-9

02 1N yl)ethyl)ethanesulfonamide 
NH2 

N ~ H -N-(2-(6-amnino-2-fluoro-8

/ ((5-iodo-2,3
5-0F '.N N dihydrobenzofuran-65A-10 0yl)methyl)-9H-purin-9

NH yl)ethyl)methane
02S\ sulfonamide 

NH2 

H ~ N -N-(2-(6-amino-2-fluoro-8

F N ~ /((5-iodo-2,3

5A-1lyl)methyl)-9H-purin-9
,NH yl)ethyl)-2-methylpropane

02 ,S 2-sulfonamnide 

NH 2 

N ~ N -N-(2-(6-amino-2-fluoro-8

N N \ /((5-iodo-2,3

5A-12yl)methyl)-9H-purin-9

os NHyl)ethyl)-2-methylpropane

OS 2-sulfinamide
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Compound No. Structure Name 

NH2 N -N-(2-(6-amino-2-fluoro-8

F N ~ /((5-iodo-2,3

5AH1 o dihydrobenzofuran-6
NH yl)ethyl)-2-methylpropane

() 2S_ 1-sulfonamide 

NH2  I 

N ~ N -N-(2-(6-amino-2-fluoro-8

F N N /((5-iodo-2,3
5A-14 ) 0 dihydrobenzofuran-6

NH yI)methyI)-9H-purin-9
o~s yl)ethyl)cyclopropane

NH2  I 

N ~ N -3-(6-amino-2-fluoro-8-((5

F N :N\ iodo-2,3
5A-15 / dihydrobenzofuran-6

yI)methyI)-9H-purin-9-yl)
023 N-isopropylpropane-1

NH sulfonamide 

NH2 

N ~. N3-(6-amino-2-fluoro-8-((5

F N ~ /iodo-2,3
5A-16 0 dihydrobenzofuran-6

yI)methyl)-9H-purin-9-yl)
O2S~ N-ethylpropane-l

02 NH sulfonamiide 

NH2  I 

N ' N - -(6-amino-2-fluoro-8-((5
F N ~ /iodo-2,3

5A-17 0 dihydrobenzofisran-6$ yl)methyl)-9H-purin-9-yI)
023 N-methylpropane-l

0 NH sulfonamide 

NH2 

N ~ N3-(6-amino-2-fluoro-8-((5

F N / iodo-2,3
5A-1S N 0 dihydrobenzofuran-6

yl)methyl)-9H-purin-9
O2~ yl)propane-l-sulfonamide 

NH2
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Compound No, Structure Name 
NH2 

N 'N N -3-(6-amino-2-fluoro-8-((5

F"""N ~'~ /iodo-2,3
5A-19 0dihydrobenzofuran-6

5A-19yl)methyl)-9H-purin-9-yI)

O2 ~N-(tert-butyl)propaie-1I 
HN _ sulfonam-ide 

NH2  I 

N "'~ N3-(6-amino-2-fluoro-8-((5

F I""N IN /iodo-2,3

5A-20 0dihydrobeiizofuranl-6
yl)methyl)-9H-purin-9-yl)

0A N-isobutylpropane-1
HN-> sulfonamide 

NH2 

N "N N3-(6-amino-2-fluoro-8-((5
I \ / odo-2,3

5A-21 F N0dihydrobenzofuran-6
yl)metliyI)-9H-purin-9-yI)
N-eyclopropytpropane-1 

O2SN_ sulfonamide 

NH2  I 

N 'N N -N-(3-(6-amino-2-fluoro-8

F N N /((5-iodo-2,3
5-20 dihydrobenzofuran-6

5A-22yl)methyl)-9H-purin-9

HN yl)propyl)propane-2
so02  sulfonamide 

NH2  I 

N 'N N -N-(3-(6-amino-2-fluoro-8

"' ~ /((5-iodo-2,3
5A-23 ' 0 dihydrobenzofuran-6K yl)methyl)-9H-purin-9

HN yl)prnpyl)ethane
HN\ S02sulfonamide 

N11
2 

N- 'N N N-(3-(6-amino-2-fluoro-8
IF IN \ ((5-iodo-2,3

FA2 N0 dihydrobeiizofiiran-6
5A-24 0yl)methyl)-9H-purin-9

I-IN yl)propyl)methan-
HI S02 sulfonamide
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Compound No. Structure Name 
NH2  I 

N ~ N -N-(3-(6-amino-2-fluoro-8

F~"' ~ /((5-iodo-2,3
0 dihydrobenzofuran-6

5A-25 yl)methyl)-9H-purin-9
HN yl)propyl)-2
HN, metlsylpropane-2

S02  sulfonamide 

NH2 

N N -N-(3-(6-amino-2-fluoro-8

F N ~ /((5-iodo-2,3
0 dihydrobenzofisran-6

5A-26 yl)methyl)-9H-purin-9
HN yl)propyl)-2
HN, S methylpropane-2

SA sulfinamide 

NH2  I 

N ~ N -N-(3-(6-amino-2-fluoro-8

I ~ / ((-iodo-2,3
F N N 0dihydrobenzofaran-6

5A-27 yl)methyl)-9H-purin-9
yl)propyl)-2

HN, ~ methlylpropane-1I
S02  sulfonamide 

NH2  I 

N ~N N -N-(3-(6-amino-2-fluoro-8

F N N '~/((5-iodo-2,3

5A-28 0dihydrobenzofuran-6
yl)metliyl)-9H-purin-9

HN yl)propyl)cyelopropane
S02  sulfonamide 

NH2  I 

N 

F N N iodo-2,3
5A-29 0 dihydrobenzofuran-6

o yl)methyl)-9H-purin-9-yl)
HN N-isopropylpropanamide 

NH2  I 

N ~ N -3-(6-amino-2-fluoro-8-((5

5A-3 F N ~ /iodo-2,3
oA3 dihydrobenzofuran-6

yl)methyl)-9H-purin-9-yl)
0o N-ethylpropanamide 

HN\
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Compound No. Structure Name 
NH2  I 

N ~ N3-(6-amioo-2-fluoro-8-((5
A. \ /iodo-2,3

5A-31 F0 dihydrobenzofaran-6
yI)methyl)-9H-purin-9-y)

o N-methylpropanamide 
HN 

NH2  I 

N ~ N - -(6-amino-2-fluoro-g-((5
I ~ iod-2,3

5A-32 N ND dihydrobeozofuran-6 
yl)methyl)-9H-purin-9

o yl)propanamide 
H2N 

NH2 

N ~N N3-(6-amioo-2-fluoro-8-((5

F N N ''/iodo-2,3

5A-33 0 dihydrobenzofuran-6
o yl)meuhyI)-9H-purin-9-yl)

HN N-(terz-but yl)propaoamide 

NH2  I 

N 

F N N "'/iodo-2,3

5A-34 0 dihydrobenzofuran-6

o yI)methyI)-9H-purin-9-yl)
HNl_ N-isobutylpropanamide 

NH2 

N - 3-(6-amino-2-fluoro-8-((5
F N N /iodo-2,3

5A-35 0 dihydrobeozofuran-6

o yI)methyl)-9H-purin-9-yI)
HN \>N-cyclopropylpropanamide 

NH2 

N ~ NN-(2-(6-amino-2-fluoro-8

F N N /((5-iodo-2,3

5A-36 0 dihydrobenzofaran-6
NH yl)methyl)-9H-purin-9

0 
yl)ethyl)isobutyranide 

NH2 

~N -N-(2-(6-amino-2-fluoro-8

((5-iodo-2,3
A-7F N N 

yl)methyl)-9H-purin-9
0 H yl)ethyl)propionamide



WO 2012/138894 PCT/US2012/032371 

108 

Compound No. Structure Name 
NH2 I 

N ~> N -N-(2-(6-amino-2-fluoro-8

5A-38F N~ ((5-iodo-2,3
oA3 dihydrobenzofaran-6

NH yl)methyl)-9H-purin-9
0 1 NHyl)ethyl)acetamnide 

NH2 

N >~ NN-(2-(6-armino-2-fluoro-8
I ~ / ((-iodo-2,3

5A-39 IF IN r N 0dhdoezfrn 
yl)methyl)-9H-purin-9

NH yl)ethyl)forinamide 
NH2  I 

N ~ NN-(2-(6-amino-2-fluoro-8

IF I N ~ /((5-iodo-2,3
5A-40 0dihydrobenzoffiran-6

NH yl)methyl)-9H-purin-9

o L yl)ethyl)pivalamide 

NH2  I 

N ~ N,>_ N-(2-(6-amino-2-fluoro-8
F~N ~ /((5-iodo-2,3

5A-41 0 dihydrobenzofuran-6
NH yl)methyl)-9H-purin-9

NH yl)ethyl)-3
0- x methylbutanamide 

NH2  I 

N ,>_N N-(2-(6-amino-2-fluoro-8
F ,~H ~'~ /((5-iodo-2,3

5A-42yl)methyl)-9H-purin-9
NH yl)ethyl)cyclopropane

0 ( carboxamide 

NH2 I 

N-{3-[6-Amiino-2-fluoro
F N -08-(5-iodo-2,3-dihydro

5A-43 benzofuran-6-ylmethyl)> 

N purin-9-yl]-propyl} -2,2

o, dimethyl-propionaniide 

NH2 

SN-{(3 -[6 -Amino-2 -fluoro
FNN 8-(5-iodo-2,3-dihydro

5A-44 benzofuran-6-ylmethyl)

HN purin-9-yl]-propyl}
o isobutyramide
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Compound No. Structure Name 
NH

2 

N ~ Cyclopropanecarboxylic 
F acid {3-[6-amino-2-fluoro

5A-45 8-(5-iodo-2,3-dihydro

NH benzofuran-6-ylmethyl)
purin-9-yl]-propyl}-amide 

NH2 I 

N-{3-[6-Amino-2-fluoro
F N N 8-(5-iodo-2,3-dihydro

5A-46 benzofuran-6-ylmethyl)

NH purin-9-yl]-propyl}-2
OH hydroxy-propionamide 

NH
2 

Acetic acid 1-{3-[6-amino
F 2-fluoro-8-(5-iodo-2,3

5A-47 dihydro-benzofuran-6
ylmethyl)-purin-9-yl]

NH propylcarbamoyl)-1
o o -^4 methyl-ethyl ester 

NH
2 

N N-{3-[6-Amino-2-fluoro
F N 8-(5-iodo-2,3-dihydro

5A-48 benzofuran-6-ylmethyl)
purin-9-yl]-propyl}-2

NH hydroxy-2-methyl
O OH propionamide 

In each of the structures Xb is 0 and Xa is CH 2. However, corresponding structures in 

which Xb is CH2 and Xa is 0 are also within the scope of the disclosure.  

Hsp90 binding results are presented for Compounds 2A-11, 2A-12, 2A-26 and 2A-45 in 

5 Table 12 below. As can be noted therefrom, the compounds showed a high level of binding 

affinity.  

D-Il. In some embodiments of the disclosure, X2 is an optionally substituted aryl.  

Specific examples of compounds within the scope of this aspect of the disclosure correspond to the 

compounds disclosed in Tables 2A and 5A, or variations thereof as described in A. and D-. above, 

10 in which X2 is an optionally substituted aryl, including but not limited to pyrazolyl, 1H-pyrazol-3

yl, oxazolyl, oxazol-2-yl, thiazolyl, thiazol-2-yl, furanyl, furan-2-yl, and 5-methylfuran-2-yl.  

D-II. In some embodiments of the disclosure, X2 is an alkynyl group, e.g., ethynyl, 1
prop-1-ynyl, and 3-prop-1-ynyl. Specific examples of compounds within the scope of this aspect of
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the disclosure correspond to the compounds disclosed in Tables 2A and 5A, or variations thereof as 

described in A. and D-L above, in which X2 is an alkynyl group.  

D-IV. In some embodiments of the disclosure, X2 is an amino group, i.e., -NR1R2, 

wherein R, and R2 are each independently H, CI-Cs alkyl, C2-C6 alkenyl, C-Cs alkynyl, cycloalkyl, 

5 heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, 

or alkylheteroarylalkyl, Specific examples of compounds within the scope of this aspect of the 

disclosure correspond to the compounds disclosed in Tables 2A and 5A, or variations thereof as 

described in A. and D-I. above, in which X2 is an amino group.  

10 E. Compounds of Formula (IA) in Which Xa or Xb is C(=O) 

In accordance with another embodiment of the disclosure, the compounds are of Formula 

(IA) in which one of Xa and Xb is C(=O) and Xc and the other of Xa and Xb is CH2. Thus, the 

compounds of this embodiment can be represented by Formula (3): 

NH2 

X'- \> Xa 
4N N 

Xb 
R 

15 (3) 

or a pharmaceutically acceptable salt thereof, wherein: 

one of Xa and Xb is a carbonyl group, i.e., C(=O), and the other is CH 2 ; 

Y is CH2 or S; 

X4 is hydrogen or halogen; 

20 R is a is straight-chain- or branched- substituted or unsubstituted alkyl, straight-chain- or 

branched- substituted or unsubstituted alkenyl, straight-chain- or branched- substituted or 

unsubstituted alkynyl, or substituted or unsubstituted cycloalkyl wherein the R group is interrupted 

by -S(O)N(RA)-, -NRAS(O)-, -SO2N(RA)-, -NRASO 2-, -C(O)N(RA)-, or -NRAC(O)-, and/or 

terminated by -S(O)NRARB, NRAS(O)RB, -SO 2NRARS, IRASO 2RB, -C(O)NRAR3, or 

25 NRAC(O)Rs, wherein each RA and RB is independently selected from hydrogen, C-C6 alkyl, C2-C6
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alkenyl, C2-C6 alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, 

arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; and 

X2 is as disclosed below.  

E-I. In some embodiments of the disclosure, X2 is halogen. Table 7A lists specific 

5 examples of compounds within this embodiment. In each of the structures as drawn, X2 is I and X4 

is H. However, corresponding structures in which X2 is F, Cl, or Br are within the scope of the 

disclosure. In each of the structures in Table 7A, Y is S. However, corresponding structures in 

which Y is CH2 and/or X4 is F, Cl, Br, or I are also within the scope of the disclosure. In each of 

the structures in Table 7A, Xb is C(=O) and Xa is CH 2. However, corresponding structures where 

10 Xa is C(==O) and Xb is CH2 are also within the scope of the disclosure. Additionally, in connection 

with each of the structures in Table 7A, corresponding structures in which X2 is F, Cl, or Br, Y is 

CH2, Xa is C(=O), and Xb is CH2 are also within the scope of the disclosure.  

Table 7A 

Compound No. Structure Name 
NH

2 

N 2-(6-amino-8-((6-iodo-3
N oxo-2,3-dihydro-lH-inden

7A-1 5-yl)thio)-9H-purin-9-yl)
so2  0 N

HN' isopropylethanesulfonamide 

NH
2 

N s 2-(6-amino-8-((6-iodo-3

7A-2 N oxo-2,3-dihydro-lH-inden
5-yl)thio)-9H-purin-9-yl)

so02 N-ethylethanesulfonamide 
HN 

NH
2 

N 2-(6-amino-8-((6-iodo-3

7A-3 N N oxo-2,3-dihydro-1H-inden
5-yl)thio)-9H-purin-9-yl)

,so2 N-methylethanesulfonamide 
HN 

NH
2 

N 2-(6-amino-8-((6-iodo-3

7A-4 N N oxo-2,3-dihydro-1H-inden
5-yl)thio)-9H-purin-9

o 0yl)ethanesulfonamide 

________________ H2N_____________
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Compound No. Structure Name 
NIH2 

\>-N 2-(6-amino-8-((6-iodo-3
N , Noxo-2,3-dihydro-lH-inden

7A-5 05-yl)thio)-9H-purin-9-yl)

02 N-(tert
HN butyl)ethanesulfonamide 

NH, 

' I \>-s2-(6-amino-8-((6-iodo-3

7A-6 Noxo-2,3-dihydro-1H-inden
7A-60 5-yl)thio)-9H-purin-9-yl)

02 N
H N isobutylethanesulfonamide 

NH2  I 
N\ _ 2-(6-amino-8-((6-iodo-3

NK N /oxo-2,3-dihydro-1H-inden
7A-7 5-yl)thio)-9H-purin-9-yl)

02 0 N-cyclopropyl
SO2  ethanesulfonamide 

NH2  I 

N ~N N-(2-(6-amino-8-((6-iodo
k N N ' 3-oxo-2,3-dihydro-1H

7A-8 inden-5-yl)thio)-9H-purin
N 0 9-yl)ethyl)propane-2

02S N sulfonamide 

NH2 

N N- N-(2-(6-a-ino-8-((6-iodo

7A- N N 3-oxo-2,3-dihydro-1IH
7A9N H- inden-5-yl)thio)-9H-purin

,NH yl)ethyl)ethanesulfoiiamide 
02S \ 

NH2 

N ' >_S N-(2-(6-amino-8-((6-iodo
7A-1O N 3-oxo-2,3-dihydro-1H

NH-1 inden-5-yl)thio)-9H-purin

S NH sulfonamide 
02s\
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Compound No. Structure Name 
NH2  I 

N "N-(2-(6-amino-8-((6-iodo

N" N 3-oxo-2,3-dihydro-1H
7A-1 1 9nc--yl)thy)-2-pn 

NH 9ne--yl)th)-H-pu
NH methylpropane-2

02S sulfonamide 

NH2 

N N,_ N-(2-(6-amino-8-((6-iodo

N" N 3-oxo-2,3-dihydro-1H

NH-1 inden-5-yl)thio)-9H-purin

,NH rmethylpropaoe-2
OS'I sulfinamide 

NH2 

N N SN-(2-(6-amino-8-((6-iodo

N N 3-oxo-2,3-dihydro-lH

7A01 9-yl)ethyl)-2
NH imethylpropaoe-1

0 2S sulfonamide 

NH2 

N> - N-(2-(6-amino-8-((6-iodo
N / 3-oxo-2,3-dihydro-lH

7A-14 0ilnden-5-yl)thia)-9H-purin

NH 9-yl)ethyl)cyclopropaoe
0 23s sulfonamide 

NH2 

NN N 
\>- / 3-(6-anmino-8-((6-iodo-3

715N N oxo-2,3-dihydro-1H-inde
7A-50 5-yl)thio)-9H-purin-9-yl)

N-isopropylpropaoe-1
02S sulfonamide 

NH 

NH2 

'N N> 3-(6-amino-8-((6-iodo-3
N / oxo-2,3-dihydro-1H-inden

7A-16 ,)5-yl)thio)-9H-purin-9-yl)
0 N-ethylpropane-1

02 s. sulfonamide 
NH
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Compound No, Structure Name 
N H2  I 

NN oxo-2,3-dihydro-lH-inden
7A-17 5-yl)thio)-9H-purin-9-yl)

0 N-methylpropane-l
O28 sulfonamnide 

NH 

NH2 

NN N 
[K - \ 3-(6-amino-8-((6-iodo-3

7A-18 N NOXO-2,3-dihydro-1ll-inden
o 5-y1)thio)-9H-purin-9

0yl)propane-1-sulfonamide 

O2S, 
NH2 

NH
2 ~ N 3-[6-Amino-8-(6-iodo-3

N N oxo-indan-5-ylsulfanyl)
7A-19 purin-9-yl] -propane-i1

0 sulfonic acid tert
02q butylamide 

NH2  I 

,N ': >_ 3-[6-Amnino-g-(6-iodo-3
7A-20 /, oxo-indan-5-ylsulfanyl)

0 purin-9-yl] -propane-1I

02S, sulfonic acid isobutyl-amide 
HN

NH2 I 

N. N, 3-[6-Amino-8-(6-iodo-3
KN N > oxo-indan-5-ylsulfanyl)

7A-21 2purin-9-yl] -propane-l1 
0 sulfonic acid 

025 cyclopropylamide 

NH2 

K N S / Propane-2-sulfonic acid {3
7A-22[6-amino-8-(6-iodo-3-oxo

7-20 indan-5-yisulfanyl)-purin-9

HN, yl]-propyl}-amnide 
S02 

:K N / Ethanesulfonic acid {3-[6

7A-23 Nan-ino-8-(6-iodo-3-oxo
0 indan-5-ylsulfanyl)-purin-9

HP yl]-propyl}-amide 
S02
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Compound No. Structure Name 
NH2 

NC" />_ N- {3-[6-Amino-8-(6-iodo
7A-24 N N3-oxo-indani-5-ylsulfanyl)$ purin-9-yl]-propyl} 

HN methanesulfoniamide 
(o2 

NH2 

K -s 2-Methyl-propane-2

7-5N :CN sulfonic acid {3-[6-amnino
7A02 8-(6-iodo-3-oxo-indan-5

NH ylsulfanyl)-purin-9-yl]
s,S0 propyl) -amide 

N \~~a~ /2-M thyl-propane-2

7A2 N sulfinic acid {3-[6-amino-8
7A-60 (6-iodo-3-oxo-indan-5

HN ylsulfanyl)-purin-9-yl]
Hso propyl} -amide 

NH2 

S >_ / 2-Methyl-propane-i 
NA N sulfonic acid {3-[6-amino

A-27 08-(6-iodo-3-oxo-indar-5

HN ylaulfanyl)-purin-9-yl]
HN, 02propyl} -amide 

NH2 

K Cyclopropanesulfonic acid 

1A-28 ~ 3-[6-amino-8-(6-iodo-37A-28 0oxo-indan-5-ylsulfanyl)

HN, purin-9-yl]-propyl} -amide 

<1 02 

NH2 

N-N 

N >_S / 3-[6-Amnino-8-(6-iodo-3
7A-29 N N oxo-indan-5-ytsulfanyl)

0 purin-9-yl]-N-isopropyl
0o propionamide 

NH2 

-.. N -3-[6-Amino-8-(6-iodo-3

7A'3 N N ' oxo-indan-5-ylsulfanyl)

0N purin-9-yl]-N-ethyl
o propionamide
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Compound No. Structure Name 
NH 2 

'~N 3-[6-Amino-8-(6-iodo-3

7A-31 N N oxo-indan-5-ylsulfanyl)
0N purin-9-yl] -N-methyl

o propiona-mide 

NH 2 I 

NI>_13-[6-Amino-8-(6-iodo-3

7A-32 N N oxo-indan-5-yisulfanyl)

oo purin-9-yl]-propionamide 
NH2 

~ N 

N ', SN 3-[6-Aniino-8-(6-iodo-3
7A-33 Noxo-indan-5-ylsulfanyl)

o purin-9-yl]-N-tert-butyl
o propionamide 

HN 

NH2 

N ~N 
N ' -s 3-[6-Amino-8-(6-iodo-3

7A-34 N N oxo-indan-5-ylsulfanyl)
0 purin-9-yl]--N-isobutyl

o propionamide 
HN,_ 

NH 2 

N N ,>S_, 3-[6-Amino-8-(6-iodo-3
7-5N _ Doxo-indan-5-ylsulfanyl)

7A-50 purin-9-yl]-N-cyclopropyl
o propionamide 

HN 

NH2 I 

N N-{2-[6-Amino-8-(6-iodo
7A-36 N N 3-oxo-indan-5-ylsulfanyl)

N 0 purin-9-yl] -ethyl) 
0 NH isobutyramide 

NH2 

IC N, - N-{2-[6-Amino-8-(6-iodo

7A-37 KN \3-oxo-indan-5-ylsulfanyl)

/ purin-9-yl] -ethyl} 
NH propionamide 

0 
I
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Compound No. Structure Name 
NH

2 

v N N-{2-[6-Amino-8-(6-iodo
7A-38 N N 3-oxo-indan-5-ylsulfanyl)

purin-9-yl]-ethyl}
NH acetamide 

07 

NH
2 

N 
N -S \ / N-{2-[6-Amino-8-(6-iodo

7A-39 3-oxo-indan-5-ylsulfanyl)
K purin-9-yl]-ethyl}-2,2

NH dimethyl-propionamide 

NH
2 

N

NN \ N-{2-[6-Amino-8-(6-iodo

7A-40 3-oxo-indan-5-ylsulfanyl)
0 purin-9-yl]-ethyl} -3

NH methyl-butyramide 

NH2 

)C\/ Cyclopropanecarboxylic 

7A-41 acid {2-[6-amino-8-(6-iodo
0 3-oxo-indan-5-ylsulfanyl)

purin-9-yl]-ethyl} -amide 

NH
2 

N N-{2-[6-Amino-8-(6-iodo

7A-42 N N 3-oxo-indan-5-ylsulfanyl)
purin-9-yl]-ethyl}

0 formamide 

Table 9A lists specific examples in which X2 is halogen and X4 is halogen. In each of the 

structures as drawn, X2 is I and X4 is F. However, corresponding structures in which X4 is H, Cl, 
Br, or I are within the scope of the disclosure. In each of the structures in Table 9A, Y is CH2 .  

5 However, corresponding structures in which Y is S and/or X2 is F, Cl, or Br are also within the 

scope of the disclosure. In each of the structures in Table 9A, Xb is C(=O) and Xa is CH2 .  
However, corresponding structures where Xa is C(=O) and Xb is CH2 are also within the scope of 
the disclosure. However, corresponding structures in which Y is S are also within the scope of the 

disclosure. Additionally, in connection with each of the structures in Table 9A, corresponding 

10 structures in which X4 is H, Cl, Br, or I, Y is S, Xa is C(=O), and Xb is CH2 are also within the 

scope of the disclosure.
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Table 9A 

Compound No. Structure Name 
NH2 

N N -2-(6-amino-2-fluoro-8-((6

F N Niodo-3-oxo-2,3-dihydro-1H
9A-l 1o ioden-5-yl)mnethyl)-911

02 0purin-9-yl)-N
HN isopropylethanesulfonamide 

NH 2 

NN N -2-(6-amnino-2-fluoro-8-((6

IF \N /N iodo-3-oxo-2,3-dihydro-1H
9A-2 inden-5-yl)mnethyl)-9H

o purin-9-yl)-N
,S02  ethylethanesulfonamide 

HN 

NH2 

N N N -2-(6-armino-2-fluoro-8-((6

9A-3 N~ N ~ " /iodo-3-oxo-2,3-dihydro-1H
9A-3 J;inden-5-yI)methyl)-9H

0 purin-9-yl) -N
0, methylethanesulfonamide 

NH2 

N N N -2-(6-amino-2-fluoro-8-((6

9A-4 ~ N ~ /iodo-3-oxo-2,3-dihydro-1H
9A-4IF I Nr inden-5-yl)methyl)-9H

0 purin-9
;S02 yl)ethanesulfonamide 

H2N 
NH2 

NlN-- N -2-(6-am~ino-2-fluoro-8-((6

F N N iodo-3-oxo-2,3-dihydro-1H
9A-5 inden-5-yl)methyl)-9H9A- 0 purin-9-yl)-N-(tert

HN0 butyl)ethanesulfonarmide 

NH 

2-(6-amiino-2-fluoro-S-((6
IF N IN iodo-3-oxo-2,3-dihydro-1H

9A-6 o; inden-5-yl)methyl)>9H
,S02 purin-9-yl)-N

HN isobutylethanesulfonamide
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Cornpound No. Structure Name 
NH 2 

N'N N -2-(6-amioo-2-fluaoro-8-((6

IF IN N '/iodo-3-oxo-2,3-dihydro-lH

9A-7 inden-5-yl)maethyl)-9H

02 purin-9-yl)-N-eyelopropyl
HN ethanesulfonamide 

NH 2 

~ N -N-(2-(6-amino-2-fluoro-8

IF IN N , / ((6-iodo-3-oxo-2,3-dihydro
9A-8 IH-inden-5-yl)methyl)-9H

NH purin-9-yl)ethyI)propau-2
0 2S sulfonamide 

NH 2 

SN -N-(2-(6-amino-2-fluoro-8

9A-9 N~ ~ /((6-iodo-3-oxo-2,3-dihydro
9A-9F IN N1H-inden-5-yI)methyI)-9H

NH purin-9

02S PHyl)ethyl)ethaoesulfonamide 

N ' N - -(2-(6-amino-2-fluoro-8
9A4 F N /((6-iodo3-oxo-2,3-dihydro
9A-10 IN NlH-inden-5-yl)methyl)-9H

NH apurin-9-yl)ethyl)methane
PHs sulfonamide 

NH2 

N N N -N-(2-(6-amino-2-fluoro-8

F N ~ /((6-iodo-3-oxo-2,3-dihydro
9A-l 1 FlN H-inden-5-yl)methyl)-9HK a purin-9-yl)ethyl)-2

NH methylpropane-2
02S IVsulfonamide 

NH2 I 

:NH N-(2-(6-amino-2-fluoro-8
F AN \ /((6-iodo-3-oxo-2,3-dihydro

9A-12 FpN u H ine-5-yl)ethy)-H
NH 1H-ine-9-yl)ethyl)-9PH methylpropane-2

os sulfonamide
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Compound No. Structure Name 
NH2 

N N -N-(2-(6-amino-2-fluoro-8

N ((6-iodo-3-oxo-2,3-dihydro
9A-13~ ~ N Ndn--ImthI-H 

9A-13purin-9-yl)ethyl)-2

,NH methyipropane- 1
02SV_ sulfonamide 

NH2 

N' N -N-(2-(6-amino-2-fluoro-8

N ((6-iodo-3-oxo-2,3-dihydro

9A-14purin-9
PH yl)ethyl)cyclopropn-

02S sulfoniamide 

NH, 

N N -3-(6-amino-2-fluoro-8-((6

F N;id--x-,-iyr-H 

iA-15 -5 d5 )mth)9H
9A-15 0purin-9-yl)-N

02S isopropylpropane- 1
02 NH sulfonamide 

NH2 

N 3-(6-amino-2-fluoro-8-((6
F N N /N sodo-3-oxo-2,3-dihydro-1H

9A-16 ,) inden-5-yl)methyl)-9H
0 purin-9-yl)-N-ethylpropane

02S~ 1I-sulfonamide 
NH 

NH2 

N N N -3-(6-amino-2-fluoro-8-((6

A / iodo-3-oxo-2,3-dihydro-1H
9-7F N Ninden-5-yl)meshyl)-9H

9A-17 0purin-9-yl)-N
methylpropane-1

02S 'N sulfonamide 

NH 

N N N -3-(6-amino-2-fluoro-8-((6

A N iodo-3-oxo-2,3-dihydro-1H
9A-18 F ) /inden-5-yl)methyI)-9H

() 0 purin-9-yl)propane-1 

J sulfonamide
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Compound No. Structure Name 
NH2 

N N N -3-(6-aminio-2-fluoro-8-((6

F N Niodo-3-oxo-2,3-dihydro-1H

9A-19 N ~ /inden-5-yl)methyl)-9H
0 purin-9-yi)-N-(tert

butyl)propane-1I028 i sulfonamide 

NH2  I 

NN N -3-(6-amino-2-fluoro-8-((6

F IN Niodo-3-oxo-2,3-dihydro-1H

9A-20 AN >indeni-5-yl)methy)-9H.  0 purin-9-yI)-N
0)23, isobutylpropane-1 

HN- sulfonamide 

NH2 

N N - 3-(6-amino-2-fl-uoro-8-((6

iodo-3-oxo-2,3-dihydro-1H
9A-21 F N Ninden-5-yl)methyl)-9H

0 purin-9-yl)-N) cyclopropylpropanc- 1 
HN-< sulfonamide 

NH2 

'/N-(3-(6-amino-2fluoto-8 
IF N N((6-iodo-3-oxo-2,3-dihydro

9A-22 0 lH-inden-5-yl)methyl)-9H
purin-9-yl)propyl)propane

HN, S022-sulfonamide 

NH2  I 

N NN 
N-(3-(6-amino-2-fluoro-8

IF' / ((6-iodo-3-oxo-2,3-dihydro
9A-23 01H-indcn-5-yl)methyI)-9H

N 0 purin-9-yl)propyl)ethane
HN sulfonamide 

so2 

NH2  I 
-N -N-(3-(6-amino-2-fluoro-8

F N N '~/((6-iodo-3-oxo-2,3-diliydro

9A-24 0 H-inden-5-yl)methyI)-9H

HN sulfonamide 
3S02
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Compound No, Structure Name 
NH2  I 

N - N-(3-(6-aminio-2-fluoro-8

IF N N /D ((6-iodo-3-oxo-2,3-dihydro
9A-25 IH-inden-5-yl)methyI)-9H0 purin-9-yl)propyl)-2

HN methylpropane-2ISo 2  sulfonamide 

N ~ N -N-(3-(6-amino-2-fluoro-8

F N N /((6-iodo-3-oxo-2,3-dihydro
1H-inden-5-yl)methyl)-9H

9A-26 0 purin-9-yl)propyl)-2
HNI methylpropane-2

'so sulfinamide 

N -N-(3-(6-amnino-2-fluoro-8

F 'N N / ((6-iodo-3-oxo-2,3-dihydro
9A-27lH-inden-5-yl)methyl)-9H
9A-27 0purin-9-yl)propyl)-2

HN methylpropane-1 
I802 sulfonamide 

NH-2 

-~N N-(3-(6-amino-2-fluoro-8

F N. : ((6-iodo-3-oxo-2,3-dihydro
9A-28 01l-inden-5-yl)methyl)-9H

9A-28 npurin-9

HN' yl)propyl)cyclopropane

<S 2  
sulfonamide 

I 

N 3-(6-amino-2-fluoro-8-((6
F N / iodo-3-oxo-2,3-dihydro-lH

9A-29 0inden-5-yl)methyl)-9H
0o purin-9-yl) -N

HN isopropyipropanamide 

NH2 
-N -3-(6-amino-2-fluoro-8-((6

9A-3 F N~N ~ /iodo-3-oxo-2,3-dihydro-1H
inden-5-yl)methyl)-9H

0 purin-9-yl)-N
HN o ethylpropananiide
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Compound No. Structure -Name 
NH-2  I 

N ~ N -3-(6-aniino-2-fluoro-8-((6

9A-31 F N N /iodo-3ox-2,3-dihydro-1H
9A-31 irinden-5-yl)methyl)-9H

0 purin-9-yl)-N
=o methylpropan-amide 

HN 

NH-2  I 
NN N - 3-(6-amino-2-fluoro-8-((6

9A-32 F N N iodo-3-oxo-2,3-dihydro-1H
0inden-5-yI)methyl)-9H

=o purin-9-yl)propanamide 

NH2 N 
N I-1 N 

N 3-(6-amin~o-2-fluoro-8-((6
9-3F N N iodo-3-oxo-2,3-dihydro-1H9A-33inden-5-yl)methyl)-9H

o 0 purin-9-yl)-N-(tert
H NX butyl)propanamide 

NH2 

N 3-(6-amino-2-fluoro-S-((6
F N N iodo-3-oxo-2,3-dihydro-1H

9A-34 1; 0inden-5-yI)methyl)-9H
0o purin-9-yl)-N

FINV isobutylpropanamide 

NH-2  I 

N 

ir , -(6-amino-2-fluoro-8-((6F N N iodo-3-oxo-2,3-dihydro-1H9A-35 inden-5-yl)methyl)-9H
H> 0 purin-9-yl)-N

HN >cyclopropylpropanide 

NH2 

N N-(2-(6-amino-2-fluoro-8
F N N /((6-iodo-3-oxo-2,3-dihydro

NH-3 1H-inden-5-yl)methyl)-9H

o= yI)ethyl)isobutyrarnide 

NH2 

Nel)N N-(2-(6-amino-2-fluoro-8

9A-37F IN N /((6-iodo-3-oxo-2,3-dihydro

NH purin-9

o=< yl)ethyl)propionamide
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Compound No. Structure Name 
NH

2 

NNN 
N N N-(2-(6-amino-2-fluoro-8

9A-38 F N N ((6-iodo-3-oxo-2,3-dihydro
1H-inden-5-yl)methyl)-9H

NH purin-9-yl)ethyl)acetamide 

NH
2 

N N N-(2-(6-amino-2-fluoro-8

9A-39 F N N ((6-iodo-3-oxo-2,3-dihydro
1H-inden-5-yl)methyl)-9H

NH 0 purin-9-yl)ethyl)formamide 
o=-/ 

NH
2 

N N N 

N N /N-(2-(6-amino-2-fluoro-8
9A-40 F ((6-iodo-3-oxo-2,3-dihydroK a 1H-inden-5-yl)methyl)-9H

NH purin-9-yl)ethyl)pivalamide 

NH2 
N N N N-(2-(6-amino-2-fluoro-8

F N N ((6-iodo-3-oxo-2,3-dihydro
9A-41 1H-inden-5-yl)methyl)-9H

NH purin-9-yl)ethyl)-3
o= methylbutanamide 

NH
2 | 

N N NN-(2-(6-amino-2-fluoro-8

FAN N /((6-iodo-3-oxo-2,3-dihydro
9A-42 IH-inden-5-yl)methyl)-9H

o purin-9
NH yl)ethyl)cyclopropane

04 carboxamide 

E-IL. In some embodiments of the disclosure, X2 is an optionally substituted aryl.  

