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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 Hsp 90
s 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 (H]IA) 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. W000/61578 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 Z, Z2, and Z3 are 

30 selected from CH and N and the variable substituents are selected from a number of options
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NH2  x2  Xd 

1 
Z 

Z 

R Xc Xb 

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

variable with measured values for ECo and IC 5s being reported in anywhere from the nicromolar 

5 to nanomolar ranges.  

2, SUMMARY 

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

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

NH2  X NH2 

10 R Xb R Xb-Xd 

(IA) (IB1) 

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,
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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 

N_ 

X4  N 
X 1,N NR 0- ' 

(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 

X- Xa 

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  X2 

X xa \>- \/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 CH2 or S.  

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

NH
2 

N - \ 

X4  N Xc 

R xXb 

5 (4) 

or a pharmaceutically acceptable salt thereof, wherein: 

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

Y is CH, or S.  

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

NH2 

X -Y \ Xa 

Xb 
R 

10 
(5) 

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

N 
X4  N' 

15 R O 

(6)



WO 20121138894 PCT/US2012/032371 

7 

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 Zi 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)-, -SO2N(RA)-, -NRASO
2 -, -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)NRARB, 

-NRAS(O)R, ~SO2NRARS, -NRASO 2RB, -C(O)NRARs, or -NRAC(O)RB 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-sulfonie acid 

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

propane-1-sulfonic acid aide, 3-propane-I -sulfonic acid t-butylamide, 3-propane-l-sulfonic acid 

20 isobutylamide, 3-propane-1-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-I-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 X4 is Hor F.
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(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 CH2.  

(18) The compound as in ooe 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-methylfuran-2-y1, 1H-pyrazol-2-yl, 1H-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 X is 

dimethylaminn.  

15 (26) The compound as in one of the above (1) to (11) or (13) to (25), wherein ZI 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 Z, and Z2 are 

each N or Z1 and Z3 are each N or Zz 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 

compotmd 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 (113):
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NH, X NH2  X 

z1N Z z1  Z3 

X x4 Xc 
R Xb R Xb-Xd 

(IA~) (IB) 

or a 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, 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) X 2 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)-, -SO2N(RA)-, 

15 NRASO-, -C(O)N(RA)-, or -NRAC(O)- groups, and/or tenninated by an -S(O)NRAR, 

NRAS(O)R3, -SO2NRAR3, -NRASO2RB, -C(O)NRARs, or -NRAC(O)Re group, wherein 

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

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

arylalkyl, allrylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl.  

20 

(35) A compound as in (34) above, or a salt thereof, wherein X2is trialkyl tin 

or -Sn(CH2CH 2(CF2)CF3) 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 Fornulae (IA) and (IB) 

As stated above, the disclosure encompasses Compounds of Formulae (IA) and (IB):
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NH, X NH,-X2 

X4 Xc b Xc 

RXb R Xb-Xd 

(IA) (11) 

or a pharmaceutically acceptable salt thereof, wherein: 

(a) each of Z, Z2 and Z, 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, NIT, 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; 

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(0)-, -SO2N(RA)-, -NRASO-, 

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

SO 2NRARB, -NRASO2R3, -C(O)NRAR3, or -NRAC(O)RB, wherein each RA and Re is 

independently selected from hydrogen, CI-C alkyl, C-Cs alkenyl, C-C 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 ethanesulfonie acid amide, 2-ethanesulfonic acid t-butylamide, 2-ethanesulfonic acid 

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

ethanesulfonic acid 2-etlylamide, N-2 ethyl moethanesulfunanide, 2-methyl-propanc-2-sulfonic 

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

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

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

propane-l-sulfonic acid amide, 3-propane-1-sulfonic acid t-butylamide, 3-propane-1-sulfonic acid
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isobutylamide, 3-propane-1-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, Z, is CH. In another embodiment, 42 is CH. In another 

15 embodiment, Z3 is CH. In another embodiment, 2 is N. In another embodiment, Z2 is N. In 

another embodiment, Z3 is N.  

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

embodiment, Zi, 42, 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 Z, 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 ate 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 "alkyl" and "substituted alkyl" are interchangeable unless otherwise specifically 

noted and refer to substituted and unsubstituted C1-Cie 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 CrCjs branched saturated aliphatic hydrocarbon groups, ie., 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 (B3u), tert-butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, 

and the like. In one embodiment, an alkyl is a CI-Cs allkyl, 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 C-C 6 alkyl groups include -CH20H, 

10 CF2OH, -CH2 C(CH3)2C(O)OCH3, -CF3, -C(O)CF3, -C(O)CH 3, -(CH 2)4SCH3, 

CH(C(O)OH)CH2CHC(O)N(CH 3)2, -(CH2)sNHC(O)NH 2, -CH2CH 2-(4-fluorophenyl), 

CH(OCH3)CH2CH3, -CH 2SO2NH 2, and -CH(CH3)CH 2CH2OC(O)CH.  

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

specifically noted and refer to substituted and unsubstituted C2-Cjo 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 CrCo 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, i-prop-l

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 -C 6 alkenyl groups include -C(H)=CHCH 2OH, -C(1)=CF2, 

CH2C(H)=CH(CH2)2CF 2OH, -CH2C(=CH2)C(O)OCH3, -C(H-)=CHCF,, 

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-C 5 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-C 1 O 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-1

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, I 

hept-7-ynyl, 1-oct-8ynyl, and the like. In one embodiment, an alkynyl is a C-C 6 alkynyl, i.e., a 

35 group having 2, 3, 4, 5, or 6 carbon atoms and I 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 alkynsyl groups include -CuCCH2OH, -CuCF, 

CH 2 C=C(CH2 )2 CF2OH, -CuCCH2C(O)OCH3, -CH2CECCF3, -CH2CH 2C=CC(O)CH3, -CwCSCH3, 
and -C=OCC(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 cyclobeptyl. 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 -NRIR 2, wherein Rt and R2 are each independently H, 

C 1 -Cs alkyl, C2 -C 6 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 011, C~, Br', CH 3C(O)0-, H 2PO$, 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, tetrahydronaplthyl, 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 

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

replaces, the number of hydrogen 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, benzofiranyl, isobenzofusranyl, 2,3-dihydrobenzofluranyl, 

pyrrolyl, pyrrol-3-yl, pyrrol-1-yl, indolyl, isoindolyl, 3H1-indolyl, indolinyl, indolizinyl, indazolyl, 

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

15 pyrimidinyl, pyrimidin-2-yl, triazinyl, quinolyl, isoquinolyl, 41-quinolizisyl, cinnolinyl, 

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

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

pyrazol-3-yl, triazolyl, 1,2,4-triazol-l-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,-NH2, trihalomethyl, pentahaloethyl, 61 -Coalkyl, arylC-Cioalkyl, Co

25 CioalkyloxyC-Cioalkyl, arylCO-CloalkyloxyC-Cioalkyl, Cs-CioalkylthioCrCloalkyl, arylC

CiOalkylthioCo-Cioalkyl, Co-CloalkylaminoCo-Cioalkyl, arylC-CioalkylaminoC-C 1 alkyl, N-aryl-N

C-CisalkylaminoCO-Cialkyl, C-CioalkylearbonylC-Cioalkyl, arylC1-C1salkylcarbonylC-Cioalkyl, 

CrCioalkylcarboxyC-Cisalkyl, arylC1 -CioalkylcarboxyC-Cioalkyl, C-CioalkylcarbonylaminoC

Cioalkyl, arylC1 -CoalkylcarbonylaminoC-Cioalkyl, -CO-CioalkylC(O)ORx, and -C

30 COalkylC(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 Cs-Citalkyl, is a covalent bond.  

The term "Co-Cicalkyloxy" 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 Cs-Cioalkyloxy
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is a C-Calkyloxy, 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

CloalkyloxvCD-Coalkyl" refers to a Co-Cicalkyloxy 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-Cloalcyloxy, which is substituted by aryl, attached through an oxygen atom to a Co

Cloalkyl which is attached to the molecule. A "Coalkyloxy" is -011.  

The tern "Co-Cloalkylthio" 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-Cloalkylthio is 

a C-C 6alkylthio, i.e., a group having 1, 2,3,4,5, or 6 carbon atoms. lllustrative examples of 

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

CoalkylthioCo-Croalkyl" refers to a Cr-Cisalkylthio attached through a sulfur atom to a Co-Cioalicyl 

which is attached to the molecule. Likewise, the term "arylCo-ClsalkylthioCo-Cmalkyl" refers to a 

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

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

15 The term "C-C 1Oalkylcarbonyl" 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 C1-C10alkylcarbonyl 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-CtoalkylcarbonylCo

Cloalkyl" refers to a C1-Cloalkylcarbonyl attached through the carbon atom of a carbonyl group to a 

20 CO-Cloalkyl which is attached to the molecule. Likewise, the term "arylC1-CjoalkylcarbonylCo

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

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

The term "C-Cioalkylcarboxy" 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)-0- or a -0-C(=O)- orientation. In 

one embodiment, a CI-Cloalkylcarboxy is a C1-Caalkylcarboxy, i.e., a group having 2, 3, 4, 5, or 6 

carbon atoms, including the carboxy's carbon atom. Thus, the term "Cr-CoalkylcarboxyC

Cloalkyl" refers to a CCjOalkylcarboxy attached through the carboxy group to a CO-C10alkyl which 

is attached to the molecule. Likewise, the term "arylCi-CoalkylcarboxyCo-Caalkyl" refers to a Cr 

30 Cmoalkylcarboxy, which is substituted by aryl, attached through the carboxy group to a Co-Cloalkyl 

which is attached to the molecule.  

The tern "Co-C 1 alkylamino" 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 R, is H, C1-Csalkyl, or aryl. A "Coalkylamino" is -NHRw. In one embodiment, a CD

35 Csalkylamino 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 R.w group. Thus, the term "Co-CioalkylaminoC o

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

Co-C oalkyl which is attached to the molecule. Likewise, the term "arylCo-CicalkylaminoCo

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

5 atom of an amino group to a C5-C1oalkyl which is attached to the molecule. The term "N-aryl-N

Co-CloalkylaminoCO-Cnoalkyl" refers to an amine nitrogen atom substituted by aryl and Co-Cicalkyl, 

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

The term "C-Coalkylearbonylamino" 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 Ry is H or Ci-Csalkyl. In one embodiment, a C

Coalkylearbonylamino 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 Cj 

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

molecule. Likewise, the term "arylC-C1alkylcarbonylaminoCo-Coalkyl" refers to a C1

Cloalkylearbonylamino, which is substituted by aryl, attached through the ride group to a Co

Csoalkyl 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 alkyiheteroaryl 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)-, -SO2N(RA)-, 

NRASO2-, -C(O)N(RA)-, and -NRAC(O)-, and/or terminated by -S(O)NRARs, -NRAS(O)Rs, 

SO2NRkRB, -NRASO2Rs, -C(O)NRARs, or -NRAC(O)R", means said R group is (1) interrupted by 

one or more (for example, 2, or 3) -S(O)N(RA)-, -NRAS(O)-, -SO2N(RA)-, -NRASO-, 

C(O)N(RA)-, or -NRAC(O)- groups, (2) terminated by -S(O)NRARB, -NRAS(O)RS, -SO2NRARB, 

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

1, 2, or 3) -S(O)N(RA)-, -NRAS(O)-, -SO9N(R,)-, -NRASO,-, -C(O)N(RA)-, or -NRAC(O)- groups 

and terminated by an -S(O)NR,\RB, -NRAS(O)R3, -SO2NRARs, -NRASO2Rs, -C(O)NRARs, 

or -NRAC(O)Rs 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,
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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 (IB) 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 (IB1) 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 trilydrate, 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 (IB) and mixtures thereof.  

Certain compounds of Formulae (LA) and (IB) 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) and (IB) and mixtures thereof. When compounds of 

Formulae (IA) and (1B) 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 enantionser 

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 (LB) 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 (2H), tritium (3H), carbon-ti ("C), carbon-12 ("C), carbon-13 ("C), 

10 carbon-14 ('
4
C), nitrogen-13 ('N), nitrogen-14 ('N), nitrogen-15 (1 N), oxygen-14 ("O), oxygen

15 ("O), oxygen-16 ("0), oxygen-17 (40), oxygen-18 ("0), fluorine-17 (1 7 F), fluorine-18 ("F), 

sulfur-32 ("S), sulfur-33 ("S), sulfur-34 ("S), sulfur-35 (35S), sulfur-36 ("S), chlorine-35 (5Cl), 

chlorine-36 ("Cl), chlorine-37 (7 Cl), bromine-79 (
7

Br), bromine-81 ("Be), iodine-123 (1231) 

iodine-125 (231), iodine-127 ("'"I), iodine-129 ('2991), and iodine-131 (1'I). In another 

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

isotopes, including but not limited to 'I, 2H, 1
2 C, 3C, 'N, "5N, 'so, 170o, , 1

7 F, 32s, 
3 3

s, 
34s, 36s, 

3
C, "Cl, "Br, "Br, and m21. 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 'H, "C, 'C ", 0 '50, 1
F, 353, 

20 "Cl, 123, 1
2 5

, "'i, and 1311 In another embodiment, an isotopically enriched compound contains 

unnatural proportions of 123L ',4I, or "'I and another isotope selected from 3H, "C, C, IN, o, 

"0, 1F ,35S, and "C1. In another embodiment, an isotopically enriched compound contains an 

unnatural proportion of MI, "4I, and/or 'l3q In another embodiment, an isotopically enriched 

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

25 enriched compound contains an unnatural proportion of 124L In another embodiment, an 

isotopically enriched compound contains an unnatural proportion of m'I.  

The term isotopicallyy 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 (IB) 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 

neurodegencrative 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 ansyloidosis.  

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 Prejrmulation and Formulation (Gibson, ed., 2" Ed., CRC Press, Boca Raton,



WO 2012/138894 PCT/US2012/032371 

22 

FL, 2009); Handbook ofPharmaceutical Additives (Ash and Ash, eds., 3 d Ed., Gower Publishing 

Co., Aldershot, U5K, 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 CH 2. In certain embodiments, the compounds of this 

embodiment can be represented by Formula (1): 

NH22 

X4  N N \ 

10 R O 

(1) 

or a pharmaceutically acceptable salt thereof, wherein: 

Y is CH2 or S; 

X 4 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)-, -SO 2N(RA)-, -NRASO2 , -C(O)N(RA)-, or -NRAC(O)-, and/or 

terminated by -S(O)NRARB, -NRAS(O)Rs, -SO2NRARB, -NRAS02RB, -C(0)NRARs, or 

20 NRAC(O)Rs, wherein each RA and R, is independently selected from hydrogen, C1-C6 alkyl, C-C6 

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

arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; and 

X 2 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, X, 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 IA, 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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us connection with each of the structures in Table IA, corresponding structures in which X2 is F, Cl, 

or Rr a2nd Y is CH2 are also within the scope of the disclosure.  

Table IA 

Compound No. Structuire Name 
NH2 

-- n 2-[6-Amino-8-(6-iodo

*>( I N b esizo[l,3ldioxol-5
lA-i 0ylsulfanyl)-purin-9-yl

K ethanesulfonic acid 
HN;02 isopropylamide 

NH2 

N( ,> 2-[6-Amnino-8-(6-iodo
K 0 benzo[1,3]dioxol-5

I-A-2 N ~ O~ ylsulfanyl)-purin9'Yl1
K ethanesulfonic acid 

HNS;02 ethylamnide 

NH-2 

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

lA-3 r N - ylsulfanyl)-purin-9-yl]
echanesulfonic acid 

HN)02 mcthylanmide 
NHN 

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

~) 0 ylsulfanyl)-purin-9-ytj
802 ethanesulfonic acid antide 

NH2  I 

a ) 2-[6-Amnino-8-(6-iodo

N N bchnzo[l,3]dioxoi-5
lA-5 /ylsulfanyl)-pu-in-9-yi]

ethanesulfonic acid tert
HN0 butylamide 

NN 

N /D 2-[6-Amino-8-(6-iodo~N N / b enzo[l,3]dioxol-5
lA.6 ylsulfanyl)-purin-9-yl]

;S02 echaniesuifonic acid 
HN isohucyl-amide
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Compound No. Structure Name 
NH, 

N ~ 2-[6-Am~ino-8-(6-iodo

NA- N benzo[1I,3]dioxol-5
1A-7 ylsulfanyl)-purin-9-yl]

;50 2ethanesulfonic acid 
HN \cyclopropylamide 

NH2 I 

Propane-2-sulfonic acid 
N"3iN {2-[6-aino-8-(6-iodo

lA-d benzo[1,3]dioxol-5

NH ylsulfanyl)-purin-9-yl]
02 S ethyl} -arnide 

NH2 

N ~ -NEthanesulfonic acid {2-[6
I. amino-8-(6-iodo

1A-9 NoN benzo[1.3]dioxol-5
N ylsulfanyl)-purin-9-yl]

0 NH etisyl)-amide 
N2 s 

N ~ N N-{2-[6-Amino-d-(6-iodo

IL \/ bcnzo(l.3]dioxol-S
1A-lO N N , ylsulfanyl)-purin-9-yl]

PH ethyl) 
,NH methanesulfonamide 

NH
2 

N - 2-Methyl-prupane-2
KN N tQ 3 sulffnic acid {2-[6-amino

iA-Il1 8-(6-iodo

,NF benzo[1 .3]dioxol-5
0 2S\ ylsulfanyl)-purin-9-yll

/V ethyl}-amide 
NH2 ~ N 2-Mcthiyl-propane-2

~2-S / o sulfinic acid {2-[6-ami no
lA12N N 8-(6-iodo

NH benoE1 ,3]dioxol-5
ylsulfanyl)-puriiu-9-yl]

ethyl}-anside 
NH2  I 

N N 2-Methlyl-propane-i

a / o sulfonic acid {2-[6-amino

IA-13 N N 8-(6-iodo
1

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

02 S-- etisyl}-amtide 

2 

N ~ Cyclopropanesulfonic acid 

N N~a ( 2-[6-arno-8-(6-iodD
IA-1 4 Il 0benzO~L,3]dioxol-5

NH ylsulfanyl)-purin-9-yl]
029 ethyll-amide
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Cornpound No. Structure Name 
NH, 

N ZQ, -0 3-[6-Amnino-S-(6-iodo
N . bcnzo[l,3]dioxol-5

lA-iS ylsulfanyl)-purin-9-yl]

028 propane-l-sulfonic acid 

N H isopropylamnide 

NH2 

N N- 3-[6-Amino-g-(6-iodo

N 0 benzo[1,3]dioxol-5
IA-1 6 ylsulfanyl)-purin-9-yl

propane-i -sulfonic acid 

02 NH erhylainide 

NH
2 

N -- 3-[6-Amino-8-(6-iodo

1A4N benzo[ 1,3]dioxol-5
IA-17ylsulfanyl)-purin-9-yl]

propane-i -sulfoniic acid 

z NH methylamide 

NH
2 

-~ ~ 3-[6-Arnino-8-(6-iodo

IA48 N Nbenzo[1,3]dioxol-5lA-I 2 o ~ ylsulfanlyl)-purin-9-yl]
propane- I -sulfonic acid 

028 amide 
NH, 

INH I 
N 3-[6-Arnino-8-(6-iodo

S_ _ 
3 

N N )ben7,o[1,3]dioxoI-5
IA-19 2 0ylsulfanyl)-purin-9-y] 

) propane-1-sulfonic acid 
-2 tert-butylamide 

NV 

NH 

, _)-sO /_ 3-[6-Arnino-g-(6-iodo
N N benzorl,3idioxol-5

IA-20 2ylsulfanyl)-purin-9-yll
propane-l-sulfonic, arid 

HN- isobutyl-atnide 

NH
2 

N 3-[6-Arniao-8-(6-iodo

tA- NN benzo[l,3]dioxol-5

propane-l-sulfonic acid 
C28 cyclopropylamide
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Compound No. Structure Name 
NH

2 

\ / o Propanie-2-sulfonic acid 
1A-22 ) o{3-[6-ainio-8-(6-iodo
1A-22benzn[ I,3]dioxol-5

HN ylsulfanyl)-purin-9-yl]
NS02 propyIl -amide 

NH
2 

- Ethanesulfonic acid [3-[6
'~N ~ 0 amniro-S-(6-iodo

IA-23 0j benzo[1,3]dioxol-5
) ylsulfanyl)-purin-9-yl

HN S propyl) -aniide 

NH2  I 

Nf N -3 -[6 -Amino-8 -(6 -iodo
Q / ~benzo[i,3]dioxol-5

1A-24 Nylsulfanyl)-purin-9-yLl

propyl} 
HtN methanesulfonamide 
/ 02 

NH
2 ~ N -2-Methyl-propane-2

125N N ) O sulfonic acid {3-[6-amino
IA-25) 0>8-(6-iodo

benzo[1,3]dioxol-5
HN, 02ysulfanyl)-purin-9.yl]

SO2  
propyll-amide 

N 2-Methyl-propare-2
NN S 0 sulfinic acid {34[6-amino

IA-26 08-(6-iodo
benzo[1,3]dioxol-5

FIN ylaulfhnyl)-purini-9-yl]
s0 propyl} -amide 

_ _ _ _ _ 
NH2 

N 2-Methyl-propan-i 

N N / 0 sulfonic acid f3-[6-amino
IA-27 0j 8-(6-iodo

benzo[l,3]dioxol-5
HN ' ytsulfanyl)-purin-9-yl]

802 propyl} -amnide 

NH - -- 2 

N,>_ -0 Cyclopropaneaulfonic acid 
N {3-[6-anrino-8-(6-iodo

IA-28 benzo[ I,3]dioxol-5
ylaulfanyi)-purin-9-yl]

Hlj 0, propyl} -amide
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-Compound No. Structure Name 
NH

2  I 

N AN N 
'~ / 03-[6-Amitio-g-(6-iodo

IA-29 N Nlicnzo[1,3]dioxot-5

o ylsulfanyl)-purin-9-yl] -N
HN isopropyl-propionamide 

Nz 

~ 3-[6--Amiro-8-(6-iodo)

IA-30 N N )bctizo[I,3]dioxol-5
ylsulfanyl)-purin-9-yl]-N

o ethyl-propionamide 

NH 

IA-31 0 -N benzo[,3]dioxol-5

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

methyl-propionamide 
HN 

~~~ N -[6-Aniino-8-(6-iodo

IA-32 N N benzo[l,3]dioxol-5
ylsulfanyl)-purin-9-yl]

N 2 N opropionamide 

NH 

N 3-[6,Amino-8-(6-iodo

IA-33 N Nbenzo[1,3]dioxol-5
ylsulfany])-purioi-9-yl]-N

0r tert-butyl-propionamide 

-IN 

S ~ o3-[6-Amino-8-(6-iodo

1A-34 No benzo[1,3]dioxol-5
ylsuffanyl)-purin-9-yI]-N

HN isohutyl-propionamide 

\Hx 

3-[6-Amino-g-(6-iodo

1A-35 'N N> benzo[1,3]dioxol-5
K ylsulfanyl)-ptirin-9-yl]-N

I IN' cyclopropyl-prapionamtide 

IN 

N >_SN-{2-[6-Amino-8-(6-iodo

IA-36 ) -benzo[1,3]dioxol-5K ylsulfanyl)-purin-9-yl]
NH ethyl}-isobutyramiide
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Compound No. Structure Name 
NH

2 

N N, N-{2-[6-Atmino-8-(6-iodo

IA-37 KN-N '~benzo[l,3]dioxol-5

ylsulfaIoyl)-purin-9-y]
,NH ethyl)}-propionamide 

NH
2 

N- /N, N-(2-[6-Arnino-8-(6-iodo
IA-38 N N benzoU],3]dioxol-5

ylsulfanyl)-purin-9-yl]
NH ethyl) -acetamide 

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

IA-39 ylsulfanyl)-purin-9-yl] 

NH ethyl} -2,2-dimethyl

o= propionamide 

NH2 

N "~ 0 N-f 2-[6-Amino-g-(6-iodo
N' N benzo[1,3]dioxol-5

1A-40 ylsulfaryl)-purin-9-yl]
NH ethyl) -3 -methyl

o= K butyramide 

N ) N\> Cyclopropanearboxylic 
KN ~ acid {2-[6-am~ino-8-(6

1A-41 iodo-benz.o[1I,3]dioxol-5

!q=H ylsulfanyl)-puritn-9-yl]
> ethyif-amide 

NH
2 

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

> 0 ylsulfanyl)-purin-9-yl]
NH ethiyl)}-formauoide 

NH 

-~ N -N-(3-(6-arnino-8-((6

IA-43 Niodobcnzo[d][t,3]dioxol 

HN -oyl)propyl)pivalamide 

IA-44 aiodobenzo[d][1 ,3]dioxol 
-5-y])thio)-9H-purin-9

o yl)propyljisobutvramiide
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Compound No. Structure Name 
NH2 

N-3-(6-amino-8-((6
N N iodobenzo[d][l,3]dioxol 

IA-45 -5-yl)thio)-9H-purin-9
NH yl)propyl)cyclopropane 

e carboxamide 

N-(3-(6-Amino-8-((6

IA-46 iodobenzo[d][1,3]dioxol 
-5-yl)thio)-9H-purin-9

oh yl)propyl)isobutyramide 
NH2 , NHN l-((3-(6-Ainino-8-((6

N s a iodobenzo[d][l,3]dioxol 

IA-47 o -5-yl)thio)-9H-purin-9
yl)propyl)amino)-2

NH methyl-1-oxopropan-2
yl acetate 

NH2 

N N - N-(3-(6-Amino-8-((6
s iodobenzo[d][1,3]dioxol 

1A-48 -5-yl)thio)-9H-purin-9
NH yl)propyl)-2-hydroxy-2

C oN methylpropanamide 

NH2 

N-(3-(6-amino-8-((2
N-N 0iodo-5

1A-49 methoxyphcnyl)thio)

HN 9H-purin-9
yl)propyl)pivalamide 

NH, 

NN 

N a6-(6-amino-8-((6

1A-50 iodobenzo[d][1,3]dioxol 
-5-yI)thio)-9H-purin-9

yl)hexanamide 

NH2 

Table 4A lists specific examples in which X 2 is halogen and X4 is halogen. In each of the 

structures as drawn, X2 ia I and X4 is F. However, corresponding structures in which X4 is 1t, 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. Stmctuae Name 
NH2  I 

N>C 2-(6-amio-2-fluoro-8-((6

F-JN' l N d iodobenzo[d][1,3]dioxol-5
4A-1 yI)methyl)-911-purin-9-yI)

~O2 N-isopropyl
HN S2ethanesulfonaide 

NH2 

:N\ 2-(6-an -2-fluoro-8-((6

4A-2 F>N N '7? iodobeozo[d][1,3]dioxol-5
yI)methyl)-911-puriti-9-yl)

S0 2  
N-ezhyletbanesulfonamide 

N_ 

NH2 I 

N , -N -2-(6-amino-2-fluoro-8-((6

F N ~ ~ iodobenzo[d][1,3]dioxol-5
4A-3 N or) yl)methyI)-9H-purin-9-y)

N
HNOC2  

methylethaneaulfonamide 

NH2 

NA, -N2-(6-amino-2-fluoro-8-((6

4A-4 F '>NXN ' iodobenzo[d][1,3]dioxol-5
yI)methyI)-9H-purin1-9

02 yl)etlianesulfonamide 
HN 

NH2 

45F N N 03 iodobenzo[d~f t,3ldioxol-5
4A-5 yI)methyI)-9H-purin-9-yl)

N-(tert
HN ;S2butyl)ethalieslfoilamide 

NH2 

\/O 2-(6-amino-2-fluoro-8-((6
F N N ~ 0, io dobenzo [d] [1,3] dioxol1-5 

4A-6 yl)methyl)-9H-purin-9-yl)
ISC2 N

HN isobutylethanesulfonamide 

NH2  I 

N 2-(6-amino-2-fluoro-8-((6

4A-7 yl)methyl)-9H-purin-9-yl)

,aoa N-cyclopropyl
HN ethanesulfonamide
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Compound No. Structure Name 
Nil2 

N ~ - -N-(2-(6-amino-2-fluoro-g

\/O ((6
4A-8 F N Niodobenzo[d] [1,3] dioxol-5
4A-8 yl)methyl)-9H-puiin-9

NH yl)ethyl)propane-2
02 _ sulfoniamide 

NH2 

~ -N -N-(2-(6-amino-2-fluoro-8

F N0 ((6

4A9o iodobenzo[d][1,3]dioxol-5
,NH yl)niethyl)-9H-purin-9

02 S NH yl)ethlyl)ethanesulfonanmide 

N- H N-(2-(6-amino-2-fluoro-9

0 ((6
4A-10 F N N 0 ) iodobenzu[d][ 1,3]dioxol-5

0yt)methyl)-9TI-purin-9
NH yl)ethyl)merhanec

C2S ,sulfonamide 

NH2 

F N 0 N-(2-(6-amiino-2-fluoro-g

4A-1 1 o-~ iodobenz[d][1,3]dioxo-5
yl)methyl)-9H-purin-9

,NH yl)ethyi)-2-mcthylpropane
C2S 2-sulfonamide 

NH2 

-N -N-(2-(6-amino-2-fluoro-8

A \ 0 ((6
4A-12 F Niodobenzo[d][1 ,3]dioxol-5

yl)methyl)-9H-purin-9

osNH yl)ethyl)-2-methylpropane

05 2-sulfinamide 

NH? 

N~~~ N -N-(2-(6-amino-2-tluloro-8

~ 0 ((6
4A-3 N o icndobenzo[d][1 ,3]dioxol-5

4A-13yl)methyt)-9H-purin-9

0 sNH yl)ethyl)-2-methylpTOpane
02  1 -sulfonamide 

NH2  I 
N'~.~N N-(2-(6-amino-2-fluoro-8

\ 0 ((6

4A-14 F N 0' iodobenzo[d][1 ,3]dioxol-5
yl)methyl)-911-purini-9

)NH yl)ethyl)cyclopropan-
02 S '>sulfonamide
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Compound No. Structure Name 
NH2 

\/0 3-(6-ainoc-2-fluoro-9-((6
FV N' N ) iodobeuzo[d][l,3]dioxol-5

4A-1 5 yl)methyl)-9H-purin-9-yl)
N-isopropylpropalie-l

U2! NHsulfonamyide 

NH 

N -- 3-(6-ainoic2-fluoro-g-((6

FNN N iodobenzordlrl 1,3]dioxol-5
4A-16 O yl)methyl)-9H-purin-9-yl)

N-ethylpropalie- 1

023 sulfonamide 
NH 

NH2  I 

N -N 3-(6-amino-2-fluoro-8-((6

F~kN N iodobenzo[d] [1,3]dioxol-5
4A-l7 2yl)methyl)-9H-puriio-9-yI)

N-ethylpropane-l 

028 ' sulfonamide 
NH 

NH2  I 

F N N ~ -0 3-(6-amino-2-fluoro-8-((6
4A-18 F NOj iodobenzo[d][1,3]dioxol-5

yl)mcthyl)-9H-pnrin-9

______________NH 2 
NH2 

N 0 3-(6-armino-2-fiuoro-8-((6

4 19F N - iodobenzo[d][l,3]dioxot-5
4A-l9 2yl)methyl)-911-pufin-9-yl)

N-(tert-butyl)propane-1 
02 S sulfonamide 

NH 

NN 
/0 - 3-(6-amino-2-fluoro-g-((6

F N o iodobenzo[d][1,3]dioxol-5
4A-20 yl)methyl)-9H-purin-9-y)

N-isobutylpropane-l 
0 2S sulfonamide 

H N-
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Compound No. Structure Name 
NH2 

N N 3-(6-amirno-2-fiaoro-8-((6

4A-2 F -N' iodobenzo[d][1,3]dioxol-5
4A-21yl)methyl)-9H-puri-9-yl)

N-cyclopropylpropane- I 
02a sulfonamide 

kH2 s 

\Fl ((6

4A-22 0> iodohenzo[d][ 1,3]dioxol-5
yljmethyl)-9H-purin-9

HN yl)propyl)propane-2
s0

2  
sulfonamide 

2 

N ~- N -N-(3-(6-amiro-2-fluoro-8

0 ((6

4A-23 FININ 0- iudobenzo[d][ 1,3]dioxoi-5
yljmethyl)-9H-purin-9

HN yl)propyl)ethane
HN 'sosulfonamide 

-- ~~ N - ~ N-(3-(6-amino-2-fi-uoro-8
N \ 0 ((6

4A-24 F \0 iodobenzu[d]1 1,3]diuxoi-5
yl)mnethyl)-9H-purin-9

HN yl)propyl)metsae
HNI S02sulfonamide 

NH2 I 

N - ~ -N-(3-(6-amino-2-fluore-8

0 ((6

4A-25 yl)mnethyl)-9H-purin-9

yl)propyl)-2
HN, methylpropane-2

502 sulfonamide 

2I 

N, N-(3-(6-amino-2-fl-uoro-8

F<~N -N \ 9((6
N> iodobenzo[dI][l ,3]dioxol-5

4A-26 yl)methyl)-9H-purin-9
yl)propyl)-2

HN 'oniethylpropane-2

An sulfmnamide
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Compound No. Structure Name 
NH2  1 

-o ((6
F N -) iodobenzo[d][J,3]dioxol-5

4A-27 yl)methyl)-9H-pu-in-9

yl)propyl)-2
HN methylpropane-1 

S02  sulfonamide 

NH2 

'65 N-(3-(6-aminlo-2-fluoro-8

4A-28 - ~ iodobenzo[d][1,3]dioxol-5

yl)methyl)-9H-purin-9

HNI yl)propyl)cyclopropane
S02 aulfoniamide 

NH2 

F- N 0 3-(6-amino-2-fluoro-8#(6
4AN N iodob,.zo(d][l,3]dioxol-5

4A-29 yl)methyl)-911-purin-9-yl)

o N-isopropylpropanamide 
N 

NH2 

\ / ) 3-(6-amino-2-fluuro-8-((6
4A-30 F N N I iodobenzo[d][1,3]dioxol-5

yl)methyl)-9H-purin-9-yl)

0o N-ethylpropanamide 

NH2 

N 3-(6-aniino-2-fluoro-8-((6

4A-3 F~< F4 iodobeozo[d][1,3]dioxol-5
yl)methyl)-9H-purin-9-yl)

=o N-methylpropanamide 
HN 

NH2 

N\ / 3-(6-mino-2 -fluoro--((6
4A-32 F N N j iodobenzo~d][1,3]dioxol-5

0- yl)methyl)-9H-purin-9

H2N yl)propanamide 

NH2 

- \ / ~O 3-(6-amino-2-fluoro-8-((6

4A-33 FI N o iodobenzo[d][l ,3]dioxot-5.  
yl)methyl)-911-purin-9-yl)

0o N-(tert-butyl)propaiiamide 
HNL
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Cornpound No. Structure Name 
NH2 

-o 3-(6-aino-2-fluoro-8-((6

4A-34 o iodobenz[dI][ 1,3]dioxo-5
yl)methyl)-9H-purin-9-yl)

o ~N-isobiutylproparnamide 
HN 

NH2 

N 0 3-(6-amino-2-fluoro-8-((6
N- N iodobeozo[d][1,3]dioxol-5

4A-35 0 yl)methiyl)-9H-purin-9-y)

o 
HN cyclopropyipropanamide 

NH2 

N\ _0 N-(2-(6-amino-2-fluoro-g

F ,, N ((6
4A-36 Kiodobeozo[d][1,3]dioxol-5

NH yl)methyl)-91I-purin-9
o yl)ethyl)isobutyranide 

NH2 
IN. N-(2-(6-amino-2-fluoro-8

4A-37 N> o-> iodobenzo.[d][1,3]dioxol-5

K yl)mnethyl)-9H-purin-9
04NH yl)etliyl)propionamide 

NH2 

N-(2-(6-aiio-2-fluoro-8
F'0 ((6

4A-3 8 F N> iodobenzo[d][1 ,3]dioxol-5
K yl)methyl)-91t-purin-9

0NH yl)ethyl)aeetamide 

NH2 

-. N -N-(2-(6-amino-2-fluoro-8

:C"N \ 0 ((6
4A-39 F N 0 iodobeozo~d][1,3]dioxol-5

NH yl)ethyl)formamide 

NH2 

N N N-(2-(6-arniino-2-fluoro-8

F N- -N ' /5 ((6
4A-40 K> 0 iodoberizo[d][1,3]dicxol-5

NH yl)methyl)-9H-purin-9
0 < /yl)ethyl)pivalamide
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Compound No. Structure Namne 
NH2 

NK N-(2-(6-aniino-2-fluoro-8

F N ((ki
4A-41 o

2  iodobcnzo[d][ 1,3jdioxol-5
yl)methyl)-9H-purin-9

NH yl)ethyl)-3
0 methylbutanamide 

NH2 

J N , -/ N-(2-(6-arnino-2-fluoro-g

F N -N (( 

4A-42 0 iodobenzo[d][l,3]dioxol-5

NH yl)methyl)-91-1-purin-9
NH y1)ethy1)cycloprgpane

N2 
N N-{3-[6-Araino-2-fluoro

F N N 9-(6-iodo
4A-43 0benzo[ 1,3]dioxol-5

ylmethyl)-purin-9-yl]
H propyl)-2,2-dimethyl

0 propionamide 

NH2 

/Q N-{3-[6-Amino-2-fluoro

4A-44 benzo[1,3]dioxol-5

HN ylmethyl)-purio-9-yl]

_ o propyl}-isohutyrarnide 

NH2  I 

N Cyclopropanearboxylic 
F NacdQ[-mo-flo

4A-45 0 8-(6-iodo
hen70[I ,3]dioxol-5

NH ylmethyl)-purin-9-yl]

o1_1_ propyl} -anjide 

NHz 

N - - N-{3-[6-Arninu-2-fluoro
F~ N \/5 8-(6-iodo

4A-46 Jbenzo[i,3]dioxol-5
ylmethyl)-purin-9-yl

NH propyl}-2-hydroxy
o OH propionamide 

NH2 I 

N ~ N -Acetic acid I -{3-[6-amino
F N N 2-fluoro-8-(6-iodo

4A-47 0'benzo[1,3]dioxol-5
ylmethyl).purin-9-yl] 

NH propylcarbamoyl} -1 

o- A methyl -ethyl ester
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Compound No. Structure Name 
NH2 

F N- {3-[6-Amino-2-fluoro
F N N' 8-(6-iodo

4A-48 benzo[1,3]dioxol-5
ymethyl)-prin-9-yl

NH propyll-2-hydroxy-2
o OH methyl-propionamide 

Hsp90 binding results are presented for Compounds lA-5, 1A-10, 1A-11, A-12, lA-15, 

IA-19, lA-22, 1A-24, 1A-25 tolA-28, lA-43 to IA-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-II. In some embodiments of the disclosure, X2 is an optionally substituted aryl. Table 

LC 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 X, is a different nitrogen-containing optionally substituted 

aryl group are within the scope of the disclosure. In each of the structures in Table tC, Y is S and 

10 X1 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 

1 C, corresponding structures in which X, 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 1C 

Compound No. Structure Name 

NH
2 N 2-{6-Amino-8-[6-(1H

5 \ /pyrazol-3-yl)
1C-1 NN benzo[1,3]dioxol-5

CC- ylsulfanyl]-purin-9-yl}
ethanesulfonic acid 

HN isopropylamide 

HN 
NH2 2-{6-Amino-8-[6-(1H

pyrazol-3-yl)

1C-2 N-N S O benzo[1,3]dioxol-5
N ylsulfanyl]-purin-9-yl}

ethanesulfonic acid 
S02 ethylamide 

HIN
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Compound No. Structure Name 

NH2  H 2-{6-Amino-8-[6-(1IH

~ - \/ ~ pyrazol-3-y1)
1C-3 N Nbenzo[1,3]dioxol-5

oC- ylaulfanyl]-pufin-9-yl} 
K ethanesulfonic acid 

,N S02 methylamnide 

HN' 

NH2  N ~ 2-{6-Amino-8-[6-(1H

S ~ prazo-3-yl)
1C-4 ~ N N benzo[1,3]dioxol-5

oylsulfanyl]-purin-9-yl} 
ethanesulfonic acid amide 

HN 

NH N 2-{6-Arniho-8-[6-(lH
S> pyrazol-3y) 

ic-5 ~ N N benzo[1,3]dioxol-5
oylsulfanyl]-purin-9-yl} 

~O2 ethanesulfonic acid tert
HN )S2butylaniide 

HN 

\ NH2  j~ 
-~N 2-{6-Amino-8-[6-(1H

~ S ~/ 0pyrazol-3-yl)
ICN N benzo[1,3]dioxol-5

I C-6ylsulfanyl]-puril-9-yl} 

,SO2 ethanesulfonic acid 
HM isobutyl-amide 

NH2  N ~ 2-{6-Aniino-8-[6-(iH

1C-7 N' hNenzo[1,3]dioxol-5
oylsulfanyl]-purin-9-yl} 

,SO~ethanesulfonlic acid 
HN )32cyclopropylamide 

NH2  N ~ Propane-2-sulfonic acid (2

{6amN-8[-(H \ / 0 
iC-8 N pyyazcol-3-yl)

o benzo[l ,3]dioxoi-5
KN ylsulfanyl]-purin-9-yl} 

02SH ethyl)-anMie
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Compound No. Structure Name 
HN ' 

NH2  N E~thliiesutfonjc acid (2-{6

~ a amino-8[-(11{-pyrazol-3
i C-9 N- -N M yl)-benzc[1,3]dioxol-5

0ylsulfanyl]-purin-9-yl} 

,NH ethyl)-amide 
02s 

-NH2  N-(2- {6-Amino-g-[6-(lH

N 
>-S / opyrazol-3-yl)

iC-10'~ benzo[l,3]dioxol-5
ytsulfanyl]-purin-9-yl}

N4H ethyl)-methanesulfonamide 
02S 

HN\ 
NH2  N

N_, N 2-Methyl-propane-2

\ / sulfonic acid (2- 6aio 
ic-il 8-[6-( IH-pyrazol-3-yl)

K benzo[1,3]dioxol-5
NH ylsulfanyll-purin-9-yl} 

HN \ 

NH2 2-Methyl-propaoc-2
S ~ / ~ sulfinic acid (2- {6-dimino

IC-12 'N- N 8-[6-(i}{-pyrazoi-3-yl).  
IC10 . benzo[1,3]dioxot-5

K NH ylsulfanyl]-purin-9-y} 
Os ethyl)-amide 

NH 2-Methlyl-propane-i

S -c sulfonic acid (2-{ 6-amino

>3- 8-[6-(IH-pyrazol-3-yl)

NH ylsuifanyl]-purin-9-yll 
09s ethy1)-asnide 

I N -Cyclopropanesulfonic acid \H />-o (2-6anol[6(

1C-1 N N~ > pyrazol-3-yl)

K benzo[1,3]dioxoi-5
,NH ylsulfanyl]-purin-9-yl) 02S ethyl)-amide
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Corn owid No. Structure Name 
HN 

N 
'~N 3--Ann-[6(H 

i15N N\ benzo[1 ,3]dioxol-5
K> ylsulfanyi]-purin-9-yl} 

propane- I -sulfonic acid 
0O2S N isopropylarnide 

NH2 3-{6-Amino-8-[6-(1H
-, \ V-npyaazol-3-yl)

iC-16 N N /)benzo[l,3]dioxol-5

0ylsulfanyl]-purin-9-yl} 

propane-1t-aulfonic acid 
o~s ethylamide 

NH 

HN 
NH2  3-{6-Arnino-8-[6-(l

pyrazol-3-yi)

ICC17 N Nbenzo[i,3]dioxo-5

ylsulfanyij-purin-9-yl} 
propane- I -sulfonic acid 

O's, methyianide 
/NH 

NH2  N 3-{6-Amno-8-[6-(lH

N- N >_~\ pyrazol-3-yl)ic-t N benzo[i,3]dioxol-5
IGIS yiaulfanyl]-pnrin-9-yl}

propane-I itfoie acid 

amide 02S 
NIH, 

NH2 N 3-{6-Arnino-84[6-(iH
N _ N \ / pyrazoi-3-yl)

IC-19 N 0_ benzo[1,3]dioxo-5
) ylauifanyi]-purin-9-yl}I $ propane-lI-sufonic acid 

0As tert-butyiamide 

NH HN'N4 

N N N 3-{6-Arnino-8-[6-(1H
N aN pyrazol-3y) 

IC-20 N)benzo[1,3]diuxoi-50ylsuifanyl]-purin-9-yl} 

propane- I-sulfonie acid 
02s, iaobutyl-amide 02s-
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Comnpound No. Structure Name 
HN\ 
NH2  3-{6-Amioo-8-[6-(lIH

N - pyrazol-3-y1)

IC-21 W~ -N benzo[1,3]dioxol-5
0ylsulfayl]-purin-9-yl} 

propane-1 -sulfonic acid 
cyclopropylamide 

HN--< 

HN

NH Propane-2-sulfonic acid (3til S~ / 0{6-armio-8-[6-(LH

IC-22 ~ N pyrazol.-3-yI)
benzo[1,3]dioxol-5

ylsulfanyl]-purin-9-yl} 
HN 0 propyl)-amide 

~ .N Ethanesulfonic acid (3-(6

N amino-8-[6-(IH-pyrazol-3
IC-23 N N)yI)-benzc[1,3]dioxol-5

yisulfanyl]-purin-9-yl} 

HN propyl)-amide 

HN\ 
NH2  N N-(3- {6-Amino-8-[6-(lH

'>-s 0 pyrazol-3-yl4
1C2 N ,benzo[1,3]dioxol-5

IC-24 yisulfanyl]-purin-9-yl} 
propyl)

HN methanesulfonamide 

ISo2 

NH2  N 
A-. 2-Methyl-propane-2

I-i -- S ~ o sulfonic acid (3-{ 6-amcino

1C-258-[6-(lH-pyrazol-3-yl)
1C-25 (benzo[1,3]dioxol-5

Ylsuifanyl]-purin-9-yl} 
HN, 0 propyl)-amide
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Compound No. Structure Name 
HN\ 

NH2  N 
'J ~N -2-Methyl-propane-2

\ > /, sulfmnic acid (3-{6-amino
N N26 8-[6-(ll1-pyrazol-3-yl)

TC-26benzo[1,3]dioxol-5

ylsulfanyl]-purin-9-yl} 
HN "propyl)-amide 

so 

NH2  N 
N 2-Methyl-propane-1

IY N, sulfonic acid (3-{6-amino
IC-27 N- 8-[6-(1H-pyrazol-3-yl)

benzo[1,3]dioxol-5
ylaulfanyl]-purin-9-y} 

HN 'S2propyl)-amide 

NH2  N 

, K N,> Cyclopropanesulfonic acid 
L' a -N- (3-{6-amino-8-[6-(LH

IC-28 'N N\ opyrazol-3-y)
benzo[1,3]dioxol-5

HN ylsulfanyl] -pucin -9-yl} 

;aS2 
propyl)-amide 

HN\ 
NH N

3-{(6-Amirio-8-[6-(IH
KN)~a ~ 0 pyrazol-3-yl)

IC-29 ~ ~ ~ benzo[1,3]dioxol-5
ylsulfanyl] -pmin-9-yl} -N

0 isopf opyl-propionamide 

HN 

NH N 
NH2  N3-j6-Amino-8-[6-(lH

- ' 30 pyrazol-3y) 
1C3 N N bcnzo[1,3]dioxol-5

0yls ulfanyl] -purin-9-yi)}-N

ethyl -propionamide 

H N 

NH2  N ~ 3-16-Amino-g-[6-(1
S ~ pyrazol-3-yl)

IC-31 N N benzo[1,3]dioxol-5
0ylsualfaniyl]-purin-9-yI}-N

0o methyl-propioniamide
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Compound No. Structure Name 

NH2  N ~ 3-(6-Aniino-8-[6-(1H

1C-3 N benzo[1,3]dioxolb5

> o propionarnide 
HN 

-IN 
NH2  N

N> N 3-(6-Arnino-8-[6-(1H
S \ yao-3-yl)

N N 
yao 

IC-33 obenzo[ 1,3]dioxol-5

o ylsulfanyl]-puin-9-yl -N
0N teri-bulyl-propioniamide 

HN77z 
NH2  

N 

N4 3-{6-Anhino-8-[6-(IH
:- -> \ 0 pyrazol-3-yI)

IC-34 N N benzo[1,3]dioxo1-5
N yl sul fanyl]-purin-9-yl) -N

HN Y--aisobutyl-propioniarnide 

HNI 

N 3-{6-Amino-8-[6-(tH
a ~ / ~ pyrazol-3-yl)

IC3o benzo[1,3]dioxol-5

ylsulfanyfl-purin-9-yl) -N

HN Kylpoy-poinmd 

NH2  N~ 

N N N-(2-{(6-Amino-8-[6-(lH
1C > 36 pyrazol-3-yl)

iC-3 N Nbenzo[1,3]dioxol-5

yisulfanyl]-purin-9-yl) 
0NH ehyl)-isobutyramide 

HN 

K 

\ / 0 pyrazol-3y) 
1 C-37 N 3 benzo[1,3jdioxol-5

0ylsulfainyl]-purin-9-yI

NH ethyl)-propionamide 

HM K 
NH2  N ~ N-(2-{6-Amino-8-[6-(lH

N> pyao-3-yl)
1C-3 N Nbenmo[1,3]dioxo'-5

0ylsUlfanyl]-purin-9-yi} 

NH ethyl)-acetamide
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Compound No. Stmcture Name 
HN N 

NNH N ~ N-(2-{6-Amino-8-[6-(1H
N I A N pyrazol-3-yl)

IC-39 KN 0benzo[1,3]dioxol-5

N ylsulfanyl]-purin-9-yl} 
NH ethyl)-formarnide 

HN 
MH2  NN-(2-{6-Amio-8-[6-(1H

- pyrazol-3-yl)

I C-40 K N> benzo[13]dioxol-5-

NH ethyl)-2,2-dimethyl

0-- pf opionanmide 

H N 

NH2  N ~ N-(2 - f6-Amino-8- [6-(l I
N pyrazol-3-yl)

I C-41 ylufnl-Nrn9-l 

NH ethyl)-3-mothyl

o= 
butyramide 

HN N 
NH2  N Cyclopropanecarboxylic 

acid (2-{6-amino-8-[6

IC-42 N 0(iH-pyrazol-3-yl)
benzo[ 1,3]dioxol-5

NH ylsulfanyl]-purin-9-y} 
o ethyl)-amide 

NH, N N-(3-{6-Arnino-8-[6-(1II
- \ /> 0 pyrazol-3-yl)

1C-43 N N ylno[13]iox 

HN propy[)-2,2-dimethyl
o propionamide 

HN 
NH2  N 

IC-44 0 ~ benzo[ 1,3]dioxol-5
ylsulfanyl]-purinl-9-Yl} 

H propyl)-isobutyrai-nde
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Compound No. Structure Name 
HN\ 

NH
2  

N Cyclopropanecarboxylic 
N s o acid (3-{6-amino-8-[6

1C-45 N (lil-pyrazol-3-yl)
benzo[1,3]dioxol-5

NH ylsulfanyl]-purin-9-yl) 
o propyl)-amide 

HN 
NHz N N-(3-{6-Amino-8-[6-(1H

--4 No pyrazol-3-yl)

1 C-46 N 4 benzo[],3]dioxol-5
ylsulfanyl]-purin-9-yl} 

NH propyl)-2-hydroxy
o OH propionamide 

HNl 

NH 2 NHN Acetic acid 1-(3-{6-amnino
N s 8-[6-(IH-pyrazol-3-yl)

NC-47 N benzo[1,3]dioxcl-5
ylsulfanyl]-purin-9-yl} 

NH propylcarbamoyl)-l
0 Ac methyl-ethyl ester 

HN\ 
NH2  N N-(3-{6-Amino-8-[6-(lH

N_ pyrazol-3-yl)
1C-48 benzo[1,3]dioxol-5

ylsulfanyl]-purin-9-yl} 

NH propyl)-2-hiydroXy-2
o OH methyl-propionamide 

HN 
NHz 

N, 
N43-(6-amino-8-((5

IC-49 N N- methoxy-2-(1H-pyrazol-3
yl)phenyl)thio)-9H-purin

HN 9-yl)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 X 4 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
N N 2-(6-amino-8-((6-(oxazol

2-yl)benzo[d][1,3]dioxol
D-1 5-yl)thio)-9H-purin-9-yl)

\) N-isopropyl
H NO2 ethanesulfonamide 

NH2  o 

N N 2-(6-amino-8-((6-(oxazol

1D-2 N N 2-yl)benzo[d][1,3]dioxol
o 5-yl)thio)-9H-purin-9-yl)

N-ethylethanesulfonamide 

HN 

NH2  
r0 

NH2. N 2-(6-amino-8-((6-(oxazol
s -0 2-yl)benzo[d][1,3]dioxol

1D-3 N N ) 5-yl)thio)-9H-purin-9-yl)
N

so02 methylethanesulfonamide 
HN 

NH2 oI 

N N 2-(6-anino-8-((6-(oxazol

1D-4 N )-S 0 2-yl)benzo[d][1,3]dioxol
5-yl)thio)-9H-purin-9
yl)ethanesulfonamide 

So 2 H2N 

NH2  0o 
N N 2-(6-amino-8-((6-(oxazol

N - \ 0 2-yl)benzo[d][1,3]dioxol
ID-5 N o> 5-yl)thio)-9H-purin-9-yl)

N-(teit

HN C2 butyl)ethanesulfonamide
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Compound No. Structure Name 

NH2 
N 

N 2-(6-amnino-8-((6-(oxazo[
N N 2-yl)benzo[d] [l,3]dioxol

1D-6 05-yl)tbio)-9H-purin-9-yl)

N
HN P02isobutylethaniesulfonarnide 

MH2  0' 
NL-N -2-(6-anmino-8-((6-(oxazol

1D-7 N: N' ) S-yl)thio)-9H-purin-9-yl)

N-cyclopropyl
H SO2  ethanesulfonamiide 

NH2 N o N-(2-(6-amino-g-((6
N N N0 (oxazol-2

yl)thio)-9H-putin-9

PH yl)ethyl)propane-2
023 sulfonamide 

NH2  C N-(2-(6-amino-8-((6
N ~ N -(oxazol-2

I9N N 0 yI)henzo[d][1,3]dioxcl-5
iD-P yl)thio)-9H-punin-9

0 yl)ethyl)ethane-2

N2Sil Isulfonamide 

NH, - N-(2-(6-amino-8-((6
N ~ N -(oxazol-2

ID1 /4 0 yl)bcnzo[dl[1,3]dioxol-5
ID-T N Nyl)thio)-9H-purin-9

yl)ethyl)methane-2

N2 !H sulfonamide 

NH2  aN-(2-(6-amino-g-((6

- \ / 0(oxazol-2

ID-1 I N _N yl)benZD[d][l,3]dioxol-5
G yl)thio)-9H-purin-9

'NH yl)ethyl)-2-methylpropane
02 2-sulfonamide
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Compound No. Structure Name 

NH2  o N-(2-(6-amn--((6
N , (oxazol-2

ID-12 N -N yl)benzo[dj[1,3]dioxol-5
0 ~yl)thio)-91H-purin-9

NH yl)ethyl)-2-methylpropane
o~r 2-sulfmaniide 

NH2  0N-{2-(6-amniuo-8-((6

N-
IL. \>a \/ (oxazol-2

ID-13 N Nyl)Iienzn)[ d] [f,3 ]d ioxol-5 0 ~yI~thio)-9H-purini-9
NH yl)ethy1)-2-methylpropane

02S 1 -sulfonamide 

MI 42~N N-(2-(6-arnino-8-((6
K -C \/ (oxa7ol-2

1-4N N ) yl)benzo[d][l,3]dioxol-5
1140 yl)thio)-9H-purin-9

NH yl)ethyl)cyclopropane
%lt> sulfonamide 

e'N 

N N,>N s 3-(6-amino-8-((6-(oxazol
N /5 2-yl)benzo[d][1,3]dioxol

ID-15 0 ' - 5-yl)thio)-9Hr-purin-9-yl)
) N-isopropylpropane-1

02S$ sulfonamide 
NH 

NH2  / 
N '~.N 3-(6-amino-8-((6-(oxazoJ

\/N'-S 0 2-yl)benzo~d][1,3]dioxolb 
ID-16 N N ' 5)lti)9-wn9y) 

o 5~~y1)thypo>9prbm9-y 

NH 

(N 

N -. 
3
-(

6
-amiio-8-((6-(oxazol

o 1 2-yl)beuzo[dlrl1,3]dioxol
ID-17 N N o 5-yl)tliio)-9H-purin-9-yl)$ N-methylpropalie-1

C28 sulfonamide 
NH
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Compound No. Structure Name 

H (N 
N2  o 

N/,_ 3-(6-sniino-8-((6-(oxazol
lD-18 N N 2-yl)bcenzo[d][1,3]dioxol

o5-yl)thio)-9H-purin-9
yl)propane-1 -siulfonamide 

0, ' 
NH2 

NH~ e'N 

N N -3-(6-amino-8-((6-(oxazol

K \ / 2-yl)benzo[d][1,3]dioxo
ID-19 N N5-yl)thio)-9H-purin-9-y)

N-(tert-bistyl)propane-1

j ~sulfoniamide, 

NH, o" 
-N 

0 
- \>-s\ / ~ 3-(6-amino-8-((6-(oxazol

N N 2-yI)bcnzo[d][1,3ldioxol
ID-20 05-yl)tlhio)-9H-puriti-9-yl)

N-isobutylpropane-1
ozs sulfonamide 

HN

NH2  o 
N N - 3-(6-amino-8-((6-(oxazol

o NA>-s 0 2-y1)bcnzo[d][1,3]dioxol
ID-21N 5-yl)thio)-9H-p-urin-9-yl)

N-eyelopropylpropsne- 1

03 sulfonamide 
HN--< 

NH2  o' 
N' N -1 N-(3-(6-amino-8-((6

\ 0 (oxazol-2
NN A )j y~ez~][,jixl5 

KD2 yl)thio)-9H--purin-9

HN yl)propyl)propane-2
HNO82  sulfonamide 

2  0N-(3-(6-amino-8-((6

N -N _ , (oxazol-2

ID-23 N yl)bcnzo[d][i ,3]dioxo]-5
yl)thio)-9H-punrn-9

yl)propyl)ethaae
HN sulfonamide 

__-so
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Cornpound No. Structure Name 

NH~ 0 /N-(3-(6-amino-8-((6

N 0 (oxazol-2

ID-24 N) N Yl)benzo[d][1,3]dioxol-5

N yI)propyl)methane-2

HN sulfonamide 
SO, 

NH, o-N 

N\N- 0 (oxazol-2
N N yl)beflzo[d][1,3]dioxol-5

ID-25 0yl)thio)-9H-purin-9

) yl)propyl)-2
RN, methylpeopanie-2

S02 sulfonamide 

NH2 N-(3-(6-amino-8-((6
N N N- - (oxazol-2

N- 0 yl)benzo[d][1,3]dioxol-5
ID-26 1 ~ 0yl)thio)-9H-purin-9

yl)propyl)-2
HN methylpropanec-2

50 sulfinaenide 

NH, 0N-(3-(6-arnino-8-((6

N, 
>_F, -(oxazol-2

I27N Ns 0-yl)benzo[clj[1,3]dioxol-5
lD-27 0yl)thio)-9H-purin-9

yl)propyl)-2
H-N methylpropane-1 

0o2 suilfonamide 

NH, 
N N -N-(3-(6-amino-S-((6

\/0 (oxazol-2
1D-2 NN1 yl)bcn7o[d][1,3]dioxol-5

1D-28yl)thio)-9H-purir-9

RN yl)pro~pyl)cyclopropn-
so, sulfonamide 

NH, 
N 
N 3-(6-amino-8-((6-(oxazol-2

ID-29 N- N ) Yl)benzo[dl[1,3]dioxol-5
yl)thio)-9H-puriin-9-yl)-N

O iso~propylpropanamide 

HN
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Compound No. Structure Name 

NH2 

N N 3-(6-amino-8-((6-(oxazo
ID-30\ / 0 2-y1)benzc[d][1,3]dioxol-5

ID30, N o ~ yl)thio)-9H-purin-9-yl)-N
~ a ethyipropanamide 

eON 

N N 3-(6-an-ino-8-((6-(oxazol
>D-s\ 0 2-yl)benzo[d][1,3]dioxol

o5-yl)thio)-911-puriu-9-yI)

o N-methylpropanamide 

HN\ 

NH2  03-(6.-aioo-8-((6-(oxazol

N N 5-yl)thio)-9H-purin-9
o 0 yl)propionarnide 

2N 0' 

\ / 0 3-(6-aiio-8-((6-(oxazol

1D-33 N N > 2-yl)bozo[d][l,3]dioxol
5-yl)thio)-9H-purin-9-yl)

o ~ N-(tert-butyl)propananidle 
HN_ 

NH2 

ID34N N 2-yl)benzo[d][1,3]dioxol
0D3 5-yl)thio)-9H-purin-9-yl)

O N-isobutylpropaoamide 

-3-(6-aminlo-8-((6-(oxazol-2~2S\/0 
ID-35 N N C) yl)benzo[d][1,3]dioxol-5

yl)thio)-9Ii-purin-9-yl)-N

o ~cycl:opropylpropaniamide 
ON
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Compoutid No. Structure Name 

NH2  o 

1D-3 N0 (oxazol-2

ID-3 OJyl)benz.[d][1,3]dioxol-5

H yl)thio)-9Hv-purin-9
0 yl)ethyl)isobutyramide 

NH2 

\ / 0(oxa7.ob2
ID-37 N N yl)benzo[d][i,3]dioxol-5

() 0 y1)thio)-9H-putin-9

'NH yl)ethyl)propionamide 

2  0/N-(2-(6-amnino-8-((6

N N _0 ~ (oxazol-2
1D-38 N'N )yl)benzo[d][1,3]dioxcl-5

0 yl)thio)-911-purin-9

yl)etliyl)acetaide 

('N 
NH2  z N-(2-(6-amino-8-((6

NCD-39: (oxazol-2
ND3 Nt yl)benzo~d][1,3]dioxol-5

() 0 yl)thio)-911-purin-9

NH yl)ethyl)formaniide 

NH2  0/N-(2-(6-ammo8-((6

ID-40 N - yl)benzokflrl,3ldioxol-5

0 yl)thio)-9H-purin-9

NH yl)ethyl)pivalamide 

0 

ID-41 N N ' yI)benzo~d][1,3]dioxol-5

NH yl)ethyl)-3

0=L methylbuianarnide
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Compound No. Structure Name 

NH 0 N-(2-(6-amino-8-((6
N ~' (oxazol-2

1D4 yl)bernzo[d][1,3]dioDxol-5
ID-42yl~thio)-9H-purin-9

C)NH yl)ethyl)cyclopropanie
0 carboxamide 

NH, 

N - N-f3-[6-Amidno-8-(6
\ /0 oxazol-2-yl

ID-43 N 'ebenzo[ 1,3]dioxol-5
ylsulfanyl)-purin-9-yl

HN' propyl)-2,2-dimethyl
o propionamide 

N'1 

%~ N -N-{3-[6-Amino-8-(6

~2-S / 0oxazol-2-y1

ID-44 0benzo[1,3]dioxol-S

ylsulfanyl)-purin-9-yl]
HN propyl} -iaobutyramide 

4-N 

NHz O 
2 N Cyclopropanecarboxylic 

s - 0 acid {3-[6-amino-8-(6
145NH 0 oxazol-2-yl

0 benzo[1,3]dioxol-5

NH yisulfanyi)-purin-9-yli
0-1 propyl} -amide 

IINz 
N-3-[6-Amino-8-(6

ID-46 N MbenzuE I,3]dioxol-5
ylsulfanyl)-purin-9-yi]

NH4 propyl} -2-hydroxy
0 OHpropioniamide 

NH \ Acetic acid 1-{3-[6-amino

8-6-oxazol-2-yl

ylsulfanyl)-purini-9-yl]

NH propylcarbarnoyl} -I
0 c methyl-etityl ester
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Compound No. Structure Name 

NH2  0 /N-{3-[6-Amino-8-(6

O oxazol-2-yl

1D-48 N 9 benzo[l,3]dioxol-5
ylsulfanyl)-purin-9-yl]

NH propyl}-2-hydroxy-2

oH methyl-propionamide 

NH2  o"N 

N N-(3-(6-amino-8-((5

lD-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 lE, 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 X2 is a nitrogen and sulfur-containing optionally substituted aryl group different from 

10 optionally substituted thiazolyl, Y is CH2 , and/or X, is F, Cl, Br, or I are also within the scope of 

the disclosure.  

Table 1E 

Compound No. Structure Name 

NH2  s 

)-\ _s 2 -(6-aminio-8-((6-(thiazol-2
lE-1 N N yl)benzo[d][l,3]dioxol-5

yl)thio)-9H-purin-9-yl)-N
san isopropylethanesulfonamide 

HN 

NH2 
sN 

N N2-(6-amino-8-((6-(thiazol
IE-2 N -- O 2-yl)benZo(d][1,3]dioxolNH- 2  -N 05-yl)thio)-91H-purin-9-yl)

N-ethylethanesulfonamide 

HN
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Compound No. Structure Name 

NH 2-(6-amino-8-((6-(thiazol
N >_ 'o 2-yl)beirzo[d][1,3]dioxol

1E-3 N N 5-y1)thio)-9H-purin-9-y1)
N

HNOS2 methytethanesulfonlaride 

NH2  s 

N .N -2-(6-amino-8-((6-(thiazol

1E-4 N \_S / o 2-yl)benzo[d][1,3]dioxol
NN o 5-yl)thio)-9H-purin-9

yl)ethanesulforinmde 
902 

NH2 
N N - -(6-aino-8-((6-(thiazol

N. NS / 2-yl)benzo [d] [ 1,3]dioxol 
1E-5 N N5-yI)thio)-9H-purin-9-yl)

'11102N-(tertHO2  butyi)ethanesuifonamide 

NH2 

- 2 ~ 2-(6-amilno-8-((6-((hiazol
NN N 42-yl)ben7zo[d][I ,3]dioxol

IE-6 0 5-yl)thio)-9H-purin-9-yl)
,502 N

HN )32isobutylethancsulfonami&

NH2  s 

N N -2-(6-amino-8-((6-(thiazol

- -: s 2-yl)benzo[d][I,3]dioxol
1E-7 0 5-yI)thio)-911-purin-9-yl)

N-cyclopropyl
[IN Ietbanesulfonamide 

N2 -N N-(2-(6-amino-8-((6

N -s 7 (thiazol-2 

IE-8 N Nyl)benzo[dl[1,3]dioxol-5
yl)thio)-9H-purio-9

NH yl)ethyl)piepane-2
0, sulfonamide
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Compound No. Structure Name 

NH, a N-(2-(6-amino-g-((6
-~ - (thiazol-2

IE-9 LN N yl)benzo[d][l ,3]dioxol-5
yl)thio)-9B-purin-9

NH yl)etliyl)ethane-2
o8 NH sulfonamide 

NHI, N-(2-(6-amiino-8-((6
Wl-r N,(thiazol-2

IEE10 N :N- y1)benzo~d][ 13] diaxoI-5
N- Yl)thio)-9H--purin-9

02 NH sulfoniamide 

NH2 N-(2-(6arjno.8-((6
1- N - (thiazol-2

() 01 yl)thio)-9H-purin-9

,NH yl)ethyl)-2-nietliylpropanle
023 ~ 2-sulfonamide 

NH, 8N-(2-(6-amnio-8-((6

l)-s1-1(tliiazol-2

IE-12 >N y)benzo[d][1,3]dioxol-5
O-j Ayl)thio)-9I1-purin-9

,NH yl)ethyl)-2-methylpropane
03 2-sulfinamide 

,W- N, (thiazol-2

IE-13 KN N> 0yl)benzo[d][1,3]dioxol-5

NH yl)eihyl)-2-methylpropane