Specific examples of compounds within the scope of this aspect of the disclosure correspond to the 

compounds disclosed in Tables 7A and 9A, or variations thereof as described in A. and E-I. above, 

5 in which X2 is an optionally substituted aryl, including but not limited to pyrazolyl, 1H-pyrazol-3

yl, oxazolyl, oxazol-2-yl, thiazolyl, thiazol-2-yl, furanyl, furan-2-yl, and 5-methylfuran-2-yl.  

E-IIL. In some embodiments of the disclosure, X2 is an alkynyl group, e.g,, ethynyl, 1

prop-1-ynyl, and 3-prop-1-ynyl. Specific examples of compounds within the scope of this aspect of 

the disclosure correspond to the compounds disclosed in Tables 7A and 9A, or variations thereof as 

10 described in A. and E-I. above, in which X2 is an alkynyl group.
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E-JV. In some embodiments of the disclosure, X2 is an amino group, i.e., -NR1R2, 

wherein R, and R2 are each independently H, Q-C 6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, cycloalkyl, 

heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, 

or alkylheteroarylalkyl. Specific examples of compounds within the scope of this aspect of the 

5 disclosure correspond to the compounds disclosed in Tables 7A and 9A, or variations thereof as 

described in A. and E-I. above, in which X 2 is an amino group.  

F. Compounds of Formula (IA) in Which Xa and Xb Each Comprise Hydrocarbon 

In accordance with another embodiment of the disclosure, the compounds are of Formula 

10 (IA) in which Xa, Xb and Xc all comprise hydrocarbon and are connected by two single bonds or 

one single bond and one double bond. Thus, the compounds of this embodiment can be represented 

by Formula (4): 

N H2 

\y f Xa 

X N/ N X4  N eXc 
Rxb 

(4) 

15 or a pharmaceutically acceptable salt thereof, wherein: 

Xa-Xc-Xb is CH2-CH2-CH 2, CH=CH-CH 2, or CH 2-CH=CH; 

Y is CH 2 or S; 

X4 is hydrogen or halogen; 

R is a is straight-chain- or branched- substituted or unsubstituted alkyl, straight-chain- or 

20 branched- substituted or unsubstituted alkenyl, straight-chain- or branched- substituted or 

unsubstituted alkynyl, or substituted or unsubstituted cycloalkyl wherein the R group is interrupted 

by -S(O)N(RA)-, -NRAS(O)-, -SO 2N(RA)-, -NRAS
0

2, -C(O)N(RA)-, or -NRAC(O)-, and/or 

terminated by -S(O)NRARB, -NRAS(O)Rs, -SO 2NRARB, -NRASO 2Rs, -C(O)NRAR, or 

NRAC(O)RB, wherein each RA and RB is independently selected from hydrogen, C1-C6 alkyl, C2-C6 

25 alkenyl, C2-C6 alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, 

arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; and 

X2 is as disclosed below.  

F-L In some embodiments of the disclosure, X2 is halogen. Table 3A lists specific 

examples of compounds within this embodiment. In each of the structures as drawn, X 2 is I and X4
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is H. However, corresponding structures in which X2 is F, Cl, or Br are within the scope of the 

disclosure. In each of the structures in Table 3A, Y is S. However, corresponding structures in 

which Y is CH 2 and/or X4 is F, Cl, Br, or I are also within the scope of the disclosure. Additionally, 
in connection with each of the structures in Table 3A, corresponding structures in which X2 is F, Cl, 

5 or Br and Y is CH2 are also within the scope of the disclosure.  

Table 3A 

Compound No. Structure Name 
N H2 

Ni 

N> 2-[6-Amaino-8-(6-iodo-indan
3A-1 5-ylsulfanyl)-purin-9-yl]

ethanesulfonic acid 

HNP
0 2 isopropylamide 

NH
2 

1 s / 2-[6-Amino-8-(6-iodo-indan
3A-2 N N 5-ylsulfanyl)-purin-9-yl]

ethanesulfonic acid 
so2 ethylamide 

HN 

NH
2 

NC N 

)- s /2-[6-Amino-8-(6-iodo-indan
3A-3 N N 5-ylsulfanyl)-purin-9-yl]

ethanesulfonic acid 
P0 2 methylamide 

HN 

NH
2 

3A- N s N 2-[6-Amino-8-(6-iodo-indan
3A-4 N N 5-ylsulfanyl)-purin-9-yl]

ethanesulfonic acid amide 
P

0
2 

HN 
NH

2 

N N 
N -s 2-[6-Armino-8-(6-iodo-indan

3A-5 L N5-ylsulfanyl)-purin-9-yl]
ethanesulfonic acid tert

HNP
0 2 butylamide 

NH
2 

N 

N N 2-[6-Amino-8-(6-iodo-indan
3A-6 5-ylsulfanyl)-purin-9-yl]

ethanesulfonic acid isobutyl
H N amide
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Compound No, Structure Name 
NH2 I 

N 
S> 2-[6-Amino-8-(6-iodo-indan

3A-7 N) 5-ylsulfanyl)-purin-9-yl]
K ethanesulfonic acid 

HNS 02 cyclopropylamide 

HN 

> Propane-2-sulfonic acid (2
3A-8 ~N N 6aho8(-ooidn5 

3A-8 ylsulfanyl)-purin-9-yl]

,NH ethyl}-amide 

NH2 I 

N - Ethanesulfonic acid {2-[6

3A-9 N N ' amino-8-(6-iodo-indan-5
ylsulfanyl)-puin-9-yl

NH ecthyl}-am-ide 
02S 

NH2  I 

NC

:N>_ / N-{2-[6-Amino-8-(6-iodo
3A-1O N N indan-5-ylsulfanyl)-purin-9

yl]-ethyl}
NH methanesulfonamide 

0219\ 

NH2 I 

KN N'S 2-Methyl-propane-2-sulfonic 
3A-11 acid {2-[6-amnino-8-(6-iodo

NH indan-5-ylsulfanyl)-purin-9

o2sN yl] -ethyl)I -amide 

NH2 

N~ , SN 2-Methyl-propane-2-sulfmic 
NA1 acid {2-[6-araino-8-(6-iodo

NH indan-5-ylsulfanyl)-purio-9
,NH yl] -ethyl) -amnide 

NH2 

N-N 
1, N~ _ N 2-Methyl-propane-1-sulfonic 

NA1 acid {2[6-amino8(6iodo
NH indass-5-ylsulfanyl)-purin-9

023\_
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Compound No. Structure Name 
NH

2 

N 

N S Cyclopropanesulfonic acid 

3A-14 {2-[6-amino-8-(6-iodo
indan-5-ylsulfanyl)-purin-9

NH yl]-ethyl}-amide 

NH2 
N 

N N 3-[6-Amino-8-(6-iodo-indan

3A-15 5-ylsulfanyl)-purin-9-yl]
propane-i -sulfonic acid 

02S, 'isopropylamide 
NH 

NH
2 

NC
N >S _ \ 3-[6-Amino-8-(6-iodo-indan

3A-16 5-ylsulfanyl)-purin-9-yl]
propane-l-sulfonic acid 

ethylamide 
NH 

NH
2 

N- 

N - 3-[6-Amino-8-(6-iodo-indan
3A-17 5-ylsulfanyl)-purin-9-yl]

propane- 1-sulfonic acid 
methylamide 

NH 

NH
2 

N _ N 
_S / 3-[6-Amino-8-(6-iodo-indan

3A-18 N N 5-ylsulfanyl)-purin-9-yl]
propane-l -sulfonic acid 

amide 
0 2S 

N H2 

N S /3-[6-Amino-8-(6-iodo-indan
3A-19 5-ylsulfanyl)-purin-9-yl]

propane-i -sulfonic acid tert
nJs butylamide 

H N
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Cornpound No. Structure Name 
NH 2 

N 

KN _ ' / 3-[6-Arnino-8-(6-iodo-indan

3A-20 25-ylsulfanyl)-purin-9-yl]
propane-1I-sulfonic acid 

02S isobutyl-amide 
HN-) 

NH2  I 

N N 
N /_ 3-[6-Amino-8-(6-iodo-indan

3A-21 '~5-ylsulfanyl)-purin-9-yl]

propane- I -sulfonic acid 
cyclopropylamide 

02s 
____ HN< 

NH2  I 

N N 
N N " Propane-2-sulfonic acid {3
N N [6-amino-8-(6-iodo

3A-22 2,3,3a,7a-tetrahydro-1H

NH rnden-5-ylsulfanyl)-purin-9
HN02 yl]-propyl} -amide 

NH2  I 

NN N 
S >_ / Ethaneaulfonic acid {3-[6

3A-23 N Namino-8-(6-iodo-indan-5
ylsulfanyl)-purin-9-yl

_______ HNpropyl}-amnide 

'02 

NH2  I 

N N 
-s N-{3-[6-Amino-8-(6-iodo

NA2 N indan-5-ylsulfanyl)-purin-9
3A-24 Yl1-propyl} 

HN methanesulfonamide 

/ S0 2 

NH 2  I 

NN N 

N \/2-Methyl-propane-2-sulfonic 
3A-25 acid (3-[6-amino-8-(6-iodo

HN yI]-propyl} -amide
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Compound No. Structure Name 
NH2 

N N 2-Methyl-propane-2-sulfinic 
3A-26 acid (3-[6-amino-8-(6-iodo

indani-5-ylsulfanyl)-purin-9
HN ,yl]-propyl} -amide 

so 

NH2  I 

N" N 

" N N - 2-Methyl-propane-l-sulfonic 

3A-27 acid {3-[6-amiino-8-(6-iodo
indan-5-ylsulfanyl)-purin-9

HN1  yl]-propyl} -amidde 
s02 

NH2 

N" N 

N N Cyclopropanesulfonic acid 
3A-28 {3-[6-amino-8-(6-iodo

indan-5-ylsulfanyl)-purin-9
HN 'yl]-propyl}-amide 

NH2 

N N '/3-[6-Amino-8-(6-iodo-indan

3A-29 5-ylsulfanyl)-purmn-9-yl] -N
uo isopropyl-propionamide 

HN 

NH2  I 

N" N 
' S / 3-[6-Amino-8-(6-iodo-indan

3A-30 N5-ylsulfanyl)-purin-9-yl]-N
0o ethyl-propionan-ide 

NH2 

N" N 

N' 3-[6-Amino-8-(6-iodo-indan

3A-315-ylsulfanyl)-purin-9-yl]-N
0o methyl-propionamide 

NH2  I 

N"" N 
'~ S ~ /3-[6-Amino-g-(6-iodo-indan

3A-32 N N 5-ylsulfanyl)-purin-9-yl]

o propionamide
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Compound No. Structure Name 
NH2 

N> 

N ,N 3-[6-Amino-8-(6-iodo-indan
3A-33 5-ylsulfanyl)-purin-9-yl] -N

o tert-butyl-propionamide 

NH2 

N N 

N N 3-[6-Amrino-8-(6-iodo-indan
3A-34 5-ylsulfanyl)-purin-9-yl]-N

o isobutyl-propionamide 
HN< 

NH2 I 

N N 

K N ~ 3-[6-Amino-8-(6-iodo-indan
3A-35 5-ylsulfanyl)-purm-9-yl] -N

o cyclopropyl-propionamide 
HN 

NH2 

N-N K' >_"_b ~ -{2-16-Anmiio-8-(6-iodo
3A-36N N Nl-ty}poinmd 

NA-3 indan-5-ylsulfanyl)-purin-9
0l ehl poinmd 

NH 

NH

, S N / N-{2-[6-Amino-8-(6-iodo
3A-37 idan-5-ylsulfanyl)-purin-9

NH 

NH2 I 

NC N\ 
N N N-{2-[6-Aniino-8-(6-iodo

3A-38 N Nyl]-ethyl} -acetamide 
NH ido5yslay)prn9 

NH2 I 

NC N 

KN , S > N-{2-[6-Amino-8-(6-iodo

3A-39yl]-ethyl}-2,2-dimethyl

0 N propionamide
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Cornpound No, Structure Name 
NH2 

N 
> N-{2-[6-Amino-8-(6-iodo

3A-40 'N N nai5yslay)pr-9 
3A-40yl]-ethyl}-3-methyl

0 NH butyramide 

NH2 

N 

N N _ Cyclopropaniecarboxylic acid 
3A-41 N{2-[6-amino-8-(6-iodo

NH rndan-5-ylsulfanyl)-purin-9

0 1 NHyl-ethyl} 
-amide 

NH 2 

N-- N 
'~ SN-{(2-[6-Amino-8-(6-iodo

3A-42 KN N ina--lslay)/uii9 
yl] -ethyl) -formamide 

NH idn5yalay)prn9 

NH2 

N NN 
N Ni >- s N-{3-[6-Arnino-8-(6

3-3N N ethynyl-indan-5-ylaulfanyl)
3A-43 purin-9-yl]-propyl} 

MN methaneaulfonamide 

NH2 

KN >_\S_ N-{3-[6-Amino-8-(6-iodo
3A-44 indan-5ylufanyl)-purin-9

3 propionamide 

,(0 
NH2 

\ / N-{13-[6-Amino-8-(6-iodo

3A-45 indan-5-ylaulfanyl)-purin-9

MN? yl]-propyl) -ianbutyramnide 
0 

NH2 

N _ \/O Cyclopropanecarboxylic acid 

3A-46 K(3-[6-amino-8-(6-iodo
indan-5-ylsulfanyl)-purin-9

NH yl]-propyl} -amide
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Compound No. Structure Name 
NH52 

>s- N-{3-[6-Amino-8-(6-iodo

3A-47 indan-5-ylsulfanyl)-purin-9
yl]-propyl}-2-hydroxy

NH propionamide 
OH 

NH2 

1j' >S~ 6 Acetic acid 1-{3-[6-amino-8
N (6-iodo-indan-5-ylsulfanyl)

3A-48 purin-9-yl]
NH propylcarbamoyl)-1-methyl

AC ethyl ester 

NH2 I 

N' 

s N-{(3-[6-Amfino-8-(6-iodo
3A-49 indan-5-ylsulfanyl)-purin-9

yl]-propyl}-2-hydroxy-2
NH methyl-propionamide 

0 OH 

Table 6A lists specific examples in which X2 is halogen and X4 is halogen. In each of the 

structures as drawn, X2 is I and X4 is F, However, corresponding structures in which X4 is H, Cl, 
Br, or I are within the scope of the disclosure. In each of the structures in Table 6A, Y is CH2.  

5 However, corresponding structures in which Y is S and/or X2 is F, Cl, or Br are also within the 
scope of the disclosure. Additionally, in connection with each of the structures in Table 6A, 
corresponding structures in which X4 is H, Cl, Br, or I and Y is S are also within the scope of the 
disclosure.  

Table 6A 

Compound No, Structure Name 
NH

2 

2-(6-amino-2-fluoro-8-((6
F N N iodo-2,3-dihydro-1H-inden

6A-1 5-yl)methyl)-9H-purin-9-yl)

s02 N
HN isopropylethanesulfonanide 

NH
2 

NN 2-(6-amino-2-fluoro-8-((6
6A-2 F N N iodo-2,3-dihydro-1H-inden

5-yl)methyl)-9H-purin-9-yl)
po2 N-ehtylethanesulfonamide 

HN_
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Compound No. Structure Name 
NH 2  I 

N - 2-(6-ammno-2-fluoro-8-((6
6A-3 Fi IN N iodo-2,3-dihydro-1H-inden

5-yl)methyI)-9H-purin-9-yI)
'SO2 N-methylethanesulfonamide 

HN 

NH2 

N 2-(6-amino-2-fluoro-8-((6

6A-4 F 'N N iodo-2,3-dihydro-1H-inden
5-yl)methyI)-9H-purin-9

yl)ethanesulfonamide 
H9N 

NH2 

N 2-(6-amino-2-fluoro-8-((6

F 'N N iodo-2,3-dihydro-1H-inden
6A-5 5-yl)methyI)-9H-purin-9-yl)

,S02  N-(tert
HN 1$2butyl)ethanesulfonainide 

NH2  I 

N, 
F /N 2-(6-amino-2-fluoro-8-((6

F N Niodo-2,3-dihydro-lH-inden

6A-6 5-yl)methyI)-9H-purin-9-yl)
,S902  N

HN isobutylethanesulfonamide 

NH2 

N,>__2-(6-amino-2-fluoro-8-((6

IF N , N iodo-2,3-dihydro-lH-inden
6A-7 5-yl)methyl)-9H-purin-9-yl)

,S02 N-cyclopropyl
HN IS2ethanesulfonamide 

NH2  I 

N v. NN-(2-(6-aminio-2-fluoro-8

F> IN N '~/((6-iodo-2,3-dihydro-1H

6A-8 inden-5-yl)methyI)-9H
NH purin-9-yl)ethyl)propane-2

o2sI sulfonamide 

NH2 

N ~ N -N-(2-(6-amino-2-fluoro-8

6A-9 F N N ' /((6-iodo-2,3-dihydro-lH 
6A-9 iiden-5-yl)methyI)-9H

_______ NHpurin-9
02 NHyl)ethyl)ethanesulfonamide
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Compound No. Structure Name 
NH2  I 

N ~ NN-(2-(6-amio-2-fluoro-8

\ / ((6-iodo-2,3-dihydro-lH

6A-10 inden-5-yl)methyl)-9H
NH purin-9

02 S Wyl)ethyl)methanesulfonamide 

NH2 

N ~ N -N-(2-(6-amino-2-fluoro-8

F N ~ /((6-iodo-2,3-dihydro-LH
6A-1 1 )inden-5-yl)methyl)-9H

NH purin-9-yl)ethyl)-2
02S NHmethylpropane-2

02  
sulfonamide 

NH2 

~. N -N-(2-(6-amino-2-fluoro-8

F N N /((6-iodo-2,3-dihydro-1H
6A-12 inden-5-yl)methyl)-9H

K purin-9-yl)ethyl)-2
osNH methylpropane-2
OS sulfinamide 

NH2 

N ~ N -N-(2-(6-amino-2-fluoro-8

~ <~N N ~ /((6-iodo-2,3-dihydro-1H
6A-13 inden-5-yI)methyl)-9H

K purin-9-yl)ethyl)-2
,NH methyipropane- 1 

02S9\ sulfonamide 

NH2 
NA- N,> - N-(2-(6-amino-2-fluoro-8

F N N /((6-iodo-2,3-dihydro-1H
6A-14 inden-5-yl)methyl)-9HK purin-9

,NH yl)ethyl)cyclopropane
0 2S \>sulfonamide 

NH2 

N N ~ /3-(6-aminio-2-fluoro-8-((6
F N iodo-2,3-dihydro-lH-inden

6A-15 5-yl)metliyl)-9H-purin-9-yl)
N-isopropylpropane-l

0 2S N sulfonamide
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Cornpound No. Structure Namie 
NH2  I 

N - 3-(6-amino-2-fluoro-8-((6
F N N iodo-2,3-dihydro-1H-indcn

6A-16 5-yl)methyl)-9H-purin-9-yl)
N-ethylpropane-1

023 sulfonamide 
NIH 

NH-2 

N N - 3-(6-aniino-2-fluoro-8-((6
F N% N iodo-2,3-dihydro-lH-inden

6A-17 5-yl)methyl)-911-purin-9-yl)
N-methylpropanec-1

0 2S sulfonamide 
NH 

NH

I ~ /3-(6-amino-2-fluoro-8-((6
FA1 ~N N iodo-2,3-dihydro-lH-inden

5-yl)methyl)-9H-purin-9-yl)
N-propaniesulfonamide 

023 
NH, 

NH2 
N 

I 3-(6-amino-2-fluoro-8-((6
F ~N N iodo-2,3-dihydro-lH-inden

6A-19 5-yl)methyl)-9H-purij-9-yl}
N-(tert-butyl)propanie- 1 

0:S sulfonamide 

NIH 

NH 

> \/ 3-(6-amino-2-fluoro-8-((6
F N N iodo-2,3-dihydro-1H-inden

6A-20 5-yl)methyi)-9H-purin-9-yl)
N-isobutylpropane-l

023 sulfonamide 
HN-> 

NIH2  I 

N 3-(6-amino-2-fluoro-8-((6
F N N iodo-2,3-dihydro-TH-inden

6A-21 5-yl)methyl)-9H-purin-9-yl)
N-cyclopropylpropanie-1

O~a~ sulfonamide
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Compound No. Structure Name 
NH2 

N 

F >N N /N-(3-(6-amino-2-fluoro-8
((6-iodo-2,3-dihydro-1H

6A-22 C)inden-5-yl)methyl)-9H
Purin-9-yl)propyl)propane-2

HNI S02sulfonamide 

NH2 

N - N-(3-(6-amino-2-fluorn-8
F N~ IN /((6-iodo-2,3-dihydro-1H

6A-23 indeni-5-yl)methyI)-9H
purin-9

HN yl)propyl)cthanesulfonamide 
so, 

NH2 

N,_ N-(3-(6-amino-2-fluoro-8
F IN N((6-iodo-2,3-dihydro-1H

6A-24 ,)inden-5-yl)methyl)-9H
purin-9-yl)propyl)methane

HN sulfonamide 
so2 

NH2 

- N,_ N-(3-(6-amino-2-fluoro-8

F N IN ((6-iodo-2,3-dihydro-lH
6A-25 2inden-5-yl)mcthyl)-9H

purin-9-yl)propyl)-2
HN Imethylpropaine-2

so 2  
sulfonamide 

NH2 
N 

I N-(3-(6-amino-2-fluoro-8
F IN N ((6-iodo-2,3-dihydro-1H

6A-26 inden-5-yl)methyl)-9H
purin-9-yl)propyl)-2

HN , ethylpropan-2
so sulfinaraide 

NH2 

N~N N -N-(3-(6-amino-2-fluoro-8

IF N N ((6-iodo-2,3-dihydro-lH
6A-27 2inden-5-yl)methy)-911

HN purin-9-yl)propyl)-2
HN I methylpropaiie-1

0n2 sulfonamide



WO 2012/138894 PCT/US2012/032371 

138 

Compound No. Structure Name 
NH2 

N N -_ N-(3-(6-amino-2-fluoro-8
F ~N ((6-iodo-2,3-dihydro-1H

6A-28 inden-5-yl)methyl)-9H

HN I yl)propyl)cyclopropanc

< S 2  
sulfonamide 

NH2  I 

N 

N N N N 3-(6-amino-2-fluoro-8-((6
6A-29 iodo-2,3-dihydro-1H-inden

5-yI)methyl)-9H-purin-9-yl)
o N-isopropylpropanamide 

NH 

N - -(36-amnino-2-fluoro-8-(6 

6A-30 F Nk N iodo-2,3 -dihydro-l1H-inden
5-ylmethyl)-9H-purin-9-yl)

o N-ethylpropanamide 

NH2 

3-(6-amino-2-fluoro-8-((6
6A-3 1 F~N N / iodo-2,3-dihydro-1H-inden-5

yl)methyl)-9H-purin-9-yl)-N
NN methyipropanam-ide 

N N H . 3-(6-amino-2-fluoro-8-((6
6A-32 FIJN N iodo-2,3-dihydro-lH-inden

5-yl)mecthyl)-911-purin-9-yl)

o N-propanamide 

NH2 

N 

F N N , / 3-(6-amino-2-fluoro-8-((6
6A-33 iodo-2,3-dihydro-1H-inden

5-yl)methyl)-9H-purin-9-yl)
o N-(tert-butyl)proparinmide 

NH2 

NN N,,_ 

F "~N N ~ /3-(6-amino-2-fluoro-8-((6
6A-34 iodo-2,3-dihydro-1H-inden

5-yl)methyl)-9H-purinl-9-yl)
O N-isobutylpropanamide 

N_
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Cornpound No. Structure Name 

NH 

F N /- 3-(6-amino-2-fluoro-8-((6
6A-35 iodo-2,3-dihydro-1H-inden

5-yl)methyI)-914-purini-9-y)
0o N-cyclopropylpropanamide 

HN 

NH2 

F N N 7/ -(2-(6-amino-2-fluoro-8-((6
6A-36 odo-2,3-dihydro-1H-inden-5

NH yl)methyI)-9H-purin-9
0 yl)ethyl)isobutyramide 

NH2 

N '~' N -N-(2-(6-amino-2-fluoro-8

I \ /((6-iodo-2,3-dihydro-IH

6A-37 F N Ninden-5-yI)methyl)-9H
NH purin-9

NH yl)ethyl)propionamide 

NH2 

N - N-(2-(6-amino-2-fluoro-8

6A-38 F N N /((6-iodo-2,3-dihydro-1H
inden-5-yI)methyI)-9H

NH purin-9-yl)ethyl)acetamide 

NH 2 

N ~N N -N-(2-(6-amino-2-fluoro-8

6A-39 F N N \/((6-iodo-2,3-dihydro-1H.  
inden-5 -yl)methyl)-9H

NH purin-9-yI)ethyI)formamidc 
N H 

NF

N N -(2-(6-amioo-2-fluoro-g
6A-40 F N N((6-iodo-2,3-dihydro-1H

NH inden-5-yl)methyl)-9H
0 NHpuriin-9-yl)ethyl)pivalamide 

NH2 

N ~ N -N-(2-(6-amino-2-fluoro-8

F N~ N ~"/((6-iodo-2,3-dihydro-1H1
6A-41 ioden-5-yl)methyl)-9H

NH purin-9-yl)ethyl)-3

o 1 methylbutanamide
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Compound No. Structure Name 
NH2 I 

NN N - N-(2-(6-amino-2-fluoro-8
F N \ / ((6-iodo-2,3-dihydro-1H

F N N(6 
6A-42 inden-5-yl)methyl)-9H

purin-9
NH yl)ethyl)cyclopropane

carboxamide 

Hsp 90 binding results are presented for Compounds 3A-10, 3A-1 1, 3A-12, 3A-24 and 3A

26 in Table 12 below. As can be noted therefrom, all compounds showed a high level of binding 

affinity.  

5 F-II. In some embodiments of the disclosure, X2 is an optionally substituted aryl.  

Specific examples of compounds within the scope of this aspect of the disclosure correspond to the 

compounds disclosed in Tables 3A and 6A, or variations thereof as described in A. and F-I. above, 
in which X2 is an optionally substituted aryl, including but not limited to pyrazolyl, IH-pyrazol-3

yl, oxazolyl, oxazol-2-yl, thiazolyl, thiazol-2-yl, furanyl, furan-2-yl, and 5-methylfuran-2-yl.  

10 F-Ill. In some embodiments of the disclosure, X2 is an alkynyl group, e.g., ethynyl, 1
prop-1-ynyl, and 3-prop-1-ynyl. Specific examples of compounds within the scope of this aspect of 

the disclosure correspond to the compounds disclosed in Tables 3A and 6A, or variations thereof as 

described in A. and F-I. above, in which X2 is an alkynyl group. Hsp90 binding results are 

presented for Compound 3A-43 in Table 12 below. As can be noted therefrom, the compound 

15 showed a high level of binding affinity.  

F-IV. In some embodiments of the disclosure, X2 is an amino group, i.e., -NR 1R2, 

wherein R1 and R2 are each independently H, C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, cycloalkyl, 

heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, 
or alkylheteroarylalkyl. Specific examples of compounds within the scope of this aspect of the 

20 disclosure correspond to the compounds disclosed in Tables 3A and 6A, or variations thereof as 

described in A. and F-I. above, in which X
2 is an amino group.  

G. Compounds of Formula (IA) in Which at Least one of Xa and Xb is CHF or CF2 
In accordance with another embodiment of the disclosure, the compounds are of Formula 

25 (IA) in which at least one of Xa and Xb is CHF or CF 2 , the other of Xa and Xb is CHF, CF2, or 

CH2, and Xc is CH2. Thus, the compounds of this embodiment can be represented by Formula (5):
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NH2 

Nk- N -Y-Q X 

X4 N N 
Xb 

R 

(5) 

or a pharmaceutically acceptable salt thereof, wherein: 

at least one of Xa and Xb is CHF or CF2 and the other is CHF, CF2, or CH 2; 

5 Y is CH 2, O, or S; 

X4 is hydrogen or halogen; 

R is a is straight-chain- or branched- substituted or unsubstituted alkyl, straight-chain- or 
branched- substituted or unsubstituted alkenyl, straight-chain- or branched- substituted or 
unsubstituted alkynyl, or substituted or unsubstituted cycloalkyl wherein the R group is interrupted 

10 by -S(O)N(RA)-, -NRAS(O)-, -SO2N(RA)-, -NRASO 2 , -C(O)N(RA)-, or -NRAC(O)-, and/or 
terminated by -S(O)NRARB, -NRAS(O)Ra, -SO 2NRARS, -NRASO 2Rs, -C(O)NRAR, or 

NRAC(O)Rs, wherein each RA and RB is independently selected from hydrogen, C1-C6 alkyl, C2-C6 
alkenyl, C2-C6 alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, 
arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; and 

15 X2 is as disclosed below.  

In one embodiment, Y is 0.  

In another embodiment, Y is CH2 or 0 

In another embodiment, Y is CH 2 or S.  

In another embodiment, Y is 0 or S.  

20 G-I. In some embodiments of the disclosure, X2 is halogen. Table 8A lists specific 

examples of compounds within this embodiment. In each of the structures as drawn, X2 is I and X4 

is H. However, corresponding structures in which X2 is F, Cl, or Br are within the scope of the 
disclosure. In each of the structures in Table 8A, Y is S. However, corresponding structures in 
which Y is CH 2 or 0 and/or X4 is F, Cl, Br, or I are also within the scope of the disclosure. In each 

25 of the structures in Table 8A, Xb is CHI and Xa is CH 2. However, corresponding structures in
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which Xa is CHF and Xb is CH2, Xa is CF2 and Xb is CH 2, Xb is CF2 and Xa is CH2, Xa is CHF 

and Xb is CF 2, Xb is CHF and Xa is CF2 , Xa is CHF and Xb is CIF, or Xa is CF 2 and Xb is CF2 
are also within the scope of the disclosure. Additionally, in connection with each of the structures 

in Table 8A, corresponding structures in which X2 is F, Cl, or Br, Y is CH2 or 0, and Xa is CIH 

5 and Xb is CH2, Xa is CF2 and Xb is CH 2, Xb is CF2 and Xa is CH2, Xa is CHF and Xb is CF2 , Xb is 

ClH and Xa is CF2 , Xa is CET and Xb is CHF, or Xa is CF2 and Xb is CF2 are also within the 

scope of the disclosure.  

Table 8A 

Compound No. Structure Name 
NH

2 

N- 2-[6-Amino-8-(3-fluoro-6

8A-t / iodo-indan-5-ylsulfanyl)
F purin-9-yl]-ethanesulfonic 

H SO2  
acid isopropylamide 

NH2 

N N 2-[6-Amino-8-(3-fluoro-6
8A-2 N N iodo-indan-5-ylsulfanyl)

F purin-9-yl]-ethanesulfonic 
;so2 acid ethylamide 

HN 

NH
2 

N> -N 2-[6-Amino-8-(3-fluoro-6

8A-3 N N N iodo-indan-5-ylsulfanyl)
F purin-9-yl]-ethanesulfonic 

;s02 acid methylamide 
HN 

NH2 

N_ - 2-[6-Amino-8-(3-fluoro-6

8A-4 N N iodo-indan-5-ylsulfanyl)
purin-9-yl]-ethanesulfonic 

F acid amide 
5S02 

H2N 
NH

2 
N> N 

N N \-S / 2-[6-Amino-8-(3-fluoro-6

8A-5 F iodo-indan-5-ylsulfanyl)
F purin-9-yl]-ethanesulfonic 

S02 acid tert-butylamide
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Compound No. Structure Name 
NH2 

SN 

N N 2-[6-Amino-8-(3-fluoro-6
8A-6 iodo-indan-5-ylsulfanyl)

Fpurin-9-yl]-ethanesulfonic 

HN 02acid isobutyl-amide 

NH2  I 

N , N > 2-[6-Amino-8-(3-fluoro-6

8A-7 N N S Fiodo-indan-5-ysulfanyl)

HN S02  
acid cyclopropylamide 

NH 

N( - / IPropane-2-sulfonic acid (2
8A-8 N Np [6-amino-8-(3-fluoro-6-iodo

NH F indan-5-ylsulfanyl)-purin-9

02S yl] -ethyl) -amide 

NH2  I 

a ~ / Ethanesulfonic acid f2-6 
8A-9 N N amino-8-(3-fluoro-6-iodo

NH F indan-5-ylsulfanyl)-purin-9

NH2 

N 6-oo-n-n5ylufNy) 
>_SN q ) N-{2-[6-Amino-8-(3-fluoro

F ~puin-9-yl] -ethyl)}
N H methaneaulfonamide 

0
2 8 

NH2 

- >S / 2-Metliyl-propane-2-sulfonic 
N N acid {2-[6-amino-8-(3

8A-1 1 fluoro-6-iodo-indan-5
N H Fylaulfanyl)-purin-9-yl]

0 2sI ethyl} -amide 

N2 

\ / 2-Methyl-propane-2-sulfinic 
N N acid {2-[6-amino-8-(3

8A-12 fluoro-6-iodo-indan-5
NH Fylsulfanyl)-purin-9-yl]

Os' ethyl)}-amide
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Compound No, Structure Namne 
NH2 

N -N 

>_s 2-Methyl-propane-1-sulfonic 
N >S acid {2-[6-amino-8-(3

8A-13 fluoro-6-iodo-indan-5
NH ylsulfanyl)-purin-9-yl]

023\_ ethyl}-amide 

NH2 

S , N /_SO Cyclopropanesulfonic acid 

8A-14 {2-[6-amino-8-(3-fluoro-6
NH F iodo-indan-5-ylaulfanyl)

02S NHpurin-9-yl] -ethyl) -amide 

NH2 

~ ~ / 3-6-Amnino-8-(3-fluoro-6

8A-15 Fiodo-indan-5-ylsulfanyl)
8A-15 F purin-9-yl] -propane-1 

023. sulfonic acid isopropylamnide 
N H 

NH2  I 

\> / 3-[6-Araino-8-(3-fluoro-6

8A-16 N N b Piodo-indan-5-ylsulfanyl)
F purin-9-y]-propane-1 

02 S} sulfonic acid ethylamide 

NH 
NH2 

N N 
N- 3-[6-Ami~no-8-(3-fluoro-6

8A-17 N Niodo-indan-5-ylsulfanyl)
F purin-9-yl] -propane- I

sulfonic acid methylamnide 
02S 

/N H 

NH2  I 

N,>-s-b3-[6-Amino-8-(3-fluoro-6

8A-18 iodo-indan-5-ylsulfanyl)
F purin-9-yl] -propane-1 

sulfonic acid amide 
02S 

NH2
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Cornpound No. Structure Name 
NH2 

N8A-N >_ 3-[6-Arino-8-(3.luoro-6$ F purin-9-yl] -propane-i
sulfonic acid tert-butylamide 

02S( 
HN

NH2 

3-[6-Amino-8-(3-fluoro-6

8A-20 N'iodo-indan-5-ylsulfanyl)
F purin-9-yi] -propanie-i 

023 sulfonic acid isobutyl-amide 
HN-) 

NH2  I 

N - N 3-[6-Amino-8-(3-fluoro-6
Niodo-indasi-5-ylsulfanyl)

8A-21 2purin-9-yl] -propane- I 
F sulfonic acid 

023 cyclopropylamide 
HN

NH2 

N-N 

N N Propane-2-sulfonic acid {3
8A-22 F[6-amino-8-(3-fluoro-6-iodo

Findan-5-ylsulfanyl)-purin-9

HN yl]-propyl}-aride 
302 

NH2 

NN N 
N >' s Ethanesulfonic acid {3-[6

8A-23 N N amino-8-(3-fluoro-6-iodo

HN F yl]-propyl} -amide 

NH2  I 

NN N 
\>N N'" - N-{3-[6-Amino-8-(3-fluoro

FA2 6-iodo-indan-5-ylsulfanyl)
XA-2 purin-9-yl]-propyl} 

methanesulfonamide 

'302
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Compound No. Structure Name 
NH2  I 

\ / 2-Methyl-propane-2-sulfonic 
NN acid {3-[6-amino-8-(3

8A-25 F fluoro-6-iodo-indan-5

HN ylsulfanyl)-purin-9-yl}
H02 propyl}-amide 

NH2 

S-.N 
-s 2-Methyl-propane-2-sulfiic 

N N acid {3-[6-amino-S-(3
8A-26 F fluoro-6-iodo-indan-5

HN ~ylsulfanyl)-purin-9-yl
HN 'sopropyl}-amide 

NH2 
N NN 

" S1 2-Methyl-propane-1-sulfonic 
NN acid {3-[6-amino-8-(3

8A-27 F fluoro-6-iodo-ixndan-5

NH ylsulfanyl)-purin-9-yl]
SO, 2  propyl}-amide 

NH2 

SN 

N N Cyclopropanesulfonic acid 
8A-28 F{3-[6-amino-8-(3-fluoro-6

HN F iodo-indan-5-ylsulfanyl)
HN ~purini-9-yl-propyl} -am-ide 

NH2 

N / 3-[6-Amino-8-(3-fluoro-6

8A-29 iodo-indan-5-ylsulfanyl)
F purin-9-yl]-N-isopropyl

O propionamide 
HN 

NH2 

'- Ns _ / 3-[6-Amrino-8-(3-fluoro-6

8A-30 N N iodo-indan-5-ylsulfanyl)
F purin-9-yl] -N-ethyl

O F propionamide
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Compound No. Structure Name 
NH2 

- N 
K S ~ /3-[6-Amino-8-(3-fluoro-6

8A-3 1 N N iodo-indan-5-ylsulfanyl)
F purin-9-yl].-N-methyl

Fo propionamide 

NH2 

8A3 / 3-[-An -8-(3-fluoro-6
8A-3 N Niodo-indan-5-ylsulfanyl)

o F purin-9-yl]-propionamide 

NH2  I 

K N ~ /3-6-Amino-8-(3-fluoro-6
8A-33 N Niodo-indan-5-ylsujlfanyl)

F purin-9-yl]-N-tert-butyl
o propionamaide 

X_ 

NH2 

NN N' 
3-[6-Amino-8-(3-fluoro-6

8A-3 N Niodo-indan-5-ylsulfanyl)

F purin-9-yl]-N-isobutyl
o propionamide 

HN 
_ 

NH2 

~ \ /3-[6-Amino-8-(3-fluoro-6

NA3 N iodo-indan-5-ylsulfanyl)
F purini-9-yl]-N-cyclopropyl

HN propionamide 

NH2  I 

NN N 

N sN-{2-[6-Amino-8-(3-fluoro
8A-36 

NH-36F 6-iodo-indan-5-ylsulfanyl)
F purin-9-yl] -ethyl)} 

0 NH isobutyramide 

NH2  I 

N_ N _SN-{2-[6-Amino-8-(3-fluoro

8A-37 N N 6-iodo-indan-5-ylsulfanyl)
F purin-9-yl] -ethyl} 

___ __ __NH propionamide



WO 2012/138894 PCT/US2012/032371 

148 

Compound No. Structure Name 
NH

2 

-- \ / N-{2-[6-Amino-8-(3-fluoro
8A-38 N6-iodo-indan-5-ylsulfanyl)

F purin-9-yl]-ethyl}-acetamide 
NH 

0_ 

NH
2 

)- \ / N-{2-[6-Amino-8-(3-fluoro

8A-39 6-iodo-indan-5-ylsulfanyl)
F purin-9-yl]-ethyl}-2,2

NH dimethyl-propionamide 

NH
2 

N 

N S N-{2-[6-Amino-8-(3-fluoro
8A-40 N 6-iodo-indan-5-ylsulfanyl)

\ F purin-9-yl]-ethyl}-3-methyl

NH butyramide 

2 

N N /Cyclopropanecarboxylic acid 

8A-41 {2-[6-amino-8-(3-fluoro-6
\F iodo-indan-5-ylsulfanyl)

NH F 

purin-9-yl]-ethyl}-amide 

NH
2 

N -N-{2-[6-Amino-8-(3-fluoro

8A-42 N N 6-iodo-indan-5-ylsulfanyl)
purin-9-yl]-ethyl} 

F formamide 

Table IOA lists specific examples in which X2 is halogen and X4 is halogen. In each of the 

structures as drawn, X2 is I and X4 is F. However, corresponding structures in which X4 is H, Cl, 
Br, or I are within the scope of the disclosure. In each of the structures in Table 10A, Y is CH2.  

5 However, corresponding structures in which Y is S or 0 and/or X2 is F, Cl, or Br are also within the 

scope of the disclosure. In each of the structure in Table 10OA, Xb is CHF and Xa is CH2.  

However, corresponding structures in which Xa is CHF and Xb is CH 2, Xa is CF2 and Xb is CH 2, 

Xb is CF2 and Xa is CH2 , Xa is CHF and Xb is CF2, Xb is CHF and Xa is CF2 , Xa is CHF and Xb 

is CHF, or Xa is CF2 and Xb is CF2 are also within the scope of the disclosure. Additionally, in 

10 connection with each of the structures in Table 1 OA, corresponding structures in which X4 is H, Cl, 
Br, or I, Y is S or 0, and Xa is CHF and Xb is CH2, Xa is CF 2 and Xb is CH2, Xb is CF 2 and Xa is
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CH2, Xa is CHF and Xb is C172, Xb is CHIP and Xa is CF2, Xa is CH-F and Xb is CHIF, or Xa is CF2 

and Xb is CF2 are also within the scope of the disclosure.  

Tahle I1OA 

Compound No. Structure Name 
NH2  I 

N 2-(6-amino-2-fluoro-8-((3
F 'N'N ~ fluoro-6-iodo-2,3-dihydro

IA1F 1H-inden-5-yl)mcthyl)-9H
P02 purin-9-yl)-N

HN ,isopropylethanesulfonamide 

NH
2 

N' N -2-(6-amrino-2-fluoro-8-((3

1 O A-2 N N ~' /fluoro-6-iodo-2,3-clihydro
IOA-2 H-ifldef-5-yl)snethyl)-9H

F purin-9-yl)-N
HN §

0
2 ethylethanesulfonamide 

NH2  I 

N ~ N -2-(6-amino-2-fluoro-g-((3

bA-b N N ~ ' /fluoro-6-iodo-2,3-dihydro
FO- F lN H-inden-5-yl)methyl)-9H

P
0
2 purin-9-yl)-N

N;0 methylethanesulfonamnide 
NH2 

SN -2-(6-amino-2-fluoro-8-((3

bOA-4F N \ /fluoro-6-iodo-2,3-dihydro
IOA-4F 'NlH-inden-5-yl)methyl)-9H

F purin-9
PS02  yl)ethanesulfonamide 

H2N 
NH2 

I -N -2-(6-amino-2-fluoro-8-((3

F "Nd N / uoro-6-iodo-2,3-dihydro
1F- 1H-inderi-5-yl)methyl)-9H

;S
0

2 purin-9-yl)-N-(tert
HN butyl)ethanesulfonamide 

NH2  I 

NN\ 

F A N N ~ /2-(6-amino-2-fluoro-8-((3
IOA-6 F N Noro-6-iodo-2,3-dihydro

bOA6 ( F 1H-inden-5-yl)methyl)-9H

HN 2 purin-9-yl)-NHN isobutylethanesulfonamide
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Compound No. Structure 
Name NH2  I 

NNN 
2-(6-amino-2-fluoro-8-((3

F N N /fluoro-6-iodo-2,3-dihydro
FO- 1H-inden-5-yl)methyl)-9H

)302 purin-9-yl)-N-cyelopropyl
HN ethanesulfonamide 

NH2 I 

N N N -N-(2-(6-amiino-2-fluoro-8

N / ((3-fluoro-6-iodo-2,3
1OA-8 Ndihydro-lH-inden-5

NH F yI)methyI)-9H-purin-9
0,9 NHyl)ethyl)propane-202 S sulfonamyide 

NH 2 
N N -N-(2-(6-amino-2-fluoro-8

,C ((3-fluoro-6-iodo-2,3

1OA-9 F N N ydo-Hine/5 
NH F yl)methyl)-9H-purin-9

02 NHyl)esliyl)ethanesulfonamide 

NH2  I 

NNN -N-(2-(6-amino-2-fluoro-g

F A CN ((3-fluoro-6-iodo-2,3
IOA-10 F N N /dihydro-1H-inden-5

NH F yl)methyl)-9H-purin-9
02d NHyl)ethyl)methanesulfonamide 

NH2 

N N N -N-(2-(6-amino-2-fluoro-8

~A. N ~ /((3-fluoro-6-iodo-2,3
1O- 1 Ni dihydro-1H-inden-5

F yl)methyl)-9H-purin-9
02N H yl)ethyl)-2-methylpropane-2

02 S sulfonamnide 

NH2 
N N N -NN-(2-(6-amino-2-fluoro-8

((-loo6-oo23 

F N-12NI'l/ ((N-fluro-6H-indo-,
K yl)methyl)-9H-purin-9

09NH F yl)ethyl)-2-methylpropane-2
XS ulfinamide 

NH2 

N N -N-(2-(6-amino-2-fluoro-8

FANN ~ /((3-fluoro-6-iodo-2,3
IOA-13 dihydro-1H-inden-5

NH F yl)methyl)-9H-purin-9
PH yl)ethyl)-2-methylpropane-l

02 S9- sulfonamide
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Compound No. N2Structure Name 

N ~N -N-(2-(6-amnino-2-fluoro-8

F 'N N _N / ((3-fluoro-6-iodo-2,3
1 OA-14 dihydro-1H-inden-5

K F yl)methyl)-9H-purin-9
02S NHyl)ethyl)cyclopropane

02S sulfonam ide 

NH
2 

N - 3-(6-amino-2-fluoro-8-((3

F N IN "' fluoro-6-iodo-2,3-dihydro
IH-inden-5-yl)methyl)-9HIOA-15 IF purin-9-yl)-N

O2S ' isopropylpropane-1 
NH sulfonamide 

NH2  I 

- 3-(6-am-ino-2-fluoro-8-((3
F IN N ~'/fluoro-6-iodo-2,3-dihydro

IOA-16 F1H-inden-5-yl)methyl)-9H

purin-9-yl)-N-ethylpropane
02s, 1-sulfonamide 

NH 

NH 2 

N N N 3-(6-amino-2-fluoro-8-((3
\ / fluoro-6-iodo-2,3-dihydro

IOFt F1'I H-inden-5-yl)methyl)-9H
1OA-1 purin-9-yl)-N

) methylpropane-1 
02S 'NHsulfonamide 

NH 

NN N -/3-(6-amino-2-fluoro-8-((3

bAiF N N furo6-iodo-23-dydro
() F purin-9-yl)propane-1

sulfonamide 
________02S_ NH 

NH2 

NN N -3-(6-amino-2-fluoro-8-((3

F N N /fluoro-6-iodo-2,3-dihydro
IOA-19 IF IH-inden-5-yl)methyl)-9H

F purin-9-yl)-N-(tert
021 butyl)propane-lI -sulfonamide
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Cornpound No. Structure Name 
NIH2  I 

NL~ 3-(6-amino-2-fluoro-8-((3
F N N /fluoro-6-iodo-2,3-dihydro

IOA-20 F H-inden-5-yl)muethyl)-9H
F purin-9-yl)-N

02S isobutyipropane- 1
HNI- sulfonamide 

NH2  I 

N N N -3-(6-amino-2-fluoro-8-((3

F N ~ /fluoro-6-iodo-2,3-dihydro
IOF2 F1 H-inden-5-yl)methyl)-9H

F purin-9-yl)-N
cyclopropylpropane-l

-2 sulfonamide 
NH2 

N N-(3-(6-amino-2-fluoro-8
F N' N ~'/((3-fluoro-6-iodo-2,3

lOA22 dihydro-lH-inden-5
IO-2F yl)methyl)-9H-purin-9

H N yl)propyl)propane-2
Iso2  sulfonamide 

N2 

ei cN N-(3-(6-amnino-2-fluoro-8
F N N "'/((3-fluoro-6-iodo-2,3

IOA-23 Fdihydro-lH-inden-5

HN F yl)mcthyl)-9H-purin-9
'802 yl)propyl)ethanesulfonaniide 

NH51 I 

N N -N-(3-(6-amino-2-fluoro-8

AL " \ ((3-fluoro-6-iodo-2,3
1OA-24 F rdihydro-lH-inden-5

F yl)methyl)-9H-purmn-9
HN yl)propyl)methane

HNI sulfonamide 

NH 

A N N-(3-(-amino-2-fluoro-8
F N N F ' ((3-flucro-6-iodo-2,3

1O-2 dihydro-lH-iniden-5
lOA-25 Fyl)methyl)-9H-purin-9-, 

N yl)propyl)-2-methylpropane
_S02 2-sulfoniamide
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Compound No. Structure Name 
NH2 

N N-(3-(6-amino-2-fluoro-8

F N N "'/((3-fluoro-6-iodo-2,3

1OA-26dihydro-1H-inden-5IOA-26 Fyl)methyl)-9H-purin-9

FIN F yl)propyl)-2-methylpropane'so 2-sulfinamide 

NH12 

N N N -N-(3-(6-amino-2-fluoro-8

F / ((3-fluoro-6-iodo-2,3
I dihydro-1H-inden-5

IOA-27 F yl)methyl)-9H-purin-9

HN yl)propyl)-2-methylpropane

p 02 
-sulfonamide 

NH-2  I 
N 

/N-(3-(6-amino-2-fluoro-8

F N N ((3-flisoro-6-iodo-2,3
lOA-28 dihydro-1H-inden-5IOA-28 Fyl)methyl)-9H-purin-9

HN yl)propyl)cyclopropane

' 02 
sulfonamide 

NH
2 

N -3-(6-amino-2-fluoro-8-((3

IF ~N N ~'/fluoro-6-iodo-2,3-dihydro
IOA-29 FlH-inden-5-yl)methyl)-9H

Fo purin-9-yl)-N
FIN isopropyipropanamide 

NH2  I 

N ~ N -3-(6-amino-2-fluoro-8-((3

lOA-0 F ' N ~' /fluoro-6-iodo-2,3-dihydro
FO-3 lH-inden-5-yl)methyl)-9H
Fr purin-9-yl)-N

HN ethyipropanamide 

NH2 

N N N -3-(6-amino-2-fluoro-8-((3

Ak - \ /fluoro-6-iodo-2,3-dihydro
1OA-31 F 1 H-inden-5-yl)methyl)-9H

F purin-9-yl)-N
0o methyipropananmide 

HN
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Cornpound No. Structure Name 
NH2 I 

IN 3-(6-amino-2-fluoro-8-((3

IOA-32 F N A fluorc-6-iodo-2,3-dihydro
I 1H-inden-5-yI)methyI)-9H
o F purin-9-yI)propanamide 

H2N 
NH2  I 

-N 3-(6-amino-2-fluoro-8-((3
IF IN N)~ fluoro-6-iodo-2,3-dihydro

IOA-33 F H-inden-5-yl)methyl)-9H
Fo purin-9-yl)-N-(tert

HN butyl)propanamide 

NH2 I 

N 3-(6-amino-2-fluoro-8-((3
F N IN /fluoro-6-iodo-2,3-dihydro

IOA-34 F1H-inden-5-yl)mnethyl)-9H

Fo purin-9-yl)-N
HN isobutylpropanami de 

NH2 

e)N 3-(6-amino-2-fluoro-8-((3
F ,N N fluoro-6-iodo-2,3-dihydro

1OA-35 11- I-inden-5-yl)methyl)-9H
o F purini-9-yl)-N

HN cyclopropyipropanamide 

NH2 

N-(2-(6-amino-2-fluoro-8
IF IN N '~/((3-fluoro-6-iodo-2,3

IOA-36 dihydro-1H-inden-5
NH Fyl)methyl)-9H-purin-9

0 yl)ethyl)isobutyramide 

NH2 

N N -N-(2-(6-amino-2-fluoro-8

((3-fluoro-6-iodo-2,3

1OA-37 F IN N \/dihydro-1H-inden-5
NH F yl)methyl)-9H-purin-9

0-1N yl)ethyl)propionamide 

NH2 

N N N -N-(2-(6-amiino-2-fluoro-8

IF /N N ((3-fluoro-6-iodo-2,3
IOA-38 F N Ndihydro-1H-iinden-5

NH F yl)methyl)-9H-purin-9
0= NHyl)ethyl)acetamide
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Compound No. Structure Name 
NH

2 

N N N-(2-(6-amino-2-fluoro-8
((3-fluoro-6-iodo-2,3

10A-39 F N N dihydro-1H-inden-5
F yl)methyl)-9H-purin-9

NH yl)ethyl)formamide 

NH2| 

N N -N-(2-(6-amino-2-fluoro-8

F N N ((3-fluoro-6-iodo-2,3
1OA-40 dihydro-1H-inden-5

NH F yl)methyl)-9H-purin-9
o yl)ethyl)pivalamide 

NH2 I 

N N N-(2-(6-amino-2-fluoro-8

S N ((3-fluoro-6-iodo-2,3
1OA-41 F N dihydro-lH-inden-5

F yl)methyl)-9H-purin-9
NH yl)ethyl)-3

o - methylbutanamide 

NH
2 i 

N N - N-(2-(6-amino-2-fluoro-8
F. N N \ / ((3-fluoro-6-iodo-2,3

1OA-42 dihydro-lH-inden-5
F yl)methyl)-9H-purin-9

NH yl)ethyl)cyclopropane
carboxamide 

G-II. In some embodiments of the disclosure, X2 is an optionally substituted aryl.  

Specific examples of compounds within the scope of this aspect of the disclosure correspond to the 

compounds disclosed in Tables 8A and 10A, or variations thereof as described in A., G. and G-I.  

5 above, in which X2 is an optionally substituted aryl, including but not limited to pyrazolyl, 1H

pyrazol-3-yl, oxazolyl, oxazol-2-yl, thiazolyl, thiazol-2-yl, furanyl, furan-2-yl, and 5

methylfuran-2-yl.  

G-III. In some embodiments of the disclosure, X2 is an alkynyl group, e.g., ethynyl, 1

prop-l-ynyl, and 3-prop-1-ynyl. Specific examples of compounds within the scope of this aspect of 

10 the disclosure correspond to the compounds disclosed in Tables 8A and 1 OA, or variations thereof 

as described in A., G. and G-1. above, in which X2 is an alkynyl group.  

G-IV. In some embodiments of the disclosure, X2 is an amino group, i.e., -NRIR2, 

wherein R1 and R2 are each independently H, C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, cycloalkyl, 

heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, 

15 or alkylheteroarylalkyl. Specific examples of compounds within the scope of this aspect of the
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disclosure correspond to the compounds disclosed in Tables 8A and 10A, or variations thereof as 

described in A., G. and G-L above, in which X2 is an amino group.  

H. Compounds of Formula (JIB) in which Xa and Xb are Each 0 

5 In accordance with another embodiment of the disclosure, the compounds are of Formula 

(IB) in which each of Xa and Xb are 0 and each of Xc and Xd are CH2. Thus, the compounds of 

this embodiment can be represented by Formula (6): 

N H2 

Y N 
NN 

X4  N 

R 0 

(6) 

10 or a pharmaceutically acceptable salt thereof, wherein: 

Y is CH2, 0, or S; 

X4 is hydrogen or halogen; 

R is a is straight-chain- or branched- substituted or unsubstituted alkyl, straight-chain- or 

branched- substituted or unsubstituted alkenyl, straight-chain- or branched- substituted or 

15 unsubstituted alkynyl, or substituted or unsubstituted cycloalkyl wherein the R group is interrupted 

by -S(0)N(RA)-, -NRAS(O)-, -SO2N(RA)-, -NRASO 2-, -C(O)N(RA)-, or -NRAC(O)-, and/or 

terminated by -S(O)NRARB, -NRAS(O)RB, -SO 2NRARB, -NRAS0 2 RB, -C(0)NRARB, or 

NRAC(O)RB, wherein each RA and RB is independently selected from hydrogen, CI-C 6 alkyl, C2-C6 

alkenyl, C2-C6 alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, 

20 arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; and 

X2 is as disclosed below.  

In one embodiment, Y is 0.  

In another embodiment, Y is CH 2 or 0 

In another embodiment, Y is CH 2 or S.  

25 In another embodiment, Y is 0 or S.  

H-I. In some embodiments of the disclosure, X2 is halogen. Table l1 A lists specific 

examples of compounds within this embodiment. In each of the structures as drawn, X2 is I and X4
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is H. However, corresponding structures in which X2 is F, Cl, or Br are within the scope of the 

disclosure. In each of the structures in Table 11 A, Y is S. However, corresponding structures in 

which Y is CH2 or O and/or X4 is F, Cl, Br, or I are also within the scope of the disclosure.  

Additionally, in connection with each of the structures in Table 11 A, corresponding structures in 

5 which X 2 is F, Cl, or Br and Y is CH2 or 0 are also within the scope of the disclosure.  

Table 11A 

Compound No. Structure Name 
NH

2 

-N N /O 2-(6-amino-8-((7-iodo-2,3
1 1A-1 o dihydrobenzo[b][1,4]dioxin

6-yl)thio)-9H-purin-9-yl)-N

H S2 isopropylethanesulfonamide 

NH2 

N -N -s a2-(6-amino-8-((7-iodo-2,3

11A-2 N N dihydrobenzo[b][1,4]dioxin
6-yl)thio)-9H-purin-9-yl)-N

so02 ethylethanesulfonamide 
HN 

NH
2 

N -s 0 2-(6-amino-8-((7-iodo-2,3

11A-3 N N dihydrobenzo(b][1,4]dioxin
6-yl)thio)-9H-purin-9-yl)-N

,so, methylethanesulfonamide 
HN 

NH
2 

N N 2-(6-amino-8-((7-iodo-2,3

11 A-4 N N 0) dihydrobenzo[b][1,4]dioxinO 6-yl)thio)-9H-purin-9

yl)ethanesulfonamide 
H,N 

NH
2 

)-s /2-(6-amino-8-((7-iodo-2,3
N _N 

11A-5 odihydrobenzo[b][l,4]dioxin
6-yl)thio)-9H-purin-9-yl)-N

HNSO2 (tert-butyl)ethanesulfonamide 

NH
2 

N N 2-(6-amino-8-((7-iodo-2,3
11A-6 0 dihydrobenzo[b][1,4]dioxin

6-yl)thio)-9H-purin-9-yl)-N
HN 52isobutylethanesulfonamide
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Cornpound No. Structure Name 
NH2 

N 
> ~ 0 2-(6-amino-8-((7-iodo-2,3

NN N dihydrobenzo[b][1,4]dioxini
1 1A-7 C6-yl)thio)-9H-purin-9-yl)-N

,SO. cyclopropyl
HN i$2ethanesulfonamide 

NH2  I 

N(-N N -N-(2-(6-amin-o-8-((7-iodo

S /0 2,3

1 1A-8 ) adihydrobenzo(b][1,4]dioxin
NH 6-yl)thio)-9H-purin-9
INH yl)etliyl)propane-2
2 sulfonamide 

NH2  I 

N '~N -N-(2-(6-amnino-8-((7-iodo

,~ N 0 2,3
10A- dihydrobenzofb][1 ,4]dioxin

6-yl)thio)-9H-purin-9
,NH yl)ethyl)ethaniesulfonamiide 

NH2 

N N. N -N-(2-(6-anil'o-8-((7-iodo

N S \ 0 2,3
II-0o- dihydrobeozo[b][l1,4] dioxin

6-yl)thio)-9H-purin-9
,'dNH yl)ethyl)methanesulfonamide 

NH2  I 

NN- N 
N N >~~ / 0N-(2-(6-amino-8-((7-iodo

N N 2,3
IIA-l11 dihydrobenzo[b][1 ,4]dioxin

,NH 6-yl)thio)-9H-purin-9
o2  yl)ethyl)-2-methylpropane-2

sulfonamide 
NH2 

NL'- N -N-(2-(6-amino-8-((7-iodo

N N /0 2,3

1 IA-12 adihydrobenzo[b][1 ,4]dioxin
6-yl)thio)-9H-purin-9

,NH yl)ethyl)-2-methylpropane-2
OS sulfitamide 

NH2 

N N. N N-(2-(6-amino-8-((7-iodo
IN _ , /_0_2,3 N 23 

IA-13 N dihydrobenzo[b][1,4]dioxin
6-yl)thio)-9H-purin-9

,NH yl)ethyl)-2-methylpropane-l
023\ sulfonamide
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Compound No. N2Structu re -Name 

N ~ - -(2-(6-amino-8-((7-iodo~ >- \/0 2,3

IlIA-14 0,I dihydrobenzo*][l,4]dioxiii
K 6-yl)thio)-9H-purin-9

0SNH yl)ethyl)cyclopropane
02 S sulfonamide 

NH2 

N N 

N0 3-(6-amnino-8-((7-iodo-2,3
0j dihydrobenzo[b][1,4]dioxin

l1A-15 6-yL)thio)-9H-purin-9-yl)-N

02 S isopropyipropane- 1
02 NH sulfonamide 

NH2 

N N K ~ S /0 3-(6-amino-8-((7-iodo-2,3
N N 

1lIA-16 0j dihydrobenzo[b][1,4]dioxin$ 6-yl)thio)-9H-puriin-9-yl) -N
ethylpropane-1 -sulfoniamide 

NH2 

N 

N-N 3-(6-amino-8-((7-iodo-2,3
1lIA-17 0dihydrobenzolb][l,41dioxin$-lti)9-prn9y)N 

methyipropane- 1-sulfonamide 

NH 

N 

[K ~ ' S / 03-(6-amnino-8-((7-iodo-2,3
NI-1 N dihydrobeozo[b] [1,4] dioxin

6-yl)thio)-9H-purin-9
hA-iSyl)propane--sulfonamide 

NH _______________ 
NH2 

N [K _SO / 3-(6-amino-8-((7-iodo-2,3

lIH1 N ojdihydrobenzo[b][ 1,4]dioxin
1 1A19 06-yl)thio)-9H-purin-9-yl)-N

(tert-butyl)propane-lI 
02S sulfonamide 

HNX
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Compound No. Structure Name 
NH2  I 

N \_/_0_3-(6-amino-8-((7-iodo-2,3

0 I dihydrobenzo[b][l ,4]dioxin
Il1A-20 6-yl)thio)-9H-purin-9-yl)-N

isobutylpropane-l
028 sulfonamide 

HN

NH2  I 

N N -3-(6-amino-8}((7-iodo-2,3

~N N 0 dihydrobenzo~b][l,4]dioxin
11A-21 06-yl)thio)-9H-purin-9-yl)-N

cyclopropylpropaoe-l
02~ sulfonamnide 

NH2 
I

N Q N-(3-(6-amino-8-((7-iodo
N N /02,3

IIA-22 ojdihydrobenzo[b][l1,4] dioxin§ 6-yl)thio)-9H-purin-9
HN yl)propyl)propane-2

'So2  sulfonamide 

NH2  I 

N N N-(3-(6-amino-8-((7-iodo
NN 0 2,3

l1A-23 ojdihydrobenzo[b][l,4]dioxin
6-yl)thio)-9H-purin-9

HN, yl)propyl)ethanesulfonamide 
)102 

NH2  I 

N > N -N-(3-(6-amino-8-((7-iodo

N N 02,3
N1 N-4 dihydrobeozo [b] [l,4]dioxin

1 lA-246-yl)thio)-9H-purin-9
yl)propyl)methane

H N 'ssulfonamide 

NH2  I 

N > _S N0 N-(3-(6-amino-8-((7-iodo
N N -0 / 2,3

lIA-25 ojdihydrobenzo[b][l1,4] dioxin
1lA-256-yl)thio)-9H-purin-9

HN yl)propyl)-2-methylpropane
02? 2-sulfonamide
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Cornpound No. Structure Name 
NH2 

N N N-(3-(6-amino-8-((7-iodo
N N 2,3

11IA-26 dihydrobenzolb][l ,4]dioxin
6-yl)thio)-9H-purin-9

HN yl)propyl)-2-thylpropane
'so 2-sulfinamide 

NH2 

N N N-(3-(6-amino-8-((7-iodo

1 1A-27 Nj dihydrobenzo[b][1 ,4]dioxin
6-yl)thio)-9H-purin-9

HN yl)propyl)-2-methylpropane

fSo2  
1-sulfonamide 

NH2 

\>-sN-(3-(6-amino-8-((1-iodo
0 2,3

1 1A-8 Ijdihydrobenzo[b][1,4]dioxin
11A-286-yl)thio)-9H-purin-9

HN ,yl)propyl)cyclopropane

'50so 
sulfonamide 

NH 2 

,N > 0 3-(6-amino-8-((7-iodo-2,3
1 IA-29 No I dihydrobenzo[b][1 ,4]dioxin

6-yl)thio)-9H-purin-9-yl)-N
O isopropylpropanamide 

HN 

NH2  I 

N 3-(6-amino-8-((7-iodo-2,3
1-0N N dihydrobenzo~b] [1,4]dioxin

0 A3 6-yl)thio)-9H-purin-9-yl)-N

O ethyipropanamide 
HN 

NH2 I 

N"- _O 3-(6-anmino-8-((7-iodo-2,3
N N dihydrobenzo[b][1,4]dioxin1 IA-3 1 oj6-yI)thio)-9H-purin-9-y1)-N

o methyipropanasnide 

NH2 

N - 3-(6-aniino-8-((7-iodo-2,3
LA-32 /N No' dihydrobenzo[b][1,4]dioxin

0i 6-yl)thio)-9H-purin-9

o yl)propanamnide
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Compound No. Structure Name 
NH2 

N 
>' S\ 0 3-(6-amino-8-((7-iodo-2,3

1 1A-33 oN dihydrobeno[b][1,4]dioxin
6-yl)thio)-9H-purin-9-yl)-N

0o (tert-butyl)propanamide 
HN 

NH2 

N N 

N N 3-(6-aniino-8-((7-iodo-2,3
1 1A-34 odihydrobenzo~b][1,4]dioxin

6-yl)thio)-9H-purin-9-yl)-N
o isobutylpropanamide 

HN 
_ 

NH2  I 

V 0 3-(6-amino-8-((7-iodo-2,3

11A-35 0j dihydrobenzo[b][1,4]dioxin
6-yl)thio)-9H-purin-9-yl)-N

ao cyclopropyipropanamide 
HN 

NH2 

N -- NN-(2-(6-amino-8-((7-iodo

N N 2,3
IIA-36 0dihydrobenzo[b][1,4]dioxin

NH 6-yl)thio)-9H-piirin-9

0- yl)ethyl)isobutyramide 

NH2  I 

N N -N-(2-(6-amino-8-((7-iodo

S /0 2,3
IIo7l dihydrobenzo[b][1,4]dioxin

6-yl)thio)-9H-purin-9
__________ NH yl)ethyl)propionamide 

NH2  I 

N ~ NN-(2-(6-amino-8-((7-iodo

S N /O 2,3
l -8oJ dihydrobenzo[b] [1,4] dioxin

6-yl)thio)-9H-purin-9
0 NH yl)ethyl)acetamide 

NH2 

K s / ~ N-(2-(6-amino-8-((7-iodo
N ,N 2,3

1IA-39 ojdihydrobenzo[b] [1,4] dioxin

NH 6-yl)thio)-9H-purin-9
o yl)ethyl)pivalamide
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Compound No. Structure Name 
NH2  | 

s /N-(2-(6-amino-8-((7-iodo
N N 2,3

llA-40 dihydrobenzo[b][1,4]dioxin

NH 6-yl)thio)-9H-purin-9
o x yl)ethyl)-3-methylbutanamide 

NH
2 

N N N-(2-(6-amino-8-((7-iodo
s \/O 2,3

11A-41 N o dihydrobenzo[b][1,4]dioxin
6-yl)thio)-9H-purin-9

NH yl)ethyl)cyclopropane
carboxamide 

NH
2 

N '- N N-(2-(6-amino-8-((7-iodo
I a 2,3

11A-42 N N dihydrobenzo[b][1,4]dioxin
6-yl)thio)-9H-purin-9

NH yl)ethyl)formamide 

H-II. In some embodiments of the disclosure, X2 is an optionally substituted aryl.  