023\_ 1-sulfonamide 

NHN 

N ~ NN-(2-(6-amnivo-8-((6

0 (thiazol-2
1E-14 N N, ' yl)beozo[d][1,3]dioxol-5K' 0 yl)thio)-91i-purin-9

,NH yl)ethyl)cyclopropane
0,9 8 sulfonamide
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Compound No. -Structure Name 

NH2 

N \ - 3-(6-amino-8-((6-(thiazol

IE-15 5-yl)thio)-9H-purin-9-yl)

) N-isopropylpropane- 1 
02s sulfonamide 

NH 

N ~ N -3-(6-aniino-8-((6-(thiiazol

NN >S \ 0 2-yl)benzo[d][l,3]dioxol

028 sulfonamide 

_NH 

H2  
S 

N -N 3-(6-amhno-8-((6-(thiazol
\ / 0 2-yl)benzo[d][I,3]dioxol

IE-17 N ~5-yl)lhio)-9HI-purin-9-yl)
N-methylpropano-l1 

sulfonamide 
NH 

NH2  a 

N 3-(6-amino-8-((6-(thiazol

1E48"N' N ) 2-yl)benzo[d][1,3]dioxol
0 5-yl)thio)-9H-purin-9

yl)propane-1 -sulfonaimide 
028 

NH2 

N2  s / 

N -N -" 3-(6-amino-8-((6-(thiazol
>_s 0 2-yl)benzo~d][1,3]dioxol

IE-19 N'N 5-yl)thio)-9H-purin-9-yl)
N-(1ert-butyl)propane-1

O2S~ysulfonamide 

N-5 

N - s 3-(6-anmino-8-((6-(thiazol
k N -abutylopane3]io-1 

IE-20 0j 5-yl)thio)-9H-purin-9-yl)

j sulfonamide 
HN-
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Compound No. Structure Name 

NH, a/ 
N -.- 3-(6-amio-8-((6-(thiazol

K _ -0'~ 2-yl)benzo[d][1,3]dioxol
IE-21 N -N5-yl)thio)-9l1-purin-9-yl)

N-cyclopropylpropane-1I
sulfoniamide 

NH,2~ 

N N, N.-(3-(6-amino-8-((6
K \/ (thiazol-2

IE-22 N ~yl)benzo[d][1,3]dioxol-5
yl)thio)-9-l-purin-9
yl)propyl)propane-2

HNSal sulfonamide 

r(N 
N s N(-6aio8(6 

\ / 0 (tbiazolh2

IE-23 N yl)benz:od]1,3]dioxol-5 
yl)thio)-9H-purin-9
yl)propyl)ediane-2

Hl sulfoniamide 

2H s N-(3-(6-amnaSo~-((6

cI \>-s\ 0 (thiazol-2
IE-24 a N )- yl~benzo~d][1,3]dioxol-5

yl)thio)-9H-purin-9
yl)propyl)methanic-2

HN sulfonamnide 

NH, 5 
N -~ -N-(3-(6-amino-8-((6

-- \ / 0(thiazol-2
N N yl)benzo[d][1,3]dioxol-5

IE-25 , ~ 0yl)thio)-91xbpurin-9.  

HN ls merhypropanec-2

So, sulfonamnide 

NHN NH N- -(6-amnino-8-((6

N - (thiazol-2
\1 N /j ylb o[dl[I,3]dioxol-5

IE-26 Nyl~tio)-9H-puin-9 

HtN methypropane-2
0O sulfinamide
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Compound No. Structure Name 

NH2  SN-(3-(6-aminlo-8-((6

(tlhiazol-2
4 N yl)benzo[d][1 ,3]dioxol-5

IE-27 0yl)thio)-9H-purin-9

yl)propyl)2
HN methypropane-1

02 sulfonamide 

NH2 

N N-(-(6-aniino-8-((6

[I.. (thiazol-2
E-28 N0yl)benzo[dl]l .3]dioxol-5

MN yl)propyl)cyclopropn-

so2  sulfonamide 

NH2  
ea 

- 3-(6-atnino-8-((6-(thiazolb 

1E29N N 2-yl)benzo[d][1,3]dioxolI E-295-yl)thio)-9H-purin-9-yl)

HN N-isopropylpropanamide 

NH2  s 

N N 3-(6-amnino-8-((6-(thiazo[
IE,3 KN -S ~2-yl)benzo[d] [1,3]dioxol

o N-ethylpropaniamide 

NHN 

N ~ N3-(6-amioo-8-((6-(thiazol

0 5-yl)thio)-9H-purin-9-yl)

N-methylpropanamide 

N N 

N2  q 3-(6-amino-S-((6-(thiazol
N 

1E-N3N 5-vl)thio)-9H-purin-9

0 yl)propanamide 

/-o 
__________________H

2N
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Compound No. Structure Name 

NH2 al 

N / -s 3-(6-aniino-8-((6-(thiazcl

M1-33 N N 0 2-yl)benzo[d][1,3]dioxol
5-yl)rhio)-9H-purin-9-yl)

HN2L N-(tert-butyl)propanamido 

NH, a 
N - N 9 z 

\>- / 0 3-(6-ainino-8-((6-(tiazol
I34N N )2-yI)benzo[d][1,3]dioxol

o5-yl)thio)-9H-purin-9-yl)

o N-isolmtylpropanamide 
HN_ 

NH, a 
N ~ -(6--amino-8-((6-(tiazol

\>- / 0 2-yl)benzo[d][1,3]dioxol
1E-3 ND 5-yi)thio)-9H-purin-9-yl).  

N

HN cyclopropylpropaniamide 

("N 
NH, s / 

N' N -N-(2-(6-amiino-8-((6
- 0 (thiazol-2

IE-36 N N : yl)benzo[d][1,3]dioxol-5

NH yl)thio)-9H-purin-9
NH yl)ethyl)isobutyramide 

N " (thiazol-2

IE-37 N N )benzo[d][1,3]dioxol-5Nl yl)thio)-9H-purin-9

NH yI)ethyl)propionamide 

NH a N-(2-(6amiiio-8-((6
>- s (thiazol-2

IE-38 K l ~ yl)lienzo[d][1,3]dioxol-5/ 0 yl)thio)-9H-purin-9

NH yl)ethyl)acetamide 

NH, a/N-(2-(6-amino-g-((6
N '- N -(thiazol-2

N0 yI)Lhio)-9H-purin-9

NH yl)ethyl)formamide
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Compound No. Structure Name 

NH2N N-(2-(6-amnon-8-((6

N (thiazol-2

0 yl)thio)-9H-purin-9
NH yl)ethyl~pivalamide 

NH 

K S / 0 (thiazol-2
IE-4 N y1)Ibenzo[d][1,3]dioxolb5~) 0 y1)thio)-9H-purin-9

NH yl)ethyl)-3
o methylbutaianide 

N112  sN-(2-(6-amino-S-((6

U. 0 >a (thiazol-2
1E-2 NN y1)bcnzo[d][I,3]dioxol-5

IE -42 0yl)thio)-9H-purin-9
o H yl)ethyl)cyclopropane

carijoxamide 

NH2  S {
3 6Aeio.( 

',,N I - -3[-mn8(6 
I S 0 thiazol-2-y1

IE-43 N N bonzo[t,3]dioxol-5
ylsuffanyl)-purin-9-y]
propyl)-2,2-dirnethyl

o propionamide 

lH2  a 

l,:.-:xN-{3-[6-Amnino-8-(6

IE-44 benzo[1 ,3]dioxo1-5
ylsuifanyl)-puriin-9-yl]

FIN propyl} -isobutyramide 

NHN Cyclopropanecarboxylic 
N ~acid {3-[6-amnino-g-(6

1E-45 Nthiazo1-2-y1

betnzo[1,3]dioxol-5
NH ylsulfanyl)-puri-9-y1]

propyl} -amide
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Compound No. Structure Name 
NHN 

NH2 s N-{3-[6-Amino-8-(6

- s N o- n thiazol-2-yl
IE-46 N benzo[1,3]dioxol-5

ylsulfanyl)-purin-9-yl]
NH propyl}-2-hydroxy

o OH propionamide 

NH2 a Acetic acid 1-(3-[6-amino

iS o/ 8-(6-thiazol-2-yl
1E-47 N N benzo[1,3]dioxol-5

ylsulfanyl)-purin-9-yll
propylcarbamoyl)-1

O .~AO methyl-ethyl ester 

N-{3-[6-Amino-8-(6
L o nthiazol-2-yl

IE-48 N N benzo[1,3]dioxol-5
ylsulfanyl)-purin-9-yl]

'NH propyl}-2-hydroxy-2

OH methyl-propionamide 

NH2  a 

'N N 
\ /N-(3-(6-amino-8-((5

IE-49 N o' 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 X 4 is H1. Corresponding structures in which X 2 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. Structue Name 

N1 12  o / 
) - 2-(6-amilio-8-((6-(furan-2

K -N~s\/ yl)benzo[d][1,3]dioxol-5
1F-1 yI)thio)-9H-purin-9-y1)-N

isopropyl

FIN 302ethanesulfonarnide 

NH2  0 

N N N -2-(6-arnino-8-((6-(f'uran-2

IFK N N > 0 yl)benzo[d][1,3]dioxol-51F--N0 yl)thio)-9H-purin-9-vi)-N

ethylethanesulfonarnide 
HN 

N '~ N -2-(6-amino-8-((6-(farani-2

1F-3 N N. > / yl)benzordi[,1,3]dioxol-5
0- yl)thio)-9H-purin-9-yl)-N

m.ethytethaiiesulfonamide 
HN 

NN N 2-(6-amio-8-((6-(fuar-2

oH 
yl)thio)-9H-purin-9

yI)etlnanesiilfonamide 

H2N 

NH2  0j 

N N N -2-(6-amino-8-((6-(furan-2

> /j /0 yl~benzo [d] [1,31]dioxol-5 
IF-5 N N o

3  
yl)thio)-911-purnn-9-yl)-N

(ters
HNIS02 butyl)ethaniegul fon ani de 

NH2 

N N N 0 2-(6-amino-8-((6-(fitran-2

IF-6 KAiN ~ yl)benzo[d][1,3]dioxol-5

H SO2
isobotylethanesulfonanide
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Compound No. Structure Name 

NH21 ~N -2-(6-amino-8-((6-(furan-2

N yl)beiizo[d][1,3]dioxol-5 

lF-7 N ~yl)thio)-9H-purin-9-y)-N
-2 cyclopropyl

H N ethanesulfonanmide 

NH2  0/N-(2-(6-amino.8{(6.  

N N ~ -(furan-2

IF-8 N N. yl)benzo[d][l,3]dioxol-5
0 yI)thio)-91-purin-9

NH yl)cthyl)propane-2
02S sulfonamide 

N N N -(furan-2

IF-9 N N yl)benzo[d][l,3]dioxol-5
0 y1)tluio)-9H-pin-9

yl)ethyl)ethane-2
OsNH sulfonamide 

NH-2  0/N-(2-(6-anino-9-((6

N >N _ ( furan-2

IF10N N 094 yl)bcnzo[d][l,3]dioxol-5
yl)thio)-91I-purin-9K yl)ethyl)rnethane-2

02SNH sulfonamide 

N-' N N-(2-(6-amino-8-((6
K Nr\>S_ / (faran-2

1F-li N N yl)benzo[d][l,3]dioxol-5

Nil yl)thio)-9H-purin-9
0, Nilyl)ethyl)-2-rnethyloropane

025 2-sulfonamide 

NH2' 0 / N-(2-(6-amiuno-g-((6

N N N0 (furan-2

yl)thio)-911-purin-9
,NH yl)ethyl)-2-methylpropn-

OS 2-sulfinaniide
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Compound No. Structure Namne 

NH2  o- /N-(2-(6-amino-8-((6

N0 (furani-2
IF-13 N N- 0 yl)bceoza[d][l,3]dioxol-5

C yl)thio)-9H-purin-9

NH yl)ethyi)-2-methylpropane
n,9 1-sulfonamide 

NH2 NN-(2-(6-amino-8-((6

N ~-~-s 7- ~(furani-2
IF1 N~ N ' yl)benzo[d][1,3]dioxol-5

liF-14 0yl)thio)-9H-purin-9

O's NHyl)ethyl)cyclopropane

> sulfonamide, 

- \/ C 3-(6-amnino-8-((6-(ftnran-2
N ,N >- yl)benzo[dj[1,3Jdioxol-5

IF-15 I yl)thio)-9H-purin-9-yl)-N
) isopropyipropane- 1

025 sulfonamide 
NH 

NH2  n
N *~N -3-(6-aminio-8-((6-(furan-2

- / yl)benz[d][1,3]dioxol-5
IF-16 N3 yl)thio)-9H.-purin-9-yl)-N$ ethylpropane-1

025 sulfonamide 

NH 

-N -3-(6-amino-8-((6-(ftiran-2

\(M, / yl)benzo[d] [1, 3]1dioxol -5 
IF-17 ~ - yl)thio)-9H-purin-9-yl)-N

methylpropane-l 

o~s~ sulfonamide 
NH 

NH, 0 

N - N 3 -(6-amino -8-((6-(f.4ran-2

IF-18 N , N yl)benzo[d] [1, 3 ]dioxol-5 
1F-18 Nyl)thio)-9H-purin-9

yl)propaiie-1-sulfonamide 

o~ NH
2
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-Comnpound No. Structure Name 

N N -3-(6-amino-8-((6-(furan-2

N / yl)benzo[d][1,3]dioxol-S
lF-19 N o-2N,> yl)thio)-9H-purin-9-yl)-N

(tert-butyl)propne- 1

O2J sulfonamide 

NN 3-(6-amino-8-((6-(furan-2
N -N'N >-% ) yl)benzo[d][1,3]dioxol-5

IF-20 0yl)thio)-9H-purin-9-yL)-N

isobutylpropane-lI
02A sulfonamide 

NN N 3-(6-amino-8-((6-(faranl-2
l- N>-S 0 / yl)ben7o[d][1,3]dioxol-5

IF-21 N N yl)thio)-9H-purrn-9-yl)-N
cyclopropylpropane- 1 

sulfonamide 

NH2 

N-NN' N-(3-(6-amino-8-{(6
:C \>/_ (fuan-2

IF-22 NNyl)benzo[d][l,3]dioxol-5
yl)thio)-9H-purin-9

HN yl)propyl)propane-2
HNO2  sulfonamide 

NH2  0/N-(3-(6-aminio-8-((6

N-- N fuan2 
IF-23 N N yl)beuzu[d][1,3]diuol-5

yl)thiO)-9H-Purin,-9
yl)propyl)ethane-2

802 

NH, N-(3-(6-asniio-8-((6

N N N -(furan-2

IF-24 [N~ N yl)benzo[d][1,3]dioxo-5
yl)thio)-9H--purin-9
yl)propyl)methan-2

[IN sulfonamiide 
/ So.
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Compound No. Structure Name 

NH2 N N-(3-(6-amino-8-((6

.-Li I>- \/ (furati-2

QF-N yl)benzo[d][1,3]dioxol-5
0F2 yl)thio)-9H-piurin-9

yl)propyl)-2
HN '0 methylpropaiie-2
-A 2  

sulfonamide 

NH2 

N ~ -N-(3-(6-amino-8-((6

(furan-2

IF-26 N' N yl)benzo[d][l ,3]dioxol-5
yl)thio)-9H-purin-9

NH yl)pro~pyl)proPan-
HN 0 sulfinamidde 

H2  0 N-(3-(6-amino-8-((6
N N - (faran-2 

4\ / yl)benzo[d][l.3]dioxol-5
IF-27 Nyl)thio)-9H-purin-9

yl)p-pyl)2
HN methylpropane-1

802so sulfonamide 

NH, 

K \ 0 (faran-2
14~ N y1~benzo~d][ 13] dioxol-5 

IF-28 0yl)thio))-9H-purin-9

HN yIpropyl)cyclopropane
so02  

sulfonamnide 

NH, 0' 

NN N

IF-29 N N yl)benzo[d][1,3]dioxol-5
0 yl)thio)-9H-purin-9-yl)-N

NH 

N N -3-(6-amino-8-((6-(faran-2

IF-30 K -N' \ 3 yl)benzo[d][1,3]dioxol-5

0 yl)thio)-9H-purin-9-yl)-N-
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Compound No. Structure Name 

NH2 

N-,-, - 3-(6-amino-8-((6-(fuan-2

o ~ methyipropanariide 

NH, 2 3-(6-amino-8-((6-(furao-2

IF-32 N >_ -N yl)benzo[d][1,3]dioxol-5

KN yl)thio)-9H-purin-9

o yl)propananm de 

NN N 3-(6-amino-8-((6-(furan-2

IF-33 N N )yl)benzo[d][1,3]dioxol.50 yl)thio)-9H-purin-9-yl) -N

o (tcrt-butyl)propananide 
HN/ 

NH2 

/ 0 -(6-aino-S-((6-(furan-2
IF-34 N N % yl)benzo[d][1,3]dioxol-5

o yl)thio)-9H-purio-9-yl) -N

o isobutyipropanamide 
HN__ 

NH, 

-o 3-(6-arrdno-8-((6-(furan-2
IF-35 4 N 0yl)ben7zo[d][1,3]dioxol.5 

1F-35yl)thio)-9H-purini-9-yl)-N

NH cyclopropylpropanamide 

NH, 

N ' N -N-(2-(6-amino-8-((6

K > \S / 0 (furan-2
1F-36 N N 6 C yI)benzo[d][1,3]dioxol-5

( yl)thio)-9H-purin-9
NH y~ty~sbtemd 

NH, 0/N-(2-(6-arnino-S-((6

N N _NS (faran-2
11/-37 K Nyl~benzo[d] [I.3]dioxol-5 

0 yt)thio)-9H-purin-9

NH yl)ethiyl)propaaide 
0=
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Compound No. Struemee Name 

N H'N N-(2-(6-amino-8-((6

N W, (fuaan-2
IF-38 N yI)benzo~d][1,3]dioxol-5

NH yl)thio)-9H-purin-9

NH2  0/N(-6aioS(6 

N' , N(ffiratn-2

IF-39 NlN'> 0 y1)ibenzo[d][1,3]dioxol-5

NH yl)ethyl)formiamide 

NH
2 

1F40K \N (foiran-2
IF4 N N yl)benzo[d][1,3]dioxol-5

NH yl)ethyl)pi-valamido 

NH2  0/N-(2-(6-2aino-8-((6

N' 6 (furan-2
IF4 N ' N>S~ / yl)beozo [d][1,3]dioxol-5

1F-41 Cyl)tliio)-9H-purin-9

NH yl)ethyl)-3
0 methylbutanamide 

NH2  0 /N-(2-(6-amino-8-((6

3 (faran-2
I42N N 0yl)benzo[d][1,3]dioxol-5

IF-42y1)thio)-9H-purin-9

NH yl)ethyl)cyclopropane

011 carboxamide 

NH2  2-(6-amio--((6-(

0 methylfaran-2

IF-43 N N 0yl)ben~o[d][1,3]dioxol.&

;SO2  isopropyl
HN ethanesulfonamide
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Compound No. Structure -Name 

N N N -2-(6-amino-8-((6-(5

\ / 0 methylfaraii-2
IF-44 N N 9y1)1benzo[d[1,3]dioxol-5

0yl)thio)-9H-purini-9-yl)-N

,SO, ethylethanesulfonatnide 

NH 

N ~ N2-(6-amino-8-((6-(S

- \ /0 methylfuran-2
1F-45 N N 9 yl)benzo[d][1,3]dloxol-5

0yl)thio)-9H-purin-9-yl)-N

JSo, methylethanesulfonamide 

N N N -methylfuran-2

IF-46 N yl)benzo[d][1,31dioxol-5
o Yl)thio)-9H-plnrin-9

.302 yI)ethanesulfonarnide 
H2N 

NH2  ~ /2-(6-amino-8-((6-(5

N-Y methylfuran-2

1F N~ N > yl)bcnzo[d][1,3]dioxol-5

SO, (teff

HN butyl)ethanesulforaamide 

N '~ N -2-(6-amino-8-((6-(5

N , \/ methylfuran-2

IF-48 Nyl)benzo[d][1,3]dioxol-5

,SO2yl)tliio)-9H-purin-9-yI)-N

HN isobutylethanesulfonanide 

N H, - 2-(6-nsinc-8-((6-(5

N ~ N ethylfuran-2

IF4 N ~ ~K 9  yl)benzordl[1,3]dioxol-5
1F-49 yl)thio)-9H-purin-9-yI)-N

,SO, cyolopropyl
HN ethaniesulfoniamiide
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Comnpound No. Structure Name 

NH2  0N-(2-(6-amino-8-((6-(5

\/0 niethylfuran-2
IF-50 N N )yI)benzo~d][1,3]dioxol-5

0 yl)thio)-9H-purin-9

NH yl)ethyt)propane-2
02S sulfonamide 

NH, o N-(2-(6-amino-8-((6-(5
N ', -N -mthyffuran-2

TF-51 N N] yI)benzo[d][l,3]dioxol-5
0 yl)thio)-9H-purin-9

y1)ethyl)ethane-2
0NH sulfonamide 

NH2  0 h N-(2-(6-amino-8-((6-(5
N N N - ethylfaran-2

IF-52 N /N yl)bien70[d][1,3]dioxol-5
N yl)thio)-9H-purin-9

yl)cthyl)methane-2
09NH sulfoniarmde 

NH2  a 

N -I'N,~ - N-(2-(6-amino-8-((6-(5

IF-53 N d- yl)benzo[d][l,3]dioxol-5
yl)thio)-9H-puxin-9

028 !qHyl)ethyl)-2-rnerliylpropare

2 2-sulfonamide 

H2 N 0 N-(2-(6-amilio-8-((6-(5
N N \/0methylfuran-2

IF-54 N KC yl)lbenzo[d][1,3]dioxol-5
yl)thio)-9H-purin-9

,NH yl)ethyl)-2-nmethylpropanie
05 2-sulfmnamide 

NH2  o/N-(2-(6-amino-g-((6-(5

N N methylfuran-2

IF-55 .N 0~ yl)benzo[d][13ldioxol-5

,NH yl)ethyl)-2-mnethylpropane
028\_ 1-sulfonamide
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Compound No. Structure Name 

NH2  ~ / N-(2-(6-amidno-8-((6-(5
N N -mothylfuran-2

IF-56 N N yl)bernzo[d][1,3jdioxolb5

,NH ylj)ethyl)cyclopropane
025 sulfonamide 

NH2 

N N N - -(6-amino-8-((6-(5
\/-0 methylfuran-2

1F-7 N yl)benzo[d]1,L3]dioxol-5
IF-57yl)thio)-9H-purin-9-yi)-N

03 ssopropylpropane-1
N2H aulfonmide 

NH2  0/3-(6-amino-8-((6-(5

N NN 0 methylfuran-2

IF-58 N Ny1~beozo)[d] [ I3]dioxol-5

yl)thio)-9H-purin-9-yly-N

0 2S sulfonamide 
NH 

N N N 3-(6-amino-g-((6-(5
K ~ S / ~methylfurani-2

IF-59 N0N yl)benzo[d][l,3]dioxol-5
0yl)thio)-9H-purin-9-yl)-N

methylpropane-1
03 sulfoniamide 

NH 

NNN 3-(6-aniino-8-((6-(5

IF6 N N /s 0 methylfurao-2
lF-60 Nyl)benzo[d][1,3]dioxol-5

yl)thio)-911-puein-9

02~ ~yl)propane-1-aulfoilauide 
NH, 

NH2  G 3-(6-armino-8-((6-(5

"-N> methylfuran-2

IF-61 KN N 0yl)benzo~d][1 ,3]dioxol-5

O's sulfonamiide
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Compound No, Structure Name 

N N - 3-(6-amnino-8-((6-(5
0 methylfuran-2

IF-62 N N - ~ Yl)benzordi[l,3]dioxolb5
yl)thio)-9H-purin-9-yl)-N

02 isobutylpropane-I 
HN-\ sulfonamide 

NH2 3-(6-amino-8-((6-(5
I. \/ methylftuan-21F-63 N N yl)benzo~d][ 1,31]dioxol-5

0 vl)thio)-9H-purin-9-yI)-N
cyclopropylpropane- I

0,5 sulfonamide 

NN N-(3-(6-amino)-l-((6-(5
\ / No methytfuran-2

IF-64 O- yl)benzo[d][ 1 3] dioxol-5
yl)thio)-9H-purin-9

HN yl)propyl)propatie-2
so, sulfonamide 

N N2 N-(3-(6-amino-g-((6-(5
\/0 methylfuran-2

liF-65 N N ojyl)benzo[d][l1,3] dioxol-5 
yl)thio)-9H-purin-9
yl)propyl)ethanie-2

HN sulfonamide 

-J 0 

NH N N0 N-(3-(6-amino-8-((6-(5
0 methylfuran-2

IF-66 N 'N )yl)bernzo[d][l1,3] dioxol-5
yl)thio)-91--purin-9

yI)propyl)methare-2
HN sulfonamnide 

NH, N-(3-(6-an-ino-8-((6-(5

N N N - methylfuran-2 

IF6 N* - ~ yl)berizo[d][l,3]dioxol-5
IIF-67 0yl)thio)-9H-purin-9

HN 'smethylpropane-2

-7 sulfonamide



WO 2012/138894 PCT/US20121032371 

74 

Compound No. Structure Name 

N ~ N-(3-(6-amino-8-((6-(5
0 methytftiran-2

1F6 N yt)berizo[d][1,3]dioxol-5
IF-68 0yl)thio)-911-purin-9

HN yl)propyl)propane-2
so, sulfinamride 

NH2 N-(3-(6-amino-8-((6-(5

N~ ~>S methylfurasi-2 

1F-69 /0j ~ yl)thio)-9H-purin-9
yl)propy1)2

HN, methylpeopane- 1
SO2 sulfonamide 

NH2 

N \N N-(3-(6-amirc-8-((6-(5
-. \ 0 methylfuran-2

IF-7 N Nyl)benzo[d][1 ,3]dioxol-5
1F-70 Nyl)thio)-9H-purin-9

HN yl)propyl)cyclopropane
HNo sulfoniamide 

N N, - 3-(6-amino-8-((6-(5
\ / -o methylfuran-2 

oF7 yl)benzo[d][i,3]dioxol-5
yi)thiio)9H-purin-9-yl)-N

-0 isopropyipropanamide 
HN 

N 0N- 3-(6-amino-8-((6-(5

\ / 0 methylfuian-2
IF-72 N N yl)benzo[d][1,3]dioxol-5

HN 

N ~ N -3-(6-amino-8-((6-(5

U.. ~ \ / ~methylfuran-2
1F-73N N3 yl)benzo[d][1,3jdioxol-5~ 0 yl~thio)-9Il-purin-9-yl)-N

o methyipropanamide 
I N
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Compound No. Structure Name 

'N N 3-(6-amino-8-((6-(5
\ / omethylfuran-2

IF-7 N Nyl)benzo[d][1 ,3]dioxol-5
yl)thio)-9H-purin-9

H2N 

N ~ N3-(6-amilu-8-((6-(5

IF7 N, o 0 methylfuran-2 
~F-75 N Nyl)benzo[d][1,3]dioxol-5

[IN (tert-butyl)propanamide 

NH2  0 

IA -XS / 0 mettylfuran-2
1F-70N yl)benzo~d][1,3]ldioxol-5

yl)thio)-911-purin-9-yl)-N

MN isobutyipropanaimide 

H2 

N N 3-(6-amino-8-((6-(5
, N)S 0 methylfuran-2 

IF-77 N0No- yl)benzo[d][1,3]dioxol-5

HN cyclopropylpropanamiide 

N_ N N-(2-(6-ami no-8-((6-(5

IF-78 "N < )yl~enso [d] [1,3] dioxol-5
yl)thio)-9H-purin-9

NH yl)etbyl)isobuityramide 

NH, 0 / N-(2-(6-amino-S-((6-(5

N 'N9 N ylbenzo[d][1,3]dioxol-5

1F-7 KN ~ 0yl)thiu)-9H-purin-9

PH yl)etbyl)propanamide
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Compound No. Structure Namne 

N '~ NN-(2-(6-anino-8-((6-(5
\ /0 methylfuran-2

IF-80 N N yl)benzo[d][1,3]dioxol-5

yl)thic)-9H-purin-9
NH yl)ethyl)acetamide 

NH2  o /N-(2-(6-amino-8-((6-(5
N'N N mehylfuran-2

IF-81 N N yl)benzo[d][1,3]dioxol-5
~ 0 yl)thio)-9H-purio-9

NH yl)ethyl)fonmamide 

NH 

N 'N N -N-(2-(6-amino-8-((6-(5

NH yl)tbuo)-9H-purin-9

o= yl)ethyl)pivalamide 

NH2  0-N-(2-(6-arnino-8-((6-(5

1F-83 KN N yt)benzo [d][ 1,3] dioxo-5 
yl)thio)-9H-purin-9

NH yl)ethiyl)-3

o=1 methylbutanamide 

NH2  0/N-(2-(6-amnino-8-((6-(5

'N ">s ~ omethylfuran-2
N N8 yt)benzo[dj[1,3jdioxob5

11-84 0yl)thio)-91l-purin-9
NH yl)etliyl)cyclopropane

0 carboxamnide 

N(-6-Aimno-8-[6-(5

methyl-faran-2-yl)

1F-85 Nbenzo[1,3]dioxol-5

H propyl)-2.2-dimnethyl
o propionamide
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Cornpound No, Structure Name 

N - N-(3-f6-Amino-8-[6-(5
~ \ methyl-faran-2-vi)

IF~-86 0benzo[1 ,3]dioxol-5
ylsulfanyl]-purin-9-yl}.

N propyi)-isobutyranaide 

NH, 0 /Cyrlopropaiiecarboxylic 

S acid (3-f{6-amlic-8-[6-(5

IF-87 N N methyl-fuiran-2-yl)
benzoL l,3]dioxo[-5

NH yiaulfanyl]-purin-9-yl I 
o propyl)-amide 

NI H9 N-(3-{ 6-Aminio-8-[6-(5

~L s 0 mothyl-furan-2-yl)

IF-88 N-N benzo[1,3]dioxol-5
ylsulfanyl]-purin-9-yl} 

H propyl)-2-hydroxy

O H propionamide 

NH, 0 /Acetic acid 1-(3-(6-anuino

'1 8-[6-(5-methyl-faran-2-yl)

NF8 N ) benzo[I,3]dioxol-5
1F-89ylaulfanyl]-putio-9-yl} 

NHl propylearbamoyl)-I 
o 0 Ac methyl-ethyl ester 

NH, C /N-(3-{6-Amino-8-[6-(5

0'~a methyl-furan-2-yl)
F-90 N N )benzu[l,3]dioxol-5

0ylsulfanyl]-purin-9-yl} 

NH propyl)-2-hydroxy-2
o OH methyl-propionamide 

N N - N-(3-(6-amioo-8-((5
1K N1  

methoxy-2-(5

HN 9-yI)propyl)pivalamide 

1 
0
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C-Il In some embodiments of the disclosure, X2 is an alkynyl group, e.g., ethynyl, I

prop-1-ynyl, and 3-prop-1-ynyl. Table lB 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 

IB, corresponding structures in which X 2 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 1B 

Compound No. Structure Name 
NH2 

N -N 2-[6-Amino-8-(6-ethynyl
N 9 /benzo[1,3]dioxol-5

1B3-1 N OJylsulfanyl)-purin-9-yl]

s02  
ethanesulfonic acid 

HN isopropylamide 

NH2 
N 2-[6-Amino-8-(6-ethynyl

benzo[1,3]dioxol-5
1B-2 N ylsulfanyl)-purin-9-yl]

ethanesulfonic acid 

H02 ethylamide 

NH
2 

2-[6-Amino-8-(6-ethynyl
- 0 benzo[1,3]dioxol-5

113-3 N O1 ylsulfayl)-purin-9-yl]
ethanesulfonic acid 

H N3o2 methylamide 

NH2 

N 2-{6-Amrino-8-(6-ethynyl

1B-4 N benzo[1,3]dioxol-5
ylsulfanyl)-purin-9-yl]

ethanesulfonic acid amide 
H7N 

NH2 

N' _N )= 2-[6-Aminoi--8-(6-ethynyl
N benzo[,3]dioxol-5

113-5 ' ylsulfanyl)-purin-9-yl]
ethanesulfonic acid tert

HN2 butylamide
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Compound No. Structure Name 
NH

2 

N " \>, 2-[6-Amino-8-(6-ethynyl
N' N O bcnzo[1 ,3]dioxol-5

1B-6 ylsulfanyl)-purin-9-yl]
I'S02ethanesulfonic acid 

FN isobutyl-amide 

N H, 

N N -2-6-Akmino-8-(6-ethynyl

N:N N benzo(1,3]dioxol-5
IB-7 )yisulfanyt)-purim-9-yll

ethancaulfonic acid 
HtI0 cyclopropylamide 

NH
2 

N ~ N -Propane-2-sulforic acid 
~-~S \/ ~O 2-[6-amino-8-(6-ethynyl

1B-g O benzo[1,3]dioxol-57 

NH ylsulfanyl)-purin-9-y]
0,. ethyl}-amnide 

NH2 Ethaciesijifonic acid f{2-[6
-C: N 0 amino-g-(6-ethynyl

lB-9 N j- benzo[ 1,3]dioxol-5

NH ylsulfanyl)-purin-9-yl]
ethyl}-ainide 

NH2 N-(2-[6-Amino-8-(6
\/0 ethynyl-benzo[1,3]dioxol

IB-10 N -> 5-ylsulfanyl)-purin-9-yl]
ethyl)

,NH methaniesulfonamide 
02S8 

CN 2-Methyi-propare-2
i~. '~ /0 sulfonic acid {2-[6-amiino

IB-11I) 8-(6-ethynyl
NH benzo[I,3]dioxul-5

028 yisulfanyl)-purin-9-yl]
X- ethyl)}-amide 

NH 2 N 2-Mcthyl-propane-2
N > _ -\/ snifinic acid {2-[6-arnino

I12C benzo[1,3]dioxol-5

odNh ylsulfanyl)-purin-9-yll
08 ethyl}-amide
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Compound No. Structure Name 

NH2' 2-Methyl-propane-i
\ / ~O ulfonic acid {2-[6-amino

IB-13 N -N~ )-(6-ethynyl
ltenz[i ,3]dioxol-5

P4H ylsulfaniyl)-purin-9-yll
olsa othyl}-amide 

N-I2 
N~ Cyclopropanesulfonic acid 

">-s\ / 0 {2-L6-amino-8-(6-ethynyl

IB-14 N ~benzo[l,3]dioxol-5
'NH ylsulfanyl)-punin-9-yll

Ntyl -aid 

3 -[6-Am~ino-8-(6-ethynyl

I15N N obenzo[1,3]dioxol-5

1B-i5 ylsufnyl)-purin,-9-yl]
propane-i -sulfonic acid 

NH isopfopylamide 

NH
2 

N 3-[6-Amino-g-(6-ethynyl.  

N benzo[1,3]dioxol-5
IB-16 ylaulfanyl)-purin-9-y}

propanle- I -sulfonir acid 
02S NHcihylamide 

NH 

N*-N -3-[6-Anmino-8-(6-ethynyl

IB1 N, / ben7ao[l,3jdioxol-5
LB-17 o-ylaulfanyl)-purin-9-yl

propane-l-aulfonic acid 
025 NHmethylatide 

NH 

N 3-[6-Amino-R-(6-ethynyl
lB-BN N /s benzo[1,3]dioxol-5

IB1n YISaulfanyl)-purin-9-yl]
propanie-l-aulfonic acid 

025 amide 
NH, 

NH
2 

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

lB-19 Nylaulfanyl)-purin-9-yli

Propane-1-sulfonic acid 
-2 tert-butylamide
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Compound No. Structure Name 
NH

2 

\ / 3-[6-Anino-8-(6-ethynyl
N benzo[1,3]dioxol-5

1B-20 ylsulfanyl)-purin-9-yl
) propare- I -sulfonic acid 

024 isobutyl-amide 

NH, 

N N, 3-[6-Amino-8-(6-etbynyl
\ 0 benzo[1,3]dioxol-5

1B21N N 
IB2 ylsulfaryl)-purioi-9-yl

( > propane-lI-sulfonic acid 

02S cyulopropylamide 

NH
2 

>-s Propane-2-sulfonic ai 

N N {3-[6-amino-8-(6-ethynyl
IB-22 benzo[1,3]dioxol-5

HN~ ylsulfanyl)-purin-9-yl]
HtSc2  propyl} -amide 

NH2 

N ~>- ~Ethanesulfonic acid f3-[6

lI./ o- amino-8-(6-ethynyl
IB-23 henzo[1,3]dioxol-5

N ylsulfanyl)-purin-9-yl]
HN propyl) -amide 

NT2 N -- N-f3-[6-Amino-8-(6
\ cthynyl-bcnzo(1,3]dioxol

IB-24 O ~ 5-ylsulfanyl)-puri-9-yl]
propyl) 

HN methanesulfonainide 

N -. 2-Methlyl-propane-2
/sulfonic acid {3-[6-amino

S benzo[l ,3]dioxol-5
HN ,ylsulfanyl)-purin-9-yl

so, propyl} -amide 

NH
2 

N. 2-Methiyl-propane-2

-N \/. sulfinic acid {3-[6-amino

IB-26 N 2 -(6-ethynyl
benzo[1,3]dioxol1-5

HN ylsulfanyl)-purin-9-yl]
an propyl} -aniide
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Compound No. Structe Name 

N \ ~ -2-Methyl-propane-i 

~ / ~ slulfonic acid {3-[6-amino

1B-27 u< 9-(6-ethynyl
benzo[1,3]dioxol-5

HN ylaulfainyl)-puris-9-yl]

_so 2  
propyl}-amide 

N H2  \ 

~ ~-a \/OCyclopropanesulfonic acid 
N {-[6-amino-8-(6-elhynyl

IB-28 (3benzo(1 ,3]dioxot -5

HN ylsulfanyl)-purin.9-yl]
HN S02propylj-amide 

NH
2 

a \/ 3-[6-Anmino-8-(6-ethynyl

11B-29 H- " berrzo[1,3]dioxol-5
Ylaulfanyl)-purin-9-yl]-N

HN -Oisopropyl-propionamide 

NH
2 

w- 3-[6-Arnino-g-(6-ethynyl
\ 0 

1IB-30 N Nbenzo[1,3]dioxol1-5
0- ylaulfanyl)-purin-9-yl]-N

etlsyl-propionaniide 

N 

N~~ ~ -36-mn-8-(6-othynyl

1IB-31 N N benzo[1,3]dioxol-5
Ylaulfanyl)-purin-9-yl]-N

o methyl-Propioniamide 
HN 

NH2 

N. 3-[6-Amino-8-(6-ethynyl
IB-32 N , benzo[1,3]dioxol-5

0ylaulfanyl)-p-rin-9-ytl

propionamide 
HM_____________ 

NH2 

N 3-r6-Anmino-8-(6-ethynyl
> \ /, 0 11-3N '4 benzo[1,3]dioxol-51B-3 )-j ylssslfanyl)-purin-9-y[]-N

H ~tert-butyl-propionamide
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Compound No. Structure Name 
NH

2 

'~T- Q 3-[6-Amino-8-(6-cthynyl
IB-34 benzo[1,3]dioxol-5

ylsulfaniyl)-purin-9-yl]-N

HN > o iobutyl-propionamide 

NHN 

\/--c) 3-[6-Ansino-8-(6-ethynyl

IB-35 N benzo[1,3]dioxol-5
ylsulfanyl)-purin-9-yl] -N

HN >z~ocyclopropyl-propionarnide 
I> 

NH2 

N - ,-N N-{2-[6-Amino-8-(6

IB-36 N) ethynyl-benzo[l,3]dioxol
5-ylsulfanyl)-purin-9-yll

NHI ethyl} -isobutyramide 
0 

NH
2 

N'I
\>/, N-{2-[6-Ainino-8-(6

IB-37 ~ N N thynyl-berizo[l,3]dioxol
5-ylsulfanyl)-pujrin-9-yl]

NH ethyl) -propionatnide 

01 

NH
2 

N ~- N -N-{2-[6-Amino-8-(6

1-8N N ethynyl-benzo[l,3]dioxol
IB-38 N5-ylsulfanyl)-purin-9-yl]

INH ethyl) -acetamide 
0 

NH, 

N N-{2-[6-Amino-8-(6
\ / 0 ethynyl-benzorl ,ldioxol

IB-39 N' N 
> o 5-yisulfanyl)-purin-9-yl]
NH ~ethyl)}-formamide 

H 

N N-{2-[6-Amino-8-(6
U. ethynyl-benzo[1,3]dioxol

IB-40 N5-ylsulfanyl)-puri-9-yl]

NH ethyl) -2,2-dimedhyl

o1 propionamide
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Compound No. Structure Name 
NH2  k 

N N -N-(2-[6-Amfinto-g-(6

IB-41/'N ethynyl-benzo[1,3]dioxol
113 41 N5-ylsulfanyl)-purin-9-yl]

NH ethyl} -3 -methyl
o butyramide 

NH
2 

N) Cyclopropanecarhoxylic 
N cd{-[6-amnino-g-(6

1IB-42 ) 0 ethynyl-benzo[1,3]dioxolh 

NH 5-ylsulfanyl)-purin-9-yl]
o ethyl) -amride 

NH2 

N-{3-[6-Arnino-8-(6
N '4ethynyl-benizo[l,3]diuxul

1IB-43 5-ylsulfanyl)-purin-9-yl]
) propyl} -2,2-dimethyl

j~=o propionarnide 

NHI k\ 

N '- K 3 N-{3-[6-Amino-8-(6
113-44 N o ethyoyl-benzo[l1,3]dioxol$ 5-ylsulfanyl)-purin-9-yl]

HN propyl}-isobutyraraide 

NH2 

NW,~~ Cyclopropaniecarhoxylic 
N N ' acid {3-[6-amino-8-(6

1IB-45 Kethynyl-benzo[1,3]dioxl
NH 5-ylsulfanyl)-purin-9.yl]

NH propyl) -amide 

NH2 

-: "\-a / N-{3-[6-Amino-8-(6
R N N c thynyl-benzo[l,3]dioxo

IB-46 K, 05-ylsulfainyl)-purin-9-yl]

NH propyl} -2-hydruxy
NH propioniamide 

oH 

NH, 

N ~ Acetic acid 1-{3-[6-amnino

1IB-47 N N -0 bcnzo[l,3]dioxol-5
ylsulfanyl)-purin-9-yl]

NH propylcarbamoyl)}-1
,o A methyl-ethyl ester
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Compound No. _ Structure Name 

N ON-{3-[6-Amino-8-(6
N ethynyl-benzo[l,3]dioxol

IB-48 5-ylsulfanyl)-purin-9-yl]
propyl}-2-hydroxy-2

NH methyl-propionamide 

NH2 
N os 

N N N-(3-(6-amino-8-((2
k Nethynyl-5

1B-49 methoxyphenyl)thio)-9H
purin-9

HN 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, CrC6 alkenyl, C-C alkynyl, cycloalkyl, 

heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylieteroaryl, heteroarylalkyl, 

or alkylheteroarylalkyl. Table 1G lists specific examples of compounds within this embodiment.  

In each of the structures as drawn, X 2 is dimethylamino and X4 is Ht. 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 1G, 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 10, corresponding structures in which X2 is another amino group, including 

15 specifically for example diethylanino, methylethylamino or cyclopropylamino, and Y is CH2 are 

also within the scope of the disclosure, 

Table 1G 

Compound No. Structure Name 

NH2 N 
N -N 2-(6-amino-8-((6

\ In (dimethylamino)benzo[d] 
1G-1 o[1,3]dioxol-5-yl)thio)-9H

purin-9-yl)-N-isopropyl

HN0 ethanesulfonamide
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Compound No. Structure Name 

NH2  -N /2-(6-amino-8-((6

(dimethylaminio)benzo[d] 

10-2 ~ N0 N [1,3]dioxol-5-yl)thio)-91
purin-9-yl)-N

iso, ethylethanesilfonamide 
HN 

NH, -- N /2-(6-amino-S-((6

'd t ;- (dimnethylamino)benzo[d] 
1 G-3 N) [1,3]dioxol-5-yl)tiio)-9H

N purin-9-yl)-N
302metihylethanlesulfonamide 

I-N 

NH, -N /2-(6-amnino-8-((6
N N N - (dirnthylamino)herznd 

() 0 pulin-9

yl)ethanesulfoiarnide 
H2N 

NH2  
-NI 

N' N, - 2-(6-amino-8-((6
N N2 ~ 0 (dimethylamnino)benzo[d] 

10-5N N ~ n-'~ [1 ,3]dioxol-5-yl)thio)-9H
purin-9-yl)-N-(tert

30 S2 butyl)ethanesulfonanjide 

NH2  
-N/ 

N- 0 2-(6-aminio-g-((6

1-- 0 ' (dimethylarmilo)beno[d] 
LG-6 0~ 1,3]dioxol-5-yl)thio)-9H

02 purin-9-yl)-N
IN isobutyletlbanesulfonamide 

NH2  
-N/ 

N N -2-(6-amiino-8-((6

KN~ \/ 0 (dimethylamino)benzo[d] 
I G-7 N N[ 1,3]dioxol-5-y1)thio)-9H

purin-9-yl)-N-cyclopropyl
3N 02 ethanesulfonasnide
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Compound No. Structure Name 

NH2  --N/ 

N N N-(2-(6-amino-g-((6
N 0 (dimethylamino)benzo[d] 

LG-9 N [l,3]dioxol-5-yl)thio)-9H