Specific examples of compounds within the scope of this aspect of the disclosure correspond to the 

compounds disclosed in Table 11 A, or variations thereof as described in A., H. and H-I. above, in 

5 which X
2 is an optionally substituted aryl, including but not limited to pyrazolyl, 1H-pyrazol-3-yl, 

oxazolyl, oxazol-2-yl, thiazolyl, thiazol-2-yl, furanyl, furan-2-yl, and 5-methylfuran-2-yl.  

H-III. In some embodiments of the disclosure, X2 is an alkynyl group, e.g., ethynyl, 1

prop-1-ynyl, and 3-prop-1-ynyl. Specific examples of compounds within the scope of this aspect of 

the disclosure correspond to the compounds disclosed in Table 1 lA, or variations thereof as 

10 described in A., H. and H-L above, in which X2 is an alkynyl group.  

H-IV. In some embodiments of the disclosure, X2 is an amino group, i.e., -NR1R2, 
wherein R, and R2 are each independently H, C-C 6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, cycloalkyl, 

heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, 

or alkylheteroarylalkyl. Specific examples of compounds within the scope of this aspect of the 

15 disclosure correspond to the compounds disclosed in Table 1 1A, or variations thereof as described 

in A., H. and H-I. above, in which X2 is an amino group.



WO 2012/138894 PCT/US2012/032371 

164 

J. Additional Embodiments 

Each of the following embodiments relates to the compounds of Formulae (IA) and (IB) 

and, particularly, to each of the appropriate embodiments C-1 through H-IV of the compounds of 

Formulae (1) through (6).  

5 In one embodiment, Y is CH2. In another embodiment, Y is S.  

In another embodiment, X4 is H. In another embodiment, X4 is halogen. In another 

embodiment, X4 is F, Cl, or Br. In another embodiment, X4 is F, Cl, or I. In another embodiment, 

X4 is F, Br, or 1. In another embodiment, X4 is Cl, Br, or I. In another embodiment, X4 is F or I. In 

another embodiment, X4 is F or Br. In another embodiment, X4 is F or Cl. In another embodiment, 

10 X4 is Cl or I. In another embodiment, X4 is Cl or Br. In another embodiment, X4 is Br or I. In 

another embodiment, X4 is F. In another embodiment, X4 is Cl. In another embodiment, X4 is Br.  

In another embodiment, X4 is . In another embodiment, X4 is H, F, Cl, or Br. In another 

embodiment, X4 is H, F, Cl, or . In another embodiment, X is H, F, Br, or . In another 

embodiment, X4 is H, Cl, Br, or I. In another embodiment, X4 is H, F, or 1. In another 

15 embodiment, X4 is H, F, or Br. In another embodiment, X4 is H, F, or Cl. In another embodiment, 

X4 is H, Cl, or I. In another embodiment, X4 is H, Cl, or Br. In another embodiment, X4 is H, Br, 

or L. In another embodiment, X4 is H or F. In another embodiment, X4 is H or Cl. In another 

embodiment, X4 is H or Br. In another embodiment, X is H or I, 

In another embodiment, X2 is halogen, aryl, or alkynyl. In another embodiment, X2 is 

20 halogen, aryl, or amino. In another embodiment, X2 is halogen, alkynyl, or amino. In another 

embodiment, X2 is aryl, alkynyl, or amino. In another embodiment, X2 is halogen or amino, In 

another embodiment, X2 is halogen or alkynyl. In another embodiment, X2 is halogen or aryl. In 

another embodiment, X2 is halogen. In another embodiment, X2 is aryl. In another embodiment, 

X2 is alkynyl. In another embodiment, X2 is amino. In another embodiment, X2 is halogen, 

25 heteroaryl, alkynyl, or amino. In another embodiment, X2 is halogen, heteroaryl, or alkynyl. In 

another embodiment, X2 is halogen, heteroaryl, or amino. In another embodiment, X2 is heteroaryl, 
alkynyl, or amino. In another embodiment, X2 is halogen or heteroaryl. In another embodiment, X2 

is heteroaryl. In another embodiment, X2 is alkyl-substituted heteroaryl. In another embodiment, 

X2 is C-C6 alkyl-substituted heteroaryl. In another embodiment, X2 is methyl-, ethyl-, n-propyl-, 
30 or isopropyl-substituted heteroaryl. In another embodiment, X2 is methyl- or ethyl-substituted 

heteroaryl. In another embodiment, X2 is methyl-substituted heteroaryl. In another embodiment, 
X2 is ethyl-substituted heteroaryl.  

In another embodiment, X2 is F, Cl, or Br. In another embodiment, X2 is F, Cl, or I. In 

another embodiment, X2 is F, Br, or 1. In another embodiment, X2 is Cl, Br, or I. In another 

35 embodiment, X2 is F or I. In another embodiment, X2 is F or Br. In another embodiment, X2 is F or
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Cl. In another embodiment, X2 is C1 or I. In another embodiment, X2 is Cl or Br. In another 

embodiment, X2 is Br or I. In another embodiment, X2 is F. In another embodiment, X2 is Cl. In 

another embodiment, X2 is Br. In another embodiment, X2 is I.  

In another embodiment, X2 is optionally substituted heteroaryl. In another embodiment, X2 

5 is unsubstituted heteroaryl. In another embodiment, X2 is furan-2-yl, furan-3-yl, 5-methylfuran-2

yl, 1H-pyrazol-2-yl, LH-pyrazol-3-yl, thiazol-2-yl, 5-methylthiazol-2-yl, oxazol-2-yl, 5

methyloxazol-2-yl, thiophene-2-yl, thiophene-3-yl, 1H-imidazo-2-yl, 1H-imidazo-4-yl, or 1H

imidazo-5-yl. In another embodiment, X2 is furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, 1H

pyrazol-2-yl, 1H-pyrazol-3-yl, thiazol-2-yl, 5-methylthiazol-2-yl, oxazol-2-yl, or 5-methyloxazol-2

10 yl. In another embodiment, X2 is furan-2-yl, furan-3-yl, or 5-methylfuran-2-yl. In another 

embodiment, X2 is lH-pyrazol-2-yl or 1H-pyrazol-3-yl. In another embodiment, X2 is thiazol-2-yl 

or 5-methylthiazol-2-yl. In another embodiment, X2 is oxazol-2-yl or 5-methyloxazol-2-yl. In 

another embodiment, X2 is thiophene-2-yl, thiophene-3-yl, lH-imidazo-2-yl, lH-imidazo-4-yl, or 

1H-imidazo-5-yl. In another embodiment, X2 is thiophene-2-yl or thiophene-3-yl. In another 

15 embodiment, X2 is lH-imidazo-2-yl, lH-imidazo-4-yl, or 1H-imidazo-5-yl.  

In another embodiment, X2 is ethynyl, propynyl, or butynyl. In another embodiment, X2 is 

ethynyl or propynyl. In another embodiment, X2 is ethynyl or butynyl. In another embodiment, X2 

is propynyl or butynyl. In another embodiment, X2 is ethynyl. In another embodiment, X2 is 

propynyl. In another embodiment, X2 is butynyl.  

20 In another embodiment, X2 is dimethylamino, diethylamino, methylethylamino, or 

cyclopropylamino, In another embodiment, X2 is dimethylamino, diethylamino, or 

methylethylamino. In another embodiment, X2 is dimethylamino, diethylamino, or 

cyclopropylamino. In another embodiment, X2 is dimethylanino, methylethylamino, or 

cyclopropylamino. In another embodiment, X2 is diethylamino, methylethylamino, or 

25 cyclopropylamino. In another embodiment, X2 is dimethylamino or diethylamino. In another 

embodiment, X2 is dimethylamino or methylethylamino. In another embodiment, X2 is 

dimethylamino or cyclopropylamino. In another embodiment, X2 is diethylamino or 

methylethylamino. In another embodiment, X2 is diethylamino or cyclopropylamino. In another 

embodiment, X2 is methylethylamino or cyclopropylamino. In another embodiment, X2 is 

30 dimethylamino. In another embodiment, X2 is diethylamino. In another embodiment, X 2 is 

methylethylamino. In another embodiment, X2 is cyclopropylamino.  

In another embodiment, X2 is Br, I, furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, 1H-pyrazol

2-yl, 1H-pyrazol-3-yl, thiazol-2-yl, 5-methylthiazol-2-yl, oxazol-2-yl, 5-methyloxazol-2-yl, 

ethynyl, propynyl, dimethylamino, diethylamino, or methylethylamino. In another embodiment, X2 

35 is 1, furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, ethynyl, dimethylamino, diethylamino, or
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methylethylamino. In another embodiment, X2 is Br, furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, 
ethynyl, dimethylamino, diethylamino, or methylethylamino. In another embodiment, X2 is I, 
furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, ethynyl, or dimethylamino. In another embodiment, X2 

is Br, furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, ethynyl, or dimethylamino. In another 

5 embodiment, X2 is I, IH-pyrazol-2-yl, lH-pyrazol-3-yl, ethynyl, dimethylamino, diethylamino, or 

methylethylamino. In another embodiment, X2 is Br, lH-pyrazol-2-yl, IH-pyrazol-3-yl, ethynyl, 
dimethylamino, diethylamino, or methylethylamino. In another embodiment, X2 is I, 1H-pyrazol-2

yl, 1H-pyrazol-3-yl, ethynyl, or dimethylamino. In another embodiment, X2 is Br, 1H-pyrazol-2-yl, 

1H-pyrazol-3-yl, ethynyl, or dimethylamino. In another embodiment, X2 is I, thiazol-2-yl, 5
10 methylthiazol-2-yl, ethynyl, dimethylamino, diethylamino, or methylethylamino. In another 

embodiment, X2 is Br, thiazol-2-yl, 5-methylthiazol-2-yl, ethynyl, dimethylamino, diethylamino, or 

methylethylamino. In another embodiment, X2 is I, thiazol-2-yl, 5-methylthiazol-2-yl, ethynyl, or 

dimethylamino. In another embodiment, X2 is Br, thiazol-2-yl, 5-methylthiazol-2-yl, ethynyl, or 

dimethylamino. In another embodiment, X2 is I, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl, 
15 dimethylamino, diethylamino, or methylethylamino. In another embodiment, X2 is Br, oxazol-2-yl, 

5-methyloxazol-2-yl, ethynyl, dimethylamino, diethylamino, or methylethylamino. In another 

embodiment, X2 is I, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl, or dimethylamino. In another 

embodiment, X2 is Br, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl, or dimethylamino.  

In another embodiment, X2 is halogen, aryl, or alkynyl and Y is S. In another embodiment, 
20 X2 is halogen, aryl, or amino and Y is S. In another embodiment, X2 is halogen, alkynyl, or amino 

and Y is S. In another embodiment, X2 is aryl, alkynyl, or amino and Y is S. In another 

embodiment, X2 is halogen or amino and Y is S. In another embodiment, X2 is halogen or alkynyl 

and Y is S. In another embodiment, X2 is halogen or aryl and Y is S. In another embodiment, X2 is 
halogen and Y is S. In another embodiment, X2 is aryl and Y is S. In another embodiment, X2 is 

25 alkynyl and Y is S. In another embodiment, X2 is amino and Y is S. In another embodiment, X2 is 

halogen, heteroaryl, alkynyl, or amino and Y is S. In another embodiment, X2 is halogen, 
heteroaryl, or alkynyl and Y is S. In another embodiment, X2 is halogen, heteroaryl, or amino and 

Y is S. In another embodiment, X2 is heteroaryl, alkynyl, or amino and Y is S. In another 

embodiment, X2 is halogen or heteroaryl and Y is S. In another embodiment, X2 is heteroaryl and 

30 Y is S. In another embodiment, X2 is alkyl-substituted heteroaryl and Y is S. In another 

embodiment, X2 is CrC6 alkyl-substituted heteroaryl and Y is S. In another embodiment, X2 is 

methyl-, ethyl-, n-propyl-, or isopropyl-substituted heteroaryl and Y is S. In another embodiment, 

X2 is methyl- or ethyl-substituted heteroaryl and Y is S. In another embodiment, X2 is methyl

substituted heteroaryl and Y is S. In another embodiment, X2 is ethyl-substituted heteroaryl and Y 

35 is S. In another embodiment, X2 is Br, I, furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, 1H-pyrazol-2

yl, 1H-pyrazol-3-yl, thiazol-2-yl, 5-methylthiazol-2-yl, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl,
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propynyl, dimethylamino, diethylamino, or methylethylamino and Y is S. In another embodiment, 
X2 is I, furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, ethynyl, dimethylamino, diethylamino, or 

methylethylamino and Y is S. In another embodiment, X2 is Br, furan-2-yl, furan-3-yl, 5

methylfuran-2-yl, ethynyl, dimethylamino, diethylamino, or methylethylamino and Y is S. In 

5 another embodiment, X2 is I, furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, ethynyl, or dimethylamino 

and Y is S. In another embodiment, X
2 is Br, furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, ethynyl, or 

dimethylamino and Y is S. In another embodiment, X2 is I, 1H-pyrazol-2-yl, lH-pyrazol-3-yl, 
ethynyl, dimethylamino, diethylamino, or methylethylamino and Y is S. In another embodiment, 
X

2 is Br, 1H-pyrazol-2-yl, 1H-pyrazol-3-yl, ethynyl, dimethylamino, diethylamino, or 

10 methylethylamino and Y is S. In another embodiment, X
2 is I, 1H-pyrazol-2-yl, 1H-pyrazol-3-yl, 

ethynyl, or dimethylamino and Y is S. In another embodiment, X2 is Br, 1H-pyrazol-2-yl, 1H

pyrazol-3-yl, ethynyl, or dimethylamino and Y is S. In another embodiment, X
2 is I, thiazol-2-yl, 

5-methylthiazol-2-yl, ethynyl, dimethylamino, diethylamino, or methylethylamino and Y is S. In 

another embodiment, X2 is Br, thiazol-2-yl, 5-methylthiazol-2-yl, ethynyl, dimethylamino, 

15 diethylamino, or methylethylamino and Y is S. In another embodiment, X2 is I, thiazol-2-yl, 5
methylthiazol-2-yl, ethynyl, or dimethylamino and Y is S. In another embodiment, X2 is Br, 

thiazol-2-yl, 5-methylthiazol-2-yl, ethynyl, or dimethylamino and Y is S. In another embodiment, 

X2 is I, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl, dimethylamino, diethylamino, or 

methylethylamino and Y is S. In another embodiment, X2 is Br, oxazol-2-yl, 5-methyloxazol-2-yl, 
20 ethynyl, dimethylamino, diethylamino, or methylethylamino and Y is S. In another embodiment, 

X2 is I, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl, or dimethylamino and Y is S. In another 

embodiment, X2 is Br, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl, or dimethylamino and Y is S.  

In another embodiment, X2 is halogen, aryl, or alkynyl and Y is CH2. In another 

embodiment, X 2 is halogen, aryl, or amino and Y is CH2. In another embodiment, X2 is halogen, 
25 alkynyl, or amino and Y is CH2. In another embodiment, X2 is aryl, alkynyl, or amino and Y is 

CH2. In another embodiment, X2 is halogen or amino and Y is CH2. In another embodiment, X2 is 

halogen or alkynyl and Y is CH2. In another embodiment, X2 is halogen or aryl and Y is CH2. In 

another embodiment, X2 is halogen and Y is CH2. In another embodiment, X2 is aryl and Y is CH2.  

In another embodiment, X2 is alkynyl and Y is CH2. In another embodiment, X2 is amino and Y is 

30 CH2. In another embodiment, X2 is halogen, heteroaryl, alkynyl, or amino and Y is CH2. In 

another embodiment, X2 is halogen, heteroaryl, or alkynyl and Y is CH2. In another embodiment, 
X2 is halogen, heteroaryl, or amino and Y is CH2. In another embodiment, X2 is heteroaryl, 
alkynyl, or amino and Y is CH2. In another embodiment, X2 is halogen or heteroaryl and Y is CH2.  

In another embodiment, X2 is heteroaryl and Y is CH2. In another embodiment, X2 is alkyl

35 substituted heteroaryl and Y is CH2. In another embodiment, X2 is C1-C6 alkyl-substituted 

heteroaryl and Y is CH2. In another embodiment, X2 is methyl-, ethyl-, n-propyl-, or isopropyl-
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substituted heteroaryl and Y is CH 2. In another embodiment, X
2 is methyl- or ethyl-substituted 

heteroaryl and Y is CH2. In another embodiment, X2 is methyl-substituted heteroaryl and Y is CH2.  

In another embodiment, X2 is ethyl-substituted heteroaryl and Y is CH 2. In another embodiment, 

X
2 is Br, I, furan-2-yl, foran-3-yl, 5-methylfuran-2-yl, 1H-pyrazol-2-yl, 1H-pyrazol-3-yl, thiazol-2

5 yl, 5-methylthiazol-2-yl, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl, propynyl, dimethylamino, 

diethylamino, or methylethylamino and Y is CH2. In another embodiment, X2 is I, furan-2-yl, 

furan-3-yl, 5-methylfuran-2-yl, ethynyl, dimethylamino, diethylamino, or methylethylamino and Y 

is CH2 . In another embodiment, X2 is Br, furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, ethynyl, 

dimethylamino, diethylamino, or methylethylamino and Y is CH2. In another embodiment, X2 is I, 
10 furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, ethynyl, or dimethylamino and Y is CH2. In another 

embodiment, X2 is Br, furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, ethynyl, or dimethylamino and Y 

is CH2. In another embodiment, X2 is I, lH-pyrazol-2-yl, 1H-pyrazol-3-yl, ethynyl, dimethylamino, 
diethylamino, or methylethylamino and Y is CH2. In another embodiment, X2 is Br, lH-pyrazol-2

yl, 1H-pyrazol-3-yl, ethynyl, dimethylamino, diethylamino, or methylethylamino and Y is CH2. In 

15 another embodiment, X2 is I, IH-pyrazol-2-yl, lH-pyrazol-3-yl, ethynyl, or dimethylamino and Y is 

CH2. In another embodiment, X2 is Br, tH-pyrazol-2-yl, IH-pyrazol-3-yl, ethynyl, or 

dimethylamino and Y is CH2. In another embodiment, X2 is I, thiazol-2-yl, 5-methylthiazol-2-yl, 
ethynyl, dimethylamino, diethylamino, or methylethylamino and Y is CH 2. In another 

embodiment, X
2 is Br, thiazol-2-yl, 5-methylthiazol-2-yl, ethynyl, dimethylamino, diethylamino, or 

20 methylethylamino and Y is CH 2. In another embodiment, X2 is I, thiazol-2-yl, 5-methylthiazol-2

yl, ethynyl, or dimethylamino and Y is CH 2. In another embodiment, X2 is Br, thiazol-2-yl, 5
methylthiazol-2-yl, ethynyl, or dimethylamino and Y is CH2. In another embodiment, X

2 is I, 
oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl, dimethylamino, diethylamino, or methylethylamino and 

Y is CH 2. In another embodiment, X2 is Br, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl, 
25 dimethylamino, diethylamino, or methylethylamino and Y is CH2. In another embodiment, X2 is I, 

oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl, or dimethylamino and Y is CH2. In another 

embodiment, X2 is Br, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl, or dimethylamino and Y is CH2.  

In another embodiment, X4 is H and Y is S. In another embodiment, X4 is halogen and Y is 

S. In another embodiment, X4 is F, Cl, or Br and Y is S. In another embodiment, X4 is F, Cl, or I 

30 and Y is S. In another embodiment, X
4 is F, Br, or I and Y is S. In another embodiment, X4 is Cl, 

Br, or I and Y is S. In another embodiment, X4 is F or I and Y is S. In another embodiment, X4 is F 
or Br and Y is S. In another embodiment, X4 is F or Cl and Y is S. In another embodiment, X4 is 

Cl or I and Y is S. In another embodiment, X4 is CI or Br and Y is S. In another embodiment, X4 is 

Br or I and Y is S. In another embodiment, X4 is F and Y is S. In another embodiment, X4 is Cl 
35 and Y is S. In another embodiment, X4 is Br and Y is S. In another embodiment, X4 is I and Y is 

S.
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In another embodiment, X4 is H, F, Cl, or Br and Y is S. In another embodiment, X4 is H, 
F, Cl, or I and Y is S. In another embodiment, X4 is H, F, Br, or I and Y is S. In another 

embodiment, X4 is H, Cl, Br, or I and Y is S. In another embodiment, X4 is H, F, or I and Y is S.  

In another embodiment, X4 is H, F, or Br and Y is S. In another embodiment, X4 is H, F, or Cl and 

5 Y is S. In another embodiment, X4 is H, Cl, or I and Y is S, In another embodiment, X4 is H, Cl, or 

Br and Y is S. In another embodiment, X4 is H, Br, or I and Y is S. In another embodiment, X4 is 

H or F and Y is S. In another embodiment, X4 is H or Cl and Y is S. In another embodiment, X4 is 

H or Br and Y is S. In another embodiment, X4 is H or I and Y is S.  

In another embodiment, X4 is H and Y is CH2. In another embodiment, X4 is halogen and 

10 Y is CH2. In another embodiment, X4 is F, Cl, or Br and Y is CH 2. In another embodiment, X4 is 

F, Cl, or I and Y is CH 2. In another embodiment, X4 is F, Br, or I and Y is CH 2. In another 

embodiment, X4 is Cl, Br, or I and Y is CH2. In another embodiment, X4 is F or I and Y is CH 2. In 

another embodiment, X4 is F or Br and Y is CH2 . In another embodiment, X4 is F or Cl and Y is 

CH2. In another embodiment, X4 is Cl or I and Y is CH2. In another embodiment, X4 is Cl or Br 

15 and Y is CH 2. In another embodiment, X4 is Br or I and Y is CH2. In another embodiment, X4 is F 

and Y is CH2. In another embodiment, X4 is Cl and Y is CH2. In another embodiment, X4 is Br and 

Y is CH2. In another embodiment, X4 is I and Y is CH 2.  

In another embodiment, X4 is H, F, Cl, or Br and Y is CH 2. In another embodiment, X4 is 

H, F, Cl, or I and Y is CH2. In another embodiment, X4 is H, F, Br, or I and Y is CH2. In another 

20 embodiment, X4 is H, Cl, Br, or I and Y is CH 2. In another embodiment, X4 is H, F, or I and Y is 

CH2. In another embodiment, X4 is H, F, or Br and Y is CH2. In another embodiment, X4 is H, F, 

or Cl and Y is CH2. In another embodiment, X4 is H, Cl, or I and Y is CH 2. In another 

embodiment, X4 is H, Cl, or Br and Y is CH 2. In another embodiment, X4 is H, Br, or I and Y is 

CH2. In another embodiment, X4 is H or F and Y is CH2, In another embodiment, X4 is H or Cl 

25 and Y is CH2. In another embodiment, X4 is H or Br and Y is CH2. In another embodiment, X4 is 

H or I and Y is CH2.  

In another embodiment, X2 is halogen, aryl, or alkynyl, X4 is H or F, and Y is S. In another 

embodiment, X2 is halogen, aryl, or amino, X4 is H or F, and Y is S. In another embodiment, X2 is 

halogen, alkynyl, or amino, X4 is H or F, and Y is S. In another embodiment, X2 is aryl, alkynyl, or 

30 amino, X4 is H or F, and Y is S. In another embodiment, X2 is halogen or amino, X4 is H or F, and 

Y is S. In another embodiment, X2 is halogen or alkynyl, X4 is H or F, and Y is S. In another 

embodiment, X2 is halogen or aryl, X4 is H or F, and Y is S. In another embodiment, X2 is halogen, 
X4 is H or F, and Y is S. In another embodiment, X2 is aryl, X4 is H or F, and Y is S. In another 

embodiment, X2 is alkynyl, X4 is H or F, and Y is S. In another embodiment, X2 is amino, X4 is H 

35 or F, and Y is S. In another embodiment, X2 is halogen, heteroaryl, alkynyl, or amino, X4 is H or F, 
and Y is S. In another embodiment, X2 is halogen, heteroaryl, or alkynyl, X4 is H or F, and Y is S.



WO 2012/138894 PCT/US2012/032371 

170 

In another embodiment, X2 is halogen, heteroaryl, or amino, X4 is H or F, and Y is S. In another 

embodiment, X2 is heteroaryl, alkynyl, or amino, X4 is H or F, and Y is S. In another embodiment, 

X2 is halogen or heteroaryl, X4 is H or F, and Y is S. In another embodiment, X2 is heteroaryl, X4 is 

H or F, and Y is S. In another embodiment, X2 is alkyl-substituted heteroaryl, X4 is H or F, and Y 

5 is S. In another embodiment, X2 is C1-C6 alkyl-substituted heteroaryl, X4 is H or F, and Y is S. In 

another embodiment, X2 is methyl-, ethyl-, n-propyl-, or isopropyl-substituted heteroaryl, X4 is H or 

F, and Y is S. In another embodiment, X2 is methyl- or ethyl-substituted heteroaryl, X4 is H or F, 

and Y is S. In another embodiment, X2 is methyl-substituted heteroaryl, X4 is H or F, and Y is S.  

In another embodiment, X2 is ethyl-substituted heteroaryl, X4 is H or F, and Y is S. In another 

10 embodiment, X2 is Br, I, furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, 1H-pyrazol-2-yl, 1H-pyrazol-3

yl, thiazol-2-yl, 5-methylthiazol-2-yl, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl, propynyl, 

dimethylamino, diethylamino, or methylethylamino, X4 is H or F, and Y is S. In another 

embodiment, X2 is I, furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, ethynyl, dimethylamino, 

diethylamino, or methylethylamino, X4 is H or F, and Y is S. In another embodiment, X2 is Br, 

15 furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, ethynyl, dimethylamino, diethylamino, or 

methylethylamino, X4 is H or F, and Y is S. In another embodiment, X2 is I, furan-2-yl, furan-3-yl, 

5-methylfuran-2-yl, ethynyl, or dimethylamino, X4 is H or F, and Y is S. In another embodiment, 

X2 is Br, furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, ethynyl, or dimethylamino, X4 is H or F, and Y 

is S. In another embodiment, X2 is I, 1H-pyrazol-2-yl, 1H-pyrazol-3-yl, ethynyl, dimethylamino, 

20 diethylamino, or methylethylamino, X4 is H or F, and Y is S. In another embodiment, X2 is Br, 1H

pyrazol-2-yl, lH-pyrazol-3-yl, ethynyl, dimethylamino, diethylamino, or methylethylamino, X4 is 

H or F, and Y is S. In another embodiment, X2 is I, 1H-pyrazol-2-yl, 1H-pyrazol-3-yl, ethynyl, or 

dimethylamino, X4 is H or F, and Y is S. In another embodiment, X2 is Br, 1H-pyrazol-2-yl, 1H

pyrazol-3-yl, ethynyl, or dimethylamino, X4 is H or F, and Y is S. In another embodiment, X2 is I, 

25 thiazol-2-yl, 5-methylthiazol-2-yl, ethynyl, dimethylamino, diethylamino, or methylethylamino, X4 

is H or F, and Y is S. In another embodiment, X2 is Br, thiazol-2-yl, 5-methylthiazol-2-yl, ethynyl, 

dimethylamino, diethylamino, or methylethylamino, X4 is H or F, and Y is S. In another 

embodiment, X2 is I, thiazol-2-yl, 5-methylthiazol-2-yl, ethynyl, or dimethylamino, X4 is H or F, 

and Y is S. In another embodiment, X2 is Br, thiazol-2-yl, 5-methylthiazol-2-yl, ethynyl, or 

30 dimethylamino, X4 is H or F, and Y is S. In another embodiment, X2 is I, oxazol-2-yl, 5

methyloxazol-2-yl, ethynyl, dimethylamino, diethylamino, or methylethylamino, X4 is H or F, and 

Y is S. In another embodiment, X2 is Br, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl, 

dimethylamino, diethylamino, or methylethylamino, X is H or F, and Y is S. In another 

embodiment, X2 is I, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl, or dimethylamino, X4 is H or F, 

35 and Y is S. In another embodiment, X2 is Br, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl, or 

dimethylamino, X4 is H or F, and Y is S.
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In another embodiment, X2 is halogen, aryl, or alkynyl, X4 is H or F, and Y is CH2. In 

another embodiment, X2 is halogen, aryl, or amino, X4 is H or F, and Y is CH2. In another 

embodiment, X2 is halogen, alkynyl, or amino, X
4 is H or F, and Y is CH2. In another embodiment, 

X2 is aryl, alkynyl, or amino, X4 is H or F, and Y is CH2. In another embodiment, X2 is halogen or 

5 amino, X4 is H or F, and Y is CH2. In another embodiment, X2 is halogen or alkynyl, X4 is H or F, 
and Y is CH2. In another embodiment, X2 is halogen or aryl, X4 is H or F, and Y is CH 2. In 

another embodiment, X2 is halogen, X4 is H or F, and Y is CH2. In another embodiment, X2 is aryl, 
X4 is H or F, and Y is CH2. In another embodiment, X2 is alkynyl, X4 is H or F, and Y is CH2. In 

another embodiment, X2 is amino, X4 is H or F, and Y is CH2. In another embodiment, X2 is 

10 halogen, heteroaryl, alkynyl, or amino, X4 is H or F, and Y is CH2. In another embodiment, X2 is 

halogen, heteroaryl, or alkynyl, X4 is H or F, and Y is CH2. In another embodiment, X2 is halogen, 
heteroaryl, or amino, X4 is H or F, and Y is CH 2. In another embodiment, X2 is heteroaryl, alkynyl, 
or amino, X4 is H or F, and Y is CH2. In another embodiment, X2 is halogen or heteroaryl, X4 is H 

or F, and Y is CH2. In another embodiment, X2 is heteroaryl, X4 is H or F, and Y is CH2. In 

15 another embodiment, X2 is alkyl-substituted heteroaryl, X4 is H or F, and Y is CH2. In another 

embodiment, X2 is CI-C6 alkyl-substituted heteroaryl, X4 is H or F, and Y is CH2. In another 

embodiment, X2 is methyl-, ethyl-, n-propyl-, or isopropyl-substituted heteroaryl, X4 is H or F, and 

Y is CH2. In another embodiment, X2 is methyl- or ethyl-substituted heteroaryl, X4 is H or F, and Y 

is CH2. In another embodiment, X2 is methyl-substitoted heteroaryl, X4 is H or F, and Y is CH2. In 

20 another embodiment, X2 is ethyl-substituted heteroaryl, X4 is H or F, and Y is CH 2. In another 

embodiment, X2 is Br, I, furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, 1H-pyrazol-2-yl, 1H-pyrazol-3

yl, thiazol-2-yl, 5-methylthiazol-2-yl, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl, propynyl, 
dimethylamino, diethylamino, or methylethylamino, X4 is H or F, and Y is CH2. In another 

embodiment, X2 is I, flran-2-yl, furan-3-yl, 5-methylfuran-2-yl, ethynyl, dimethylamino, 

25 diethylamino, or methylethylamino, X4 is H or F, and Y is CH2. In another embodiment, X2 is Br, 

furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, ethynyl, dimethylamino, diethylamino, or 

methylethylamino, X4 is H or F, and Y is CH2. In another embodiment, X2 is I, furan-2-yl, furan-3

yl, 5-methylfuran-2-yl, ethynyl, or dimethylamino, X4 is H or F, and Y is CH2. In another 

embodiment, X2 is Br, furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, ethynyl, or dimethylamino, X4 is 

30 H or F, and Y is CH2. In another embodiment, X2 is I, 1H-pyrazol-2-yl, 1H-pyrazol-3-yl, ethynyl, 

dimethylamino, diethylamino, or methylethylamino, X4 is H or F, and Y is CH2. In another 

embodiment, X2 is Br, 1H-pyrazol-2-yl, 1H-pyrazol-3-yl, ethynyl, dimethylamino, diethylamino, or 

methylethylamino, X4 is H or F, and Y is CH2. In another embodiment, X2 is I, 1H-pyrazol-2-yl, 

1H-pyrazol-3-yl, ethynyl, or dimethylamino, X4 is H or F, and Y is CH2. In another embodiment, 
35 X2 is Br, lH-pyrazol-2-yl, 1H-pyrazol-3-yl, ethynyl, or dimethylamino, X4 is H or F, and Y is CH2.  

In another embodiment, X2 is I, thiazol-2-yl, 5-methylthiazol-2-yl, ethynyl, dimethylamino, 
diethylamino, or methylethylamino, X4 is H or F, and Y is CH 2. In another embodiment, X2 is Br,
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thiazol-2-yl, 5-methylthiazol-2-yl, ethynyl, dimethylamino, diethylamino, or methylethylamino, X4 

is H or F, and Y is CH 2. In another embodiment, X2 is I, thiazol-2-yl, 5-methylthiazol-2-yl, 

ethynyl, or dimethylamino, X4 is H or F, and Y is CH 2. In another embodiment, X2 is Br, thiazol-2

yl, 5-methylthiazol-2-yl, ethynyl, or dimethylamino, X4 is H or F, and Y is CH 2 . In another 

5 embodiment, X2 is I, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl, dimethylamino, diethylamino, or 

methylethylamino, X4 is H or F, and Y is CH 2. In another embodiment, X2 is Br, oxazol-2-yl, 5

methyloxazol-2-yl, ethynyl, dimethylamino, diethylamino, or methylethylamino, X4 is H or F, and 

Y is CH2. In another embodiment, X2 is I, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl, or 

dimethylamino, X4 is H or F, and Y is CH2. In another embodiment, X2 is Br, oxazol-2-yl, 5

10 methyloxazol-2-yl, ethynyl, or dimethylamino, X4 is H or F, and Y is CH 2 .  