NH purin-9-yl)ethyl)propane
02S P 2-sulfonamide 

NH2  
-N / 

N ~ NN-(2-(6-armino-8-((6
\ / 0 (dimethylamioo)benzo[d] 

1G-9 ~ 'N n~ [1,3]dicnxnl-5-yl)thin))-9H
purin-9-yl)ethyl)ethane-2

NH sulfonamide 

NH2  -N/ 

Nq, N N _N N-(2-(6-amino-8-((6

IG-10 N -N (dimethylainino)benzo[d] 
iG-lON N [1 ,3]dio~xol-5-yl)thio)-9H

purin-9-yl)ethyl)mretlane

NH 2-sulfoniamide 
02S 

NH, -N /N-(2-(6-amino-8-((6

N N>-- N (dimethylaminoc)benizo[d 

IG-1 1 N N [1,3]dioxol-5-yl)tsio)-9

NH nietylpropane-2

02S sulfonamide 

N2  -N N-(2-(6-amino-8-((6

\, / 0 (dimethylamino)benzofd] 
IG-12 N' N , [1,3]dioxol-5-yl)thio)-9H

purin-9-yl)ethyl)-2

NH methyipropane-2
Os sulfinamide 

NH -N N-(2-(6-amino-8-((6

a-s ~ (dimethylamino)benzo~d] 
1G-13 N N [1,3]dioxol-5-yl)thio)-9H

0 purin-9-yl)ethyl)
NH 2methylpropane- 1 

C)2 sulfonamide
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Compound No. Structure Name 

N (dimethylaminio)benzo[d] 

1G-14 KN N [l,3]dioxol-5-yl)thio)-9H
pilrin-9

NH yl)ethyl)cyclopropane
0,S sulfonamide 

NH -' N / 3-(6-amino-8-((6
.- / -,> 0 (dimethylamino)benzo[d] 

16-15 '2 [1 ,3]dioxol-5-yl)thio)-9H

0ANH sulfonamide 

NH2 -N /3-(6-amino-8-((6

I16N N 0[1,3]dioxol-5-yl)thio)-9H

udirn-9-yl)-N
ethylpropane-l 

0, sulfonamide 

NH, - 3-(6-amino-8-((6
N) I-_ (dimethylamino)benzo~d] 

IG-17 N ~ N1,3]dioxol-5 -yl)thio)-9H

N methylpropane-1

02S sulfonamide 
NH 

NH N/ 3-(6-ainino-8-((6
\ - / o (dimethylamino)1ienzo~d] 

10-18N N [I,3]dioxol-5-yl)thio)-9H
puri-i-9-yl)propane-1

o~a~ sulfonamide 

NIl, -N /3-(6-amino-8-((6

N, \/ (dimethylainino)benzo[d] 

10-19 N N )[l,3]dioxol-5-yl)thio)-9H
purin-9-yl)-N-(tert

butyl)propane-lI
sulfonamide
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Compound No. Structure Name 

N N N 36-amino-8-((6K 1- (dimethbylamino)benzo[d] 

IG-20 N[l,3]dioxol-5-yl)thio)-9H
purin-9-yl)-N

025isobutylpropasne-l

HN- sulfonamide 

NH2  -N /3-(6-arnino-S-((6

N ' N 0 (dimethylamino)benzo[d] 

1G-21 N N 0[l,3]dioxol-5-yl)thio)-9H4
o purin-9-yl)-N

cyclopropylpropane- 1 
02$ sulfoniamide 

NH, -N/ 

\ / -JN-(3-(6-aminc-8-((6
N'N (dir-nethylaminio)benzo[d] 

lG-22 [ 0 [,3]dioxol-5-yl)thio)-9H
purin-9-yl)ptopyl)propane

HN 2-sulfonamide 

NH, -N/ 

N N N -N-(3-(6-amino-g-((6

\ / 0 (dimethylamino)benzo[d] 
IG-23 N N -0 [1 ,3]dioxol-5-yl)thio)-9H

purin-9-yl)propyl)ethane
HN 2-sulfonamide 

NH2  -N jN-(3-(6-amino-9-((6

N '- stf- (dimnethylami no)benzo[d] 

IG-24 N[, o)1,3]dioxoi-5-yl)thio)-9H

puiir-9
yl)propyl)methatne-2

N, sulfoniamide 

N NH N / N-(3-(6-amaino-8-((6
N (dimnethylamino)benzo[d] 

1G-25 N N[1 ,3]dioxoi-5-yl)thio)-9Ji

HN purin-9-yl)propyl)-2

$N02 sulfonamide
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Compound No. Structure Name 

NH -N N N-(3-(6-urnino-8-((6
\ /- (dimethylamino)benzo [d] 

1G-26 N \[1,3]dioxol-5-yl)thio)-9H
purio-9-yl)propyl)-2

HN methylpropane-2
Fl so sulfinamide 

NH2  
-N/ 

N ~ NN-(3-(6-amino-8-((6
K \)s \ 0 (dimothylamino)benzo[d] 

N N\7 [1,3]dioxol-5-y)thio)-911 
1G-27puirin-9-yl)propyl)-2

HN methylpropane-1 
Ht302 sulfonamide 

NH N -N N-(3-(6-amnino-g-((6
t' . >-S \ / 0 (dimethylamino)benzo[d] 

IG-28 No [1,3]dioxol-5-yl)tio)-911
purin-9

HN yl)propyl)cyclopropanie
Hto 0 sulfoniamide 

NH2  
-N/ 

1G2 / 0 (dimethylaniino)benzo[d] 
lG-29N ~'[1,3]dioxol-5-yl)thio)-9H

o 
purio-9-yl)-N

0N isopropylpropanamide 

NN/, (dimethyl.inino)benzo[d] 
1G-30 N N d[l,3]dioxolb5-yl)thio)-9H

0etylropna[de 

NH, -N /3-(6-arnino-8-((6

IG 1N, > , / 0 (dimethylamino)benzo)[d] 

1G-3 Nd [l,3]dioxol-5-yl)thio)-9H
purin-9-yl)-N

o methyipropaliamide
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Compound No. Structure Name 

NH N / 3-(6-amnino-8-((6

NG-3 , s /l 0 (dimethiylamino)benzo[d] 
IG3 N -- 0 [1,3]dioxol-5-yI)thio)-9H4

o paiin-9-yl)propanaimidc 

NH2 -N/ 

z \> / (diimethlylamitno)bnzo[d] 
10G33 N N [1,3]dioxol-5-yl)thio)-9H

purin-9-yl)-N-(tert
o buityl)propananiide 

NH2 ~-N/ 
N N N -3-(6-amino)-g-((6

\ 0 (dimethylamino)benzof d] 
I1G-34 N 1,3]dioxol-5-yl)thic)-91{

HN isubutyipropanamide 

NH2  
-NI 

> ~ / ~ 3-(6-amino-8-((6
\1 N 0(dimethylarino)benzo[d] 

I G-35 [1,3jdioxo-5-ylthio)-9h+

HN \ >cyclopeopylpropananside 

NH -N N N-(2-(6-amino-8-((6
Nl \ / -q o (dimcthylamino)bcnzo[d] 

1G-36 N N [1,3]dioxol-5-yl)tlrio)-9H

NH purini-9
0 N yI)ethiyl)isobutyratnnde 

N Al N\
> (dimethylamino)benzo[d 

IG-37 N N _ [1,3] dioxol-5 -yl)thio)-9H
0 purin-9

\NH yl)etlhy)propfaflaide 
0= 

NH, -N/ 

N N - N-(2-(6-amilio-8-((6

IG38 N N /0 (dimethylamnino)benzo[d] 
1 - N [l,3]dioxol-5-yl)thio)-9H

puin-9-yl)etiiyl)acetainide
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Compound No. Stmuctre Name 
NH2  -N /N-(2-(6-amino-8-((6

Nk ,C N> s -(dimetbylamnino)beozo[d] 
lG-39 N N a[1,3]dioxol-5-yl)thio)-9Hf

pudin-9
- N H yl)ethyl)formamide 

NH, -N/ 

N ,~ N \ - N-(2-(6-amino-8-((6
\ tc/ 0 (dimethylaiio)benzo[d] 

K purio-9
NH yl)ethiyl)pivalamido 

NH2  -. 1 

N N, - N-(2-(6-amino-8-((6

\ N (dimethylamino)benzo[d] 

K purioi-9-yl)ethyl)-3
NH mnethylbutaiiamide 

NH2  ~N 
N-(2-(6-aoiloo-8-((6 K (dimethiylamino)benzo[d] 

10-42) o 1 ,3]dio~xol-5-yl)thio)-9fl

NH purin-9
o yl)ethyl)cyclopropane

carboxamide 

NH2  N 
N ~ N-{3-[6-Aminio-8-(6

dimethylamnino

1G043 O ~ benzo[1,3ldioxol-5() ylsulfanyl)-purio-9-yl]
HN propyl} -2,2-dimethyl

o1 1 propionamide 

NH2  -N/ 

I44N N ) dimethylamino
1G-44 henzo[1 ,3]dioxo]-5) ylsulfanyl)-purin-9-yij

oN propyl} -isobutyramide 

~ N Cyclopropaniecarboxylic 

K acid {3-[6-amiino-8-(6
1G-45 N Idimethylamino

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

propyl} -amide
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Compound No. Structure Name 
NH2 

N-{3-[6-Amino-8-(6
N 0 dimethylaimino

1G-46 benzo[1,3]dioxol-5
ylsulfanyl)-purin-9-yl]

NH propyl}-2-hydroxy
OH propionamide 

NH2  -N 

N Acetic acid 1-{3-[6-amino
--s -o 8-(6-dimethylamino

1G-47 N - benzo[1,3]dioxol-5
ylsulfanyl)-purin-9-yl]

NH propylearbamoyl}-1
o 0 -AO methyl-ethyl ester 

NH2  

N N-{3-[6-Anmino-8-(6
N dimethylamino

IG-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
puriin-9

HN yl)propyl)pivalamide 

Hsp90 binding results are presented for Compounds 1G-28. 1G-43, and IG-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  X 

N N N/

X4'N N \ 

R 

(2) 

or a pharmaceutically acceptable salt thereof, wherein: 

5 one of Xa and Xb is 0 and the other is CH2; 

Y is CH2, or S; 

X 4 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)-, -S02N(RA)-, -NRASO 2-, -C(O)N(RA)-, or -NRAC(O)-, and/or 

terminated by -S(O)NRAR3, -NRAS(O)Rs, -SO2NRARS, -NRASO
2 Rs, -C(0)NRAR5, or 

NRAC(0)Rs, wherein each RA and R3 is independently selected from hydrogen, C-C6 alkyl, C-C 

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

15 arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; and 

X 2 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, X 2 is I and X4 

is H. However, corresponding structures in which X 2 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 CIH2 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 C12 are also within the scope of the disclosure, 

Table 2A 

Compound No. Structure Name
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Compound No. Structure Namne 

N ~ N2-[6-Anmino-8-(5-iodo-2,3

N - dihydro-benzofuran-6
2A-1 0 ylsulfaoyl).porin-9-yl]

ethanesulfoilic acid 
HN ;SO2isopropylarnide 

NH2  I 

N- j N -2-[6-Amino-8-(5-iodo-2,3

N :r N dihydro-benzofuran-6

ethanesulfonic acid 

HN S02 thylamide 

NH2 

N N 2-[6-Amino-8-(5-iodo-2,3
~ ~Ndihydro-betizofuran-6

2A-3 ) o>ylsulfanyl)-purin-9-yl]
ethanesolfonic acid 

W4 
0

2 methylamide 

NH2 

I - /- -[6-Amino-8-(5-iodo-2,3

2A-4 ~ N N diliydto-benzofuran-6) 0 ylsulfanyl)-purin-9-yll
ethanesulfonic acid amide 

,$
0

2 
HN~ 

NH2 I 

N 2-[6-Arnino-8-(5-iodo-2,3
K dihydro-beezofuran-6

2A-5 N YlsuIfnY1) -puirin9-yl
'so, ethanesulfonic acid tert

P
0

2 butylamide 

NH2 

2-[6-Amiino-8-(5-iodo-2,3
N; N dihydro-benzofurani-6

2A-6 0ylsulfanyl)-pufin-9-yl

P
0

2 etharesulfonic acid 
HN isobutyl-amide 

NH2 

N' _ 
K. " S -[6-Asnino-8-(5-iodo-2,3

N )N dihydro-beozofuran-6
2A-7 ylsulfanyl)-ptuin-9-yl]

ethaneautfonic acid 
HN 

0
2 cyclopropylamide
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-Compound No. Structure Name 
NH2 

N S.: N> Propanie-2-sulfonic ai 
N N 2-[6-amino-8-(5-iodo-2,3

2A-8 01 dihydro-betizofuran-6

NH ylaulfanyl)-purin-9-yl
023 cthyl}-amidle 

NH2 

N". N Ethaniealfonic acid {2-[6

2A- -S \ amino-8-(5-iodo-2,3
2A-90 dihydro-benzofuran-6

K ylsulfanyl)-purin-9-yl]
,NH ethyl}-amide 

023 

NH2 

LI ~ ~ /N-(2-(6-Amino-8-(5-iodo
2A-lO> N 2,3-dihydro-benzofuran-6

0ylsulfanyl)-purinI-9-yl)
NH ethyl)-methanesulfonamide 

02S 

NH2 

N . 2-Methyl-propane-2

N _Nsulfonic acid {2-[6-aniino

2A-1l 0 8-(5-iodo-2,3-dihvdro
benzofturan-6-y~su~ihnyl)

,NH purin-9-yi] -ethyl} -ani de 
02S\ 

NH2 

N 2-cthy-prcpane-2
>4 N sulfinic acid {2-[6-amino

2A-12 0 8-(5-iodo-2,3-dihydro
NH benzoftirari-6-ylsulfanyl)

os purin-9-yl] -ethyl)}-amide 

NH2 

INA N 
N 5 ~ 2-Methyl-propane-i

N71 r- N\sulfonlic acid {2-[6-amino
2A-13 / 0 8/(5-iodo-2,3-dihydro

NH benzofuran-6-ylaulfanyl)
,NH pui-9-yl] -ethyl} -amide 

NH2 

N
\>_S_~ Cyclopropaniesuifonic acid 

-N OD {2-[6-amino-8-(5-iodo-2,3
2A-14 2 0dihydro-benzofaraii-6

\NH ylsulfanyl)-purin-9-yl]

o2s Iethyl}-amide
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-Compound No. structure Name 

NN N 

KN- N 3 -[-Amino-8-(5-iodo-2,3

2A150 dihydro-benzofuran-6
2A-15yisulfanyl)-purin-9-yl]

propane- I -sulfonic acid 
02 NH isopropylamide 

NH2 

N \ /10 3-[6-Amino-8-(5-iodo-2,3
KN N dihydro-benzofuran-6

2A-16 0 ylsulfanyl)-purio-9-yI]
propane-i. -sulfonic acid 

02S, ethylamide 
NH 

NH2 

Ni N\S 3-[6-Aniino-8-(5-iodo-2,3

~N N, dihydro-benzofuran-6
2A-17 ylsulfanyl)-purin-9-yl]

/ propane- I -sulfonic acid 

02A methylamide 

NH2 

_N 3-[6-Afnino-8-(5-iodo-2,3
"~N N dihydro-besrzofuran-6

2A-18 0' ylsulfanyl)-purin-9-yl
propane- -sulfonic acid 

/ amide 
02S 

NH2 
NH2 N ) N 

N - 3-[6-Amnino-8-(5-iodo-2,3
KNC N- dihydro-benzofuran-6

2A-19 0 ylslfianyl)-purin-9-yl]
propane- I -sulfonic acid 

025S/ tert-btitylamide 
HNx 

NH2 I 

\N( 3-[6-Amino-8-(5-iodo-2,3
KN -N -dihydro-benzofurana-6

2A-20 ylsulfanyl)-purin-9-yl
/ propane-1I-sulfonic acid 

CA isobutyl-amnide
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Compound No. Structure Name 
NH2  I 

N 3-[6-Auiino-8-(5-iodo-2,3
K- N)S dihydro-benzofuran-6

2A.-21 j0 ylsulfanyl)-purin-9-yl]
propane- I -sulfonic, arid 

O2 S cyclopropylamide 

NH2 

1K. I-SPropane-2-sulfonlic acid 

0{ 3-[6-amnino-8-(5-iodo
2A-22 2,3,3a,7a-tetrahydro

benzofuran-6-ylsulfatoyl)
HN purin-9-yl]-propyl} -amide 

S02 

NH2 

_) >_ EIFthanessilfonic acid {3-[6
KN _j N / D ainino-8-(5-iodo-2,3

2A-23 0 dihydro-bcnzofuran-6
K ylsulfanyl)-purin-9-yl

HN) propyl}-arride 

NH2 

6 N N-f3-[6-Amiuio-8-(5-iodo
NK - 2,3-dihydro-benzofuan-6

2A-24 0ylsulfanyl)-purin-9-yl]
propyl} 

HNI nethanesulfonamide 
/ S02

______________ 

NH2 

N 2-Methyl-propane-2
N 'N sullfonic acid {3-[6-amiTno

2A-25 8-(5-iodo-2,3-dihydro
/ bonzoftuan-6ylsulfaniyl)

HP 302purin-9-yl]-propyl} -amide 

NH2 

N'- S 2-Methyl-propane-2

~N Nsulfinic acid f 3-[6-amino
2A-26 8-(5-iodo-2,3-dihydro

bcnzofuran-6-ylsulfhnyl)
HN purin-9-yl]-propyl}-amide
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-Compound No, Structure Name 
NH2 

K \ /2-Methyl-propane-I 
N sulfonic acid f-6aio 

2A-27 K8-(5-iodo-2,3-dihydro
bcozoftarao-6-ylsulfaoiyl)

HNI purio-9-yl]-propyl}-amide 

NH2 

~- N /Cyclopropaneaulfo acid 
0 ~ S ( 3-[6-amino-R-(5-icdo-2,3

2A-29 dihydro-benzofuran-6

HN ylaulfanlyl)-purin9yl].  
ac02 propyl}-amide 

N, 

> 3-[6-Anmioo-8-(5-iodo-2,3

2A-29 N-N "r dih'ydro-benzofuran-6
o ylaulfanyl)-purin-9-yl]-N

oN iaopropyl-propionamide 

N".N -3-[6-Amino-8-(5-iodo-2,3

'N'N dihydro-beozofturan-62A-30 0ylsulfanyl)-purin-9-yl] -N

o ethyl-propicoamide 

NH 

N -2 

N 3-[6-Amnino-8-(5-iodo-2,3
"A3 N dihydcc-beozofuran-6

2A-3ylaulfaoyl)-puriin-9-yll--N
o niethyl-propionamide 

HKN 

NH2 

N"- 3-[6-Amnino-8-(5-iodo-2,3

2A-32 KN' N>' dihydro-beozofuran-6
0ylsulfaoyl)-purin-9-yl]

o propiooan'rde 

NH2 

2A-33 N_- O Ddihydre-henzofuran-6
ylaulI'anyl)-purin-9-yl]-N

HN =otert-butyl'propionaiide
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Comnpound No. Structure Name 
NH

2 

N -N N- \ / 3-[6-Axmino-8-(5-iodo-2,3
N N 

2A-34 0dihydro-benzofuran-6
ylsulfanyl)-purin-9-yl]-N

o isobutyl-propionamide 
HNI_ 

NH2 I 

N 3-h6-Amino-8-(5-iodo-2,3
2A-35 odihydro-benzofuran-6

o yls-ulfanyl)-purin-9-yl]-N
oN cytclopropyl-propionamide 

I> 

2A-6 K< 2,3-dillydro-benzoftiranl-6
2A-3 N L\1 3ylsulfainyl)-purin-9-yl]

INH ethyl) -propionamide 

NH2 

N-{2-[6-Amino-8-(5-iodo

2A-37 NK 2,3-dihydro-benzoftiran-6
ylsulfany1)-purin-9-yfl

'NH ethyl) -propionamide 

N H-N N -{(2-6-Amino-1-(5 -iodo
2A3 N N 2,3-dihydro-benzofurani-6

NH ylsulfanyl)-purmn-9-yli
NH ethyl) -acetarnide 

0= 

NH2 

N {2- [6-Anino-g-(5 -iodo
N N 2,3-dihydro-benzofuran-6

2A-39 ylsulfanyl)-purin-9-l
NH- ethyl}-2,2-dimfethylb 

propionamide 

NH2 I 

N, N-{2-[6-Amino-8-(5-iodo

N N >2,3-dihydro-benzofuran-6
2A-40 C ylsulfanyl)-purin-9-yl]

\NH ethyl) -3-methyl

0 / butyramide 

NH, 

N C3 / yclopropanearboxylic 
N N acid {2-[6-arnino-8-(5

2A-41 iodo-2,3-dihydro
NH ben~zofuean-6.ylsulfanyl)

0==/ purin-9-yl]-ethyl} -amaide 
I2
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Compound No, Strmcture Name 
NH

2 

N, N-{2-[6-Amino-8-(5-icdo

2A-42 ~ N N /2,3-dihydro-benzofuran-6() 0ylsulfanyl)-punin-9-vl]

NH ethyl)}-formamide 

NH
2 

NN3 6-Amino-8-(5-iodo
N 2,3-dihydro-benzofuran-6

2A-43 II-)-ui9yl 
propyl 1-2,2-dimcthyl

o propionarmide 

NH
2 ~NN 
N N N- (3-[6-Amino-g-(5-iodo

2A-44 )2,3-dihydro-benzofuran-6
ylsulfanyl)-purin-9-yl]

HN pmopyll -isobutyramide 

NH
2 

\ / Cyclopropariecarboxylic 
2A45N acid {3-[6-amino-8-(5

2A-45iodo-2,3-dihydro
KNH benzoftran-6-ylsulfanyl)

0 purin-9-yi]-propyll-amidc 

N N 2,3-dihydro-benzofaran-6
2A-46 I>ylsulfanyl)-purin-9-yl]

KNH propyll -2-hydroxy

OH propionamide 

NH2  I 

N~N N -Acetic acid I-{3-[6-amino
N N 8-(5-iodo-2,3-diliydro

2A-47bcnzofuran-6-ylsulfanyl)
2A-47purin-9-yl]

NH propylcarbamoyl}-1 

"aA methyl-ethyl eater 

N N 

N ON 2,3-dihydro-benzofuran-6
2A-48 ylsulfanyl)-purin-9-yl

NH propyl} -2-hydroxy-2

-- , --H rmethyl-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 

CompoundNo. Structure Name 
NH

2 

N -N 2-(6-amino-2-fluoro-8-((5
F N N iodo-2,3

F N N 
5A-1 dihydrobenzofuran-6

yl)methyl)-9H-purin-9-yl)
,so2  N-isopropyl

HN ethanesulfonamide 

NH
2 

N N - 2-(6-amino-2-fluoro-8-((5

N N iodo-2,3
5A-2 o dihydrobenzofuran-6

yl)methyl)-9H-purin-9-yl)

H 0 2  
N-ethylethanesulfonamide 

NH2 

N 2-(6-amino-2-fluoro-8-((5
iodo-2,3

5A-3 F -N N dihydrobenzofuran-6
0 yl)methyl)-9H-purin-9-yl)

,s02 N
HN \methylethanesulfonamide 

NH2 

N 2-(6-amino-2-fluoro-8-((5
iodo-2,3

5A-4 F N N dihydrobenzofaran-6
yl)rnethyl)-9H-purin-9

so02 yl)sulfonamide 
H7N 

NH 2 

N 2-(6-amino-2-fluoro-8-((5

F N iodo-2,3

5A-5 e dihydrobenzofuran-6
yl)methyl)-9H-purin-9-yl)

so 2  N-(tert
HN butyl)ethanesulfonamidc
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Compound No. Structure Name 
NH2 

F M, N '~/iodo-2,3

5A-6 dihydrobenzefuran-6
K0 yl)methyl)-9H-purini-9-yl)
P

0
2 N

HN isobutylethanesulfonamide 

N - 2-(6-amitio-2-fluoro-S-((5

F AN~~N ~iodo-2,3
5A-7 0 dihydrobenzofuran-6

yl)mnetiy)-9H--prin-9-yl)

HN'52 N-cyclopropyl
HN ethanesulfonamnide 

H2 

N - -(2-(6-aminc-2-fluoro-8
F'/ ((5-iodo-2,3

5A-8 0 dihydrobeiizoffiran-6
yl)methyl)-9H-purin-9

,NH yl)ethyl)propane-2
02) sulfonamide 

NH2 

NI- N - N-(2-(6-amitno-2-fluoro-g
\A9F / ((5-iodo-2,3

SA9 Nol diliydrobenzofuraii-6
yl)methyl)-9H-purin-9

NH yl)ethyt)ethaliesulfonamido 

NH2 

NN N-(2-(6-asninc-2-fluioro-8
NTN\-~ \ / (-iodo-2,3

5-0F N N dihydrobenzofuran-6Al00 yl)miethyl)-9H-purin-9

NH yl)etliyl)methane
023\ sulfonamide 

N > N - -N-(2-(6-amino-2-fluoro-8

F N~ N ((5-iodo-2,3
5A-li dihydroben7ofaran -6

N yljmethyl)-9Hz-purin-9
0,SNH yl)ethyl)-2-methylpropane

0 2  2-sulfonam.ide 

NH2 
N N\ -- (2-(6-amino-2-fluoro-8

N 6 ((5-iodo-2,3
5A-12 F 1 0 dibydrobenzofturan-6

yl)rnethyl)-9H-purin-9
,NH yl)etliyl)-2-methylprcpane

Os 2-sulfinamide
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-Cornpound No. Structure Name 
NH2 I 

I N-(2-(6-amino-2-fluoro-8

F N N ((5-iodo-2,3
5A-13 0 dilsydrobenzofuran-6

NH yl)methyl)-9H-porin-9

NH yl)ethyl)-2-methylpropanie
021 -sulfonamide 

NH2 I 

1-1_ -(2-(6-amfino-2-fluoro-8

N N ((5-iodo-2,3
5A-14 0 dihydrobeavofuran-6

,NH yt)methyl)-9H-purin-9
yl)ethyl)cyclopropane

0 2 3S sulfonamide 

NH2 I 

-3-(6-amho-2-fluoro-8-((5

F' 'N N iodo-2,3

5A-15 0 dihydrobenzofurani-6
vl)metlsyl)-9H-purin-9-yl)

o2 S N-isopropylpropano- 1 
N H sulfonamide 

NHp 

N N -3-(6-amino-2-fluoro-8-((5

F "~ N ~> ~iodo-2,3
5A-16 ,) dibydrobenzofisraii-6

y)metliyl)-9H-purin-9-yD
N-thylpropatie-l

0 NH sulfonamiide 

NH2 I 

N N 3-(6-amino-2-fluoro-8-((5
F 71 > iodo-2,3

5A-17 Fo N 0 dihydrobenzofuran-6

022 yl)methyD)-9H-purin-9-yl)

0 NH sulfonamide 

NH2 

N N 3-(6-arnino-2-fluoro-8-((5

5A-1 8 ) 0- dihydrobenzofuran-6
yl)methyl)-9H-purin-9

yl)propane-l-sulfonamide 
_________________ N0

2 _____________
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Cornpound No, Structure Name 
NH2 

N - 3-(6-amino-2-fluoro-8-((5

N \ iodo-2,3
5A-19 02dihydrobenzofaran-6

/ yI)methyl)-9H-purin-9-yl)
N-(teit-butyl)propanie-1 

solfonamnide 

NH2 

N- rN,3-(6-asnino-2-ftuoro-8-((5
F JN' -N iodo-2,3

5A-20 0dihydrobeiizofarani-6

02q N-isobutylpropaiie-l
HN-\ sulfonamnide 

NH2 

N I N >=\3-(6-amino-2-fluoro-8-((5

F N N\ iodo-2,3

SA-21 F- N N dihydrobenzofuran-6
yl)niethyl)-9H-parin-9-yl)
N-CYClopf OpylprOpane- 1 

sulfonamide 

NH2 

N N-(3-(6-amiino-2-fluoro-8

N ((5-iodo-2,3

5A-22 2 0 dihydrobenzofurani-6
yl)methyl)-9H-purin-9

HN yl)propyl)propane-2
02 sulfonamide 

NH2 I 

N -, N -N-(3-(6-ammo-2-fluoro-8

F N N ((5-iodo-2,3

5A-23 ) odihydrobenzofurani-6K yl)methyl)-9Jz-purin-9
2 yl)propyl)ethane
HN sosulfonamide 

NH2 

N -N - N-(3-(6-amino-2-tiuoro-8
((5-iodo-2,3

5A-24 F0 dihydrolizofuran-6

HN yl)propyl)methane
HN 'S02sulfonamide
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Compound No. Structure Name 
NH2 I 

I--, N N-(3-(6-amino-2-fiuoro-8
\i' ; ((5-iodo-2,3

F N-N 0)dihydroheD7offiTan-6

5A-25 yl)methyD)-9H4-purin-9
yl)propy1)-2

HN 0 methylpropoine-2

SO2  
sulfonamnide 

NH2 

N -N-(3-(6-arnno-2-fluoro

F% ,N<-N "dihyrob nzou-6
5A-26 yl)methyl)-9H-puein-9

HN yl)propyl)-2
HN0 methyipropane-2

NH2 I 

N ~ ~N -N-(3-(6-amino-2-fluoro-8

I ~. \ / ((-iodo-2,3
F N N CYdihydrobenzofaran-6

5A-27 yl)methyl)-9H-purin-9

HN yl)propyl)-2
HN ~ methiylpropane-lI

p 02 sulfonarmida 

NH2 

N-,X N N-(3-(6-amino-2-fluoru-8

F)N N\ ' j ((5-f odo-2,3

5A-28 /dihydrobenzofaran-6
yI)methyl)-9H-purin-9

HN yl)propyl)eyelopropane

SO 0 
sulfonamiide 

NH2 I 
N-I , 3-(6-aiuo-2-fluoro)-8-((5

F JN -N iodo)-2,3
5A-29 dihydrobeuzofisean-6

o y1)methy1)-9ll-purin-9-yl)
HN N-isopropylpropanlauide 

N--IjN,3-(6-amino-2-fluoro-8-((5
I ,- 7 \/iodo-2,3

F- j' 'N 
5A-30 0 dihydrobenzefuran-6

0 N-etliylpropaliamide 
HN\
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Compound No. ___ Structure Name 
NH2 I 

N, N,-(6-amino-2-fluoro-8-((5
SA-3 N ~ \/jiodo-2,3

oA3 dihydrobenzofaran-6
Yl)methyl)-9H-purin-9-yl)

HN o N-mcthylprOpanamide 

NH2 I 

Nl'N N 3-(6-aminc-2-fluorc-8-((5

N iodo-2,3
5A-32 F N odihydrobenzcfuran-6

y])metbyl)-9fl-purin-9
o yl)propanamide 

HN 
NH2 

N \ " ' -(6-amio-2-fluoro-8-((5

F"' N iodo-2,3
5A-33 0dihydro'oenzofuran-6

HN yl)mnethyl)-9H-purin-9-yl)
HN N-(tert-butyl)propanainide 

NH2 

N Y-N H 3-(6-aminio-2-fluoro-8-((5
F "N< "N "'/3iodo-2,3

5A-34 0 dihydrobenzofuran-6

0O yl)methyl)-9H4-purin-9-yl)
HN N-isobutylpropanamide 

NH2 

N"'" N 3-(6-amino-2-fluoro-8-((5

5A-35 2dihydrobenrzofuran-6
O yl)mcthyl)-911-purin-9-yl)

HN >N-cyclopropylpropanamide 

NH2 

N"' N N-(2-(6-amino-2-fluoro-g

F N, N ((5-iodo-2,3
5A-36 0dihydrobenzofurari-6

NH yl)methyl)-9H'-purin-9

o yl)ethyl)isobutyrainide 

NH2 

N""N N-(2-(6-arnino-2-fluoro-g

5A-7 F N ((5-iodo-2,3
5-7F N0 dihydrobenzofuran-6

yl)methyl)-911-purin-9
0=NH yl)ethyl)propionamide
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-Compound No. Structure Name 
NH2 

- N N-(2-(6-.rmino-2-fluoro-9

F N N((5-iodo-2,3
5A-38 odihydrobenzofurati-6

NH yl)methyl)-91J-purin-9
0-/NHyl)ethyl)acetamide 

NH2 

-N" N-(2-(6-amino-2-fluoro-8
\ ((5-iodo-2,3

5A-39 F N Ndihydrobenzofliran-6
0y1)rnethyl)-9H1-purin-9

-NH yl)ethyl)fonmamide 

NH2 I 

N-(2-(6-arninc-2-fluoro-8
F N N ((5-iodo-2,3

5A-40 dihydrobenzofaran-6

NH yl)methyl)-911-purin-9
a-" yl)ethyl)pivalamiide 

NH2 

N- N - N-(2-(6-amino-2-fluoro-8

FIN- N ((5-iodo-2,3
5A-41 0 ~ dihydrobenzofaran-6K yl)methyl)-9H-purin-9

0 NH yl)etbyl)-3
0 methylbutanamide 

NH2 

NA N N-(2-(6-amino-2-fluoro-8

F N~-N 3((5-iodo-2,3
5A-42 0 dihydrobenzofairan-6

NH yl)methyl)-9H-purin-9
NH yl)ethyl)cyclopropane

0= carboxaie 

NH2 

\ \ / N-{3-[6-Amno-2-fluoro
F N -08-(5-iodo-2,3-dihydTO

5A-43 F benzofaran-6-ylmethyl)

HN purin-9-yl]-propyll -2,2

-\-= dimethyl-propionamide 

NH2 

31~ ~N-{3-[6-Amino-2-fluoro
F N 8-(5-iodo-2,3-dihydro

5A-44 benzefaran-6-ylmethyl)

HN puritn-9-yi] -propyl) 
o isobutyramide
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Compound No. Structure Name 
NH

2 

Cyclopropanecarboxylic 
N acid {3-[6-arnino-2-fluoro

5A-45 8-(5-iodo-2,3-dihydro

NH benzofuran-6-vlmethyl)
purin-9-yl]-propyl}-amide 

NH2 

N-{3-[6-Amino-2-fluoro
F N 8-(5-iodo-2,3-dihydro

5A-46 benzofuran-6-ylmethyl)

~NH purin-9-yl]-propyl) -2
2 H hydroxy-propionamide 

NH
2 

Acetic acid 1-{3-[6-amino

F N N 2-fluoro-8-(5-iodo-2,3
5A-47 dihydro-benzofuran-6

ylmethyl)-purin-9-yl]
NH propylearbamoyl)-

o o'A methyl-ethyl ester 

NH2 

N -N-{3-[6-Amino-2-fluoro

F N 8-(5-iodo-2,3-dihydro
5A-48 0 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 CH2 . 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, IH-pyrazol-3

yl, oxazolyl, oxazol-2-yl, thiazolyl, thiazol-2-yl, furanyl, furan-2-yl, and 5-methvlfuran-2-yl.  

D-1I. In some embodiments of the disclosure, X 2 is an alkynyl group, e.g., ethynyl, I

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., -NR1R 2, 

wherein R, and R2 are each independently H, C1-C6 alkyl, C2-C6 alkenyl, C2-C6 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-L above, in which X 2 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 

N N N\A t \ / xa 
X4 N 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 CHI2; 

Y is CH2 or S; 

X 4 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)-, -NRAS02-, -C(0)N(RA)-, or -NRAC(O)-, and/or 

terminated by -S(O)NRARB, -NXAS(O)Rs, -SO 2NRARB, -NRASO 2RS, -C(O)NRAR, or 

25 NRAC(O)RB, wherein each RA and R3 is independently selected from hydrogen, C1 -C6 alkyl, C2-C6
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alkenyl, C2-C 6 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, X 2 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 X 2 is F, Cl, or Br, Y is 

CH2 , Xa is CQ-0), and Xb is CH2 are also within the scope of the disclosure.  

Table 7A 

Compound No. Structure Name 
NH2 

-s 2-(6-amino-8-((6-iodo-3
N N oxo-2,3-dibydro- 1H-inden

7A-1 5-yl)thio)-9H-purin-9-yl)
N

HN isopropylethanesulfonamide 

NH2 

s- 2-(6-amino-8-((6-iodo-3

7A-2 N N oxo-2,3-dihydro-IH-inden

0 5-yl)thio)-9H-purin-9-yl)
so2 N-ethylethanesulfonamide 

HN 

NH
2 

N 2-(6-amino-8-((6-iodc-3

7A-3 N N oxo-2,3-dihydro-IH-inden
5-yl)thio)-9H-purin-9-yl)

so2 N-methylethanesulfonamide 
HN 

NH2  1 

N N 2-(6-amino-8-((6-iodo-3

5-yl)thio)-9H-purin-9

so o yl)ethanesulfonamidc 
_______________ H2 N ____________
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Compound No. Stracture ..... Name 
NH2 

N>- 2-(6-amino-8-((6-iodo-3
KN N> ~ oxo-2,3-dihydro-1H-inden

7A-5 5-yl)thio)-911-purin-9-yl)

02 cN-(tert
HN I2 butyl)ethianesulfoniamide 

N N 
2-(6-amino-8-((6-iodo-3

N N oxo-2,3-dihydro-1H-inden
7A-6 0 5-yl)thio)-9H-purin-9-yl)

02 N
HN isobutylethanesulfonanide 

NH, 

>_ 2-(6-aenino-8-((6-iodo-3

N N coxo-2,3-dihydro-11I-inden
7A-7 25-yl)thio)-911-purin-9-yl)

So2  0 N-cyclopropyl
HN ethanesulfonamide 

NH2 I 

N N ~N-(2-(6-armino-8-((6-iodo
L-..N N>3-oxo-2,3-dihydro-1H

7A-8 2indeti-5-yl)thio)-9H-purin
NH 9-yI)ethyt)propanie-2

02S\ sulfonamide 

NH2 

NN N > N-(2-(6-amino-8-((6-iodo

K NX > \ 3-oxo-2,3-dihydro-1H
7A-9 inden-5-yl)thio)-9H-purirn

,NH yl)ethyi)ethanesijlfoniamide 
02 S \ 

NH2 

NN N N-(2-(6-amino-8-((6-iodo
KN N 3-oxo-2,3-dihydro-IH

7A-1O t inden-5-yl)thio)-9H-purini

NH 0 9-yl)ethiyl)methane
NH sulfonamide 

OXs
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Compound No. -Structure Name 
NH 2 I 

N N -N-(2-(6-amino-8-((6-iodo

-N: N> 3o-2,3-dihydro-1H
7A-Il inden-5-yl)thio)-9H-purin

NH 9-yl)ethyl)-2
NH methylpropane-2

02S sulfonamaide 

_SN N-(2-(6-arfiio-8-((6-iodo

7A- 12 Ninden-5-yl)thio)-9H-purin
NH 9-yl)ethyl)-2

!4H inethylpropaoe-2
OS sulfinamide 

NH2 

N N N-(2-(6-amino-8-((6-iodro
KNl N>- \/ 3-oxo-2,3-dihydro-V13

7A- 13 Nindena-5-y1)thio)-9H-purin
0 9-yl)ethyl)-2

NH methylpropane-1
02S' sulfonamide 

NH2 

N N 3-oxo-2,3-dihydro-11

7A-14 0inden-5-y1)thio)-9H-purin

NH u9-yl)ethyl)cyclopropane

C2s sulfonamide 

NH2 

N N 

7A-15 N Noxo-2,3-dihydro-lHI-indeo
7A-50 5-yl)thio)-9H-purin-9-yl)

N-i sopropylpropaoe-1 
0 2 S sulfonamide 

NH 

NH2 

NN N 3-(6-arnino-8-((6-iodo-3
KN N ~'/oxo-2,3-dihydro-lH-inden

7A-16 5-yl)thio)-9H-purin-9-yl)
0 N-ethylpropane-1

023. sulfonamide 
NA 
NH
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Compound No, Structure Name 
NH2

N N, 3-(6-amino-8-((6-iodo-3
'N N oxo-2,3-dihydro-1H-inden

7A-17 25-yl)tliio)-9H-purin-9-yI)
0 N-methylpropanie-l 

CAs sulfonamide 
NH 

NH2 

N N 
IL. 3-(6-amino-8-((6-icdo-3

7 18N N oxo-2,3-dihydro-IfH-inden

5-yl)thio)-9H-purin-9
0yl)propane-1I-sulfonamide 

02S 
NH2 

NH
2 

3-[6-Amino-8-(6-iodo-3
K ~. ~ oxo-indan-5-ylsulfainyl)

7A-19 0 purin-9-yl]-propane-
() sulfonic acid tert

02 \ butylamide 

NH
2 

N- " 3-[6-Aminuo-8-(6-iodo-3
oxo-indan-5-ylsulfanyl)

7A-20 o purin-9-yl-propanie-i

02' laulfonic acid isobutyl-amide 
HN

2I 

3-[6-Arnino-g-(6-iodo-3

N"'N oxo-imdan-5-yls-ulfanyl)
7A-21 purin-9-yl]-propane-l

0 sulfonic: acid 

o~s cyclopropylamide 
HN-< 

NH, 

N Propanc-2-sulfonic acid (3
7A-22 11'"N[6-amlino-8-(6-iodo-3-oxo

0 indan-5-yisulfanyl)-purin-9

HtN yl]-propyl}-amnide 
So2 

NH, 

N N,- \/ Ethanesulfonic acid {3-[6

7A-23 N /amino-8-(6-iodo-3-oxo
0indan-5-ylsulfanyl)-purin-9

HN yl]-propyl} -amide 
________________ 'so
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Compound No. Structure Name 
NH

2 

K~ >- \ /N- {3-[6-Amino-8-(6-iodo
N N 3-oxo-indan-5-ylsulfanyl)

7A-24 0 purin-9-yl]-propyl}

IHN methanesulfonamide 
Ht 2 

N-2 

N 
-2 

>-s ~ 2-Mothyl-propanc-2

7A-25 lN" >sulfonic acid {3-[6-amino
8-(6-iodo-3-oxo-indan-5

HN ylsulfanyl)-purin-9-yt]
H SO? propyl} -am-ide 

NH
2 

"~ \/2-Methyl-propane-2

7AN2N N sulfuric acid {3-[6-amnino-8

7A-6 (6-iodo-3-oxo-indan-5

HNj ylsulfanyt)-purin-9-yl]

so propyl}-amidc 

NH2 

N S ~ /2-Methylbpropane-l

7-7NT N r sulforni acid f{3-[6-amino
7A02 8-(6-iodo-3-oxo-induE-5

yl-ulfanyl)-purin-9-yl]
HN 0 propyl}-ainide 

NH2 

N - N \ _ 
KN ~' '~ /Cyclopropanesulfonic acid 

7A-2 I) 3-[6-amino-8-(6-iodo-3

HN purin-9-yl]-propyl} -ami de 
$S02 

NH2 

a \>_ / 3-[6-Amnino-8-(6-iodo-3

7A-29 NN Noxo-idan-5-ylsulfanyl)
o puarin-9-yl]-N-isopropyl

0C propionamide 
H-N 

N\>$~5  
3-[6-Amino-8-(6-iodo-3

N N3 N oxo-mndan-5-ylsulfanyl)
7A-9 purin-9-yl]-N-ethyl

0 
propionamnide 

HN\_
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Compound No. Structure Name 
NH2 

~ s ~ /3-[6-Amino-8-(6-iodo-3
7A-3 N Noxo-indan-5-ylsulfanyl)> 

6A3 puarin-9-yl] -N-methyl
0o propionamide 

NHN 
N 

N 3-[6-Amino-8-(6-iodo-3
7A-32 N'N oxo-ildan-5-ylsaifanyl)

K o purin-9-yi]-propionamide 

H2N 
NF12 

S 3-[6-Amjino-8-(6-iodo-3

7A-33 N N oxo-indan-5-ylsuilfanyl)
6purin-9-yl]-N-tert-butyl

o propionamide 
HN 

NH2 

NI 
T~N.  
N N _S 3-[6-Amino-8-(6-iodo-3

7A-34 Noxo-mndan-5-ylsulfanyl)
6 puriin-9-yl]--N-isobutyl

HNco propionamide 

NH2 

s 3-[6-Amino-8-(6-iodo-3

7A-35N' ,oxo-indan-5-ylsulfanyl)
7A-50 purin-9-yl]-N-cyclopropyl

C) propionamide 
HN 

NH2  I 

~~~N~ NS~ -2-[6-Aminio-8-(6-iodo
7A-36 3-oxo-indan-5-ylsulfanyl)

NH isobutyranide 

NH2 

s N N-{2-[6-Amin~o-8-(6-iodo
7-7N N 3-oxo-indan-5-y1sulfany)

b pufin-9-yl] -ethyl}I

NH propionamide 
0
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Compound No. Structure Name 
NH

2 

) -s N-{2-[6-Amino-8-(6-iodo

7A-38 N N 3-oxo-indan-5-ylsulfanyl)
purin-9-yl] -ethyl) 

NH acetamide 
07 

NH2 

-S N-{2-[6-Amino-8-(6-iodo

7A-39 3-oxo-indan-5-ylsulfanyl)
a purin-9-yl]-ethyl}-2,2

dimethyl-propionamide 

NH2 

S N-{2-[6-Amino-8-(6-iodo

7A-40 3-oxo-indan-5-ylsulfanyl)
a purin-9-yl]-ethyl) -3

methyl-butyramide 

NH 
I 

N Cyclopropanecarboxylic 
7A-41 acid {2-[6-amino-8-(6-iodo

o 3-oxo-indan-5-ylsulfanyl)
NH purin-9-yl] -ethyl} -amide 

NH2 

N N-{2-[6-Amino-8-(6-iodo
7A-42 N N \ 3-oxo-indan-5-ylsulfany)

purin-9-yl]-ethyl}
formamide 

N H 

Table 9A lists specific examples in which X2 is halogen and X4 is halogen. In each of the 

structures as drawn, X, 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 CH 2.  