In connection with each of the R groups containing a sulfonamide structure, the 

corresponding structure in which the sulfonamide has the reverse orientation or in which R contains 

a sulfinamide or an amide (each of either orientation) is within the scope of the disclosure as if each 

was specifically disclosed herein. In connection with each of the R groups containing a sulfiamide 

15 structure, the corresponding structure in which the sulfinamide has the reverse orientation or in 

which R contains a sulfonamide or an amide (each of either orientation) is within the scope of the 

disclosure as if each was specifically disclosed herein. In connection with each of the R groups 

containing an amide structure, the corresponding structure in which the amide has the reverse 

orientation or in which R contains a sulfonamide or a sulfinamide (each of either orientation) is 

20 within the scope of the disclosure as if each was specifically disclosed herein. Thus, by way of 

example, in each instance the disclosure of a compound in which the R group contains an 

SO2N(RA)- structure should also be considered as a disclosure of a compound in which the R group 

contains an -NRAS
0

2-, -S(O)N(RA)-, -NRAS(O)-, -C(O)N(RA)-, or -NRAC(O)- structure in place of 

the -SO 2N(RA)- structure.  

25 Specific R groups include without limitation: 2-ethanesulfonic acid isopropylamide, i.e., 

ces 

0 CH, 

2-ethanesulfonic acid ethylamide, i.e., 

\ H 

2-ethanesulfonic acid methylamide, i, e,,
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2-ethanesulfonic acid amide, i.e., 

NH2 0 

2-ethanesulfonic acid t-butylamide, i.e., 

HH 

)CH, 
5 0 CH, 

2-ethanesulfonic acid isobutylamide, i.e., 

CH3 

OH, 

2-ethanesulfonic acid cyclopropylamide, i.e., 

10 isopropanesulfonic acid 2-ethylamide, ie., 

cH3 

0 

CH, 

ethanesulfonic acid 2-ethylamide, i.e., 

H0 N s CH3 

N-2 ethyl meothanesulfonamide, ixe.,
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0 

CH, 

2-methyl-propane-2-sulfonic acid 2-ethylamide, i.e., 

o CH3 

CH3 

2-methyl-propane-2-sulfinic acid 2-ethylamide, i.e., 

H N Na C 

5 O OH 

2-methyl-propane-1-sulfonic acid 2-ethylamide, i.e., 

o CH3 

CH3 

cyclopropanesufonic acid 2-ethylamide, i.e., 

H 0 
N 

0 

10 3-propane-l-sulfonic acid isopropylamide, i.e., 

O CH3 

S OCH, 
O H 

3-propane-1-sulfonic acid ethylamide, i e., 

N CHa 

3 -propane-1I-sulfonic acid methylamide, i. e.
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3-propane-1-sulfonic acid aide, i.e., 

/ 'NH2 
0 

3-propane-1-sulfonic acid t-butylamide, i.e., 

0 CH3 C/ H, 

N CH, 
5 0 H 

3-propane-1-sulfonic acid isobutylamide, i.e., 

CH 

0 H 

CH3 

3-propane-1-sulfonic acid cyclopropylamide, i.e., 

10 propane-2-sulfonic acid 3-propylamide, i.e., 

0 

ethanesulfonic acid 3-propylamide, i.e., 

0 

H \\ 

N-3-propyl methanesulfonamide, i.e.,
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2-methyl-propane-2-sulfonic acid 3-propylamide, i e., 

0 

CH, 

CHH 

2-methyl-propane-2-sulfinic acid 3-propylamide, i.e., 

0 CH3 

5 NCH 

2-methyl-propane-1-sulfonic acid 3-propylamide, i.e., 

CH 3 

CH5 

cyclopropanesulfonic acid 3-propylamide, i e., 

10 3-N-isopropyl propionamide, i.e., 

O CH, 

N CHa 

H 0 

3-N-ethyl propionamide, i.e., 

N Ca i 
3-N-ethyl propionamide, i.e,
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0 

xN CH, 

3-propionamide, i.e., 

0 
NH, 

3-N-t-butyl propionamide, i.e., 

o HaC 

5H 

3-N-isobutyl propionamide, i.e., 

0 

N 

H 

CHS 

3-N-cyclopropyl propionamide,ie 

H 

10N-2-ethyl propionramide, i.e, 

CH3 

0 

o H , 

N-2-ethyl acetamide, i.e.,
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H 

NyOH, 

0 

N-2-ethyl formamide, i.e., 

H 
N H 

0 

N-2-ethyl 2,2-dimethyl-propionamide, i.e., 

H3 

OH, 

5 , 

N-2 -ethyl 3-methylbutyramide, i.e., 

H 
N OH, 

cyclopropane carboxylic acid 2-ethyl-amide, ie., 

H 

N 

10 cyclopropane carboxylic acid 3-propyl-amide, i e., 

0 

N-3-propyl 2,2-dimnethyl-propionamide, i.e., 

OH, 

OH, 

N-propyl-2-methyl-propane-2-sulfmnamide, i.e.,
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011 

HH 

CH, , and 

t-butanesulfonic acid 3-propylamide, i.e., 

CH, 

O 
CH3 

S CH3 

In connection with each of the X4 groups of the structures disclosed herein, a corresponding 

5 structure in which X4 is hydrogen, a fluoro group, or other halogen is within the scope of the 

disclosure as if each was specifically disclosed herein.  

In a further aspect of the invention, each of the compounds described above can be made as 

a precursor compound in which X2 is a leaving group which can be replaced by iodine for use as a 

radiolabel, for example 1241 or 1
3
1I , useful as imaging tools. Exemplary leaving groups include 

10 without limitation trialkyl tin, for example trimethyl, or tributyl tin, trialkyl silicon, trialkyl 

geranium, or fluorus analogs of trialkyl tin such as -Sn(CH 2CH 2(CF 2)5 CF3)3, aryl boronic acids, 

thalium trifluroacetates, triazines, and metallated arenes. Techniques for radioiodination are well 

known in the art, for example from Seevers, et al. Chem. Rev., 1982, 82 (6), pp 575-590 and 

McIntee et al., J. Org. Chem. 2008, 73, 8236-8243 wghich are incorporated herein by reference.  

15 The precursor compound in which X2 is a leaving group are provided as reagents or in kits 

for addition of a radiolabeled X2 substituent, for example 124I or 131 in the time immediately prior 

to use as an imaging marker. The precursor is readily shipped and stored prior to use since it is 

not itself radioactive, but it is readily converted to the labeled imaging marker.  

In another embodiment, a pharmaceutical composition is formed from a Compound of 

20 Formulae (IA) or (IB) and a pharmaceutically acceptable carrier by a method known in the art.  

Thus, another embodiment relates to a pharmaceutical composition comprising a Compound of 

Formulae (IA) or (IB) and a pharmaceutically acceptable carrier. Such a composition is useful for 

treating or preventing cancer or a neurodegenerative disorder, e.g., in a patient in need thereof.  

Another embodiment relates to a method for treating or preventing cancer or a 

25 neurodegenerative disorder, comprising administering to a patient in need thereof a therapeutically 

effective amount of a Compound of Formulae (IA) and/or (IB). Another embodiment relates to a
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method for treating or preventing cancer or a neurodegenerative disorder, comprising administering 

to a patient in need thereof a therapeutically effective amount of a pharmaceutical composition 

comprising a Compound of Formulae (IA) and/or (IB). Another embodiment relates to a method 

for treating cancer or a neurodegenerative disorder, comprising administering to a patient in need 

5 thereof a therapeutically effective amount of a Compound of Formulae (IA) and/or (IB). Another 

embodiment relates to a method for treating cancer or a neurodegenerative disorder, comprising 

administering to a patient in need thereof a therapeutically effective amount of a pharmaceutical 

composition comprising a Compound of Formulae (IA) and/or (IB). Another embodiment relates 

to a method for preventing cancer or a neurodegenerative disorder, comprising administering to a 

10 patient in need thereof a therapeutically effective amount of a Compound of Formulae (IA) and/or 

(TB). Another embodiment relates to a method for preventing cancer or a neurodegenerative 

disorder, comprising administering to a patient in need thereof a therapeutically effective amount of 

a pharmaceutical composition comprising a Compound of Formulae (IA) and/or (IB). Another 

embodiment relates to the use of a Compound of Formulae (TA) or (IB) in the manufacture of a 

15 medicament useful for treating cancer or a neurodegenerative disorder or for preventing cancer or a 

neurodegenerative disorder.  

Another embodiment relates to a method for the inhibition of Hsp90, comprising contacting 

Hsp90 with an Hsp90 function inhibiting amount of a Compound of Formulae (IA) or (IB), An 

exemplary determination of an Hsp90 function inhibiting amount is provided in the example below 

20 entitled "Hsp90 Binding Assay." In one embodiment, the IC5o determined by the "Hsp90 Binding 

Assay" provided herein is less than 10 VM. In another embodiment, the IC5 determined by the 

"Hsp90 Binding Assay" provided herein is less than 1 pM. In another embodiment, the IC5 

determined by the "Hsp90 Binding Assay" provided herein is 0.1 pM. Another embodiment 

relates to the use of a Compound of Formulae (IA) or (TB) in formulating a pharmaceutical 

25 composition for the inhibition of Hsp90.  

The following examples are set forth to assist in understanding the invention and should not 

be construed as specifically limiting the invention as described and claimed herein. Variations of 

the invention, including the substitution of all equivalents now known or later developed, that 

would be within the purview of those in the art, and changes in formulation or changes in 

30 experimental design, are to be considered to fall within the scope of the invention incorporated 

herein.  

4. EXAMPLES 

Certain examples below relate to the synthesis of illustrative compounds of the disclosure.  

35 Synthetic Methods:
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-M1-M2-R is -S(O)NRARB, -NRAS(O)Ra, -SO 2NRARB, -NRASO 2R, -C(O)NRARB, or 

NRAC(O)RB, wherein each RA and RB is independently selected from H, C1-C6 alkyl, C2-C6 alkenyl, 

Cr Cs alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, 
alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl.  

5 

Scheme 1. Synthesis of S-linker Adenine Derivatives 

NH2  NH2  X1 

ICb ~ S a,b NN SN -K > s 
~ ~ N N IN 

N1 H H 
5 or 6 member ring 

NH2  X1 NH2  2 
N, d N 

BrN N N N 
n = 1-4 (?) n=1-4 1n=1-4 

'M1 IM1 
M2 12 
R R 

(a) Cul, neocuproine, NaOt-Bu, DMF, 110 DC; (b) NIS, acetonitrile, RT; (c) Cs2CO3; (d) X2M, Pd (cat.), DMF, 50-100 0C.  

10 Scheme 2. Synthesis Methylene-linker Adenine Derivatives 

NH2  NH2 HOOC 2N NH2  a, b N 

H2N N NH2  HF I 

5 or 6 member ring 

NH2  X1 NH2  X2 

c I e7N 
d F N F N 

Br M M'2R n= 1-4 n =1-4 

n=1-4 ,M1  M1 
M2 M2 
R R 

(a) triphenyl phosphite, pyridine, microwave; (b) HF-pyridine, NaNO 2; (c) NIS, acetonitrile, rt; (d) 
Cs2CO3; (e)X2 M, Pd (cat.), DMF, 50-100 0C.
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Scheme 3. Synthesis of Pyridine Derivatives (The definitions of R and X2 as an amino group in 
this scheme are described above.) 

CI CI CI H 

N NO2 H2NPMB N 2  Fe/HCI N 2 MCS2, KOH NN N 
A N PMB A VPMB3 I 

H H P 
PMB 

NH2 HH H2NN 
NH2  N Cul, nBu 4NBr,tBuONa NH2 2 H2N 

N_ S N>~ AN A IN , -_SN N 

P MB H2N NA 
I- MB H O 

1-2 

NH2  H2N NH2  X 
Cs2CO R-Br N N H R NR2  NN 

- I ~ NSBH2CN A 
R R 

5 

General Methods: 

'H and 1 C NMR spectra were recorded on a Bruker 500 MHz instrument. Chemical shifts 
are reported in 6 values in ppm downfield from TMS as the internal standard. H- data are reported 

as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, br = broad, 

10 m= multuplet), coupling constant (Hz), integration. "C chemical shifts are reported in 8 values in 

ppm downfield from TMS as the internal standard. High resolution mass spectra were recorded on 

a Waters LCT Premier system. Low resolution mass spectra were obtained on a Waters Acquity 

Ultra Performance LC with electrospray ionization and SQ detector. High-performance liquid 

chromatography analyses were performed on a Waters Autopurification system with PDA, 
15 MicroMass ZQ, and ELSD detector, and a reversed phase column (Waters X-Bridge C18, 4.6 x 150 

mm, 5 pm).  

N-(3-(6-amino-8-(6-iodo-benzo[1,3]dioxol-5-ylsulfanyl)-purin-9-yl)-propyl)-methanesulfonamide 

(WS34): 

To a solution of 2-bromoethaneamomium bromide (2g, 9.8 mmol) in 60 mL of CH 2Cl 2 was 

20 added triethylamine (3.4 mL, 24.4 mmol). The resulting mixture was stirred at a temperature of 

about 25*C for 30 min, then cooled down at 0*C, methanesulfonic chloride ( 0.83 mL, 10.7 mmol) 

was added dropwise, kept stirring for 1 hr and allowed to warm up to a temperature of about 25'C 
and stirred for about 16 hours. The resulting mixture was condensed and dried under reduced
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pressure to provide N-(2-bromoethyl)methanesulfonamide without further purification. N-(3

bromopropyl)methanesulfonamide was prepared in a similar manner.  

To a solution of 8-((6-iodobenzo[d][1,3]dioxol-5-yl)thio)-9H-purin-6-amine (150 mg, 0.36 

mmol) in 10 mL of dry DMF was added N-(3-bromopropyl)methanesulfonamide (300 mg, 1.4 

5 mmol) and Cs 2CO3 (190 mg, 0.58 mmol). The resulting mixture was stirred at a temperature of 

about 25 0 C for 3 hrs, condensed under reduced pressure and purified by flash chromatography to 

provide compound WS34 as white solid (49 mg, 25% yield).  

'H NMR (500 MHz, MeOH-d4/CDCl3, 8): 8.21 (s, 1$), 7.41 (s, 1H), 7.10 (s, 1H), 6.08 (s, 
2H), 4.34 (t, J= 7.2 Hz, 211), 3.16 (t, J= 6.5 Hz, 2H), 2.96 (s, 3H), 2.09 (in, 2H).  

10 FIRMS (ESI) m/z [M+H]* calc'd, for C14H1IN60 4 S2 = 548.9876; found 548,9858.  

Scheme 4. Synthesis of WS34 and WS35 

NH2  I 

NrNN2Br NH2 aS 

N 

Br NH2r -BrQJ +.NHS2Me 
n =1,2 n=1, b , 

Ms n=1, WS35 
n=2, WS34 

(a) triethylamine, MsCI, RT; (b) Cs2CO3, RT 

15 N-(2-(6-amino-8-(6-iodo-benzo[1,3]dioxol-5-ylsulfanyl)-purin-9-yl)-ethyl)-methanesulfonamide 

(WS35): 

To a solution of 8-((6-iodobenzo[d][1,3]dioxol-5-yl)thio)-9H-purin-6-amine (100 mg, 0.24 

mmol) in 5 mL of dry DMF was added N-(2-bromoethyl)methanesulfonamide (150 mg, 0.7 mmnol) 

and Cs 2CO3 (150 mg, 0.46 mmol). The resulting mixture was stirred at a temperature of about 

20 250 C for 3 hrs, condensed under reduced pressure and purified by flash chromatography to provide 

compound WS35 as white solid (35 mg, 27% yield), 

'H NMR (500 MHz, MeOH-d4/CDCl3, 6): 8.19 (s, 111), 7.41 (s, 111), 7.18 (s, 111), 6.07 (s, 
211), 4.23 (m, 211), 3.65 (in, 2H), 2.97 (s, 3H).  

FIRMS (ESI) m/z [M+H]* calc'd. for C5Hi4IN604S2 = 534.9719; found 534.9709.  

25
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Scheme. Synthesis of WS36, WS37, and WS38 

y asb 02N zr C: 02N 
H2N H2N02 

S-1 S-2 S-3 

NH2  H2N NH2  I 
H2N N 

INN N N 
H H 

S-4 S-5 S-6 

NH2 NH2  N NN 

N 

n=1,2 MsHN 
I MsHN n1, WS37; n=2, WS36 

NH2BrNHMs 
n=1,2 h Br-NH

Reagents and conditions: (a)Ac2O, dioxane, t0 C to rt; (b) KNO 3, H2S04, OC to rt; (c) NaNO 2, KI, 
AcOH, 0*C to rt; (d) Fe, NH4CI, isopropanol, reflux; (e) 8-mercaptoadenine, Cut, nBu 4NBr, NaOt
Bu, my; (f) NaNO2, KI, AcOH, OC; (g) 1,3-dibromopropane or 1,2-dibromoethane, Cs2CO3, DMF, 
rt; (h)triethylamine, MsC1, 0-rt; (i) Cut, PdCI2(PPh3)2, trimethylsilanylacetylene, Et3N, DMF, 90*C.  

5-Amino-6-nitro-indane (S-2): 

5 A solution of 5-aminoindane (S-1; 10 g, 75 mmol) in 100 mL of dioxane cooled in ice bath 

was added acetic anhydride (15 mL) dropwise and kept stirring at a temperature of about 25'C for 2 

days. The resulting mixture was condensed and dried under reduced pressure. The residue was 

dissolved in 100 mL of concentrated H2S04, cooled in ice bath. KNO3 in 15 muL of concentrated 

112S04 was added dropwise. The resulting solution was stirred at 0*C for 2 h and then at a 

10 temperature of about 25 0 C for 2 h. The reaction mixture was poured into 150 g of ice and the 

resulting yellow precipitate was filtered and washed with cold water to provide S-2 (7.1 g, 43% 

yield).  

'H NMR (500 MHz, CDCl2 , 6): 7.94 (s, 1H), 6.65 (s, 1H), 6.02 (br, 2H), 2.83 (m, 411), 
2.06 (m, 2H).  

15 "CNMR (125 MHz, CDC13, 6): 154.4, 144.2, 134.1, 131.2, 120,8, 113.5, 33.1, 31.4, 25.7.
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5-Iodo-6-nitro-indane (S-3): 

To a solution of S-2 (0.14 g, 0.78 mmol) in acetic acid cooled in ice bath was added NaNO 2 

(65 mg, 0.94 mmol). The reaction mixture was stirred for 2 minutes. KI (0.39g, 2.45 mmol) was 

added and the mixture was stirred at a temperature of about 254C for 20 minutes. The resulting 

5 suspension was quenched with water (15 mL) and extracted with ethyl acetate (2 x 20 mL). The 

organic layer was washed with saturated aqueous Na2S20 3 solution, washed with brine and dried 

over MgSO 4 and evaporated to dryness to provide a residue that was purified by flash 

chromatography (ethyl acetate/hexane, gradient 0% to 50%) to provide S-3 (0.12 g, 65% yield) as a 

yellow solid.  

10 1H NMR (500 MHz, CDC 3, 6): 7.83 (s, 1H), 7.71 (s, 111), 2.95 (in, 4H), 2.11 (in, 2H).  

5-Amino-6-iodo-indane (S-4): 

To a solution of S-3 (1.65 g, 5.7 mmol) in isopropanol (100 mL) and saturated aqueous 

N1 4C1 solution (20 mL) was added iron powder (1.1 g). The resulting suspension was refluxed for 

lh. The reaction mixture was filtered and the filtrate was condensed and purified by flash 

15 chromatography (ethyl acetate/hexane, gradient 0% to 50%) to provide S-4 (1.36 g, 92% yield) as a 

pale yellow solid.  

'HI NMR (500 MHz, CDCI3, 6): 7.44 (s, 1H), 6.59 (s, 111), 3.88 (s, 211), 2.74 (in, 4H), 1.98 

(in, 211).  

"CNMR (125 MHz, CDCl3, 6): 146.2, 144.9, 136.5, 134.1, 111.0, 32.8, 31.8, 26.1.  

20 MS (ESI): m/z = 259.99 [M+H]*.  

8-((6-Amino-2,3-dihydro-1H-inden-5-yl)thio)-9-H-purin-6-amine (S-5): 

The mixture of 8-mercaptoadenine (64 mg, 0.38 mmol), S-4 (100 mg, 0.38 mmol), CuI 

(14.7 mg, 0.07 mmol), sodium t-butoxide (111 mg, 1.15 mmol) and tetrabutylammonium bromide 

(24.9 mg, 0.07 mmol) in anhydrous DMF (4 mL) was vortexed and heated at 190'C under 

25 microwave for 1l. The resulting mixture was condensed and purified by flash chromatography 

(methylene chloride/methanol, gradient 0% to 10%) to provide S-5 (54 mg, 47% yield) as a while 

solid.  
1H NMR (500 MHz, MeOH-d/CDC13, 5): 8.11 (s, 1H), 7.36 (s, 1H), 6.81 (s, 1H), 2.85 (in, 

4H), 2.06 (in, 2H).  

30 MS (ESI): m/z = 299.02 [M+H].  

8-((6-Iodo-2,3-dihydro-1H-inden-5-yl)thio)-9-H-purin-6-amine (S-6): 

To a solution of S-5 (54 mg, 0.18 mmol) in acetic acid (5 mL) cooled in ice bath was added 

NaNO 2 (15 mg, 0.22 mmol) followed by KI (90 mg, 0.54 mmol). The reaction mixture was stirred
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at 04C for 15 min and quenched with water (10 nL). The resulting mixture was extracted with 

methylene chloride (2 x 20 mL). The organic layer was washed with saturated aqueous Na2S20 3, 

washed with brine, dried over MgSO 4 and evaporated to dryness. The residue was purified by flash 

chromatography (methylene chloride/methanol, gradient 0% to 10%) to provide S-6 (42 mg, 56% 

5 yield) as a white solid.  

1H NMR (500 MHz, CDCI3 , 5): 8.12 (s, 1H), 7.84 (s, 1H), 7.39 (s, 1H), 2.91 (in, 4H), 2.11 

(in, 2H).  

MS (ESI): mn/z= 410.10 [M+H]*.  

N-(3-(6-amino-8-(6-iodo-indan-5-ylsulfanyl)-purin-9-yl)-propyl)-methanesulfonamide (WS36): 

10 To a solution of S-6 (50 mg, 0.12 mmol) in 3 mL of dry DMF was added N-(3

bromopropyl)methanesulfonamide (200 mg, 0.9 mmol) and Cs2 CO 3 (100 mg, 0.31 mmol). The 

resulting mixture was stirred at a temperature of about 25'C for about 16 hours, condensed under 

reduced pressure and purified by flash chromatography to provide compound WS36 as a white 

solid (30 mg, 30% yield).  

15 'H NMR (500 MHz, CDC13 , 6): 8.33 (s, 1H), 7.78 (s, 1H), 7.17 (s, 1H), 5.89 (br, 2H), 4.37 

(t, J= 6.2 Hz, 2H), 2.99 (q, 2H), 2.90 (t, J= 7.5 Hz, 2H), 2.81 (t, J= 7.5 Hz, 2H), 2.08 (in, 2H), 
1.94 (in, 2H).  

13C NMR (125 MHz, CDCl3, 8): 154.7, 153.0, 151.9, 147.6, 146.6, 136.1, 132.6, 127.9, 

119.9, 98.4, 40.7, 40.2, 39.1, 32.5, 32.3, 30.3, 25.5.  

20 HRMS (ESI) m/z [M+H]* called. for C18H 22IN0 4S2 = 545.0290; found 545.0284.  

N-(2-(6-amino-8-(6-iodo-indan-5-ylsulfanyl)-purin-9-yl)-ethyl)-methanesulfonamide (WS37): 

To a solution of S-6 (50 mg, 0.12 mmol) in 3 mL of dry DMF was added N-(3

bromopropyl)methanesulfonamide (200 mg, 0.99 mmol) and Cs 2CO3 (100 mg, 0.31 mmol). The 

resulting mixture was stirred at a temperature of about 250 C for about 16 hours, condensed under 

25 reduced pressure and purified by flash chromatography to provide compound WS37 as a white 

solid (18 tug, 28% yield).  

'H NMR (500 MHz, CDC13 , 6): 8.29 (s, 1H), 7.74 (s, 1H), 7.01 (s, 1H), 6.91 (br, 1h), 5.96 

(br, 2H), 4.41 (t, J= 5.4 Hz, 2H), 3.60 (in, 2H), 2.88 (in, 2H), 2.76 (t, J= 10.2 Hz, 2H), 2.05 (in, 

211).  

30 "CNMR (125 MHz, CDCl 3, 6): 154.6,153.5, 151.8, 147.5, 146.8, 146.0, 135.9, 133.2, 

127.1, 119.8, 97.3, 44.7, 42.5, 40.7, 32.5, 322, 25.4.  

HRMS (ESI) m/z [M+H]* called. for C17H20IN 60 2S2 = 531.0134; found 531.0121.  

N-(3-(6-amino-8-(6-ethynyl-indan-5-ylsulfanyl)-purin-9-yl)propyl)-methanesulfonamide (WS38):
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To a solution of WS36 (10 mg, 0.02 mmol) in 2 mL of DMF was added CuI (0.7 mg, 0.004 

mmol), PhCl2(Ph3)2 (2.6 mg, 0.004 mmol), ethynyltrimethylsilane (8.6 sL, 0.06 mmol) and 

triethylamine (25 pL). The resulting mixture was stirred at 60'C for 15 min, condensed and 

purified by chromatography. The intermediate was treated with KOH (5 mg) in methanol (1 mL) 

5 for 30 min at a temperature of about 250 C. The reaction mixture was condensed and purified by 

flash chromatography to provide compound WS38 as white solid (1.8 mg, 22% yield).  

H NMR (500 MHz, CDCl3, 8): 8.25 (s, 1H), 7.36 (s, 1H), 7.11 (s, 1H), 6.33(br, 1H), 5.54 

(br, 2H), 4.30 (t, J = 6.1 Hz, 2H), 3.25 (s, 1H), 2.89 (q, 2H), 2.80 (m, 4H), 2.00 (in, 2H), 1.88 (in, 

2H).  

10 HRMS (ESI) m/z [M+H]* calc'd. for C20H23N,0 2S2 = 443.1324; found 443.1328.  

Scheme 6. Synthesis of Dihydrobenzofuran Intermediate 

NH2 

a~ N _sC 
H2N a N N 

S2-1 S2-2 S2-3 

NH2 

N N 1 / H 0 

S2-4 

Reagents and conditions: (a) NaNO 2, KI, AcOH/TFA, 00 C; (b) 8-mercaptoadenine, Cs2CO3, 
PdC12(dppf), DMF, 80'C, 48h; (c) NIS, TFA, CH3CN, rt, 2h 

15 6-Iodo-2,3-dihydrobenzofuran (S2-2): 

A solution of 2,3-dihydrobenzofuran-6-amine (S2-1; 0.74 g, 5.5 mmol) in acetic acid (25 
nL) and TFA (2 mL) was cooled in an ice bath for 5 minutes. NaNO 2 (0.454g, 6.6 mmol) was 

added in 3 portions followed by KI (2.73 g, 16.4 mmol). The resulting mixture was stirred at 00 C 
for 15 minutes and quenched with H20 (20 mL). The mixture was extracted with EtOAc (3 x 150 

20 mL) and the organic layer was washed with Na2S20 3, washed with brine, dried over MgSO 4 and 

filtered. The filtrate was condensed under reduced pressure and the residue was purified by flash
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chromatography (hexane:EtOAc, 90:10 to 40:60) to provide S2-2 (0.82 g, 61% yield) as a pale

yellow solid.  

'H NMR (500 MHiz, CDCl3, 8): 7.14 (d, J= 7.6 Hz, 1H), 7.11 (s, 1H), 6.89 (d, J= 7.6 Hz, 
1H), 4.54 (t, J= 8.7 Hz, 2H), 3.14 (t, J= 8.7 Hz, 2H).  

5 "CNMR(125 MHz, CDCl3, 8): 161.1, 129.4, 127.1, 126.4, 118.7, 91.7, 71.6, 29.4.  

8-(2,3-Dihydrobenzofuran-6-ylthio)-9H-purin-6-amine (S2-3): 

To a solution of S2-2 (50 mg, 0.2 mmol) in DMF (2 mL) was added 8-mercaptoadenine (34 

mg, 0.2 mmol), Cs 2 CO3 (99.4 mg, 0.3 mmol) and PdC 2(dppf) (33 mg, 0.02 mmol). The mixture 
was degassed for 5 minutes with argon and stirred at 80*C under argon protection for 48 h. The 

10 resulting mixture was concentrated under reduced pressure and the residue was purified by flash 
chromatography (CH2C12:MeOH, 100:0 to 90:10) to provide S2-3 (25 mg, 44% yield) as a yellow 
solid.  

'H NMR (500 MIHz, CD 30D, 8): 8.14 (s, 1H), 7.24 (d, J= 7.6 Hz, 11), 7.07 (d, J= 7.3 
Hz, 1H), 6.97 (s, 1H), 4.62 (t, J= 8.7 Hz, 2H), 3.25 (t, J= 8.7 Hz, 2H).  

15 MS (ESI): m/z= 285.8 [M+H]*.  

HRMS (ESI) m/z [M+H]* called. for C13Ht2NSOS = 286.0763; found 286.0768.  

8-(5-iodo-2,3-dihydrobenzofuran-6-ylthio)-9H-purin-6-amine (S2-4): 

To a solution of S2-3 (40 mg, 0.14 mmol) in 6 mL of acetonitrile was added TFA (40 pL) 
and NIS (63 mg, 0.28 mmol). The resulting mixture was stirred at a temperature of about 250C for 

20 2 h. The reaction mixture was concentrated under reduced pressure and the residue was purified by 
flash chromatography (CH 2CI2:MeOH, 100:0 to 90:10) to provide S2-4 (48 mg, 53% yield) as a 
yellow gum.  

H NMR (500 MHz, CDCl
3, 8): 8.26 (s, 111), 7.79 (s, 1H), 7.12 (s, 1H), 4.65 (t, J= 8.8 Hz, 

211), 3.28 (t, J= 8.7 Hz, 2H).  

25 MS (ESI): m/z = 412.0 [M+H]*.
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Scheme 7. Synthesis of Compounds from WS39 through WS44 

NH2 

S X 

Br NH2Br Br NHSO b , Xb 

+ HN Xa=Xb=O, WS39 
c 'SO Xa=Xb=CH 2, WS40 

Xa=CH 2, Xb=O, WS41 

Br,- N-SO2 NH2 H b N X 

Xb 

HN Xa=Xb=O, WS42 
02 Xa=Xb=CH 2, W343 

Xa=CH 2, Xb=O, WS44 

(a): triethylamine, tbutylsulfinic chloride; (b) adenine intermediates, Cs2CO3; (c) MCPBA 

2-Methyl-propane-2-sulfinic acid (2-bromo-ethyl)-amide: 

5 To a solution of 2-bromoethancamomium bromide (410 mg, 2 mmol) in 20 mL of CH2 C12 

was added triethylamine (3697 pL, 5 mmol). The resulting mixture was stirred at a temperature of 

about 254C for 30 min, then cooled down at 00 C. 2-methylpropane-2-sulfinic chloride ( 0.73 mL, 

2.2 mmol) was added dropwise, kept stirring for 1 hr and allowed to warm up to a temperature of 

about 250
C and stirred for about 16 hours. The resulting mixture was condensed and purified by 

10 flash chromatography to provide 2-methyl-propane-2-sulfinic acid (2-bromo-ethyl)-amide as a 

white solid (0.42g, 86% yield).  

'H NMR (500 MHz, CDC]3, 6): 3.80 (br, 1), 3.45-3.56 (m, 4H), 1.20 (s, 9H).  

"C NMR (125 MHz, CDCl3, 6): 56.1, 47.3, 33.4, 22.6.  

2-Methyl-propane-2-sulfonic acid (2-bromo-ethyl)-amide: 

15 To a solution of 2-methyl-propane-2-sulfinic acid (2-bromo-ethyl)-amide (0.8g, 3.5 mmol) 
was added mCPBA (77%, 0.95g, 4.2 mmol) and stirred at a temperature of about 25'C for 2 Irs.  

The reaction mixture was condensed and purified to provide 2-methyl-propane-2-sulfonic acid (2

bromo-ethyl)-amide as a white solid (0.4g, 46% yield).  

'H NMR (500 MHz, MeOH-d4/CDC13, 5): 3.87-3.97 (m, 2$), 3.36-3.47 (in, 2H), 1.32 (s, 
20 9H).
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13CNMR (125 MHz, CDC 3, 6): 42.8, 29.6, 25.6, 23.2.  

2-Methyl-propane-2-sulfinic acid (2-(6-amino-8-(6-iodo-benzo[1,3]dioxol-5-ylsulfanyl)-purin-9

yl)-ethyl)-amide (WS39): 

To a solution of 8-((6-iodobenzo[d][1,3]dioxol-5-yl)thio)-9H-purin-6-amine (100 mg, 0.24 

5 mmol) in 3 mL of dry DMF was added 2-methyl-propane-2-sulfinic acid (2-bromo-ethyl)-amide 

(90 mg, 0.37 mmol) and Cs 2CO3 (159 mg, 0.49 mmol). The resulting mixture was stirred at a 

temperature of about 250 C for 3 hrs, condensed under reduced pressure and purified by flash 

chromatography to provide compound WS39 as pale yellow solid (70 mg, 51% yield).  

'H NMR (500 MHz, MeOH-d/CDC3, 6): 8.21 (s, 1H), 7.39 (s, 1H), 7.04 (s, 1H), 6.06 (s, 
10 2H), 4.81 (in, 1H), 4.35-4.44 (m, 2H), 3.63 (in, 11), 3.46 (in, 1H), 1.11 (s, 9H).  

"C NMR (125 MHz, MeOH-d/CDC 3 , 6): 154.8, 153.2, 151.9, 149.4,149.1,146.1,128.0, 

120.1, 119.2, 112.0, 102.4, 90.6, 56.0, 45.1, 44.4, 22.6.  