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(=0), and Xb is CH2 are also within the 

scope of the disclosure.
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Table 9A 

comupounid No. Structure Name 
NH2 

N NN 2-(6-amino-2-fluoro-8-((6

N N / iodo-3-cxo-2,3-dihydro-1H
9A-1 indcn-5-yl)methiyl)-9H

802 0purin-9-yl)-N

HN isopropylethanesulfonamide 

NH2 

N 2-(6-amino-2-fluoru)-8-((6

F N N _ iodo-3-oxu-2,3-dihydru-1H
9A-2 r ,indei-5-yl)methyl)-9H

0 purin-9-yl)-N
,S0 2  ethylethanesulfonamide 

HN 

NH2 

N N 2-(6-amino-2-fILuro-8-((6

F N /iodo-3-oxc-2,3-dihydro-1H
9A-3 N inden-5-yt)methyl)-9H

K 0 purin-9-yl) -N
02 methylethanesulfonamide 

HN 

NH2 

I- ~ N 2-(6-aminco-2-fliioro)-8-((6

9A- N iodo-3-oxo-2,3-dihydro-1H
9A-4FN Nindon-5-yI)mothyl)-9H

IF _ 0purin-9

;302 yl)ethaniesulfonainide 
H2N 

NH2  I 

N N N \2-(6-amino-2-fliucro-8-((6

IF N ~ iodo-3-oxo-2,3-dihydro-1H
9A-5 indcn-5-yl)methyl)-9H

02 0 purin-9-yl)-N-(tert
HIM2  butyl)ethanesulfonamide 

NH2  I 

N 

FN N ~/ 2-(6-amino-2-fluoro-g-((6

9A-6IF ' INicdo-3-oxo-2,3-dihydro-lHi
9A- 0 inden-5-yl~merhyl)-9li

CS 2  purin-9-yl)-N
HN isobutylethanlesulfonamide
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Corn otndNo. Structure Name 
NH2 

'N~~ ~ /2-(6-amino-2-fhiuoro-8-((6
F N; N io do-3 -oxo-2,3 -dihydro-l1H

9A-7 0inden-5-y)mjethy)-91

,S02  
purlni-9-yl)-N-cyclopropyl

HN ethanesulfoniamide 

NH, 

N 
N1 N-(2-(-amnino-2-fluoro-8

F'~ N ~ ((6-iodo-3-oxo-2,3-dihydro
9A-8 IH-inden-5-y)methyl)-911

,NH pu~rin-9-yl)cthyl)propanc-2
os sulfonamide 

NH2 

N ~ N N-(2-(6-amino-2-fluoro-8

FAN' ~ /((6-iodo-3-oxo-2,3-dihydro

9A-9 F N H IH-indeoi-5-Yl)methy)-9{

023 NHyl)cthyl)ethaoesulfonamide 

NH2 

NN N N-(2-(6-amino-2-fluoro-8
F~N ~ /((6-iodo-3-oxo-2,3-dihydro

9A-1O F1 H-inden-5-yl)methyI)-9H
K purin-9-yl)cthyl)methane

NH sulfonamide 
Oss 

NH2 

N N-(2-(6-amino-2-fluoro-8

N ~ /((6-iodo-3-oxo-2,3-dihydro
9A- 1 N l1H-inden-5-yI)methyl)-9H

NH 0 purin-9-yl)ethyl)-2
NH methylpropane-2

02S sulfonamide 

NH2 I 

N N-(2-(6-aniino-2-fluoro-8
N ~ /((6-iodo-3-oxo-2,3-dihydro

FA1 FN 1H-inden-5-yl)methyl)-9H

,N 0 purin-9-yl)ethyl)-2
P H methylpropane-2

0S sualfinamide
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Compound No.__ Structure Name 
NH2 

N N -N-(2-(6-amino-2-fluoro-8

N ~ /((6-iodc,-3-oxo-2,3-dihiydro
9A-1 1H-inden-5-yl)methyl)-9H

,N 0 purin-9-yl)ethyl)-2
PH imethylpropan-e-l

02SV_ sulfonamide 

NH2 

N -N-(2-(6-arnino-2-fluoro-8

N 'N/N((6-iodo-3-oxo-2,3-dihydro

NH-1 IH-inden-5-yl)methyl)-9H

H yl)ethyl)cyclopropn-
05S sulfonamide 

NI-I2  I 

N - 3-(6-aniino-2-fluoro-8-((6

F'AN N iodo-3-oxo-2,3-diliydro-IH

9A-15 inden-5-yl)methyl)-9H
0 purin-9-vl)-N

J issopropylpropanle-l
NH sulfonamide 

NH2 

N N 3-(6-aniino-2-fluoro-8-((6

FAN N iodo-3-ox -2-,3-dihydro- lH
9A-16 1 inden-5-yl)methyl)-9H

0 purin-9-yl)-N-ethylpropane

02S 1-sulfonamide 
NH 

NH2 

N ~N 3-(6-amina-2-fluoro-8-((6
.- \ /iodo-3-oxo-2,3-dihydrc-1H

N N inlden-5-yl)inethyl)-9H
9A-17 

0 purin-9-yl)-N

methylpropane-l
023 'NHsulfonamide 

NH 

N N - 3-(6-amino-2-fluoro-8-((6

F, N N> iodo-3-oxo-2,3-dihydro-1II
9A-18 inden-5-yl)methyl)-9H

0purio-9-yl)propane-l

022 sulfonamide 
NH2 ____________
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-Comipound No. - Structure Name 
NH, 

N N -3-(6-amino-2-fluoro-8.((6

N cl-D/ iodo-3-oxo-2,3-dihydro-1IH
9A- 19 N 7 t indeni-5-yl)mcthyI)-9H

0 purin-9-yl)-N-(tert
butyl)propane-1

HN-\ sulfonamnide 

NH, 

N- 1N 1 3-(6-amino)-2-fuoro-8-((6
N \ / iodo-3-oxo-2,3-dihydro-1H

9A-20 2indeni-5-yl)m~ethyl)-9H
0 purin-9-yl)-N

02s isobutylpropane-1 
HN sulfonamide 

NH2 

N N -3-(6-amnino-2-fluoro-8-((6

N ~ / iodo-3-oxo-2,3-dihydro4IH
9A-21 N N inden-5-yl)methyl)-911

0 purin-9-yl)-N
02s} cyclopropylpropaiie-l 

j sulfonamide 

NH2 

N- N 
\ / N-(3-(6-amino-2-fluoro-g

F N, ,((6-iodo-3-oxo-2,3-dihydro
9A-22 1 H-inden-5-yl)methyl)-9H

ptirin-9-yl)propyl)propanie
HN'SO2 2-sulfonamide 

NH2 I 

N_ N-(3-(6-ansino-2-flsoro-8
F N ((6-iodo-3-oxo-2,3-dihydro

9A-23 l1{-inden-5-yl)methiyI)-9
0 purin-9-yl)propyl)ethane

H N sulfonlamide 
so, 

NH2 I 

N r N, >-- N-(3-(6-amino-2-fluoro-8
F N / ((6-iodo-3--oxo-2,3-dihydro

9A-24 2 H-inden-5-yl)methyl)-9H
0 puriss9-yl)propyl)methane.  

HN sulfonamide 
3S02
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Comp ound No, Structure Name 
NH2 

N N N-(3-(6-amio-2-fluoro-8

FAN N ' ((6-iodo-3-oxo-2,3-dihydro

9A-25 lH-inden-5-yl)methyl)-9H
0 purin-9-vl)propyl)-2

HN methylpropane-2
SQ0, sulfonamide 

NH2 

N N-(3-(6-amino-2-fluoro-8

FAN~ ((6-iodo-3-oxo-2,3-dihydro

9A-26 0 IH-inden-5-yl)methyl)9H
purin-9-yl)propyl)-2

/l methylpropanc-2
sno suffinamide 

NH2 

N ~ NN-(3-(6-ainino-2-fluoro-8
A N ~ ((6-iodo-3-oxo-2,3-dihydro

F N Nn--l~cty)-H 
9A-27 2 Hido5ylmty>H 

2) purin-9-yl)propyl)-2

HN inethylpropane-1 

8- 02 
sulfonamide 

NH2 

N ~ NN-(3-(6-amino-2-fluoro-8

FAN N F ((6-iodo-3-oxo-2,3-diliydro
9A-20 o H-ioden-5-yl)methyl)-9T) purin-9

HN yl)propyl)cyclopropane
S0

2  sulfoniamide 

NN N -3-(6-amino-2-fluoro-8-((6

FAJINIILN iodo-3-oxo-2,3-dihydro-1H
9A-29 0) inden-5-yl)methyl)-9H

0o puein-9-yl) -N
HN isopropylpropaliaside 

NH2 

N N -3-(6-amino-2-fluoro-8-((6

)L~- ' \ /iodo-3-oxo-2,3-dihydro-1 
9A-30 F NN in~den-5-yI)methyl)-9H

oo purin-9-yl)-N
HN eth-yipropanamide
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Compound No. ]Structure Name 
NH-2  I 

N N 3-(6-amino-2-fluoro-8-((6
N ~ /iodo-3-oxo-2,3-dihydro~-1 

9A-31 FI F N inden-5-yl)methyl)-9H
0 purin-9-yl)-N

0o methylpropan-arnide 

NH2 I 

N 3-(6-amino-2-fluoro-8#(6

F I! "3 iodo-3-cxo-2,3-dihydru-lH) inden-5-yt)methyI)-9,H

o 0 purin-9-yl)propanamtide 

NH2  I 

N ~ N 3-(6-amino-2-fluoro-8#(6

F N N> ~ ~ iodo-3-oxo-2,3-dihydro-1H
9A-33 -- indcn-5-y)mthyl)-91

o 0purin-9-yl)-N-(tert
H N) butyl)propanamide 

NH 
N -~ N3-(6-amino-2-fluoro-8-((6

F N N ~ /iodo-3-oxo-2,3-dihydro-1I
9A-34 inden-5-yl)methyl)-9H

o 0purin-9-yl)-N
HNV_ isobutyipropanamide 

NH2 I 

N ~ /3-(6-amino-2-fluoro-8-((6
EN iodo-3-oxo-2,3-dihydro-11

9A-35 inden-5-yl)methyl)-9H

o 0 purin-9-yl)-N
HN \cyclopropylpropanamide 

NH, 

NN NN-(2-(6-amjino-2-fluorc-8

FN N /((6-iodo-3-oxo-2,3-dihydro
9A-36 IH-indea-5-yI)methyt)-9H

NH purin-g
0 yl)ethyl)isabutyramide 

NH2 

N , N -1 N-(2-(6-amino-2-fluoro-8
A- I" \ / ((6-iodo-3-oxo-2,3-dihydro

9A-37 EN 1-inden-5-yl)methyl)-9HI
0 purin-9

0= NH yl)thyl)propionamide
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Compound No. Structure Name 
NHz 

N 

FNN NN-(2-(6-amino-2-fluoro-8
9A-38 N N ((6-iodo-3-oxo-2,3-dihydro

0 1H-inden-5-yl)methyl)-9H
NH purin-9-yl)ethyl)acetamide 

NH2  I 

N N, -N-(2-(6-amino-2-fluoro-8
9A-39 F N' N ((6-iodo-3-oxo-2,3-dihydro

1H-indcn-5-yl)methyl)-9H

NH purin-9-yl)etbyl)formamide 
o=-/ 

NH2 I 
N 

S\ / N-(2-(6-amino-2-fluoro-8
F N ((6-iodo-3-oxo-2,3-dihydro

A 1H-inden-5-yl)methyl)-9H
NH purin-9-yl)ethyl)pivalamide 

NH2 

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 

NH2 I 
N N N-(2-(6-amino-2-fluoro-8

F N- / ((6-iodo-3-oxo-2,3-dihydro
9A-42 IH-inden-5-y1)methyl)-9H

0 purin-9
NH yl)ethyl)cyclopropane

o0 carboxamide 

E-. In some embodiments of the disclosure, Xz 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-II. In some embodiments of the disclosure, X2 is an alkynyl group, e.g,, ethynyl, 1

prop-1-ynyl, and 3-prop-l-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-lV. In some embodiments of the disclosure, X2 is an amino group, i.e., -NRIR 2, 

wherein R, and R 2 are each independently H, C-Q alyl, C-C 6 alkenyl, C-C6 alkynyl, cycloalkyl, 

heteroalkyl, heterocycloalkryl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylallyl, 

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 X2 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 Xe 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): 

NH2X 

N N 

I \ Y Xa 
X4  N Xc 

R Xb 

(4) 

15 or a pharmaceutically acceptable salt thereof, wherein: 

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

Y is CH12 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)-, -SO2N(RA)-, -NRASO 2-, -C(O)N(RA)-, or -NRAC(O)-, andor 

terminated by -S(O)NRARS, -NRAS(O)Re, -SO2NRARs, -NRASO2RS, -C(O)NRARB, or 

NRAC(O)Rs, wherein each RA and Rs is independently selected from hydrogen, C-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 X 2 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 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 3A, corresponding structures in which Xz is F, C, 

5 or Br and Y is CH2 are also within the scope of the disclosure.  

Table 3A 

Compound No. Structure Name 
NHg 

N 

N 2-[6-Amino-8-(6-iodo-indan
NA-l5-ylsulfanyl)-purin-9-yl]

ethanesulfonic acid 

HN 02 isopropylamide 

NH
9 

N - /2-[6-Amuino-8-(6-iodo-indan

3A-2 N 5-ylsulfanyl)-purin-9-yl]
ethanesulfonic acid 

an 2  ethylamide 
HN 

NH
2 

s 2-[6-Amino-8-(6-iodo-indan

3A-3 N 5-ylsulfanyl)-purin-9-yl]
ethanesulfonic acid 

sO2 methylamide 
HN 

NH
2 

S 2-[6-Amino-8-(6-iodo-indan
3A-4 N N 5-ylsulfanyl)-purin-9-yl]

ethanesulfonic acid aide 
so02 

H2N 
NH

2 

-s /2-[6-Amino-8-(6-iodo-indan

3A-5 5-ylsulfanyl)-purin-9-yl]
ethanesulfonic acid tert

HN S 2  
butylamide 

NH2 

N N > 2-[6-Amino-8-(6-iodo-indan
3A-6 5-ylsulfanyl)-purin-9-yl]

ethanesulfonic acid isobutyl
HN anude
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Compound No, Structure Name 
NH2 I 

N( -- [6-Amino-8-(6-iodo-indan

3A-7 'N5-ylsulfanyl)-purin-9-yl
ethanesulfonic acid 

SO P 2  
cyolopropylamide 

NH2 

>~ S ~ /Propane-2-sulfonic acid {2
IA8 N N [6-amnino-g-(6-iodo-inidan-5

3A-8 ylsulfanyl)-purin-9-yl]

02S N ethyl}-amide 

NH2 

N s /Ethaliesulfonic acid {2-[6
3A-9 N~ Namino-g-(6-iodo-indan-5
3A-9 ylsulfanyl)-puriu-9-yl

NH ethyl}-ami de 

NH2  I 

N _ _ t b N- {2-[6-Armino-8-(6-iodo

3A-1O N, N indan-5-ylsulfanyl)-puri-9
yl]-ethyl}

NH methatiesulfonamide 
0

2S\ 
NH2 I 

N ~N -- ehlpoae2sloi ' 'N 
N 

3A-11 acid {2-[6-amino-8-(6-iodo

idan-5-ylsulfanyl)-purio-9
0 2 S NHyl]-ethyl} -amide 

NH2 

_ 3_<\ /, 2-Methyl-propane-2-sulfmic 

3A-12 ~ ~ N N ai 2[-iioS(-oo 
3A-12indao-5-ylsulfanyl)-parin-9

Os !4H y1]-ethyl} -amide 

NH2 I 

I. ~ 2-Methyl-propane-l-sulfonic 

3A-13~ ~ N acdN-6aio8(-oo 

3A-13indam-5-ylsulfanyl)-purin-9

02S yl]-ethyl}-amide
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Compound No. Structure Name 
NH2 

~ i- \ /Cyclopropanesnifonic acid 
NA1 N 2-[6-amino-8-(6-iodo

NH indan-5-ylsulfanyl)-purin-9

023 I yl]-cthyl} -amide 

NH2 

N N 
NL N-- s 3-[6-Amino-8-(6-iodo-inidan

3A- 15 5-ylsulfanyl)-purin-9-yl
propane-i -suifonic acid 

02 S 'isopropylamide 

NH 

NH2 

KN N ~ /3-[6-Armino-8-(6-iodo-indan

3A- 16 N5-ylsulfanyl)-purin-9-yl]$ propane- I -sulfonic acid 

ethylamide 
NA 

NH2 

~N N ~ -[6-Amino-8-(6-iodo-indan
3A-17 5-ylsulfanyl)-purin-9-yl$ propane- 1-sulfbnic acid 

0 2 S methylamide 
N2S 

NH 

3-[6-Amino-8-(6-iodo-indai
3A-18 N \N 5-ylsulfanyl)-purin-9-yll

propane-i -eulfonic acid 
) amaide 

02 S 
NH, 

NI-2 

S11 3-[6-Aminio-8-(6-iodo-indan

3A-19 N5-ylsulfanyl)-purin-9-yl]K propatie-1-sulfonic acid tort

j butylaniide
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CopudN.Structure Name 
NH2 

'N' N3-f 6-Amino-8-(6-iodo-indan

3A-20 5-ylsufany)-purin-9-yl]
propanie-i -sulfonic acid 

02 S isobutyl-amide 
HN

NH2  I 

N ,- N 
N N S3-[6-Amino-8-(6-iodo-indan

3A-21 5-ylsulfanyl)-purin-9-yl]
Propane- I -sulfonic acid 

o~n~ cyclopropylamide 

NH2 I 

a Prpn-2-sulfonic acid {3
[6-amirio-8-(6-iodo

3A-22 2,3,3a,7a-tetrahydro-1H

NH inden-5-ylsulfanyl)-purin-9
HN, S02yl]-propyl}-ainide 

NH2 

it S-\ / thanieaulfonic acid {3-[6

3A-23 N N amioo-g-(6-iodo-iridan-5
ylsulfanyl)-pu-riti-9-yl]

HN 

302 

NH2 

N N 
\>- sN-{3-[6-Aminc-8-(6-iodo

3A-24 N) indan-5-ylsulfanyl)-purin-9
A -Propy) 

metbancaulfonamide 
so, 

NH2 

N ~ ~/2-Methyl-propane-2-sulfonic 
3A-25 acid {3-[6-aniino-g-(6-iodo

indan-5-ylsulfanyl)-purin-9

HN yl]-propyl)-amidc 

/02
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Compound No. Structure Nm 
NH2 

N N 2-Methyl-propaoe-2-sulfiic 

3A-26 acid f3-[6-amioo-8-(6-iodo
indan-5-ylsulfany)-purin-9

HN yl-propyl} -amide 
so 

NH2  I 

N _ N2-Methy1-propane-l-sulfonic 
3A-27 acid {3-[6-amioo-8-(6-iodo

indan-5-ylsulfanyl)-purio-9

HN1  yl]-propyl} -amide 
302 

NH2 
Ni ylpoaeufncai 

N N 

3A-28 {3-[6-amino-g-(6-iodo
indan-5-ylsulfanyl)-purin-9

HN ' yl]-propyl}-amide 

NH 

N.-N >- ~/3-[6-Amino-S-(6-iodo-indao
3A-29 5-ylsulfany1)-purmn-9-y] -N

-- o isopropyl-propionamidc 
HN 

NH2  __ 

N~ S- N /_ 3-[6-Amino-S-(6-indo-indao
3A-305-ylsulfanyl)-purin-9-yl]-N

o et1hy-propionanmide 

HN\ 

NH2 

N 3-[6-Amino-8-(6-iodo-indan

3A-315-ylsulfanyl)-purin-9-yl]-N
o methyl-propionamide 

HN 

NH2 

NA-3S 'N/ N 3-[6-Amino-8-(6-iodo-ida
IA-32'W N5-ylsulfanyl)-purinl-9-yl]

o propionamide
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Compound No. Structure Name 
NH2 

N N 

KN 'N \1/ 3-[6-Arnino-8-(6-iodo-indan
3A-33 5-ylsulfanyl)-purin-9-ylj-N

o tert-butyl-propionamlide 

HN 

NH2 

N\

N 'N S /3-[6-Aniino-8-(6-iodo-indan
3A-34 5-ylsulfanyl)-purin-9-yIj-N

o isobutyb-propionamide 
HN 

NH2 I 

N. N 3-[6-Amio-8-(6-iodo-inidan

3A-35 5-yls-ulfanyl)-purin-9-yli -N

o cyclopropyl-propionamide 
HN 

NH2 

N 
-N U T - N-{2-[6-Amino-8-(6-iodo

3A-36 Nindan-5-ylsulfanyl)-purin-9

NHyl] -ethyl}I-propionamide 

NH 2 

N- \ 

N ' SN N-{ 2-[6-Amino-g-(6-iodo
3A-37 Nindan-5-ylsulfanyl)-purin-9

yl] -ethyl)}-propionamide 
NH 

NH2 

-N 

3A-38 N N indan-5-ylsulfanyl)-purin-9
yll-ethyl} -acetamide 

NH 

NH2 I 

a ~ /N-{2-[6-Amino-8-(6-iodo
N N indan-5-ylsulfanyl)-purin-9

3A-39 NHyl]-ethyll-2,2-dimethyl

NH propionamide
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Cornpound No, Structure Namne 
NH2 

N N 

K N / N-{2-[6-A-mino-8-(6-iodo

3A-40yl]-ethyl}-3-methy
NH indn-5yaanl)puin 

2 

Ni - Cyclopropanecarboxylic acid 
3A/b ( 2-[6-amino-8-(6-iodo

NH-4 indan-5-ylsulfanyl)-purin-9
NH yl]-ethyl)-amide 

NH2 

N' 
' N- (2-[6-Ammo-8-(6 -iodo

3A-4 N Nindan-5-ylsulfanyl)-purin-9
yl]-ethyl)-formamide 

NHH 

N H
\ >-S s N-{3-6-Arnuno-8-(6

N 

methianesulfonainide 

NH2 

N l N- {3 -[6-Amino-g-(6-iodo
3A-44 indan-5-ylaulfanyl)-purin-9

yl] -propyl} -2,2-dimethyl
Ha propiuiaamide 

S ~ N f / -{-[6 -Amino-8-(6-iodo

3A-45 indan-5-ylsulfanyl)-purin-9

HN yi]-propyl) -isobutyramide 

NH12 

N/ Cyclopropanecarboxylic acid 

3A-46{3-[6-aniino-8-(6-iodo
3A-46 <Hindan-5-ylsulfanyl)-purin-9

NH yl]-propyl) -amide
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Compound No. Structure Name 
NH2 

1 n N-{3-[6-Amino-8-(6-iodo
N N 

3A-47 indan-5-ysulfanyl)-purin-9
yl]-propyl}-2-hydroxy

NH propionamide 
OH 

NH
2 

-s Acetic acid 1-{3-[6-amino-8
N (6-iodo-indan-5-ylsulfanyl)

3A-48 purin-9-yl]

NH propylcarbamoyl}-1-methyl
rAc ethyl ester 

Nil, 

/ N-{3-[6-Amino-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 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 arce 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 X 4 is 1t, Cl, Br, or I and Y is S are also within the scope of the 

disclosure.  

Table 6A 

Compound No. Structure Name 
NH

2 

N N 2-(6-amino-2-fluoro-8-((6
N / iodo-2,3-dihydro-lH-inden

6A-1 5-yl)methyl)-9H-purin-9-yl)

so)2 N
HN iscpropylethanesulfonanide 

NH2 

2-(6-amino-2-fluoro-8-((6
6A-2 N iodo-2,3-dihydro-1H-inden

5-yl)methyl)-9H-purin-9-yl)
so2 N-ehtylethanesulfonamide 

HN\
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Compound No. Structure Name 
NH2  I 

2-(6-amino-2-fluoro-8-((6

6A-3 ~ ~iodo-2,3-dihydro-lH-inden
5-yI)methyl)-9H-purin-9-y)

IS02 N-methylethanesulfonanide 
HN 

NH2 

-I N> 2-(6-amino-2-fluoro-8-((6

6A-4 F 'N N '~/iodo-2,3-dihydro-1H-inden

5-yl)methyl)-9H-purin-9
~O. yl)ethanesulfonamide 

NH2  I 

N'l 2-(6-amino-2-fluoro-8-((6

I] NI iodo-2,3-ihydro-1H-indeii
6A-5 F NC 5-yl)methyl)-9H-purin-9-yl)

HN 302 butyl)ethanesujlfbnauaide 

NH2  I 

2-(6-amino-2-fluoro-8-((6
F NN iodo-2.3-dihyclro-lH-inden

6A-6 5-yl)maethyl)-9H-purin-9-yl)
N

HN isobutylethaoiesulfonaoiide 

NH2 

N ~'2-(6-amiino-2-fluoro-8-((6
F'~ Nre iodo-2,3-dilsydro-11-inden

6A-7 5-yl)niethyl)-9H-purin-9-yl)
so'89  N-cyclopropyl

HN ,etbanesulfonamide 

NH2 I 

N N-(2-(6-amino-2-fluoro-8

F' N- N ((6-iodo-2,3-dihydro-1H
6A-8 iniden-5-yl)methyl)-9H

'NH purin-9-yl)ethyl)propane-2
023 sulfonaide 

NH2 

N - N-(2-(G-amino-2-fluoro-8
F~>N N((6-iodo-2,3-dihydro-1H

6A-9 F Kiinden-5-yl)methyl)-9H
purin-9

02 NH yl)ethyl)ethanesulfonamide
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Compound No. Structure Name 
NH2 

~ N N-(2-(6-amiino-2-fluoro-8
I \ / ((6-iodo-2,3-dihydro-1

FA-1 -" inden-5-yl)methy)-9H
(. purin-9

NHyl)ethyl)miethaniesulforiaofide 
02S 

NH2 

N-N - N-(2-(6-ainino-2-fluoro-8

-N / ((6-iodco-2,3-dihydro-IH
6A- ~ F inden-5-yl)methyl)-914

K purin-9-yl)ethyl)-2 
O'lNH j methylpropane-2

sulfomde 

NH2 

N N-2-6-o-2-fluodro-SH

6A-12 inden-5-yI)metliyl)-9H
purin-9-yl)ethyl)-2

osNH meshylpeopanie-2

XS sulfinamide 

N> \ ((6-iodo-2,3-dihydro-lH

( purin-9-yl)ethyl)-2
NH methylpropaie- 1

02S\ sulfonamide 

2 

~ - N-(2-(6-aminc-2-fluoro-8

F N'N~ ((6-iodo-2,3-dihydro-1H
6A-14 )inden-5-yl)methyl)-9H

K purin-9
NH yl)ethyl)cyclopropanc

023 sulfonamide 

NH2 

I X 3-(6-amiino-2-fluoro-8-((6
-- iodo-2,3-dihydro-lH-indetn

6A-15 5-yl)mediyl)-9H-purin-9-yl)
) N-isopropylpropane- 1

02S N sulfonamide
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Comnpound No. Structute Name 
NH2 I 

~~.. ~ N -(6-ainino-2-fluoro-8-((6

F N- N /iodo-2,3-dihydro-1H-inden
6A-16 5-yl)methyl)-911-purm-9-yl)

N-ethylpropane-I
022 sulfonamide 

NH 

NH2 

3-(6-amino-2-fluoro-8-((6

F N N icdo-2,3-dihydro-lH-inidcn
6A-17 5-yl)nietltyl)-9fl-purini-9-yl)

K N-methylpropane-1 
2 sulfonamide 
NHS 

NH 

NH 

I X 3-(6-amino-2-fluoro-8-((6
6A-18 FN N iodo-2,3-dihydro-lH-indenl

S-yl)methyl)-9H-purin-9-yl)
2 N-propanesulfonamide 

02q 
NH, 

NHq 

N ~N -3-(6-amnino-2-fluoro-8-((6

I'~ _ { > / 
Nj iodo-2,3-dihydro-l11-inden

6A-19 >5-yl)methyl)-9H-purin-9-yl)
N-(tert-butyl~projpaie-I 

02S sulfonamide 
HNX 

NH2 

\J NJ/ 3-(-mn-2-fluoro-8-((6
F N Niodo-2,3-diliydro-1H-inden

6A-20 5-yl)methyi)-9H-puarin-9-yl)
N-isobutylpropane-l

02q sulfonamide 

NH2 

F iodo-2,3-dihydro-lH-inden
6A-21 >5-yt)mnethyl)-9H-purin-9-yl)$ N-cyclopropylpropane-1

sulfonamide 
_ _ _ _ ~HN-_ _ _ _
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Compound No. Structure Namne 
NH2 

F N-(3-(6-amino-2-fluoro-8

6A2 ((6-iodo-2,3-dillydro-1H
6A-22 (inden-5-yl)methyl)-9H

HN purin-9-yl)propyl)propaiie-2
HN 02sulfonamide 

NH2 

, N 
FN /N-(3-(6-amino-2-fluoro-8

((6-iodo-2,3-dihydro-1H
6A-23 indeni-5-yl)sniethyl)-9H

HN purin-9

NH2  yl)propyl)ethanesulfonamide 

N N-(3-(6-amino-2-fluoro-8
'~ /((6-iodo-2,3-dihydro-1H

6A-24 iiudeni-5-yl)metsyl)-9H
purin-9-yl)propyl)mnethiane

HN, sulfonamide 

NH2 

N ~. -NN-(3-(6-amino-2-fluorc-8

F N N, ((6-iodo-2,3-dihydro-1H

6A-25 2inden-5-yl)methyl)-91
purin-9-yl)propyl)-2

HN methylpropane-2
1so 2  sulfonamide 

NH2 

N--N, N-(3-(6-amino-2-fluoro-8
F -N ((6-iodo-2,3-dihydro-1H

6A-26 ,/irden-5-yl)metsyl)-9{
HN purin-9-yl)propyl)-2
HN methylpropane-2

'so sulfinamide 

NH2 

N ~ N-(3-(6-aminio-2-fuoro-8

F N N _/((6-iodo-2,3-dihydro-LH

6A-27 inden-5-yl)metliyl)-9H
purin-9-yl)propyl)-2

I-N methylpropane-l
S0

2
sulfonamide
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Compound No. fStructuTe Name 
NH2 

N, -(3-(6-amino-2-fluoro-8

F' N' N ((6-iodo-2,3-dihydro-1H
) mnden-5-y1)methyl)-9H

6A-28purin-9

M N yl)propyl)cyelopropane
SO2  sulfoniamide 

NH2 I 

N 
3-(6-amino-2-fluoro-8-((6

6A-29iodo-2,3-dihydro-iH-inden
6A-295-yl)merhyl)-9H-purin-9-yl)

N-iaopropylpropanamidc 

NH2 

NN 3-(6-amio-2-fluoro-8-((6
I '11 \ / 

6A-30 <N N ~iodo-2,3-dihydro-1}{-inden
5-yl)methyl)-9H-purin-9-yl)

MN u N-ethylpropanamide 

NH2 

N N, / 3-(6-aroino-fho-8(6 
F N N iodo-2,3-dihydro-1H-indeo-5.  6A-31I yl)methyl)-9H-purin-9-yl)-N

methyipropanamide 
MN, 

N 3-(6-amino-2-fluoro-8-((6

6A-32 F Niodo-2,3-dihycko-lH-inden
5-yl)methyi)-9H--purinl-9-yl)

__________ ,No N-propanamide 

N 

\ / 3-(6-aimo-2-fluoro-8-((6
6A3 iodo-2,3-dihydro-lH-inden

6A-33 5-yl)methyl)-9H-purini-9-yl)
-0 N-(teii-butyl)propaoamide 

NH 

N 

> 3-(6-amioo-2-fluoro-8-((6
F'~ I f 

6A-34 > - iodo-2,3-dihydro-1H-inden
5-yl mcthyl)-9H-puriin-9-yl)

- u N-isobutylpi-apaoainide 
HM
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Compound No. Structure Name 

F N N3-(6-aniino-2-fluoro-8-((6 
6A-35 iodo-2,3-dihydro-1H-inden

5-yl)methyl)-9H4-purin-9-y)
o N-cyclopropylpropanamide 

HN 

NH2 

F N N ~ / q (2-(6-amrino-2-flucorn-8((6

6A-36 )odo-2,3-dihydro-1H-inden-5
yl)mnethyl)-9H-purin-9

NH yl)ethyl)isubutyranaide 

NH2 

N 'N N -N-(2-(6-amino-2-fluoro-8

F N N((6-iodo-2,3-dihydro-IH
6A-37 N N nden-5-yl)methyl)-9H

K purin-9
NH yl)ethyl)propionamidc 

NH2 

F N N ~ / ~ N-(2-(6-amino-2-fluoro-g
F N3N ((6-iodo-2,3-dihydro-TH

? inden-5-yl)methyl)-9H
'NH purin-9-yl)ethyl)acetaroide 

NH2 

N' N, - N-(2-(6-amioo-2-fluoro-8

6A-39 F' \/((6-iodo-2,3-dihiydro-1H.  
inden-5-ylmethyl)-9H

'NH purin-9-yl)ethyl)formamide 

NH2  ___ 

N /N-(2-(6-amiino-2-fluoro-8

6A-40 F ((6-iodo-2,3-dihydro-LH
K iniden-5-yI)methyl)-9H

NH puriin-9-yl)ethyl)pivalamide 

NH2 

N 'N NN-(2-(6-amino-2-fluoro-8

F N N ((6-iodo-2,3-dihydro-1H
6A-41 )inden-5'y)methyl)-911

NH pnrin-9-yl)ethyl)-3

I-Q methlylbutanamide
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. Compound No. Structure Name 
NH

2 

N N - N-(2-(6-amiino-2-fluoro-8
F ~ /((6-iodo-2,3-dihydro-IH

F V N 
6A-42 inden-5-yl)methyl)-9H

purin-9
NH yl)ethyl)cyclopropane

carboxamide 

Hsp
9
0 binding results are presented for Compounds 3A-10, 3A-11, 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, lH-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-1. 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, X 2 is an amino group, i.e., -NR1R2, 

wherein R, and R2 are each independently H, Ci-Ca 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 X2 is an amino group.  