MS (ESI): mn/z= 561.0 [M+H]*.  

HRMS (ESI) m/z [M+H]l1 called. for C18H 2 2IN60 3S2 = 561.0239; found 561.0233.  

15 2-Methyl-propane-2-sulfinic acid {2-[6-amino-8-(6-iodo-indan-5-ylsulfanyl)-purin-9-yl]-ethyl}

amide (WS40): 

To a solution of S-6 (50 mg, 0.12 mmol) in 3 mL of dry DMF was added 2-methyl

propane-2-sulfinic acid (2-bromo-ethyl)-amide (40 mg, 0.18 mmol) and Cs2 CO3 (80 ing, 0.25 

mmol). The resulting mixture was stirred at a temperature of about 25*C for 3 hrs, condensed 

20 under reduced pressure and purified by flash chromatography to provide compound WS40 as pale 

yellow solid (35 mg, 51% yield).  

'H NMR (500 MHz, MeOH-d4/CDCl3, 6): 8.22 (s, 1H), 7.82 (s, 114), 7.34 (s, 1H), 4.36

4.44 (in, 2H), 3.60 (in, 1H), 3.44 (in, 114), 2.92 (t, J = 7.4 Hz, 2H), 2.86 (t, J = 7.5 Hz, 2H), 2.10 (m, 
214), 1.10 (s, 9H).  

25 MS (ESI): m/z = 557.0 [M+H]*.  

HRMS (ESI) m/z [M+H]* called. for C20H2IN6OS2 = 557.0654; found 557.0676.  

N-(2-(6-amino-8-((5-iodo-2,3-dihydrobenzofuran-6-yl)thio)-9H-purin-9-yl)ethyl)-2

methylpropane-2-sulfinamide (WS41): 

To a solution of S2-4 (10 mg, 0.02 mmol) in 1 mL of dry DM0 was added 2-methyl

30 propane-2-sulfinic acid (2-bromo-ethyl)-amide (27 mg, 0.12 mmol) and Cs2 CO 3 (16 mg, 0.05 

mmol). The resulting mixture was stirred at a temperature of about 25*C for 3 hrs, condensed 

under reduced pressure and purified by flash chromatography to provide compound WS41 as pale 

yellow solid (2.7 ing, 20% yield).
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MS (ESI): m/z= 559.0 [M+H]*.  

HRMS (ESI) m/z [M+H]* calc'd, for C19H21]N60 2S2 = 559.0447; found 559.0439.  

N-(2-(6-amino-8-((6-iodobenzo[d][1,3]dioxol-5-yl)thio)-9H-purin-9-yl)ethyl)-2-methylpropane-2

sulfonamide (WS42): 

5 To a solution of 8-((6-iodobenzo[d][1,3]dioxol-5-yl)thio)-9H-purin-6-amine (30.4 mg, 0.07 

mmol) in 3 ml, of dry DMF was added 2-methyl-propane-2-sulfonic acid (2-bromo-ethyl)-amide 

(90 mg, 0.37 mmol) and Cs2 CO3 (80 mg, 0.25 mmol). The resulting mixture was stirred at a 

temperature of about 25*C for 3 hrs, condensed under reduced pressure and purified by flash 

chromatography to provide compound WS42 as pale yellow solid (17 mg, 41% yield).  

10 'H NMR (500 MHz, CDCl3, 8): 8.16 (s, 1H), 7.19 n(s, 2H), 6.83 (br, 1H), 5.90 (br, 2H), 

5.88 (s, 2H), 4.32 (t, J= 5.6 Hz, 2H), 3.68 (m, 2H), 1.23 (s, 9H).  

MS (ESI): m/z= 577.1 [M+H]f.  

HRMS (ESI) m/z [M+H]* calc'd, for CjgH2 2IN60 4 S2 = 577.0189; found 577.0172.  

N-(2-(6-amino-8-((6-iodo-2,3-dihydro-1H-inden-5-yl)thio)-9H-purin-9-yl)ethyl)-2-methylpropane

15 2-sulfonamide (WS43): 

To a solution of S2-4 (25 mg, 0.06 mmol) in 2 mL of dry DMF was added 2-methyl

propane-2-sulfonic acid (2-bromo-ethyl)-amide (90 mg, 0.37 mmol) and Cs 2CO 3 (60 mg, 0.18 

mmol). The resulting mixture was stirred at a temperature of about 25*C for 3 hrs, condensed 

under reduced pressure and purified by flash chromatography to provide compound WS43 as a 

20 white powder (3.6 mg, 10% yield).  

'H NMR (500 MHz, CDCl3, 6): 8.25 (s, 1H), 7.56 (s, 11), 6.42 (s, 1H), 5.88 (brs, 111), 

5.58 (brs, 211), 4.49 (in, 2H), 4.31 (in, 2H), 3.51 (in, 2H), 3.11 (m, 2H), 1.12 (s, 9H).  

MS (ESI): m/z= 575.0 [M+H]*.  

HRMS (ESI) m/z [M+H] calc'd. for C19H2 4IN 60 3S2 = 575.0396; found 575.0399.  

25 N-(2-(6-amino-8-((5-iodo-2,3-dihydrobenzofuran-6-yl)thio)-9H-purin-9-yl)ethyl)-2

methylpropane-2-sulfonamide (WS44): 

To a solution of S-6(20 mg, 0.05 mmol) in 2 ml, of dry DMF was added 2-methyl

propane-2-sulfonic acid (2-bromo-ethyl)-amide (90 mg, 0.37 mmol) and Cs 2 CO3 (60 mg, 0.18 

mmol). The resulting mixture was stirred at a temperature of about 25*C for 3 hrs, condensed 

30 under reduced pressure and purified by flash chromatography to provide compound WS44 as a 

white powder (11 mg, 31% yield).
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'H NMR (500 MHz, CDCl3, 8): 8.34 (s, 1H), 7.74 (s, 1H), 6.89 (s, 1H), 6.58 (brs, 1H), 
5.78 (brs, 2H), 4.42 (i, 2H), 3.71 (m, 2H), 2.89 (m, 2H), 2.75 (ma, 2H), 2.06 (M, 2H), 1.32 (s, 9H).  

MS (ESI): m/z=573.1 [M+H], 

HRMS (ESI) m/z [M+H]* cale'd. for C20H26IN 60 2 S2 573.0603; found 573.0597.  

5 

Scheme 8. Synthesis of S-linked dimethylamino derivatives.  
H2N 0  

a AcHN 0  b AcHN N
0  c H2N N

0  d 

K.> >~ >- I 

A B C D 

NH2 -N NH2  -N 

S NS 

0 -S 

N N0 N N 0 

NHR 

E F n 1, G, n= 

f, , h1B, D , rt g 

NH2  -N 

N- N 
N N0 

NNR 

R = cyclopropane carbonyl MRP-1-28 
R =t-butylcarbonyl MRP-1-29 
RB cyclopropane sulfonyl MRP-1-31 

Reagents and conditions: (a) Ac2O, AcOH, rt; (b) ICI, CH-2CI2, AcOH, rt; (c) NaOH, EtOH, H2 0, 
reflux; (d) paraf ormaldehyde, NaBH 3CN, MeOfi, 50IC; (e) 8-inercaptoadenine, neocuproine, Cut, 
NaOtBu, DMF, 1 151C; (f) 2-(3-bromopropyl)isoiindoline-1,3-dione, Ca2CO3, DMF, rt; (g) 
hydrazine hydrate, CH2CI2/MeOH, rt; (h) TEA, corresponding acid chlorides or sulfonamide, 
DMF; 

10 2-(3-(6-Amino-8-(6-(dimethylamino)benzo[d] [1,3]dioxol-5-ylthio)-9H-purin-9

yl)propyl)isoindoline-1,3-dione. F (0.720 g, 2.18 mmol), Cs 2CO 3 (0.851 g, 2.62 mmol), 2

(3-bromopropyl)isoindoline-1,3-dione (2.05 g, 7.64 mmol) in DMF (15 mL) was stirred for
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2 h at r. The mixture was dried under reduced pressure and the residue purified by column 

chromatography (CH 2C12:MeOH:AcOH, 15:1:0.5) to give 0.72 g (63%) of the titled 

compound. 'H NMR (500 MHz, CDC13/MeOH-d4): 6 8.16 (s, IH), 7.85-7.87 (in, 2H), 

7.74-7.75 (in, 2H), 6.87 (s, 1H), 6.71 (s, lH), 5.88 (s, 2H), 4.37 (t, J= 6.4 Hz, 2H), 3.73 (t, 
5 J=6.1 Hz, 2H), 2.69 (s, 6H), 2.37-2.42 (in, 2H); HRMS (ESI) ni/z [M+H] called. for 

C25H24N70 4S, 518.1610; found 518.1601, 

9-(3-Aminopropyl)-8-(6-(dimethylamino)benzo[d] [1,3]dioxol-5-ylthio)-9H-purin-6

amine. 2-(3-(6-Amino-8-(6-(dimethylamino)benzo[d][1,3]dioxol-5-ylthio)-9H-purin-9

10 yl)propyl)isoindoline-1,3-dione (0.72 g, 1.38 mmol), hydrazine hydrate (2.86 g, 2.78 mL, 

20.75 mmol), in CH2C12:MeOH (4 mL:28 mL) was stirred for 2 h at rt. The mixture was 

dried under reduced pressure and the residue purified by column chromatography 

(CH2C12:MeOH-NH 3(7N), 20:1) to give 430 mg (80%) of the titled compound. 'H NMR 
(500 MHz, CDC13): 6 8.33 (s, 1H), 6.77 (s, 1H), 6.49 (s, 11H), 5.91 (s, 2H), 5.85 (br s, 2H), 

15 4.30 (t, J= 6.9 Hz, 2H), 2.69 (s, 6H), 2.65 (t, J= 6.5 Hz, 2H), 1.89-1.95 (m, 2H); 1
3C NMR 

(125 MHz, CDCl3): 6 154.5, 153.1, 151.7, 148.1, 147.2, 146.4, 144.8, 120.2, 120.1, 109.3, 
109.2, 101.7, 45.3, 45.2, 40.9, 38.6, 33.3; HRMS (ESI) m/z [M+H]* calcd. for 

C17H 22N70 2 S, 388.1556; found 388.1544.  

20 N-(3-(6-Amino-8-(6-(dimethylamino)benzo[d] [1,3]dioxol-5-ylthio)-9H-purin-9

yl)propyl)cyclopropanecarboxamide (MRP-I-28). 9-(3-Aminopropyl)-8-(6
(dinethylamino)benzo[d][1,3]dioxol-5-ylthio)-9H-purin-6-amine (60 mg, 0.155 mnmol), 
triethylamine (17 mg, 24 pL, 0.170 inmol), cyclopropane carbonyl chloride (16 mg, 14 L , 
0.155 nmnol) in CH2C12 (3 mL) was stirred for 2 h at rt. The mixture was dried under 

25 reduced pressure and the residue purified by preparatory TLC (CH 2Cl 2:MeOH-NH 3(7N) , 
20:1) to give MRP-I-28 (66 mg, 93%). 'H NMR (600 MHz, CDC13): 6 8.33 (s, 1H), 7.40 (t, 
J= 6.1 Hz, 1H), 6.77 (s, 1H), 6.52 (s, 1H), 6.40 (br s, 2H), 5.90 (s, 2H), 4.29 (t, J= 6.2 Hz, 
2H), 3.11 (q, J= 6.0 Hz, 2H), 2.68 (s, 6H), 1.87-1.91 (m, 2H), 1.45-1.49 (in, 1H), 0.98
0.96 (in, 2H), 0.77-0.74 (in, 2H); "C NMR (150 MHz, CDC13): 6 173.7, 154.9, 153.0,151.8, 

30 148.3, 147.5, 146.6, 144.7, 119.9, 119.5, 109.6, 102.5, 101.7, 45.3, 40.6, 35.3, 29.1, 14.9, 
7.1 HRMS (ESI) m/z [M+H]* called. for C21H26N70 3S, 456.1818; found 456.1812.  

N-(3-(6-Amino-8-(6-(dimethylamino)benzo[d][1,3]dioxol-5-ylthio)-9H-purin-9

yl)propyl)pivalamide (MRP-I-29). 9-(3-Aminopropyl)-8-(6-
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(dimethylamino)benzo[d][1,3]dioxol-5-ylthio)-9H-purin-6-amine (60 mg, 0.155 mmol), 
triethylamine (17 mg, 24 ptL, 0.170 mmol), pivaloyl chloride (19 mg, 19 ptL, 0.155 mmol) 

in CH2CI2 (3 mL) was stirred for 2 h at rt. The mixture was dried under reduced pressure 

and the residue purified by preparatory TLC (CH2C12:MeOH-NH 3(7N) , 20:1) to give 

5 MRP-I-29 (65 mg, 89%). 'H NMR (600 MHz, CDC13): 6 8.30 (s, 1H), 7.65 (t, J= 6.2 Hz, 
IH), 6.77 (s, 1H), 6.50 (s, 1H), 6.39 (br s, 2H), 5.90 (s, 2H), 4.26 (t, J= 6.0 Hz, 2H), 3.04 

(q, J= 6.0 Hz, 2H), 2.68 (s, 6H), 1.83-1.87 (in, 2H), 1.27 (s, 9H); 1
3C NMR (150 MHz, 

CDC13): 8 178.8, 154.9, 152.9, 151.9, 148.3, 147.5, 146.6, 144.7, 119.8, 119.7, 109.5, 

102.5, 101.7, 45.3, 40.3, 38.8, 34.8, 28.9, 27.7; (ESI) m/z [M+H]* caled. for C22H30N703S, 
10 472.2131; found 472.2128.  

N-(3-(6-Amino-8-(6-(dimethylamino)benzo[d][1,3]dioxol-5-ylthio)-9H-purin-9

yl)propyl)cyclopropanesulfonamide (MRP-I-31). 9-(3-Aminopropyl)-8-(6

(dimethylamino)benzo[d][1,3]dioxol-5-ylthio)-9H-purin-6-amine (61 mag, 0.158 mmol), 

15 triethylamine (18 mg, 24 piL, 0.174 mmol), cyclopropane sulfonyl chloride (22 mg, 17 piL , 
0.158 mmol) in CH2CI2 (3 mL) was stirred for 2 h at rt. The mixture was dried under 

reduced pressure and the residue purified by preparatory TLC (CH 2C12:MeOH-NH 3(7N), 

20:1) to give MRP-I-31 (55 mg, 71%). 'H NMR (600 MHz, CDC13): 6 8.30 (s, 1H), 6.78 (s, 

1H), 6.66 (t, J= 6.8 Hz, 1H), 6.51 (s, 1H), 6.29 (br s, 2H), 5.91 (s, 2H), 4.31 (t, J= 6.0 Hz, 
20 2H), 3.02 (q, J= 6.1 Hz, 2H), 2.70 (s, 6H), 2.34-2.38 (in, 11H), 1.95-1.99 (in, 2H), 1.15

1.17 (in, 2H), 0.93-0.96 (m,2H); "C NMR (150 MHz, CDC13): 8 154.9, 153.1, 151.7, 148.4, 
147.6, 146.3, 144.8, 119.8, 119.4, 109.6, 102.4, 101.8, 45.4, 40.0, 39.0, 30.4, 30.2, 5.26; 
HRMS (ESI) m/z [M+H]* caled. for C20H26N70 4S2, 492.1488; found 492.1468.  

25 Scheme 9. Synthesis of S-linked aide, sulfonamide or sulfinamide derivatives
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NH2  I 

N SSN~ \) a NH2  1 
H Xb N N>_ 

a H b NX N 
Br,,,,,NH2Br , Br ,,^-N-R Xb 

NHR 

Xa='Xb=0, R = t-butylcarbonyl WS45 Xa=CH 2, Xb=O, R= cyclopropanecarbonyl WS61 
Xa=Xb=O, R = i-propyicarbonyl WS46 X=CH2, Xb=O, R= t-butylsulfiny WS62 
Xa=Xb=O, R = i-propylsulfonyl WS48 Xa=Xb=CH 2, R= t-butylsulfinyl WS63 

Xa=Xb=O, R = t-butylsulfinyl WS49 Xa=H, Xb=O, R= t-butylcarbonyl WS64 

Xa=Xb=O, R = isobutylsulfonyl WS60 

Xa=Xb=O, R = cyclopropanecarbonyl WS51 

Xa=Xb=O, R = t-butylsulfonyl WS52 

Xa=Xb=O, R = lactyl WS55 

Xa=Xb=O, R = cyclopropanesulfonyl WS56 

Xa=Xb=O, R =2-hydroxy-2-methylpropanyl WS58 

Reagents and conditions: (a) triethylamine, acid chloride or sulfonyl chloride or sulfinyl 
chloride; (b) Cs 2CO3, DMF.  

N-(3-Bromopropyl)pivalamide. To a suspension of 3-bromopropylamine hydrobromide 

(290 mg, 1.3 mmol) in CH2C12 (10 mL) cooled in ice bath was added triethylamine (470 

5 uL). The resulting mixture was stirred for 5 min and trimethylacetyl chloride (163 uL, 1.3 

mmol) was added dropwise. The reaction mixture was stirred at 0 'C for 2 hrs, condensed 

under vacuum, purified by flash chromatography to yield N-(3-bromopropyl)pivalamide as 

colorless oil (160 mg, 55%). 'H NMR (500 MHz, CDCl3): 8 (5.97 (br s, 1H), 3.40 (m, 4H), 

2.07 (m, 2H), 1.17 (s, 9H); "C NMR (125 MHz, CDCl3 ): 8 178.7, 37.2, 32.1, 31.1, 27.6.  

10 

The preparation of other amides, sulfonamides and sulfinamides followed the same 

procedure as described above using 3-bromopropylamine hydrobromide and corresponding 

acid chloride, sulfonyl chloride or sulfinyl chloride, 

15 N-(3-(6-amino-8-((6-iodobenzo[d][1,3]dioxol-5-yl)thio)-9H-purin-9

yl)propyl)pivalamide (WS45). To a solution of 8-((6-iodobenzo[d][1,3]dioxol-5-yl)thio

9H-purin-6-amine (74 mig, 0.18 mmol) in DMF (2 mL) was added N-(3

bromopropyl)pivalamide (80 mg, 0.36 mmol) and Cs2CO 3 (117 mg, 0.36 mmol). The
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resulting mixture was stirred at room temperature overnight. The reaction mixture was 

condensed under vacuum and the residue was purified by Prep TLC (CH2Cl 2:NH3-MeOH 

(7N), 20:1) to yield WS45 as a white solid (18 mg, 18%). 'H NMR (500 MHz, CDC13): 6 

8.23 (s,1H), 7.45 (br s, 1H), 7.19 (s, 1H), 6.88 (s, 1H), 5.93 (s, 2H), 5.69 (br s, 2H), 4.20 (t, 
5 J= 6.1 Hz, 2H), 3.00 (m, 2H), 1.80 (in, 2H), 1.21 (s, 9H); HRMS (ESI) m/z [M+H]4 calcd.  

for C 2oH24IN 6O 3S, 555.0675; found 555.0681.  

N-(3-(6-Andno-8-((6-iodobenzo[d][1,3]dioxol-5-yl)thio)-9H-purin-9

yI)propyl)isobutyramide (WS46). To a solution of 8-((6-iodobenzo[d][1,3]dioxol-5

10 yl)thio-9H-purin-6-amine (50 mg, 0.12 mmol) in DMF ( 2 mL) was added N-(3
bromopropyl)isobutyramide (50 mg, 0.24 mmol) and Cs2CO3 (78 mg, 0.24 mmol). The 

resulting mixture was stirred at room temperature overnight. The reaction mixture was 
condensed under vacuum and the residue was purified by Prep TLC (CH2Cl2:NH3-MeOH 
(7N), 20:1) to yield WS46 as a white solid (22 mg, 34%). 1H NMR (500 MHz, 

15 CDClj/MeOH-d4): 8 8.22 (s,1H), 7.61 (br s, 1H), 7.41 (s, 1H), 7.08 (s, 1H), 6.07 (s, 2H), 
4.27 (in, 2H), 3.21 (m, 2H), 2.45 (s, 1H), 2.02 (m, 2H), 1.19 (d, J= 6.9 Hz, 6H); HRMS 

(ESI) m/z [M+H]* calcd. for C19H22IN60 3S, 541.0519; found 541.0508.  

N- (3-(6-Amino-8-((6-iodobenzo[d][1,3]dioxol-5-yl)thio)-9H-purin-9

20 yI)propyl)propane-2-sulfonamide (WS48), To a solution of 8-((6

iodobenzo[d][1,3]dioxol-5-yl)thio-9H-purin-6-amine (118 mg, 0.28 mmol) in DMF (2 mL) 

was added N-(3-bromopropyl)propane-2-sulfonamide (350 mg, 1.4 mmol) and Cs2CO3 
(188 mg, 0.56 mmol). The resulting mixture was stirred at room temperature overnight.  

The reaction mixture was condensed under vacuum and the residue was purified by Prep 

25 TLC (CH 2Cl2:NH 3-MeOH (7N), 20:1) to yield WS48 as a white solid (33 mg, 20%). 'H 
NMR (500 MHz, CDCl 3/MeOH-d4): 6 8.20 (s, 1H), 7.41 (s, 1H), 7.09 (s, I H), 6.08 (s, 2H), 
4.35 (t, J= 7.0 Hz, 2H), 3.10-3.22 (m, 3H), 2.07 (in, 2H), 1.37 (d, J= 6.9 Hz, 6H); '3C 

NMR (125 MHz, CDC13/MeOH-d4): 8 158.4, 156.1, 155.1, 153.9, 153.5, 151.8, 129.2, 
123.5, 123.3, 117.9, 106.6, 98.3, 57.0, 44.8, 43.9, 34.3, 20.2; HRMS (ESI) m/z [M-+H] 

30 called. for CisH22INsO 4S2, 577.0189; found 577.0193.  

N-3-(6-Amino-8-((6-iodobenzo[d][1,3]dioxol-5-yl)thio)-9H-purin-9-yl)propyl)-2

methylpropane-2-sulfinamide (WS49). To a solution of 8-((6-iodobenzo[d][1,3]dioxol-5

yl)thio-9H-purin-6-amine (118 mg, 0.07 mmol) in DMF ( 2 mL) was added N-(3
35 bromopropyl)-2-methlpropane-2-sulfinamide (50 mg, 0.21 mmol) and Cs2CO 3(23 mg,
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0.14 mmol). The resulting mixture was stirred at room temperature overnight. The reaction 

mixture was condensed under vacuum and the residue was purified by Prep TLC 

(CH2C12:NH3-MeOH (7N), 20:1) to yield WS49 as a white solid (14 mg, 35%). 'H NMR 

(600 MHz, CDC13): 5 8.31 (s, 1H), 7.33 (s, 1H), 6.94 (s, 1H), 6.02 (s, 2H), 5.87 (br s, 2H), 

5 4.91 (t, J= 6.7 Hz, 1H), 4.40-4.45 (m, IH), 4.31-4.36 (m, 1H), 3.10-3.17 (m, 1H), 2.97

3.04 (m, 1H), 2.11-2.17 (m, 1H), 1.96-2.08 (m, 1H), 1.26 (s, 9H); "C NMR (150 MHz, 

CDC13): 8 154.5, 152.9, 151.9, 149.3, 149.2,146.5, 127.3, 119.9, 119.3, 112.6, 102.4, 91.8, 

55.9, 42.1, 40.5, 31.1, 22.8; HRMS (ESI) m/z [M+H]+ calcd. for C19H24 IN 60 3S2, 575.0396; 

found 575.0379.  

10 
N-3-(6-Amino-8-((6-iodobenzo[d][1,3]dioxol-5-yl)thio)-9H-purin-9-yl)propyl)-2

methylpropane-1-sulfonamide (WS50). To a solution of 8-((6-iodobenzo[d][1,3]dioxol

5-yl)thio-9H-purin-6-amine (24 mg, 0.06 mmol) in DMF ( 1.5 mL) was added N-(3

bromopropyl)-2-methlpropane-1-sulfonamide (60 mg, 0.24 mmol) and Cs2CO3 (38 mg, 

15 0.12 mmol). The resulting mixture was stirred at room temperature overnight. The reaction 

mixture was condensed under vacuum and the residue was purified by Prep TLC 

(CH2C12:NH3-MeOH (7N), 20:1) to yield WS50 as a white solid (16 mg, 46%). 1H NMR 

(500 MHz, CDC13/MeOH-d 4): 6 8.07 (s, 1H), 7.25 (s, 1H), 6.94 (s, 1H), 5.93 (s, 2H), 4.20 

(t, J= 6.2 Hz, 2H), 2.97 (t, J= 5.6 Hz, 2H), 2.78 (d, J= 6.5 Hz, 2H), 2.05-2.16 (m, 1H), 

20 1.87-1.97 (m, 2H), 0.98 (d, J= 6.7 Hz, 6H); 3
C NMR (125 MHz, CDCl3/MeOH-d4): 6 

158.3, 156.2, 155.1, 153.9, 153.4, 151.6, 129.3, 123.5, 123.2, 117.9, 106.6, 98.3, 64.2, 44.7, 

43.4, 34.0, 28.8, 26.3; HRMS (ESI) m/z [M+H]* called. for C19H24IN60 4S2, 591.0345; 

found 591.0333.  

25 N-3-(6-amino-8-((6-iodobenzo[d][1,3]dioxol-5-yl)thio)-9H-purin-9

yl)propyl)cyclopropane carboxamide (WS51). To a solution of 8-((6

iodobenzo[d][1,3]dioxol-5-yl)thio-9H-purin-6-amine (30 mg, 0.07 mmol) in DMF ( 1.5 

mL) was added N-(3-bromopropyl) cyclopropanecarboxamide (60 mg, 0.28 mmol) and 

Cs2CO3 (48 mg, 0.14 mmol). The resulting mixture was stirred at room temperature 

30 overnight. The reaction mixture was condensed under vacuum and the residue was purified 

by Prep TLC (CH2C12:NH 3-MeOH (7N), 20:1) to yield WS51 as a white solid (14 mg, 

35%). 1H NMR (500 MHz, CDC13/ MeOH-d4): 6 8.16 (s,1H), 7.31 (s, 1H), 6.99 (s, 1H), 

5.98 (s, 2H), 4.21 (t, J= 7.0 Hz, 2H), 3.16 (t, J= 6.6 Hz, 2H), 1.88-1.98 (m, 2H), 1.40-1.44 

(m, 1H), 0.83-0.91 (m, 2H), 0.66-0.74 (m, 2H); "C NMR (125 MHz, CDC13/MeOH-d 4): 8
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179.1, 174.7,154.3, 152.2, 151.2, 149.9, 149.4, 147.7, 125.4, 119.5, 113.9, 102.6, 94.3, 
41.1, 35.9, 28.9, 14.5, 7.0; HRMS (ESI) m/z [M+H]> calcd. for C19H2 IN603S, 539.0362; 
found 539.0362.  

5 N-3-(6-Amino-8-((6-iodobenzold][1,3]dioxol-5-yl)thio)-9H-purin-9-yl)propyl)-2

methylpropane-2-sulfonamide (WS52). To a solution of 8-((6-iodobenzo[d][1,3]dioxol

5-yl)thio-9H-purin-6-amine (37 mg, 0.09 mmol) in DMF (1.5 mL) was added N-(3
bromopropyl)-2-methylpropane-2-sulfonamide (70 mg, 0.27 mmol) and Cs2CO3 (59 mg, 
0.18 mmol). The resulting mixture was stirred at room temperature overnight. The reaction 

10 mixture was condensed under vacuum and the residue was purified by Prep TLC 
(CH2Cl2:NH3-MeOH (7N), 20:1) to yield WS52 as a white solid (9 mg, 16%). 'H NMR 
(600 MHz, CDC13): 6 8.20 (s, 1H), 7.25 (s, 1H), 6.89 (s, 1H), 6.35 (t, J= 6.7 Hz, 1H), 5.94 
(s, 2H), 5.69 (br s, 2H), 4.32 (t, J= 6.0 Hz, 2H), 2.93-2.99 (m, 2H), 1.87-1.99 (in, 2H), 

1.28 (s, 9H); "C NMR (150 MHz, CDC13): 5 154.5, 152.8, 152.0, 149.34, 149.32, 146.9, 
15 126.9, 119.8,119.4, 112.9, 102.4, 92.3, 59.7, 40.3, 40.1, 31.3, 24.4; HRMS (ESI) m/z 

[M+H]* calcd. for C19H24IN60 4S2, 591.0345; found 591.0353.  

(S)-N-3-(6-Amino-8-((6-iodobenzo[d] [1,3]dioxol-5-yl)thio)-9H-purin-9-yI)propyl)-2

hydroxypropanamide (WS55). To a solution of 8-((6-iodobenzo[d][1,3]dioxol-5-yl)thio
20 9H-purin-6-amine (71 mg, 0.17 mmol) in DMF (2 mL) was added (S)-1-(3

bromopropyl)amino)-1-oxopropa-2-y acetate (130 mg, 0.51 nmol) and Cs2CO3 (112 mg, 
0.34 mmol). The resulting mixture was stirred at room temperature over night. The reaction 
mixture was condensed under vacuum and the residue was purified by Prep TLC 
(CH2C12:NH3-MeOH (7N), 20:1) to yield WS55 as a white solid (13 mg, 14%). 'H NMR 

25 (600 MHz, CDC13): 6 8.23 (s,1H), 7.64 (t, J= 6.0 Hz, 1H), 7.26 (s, 1H), 6.90 (s, 1H), 5.94 
(s, 2H), 5.73 (br s, 2H), 4.10-4.23 (in, 3H), 3.05-3.25 (in, 2H), 1.85-1.95 (in, 2H), 1.39 (dd, 

J= 15.1, 6.8 Hz, 3H); HRMS (ESI) m/z [M+H]* called. for C1 H20IN 604S, 543.0312; found 

543.0310.  

30 N-3-(6-Anino-8-((6-iodobenzo[d][1,3]dioxol-5-yl)thio)-9H-purin-9

yl)propyl)cyclopropanesulfonamide (WS56). To a solution of 8-((6

iodobenzo[d][1,3]dioxol-5-yl)thio-9H-purin-6-amine (45 mg, 0.11 mmol) in DMF (2 mL) 
was added N-(3-bromopropyl)cyclopropanesulfonamide (120 mg, 0.44 minmol) and Cs 2CO3 
(71 mg, 0.22 mnol). The resulting mixture was stirred at room temperature overnight. The 

35 reaction mixture was condensed under vacuum and the residue was purified by Prep TLC
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(CH2C12:NH3-MeOH (7N), 20:1) to yield WS56 as a white solid (12 mg, 19%). 'H NMR 

(600 MHz, CDC13/MeOH-d4): 6 8.13 (s, 1H), 7.32 (s, 1H), 7.00 (s, lH), 5.99 (s, 2H), 4.26 

(t, J= 7.0 Hz, 2H), 3.08 (t, J= 6.3 Hz, 2H), 2.32-2.38 (in, 1H), 1.95-2.02 (m, 2H), 1.03

1.09 (in, 2H), 0.89-0.95 (m, 2H); HRMS (ESI) m/z [M+H]f calcd. for CisH20IN 60 4S2, 

5 575.0032; found 575.0042.  

1-((3-(6-Amino-8-((6-iodobenzo[d][1,3]dioxol-5-yl)thio)-9H-purin-9-yl)propyl)anino)

2-methyl-1-oxopropan-2-yl acetate (WS57). To a solution of 8-((6

iodobenzo[d][1,3]dioxol-5-y)thio-9H-purin-6-amine (59 mg, 0.14 mmol) in DMF ( 1.5 

10 mL) was added 1-((3-bromopropyl)amino)-2-methyl-1-oxopropan-2-yl acetate (120 mg, 

0.48 mmol) and Cs 2CO3 (93 mg, 0.28 mmol). The resulting mixture was stirred at room 

temperature overnight. The reaction mixture was condensed under vacuum and the residue 

was purified by Prep TLC (CH2Cl 2:NH3-MeOH (7N), 20:1) to yield WS57 as a white solid 

(19 mg, 22%). 'H NMR (600 MHz, CDC13): 8 8.23 (s,1H), 7.90 (t, J= 6.0 Hz, 1H), 7.26 (s, 

15 1H), 6.85 (s, 1H), 5.95 (s, 2H), 5.54 (br s, 2H), 4.21 (t, J= 5.9 Hz, 2H), 2.93-2.99 (in, 2H), 

2.08 (s, 3H), 1.83-1.90 (m, 2H), 1.59 (s, 6H); HRMS (ESI) m/z [M+H]* calcd. for 

C21H24 1N0 5S, 599.0574; found 599.0579.  

N-(3-(6-Amino-8-((6-iodobenzo[d][1,3]dioxol-5-yl)thio)-9H-purin-9-yl)propyl)-2

20 hydroxy-2-methylpropanamide (WS58). To a solution of WS57 in MeOH/THF/H 20 (0.3 

mL/0.3 mL/0.3 mL) was added LiOH (5 mg). The reaction mixture was stirred at room 

temperature for 2 hrs. The resulting mixture was condensed, purified by Prep TLC 

(CH 2CI2:NH 3-MeOH (7N), 20:1) to yield WS58 as a white solid (10 mg, 83%). 'H NMR 

(600 MHz, CDC13): 6 8.24 (s, 1H), 7.79 (br s, 1H), 7.25 (s, 1H), 6,88 (s, 1H), 5.94 (s, 2H), 
25 5.67 (br s, 2H), 4.20 (t, J= 6.4 Hz, 2H), 3.02-3.20 (m, 2H), 1.83-1.96 (m, 2H), 1.43 (s, 6H); 

'3 C NMR (150 MHz, CDC13): 6 176.9, 154.5, 152.9, 151.9, 149.32, 149.31, 146.9, 127.0, 

120.0, 119.4, 112.9,102.4,92.3,72.9,40.6,35.4,29.2,28.0; HRMS (ESI) rn/z [M+H]* 

called. for C19H 221N6 0 4S, 557.0468; found 557.0447.  

30 N-(3-(6-Amino-8-((5-iodo-2,3-dihydrobenzofuran-6-yl)thio)-9H-purin-9

yl)propyl)cyclopropanecarboxamide (WS61). To a solution of 8-((5-iodo-2,3

dihydrobenzofuran-6-yl)thio)-9H-purin-6-amine (26 mg, 0.06 mmol) in DMF ( 1.5 mL) 

was added N-(3-bromopropyl) cyclopropanecarboxamide (39 mg, 0.18 mmol) and Cs2CO3 

(41 mg, 0.12 mmol). The resulting mixture was stirred at room temperature overnight. The 

35 reaction mixture was condensed under vacuum and the residue was purified by Prep TLC
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(CH 2CL2:NH3-MeOH (7N), 20:1) to yield WS61 as a white solid (12 mg, 35%). 'H NMR 

(600 MHz, CDC13): 6 8.30 (s, 1H), 7.57 (s, 1H), 7.16 (in, 1H), 6.55 (s, 1H), 5.67 (br s, 2H), 

4.50 (t, J= 8.8 Hz, 2H), 4.22 (t, J= 6.3 Hz, 2H), 3.13 (t, J= 8.6 Hz, 2H), 3.01-3.07 (in, 
2H), 1.80-1.86 (in, 2H), 1.38-1.44 (in, 1H), 0.87-0.93 (in, 2H), 0.67-0.72 (in, 2H); HRMS 

5 (ESI) m/z [M+H]* caled. for C20H22IN 60 2S, 537.0570; found 537.0567.  

N-(3-(6-Amino-8-((5-iodo-2,3-dihydrobenzofuran-6-yl)thio)-9H-purin-9-yl)propyl)-2

methylpropane-2-sulfinamide (WS62). To a solution of 8-((5-iodo-2,3

dihydrobenzofuran-6-yl)thio)-9H-purin-6-amine (26 mg, 0.06 immol) in DMF ( 1.5 mL) 

10 was added N-(3-bromopropyl)-2-methlpropane-2-sulfinamide (49 mg, 0.18 mmol) and 

Cs2CO3 (41 mg, 0.12 mol). The resulting mixture was stirred at room temperature 

overnight. The reaction mixture was condensed under vacuum and the residue was purified 

by Prep TLC (CH2Cl2:NH 3-MeOH (7N), 20:1) to yield WS62 as a white solid (11 mg, 

30%). 'H NMR (600 MHz, CDC13): 6 8.33 (s, 1H), 7.66 (s, 1H), 6.61 (s, 1H), 5.85 (br s, 
15 2H), 4.84 (t, J= 6.7 Hz, 1H), 4.59 (t, J= 8.7 Hz, 2H), 4.37-4.44 (in, lH), 4.29-4.35 (in, 

1H), 3.22 (t, J= 8.5 Hz, 2H), 3.09-3.16 (in, 1H), 2.95-3.02 (in, 1H), 2.06-2.15 (m, IH), 

1.93-2.05 (in, 1H), 1.29 (s, 9H); HRMS (ESI) m/z [M+H]* called. for C20H26IN60 2S2, 

573.0603; found 573.0620.  

20 N-(3-(6-Amino-8-((6-iodo-2,3-dihydro-1H-inden-5-yl)thio)-9H-purin-9-yl)propyl)-2

methylpropane-2-sulfinamide (WS63). To a solution of 8-((6-iodo-2,3-dihydro-1H

inden-5-yl)thio)-9H-purin-6-amine (13 mg, 0.03 mmol) in DMF (1.5 mL) was added N

(3-bromopropyl)-2-methlpropane-2-sulfinamide (23 mg, 0.1 mmol) and Cs2CO3 (21 mg, 
0.06 mmol). The resulting mixture was stirred at room temperature overnight. The reaction 

25 mixture was condensed under vacuum and the residue was purified by Prep TLC 

(CH2C12:NH 3-MeOH (7N), 20:1) to yield WS63 as a white solid (5 mg, 27%). 'H NMR 

(600 MHz, CDCl 3): 6 8.22 (s, 1H), 7.68 (s, 1H), 7.05 (s, 1H), 5.70 (br s, 2H), 4.83 (t, J= 

6.7 Hz, 1H), 4.28-4.36 (to, 1H), 4.17-4.27 (in, 1H), 2.99-3.07 (to, 1H), 2.85-2.93 (in, 1H), 

2.81 (t, J= 7.4 Hz, 2H), 2.72 (t, J= 7.5 Hz, 2H), 1.83-2.08 (in, 4H), 1.20 (in, 9H); HRMS 

30 (ESI) m/z [M+H]* caled. for C2 1H28IN 60S 2, 571.0811; found 571.0809.  

N-(3-(6-Amino-8-((2-iodo-5-methoxyphenyl)thio)-9H-purin-9-yl)propyl)pivalanmide 

(WS64). To a solution of 8-((2-iodo-5-methoxyphenyl)thio)-9H-purin-6-amine (200 mg, 
0.5 mmol) in DMF (3 mL) was added N-(3-bromopropyl)pivalamide (445 mg, 2 mmol)
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and Cs 2CO 3 (326 mg, 1 mnol). The resulting mixture was stirred at room temperature 

overnight. The reaction mixture was condensed under vacuum and the residue was purified 

by Prep TLC (CH 2C12:NH 3-MeOH (7N), 20:1) to yield WS64 as a white solid (53 mg, 
20%). 11H NMR (500 MHz, CDC13): 6 8.26 (s,1H), 7.66 (d, J= 8.7 Hz, 1H), 7.43 (br s, 1H), 

5 6.66 (s, 1H), 6.50 (d, J= 8.7 Hz, 1H), 5.86 (br s, 2H), 4.20 (t, J= 6.1 Hz, 2H), 3.61 (s, 3H), 
2.78 (in, 2H), 1.82 (in, 2H), 1.21 (s, 9H); "C NMR (125 MHz, CDCL3): 6 178.8, 160.5, 
155.0, 153.2, 152.0, 145.0, 140.6, 137.7, 120.1, 117.2,115.4, 88.4, 55.5, 40.7, 38.8, 34.8, 
29.1, 27.7; HRMS (ESI) m/z [M+H] t calcd. for C2oH 26 ON602S, 541.0883; found 541.0898.  

10 Scheme 10. Synthesis of S-linked reversed sulfonamide derivatives 
NH2 

S NH2 
H 

N_ N+ N_N 9 

aO b ) CI ~ ~ SO2I eCI S-N-Rn 
n= 0, 1 n = 0, 1 H ,8 02 

R R = t-butyl, n= 0 WS47 
R = t-butyl, n= 1 WS53 
R = isopropyl, n= 1 W854 

15 2-(6-Amino-8-((6-iodobenzo[d] [1,3] dioxol-5-yl)thio)-9H-purin-9-yl)-N-(tert

butyl)ethanesulfonanide (WS47). To a solution of 8-((6-iodobenzo[d][1,3]dioxol-5

yl)thio-9H-purin-6-amine (56 mg, 0.13 mmol) in DMF ( 2 mL) was added N-t-butyl-2
chloroethanesulfonamide (50 mg, 0.25 mmol) and Cs2CO3 (88 mg, 0.27 mmol). The 

resulting mixture was stirred at room temperature overnight. The reaction mixture was 

20 condensed under vacuum and the residue was purified by Prep TLC (CH2Cl2:NH3-MeOH 
(7N), 20:1) to yield WS47 as a white solid (10 mg, 13%). 'H NMR (500 MHz, 
CDC13/MeOH-d4): 6 8.22 (s,1H), 7.39 (s, 1H), 7.08 (s, 1H), 6.06 (s, 2H), 4.69 (t, J= 7.0 Hz, 
2H), 3.57 (t, J= 7.1 Hz, 2H), 1.35 (s, 9H); "C NMR (125 MHz, CDCl3/MeOH-d4): 6 158.3, 
156.4, 155.1, 153.9, 153.4, 151.5, 129.2, 123.5, 123.3, 117.8, 106.6, 98.1, 58.5, 57.3, 42.7, 

25 33.8; HRMS (ESI) m/z [M+H]* calcd. for CgH22IN 6O4S2, 577.0189; found 577.0217.
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3-(6-Amino-8-((6-iodobenzo[d [1,3]dioxol-5-yl)thio)-9H-purin-9-yl)-N-(tert

butyl)propane-1-sulfonamide (WS53). To a solution of 8-((6-iodobenzo[d][1,3]dioxol-5

yl)thio-9H-purin-6-amine (56 mg, 0.13 mmol) in DMF (2 mL) was added N-t-butyl-3

chloro-N-propane-1-sulfonamide (144mg, 0.65 mmol) and Cs2CO 3 (88 mg, 0.27 mmol).  

5 The resulting mixture was stirred at room temperature overnight. The reaction mixture was 

condensed under vacuum and the residue was purified by Prep TLC (CH2C12:NH3-MeOH 

(7N), 20:1) to yield WS53 as a white solid (18 mg, 22%). 'H NMR (600 MHz, 

CDC13/MeOH-d4): 6 8.21 (s, 1H), 7.40 (s, 1H), 7.06 (s, 1H), 6.06 (s, 2H), 4.38 (t, J= 7.3 

Hz, 2H), 3.12 (t, J= 7.4 Hz, 2H), 2.13-2.44 (in, 2H), 1.33 (s, 9H); "C NMR (150 MHz, 

10 CDC13/MeOH-d4): 155.8, 153.8, 152.4, 151.5, 151.0, 149.0, 126.7, 121.0, 120.8, 115.3, 

104.1, 95.7, 55.7, 51.1, 43.6, 31.5, 25.9; HRMS (ESI) m/z [M+H]*calcd. for 

C19H 241N60 4S2, 591.0345; found 591.0361.  

3-(6-Amino-8-((6-iodobenzo[d] [1,3]dioxol-5-yl)thio)-9H-purin-9-y)-N

15 isopropylpropane-1-sulfonamide (WS54). To a solution of 8-((6

iodobenzo[d][1,3]dioxol-5-yl)thio-9H-purin-6-amine (39 mg, 0.09 mmol) in DMF (2 mL) 

was added 3-chloro-N-isopropylpropane-1-sulfonamide (100 mg, 0.45 mmol) and Cs2CO3 

(62 mg, 0.19 mmol). The resulting mixture was stirred at room temperature overnight. The 

reaction mixture was condensed under vacuum and the residue was purified by Prep TLC 

20 (CH2C12:NH3-MeOH (7N), 20:1) to yield WS54 as a white solid (14 mg, 26%). 'H NMR 

(500 MHz, CDC13/MeOH-d4): 6 8.00 (s,1H), 7.19 (s, 1H), 6.86 (s, 1H), 5.86 (s, 2H), 4.17 (t, 
J= 7.3 Hz, 2H), 3.34 (septet, J= 6.6 Hz, 1H), 2.89 (t, J= 7.6 Hz, 2H), 2.05-2.13 (in, 2H), 
0.99 (d, J= 6.6 Hz, 6H); HRMS (ESI) m/z [M+H]* called. for C1 gH 221N60 4 S2, 577.0189; 

found 577.0194.  

25 
Scheme 11. Synthesis of methylene-linked amide, sulfonamide and sulfinamide derivatives
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NH2 

N 

F N H NH2  I 

a H b,c F AN N \ / 
Br ,NH 2Br e Br N 0Boc 

NHR 

R = t-butylsulfinyl WS60 

R = H WS65 
R = t-butylcarbonyl WS66 
R = cyclopropanecarbonyl WS71 
R = cyclopropanesulfonyl WS72 

Reagents and conditions: (a) triethylamine, (Boc) 20; (b) TFA; (c) acid chloride, or sulfonyl 
chloride or sufinyl chloride.  

t-Butyl (3-bromopropyl)carbamate. To a suspension of 3-bromopropylamine 

5 hydrobromide (10 g, 45.7 mmol) in CH2Cl2 (100 mL) cooled in an ice bath was added 

triethylamine (15.9 mL, 113 mmol). Di-t-butyl-dicarbonate (10 g, 45.7 mmol) was added 
slowly in portions and the resulting mixture was stirred at 0 C for 2 hrs and allowed to 

warm up to room temperature and stirred over-night. The reaction mixture was filtered, 
condensed and purified by flash chromatography to yield t-butyl (3

10 bromopropyl)carbamate (9.8 g, 90%). 'H NMR (500 MHz, CDC13/MeOH-d 4): 6 4.75 (br s, 
1H), 3.44 (t, J= 6.6 Hz, 2H), 3.27 (in, 2H), 2.05 (m, 2H), 1.45 (s, 9H).  

9-(3-Aminopropyl)-2-fluoro-8-((6-iodobenzo[d] [1,3]dioxol-5-yl)methyl)-9H-purin-6

amine (WS65). To a solution of 2-fluoro-8-((6-iodobenzo[d] [1,3]dioxol-5-yl)methyl)-9H

15 purin-6-amine (3.3 g, 8 mmol) in DMF ( 50 mL) was added t-butyl (3
bromopropyl)carbamate (9.6 g, 40 mmol) and Cs2CO3 (5.26 g, 16 mmol). The resulting 

mixture was stirred at room temperature for 1 day. The reaction mixture was condensed 

and purified by flash chromatography to yield t-butyl (3-(6-amino-2-fluoro-8-((6

iodobenzo[d][1, 3]dioxol-5-yl)methyl)-9H-purin-9-yl)propyl)carbamate as white solid (3.1 
20 g, 66%). The solution of t-butyl (3-(6-amino-2-fluoro-8-((6-iodobenzo[d][1,3]dioxol-5

yl)methyl)-9H-purin-9-yl)propyl)carbamate (1.9 g, 3.3 mmol) in the mixture of 

TFA/CH 2C12 (10 mL/2 mL) was stirred at room temperature for 2 hrs. The reaction mixture
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was condensed, purified by flash chromatography to yield 9-(3-aminopropyl)-2-fluoro-8

((6-iodobenzo[d][1,3]dioxol-5-yl)methyl)-9H-purin-6-amine as yellow solid (1.4 g, 89%).  
'H NMR (600 MHz, CDC13/MeOH-d4): 8 7.28 (s, 1H), 6.70 (s, 1H), 5.98 (s, 2H), 4.21 (s, 
2H), 4.13 (t, J= 7.1 Hz, 2H), 2.67 (t, J= 6.8 Hz, 2H), 1.89 (in, 2H); "C NMR (150 MHz, 

5 CDC13/MeOH-d 4): 6 160.8, 159.4, 157.8, 153.7, 152.1, 150.4, 149.4, 132.4, 120.1, 117.2, 
111.3, 103.4, 89.8, 41.7, 40.4, 39.3, 33.6; HRMS (ESI) m/z [M+H] calcd. for 

Ci6 H171FN6 02 , 471.0436; found 471.0442.  

N-(3-(6-Amino-2-fluoro-8-((6-iodobenzo[d][1,3]dioxol-5-yl)methyl)-9H-purin-9

10 yl)propyl)-2-methylpropane-2-sulfinamide (WS60). To a solution of 9-(3-aminopropyl)
2-fluoro-8-((6-iodobenzo[d][ 1,3]dioxol-5-yl)methyl)-9H-purin-6-amine (80 mg, 0.17 mmol) 
in DCM ( 3mL) was added t-butylsulfinyl chloride (28 uL, 0.25 mmol) and triethylamine 
(30 uL, 0.25 mmol). The resulting mixture was stirred at room temperature overnight. The 
reaction mixture was condensed and purified by flash chromatography to yield WS60 as a 

15 white solid (45 mg, 46%). 'H NMR (500 MHz, CDCl 3): 6 7.28 (s, 1H), 6.62 (S, 1H), 6.04 
(brs, 2H), 5.97 (s, 2H), 4.60 (t, J= 6.5 Hz, 1H), 4.24 (s, 2H), 4.20 (m, 1H), 4.09 (in, 1H), 

3.13 (in, 1H), 2.97 (in, 1H), 2.00 (in, 1H), 1.85 (m, 1H), 1.27 (s, 9H). HRMS (ESI) m/z 

[M+H]4 caled. for C20H25FIN603S, 575.0725; found 575.0738.  

20 N-(3-(6-Amino-2-fluoro-8-((6-iodobenzo[d][1,3]dioxol-5-yl)methyl)-9H-purin-9

yl)propyl)pivalamide (WS66). To a solution of WS65 (100 mg, 0.21 mmol) in DMF 
( 3mL) was added trimethylacetyl chloride (40 ILL, 0.32 mol) and triethylamine (90 1iL, 
0,96 mmol). The resulting mixture was stirred at room temperature overnight. The reaction 
mixture was condensed and purified by flash chromatography to yield WS66 as white solid 

25 (80 mg, 68%). 1H NMR (500 MHz, CDCl 3): 6 7.22 (s, 1H), 6.58 (s, 1H), 6.37 (br S, 2H), 
5.90 (s, 2H), 4.17 (s, 2H), 4.00 (t, J= 6.1 Hz, 2H), 3.10 (m, 2H), 1.66-1.73 (in, 2H), 1.16 (s, 
9H); HRMS (ESI) m/z [M+H]4 caled. for C2 1H251FN 60 3, 555.1017; found 555.1015.  

N-(3-(6-Amino-2-fluoro-8-((6-iodobenzo[d] [1,3]dioxol-5-yl)methyl)-9H-purin-9

30 yl)propyl)cyclopropanecarboxamide (WS71). To a solution of 9-(3-aminopropyl)-2

fluoro-8-((6-iodobenzo[d][1,3]dioxol-5-yl)methyl)-9H-purin-6-amine (100 mg, 0.21 mmol) 
in DMF ( 3 mL) was added cyclopropanecarbonyl chloride (29 [tL, 0.32 mmol) and 
triethylamine (90 ItL, 0.96 mmol). The resulting mixture was stirred at room temperature 
overnight. The reaction mixture was condensed and purified by flash chromatography to 

35 yield WS71 as a white solid (75 mg, 65%). 'H NMR (600 MHz, CDCl3/MeOH-d 4): 8 7.32



WO 2012/138894 PCT/US2012/032371 

205 

(s, 1H), 6.77 (s, 1H), 6.02 (s, 2H), 4.24 (s, 2H), 4.16 (t, J= 7.3 Hz, 2H), 3.26 (t, J= 6.2 Hz, 

2H), 1.91-2.01 (m, 2H), 1.50-1.57 (m, 1H), 0.90-0.95 (in, 2H), 0.76-0.82 (m, 2H); HRMS 

(ESI) m/z [M+H]f called. for C 20H21FIN60 3, 539.0704; found 539.0705.  

5 N-(3-(6-Amino-2-fluoro-8-((6-iodobenzo[d][1,3]dioxol-5-yl)methyl)-9H-purin-9

yl)propyl)cyclopropanesulfonamide (WS72). To a solution of 9-(3-aminopropyl)-2

fluoro-8-((6-iodobenzo[d][1,3]dioxol-5-yl)methyl)-9H-purin-6-amine (100 mg, 0.21 mmol) 

in DMF ( 3mL) was added cyclopropanesulfonyl chloride (89 mg, 0.32 mmol) and 

triethylamine (90 uL, 0.96 mmol). The resulting mixture was stirred at room temperature 

10 overnight. The reaction mixture was condensed and purified by flash chromatography to 

yield WS72 as a white solid (82 mg, 67%). 'H NMR (600 MHz, CDC13/MeOH-d4): 8 7.32 

(s, 1H), 6.79 (s, 1H), 6.02 (s, 2H), 4.27 (s, 2H), 4.22 (t, J= 7.3 Hz, 2H), 3.18 (t, J= 6.4 Hz, 

2H), 2.45-2.50 (m, 1H), 2.00-2.06 (m, 2H), 1.12-1.17 (m, 2H), 0.99-1.04 (m, 2H); I3C 

NMR (150 MHz, CDC13/MeOH-d4): 159.0 (d, J= 209.8 Hz), 156.9 (d, J= 19.7 Hz), 

15 152.4 (d, J= 18.5 Hz), 151.2 (d, J= 2.3 Hz), 149.3, 148.4, 131.4, 119.0, 116.3 (d, J= 3.6 

Hz), 110.4, 102.4, 88.7, 40.7, 40.1, 39.3, 30.2, 29.9, 5.3; HRMS (ESI) m/z [M+H]+ called.  

for C19H 21FIN 60 4S, 575.0374; found 575.0390.  

Scheme 12. Synthesis of S-linked acetylene derivatives.  
NH2  I 

NF- NH 2 

S a, b ,tS 

NHR 
NHR 

R = cyclopropanecarbonyl WS68 

R = t-butylcarbonyl WS69 

R = cyclopropanesulfonyl WS70 

Reagents and conditions: (a) Cul, PdC 2(PPh3) 2, trimethylsilanylacetylene, Et3N, 
20 DMF, 600C; (b) KOH.  

N-(3-(6-Amino-8-((6-ethynylbenzo[d][1,3]dioxol-5-yl)thio)-9H-purin-9

yl)propyl)cyclopropanecarboxamide (WS68). To a solution of WS51 (150 mg, 0.28 

mmol) in DMF ( 3 mL) was added trimethylsilanylacetylene (116 pL, 0.84 mmol),
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PdCl2(PPh3)2 (20 mg, 0.03 mmol), CuI (5 mg, 0.03 mmol) and triethylamine (389 uL, 2.8 

mmol). The resulting mixture was stirred at 60 'C for 30 min, condensed and filtered 

through silica gel. The filtrate was condensed under reduced pressure and the resulting 

residue was dissolved in CH 2Cl2/MeOH (1 mL/ 1 mL). To the resulting mixture was added 

5 KOH (20 mg) and stirred for 3 hrs. The reaction mixture was condensed and purified by 

flash chromatography to yield WS68 as a white solid (42 mg, 35%). 'H NMR (600 MHz, 
CDCl3/MeOH-d 4): 8 8.11 (s,IH), 6.96 (s, 1H), 6.89 (s, 1H), 5.98 (s, 2H), 4.21 (t, J= 7.3 Hz, 

2H), 3.45 (s, 1H), 3.18 (m, 2H), 1.88-1.96 (m, 2H), 1.43-1.49 (in, 1H), 0.78-0.84 (m, 2H), 
0.65-0.71 (m, 2H); HRMS (ESI) m/z [M+H]* calcd, for C21H21N 60 3S, 437.1396; found 

10 437.1393.  

N-(3-(6-Amino-8-((6-ethynylbenzo[dI [1,3]dioxol-5-yl)thio)-9H-purin-9

yl)propyl)pivalamide (WS69). To a solution of WS45 (150 mg, 0.27 mmol) in DMIF (3 

mL) was added trimethylsilanylacetylene (113 gL, 0.81 mmol), PdCl2(PPh3)2 ( 19 mg, 0.03 

15 mmol), Cul (5 mg, 0.03 mmol) and triethylamine (377 uL, 2.7 mmol). The resulting 

mixture was stirred at 60 'C for 30 min, condensed and filtered through silica gel. The 

filtrate was condensed under reduced pressure and the resulting residue was dissolved in 

CH 2Cl2/MeOH (1 mL/ 1 mL). To the resulting mixture was added KOH (20 mg) and 

stirred for 3 hrs. The reaction mixture was condensed and purified by flash chromatography 

20 to yield WS69 as a white solid (53 mg, 43%). 'H NMR (600 MHz, CDC13): 6 8.31 (s, 1H), 
7.56 (t, J= 6.1 Hz, 1H), 7.00 (s, IH), 6.88 (s, 1H), 6.01 (s, 2H), 5.77 (br s, 2H), 4.29 (t, J= 

5.9 Hz, 2H), 3.30 (s, IH), 3.02-3.09 (m, 2H), 1.86-1.94 (in, 2H), 1.28 (s, 9H); HRMS (ESI) 

m/z [M+H]* calcd. for C22H25N 60 3S, 453.1709; found 453.1721.  

25 N-(3-(6-Amino-8-((6-ethynylbenzo[d][1,3]dioxol-5-yl)thio)-9H-purin-9

yl)propyl)cyclopropanesulfonamide (WS70). To a solution of WS56 (100 mg, 0,17 

mmol) in DMF (3 mL) was added trimethylsilanylacetylene (72 pL, 0.61 mmol), 

PdC12(PPh3)2 ( 12 mg, 0.02 mmol), Cul (3 mg, 0.02 mmol) and triethylamine (243 pL, 1.7 

mmol). The resulting mixture was stirred at 60 *C for 30 min, condensed and filtered 

30 through silica gel. The filtrate was concentrated under reduced pressure and the resulting 

residue was dissolved in CH 2C12/MeOH (1 mL/ 1 mL). To the resulting mixture was added 

KOH (20 mg) and stirred for 3 hrs. The reaction mixture was condensed and purified by 

flash chromatography to yield WS70 as a white solid (43 mg, 52%). 'H NMR (600 MHz, 
CDCl3/MeOH-d4): 6 8.20 (s, 1H), 7.06 (s, 1H), 7.00 (s, IH), 6.08 (s, 2H), 4.37 (t, J= 7.1
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Hz, 2H), 3.54 (s, 1H), 3.18 (t, J= 6.6 Hz, 2H), 2.43-2.51 (m, 1H), 2.04-2.12 (m, 2H), 1.10
1.14 (in, 2H), 0.99-1.04 (m, 2H); HRMS (ESI) m/z [M+H]* called. for C20H21N60 4S2, 
473.1066; found 473.1053.  

NH2 

NH2  1N N 0 

N 0 + Br CsC 03 

N NNH 2  DMF 
H 

S13-1 S13-2 0 

NH2 

5 DZ5-49-N9 

Scheme 13. Synthesis of DZ5-49-N9.  

10 6-(6-Amino-8-(6-iodobenzo[d][1,3]dioxol-5-ylthio)-9H-purin-9-yl)hexanamide [DZ5

49-N9]. 50mg (0.121 mmol) of 8-(6-iodobenzo[d][1,3]dioxol-5-ylthio)-9H-purin-6-amine 

(S13-1) was dissolved in DMF (2 mL). 47 mg (0.145 mm0ol) of Cs2CO 3 and 117.4 ing 

(0.605 mmol) of 6-bromohexanamide (S13-2) were added and the mixture was stirred at rt 

for 2 h. Solvent was removed under reduced pressure and the resulting residue was purified 

15 by preparatory TLC (CH 2C12 :MeOH-NH 3 (7N), 10:1) to give 12.7 mg (20%) of DZ5-49

N9. '1H NMR (500 MHz, CDC13/MeOH-d4): 8 8.13 (s, 1H), 7.31 (s, 1H), 6.97 (s, 1H), 5.98 

(s, 2H), 4.13 (t, J= 7.6 Hz, 2H), 2.14 (t, J= 7.6 Hz, 2H), 1.71-1.80 (m, 2H), 1.55-1.65 (m, 

2H), 1.28-1.39 (m, 2H); HRMS (ESI) m/z [M+H]* caled. for C1 H201N 603S, 527.0362; 

found 527.0364.  

20 

Hsp90 Binding Assay: 

For the binding studies, fluorescence polarization (FP) assays were performed similarly as 

was previously reported [Du et al. (2007) "High-throughput screening fluorescence polarization 

assay for tumor-specific Hsp90" J Biomol. Screen 12:915-924]. Briefly, FP measurements were 

25 performed on an Analyst GT instrument (Molecular Devices, Sunnyvale, CA). Measurements were 

taken in black 96-well microtiter plates (Corning # 3650) where both the excitation and the 

emission occurred from the top of the well. A stock of 10 pM cy3B-GM was prepared in DMSO
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and diluted with HFB buffer (20 mM Hepes (K), pH 7.3, 50 mM KCl, 2 mM DTT, 5 mM MgCl 2, 
20 mM Na2MoO 4, and 0.01% NP40 with 0.1 mg/mL BGG). The test compounds were dissolved in 

DMSO and added at several concentrations to the HFB assay buffer containing both 6 nM cy3B

GM and transgenic mouse brain lysate (6 pg JNPL3 lysate) or human cancer cell lysate (3 pg 

5 SKBr3 lysate) in a final volume of 100 L, Drugs were added to triplicate wells. Free cy3B-GM 

(6 nM cy3B-GM), bound cy3B-GM (6 nM cy3B-GM + lysate, as indicated above) and buffer only 

containing wells (background) were included as controls in each plate. Plates were incubated on a 

shaker at 4'C, and polarization values measured at 24 h. Percentage inhibition was calculated as 

follows: (% Control) = 100 - ((mPc - mPf)/(mPb - mPr)) x 100, where mP, is the recorded niP from 

10 compound wells, mP is the average recorded mp from cy3B-GM-only wells, and mP is the 

average recorded mP from wells containing both cy3B-GM and lysate, and plotted against values of 

competitor concentrations. The inhibitor concentration at which 50% of bound cy3B-GM was 

displaced was obtained by fitting the data using a nonlinear regression analysis as implemented in 

Prism 4.0 (GraphPad Software).  

15 hERG Fluorescence Polarization Assay: 

Following the manufacturer's protocol, the hERG assay was performed using Predictor 

hERG Fluorescence Polarization Assay kit (catalog no. PV5365) from Invitrogen. Briefly, FP 

measurements were performed on an Analyst GT instrument (Molecular Devices, Sunnyvale, CA).  

Measurements were taken in black 384-well plates (Coming # 3677), where both the excitation and 

20 the emission occurred from the top of the well. The test compounds were dissolved in DMSO and 

added at several concentrations to the Predictor hERG FP assay buffer containing 4 nM Predictor 

hERG tracer red and 10 uL of Predictor hERG membrane in a final volume of 20 uL. Drugs were 

added to triplicate wells. E-4031 as positive control was included in each plate. Plates were then 

kept on a shaker at room temperature and polarization values were measured after 4 hrs. The 

25 inhibition concentration at which 50% of tracer red gets displaced was obtained by fitting the data 

using a nonlinear regression analysis as implemented in Prism 5.0 (GraphPad Software).  

Table 12 shows results of testing for various representative compounds for their activity in 

Hsp90 binding assays and hERG fluorescence polarization assay. In interpreting these test results, 

it will be appreciated that binding to Hsp90 is desirable for activity in the treatment of cancer or 

30 neurodegenerative disorders. In contrast, it is generally undersirable to have binding to hERG since 

binding to hERG can result in undesirable cardiac side effects. Therefore, having a low value for 

binding to Hsp90 and a high value for binding to hERG is desirable, bearing in mind that the units 

for the two measurement are different.  

For comparison, it is noted that values for PU-H7 1, a compound with the structure
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NH2 

NN~~ 

N N0 

NH 

has a Hsp90 binding value of 20 nM and an hERG assay result of 1 pM. Many of the 

compounds of the invention tested, have hERG values more than 100 times greater than 

PU-H71 and are therefore expected to have lower toxicity/side effect issues.  

5 

Table 12 

Compound Synthetic Hsp90 Binding hERG assay 

Designation No. Designation Assay (nM) (M) 

1A-10 WS35 6.3 NA 

IA-1I WS42 71.5 NA 

1A-12 WS39 33 NA 

1A-15 WS54 20.5 >100 

1A-19 WS53 44 NA 

1A-22 WS48 47 >100 

1A-24 WS34 11.5 NA 

1A-25 WS52 24 NA 

1A-26 WS49 12 >100 

1A-27 WS50 64 NA 

1A-28 WS56 19.7 NA 

1A-43 WS45 11 >100 

1A-44 WS46 68 NA 

1A-45 WS51 9.8 >100
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Compound Synthetic Hsp90 Binding hERG assay 

Designation No. Designation Assay (nM) (pM) 

1A-46 WS55 24.2 NA 

1A-47 WS57 16.5 NA 

1A-48 WS58 22.1 12 

1A-49 WS64 28.3 NA 

1A-5 WS47 78 NA 

1A-50 DZ5-49-N9 76.5 NA 

1B-28 WS70 53 >100 

1B-43 WS69 28 >100 

1B-45 WS68 37 >100 

1G-28 MRP-I-31 22 NA 

1G-43 MRP-I-29 11 >100 

1G-45 MRP-I-28 15 76 

2A-11 WS43 51 NA 

2A-12 WS41 68 NA 

2A-26 WS62 17 NA 

2A-45 WS61 11.8 NA 

3A-10 WS36 3.5 NA 

3A-11 WS44 68 NA 

3A-12 WS40 29,6 NA 

3A-24 WS37 8.1 NA 

3A-26 WS63 20.1 NA 

3A-43 WS38 37.4 NA 

4A-26 WS60 26.2 >100
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Compound Synthetic Hsp90 Binding Assay hERG assay (pM) 

Designation No. Designation (nM) 

4A-28 WS72 24 >100 

4A-43 WS66 33.1 >100 

4A-45 WS71 20 >100 

The invention is not to be limited in scope by the specific embodiments disclosed in 

the examples that are intended as illustrations of a few aspects of the invention and any 

embodiments that are functionally equivalent are within the scope of this invention. Indeed, 

5 various modifications of the invention in addition to those shown and described herein will 

become apparent to those in the art and are intended to fall within the scope of the appended 

claims. A number of references have been cited, the entire disclosures of which are 

incorporated herein by reference for all purposes.  

10 Throughout this specification and the claims which follow, unless the context requires 

otherwise, the word "comprise", and variations such as "comprises" and "comprising", will be 

understood to imply the inclusion of a stated integer or step or group of integers or steps but 

not the exclusion of any other integer or step or group of integers or steps.  