C. 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 

N N 
S\/ Xa X4 NN 

Xb 
R 

(5) 

or a pharmaceutically acceptable salt thereof, wherein: 

at least one of Xa and Xb is CE or CF2 and the other is CHF, CF2, or CH 2; 

5 Y is CH2, 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-cbain- 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)-, -NRASO2-, -C(O)N(RA)-, or -NRAC(O)-, and/or 
terminated by -S(O)NRARS, -NRAS(O)Ra, -SO2NRAR8 , -NRASO 2R5 , -C(O)NRARs, or 

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

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

arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylbeteroarylalkyl; 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 CH2 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 CUE and Xa is CH 2. However, corresponding structures in
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which Xa is CHF and Xb is CH2, Xa is CF 2 and Xb is CH2, 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 CIF, or Xa is CF2 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 CHF 

5 and Xb is CH2, Xa is CF2 and Xb is CH 2, Xb is CF 2 and Xa is CH2, Xa is CHF and Xb is CF 2, Xb is 

CHF and Xa is CF2 , Xa is CIT 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 
NH2 

s /2-[6-Amino-8-(3-fluoro-6

8A-1 iodo-indan-5-ylsulfanyl)
F purin-9-yl]-ethanesulfonic 

So 2  acid isopropylamide 
HN 

NH2 

N' s 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 
-s 2-[6-Amino-8-(3-fluoro-6

8A-3 N N iodo-indan-5-ylsulfany)

F purin-9-yl]-ethanesulfonic 
So)2 acid methylamide 

H N 
NH

2 

Nx2-[6-Amino-8-(3-fluoro-6

8A-4 N N iodo-indan-5-ylsulfanyl)
7 purin-9-yl]-ethanesulfonic 

F acid amide 

H N 

N 2-[6-Amino-8-(3-fluoro-6
NA5iodo-indan-5-ylsulfanyl)8A-5 

F purin-9-yl]-ethanesulfonic 
;so2 acid tert-butylamide
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-Compound No. - .,Structure Name 
NH2 

I- / 2-[6-Amino-8-(3-fluoro-6

8A-6 Fiodcu-indan-5-ylsulfaoyl)
Fpurin-9-yl] -ethanesulfonic 

HN 02acid isobutyl-amide 

NH2 I 

NN,'- N ~ /2-[6-Amino-8-(3-fluoro-6

8A-7 iodo-indan-5-ylsulfanyl)
Fpuriu-9-yl].-ethanesutfonic 

H N ;S02acid cyclopropylamide 

NH2 

' N / IPropanc-2-sulfonic acid {2

8A-8 N N [6-amino-g-(3-fluor-6-iodo
NH F indan-5-ylsulfanyl)-purin-9

028 1NHyI]-ethlyl}-amide 

NH2 

N AN 
N a ~ /Ethaneaulfonie acid (2-[6

8A-9 N anlino-8-(3-fluoro-6-iodo

NH ~yl] -ethyl} -amide 

NH 

N > S\ N-{2-[6-Amino-8-(3-fluoro
NSA-lN 6-iodo-indan-5-yls;ulfanyl)

8A1 F purin-9-yl] -ethyl) 
023NH methaneaulfonamnide 

\ 2-Metliyl-propane-2-sulfonic 

N' acid {2-[6-amino-8-(3
8A-11N fluoro-6-iodo-indan-5

NH yls-ulfanyl)-puri-9-yl]
028 ethyl} -amide 

N _S 2-Metliyl-propauc-2-sulfiic 
N N acid {2-[6-amino-8-(3

8A- 12 fluoro-6-iodo-indan-5

NH Fylsulfanyl)-purin-9 -yl] 
os' , thyl}-amide
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Corn ound No, Structure Name 
NHZ 

\>sN 24vlethyl-propane-1I-aolfonic 
K S N acid {2-[6-amino-8-(3

8A-1 3 fluoro-6-iodo-indan-5

NH Fylsulfanyl)-purin-9-yl
02S 1 ethyl}-amide 

NH2 

N/,I~S \ Cyclopropanesolfonic acid 

8A-14 N 2-[6-amino-8-(3-flooro-6
NH F iodo-indan-5-ylaulfanyl)

028 N purin-9-yl] -ethyl) -amnide 

NIH2  I 

~ S~ ~ /3-[6-Amino-8-(3-fluoro-6

tA-i 5iodo-indan-5-ylsulfanyl)
815F purin-9-yl] -propano- I

o2a aulfonic acid isopropylamide 
NH 

11 . \/3-[6-Amino-8-(3-fluorc-6

9A-16 N Niodo-indan-5-ylsulfanyl)
F purin-9-ylJ -propane-I 

02$} sulfonic acid ethylaniide 

NH 
NH2 

N 

\>< s 3-[6-Amnino-8-(3-fluorc-6

8A-17 N N iodo-indan-5-ylsulfbnyl)
F plurin-9-yl] -propane- I

sulfonic acid methylamnide 
025 

NH 

NH2 

Nl _s3-[6-Amino-8-(3-fluoro-6

8A-18 N iodo-indan-5-ylsulfanyl)
F purin-9-yl] -propane-i1

aulfonic; acid amnide 

02
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Compound No. Structure Name 

NH 

L 3-[6-Amino-g-(3-fluoro-6

8A-19 N\iodo-indan-5-ylsulfaiyl)
sulfonic acid tert-butylaniide 

HNX 

N
2 

N, N 3-[6-Ami.o-8-(3-fl..,.-6
8A-2 / Fiodo-indan-5-ylsulfanyl)
8A-20 Fpuainl-9-yl]-propane-1

0A ~ sulfonic acid isobutyl-amide 
HN-) 

NH2 

N N -3-[6-Amino-S-(3-fluoro-6

kN~ iodo-iudaa-5-ylsulfanyl)
8A-21 ptirin-9-yl]-propane-1 

C) F sulfonic acid 

025, cyclopropylamide 

NH2  I 

N' N\ / Propane-2-sulfonic acid {3

SA-22 [6-amino-g-(3-fluoro-6-iodo
F indan-5-ylsulfanyl)-purin-9

HN /yl]-propyl}-ainide 
S02 

NH
2 

N -I 

SN Ethanesulfonic acid {3-[6

6A-2 N q amino-g-(3-fiuoro-6-iodo

F indan-5-ylsulfanyl)-purin-9

IN yl]-propyl} -a-ide 

NH2 I 

N ) S N-{3-[6-Amino-8-(3-fluoru

SA-24 N 6-iodo-indan-5-ylsulfaryl)
F purin-9-yi]-propyl} 

HNhne-lbnmd 

/S02
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Compound No. Structure Namne 

NIN 
! \ /- 2-Methy1-propane-2-sulfonic 

8A-25 ' N \acid {3-[6-amino-8-(3,
8A-25 (fluoro-6-iodo-indan-5

HN ylsulfanyl)-purin-9-yl
'NSO2  propyll-amide 

NH2 

\/- .N>. 2-Methyl-propane-2-sulfiic 

NA2 N acid {3-[6-amino-g-(3
8A26F fluoro-6-iodo-indan-5

HN~ ylsulfanyl)-purin-9-yl]
HN 'sopropyl}-amide 

NH2 

NNN 
I " ~ /2-Methyl-propane- I-sulfonic 
WN. Nacid {3-[6-amino-8-(3

8A-27 F fluoro-6-iodo-indan-5

HN ylsulfanyl)-purin-9-yll

, S02 propyl) -amide 

NH2 

N 
N, N Cyclopropanesulfonic acid 

8A-28 {3-[6-amino-8-(3-fluoro-6
F iodo-indani-5-ylsulfanyl)

HN purio-9-yl]-propyl} -amside 
S02 

NH2 

,>S \ 3-[6-Amino-8-(3-fluoro-6

8A-29 N Niodo-iadan-5-yls-ulfanyl)
F purn-9-yl]-N-isopropyl

(0 propionaniide 
HN 

NH2 

~ S-~/3-[6-Amino-8-(3-fluoro-6

8A0N N iodo-indan-5-ylsulfaonyl)
FA3 purin-9-yl]-N-ethyl

a propionainide
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Compound No. Structure Name 
NH2 

N 
K s ~ /3-[6-Amillo-8-(3-fluoto-6

8A-3 1 N N iodo-indan--ylsuilfanyl)
F purin-9-yl]-N-methylb 

oC propionainide 

NH2 

\ / 3-[6-Anioo-8-(3-fluoro-6
8A-32 N- N iodo-iridan-5-ylsulfany1)

o F puin-9-y1]-propionamide 

NH2 

KN -N S 3-[6-Amino-8-(3-fluoro-6
8A3 iodo-indaii-5-ylsulfanyl>

F putin-9-yl]-N-tert-butyl
0 propionarnide 

HN 

NH2 

~.,' ~\ /3-[6-Amno-8-(3-fluoro-6

8A-34 N'iodo-indan-5-ylsulfanyt)
F purin-9-yl]-N-isobutyl

oN propionamide 

NH2 

~ S ~ /3-[6-Amino-8-(3-fluoro-6

8A-35 N iodo-indan-5-ylsulfanyl)
F purin-9-yl]-N-cyclopropyl

o propioniamide 
HN 

NH2  I 

~N ~ / ~ N-{2-{6-Amino-8-(3-fluoro

8A-36 6-iodo-indan-5-ylsulfaniyl)
NH F purin-9-yI]-ethyll

NH isobtutyramide 

NH2  I 

N-{2-[6-Aniino-8-(3-fluoro
-N~ * 

8A-37 N 6-iodco-indan-5-ylsulfanyl)
purin-9-yl]-ethyl}

NH propionamide
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Compound No Structure Name 
NH2 

N-{2-[6-Amino-8-(3-fluoro
8A-38 6-iodo-indan-5-ylsulfanyl)

F purin-9-yl]-ethyl}-acetamide 
NH 

NH2 

N S N-{2-[6-Amino-8-(3-fluoro
8A-39 N 6-iodo-indan-5-ylsulfanyl)

F purin-9-yl]-ethyl}-2,2
NH dimethyl-propionaide 

NH
2 

S ~ /N-{2-[6-Amino-8-(3-fluoro

8A-40 6-iodo-indan-5-ylsulfanyl)
F purin-9-yl]-ethyl}-3-methyl

NH butyramide 

N Cyclopropanecarboxylic acid 

8A-41 {2-[6-amino-8-(3-fluoro-6
\4F iodo-indan-5-ylsulfanyl)
NH purin-9-yl]-cthyl}-amide 

NH
2 

N-{2-[6-Amino-8-(3-fluoro

8A-42 N 6-iodo-indan-5-ylsulfanyl)
purin-9-yl]-ethyl} 

NH F formamide 

Table I0A lists specific examples in which X2 is halogen and X4 is halogen. In each of the 

structures as drawn, X2 is I and X 4 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 1 OA, Xb is CHF and Xa is CH2.  

However, corresponding structures in which Xa is CHF and Xb is CH2, Xa is CF2 and Xb is CH2, 

Xb is CF2 and Xa is CB, 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 I0A, corresponding structures in which X4 is 1-, Cl, 

Br, or 1, Y is S or 0, and Xa is CHF and Xb is CH2, Xa is CF2 and Xb is CH2, Xb is CF2 and Xa is



WO 2012/138894 PCT/US20121032371 

149 

CH2, Xa is CITE and Xb is CF2 , Xb is CIE and Xa is CF2, Xa is CIE and Xb is CHE., or Xa is CF2 

and Xb is CF2 are also within the scope of the disclosure.  

Table I OA 

-Compound No. Structure Name 
NH2 I 

N ,, N -(6-amnino-2-fluoro-8-((3

F N IN ' fluoro-6-iodo-2,3-diliydro
1OA-1 F 1H-inden-5-yl)methyl)-9H

j302 purin-9-yt)-N
N isopropylethanesulfonamide 

NH2  I 

NN N 2-(6-ainino-2-fluoro-8-((3

FAN 19 fluoro-6-iodo-2,3-dihydro
1 OA-2 F I1--inden -5-yl)methyl)-9H

F purin-9-yl)-N
HNS 0 2  

ethylethanessli'onamide 
NH 

N N N 2-(6-amnino-2-fluoro-9-((3

FAN N ~ /fluoro-6-iodo-2,3-dihydro
IOA-3 F I l1I-indcn-5-yl)methyl)-91H

IF purin-9-yl)-N

HS0 2  methylethanesulfosiamide 

NH2  I 

N-k. N -2-(6-amino-2-fluoro-8-((3

1A4F) INII/ fluoro-6-iodo-2,3-dihydro
1OA-4 NlH-inden-5-yl)methyl)-911

K F purin-9
Psu2  yl)ethanesulfonamide 

HN 
NH2 

NN N -2-(6-amino-2-fluoro-8-((3

F NS ~ fluoro-6-iodo-2.3-dihydro
IOA-5 FlH-inden-5-yl)methyl)-9H

;S02pssrin-9-yl)-N-(tert

N butyl)ethanesulfonaniide 

NH2  I 

F N N' \ / fluoro-6-iodo-2,3-dihydro
lOA-6 K F lH-inden-5-yl)methyl)-9H

,SOS purin-9-yl)-N
I-N isobusylethanesulfonasnide
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Compound No. Structure Name 
NH2 

- 2-(6-ainino-2-fluoro-8-((3
N fluoro-6-iodo-2,3-dihvdro

IOA-7 1 I11-inden-5 -yl)methyi)-9H

,so, purin-9-yl)-N-cyclopropyl
HN ethaniesulfonamide 

NH2 I 

N N, N-(2-(6-amino-2-flunro-8

1OA-8 )dihydro-lH-inden-5
FyI)methyI)-9H-purin-9

NH y1)ethyl)propane-2
025r sulfonamiide 

NH2 

NN N N-(2-(6-amino-2-fluoro-8

FXN ~ /((3-fluoro-6-iodo-2,3
OA-9 Ndihydro-1 H-inden-5

NH F yl)methyl)-91{-purin-9
NH ~ yl)eshyl)ethianesulfoniamide 

NH2 I 

N N NN-(2-(6-amino-2-fluoro-g

FAN~N \/((3-fluoro-6-iodo-2,3
IOA-10 dihydro-1-inden-5

NH F yl)meshyl)-9H-purin-9
NH yt)ethyl)methanesulfoniamide 

02d 

NH2 
N N -N-(2-(6-amino-2-fluoro-8

FN N /((3-fluoro-6-iodo-2,3
101 dihydro-1E-inden-5

,N F yl)mcthyl)-9H-purin-9
NH yI)etliyl)-2-methylpropane-2

02S sulfonamnide 

NH2 

N N NN-(2-(6-amino-2-floo-g

EN-1 dihydtro-lHI-inden-5

F yl)methyl)-9H-purmn-9
os PH yI)ethyl)-2-methylpropaTne-2

oa anfinam ide 

NH2 

N NN N-(2-(6-amnino-2-fluoro-8

ION1 dihydro-1H4-indeii-5

NH F yl)methyl)-9H-purin-9
028 PHyl)ethyl)-2-methylpropane-l

u -s sulfonamide
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Corn oud N.. Structure Name 
NH2 

NN N -N-(2-(6-amino-2-fluoieo-8

F>N \ /((3-fluorc-6-iodo-2,3
IOA-14 F dihydro- 1H-iniden-5

Fyl)methyl)-9H-purin-9
OeNH yl)cthyl)cyclopropane

0,S sulfonamide 

N112 

N N N> 7 3-(6-anfino-2-fluoro-8-((3

F N ' Nfluoro-6-iodo-2,3-dihydro
1OA-15 F IH-inden-5-y)nethyl)-9i

IOA-15 Fpurin-9-yl)-N
isopropylpropane-1 

02 NH sulfonamide 

NI-2  I 

N N N 3-(6-amino-2-fluoro-g-((3

F w, N '~/fluoro-6-iodo-2,3-dihydro

IOA-16 F1H-inden-5-yI)mcthyl)-9H
F purini-9-yl)-N-ethylpropane

-2 1 -sulfonamnide 
NH 

NH2 

NN N -3-(6-amnino-2-fluoro-8#(3

F~AN ~ /fluoro-6-iodo-2,3-dibydro
IOAA17 )IH--inden-5-yl)methyI)-9H

F purin-9-yi)-N
methylpropane-1

0283N sulfonamide 

NH 

NH 
N N N -3-(6-amino-2-fluoro-S-((3

F ANIN \ fluoeo-6-iodo-2,3-dihydro
IOA-18 I)IH-inden-5-yI)methyI)-9H

( F purin-9-y1)propalie-1

02S ) sulfonamide 

NH2 
NN 

NIl Ni 3-(6-amino-2-fluorco-8-((3
F N N' " fluoro-6-iodo-2,3-diliydro

IOA-19 F1H-iniden-5-yI)methyl)-9H
F purin-9-yl)-N-(tert

____________0 2 S ~ biityl)propane-l -sulfonamide
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Cornpound No. Stnicture Name 
NH, 

N ~ N -3-(6-amino-2-fluoro-8-((3

FAN fluoro-6-iodo-2,3-dihydro
lOA-2 ~ F H-inden-5-yI)methyI)-9H

I OA20 Fpurin-9-yl)-N

02 isobutylpropane-l 
HN- sulfonamide 

N112 

N N - 3-(6-atmno-2-fluoro-8-((3
\ / ftluoro-6-iodo-2,3-dihydro

1OIF2 FN' 1l-inden-5-yl)mcthyl)-9H
F purin-9-yl)-N) cyclopropylpropane-l

HN-K sulfonamide 

Nf12 

N ': N - N-(3-(6-amino-2-fluoro-g
FAS N ~ _/((3-fluorc-6-iodo-2,3

dihydro-1H-indeii-5I1OA-22 F yl)snethyl)-9H-purin-9

HN yl)propyl)propane-2
'so, sulfonamide 

NH2 

N 'N N-(3-(6-amino-2-fluoro-8

F N / ((3-fluoro-6-iodo-2,3
IOA-23 Fdihydro-]H-inden-5

Fyl)methyl)-9H--purin-9

HiN yl)propyl)ethanesulfonamide 

-I 0 

N N -N-(3-(6-amino-2-fluoro-8

FAN \ /((3-fhioro-6-iodo-2,3
lOAN24N dihydro-lH-inden-5

( F yl)methyl)-9H-puein-9

HN~ yl)propyl)methane
HN sosulfonamide 

NH 2 
N ~ NN-(3-(6-amino-2-fluoro-g

IFA'N N /((3-tluoro-6-iodo-2,3
IOA-25dihydro-lll-inden-5LOA25F yI)mothyl)-9H-purin-9-, 

HIM yl)propyl)-2-meshylpropane
SOS2 2-sulfonamide
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Cornpound No. Structure Name 
NH2 

N N - N-(3-(6-amino-2-fluoro-8

FAN N '/((3-fiuoro-6-iodo-2,3

lOA-26 Fdihydro- lH-incien-5
IOA-26 Fyl)mnethyl)-9H4-purin-9

HN> yl)propyl)-2-rnetlhylpropan-e

so 2-sufina mde 

NH2 

N N N - N-(3-(6-amino-2-fluoro-8

F> N ~" K/((3-fluoro-6-iodo-2,3
1O-2 dihydro-IlI-iuden-5

lOA27F yl)methyI)-9H-purin-9

HN yl)propyl)-2-methylpropane

so02  
1-sulfonamide 

NH-2  I 

N N C N-(3-(6-aminio-2-fhuoro-8

FAN ' / ((3-fluoeo-6-iodo-2,3
IOA-28 Fdihydro-IH-inden-5

Fyl)methyl)-911-purin-9

HN yl)propyl)cyclopropane
s02  sulfonamide 

NH2 

N 3-(6-amino-2-fluoro-8-((3

IFN N T / fluoro-6-iodo-2,3-dihydro
IOA-29 F H-inden-5-yl)methyl)-9H

o F purin-9-yl)-N
HN isopropyipropanamide 

NH2 
N'-N, -- (6-aniioo-2-fluoro-8-((3
A- N~ / fluoro-6-iodo-2,3-diliydro

1OA-30 F N I14 H-inden-5-yl)metlhyl)-9H
F purin-9-yl)-N

o ethyipropanaamide 
HN 

NH2 

N '- 3-(6-amino-2-fluoro-8-((3

FAN ~ /fluoro-6-iodo-2,3-dihydro
1OA-3 1 FlIN H-indeii-5-yl)iaethyI)-9H

F purin-9-yl)-N
o methyipropanamiide 

HNI
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Corn ound No. Structure Name 
NH2 I 

IN ' N, -- (6-arnino-2-fluoro-g-((3

IOA-32 F N~ ' ' fluoro-6-iodo-2,3-diliydro
IH-inderi-5-yI)meth~yl)-9H

H2 0 F purini-9-yl~propanarnde 

NH2  I 

N N - 3-(6-arnino-2-fluoro-8-((3
IF NN : / fluoru-6-ioda-2,3-dihydro

IOA-33 FIH-inden-5-yl)metby)-9H

o pucrin-9-yl)-N-(tert
HN butyl)propanarnide 

NH2 I 

N, 3-(6-amilo-2-fluoro-8-((3
F N' IN fltioro-6-iodo-2,3-diaydro

IO-4F 1H-inden-5-yl)methyl)-9H

o purini-9-yl)-N
HN \ isobutylpropanarnide 

NH2 

N ~ -3-(6-amino-2-fluoro-8-((3

FN N ~'/fluoro-6-iodo-2,3-dihydro
1OA-35 P H-inden-5-yI)rnethyI)-9H

o F puTin-9-yl)-N
HN cyclopropyipropanamide 

NH2 

N N N-(2-(6-amnino-2-fluorc-8

F Nill N / ((3-fluoro-6-iodo-2,3
IOA-36 Fdihydro- 1H-iliden-5

NH y1)rnetbyl)-9H-purin-9

0 yl)cthyl)isobutyraride 

INH2 I 

N ,- N\ N-(2-(6-arnino-2-fluoro-8

F N N /((3-fluoro-G-iodo-2,3
1OA-37 dihydro-LH-inlden-5

F yI)mnetliyl)-9H.-purin-9
NH yl)ethyl)propionamide 

0= 

NH2 

N N N -N-(2-(6-arnmno-2-fluoro-8

A- N ~ /((3-fluoro-6-iodo-2,3
IOA-38 IFN Pqdihydro-1H-indeii-5

K~ F yl)meshyl)-9H-purin-9

0 N H yt)ethyl)acetasnide
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Compound No. Structure Name 
NH, 

N N - N-(2-(6-amino-2-fluoro-8
((3-fluoro-6-iodo-2,3

1OA-39 F N dihydro-IH-inden-5

F yl)methyl)-9H-purin-9
NH yl)ethyl)formamide 

NH2 

N N NN-(2-(6-amino-2-fluoro-8

F N N ((3-fluoro-6-iodo-2.3
1OA-40 dihydro-1H-inden-5

NH yl)methyl)-9H-purin-9
0 yl)ethyl)pivalamide 

NH2 

NN N N-(2-(6-amino-2-fluoro-8

FAN N \ / ((3-fluoro-6-iodo-2,3
A-41 N dihydro-lH-inden-5

F y1)methyl)-9H-purin-9
NH yl)ethyl)-3

methylbutanamide 

NH2 

N NN N-(2-(6-amino-2-fluoro-8

N N /((3-fluoro-6-iodo-2,3
10A-42 dihydro-1lH-inden-5

NH F yl)methyl)-9H-purin-9
NH yl)ethyl)cyclopropane

carboxamide 

G-It. 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-.  

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, firanyl, 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-1-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 10A, or variations thereof 

as described in A., G. and G-. 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 R, and R2 are each independently H, Ci-Cs alkyl, C2-C alkenyl, C2-C, 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 IA, or variations thereof as 

described in A., G. and G-L above, in which X 2 is an amino group.  

H. Compounds of Formula (1B) 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): 

NH2 

N> 

N N Y O 

X N 

R O 

(6) 

10 or a pharmaceutically acceptable salt thereof, wherein: 

Y is CH2, 0, or S; 

XA4 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)-, -NRAS0 2-, -C(O)N(RA)-, or -NRAC(O)-, and/or 

terminated by -S(O)NRARB, -NRAS(O)Ra, -SO2NRARs, -NRAS2Rs, -C(O)NRARB, or 

NRAC(0)Rs, wherein each RA and RB is independently selected from hydrogen, C1 -C5 alkyl, C2 -C6 

alkenyl, C-Cs alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, 

20 arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; and 

X 2 is as disclosed below.  

In one embodiment, Y is 0.  

In another embodiment, Y is CH2 or 0 

In another embodiment, Y is CH2 or S.  

25 Tn another embodiment, Y is 0 or S.  

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

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



WO 2012/138894 PCT/US2012/032371 

157 

is H. However, corresponding structures in which X 2 is F, Cl, or BT 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 0 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 X2 is F, Cl, or Br and Y is CH2 or 0 are also within the scope of the disclosure.  

Table llA 

Compound No. Structure Name 
NH

2 

0 2-(6-amino-8-((7-iodo-2,3

11A-1 n dihydrobcnzo[b][1,4]dioxin
6-yl)thio)-9H-purin-9-yl)-N

Nso2  isopropylethanesulfonamide 

NH
2 

- 2-(6-amino-8-((7-iodo-2,3

11A-2 dihydrobenzo[b][1,4]dioxin
6-yl)thio)-9H-purin-9-yl)-N

So2 ethylethanesulfonamide 
HN 

NH
2 

-s I 2-(6-amino-8-((7-iodo-2,3
11A-3 N dihydrobenzo[b][1,4]dioxin

6-yl)thio)-9H-purin-9-yl)-N
methylethanesulfonamide 

HN 

NH
2 

NC_ N 2-(6-amino-8-((7-iodo-2,3

11A-4 N N / dihydrobenzo[b][1,4]dioxin
6-yl)thio)-9H-purin-9

yl)ethanesulfonamide 
H,N 

NH
2 

N 2-(6-anino-8-((7-iodo-2,3
11 A-5 n dihydrobenzo[b][1,4]dioxin

6-yl)thio)-9H-purin-9-yl)-N

HNS0 2  
(tert-butyl)ethanesulfonamide 

NH
2 

N N 2-(6-amino-8-((7-iodo-2,3
11A-6 dihydrobenzo[b][1,4]dioxin

6-yl)thio)-9H-purin-9-y)-N
HN isobutylethanesulfonamide
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Cornpound No. Structure Name 
NH2 

0 2-(6-amino-8-((7-iodo-2,3

1 A7 diliydrobenzo[b][1,4]dioxii
1 lA-i6-yl)thio)-9H1-purin-9-yl)-N

)S02 cyclopropyl
HS0 ethanesulfonarnide 

NH2 

N N -N-(2-(6-amiuo-8-((7-iodoK- N /0 2,3

1llA-8 N N dihydrobenzo~b][l,4]dioxin
K 6-yl)thio)-9H-purin-9
NH yl)ethyl)propane-2

02S_ sulfonamide 

NH2 I 

N',N,> N-(2-(6-amino-8-((7-iodo
-_S \_/ 0 2,3

IIA-9 N dihydrobenzo)[b][l,4]dioxin
K> 0 6-yl)thio)-911-purin-9

NH yl)ethyl)ethanesulfonamiide 
0 2 s 

NH2 

N '-- NN-(2-(6-amino-8-((7-iodo
0 / 2,3

1lA-10 N' NJ- dihydrobenzo[b][l1,4] dioxin
K 6-yl)thio)-9lI-purin-9

NE yl)ethyl)methanesulfonamidc 
02Ef 

NH2  I 

A N 
I >_S \ ~ N-(2-(6-amino-8-((7-iodo

' A1 N N 2,3
1 l-i )dihydrobenzo [b] [1,4]dioxin

N H 6-yl)thio)-9H-purin-9
02$, yl)ethyl)-2-methylpropane-2

A- sulfonamide 
NH2 

N '-N >-N-(2-(6-amino-8-((7-iodo
I S~ /-O 2,3

I IA-12 adihydrobenzo[b][1,4]dioxin

NH 6-yl)thio)-9H-purin-9
NH yl)ethyl)-2-tuethylpropane-2

\V sufinamide 

NH2 

N , N - N-(2-(6-armino-8-((7-iodo
S/ 0 2,3

II-13 > odihydroberzo[b][1,4]dioxin
K 6-yl)ltio)-911-purin-9
NH yl)ethyl)-2-methylpropane- 1

O0$ / sulfonamide
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Compound No. Structure Name 
NH2 

N- -N N-(2-(6-amino-8-((7-iodo

N N 023 
IIA-14 )dihydrobenzo[b][l,41dioxinK 6-yl)thio)-9H-purin-9

08NH yl)ethyl)cyclopropane

O S sulfonamide 

NH2 

NH N,>~ 0 3-(6-amino-8-((7-iodo-2,3
kN'C 0-/ diliydrobenzo[b][1,4] dioxKin

1IIA-15 6-yL)thio)-9H-purin-9-yl)-N

O~3 isopropylpropatie
0 NH sulfonamide 

NH2 

IIA-16 N >dihydrobenzo[b][1,4]dixi
6-yl)thio)-9H-purin-9-yl)-N

ethylpropane-l -sulfonamide 

__NH 
NH2 

N4- 

kH N s 3-(6-amino-8-((7-iodo-2,3

1IIA-17 N I diliydrobenzo[b][l,4]dioxin
6-yl)thio)-9H-purin-9-yl)-N

methyipropane- I1-sulfonamide 
NH 

NH2 

IIA-18 Id>~N dihydrobenzo[b][1,4]dioxin
6--vl)thio)-9H-purin-9

02) yl)propane-1-sulfoiinaide 

N2NH2 

NN 
S N _. / -0 3-(6-amino-8-((7-iodo-2,3

H' -N dihydrobenlzo [b] [l,4]dioxin
I 1A-9 0-) 6-yl)thio)-9H-purin-9-yl)-N

(tert-butyl)propatie- 1
02~ \sulfonamide 

N
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Compountd No. Structure Name 
NH2 

t '> / 0 3-(6-an-inlo-8-((7-iodo-2,3
N N dihiydrobenzo[b][1 ,4]dioxin

1 1A-20 6-yl)thio)-9H-purin-9-yl)-N
) isobutylpropane- I 

028S sulfonamide 
H N-_ 

NH2 

N '- N .o3-(6-amino-8-((7-iodo-2,3

S1-2 N / 0 dihydrobenzo[b][,4]dioxin

1 1A21 06-yl)thio)-9H-purin-9-yl)-N
cyclopropylpropane- 1

aulfonamide 

NH2 I 

N N-(3-(6-ami-no-8-((7-iodo
\ / 0 2,3

11A-22 Cdihydrobenzo[b][l1,4] dioxin
6-yl)thio)-9H-purin-9

HN yl)propyl)propane-2
'SO 2  sulfonamide 

NH2 I 

kv,- \>

1lIA-23 ,)dihydrobenzo[b][1,4]diaxin
6-yl)thio)-9H-puirin-9

HN ,yl)propyl)ethanesulfooiamide 
'SOS 

N NH N N-(3-(6-amioo-S-((7-iodo
1 />- 01 2,3

IIA-24 ) nI dihydrobenzo[b][1,4]dioxin
6-yl)thio)-9H-purin-9

HN yl)propyl)methane
HN 02 sulfonamide 

NH2 

N N-(3-(6-amino-8-((7-iodlo
Y( N 

I IA-25 dihydrobenzo[b][l1,4] dioxin
N> 6-yl)thio)-9H-purin-9

HN yl)propyl)-2-methylpropane

7'S02 
2-sulfonamide
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Cornpound No. Structure Name 
NH2 

N ~ -N-(3-(6-amino-g-((7-iodo
k N \/02,3

1 1A-26 0 dihydrobenzo~b][l,4]dioxin
6-yl)thio)-91l-purin-9

FIN yl)propyl)-2-thylpropane
'so 2-sulfinaniide 

NH2  I 

N, NN-(3-(6-anaino-8-(7 -iodo
N> N 

11 -27dilsydrobenzo[b][1 ,4]dioxin
1IA-276-yl)thio)-9H-purin-9

HN yl)propyl)-2-methylpropane
1 02 1-sulfonamide 

NH2 

N N- N-(3-(6-amino-8-((7-iodo
NN 2,3

1LIA-28 0dihydrobenzo[b][1,4]dioxin
6-yl)thio)-9H-purin-9

[IN ,yl)propyl~cyclopropane

< so, 
sulfonamide 

NH2 

~N N N/0 3-(6-arnino-8-((7-iodo-2,3
1 1A-29 Cdihydrobenzo[b][l,4]dioxin

6-yl)thio)-9H-purin-9-yl)-N
0O isopropylpropanamide 

FIN 

NH2  F 

N 3-(6-amino-8-((7-iodo-2,3

11A30 N di hydrobenzo [b] [1, 4]dioxin
0 A3 6-yl)thio)-9H-purin-9-yl)-N

>ko ethylpropanamfide 
H N\ 

NH2 

SN 

A-3 Ij /0 3-(6-amino-8-((7-iodo-2,3

6-yl)thio)-9H-purin-9-yl)-N

HN methyipropanarvide 

NH2 

3-(6-amino-8-((7-iodo-2,3
1 A-2 N S-\ / 0\ dihydrobenzo[b][1,4]dioxin

_N /C~j6-yl)thio)-9H-purin-9

C yl)propananide.  
__________ HN _______________0_
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Com~poundl No. Structure Name 
NH2  I 

v' S 3-(6-amino-8-((7-iodo-2,3

II-3N N ddihydrobetnzo[b][1,4]dioxin
11A-336-yl)thio)-9H-puirin-9-yl)-N

oc (tert-butyl)propanamide 
HN 

NH2 

N >_ / 0 3-(6-amino-8-((7-iodo-2,3
N 

1 IA-34 odihydrobenz~ofb][1,4]dioxin
o 6-yl)thio)-9H-purin-9-yt)-N

HN isobutylpropanamide 

HN 

\> \ / 0 3-(6-amuino-8-((7-iodo-2,3
,NN 

IA-35 ) 0dihydrobenzo[b][1,4]dioxin
6-yl)thio)-9H-purin-9-yl)-N

o cyclopropylpropanarmide 
HN 

NH2  I 

~N N 2,3
IIA-36 dihiyrrohenzo [b] [1,41dioxin

N H 6-vl)thiio)-9fH-purin-9

ol yl)ethyl)isobutyramide 

NH2 I 

N, N-(2-(6-amino-8-((7-iodo

II3 N~ N / 2,3

1 I-0 dihydrobcnzo[b][1,4]dioxin
NH 6-yl)thio)-9H--purin-9

0--/ NHyl)cthyl)propionamido 

NH2 I 

N N-(2-(6-amino-8-((7-iodo
S 0/ 2,3

1 IA-38 N N n 2  
dihydrobenzo[b][1,4]dioxin

( 6-yl)thio)-9Hr-purin-9

0 NH yl)ethyl)acetamide 

NH2 

\ / 0 N-(2-(6-aiio-8-((7-iodo

N I39N 
2,3

I 1NH3 6-yl)thio)-9H-purin-9

C)=< yl)ethyl)pi-valamide
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Compound No. Structure Name 
NH9 

-s N-(2-(6-amino-8-((7-iodo
N N 2,3

1lA-40 dihydrobenzo[b][1,4]dioxin

NH 6-yl)thio)-9H-purin-9
yl)ethyl)-3-methylbutaoanide 

NH5 
N N-(2-(6-amino-8-((7-iodo

N /O 2,3
SLA-41 o dihydrobenzo[b][1,4]dioxin

6-yl)thio)-9H-purin-9
NH yl)ethyl)cyclopropane

carboxamide 

NH2 

N N-(2-(6-amino-8-((7-iodo
LS o 2,3

IlA-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 I tA, or variations thereof as described in A., H. and H-I. above, in 

5 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.  