15 The reference in this specification to any prior publication (or information derived 

from it), or to any matter which is known, is not, and should not be taken as an 

acknowledgment or admission or any form of suggestion that that prior publication (or 

information derived from it) or known matter forms part of the common general knowledge in 

the field of endeavour to which this specification relates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. A Compound of Formula (IA) or (IB): 

NH2  X2NH 2  X 

Z,~- Z3  - , Z3 
Y ~ \1 Y \/Xa 

X4  , C X4 ,Xc 
R Xb R Xb-Xd 

(IA) (IB) 

or a pharmaceutically acceptable salt thereof, wherein: 

(a) each of ZI, Z2 and Z 3 is N; 

(b) Y is S; 

(c) Xa, Xb, Xc and Xd are 0, 0, CH 2, and CH 2, respectively; 

(d) X4 is hydrogen or halogen; and 

(e) X 2 and R are a combination selected from the following: 

(i) in formula (IA): 

(a) X2 is NRiR 2, wherein R1 and R2 are each independently H, C1 -C6 alkyl, C1

C6 alkenyl, C 1-C6 alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, 

heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, or 

alkylheteroarylalkyl, and R is straight-chain- or branched- substituted or 

unsubstituted alkyl, straight-chain- or branched- substituted or 

unsubstituted alkenyl, straight-chain- or branched- substituted or 

unsubstituted alkynyl, or substituted or unsubstituted cycloalkyl wherein 

the R group is interrupted by one or more -S(O)N(RA)-, -NRAS(O)-, 

-SO 2N(RA)-, -NRASO 2 -, -C(O)N(RA)-, or -NRAC(O)- groups, and/or 

terminated by an -S(0)NRARB, -NRAS(O)RB, -SO2NRARB, -NRASO2RB, 

-C(O)NRARB, or -NRAC(O)RB group, wherein each RA and RB is 

independently selected from hydrogen, C1 -C6 alkyl, C2-C6 alkenyl, C2-C6 

alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, 

alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and 

alkylheteroarylalkyl; or
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(b) X2 is halogen, and R is straight-chain- or branched- substituted or 

unsubstituted alkyl, straight-chain- or branched- substituted or 

unsubstituted alkenyl, straight-chain- or branched- substituted or 

unsubstituted alkynyl, or substituted or unsubstituted cycloalkyl wherein 

the R group is interrupted by one or more -S(O)N(RA)-, -NRAS(O)-, 

-SO 2N(RA)-, -NRASO 2 -, or -C(O)N(RA)- groups, and/or terminated by an 

-S(O)NRARB, -NRAS(O)RB, -SO2NRARB, -NRASO2RB, -C(O)NRARB 

group, wherein each RA and RB is independently selected from hydrogen, 

C1 -C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, cycloalkyl, heteroalkyl, 

heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, 

heteroarylalkyl, and alkylheteroarylalkyl; or 

(c) X2 is halogen, and R is straight-chain- or branched- substituted or 

unsubstituted alkyl, straight-chain- or branched- substituted or 

unsubstituted alkenyl, straight-chain- or branched- substituted or 

unsubstituted alkynyl, or substituted or unsubstituted cycloalkyl wherein 

the R group is interrupted by one or more -NRAC(O)- groups, and/or 

terminated by an -NRAC(O)RB group, wherein each RA is independently 

selected from C2-C6 alkenyl, C2-C6 alkynyl, cycloalkyl, heteroalkyl, 

heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, 

heteroarylalkyl, and alkylheteroarylalkyl, and each RB is independently 

selected from hydrogen, C1-C6 alkyl, C2 -C6 alkenyl, C2 -C6 alkynyl, 

cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, 

arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; or 

(d) X2 is aryl or alkynyl, R is straight-chain- or branched- substituted or 

unsubstituted alkyl, straight-chain- or branched- substituted or 

unsubstituted alkenyl, straight-chain- or branched- substituted or 

unsubstituted alkynyl, or substituted or unsubstituted cycloalkyl wherein 

the R group is interrupted by one or more -S(O)N(RA)-, -NRAS(O)-, 

-SO 2N(RA)-, or -NRAC(O)- groups, and/or terminated by an -S(O)NRARB, 

-NRAS(O)RB, -NRASO2RB, or -NRAC(O)RB group, wherein each RA and 

RB is independently selected from hydrogen, C1 -C6 alkyl, C2-C6 alkenyl,
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C2-C6 alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, 

alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and 

alkylheteroarylalkyl; or 

(e) X2 is aryl or alkynyl, R is straight-chain- or branched- substituted or 

unsubstituted alkyl, straight-chain- or branched- substituted or 

unsubstituted alkenyl, straight-chain- or branched- substituted or 

unsubstituted alkynyl, or substituted or unsubstituted cycloalkyl wherein 

the R group is interrupted by one or more -NRASO 2 - or -C(O)N(RA)

groups, and/or terminated by an -SO 2NRARB or -C(O)NRARB group, 

wherein each RA is independently selected from Ci-C 6 alkyl, C2 -C 6 

alkenyl, C2-C6 alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, 

heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and 

alkylheteroarylalkyl, and each RB is independently selected from hydrogen, 

Ci-C 6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, cycloalkyl, heteroalkyl, 

heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, 

heteroarylalkyl, and alkylheteroarylalkyl; 

(f) X2 is halogen, aryl, alkynyl, or NRiR 2, wherein R1 and R2 are each 

independently H, C1-C6 alkyl, CI-C 6 alkenyl, CI-C 6 alkynyl, cycloalkyl, 

heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, 

alkylheteroaryl, heteroarylalkyl, or alkylheteroarylalkyl; and R is straight

chain- substituted or unsubstituted alkyl, straight-chain- substituted or 

unsubstituted alkenyl, straight-chain- substituted or unsubstituted alkynyl, 

or substituted or unsubstituted cycloalkyl wherein the R group is 

terminated by an -S(O)NRARB, -NRAS(O)RB, -SO 2NRARB, -NRASO 2 RB, 

-C(O)NRARB, or -NRAC(O)RB group, wherein RA is independently 

selected from hydrogen, C2 -C6 alkenyl, C2-C6 alkynyl, cycloalkyl, 

heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, 

alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl, and RB is 

independently selected from C 1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, 

cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, 

arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; and



HI:\szp\Interwovn\NRPortbl\DCC\SZP\13535200 Ldocx-23/032017 

- 215 

(ii) in formula (IB): 

(g) X2 is halogen, aryl, alkynyl, or NRiR 2, wherein R1 and R2 are each 

independently H, C1-C6 alkyl, C1-C6 alkenyl, C1 -C6 alkynyl, cycloalkyl, 

heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, 

alkylheteroaryl, heteroarylalkyl, or alkylheteroarylalkyl, and R is straight

chain- or branched- substituted or unsubstituted alkyl, straight-chain- or 

branched- substituted or unsubstituted alkenyl, straight-chain- or branched

substituted or unsubstituted alkynyl, or substituted or unsubstituted 

cycloalkyl wherein the R group is interrupted by one or more -S(O)N(RA)-, 

-NRAS(O)-, or -SO 2N(RA)- groups, and/or terminated by an -S(O)NRARB 

or -NRAS(O)RB group, wherein each RA and RB is independently selected 

from hydrogen, C1-C6 alkyl, C2 -C6 alkenyl, C2-C6 alkynyl, cycloalkyl, 

heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, 

alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; or 

(h) X2 is halogen, aryl, alkynyl, or NRiR 2, wherein R1 and R2 are each 

independently H, C1-C6 alkyl, C1-C6 alkenyl, C1 -C6 alkynyl, cycloalkyl, 

heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, 

alkylheteroaryl, heteroarylalkyl, or alkylheteroarylalkyl, and R is straight

chain- or branched- substituted or unsubstituted alkyl, straight-chain- or 

branched- substituted or unsubstituted alkenyl, straight-chain- or branched

substituted or unsubstituted alkynyl, or substituted or unsubstituted 

cycloalkyl wherein the R group is interrupted by one or more 

-NRASO 2 , -C(O)N(RA)-, or -NRAC(O)- groups, and/or terminated by an 

-SO2NRARB, -NRASO 2 RB, -C(O)NRARB, or -NRAC(O)RB group, wherein 

each RA is independently selected from C I-C6 alkyl, C2-C 6 alkenyl, C2-C 6 

alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, 

alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and 

alkylheteroarylalkyl, and each RB is independently selected from hydrogen, 

C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, cycloalkyl, heteroalkyl, 

heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, 

heteroarylalkyl, and alkylheteroarylalkyl; or
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(i) X2 is halogen, aryl, alkynyl, or NR1 R2, wherein R, and R2 are each 

independently H, CI-C 6 alkyl, Ci-C 6 alkenyl, Ci-C 6 alkynyl, cycloalkyl, 

heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, 

alkylheteroaryl, heteroarylalkyl, or alkylheteroarylalkyl; and R is straight

chain- or branched- substituted or unsubstituted alkyl, straight- chain- or 

branched- substituted or unsubstituted alkenyl, straight-chain- or branched

substituted or unsubstituted alkynyl, or substituted or unsubstituted 

cycloalkyl wherein the R group is terminated by an -S(O)NRARB, 

-NRAS(O)RB, -SO 2NRARB, -NRASO 2 RB, -C(O)NRARB, or -NRAC(O)RB 

group, wherein each RA and RB is independently selected from hydrogen, 

CI-C 6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, cycloalkyl, heteroalkyl, 

heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, 

heteroarylalkyl, and alkylheteroarylalkyl, and RB is independently selected 

from C2 -C6 alkyl, C2-C6 alkenyl, C2 -C6 alkynyl, cycloalkyl, heteroalkyl, 

heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, 

heteroarylalkyl, and alkylheteroarylalkyl.  

2. The compound of claim 1, which is a Compound of Formula (1): 

NH2 

N> N 

N 

R O 

(1) 

or a pharmaceutically acceptable salt thereof, or a Compound of Formula (6):
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NH2 

IY O 
N 

N 

R 0 

(6) 

or a pharmaceutically acceptable salt thereof 

3. The compound of claim 1, wherein in formula (IA): 

(i)(b) X2 is halogen, and R is straight-chain- or branched- substituted or unsubstituted 

alkyl, straight-chain- or branched- substituted or unsubstituted alkenyl, 

straight-chain- or branched- substituted or unsubstituted alkynyl, or substituted 

or unsubstituted cycloalkyl wherein the R group is interrupted by one or more 

-S(O)N(RA)-, -NRAS(O)-, -SO 2N(RA)-, -NRASO 2-, or -C(O)N(RA)- groups, 

and/or terminated by an -S(O)NRARB, -NRAS(O)RB, -SO2NRARB, 

-NRASO2RB, -C(O)NRARB group, wherein each RA and RB is independently 

selected from hydrogen, C 1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, cycloalkyl, 

heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, 

alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; or 

(i)(c) X2 is halogen, and R is straight-chain- or branched- substituted or unsubstituted 

alkyl, straight-chain- or branched- substituted or unsubstituted alkenyl, 

straight-chain- or branched- substituted or unsubstituted alkynyl, or substituted 

or unsubstituted cycloalkyl wherein the R group is interrupted by one or more 

-NRAC(O)- groups, and/or terminated by an -NRAC(O)RB group, wherein each 

RA is independently selected from C2 -C 6 alkenyl, C2 -C 6 alkynyl, cycloalkyl, 

heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, 

alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl, and each RB is 

independently selected from hydrogen, CI-C 6 alkyl, C2-C6 alkenyl, C2 -C6
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alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, 

arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl.  

4. The compound of claim 3, wherein R is straight-chain- unsubstituted C1 -C6 alkyl, 

which is interrupted by one or more -S(O)N(RA)-, -NRAS(O)-, -SO 2N(RA)-, -NRASO 2-, 

or -C(O)N(RA)- groups, and/or terminated by an -S(O)NRARB, -NRAS(O)RB, 

-SO2NRARB, -NRASO2RB, -C(O)NRARB group, wherein each RA and RB is 

independently selected from hydrogen, C1-C6 alkyl, and cycloalkyl.  

5. The compound of claim 4, wherein X2 is Iodo, R is straight-chain- unsubstituted C1-C6 

alkyl, which is terminated by an -S(O)NRARB, -NRAS(O)RB, -SO 2NRARB, 

-NRASO2RB, -C(O)NRARB group, wherein RA is hydrogen, and RB is tert-butyl or 

cyclopropyl.  

6. The compound of claim 1, wherein in formula (IA): 

(i)(d) X2 is aryl or alkynyl, R is straight-chain- or branched- substituted or 

unsubstituted alkyl, straight-chain- or branched- substituted or unsubstituted 

alkenyl, straight-chain- or branched- substituted or unsubstituted alkynyl, or 

substituted or unsubstituted cycloalkyl wherein the R group is interrupted by 

one or more -S(O)N(RA)-, -NRAS(O)-, -SO 2N(RA)-, or -NRAC(O)- groups, 

and/or terminated by an -S(O)NRARB, -NRAS(O)RB, -NRASO 2 RB, or 

-NRAC(O)RB group, wherein each RA and RB is independently selected from 

hydrogen, C1 -C6 alkyl, C2-C6 alkenyl, C2 -C6 alkynyl, cycloalkyl, heteroalkyl, 

heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, 

heteroarylalkyl, and alkylheteroarylalkyl; or 

(i)(e) X2 is aryl or alkynyl, R is straight-chain- or branched- substituted or 

unsubstituted alkyl, straight-chain- or branched- substituted or unsubstituted 

alkenyl, straight-chain- or branched- substituted or unsubstituted alkynyl, or 

substituted or unsubstituted cycloalkyl wherein the R group is interrupted by 

one or more -NRASO 2- or -C(O)N(RA)- groups, and/or terminated by an 

-SO2NRARB or -C(O)NRARB group, wherein each RA is independently selected
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from C1 -C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, cycloalkyl, heteroalkyl, 

heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, 

heteroarylalkyl, and alkylheteroarylalkyl, and each RB is independently 

selected from hydrogen, C 1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, cycloalkyl, 

heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, 

alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl.  

7. The compound of claim 1, wherein in formula (IA), 

(i)(f) X2 is halogen, aryl, alkynyl, or NRiR 2, wherein R1 and R2 are each 

independently H, C1-C6 alkyl, CI-C 6 alkenyl, CI-C 6 alkynyl, cycloalkyl, 

heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, 

alkylheteroaryl, heteroarylalkyl, or alkylheteroarylalkyl; and R is straight

chain- substituted or unsubstituted alkyl, straight-chain- substituted or 

unsubstituted alkenyl, straight-chain- substituted or unsubstituted alkynyl, or 

substituted or unsubstituted cycloalkyl wherein the R group is terminated by an 

-S(O)NRARB, -NRAS(O)RB, -SO 2NRARB, -NRASO 2 RB, -C(O)NRARB, or 

-NRAC(O)RB group, wherein RA is independently selected from hydrogen, C2

C6 alkenyl, C2-C6 alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, 

heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and 

alkylheteroarylalkyl, and RB is independently selected from C1-C 6 alkyl, C2 -C 6 

alkenyl, C2-C6 alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, 

heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and 

alkylheteroarylalkyl.  

8. The compound of claim 7, wherein X2 is halogen, optionally Iodo; and R is straight

chain- unsubstituted C 1-C6 alkyl, which is terminated by a -S(O)NRARB, -NRAS(O)RB, 

-SO2NRARB, -NRASO 2 RB, -C(O)NRARB, or -NRAC(O)RB group, wherein RA is 

hydrogen, and each RB is independently selected from C i-C6 alkyl and cycloalkyl, 

optionally tert-butyl or cyclopropyl.
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9. The compound of claim 7, wherein X2 is alkynyl, optionally ethynyl; R is straight

chain- unsubstituted C 1-C6 alkyl, which is terminated by a -S(O)NRARB, -NRAS(O)RB, 

-SO2NRARB, -NRASO 2 RB, -C(O)NRARB, or -NRAC(O)RB group, wherein RA is 

hydrogen, and each RB is independently selected from CI-C 6 alkyl and cycloalkyl, 

optionally tert-butyl or cyclopropyl.  

10. The compound of claim 1, wherein R is cyclopropane carboxylic acid 3-propyl-amide, 

N-3-propyl 2,2-dimethyl-propionamide, N-propyl-2-methyl-propane-2-sulfinamide, t

butanesulfonic acid 3-propylamide, or cyclopropanesulfonic acid 3-propylamide.  

11. The compound of any one of claims 1-10, wherein X 4 is H or F.  

12. The compound of claim 1, wherein 

X2 is optionally substituted heteroaryl, which is optionally furan-2-yl, furan-3-yl, 5

methylfuran-2-yl, 1H-pyrazol-2-yl, 1H-pyrazol-3-yl, thiazol-2-yl, 5-methylthiazol-2

yl, oxazol-2-yl, or 5-methyloxazol-2-yl; or 

X 2 is alkynyl or NR1 R2, optionally ethynyl or dimethylamino; or 

X 2 is halo, optionally Iodo.  

13. A Compound of Formula (IA) or (IB): 

NH2  NH2 

z 1 N Z - -, Z YX 

X4 X47 Xc x z2  N %> X Z2  N ,Xc 
R Xb R Xb-Xd 

(IA) (IB) 

or a pharmaceutically acceptable salt thereof, wherein: 

(a) each of Zi, Z2 and Z3 is N; 

(b) Y is CH 2; 

(c) Xa, Xb, Xc and Xd are 0, 0, CH 2, and CH 2, respectively; 

(d) X4 is hydrogen or halogen; and 

(e) X2 and R are a combination selected from the following:
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(i) in formula (IA): 

(a) X2 is NR1 R2, wherein R1 and R2 are each independently H, C1-C6 alkyl, 

C1 -C6  alkenyl, C1-C6  alkynyl, cycloalkyl, heteroalkyl, 

heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, 

heteroarylalkyl, or alkylheteroarylalkyl, and R is straight-chain- or 

branched- substituted or unsubstituted alkyl, straight-chain- or 

branched- substituted or unsubstituted alkenyl, straight-chain- or 

branched- substituted or unsubstituted alkynyl, or substituted or 

unsubstituted cycloalkyl wherein the R group is interrupted by one or 

more -S(O)N(RA)-, -NRAS(O)-, -SO 2N(RA)-, -NRASO 2 -, -C(O)N(RA)-, 

or -NRAC(O)- groups, and/or terminated by an -S(O)NRARB, 

-NRAS(O)RB, -SO 2NRARB, -NRASO 2RB, -C(O)NRARB, or 

-NRAC(O)RB group, wherein each RA and RB is independently selected 

from hydrogen, C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, cycloalkyl, 

heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, 

alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; or 

(b) X2 is halogen, and R is straight-chain- or branched- substituted or 

unsubstituted alkyl, straight-chain- or branched- substituted or 

unsubstituted alkenyl, straight-chain- or branched- substituted or 

unsubstituted alkynyl, or substituted or unsubstituted cycloalkyl 

wherein the R group is interrupted by one or more -S(O)N(RA)-, 

-NRAS(O)-, -SO 2N(RA)-, -NRASO 2-, -C(O)N(RA)-, or -NRAC(O)

groups, and/or terminated by an -S(O)NRARB, -NRAS(O)RB, 

-NRASO2RB, -C(O)NRARB, or -NRAC(O)RB group, wherein each RA 

and RB is independently selected from hydrogen, C1 -C6 alkyl, C2-C6 

alkenyl, C2-C6 alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, 

heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and 

alkylheteroarylalkyl; or 

(c) X2 is halogen, and R is straight-chain- or branched- substituted or 

unsubstituted alkyl, straight-chain- or branched- substituted or 

unsubstituted alkenyl, straight-chain- or branched- substituted or
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unsubstituted alkynyl, or substituted or unsubstituted cycloalkyl 

wherein the R group is terminated by a -SO2NRARB group, wherein RA 

is selected from C1 -C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, cycloalkyl, 

heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, 

alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl, and RB is 

selected from hydrogen, C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, 

cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, 

arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; or 

(d) X2 is aryl or alkynyl, and R is straight-chain- or branched- substituted 

or unsubstituted alkyl, straight-chain- or branched- substituted or 

unsubstituted alkenyl, straight-chain- or branched- substituted or 

unsubstituted alkynyl, or substituted or unsubstituted cycloalkyl 

wherein the R group is interrupted by one or more -S(O)N(RA)-, 

-NRAS(O)-, -SO 2N(RA)-, -NRASO 2-, -C(O)N(RA)-, or -NRAC(O)

groups, and/or terminated by an -S(O)NRARB, -NRAS(O)RB, 

-NRASO2RB, or -NRAC(O)RB group, wherein each RA and RB is 

independently selected from hydrogen, C 1-C6 alkyl, C2-C6 alkenyl, C2

C6 alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, 

alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and 

alkylheteroarylalkyl; or 

(e) X2 is aryl or alkynyl, and R is straight-chain- or branched- substituted 

or unsubstituted alkyl, straight-chain- or branched- substituted or 

unsubstituted alkenyl, straight-chain- or branched- substituted or 

unsubstituted alkynyl, or substituted or unsubstituted cycloalkyl 

wherein the R group is terminated by an -SO2NRARB or -C(O)NRARB 

group, wherein each RA is independently selected from Ci-C 6 alkyl, 

C2-C6  alkenyl, C2-C6  alkynyl, cycloalkyl, heteroalkyl, 

heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, 

heteroarylalkyl, and alkylheteroarylalkyl, and each RB is independently 

selected from hydrogen, C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, 

cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl,
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arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; 

and 

(ii) in formula (IB), 

(a) X2 is NRiR 2, wherein R1 and R2 are each independently H, C1 -C6 alkyl, 

C1 -C6  alkenyl, C1-C6  alkynyl, cycloalkyl, heteroalkyl, 

heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, 

heteroarylalkyl, or alkylheteroarylalkyl, and R is straight-chain- or 

branched- substituted or unsubstituted alkyl, straight-chain- or 

branched- substituted or unsubstituted alkenyl, straight-chain- or 

branched- substituted or unsubstituted alkynyl, or substituted or 

unsubstituted cycloalkyl wherein the R group is interrupted by one or 

more -S(O)N(RA)-, -NRAS(O)-, -SO 2N(RA)-, -NRASO 2 -, -C(O)N(RA)-, 

or -NRAC(O)- groups, and/or terminated by an -S(O)NRARB, 

-NRAS(O)RB, -SO2NRARB, -NRASO2RB, -C(O)NRARB, or 

-NRAC(O)RB group, wherein each RA and RB is independently selected 

from hydrogen, C1 -C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, cycloalkyl, 

heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, 

alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; or 

(b) X2 is halogen, aryl, or alkynyl, wherein R1 and R 2 are each 

independently H, C1 -C6 alkyl, C1-C6 alkenyl, CI-C 6 alkynyl, 

cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, 

arylalkyl, alkylheteroaryl, heteroarylalkyl, or alkylheteroarylalkyl, and 

R is straight-chain- or branched- substituted or unsubstituted alkyl, 

straight-chain- or branched- substituted or unsubstituted alkenyl, 

straight-chain- or branched- substituted or unsubstituted alkynyl, or 

substituted or unsubstituted cycloalkyl wherein the R group is 

interrupted by one or more -S(O)N(RA)-, -NRAS(O)-, -SO 2N(RA)-, 

-NRASO 2-, -C(O)N(RA)-, or -NRAC(O)- groups, and/or terminated by 

an -S(O)NRARB, -NRAS(O)RB, -NRASO2RB, or -NRAC(O)RB group, 

wherein each RA and RB is independently selected from hydrogen, C1

C6 alkyl, C2 -C6 alkenyl, C2-C6 alkynyl, cycloalkyl, heteroalkyl,
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heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, 

heteroarylalkyl, and alkylheteroarylalkyl; or 

(c) X2 is halogen, aryl, or alkynyl, wherein R1 and R2 are each 

independently H, C1 -C6 alkyl, Ci-C 6 alkenyl, CI-C 6 alkynyl, 

cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, 

arylalkyl, alkylheteroaryl, heteroarylalkyl, or alkylheteroarylalkyl, and 

R is straight-chain- or branched- substituted or unsubstituted alkyl, 

straight-chain- or branched- substituted or unsubstituted alkenyl, 

straight-chain- or branched- substituted or unsubstituted alkynyl, or 

substituted or unsubstituted cycloalkyl wherein the R group is 

terminated by an -SO2NRARB or -C(O)NRARB group, wherein each RA 

is independently selected from Ci-C 6 alkyl, C2 -C6 alkenyl, C2 -C6 

alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, 

alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and 

alkylheteroarylalkyl, and each RB is independently selected from 

hydrogen, C1 -C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, cycloalkyl, 

heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, 

alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl.  

14. The compound of claim 13, which is a Compound of the following Formula: 

NH2 

N N 

X4 N N 

RO 

or a pharmaceutically acceptable salt thereof.  

15. The compound of claim 13 or claim 14, wherein 

X2 is optionally substituted heteroaryl, and wherein the optionally substituted 

heteroaryl comprises furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, 1H-pyrazol-2-yl, 1H-
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pyrazol-3 -yl, thiazol-2-yl, 5 -methylthiazol-2-yl, oxazol-2-yl, or 5 -methyloxazol-2-yl; 

or 

X2 is ethynyl, I, or dimethylamino.  

16. The compound of claim 13, wherein in formula (IA), X2 is NRiR 2, wherein R1 and R2 

are each independently H, C1 -C6 alkyl, C1-C6 alkenyl, CI-C 6 alkynyl, cycloalkyl, 

heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, 

heteroarylalkyl, or alkylheteroarylalkyl, and R is straight-chain- or branched

substituted or unsubstituted alkyl, straight-chain- or branched- substituted or 

unsubstituted alkenyl, straight-chain- or branched- substituted or unsubstituted alkynyl, 

or substituted or unsubstituted cycloalkyl wherein the R group is interrupted by one or 

more -S(O)N(RA)-, -NRAS(O)-, -SO 2N(RA)-, -NRASO 2-, -C(O)N(RA)-, or -NRAC(O)

groups, and/or terminated by an -S(O)NRARB, -NRAS(O)RB, -SO2NRARB, 

-NRASO2RB, -C(O)NRARB, or -NRAC(O)RB group, wherein each RA and RB is 

independently selected from hydrogen, C1 -C6 alkyl, C2-C6 alkenyl, C2 -C6 alkynyl, 

cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, 

alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl.  

17. The compound of claim 13, wherein in formula (IA): 

(i)(d) X2 is aryl or alkynyl, and R is straight-chain- or branched- substituted or 

unsubstituted alkyl, straight-chain- or branched- substituted or unsubstituted 

alkenyl, straight-chain- or branched- substituted or unsubstituted alkynyl, or 

substituted or unsubstituted cycloalkyl wherein the R group is interrupted by 

one or more -S(O)N(RA)-, -NRAS(O)-, -SO 2N(RA)-, -NRASO 2-, -C(O)N(RA)-, 

or -NRAC(O)- groups, and/or terminated by an -S(O)NRARB, -NRAS(O)RB, 

-NRASO2RB, or -NRAC(O)RB group, wherein each RA and RB is independently 

selected from hydrogen, C 1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, cycloalkyl, 

heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, 

alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; or 

(i)(e) X2 is aryl or alkynyl, and R is straight-chain- or branched- substituted or 

unsubstituted alkyl, straight-chain- or branched- substituted or unsubstituted
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alkenyl, straight-chain- or branched- substituted or unsubstituted alkynyl, or 

substituted or unsubstituted cycloalkyl wherein the R group is terminated by an 

-SO2NRARB or -C(O)NRARB group, wherein each RA is independently 

selected from C1 -C6 alkyl, C2-C6 alkenyl, C2 -C6 alkynyl, cycloalkyl, 

heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, 

alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl, and each RB is 

independently selected from hydrogen, C1 -C6 alkyl, C2-C6 alkenyl, C2 -C6 

alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, 

arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl.  

18. The compound of claim 13, wherein in formula (IA): 

(b) X2 is halogen, and R is straight-chain- or branched- substituted or unsubstituted 

alkyl, straight-chain- or branched- substituted or unsubstituted alkenyl, 

straight-chain- or branched- substituted or unsubstituted alkynyl, or substituted 

or unsubstituted cycloalkyl wherein the R group is interrupted by one or more 

-S(O)N(RA)-, -NRAS(O)-, -SO 2N(RA)-, -NRASO 2-, -C(O)N(RA)-, or 

-NRAC(O)- groups, and/or terminated by an -S(O)NRARB, -NRAS(O)RB, 

-NRASO2RB, -C(O)NRARB, or -NRAC(O)RB group, wherein each RA and RB is 

independently selected from hydrogen, C1-C6 alkyl, C2-C6 alkenyl, C2 -C6 

alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, 

arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; or 

(c) X2 is halogen, and R is straight-chain- or branched- substituted or unsubstituted 

alkyl, straight-chain- or branched- substituted or unsubstituted alkenyl, 

straight-chain- or branched- substituted or unsubstituted alkynyl, or substituted 

or unsubstituted cycloalkyl wherein the R group is terminated by a -SO2NRARB 

group, wherein RA is selected from C1-C6 alkyl, C2-C 6 alkenyl, C2-C 6 alkynyl, 

cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, 

alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl, and RB is selected 

from hydrogen, C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, cycloalkyl, 

heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, 

alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl.
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19. The compound of claim 18, wherein X2 is halogen, optionally Iodo; R is straight

chain- unsubstituted C 1-C6 alkyl, which is terminated by a -NRAS(O)RB, -NRASO2RB, 

or -NRAC(O)RB group, wherein each RA and RB is independently selected from 

hydrogen and C1 -C6 alkyl, optionally wherein RA is hydrogen and RB is tert-butyl or 

cyclopropyl.  

20. The compound of claim 17, wherein X2 is alkynyl, optionally ethynyl; and R is 

straight-chain- unsubstituted C1 -C6 alkyl, which is terminated by a -NRAS(O)RB, 

-NRASO2RB, or -NRAC(O)RB group, wherein each RA and RB is independently selected 

from hydrogen and C1 -C6 alkyl, optionally wherein RA is hydrogen, and RB is tert

butyl or cyclopropyl.  

21. A Compound of Formula (IA) or (IB): 

NH2  NH2 

z 1 N Z - -, Z YX 

X4 X47 Xc x z2  N %> X Z2  N ,Xc 
R Xb R Xb-Xd 

(IA) (IB) 

or a pharmaceutically acceptable salt thereof, wherein: 

(a) each of Zi, Z2 and Z3 is N; 

(b) Y is 0; 

(c) Xa, Xb, Xc and Xd are independently selected from CH, CH 2, 0, N, NH, S, 

carbonyl, fluoromethylene, and difluoromethylene selected so as to satisfy valence, 

wherein each bond to an X group is either a single bond or a double bond; 

(d) X2 is halogen, aryl, alkynyl, or NRiR 2, wherein R1 and R 2 are each 

independently H, C1 -C6 alkyl, C1-C6 alkenyl, C1-C6 alkynyl, cycloalkyl, 

heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, 

heteroarylalkyl, or alkylheteroarylalkyl; 

(e) X4 is hydrogen or halogen; and 

(f) R is straight-chain- or branched- substituted or unsubstituted alkyl, straight

chain- or branched- substituted or unsubstituted alkenyl, straight-chain- or
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branched- substituted or unsubstituted alkynyl, or substituted or unsubstituted 

cycloalkyl wherein the R group is interrupted by one or more -S(O)N(RA)-, 

-NRAS(O)-, -SO 2N(RA)-, -NRASO 2-, -C(O)N(RA)-, or -NRAC(O)- groups, and/or 

terminated by an -S(O)NRARB, -NRAS(O)RB, -SO 2NRARB, -NRASO 2 RB, 

-C(O)NRARB, or -NRAC(O)RB group, wherein each RA and RB is independently 

selected from hydrogen, C1-C6 alkyl, C2 -C6 alkenyl, C2-C6 alkynyl, cycloalkyl, 

heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, 

heteroarylalkyl, and alkylheteroarylalkyl.  

22. The compound of claim 21, wherein 

X2 is optionally substituted heteroaryl, and wherein the optionally substituted 

heteroaryl comprises furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, 1H-pyrazol-2-yl, 1H

pyrazol-3 -yl, thiazol-2-yl, 5 -methylthiazol-2-yl, oxazol-2-yl, or 5 -methyloxazol-2-yl; 

or 

X2 is ethynyl, I, or dimethylamino.  

23. The compound of claim 21 or claim 22, wherein the R group is interrupted by one or 

more -S(O)N(RA)-, -NRAS(O)-, -SO 2N(RA)-, -NRASO 2-, -C(O)N(RA)-, or -NRAC(O)

groups.  

24. The compound of claim 21 or claim 22, wherein the R group is terminated by an 

-S(O)NRARB, -NRAS(O)RB, -SO2NRARB, -NRASO2RB, -C(O)NRARB, or -NRAC(O)RB 

group.  

25. A Compound of Formula (IA) 

NH2  X2 

X4 Xc 
R Xb 

or a pharmaceutically acceptable salt thereof, wherein: 

(a) each of ZI, Z2 and Z 3 is N;
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(b) Y is S or CH 2; 

(c) Xa-Xc-Xb are -CH 2 -CH 2-CH 2-, -O-CH 2-CH 2-, or -CH 2-CH 2-0-; 

(d) X4 is hydrogen or halogen; 

(e) X2 is halogen or alkynyl; and 

(f) R is straight-chain- Cl-C6 alkyl, which is terminated by a -NRAS(O)RB, 

-NRASO2RB, or -NRAC(O)RB group, wherein each RA and RB is independently 

selected from hydrogen, Ci-C6 alkyl, or cycloalkyl.  

26. The compound of claim 25, wherein X2 is iodo or ethynyl.  

27. The compound of claim 25 or claim 26, wherein RA is hydrogen, and RB is CI-C 6 alkyl 

or cycloalkyl, optionally tert-butyl or cyclopropyl.  

28. A compound of the formula: 

NH2  I NH2  NH2  NH2 

N N--N N N N 

F N F N 

NH NH NH NH 

00 00 0 0 

NH2  NH2  NH 2  NH2 

HN 0 HN O HN O NH 
O N 

N2N 

NH2 

F N NFNH 2  N 

NN N 0 ~N NHNH 

F 
N 

N NH 

NHO 
0 NH HN 

0,NH 2 / '
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NH2NH INH2  NH2  INH 2 

> N N N)) N N N N- ' N 

N HN NN _S2 

N \>H2N 
N N~~ N - N N 

N N o N N N N UN N 3 N 

NHNH 
NH NH NJHN 

N H N 2
N H> N H N H 

N 0 N > 

N N N o N N N N N 

SO2  NH NH NH NH 
0-IN HN U2 H 02 0 A 

N2 NH2  NH2  NH2  NH2 

N \ N\ N '4\/ O N 

_N N NN O 
\ _80 

N NH NH NN NH 
o OH 0 0 0 

NH 2  - NH2  -N~ NH2  

N - N- N- N ~ N N-

N N) N N N N N 

NHNH NH NH 

o 00
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N2NNH 2 N NH2 

SN HN\ 
NHN NH2  NN 

N I N N 

N N N N N > S~ : N \ ~ N > 

N N N 0 N NLL~ /SHN HN 

NH HN NH 
M/M/'M 

NH2 NHNH
2  NH2 

N 2  I NH2  \ N'~~~N N\ 

N:N - NN N N N 

N N NN 

NH NH NH 
HNo HN, 

So2  SO 0 

NH2  INH 2  INH 2 

N - N NS N N 
N- N>S\ > 

N N N NN N 

NH NH NH 

0 1_v 5 ,or 0S 

29. A pharmaceutical composition comprising the compound of any one of claims 1-28 

and a pharmaceutically acceptable carrier.  

30. A method for treating or preventing cancer or a neurodegenerative disorder, 

comprising administering to a patient in need thereof a therapeutically effective 

amount of a compound of any one of claims 1-28, optionally wherein the 

neurodegenerative disorder is tauopathies.  

3 1. Use of a compound of any one of claims 1-28 in the manufacture of a medic ament for 

treating or preventing cancer or a neurodegenerative disorder, optionally wherein the 

neurodegenerative disorder is tauopathies.  

32. The method of claim 30 or use of claim 31, wherein the neurodegenerative disorder is 

selected from Alzheimer's disease, Parkinson's disease, amyotrophic lateral sclerosis, 

age-related memory loss, senility, and age-related dementia.
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33. A method for the inhibition of Hsp90, comprising contacting Hsp90 with an Hsp90 

function inhibiting amount of a compound of any one of claims 1-28.
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