H-lI. 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 IA, or variations thereof as 

10 described in A., H. and H-I. 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 11, C-Cs alkyl, C-Cs alkenyl, C-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.
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I. 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 I. In another embodiment, X4 is Cl, Br, or I. In another embodiment, X. 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 . 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 1. In another embodiment, X4 is H, F, Cl, or Br. In another 

embodiment, X4 is H, F, Cl, or L In another embodiment, X4 is H, F, Br, or . In another 

embodiment, X4 is H, Cl, Br, or 1. In another embodiment, X 4 is H, F, or I. In another 

15 embodiment, X 4 is H, F, or Br. In another embodiment, X4 is H, F, or Cl. In another embodiment, 

X 4 is 11, Cl, or 1. In another embodiment, X4 is H, Cl, or Br. li another embodiment, X 4 is H, Br, 

or . In another embodiment, X4 is H or F. In another embodiment, X4 is H or Cl. In another 

embodiment, X 4 is H or Br. In another embodiment, Xe is H or 1, 

In another embodiment, X 2 is halogen, aryl, or alkynyl. In another embodiment, X2 is 

20 halogen, aryl, or amino. In another embodiment, X2 is halogen, alcynyl, or amino. In another 

embodiment, X 2 is aryl, alkynyl, or amino. In another embodiment, X 2 is halogen or amino. In 

another embodiment, X2 is halogen or alkynyl. In another embodiment, X 2 is halogen or aryl. In 

another embodiment, X2 is halogen. In another embodiment, X 2 is aryl. In another embodiment, 

X2 is alkynyl, In another embodiment, X2 is amino. In another embodiment, X 2 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, X 2 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, X 2 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, X 2 is F, Cl, or Br. In another embodiment, X2 is F, Cl, or L In 

another embodiment, X2 is F, Br, or L In another embodiment, X 2 is Cl, Br, or . In another 

35 embodiment, X2 is F or I. In another embodiment, X2 is F or Br. In another embodiment, X 2 is F or
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Cl. In another embodiment, X 2 is Cl or I. In another embodiment, X2 is Cl or Br. In another 

embodiment, X2 is Br or 1L In another embodiment, X 2 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, X 2 

5 is unsubstituted heteroaryl. 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-y, 5

methyloxazol-2-yl, thiophene-2-yl, thiopbene-3-yl, IH-imidazo-2-yl, tH-imidazo-4-yl, or iH

imidazo-5-yl. In another embodiment, X2 is furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, IH

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, X 2 is furan-2-yl, furan-3-yl, or 5-methylfuran-2-yl. In another 

embodiment, X 2 is 1H-pyrazol-2-yl or 1H-pyrazol-3-yl. In another embodiment, X 2 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, X 2 is thiophene-2-yl, thiophene-3-yl, lH-imidazo-2-yl, lH-imidazo-4-yl, or 

1H-imidazo-5-yl. In another embodiment, X 2 is thiophene-2-yl or thiophene-3-yl. In another 

15 embodiment, X 2 is 1H-imidazo-2-yl, lH-imidazo-4-yl, or 1H-imidazo-5-yl.  

In another embodiment, X 2 is ethynyl, propynyl, or butynyl. In another embodiment, X2 is 

ethynyl or propynyl. In another embodiment, X 2 is ethynyl or butyrnyl. In another embodiment, X2 

is propynyl or butynyl. In another embodiment, X2 is ethynyl. In another embodiment, X 2 is 

propynyl. In another embodiment, X2 is butynyl.  

20 In another embodiment, X 2 is dimethylamino, diethylamino, methylethylamino, or 

cyclopropylamino In another embodiment, X 2 is dimethylamino, diethylamino, or 

methylethylamino. In another embodiment, X 2 is dimethylamino, diethylamino, or 

cyclopropylamino. In another embodiment, X2 is dimethylamino, methylethylamino, or 

cyclopropylamino. In another embodiment, X2 is diethylamino, methylethylamino, or 

25 cyclopropylamino. In another embodiment, X2 is dimethylamino or diethylamino. In another 

embodiment, X 2 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, X2 is 

methylethylamino. In another embodiment, X2 is eyclopropylamino.  

In another embodiment, X2 is Br, I, furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, iH-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 I, 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 1, 

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, X 2 is I, lH-pyrazol-2-yl, 1H-pyrazol-3-yl, ethynyl, dimethylamino, diethylamino, or 

methylethylamino. In another embodiment, X2 is Br, lH-pyrazol-2-yl, 1H-pyrazol-3-y, etbynyl, 

dimethylamino, diethylamino, or methylethylamino. In another embodiment, X 2 is 1, 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, X9 is I, thiazol-2-yl, 5

10 methylthiazol-2-yl, ethynyl, dimethylamino, diethylamino, or methlvethylamino. 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 1, 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, X 2 is Br, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl, or dimethylamino.  

In another embodiment, X 2 is halogen, aryl, or alkynyl and Y is S, In another embodiment, 

20 X 2 is halogen, aryl, or amino and Y is S. In another embodiment, X 2 is halogen, alkynyl, or amino 

and Y is S. In another embodiment, X 2 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, X 2 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-substittsed heteroaryl and Y is S. In another 

embodiment, X 2 is Cl-Cs 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, X 2 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-methylfaran-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 andY 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, faran-3-yl, 5-methylfuran-2-yl, ethynyl, or dimethylamino 

and Y is S. In another embodiment, X2 is Br, furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, ethynyl, or 

dimethylamino and Y is S. In another embodiment, X2 is 1, 1T-pyrazol-2-yl, 1H-pyrazol-3-yl, 

ethynyl, dimethylamino, diethylamino, or methylethylamino and Y is S. In another embodiment, 

X 2 is Br, 1H-pyrazol-2-yl, lH-pyrazol-3-yl, ethynyl, dimethylamino, diethylamino, or 

10 methylethylainio and Y is S. In another embodiment, X2 is 1, 1H-pyrazol-2-yl, 1H-pyrazol-3-yl, 

ethynyl, or dimethylamino and Y is S. In another embodiment, X 2 is Br, 1H-pyrazol-2-yl, 1H

pyrazol-3-yl, ethynyl, or dimethylamino and Y is S. In another embodiment, X2 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-y, 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, X 2 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, X 2 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 CH,. 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 CH 2. In another embodiment, X2 is halogen or aryl and Y is CH 2. 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 CH 2, In another embodiment, X2 is halogen, beteroaryl, slkynyl, or amino and Y is CH2. In 

another embodiment, X2 is halogen, heteroaryl, or alkynyl and Y is CH 2. In another embodiment, 

X2 is halogen, heteroaryl. or amino and Y is CH 2. 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, X, 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 -Cs 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 CH2. In another embodiment, X2 is methyl- or ethyl-substituted 

heteroaryl and Y is CH2. In another embodiment, X2 is methyl-substituted heteroaryl and Y is C2.  

In another embodiment, X2 is ethyl-substituted heteroaryl and Y is CH2. In another embodiment, 

X2 is Br, I, furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, lH-pyrazol-2-yl, lH-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, 

dimothylamino, diethylamino, or methylethylamino and Y is C112. 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, X 2 is Br, furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, ethynyl, or dimethylamino and Y 

is CH2. In another embodiment, X2 is 1, 1H-pyrazol-2-yl, 1Hl-pyrazol-3-yl, ethynyl, dimethylamino, 

diethylamino, or methylethylamino and Y is CH2. In another embodiment, X2 is Br, 1H-pyrazol-2

yl, IH-pyrazol-3-yl, ethynyl, dimethylamino, diethylamino, or methylethylamino and Y is CH2. In 

15 another embodiment, X2 is , IH-pyrazol-2-yl, 1H-pyrazol-3-yl, ethynyl, or dimethylamino and Y is 

CH 2. In another embodiment, X, is Br, lH-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 CH2. In another 

embodiment, X2 is Br, thiazol-2-yl, 5-methylthiazol-2-yi, ethynyl, dimethylamino, diethylamino, or 

20 methylethylanino and Y is CR2 . In another embodiment, X2 is I, thiazol-2-yl, 5-methylthiazol-2

yl, ethynyl, or dimethylamino and Y is CH2. In another embodiment, X2 is Br, thiazol-2-yl, 5

methylthiazol-2-yl, ethynyl, or dimethylamino and Y is CH2. In another embodiment, X2 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, C1, or I 

30 and Y is S. In another embodiment, X4 is F, BT, 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 CI and Y is S. In another embodiment, X, is 

Cl or I and Y is S. In another embodiment, X4 is C1 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 C1 

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 11, 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 C1 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, C1, or Br and Y is CH2. In another embodiment, X4 is 

F, C1, or I and Y is CH2, In another embodiment, X4 is F, Br, or I and Y is CH2. In another 

embodiment, X4 is Cl, Br, or I and Y is CH2. In another embodiment, X4 is F or I and Y is CH2. 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 C or I and Y is CH2. In another embodiment, X4 is C1 or Br 

15 and Y is C142. In another embodiment, X4 is Br or I and Y is CH2. In another embodiment, X4 is F 

andY 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 CH2, 

In another embodiment, X4 is H, F, Cl, or Br and Y is CH2. In another embodiment, X4 is 

H, F, Cl, or I and Y is C112. 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 CH2. In another embodiment, X4 is H, F, or l and Y is 

CH2. In another embodiment, X4 is H, F, or Br and Y is CH2. In another embodiment, XM is H, F, 

or C1 and Y is CH2. In another embodiment, X4 is H1, C1, or I and Y is CH2. In another 

embodiment, X4 is H, Cl, or Br and Y is C2. In another embodiment, X4 is H, Br, or I and Y is 

CH 2. 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 aryt, 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.
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In another embodiment, X2 is balogen, 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, 

X 2 is halogen or heteroaryl, X4 is I1 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 heteroasyl, X4 is H or F, and Y 

5 is S. In another embodiment, X2 is CrCe alkyl-substituted heteroaryl, X4 is H o F, and Y is S. In 

another embodiment, X2 is methyl-, ethyl-, n-propyl-, or isopropyl-substitated 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, X, 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, diethylanino, or methylethylamino, X4 is H or F, and Y is S. In another 

embodiment, X 2 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, X 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, IH-pyrazol-3-y, ethynyl, dimethylamino, 

20 diethylamino, or methylethylamino, Xe 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, lH-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 I or F, andY is S. In another embodiment, X2 is Br, thiazol-2-yl, 5-methylthiazol-2-yl, ethynyl, 

dimethylamino, diethylarnino, 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, X 2 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, X4 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, X 4 is H or F, and Y is CH, in 

another embodiment, X2 is halogen, aryl, or amino, X4 is H or F, and Y is CH2. In another 

embodiment, X 2 is halogen, alkynyl, or amino, X4 is H or F, and Y is CH2. In another embodiment, 

X2 is aryl, alkynyl, or amino, X4 is HI 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, X, is halogen or aryl, X4 is H or F, and Y is CH 2. In 

another embodiment, X 2 is halogen, X4 is H or F, and Y is CH 2. In another embodiment, X 2 is aryl, 

X 4 is H or F, and Y is CH2. In another embodiment, X2 is alkynyl, X 4 is H o F, and Y is CH 2. In 

another embodiment, X 2 is amino, X4 is H or F, and Y is CH 2. In another embodiment, X 2 is 

10 halogen, heteroaryl, alkynyl, or amino, X 4 is H or F, and Y is CIT2. In another embodiment, X2 is 

halogen, heteroaryl, or alkynyl, X4 is H or F, and Y is CH2. In another embodiment, X2 is halogen, 

beteroaryl, or amino, X 4 is H or F, and Y is CH2. In another embodiment, X 2 is heteroaryl, alkynyl, 

or amino, X 4 is H or F, and Y is CH 2. In another embodiment, X 2 is halogen or heteroaryl, X4 is H 

or F, and Y is CH2. In another embodiment, X 2 is heteroaryl, X4 is H or F, and Y is CH 2. In 

15 another embodiment, X 2 is alkyl-subsituted heteroaryl, X 4 is H or F, and Y is CH2. In another 

embodiment, X2 is Cl-Cs alkyl-substituted heteroaryl, X 4 is H or F, and Y is CH 2. In another 

embodiment, X2 is methyl-, ethyl-, n-propyl-, or isopropyl-substituted heteroaryl, X 4 is H or F, and 

Y is CH 2. Tn another embodiment, X2 is methyl- or ethyl-substituted heteroaryl, X(4 is H or F, and Y 

is CH2. In another embodiment, X2 is methyl-substituted 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. In another 

embodiment, X2 is Br, I, furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, IH-pyrazol-2-yl, I.H-pyrazol-3

yl, tbiazol-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, X 2 is I, furao-2-yl, ffiran-3-yl, 5-methylfuran-2-yl, ethynyl, dimethylamino, 

25 diethylamino, or methylethylamino, X 4 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, diethylanino, or 

methylethylamino, X 4 is H or F, and Y is CH2. In another embodiment, X 2 is I, furan-2-yl, furan-3

yl, 5-methylfuran-2-yl, ethynyl, or dimethylamino, X, is H or F, and Y is CH2. In another 

embodiment, X 2 is Br, furan-2-yl, furan-3-yl, 5-methylfaran-2-yl, ethynyl, or dimethylamino, X4 is 

30 H or F, and Y is CH2. In another embodiment, X 2 is I, 1H-pyrazol-2-yl, 1iH-pyrazol-3-yl, ethynyl, 

dimethylamino, diethylamino, or methylethylamino, X4 is H or F, and Y is CH 2. In another 

embodiment, X 2 is Br, lH-pyrazol-2-yl, 1H-pyrazol-3-yl, ethynyl, dimethylamino, diethylamino, or 

methylethylamino, X4 is H or F, and Y is CH2. Tn another embodiment, X2 is I, 1HI-pyrazol-2-yl, 

TH-pyrazol-3-yl, ethynyl, or dimethylamino, X4 is H or F, and Y is CH2. In another embodiment, 

35 X 2 is Br, I H-pyrazol-2-yl, 1H-pyrazol-3-yl, ethynyl, or dimethylamino, X4 is H or F, and Y is CH2 .  

In another embodiment, X 2 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, X 2 is Br,
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thiazol-2-yl, 5-methylthiazol-2-yl, ethynyl, dimethylamino, diethylaino, 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 dimethylaminoc, 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, X 2 is I, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl, or 

dimethylamino, X4 is H or F, and Y is C-i 2. 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 sulfmnamide 

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 

SO 2N(RA)- structure should also be considered as a disclosure of a compound in which the R group 

contains an -NRASO2-, -S(O)N(RA)-, -NRAS(O)-, -C(O)N(RA)-, or -NRAC(O)- structure in place of 

the -SO2N(RA)- structure.  

25 Specific R groups include without limitation: 2-ethanesulfonic acid isopropylamide, i.e., 

cc5 0 
CH, 

0 Cs, 

2-ethanesulfonic acid ethylamide, i.e., 

\nH 

2-ethanesulfonic acid methylamide, i. e.,
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2-ethanesulfonic acid amide, i.e., 

0 
NHz 

2-ethanesulfonic acid t-butylamide, i.e., 

5 CH, 

2-ethanesulfonic acid isobutylamide, i.e., 

CH 

Oil, 

2-ethanesulfonic acid cyclopropylamide, i.e., 

10 isopropanesulfonic acid 2-ethylamide, ie., 

ethanesulfonic acid 2-ethylamide, i.e., 

-- eh CHa 

N-2 ethyl mnethanesulfonamide, ixe.,
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0 

2-methyl-propane-2-silfonic acid 2-ethylamide, i.e., 

~ 0 CHI 

2-methyl-propane-2-sulfinic acid 2-ethylamide, i.e., 

H 

5 0 H 

2-methyl-propane-1-sulfonic acid 2-ethylamide, i.e., 

oH H 

H, 

cyclopropanesufonic acid 2-ethylamide, i.e., 

H 

10 3-propane-1-sulfonic acid isopropylamide, I.e., 

O OH, 

// sN cH, 
H 

3-propane-1-sulfonic acid ethylamide i, e, 

0 H 

3-propane-1-sulfonic acid methylamaide, i.e.,
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It 1, // H, 

3-propane-I -sulfonic acid amide, i.e., 

3-propane-1 -sulfonic acid t-bulylamide, i, e., 

CH, 

3-propane-l-sulfonic acid isobutylamride, ixe., 

sCH, 

3-propanie-1-sulfonic acid cyclopropylamide, i.e., 

0i 

10 propane-2-sulfonic acid 3-propytamide, ixe., 

HH 

ethanesulfonic acid 3-propylamide, i.e., 

0 

s H 

N-3-PTOPYl methanesulfonainide, i.e.,
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2-nethyl-propane-2-sulfonic acid 3-propylamide, i.e., 

cHa 
C, 

2-methyl-propane-2-sulfinic acid 3-propylamide, i.e., 

O CH3 

<-~ -~N Hi, 
5 H 

2-methyl-propane-1-sulfonic acid 3-propylamide, i.e., 

CH, 

CHH 

cyclopropanesulfonic acid 3-propylanide, i e., 

10 3-N-isopropyl propionamide, i.e., 

0 CF4 

N CI-a 

H 

3-N-ethyl propionamide, i.e., 

eN Hoc, 

3 -N-methyl propionamide, i.e.,
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0 

3-proponamid, iCe.  

3-Nttlpropionamide, i.e., 

0 c 

5 -H~ 

3-N-t-butyl proponamide, i.e., 

C-I, 

3 -N-cycoutyl propionamide, i.e., 

0 

N 

H 

N 

10 N-2-ethyl pisoyamide, i.e., 

H 

0 

N-2-ethyl acetamride, i.e.,
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H 

0 

N-2-ethyl formamide, i.e., 

yH 

0 

N-2-ethyl 2,2-dimethyl-propionamide, i.e., 

CH, 

OH, 

5 0 

N-2-ethyl 3-methylbutyramide, i.e., 

H 
NyyCH, 

o OH, 

cyclopropane carboxylic acid 2-ethyl-amide, i, e, 

H 

10 cyclopropane carboxylic acid 3-propyl-amide, i.e, 

N-3-propyl 2,2-dimethyl-propionamide, i.e., 

H, 

h , 

N-propyl-2-methyl-propane-2-aulfinamide, i.e.,
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0 

H H 

CH, , and 

t-butaiiesulfonic acid 3-propylamide, i.e., 

CHI 

O CH, 

H\ 0H 

In connection with each of the X4 groups of the structures disclosed herein, a corresponding 

5 structure in which X 4 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

1
1 , 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(CH2CH 2(CF 2)5 CF 3)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. Chemn. Rev, 1982, 82 (6), pp 575-590 and 

Mcntee 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 114I or 1I 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 (MB) 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 (TA) 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 neurodegencrative disorder, comprising administering to a 

10 patient in need thereof a therapeutically effective amount of a Compound of Formulae (IA) and/or 

(it). 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 (IA) 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 

Hsp9O with an Hsp9O function inhibiting amount of a Compound of Formulae (IA) or (IB). An 

exemplary determination of an lsp90 function inhibiting amount is provided in the example below 

20 entitled "Hsp90 Binding Assay." In one embodiment, the IC50 determined by the "Hsp9D Binding 

Assay" provided herein is less than 10 gM. In another embodiment, the IC5e 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 :O. 1 pM. Another embodiment 

relates to the use of a Compound of Formulae (IA) or (IB) 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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-MM 2-R is -S(O)NRARB, -NRAS(O)RB, -SO2NRARB, -NRASO 2R, -C(O)NRARB, or 

NRAC(O)R3, wherein each RA and RB is independently selected from H, C-C6 alkyl, C2-C6 aikenyl, 

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

alkyliheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl.  

5 

Scheme 1. Synthesis of S-linker Adenine Derivatives 

NH2  NH2  1 

I- 'L aN" - N 
+ -SH , N 

"N N N H N H 
t or 6 member ring 

NH2  X NH2 

IN N 
Br M I2 R d 

n =1_4 (\)n=1-4 )n=1-4 

M2  M 
R R 

(a) Cul, neocuproine, NaOt-Bu, DMF, 110 1C; (b) NIS, acetonitrile, RT; (c) Cs2CO3; (d) X2M, Pd (cat.), DMF, 50-1000C.  

10 Scheme 2. Synthesis Methylene-linker Adenine Derivatives 

NH2  NH2 HOOCN NH2  a, b N N 

H2N" INH2 

5 or 6 member ring 

NH2  XNH 2  X 

c N IN -e N IN " 
d F N NF 

Br MsM'R n=1-4 -n=1-4 
n = 1-4 ,MAM 

M2  
M2 

R R 

(a) triphenyl phosphite, pyridine, microwave; (b) HF-pyridine, NaNO 2 ; (c) NIS, acetonitrile, rt; (d) 
Cs 2COi; (e)X2 M, Pd (cat.), DMF, 50-100 "C.
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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 CI 

N N02 HNPMB 2N 2  Fe/HCI N 2MCS2, KOH N 
CI N' A PMMA N 

H H P 
PMB 

NH3 NH2 H Cut, nBu4NBr,tBuONa NH2  HN A NH 
SHNNN - H2 

N P H2N N TFA N 

I-1PMB NMB 
H 

1-2 

NH2  H2N NH2 C s 2 C O R -B r NR B H N N 
NsBHCN IN 

R R 
5 

General Methods: 

H and '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. 1H data are reported 

as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, br = broad, 

10 n= multuplet), coupling constant (Hz), integration. '3 C chemical shifts are reported in S 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 FDA, 

15 MicroMass ZQ, and ELSD detector, and a reversed phase column (Waters X-BTidge C18, 4.6 x 150 

mm, 5 um).  

N-(3-(6-amino-8-(6-iodo-benzo[l1, 3
]dioxol-5-ylsulfanyl)-purin-9-yl)-propyl)-methanesulfonamide 

(WS34): 

To a solution of 2-bromoethaneamnomium bromide (2g, 9.8 mmol) in 60 ml, of CH 2C12 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)-911-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 Cs2CQ3 (190 mg 0.58 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 WS34 as white solid (49 mg, 25% yield).  

'H NMR (500 MHz, MeOH-d/CDCl3, 6): 8.21 (s, 1H), 7.41 (s, 1H), 7,10(s, 1H), 6.08 (s, 

2H), 4.34 (t, J=7.2Hz, 2H), 3.16 (t, J=6.5Hz, 2H), 2,96 (s, 311), 2.09 (m, 211).  

10 HRMS (ESI) m/z [M+H}f called. for C HIJN60 4S2 = 548.9876; found 548.9858, 

Scheme 4. Synthesis of WS34 and WS35 

NH2 

1 nNH 2 = 

NH 

N N 
H N/ NN X N /_ 

B N12r "YNHSOMe i 

s"1,2 s=1,2 HN' 

Ms 1, WS35 
n=2, W834 

(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 DM was added N-(2-bronocthyl)methanesulfonamide (150 mg, 0.7 smol) 

and Cs 2CO 3 (150 ing, 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-d/CDCl3 , 6): 8.19 (s, 1H), 7.41 (s, 1H), 7.18 (s, 1), 6.07 (s, 
2H), 4,23 (in, 2H), 3.65 (m, 2H), 2.97 (s, 3H).  

HRMS (ESI) rn/z [M+H]f called. for C15H1 IN60 4S2 = 534.9719; found 534.9709.  

25
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Scheme 5. Synthesis of VS36, WS37, and WS38 

H2N O N 02N 

S-1 S-2 S-3 

NH2  H2N NH2  I 
H2N t N 

N N N N 
H H 

8-4 S-5 

NH2 

N 

n=1,2 MsHN 

MsHN n-1, W837; n=2, WS36 

I WS38 
B 1N2Brh Br-,,NHMs 

Reagents and conditions: (a)Ac 20, dioxane, 0"C to rt; (b) KNO3, H2S04, 0'C to rt; (c) NaNO2, KI, 
AcOH, 0*C to rt; (d) Fe, NH4CI, isopropanol, reflux; (e) 8-mercaptoadenine, Cut, nBu 4NBr, NaOt
Bu, my; (f) NaNO 2, KI, AcOH, 0*C; (g) 1,3-dibromopropane or 1,2-dibromoethane, Cs2CO3, DMF, 
rt; (h)triethylamine, MsCl, 04-rt; (i) Cut, PdC 2(PPb 3)2, trimethylsilanylacetylene, Et 3N, DMF, 90*C.  

5-Amino-6-nitro-indane (S-2): 

5 A solution of 5-aminuindane (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 H2SO4, cooled in ice bath. KNO3 in 15 mL of concentrated 

B2SO4 was added dropwise. The resulting solution was stirred at 0*C for 2 h and then at a 

10 temperature of about 25C 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 NMIR (500 MHz, CDC3 , 8): 7.94 (s, IH), 6.65 (s, 1H), 6.02 (br, 2H), 2.83 (in, 4H), 
2.06 (m, 2H).  

15 "C NMR (125 MHz, CDCIl, 8): 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 250 C 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 H NMIR (500 Mtz, CDCl3, 6): 7.83 (s, 1H), 7.71 (s, 1H), 2.95 (m, 4H), 2.11 (m, 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 

NTCI 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.  

IH NMR (500 Miz, CDCl3, 6): 7.44 (s, 1H), 6.59 (s, 1H), 3.88 (s, 2H), 2.74 (in, 4H), 1.98 

(in, 211).  

3CNvR(125MHz,CDCl 3,6): 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 1h. 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.  

tH NMR (500 NHz, MeOH-d/CDCls, 5): 8.11 (s, 1H), 7.36 (s, 1H), 6.81 (s, H), 2.85 (m, 
4H), 2.06 (in, 2H).  

30 MS (ESI): m/z= 299.02 [M+11].  

8-((6-Iodo-2,3-dihydro-lH-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 0*C for 15 min and quenched with water (10 niL). 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.  

'H NMR (500 MHz, CDC 3, 8): 8.12 (s, 1H), 7.84 (s, 1H1), 7.39 (s, 1H, 2.91 (m, 4H), 2.11 

(m, 2H).  

MS (ESI): m/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 CO3 (100 mg, 0.31 mmol). The 

resulting mixture was stirred at a temperature of about 25
0

C for about 16 hours, condensed under 

reduced pressure and purified by flash chromatography to provide compourd WS36 as a white 

solid (30 mg, 30% yield).  

15 'IH NMR (500 MHz, CDC13, 8): 8.33 (s, 1H1), 7.78 (s, 111), 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 (m, 2H), 

1.94 (m, 2H).  

3C NMR (125 Mlz, 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]* calc'd. for C14H221N60 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 mmcl) in 3 mL of dry DMF was added N-(3

bromopropyl)methanesulfonanide (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 mg, 28% yield).  

H NMIR (500 MHz, CDClt, 8): 8.29 (s, IH), 7.74 (a, 1H), 7.01 (s, 1H), 6.91 (br, 1H), 5.96 

(br, 211), 4.41 (t, J= 5.4 Hz, 2H), 3.60 (in, 2H), 2.88 (m, 2H), 2.76 (t, J= 10.2 Hz, 2H), 2.05 (in, 

2H).  

30 "CNMR (125 MHz, CDC13 , 8): 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, 32,2, 25.4.  

H'RMS (ESI) m/z [M+Hl* called. for C17 H20IN 6 O2S2 = 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 nunol) in 2 mL of DMF was added Cut (0.7 mg, 0.004 

mmol), PhCl 2(Ph3)2 (2.6 mg, 0.004 mmol), ethynyltrimethylsilane (8.6 pL, 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 250C. The reaction mixture was condensed and purified by 

flash chromatography to provide compound WS38 as white solid (1.8 mg, 22% yield).  

11 NMIR (500 MHz, CDCl3 , 8): 8.25 (s, 1H), 7.36 (s, 1H), 7.11 (s, 1H), 6.33(br, 1M), 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 (m, 

2H).  

10 HRMS (ESI) m/z [M+H]* called. for C55H23N,OS2 = 443.1324; found 443.1328.  

Scheme 6. Synthesis of Dihydrobenzofuran Intermediate 

NH2 

a b c 
2 Na >N< -N 

H2 0 

S2-1 S2-2 S2-3 

NH2 

W N H a0 

S2-4 

Reagents and conditions: (a) NaNO2, KI, AcOH/TFA, OC; (b) 8-mereaptoadenine, 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 

mL) and TFA (2 mL) was cooled in an ice bath for 5 minutes. NaNO2 (0.454g, 6.6 minol) 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 MgSO4 and 

filtered. The filtrate was condensed under reduced pressure and the residue was purified by flash
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chromatography (hexanc:EtOAc, 90:10 to 40:60) to provide S2-2 (0.82 g, 61% yield) as a pale

yellow solid.  

'H NMR (500 MH, CDCl3 , 6): 7.14 (d, J= 7.6 Hz, 1H), 7.11 (s, 1H), 6.89 (d, 1= 7.6 1, 
1H), 4.54 (t, J= 8.7 Hz, 211), 3.14 (t, J= 8.7 Hz, 2H).  

5 " CINMR(125 MHz, CDCl3, ): 161.1, 129.4, 127.1, 126.4, 118.7, 91.7, 71.6, 29.4.  

8-(2,3-Dihydrobenzofaran-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), CS2CO 3 (99.4 mg, 0.3 mmol) and PdCl2(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 (CH 2C12:MeOH, 100:0 to 90:10) to provide S2-3 (25 mg, 44% yield) as a yellow 

solid.  

1H NMR (500 MHz, CD30D, 6): 8.14 (s, 111), 7.24 (d, J= 7.6 Hz, 1H), 7.07 (d, J= 7.3 
Hz, HI), 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]' calc'd. for C13H12NSOS = 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 mimol). The resulting mixture was stirred at a temperature of about 25*C for 

20 2 h. The reaction mixture was concentrated under reduced pressure and the residue was purified by 

flash chromatography (CH2CI2:MeOH, 100:0 to 90:10) to provide S2-4 (48 mg, 53% yield) as a 

yellow gum.  

H NMR (500 MHz, CDCl3 , 8): 8.26 (s, lH), 7.79 (s, iH), 7.12 (s, 1 H), 4.65 (t,1J= 8.8 Hz, 
2H), 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 I 

Br NH2Br a Br -. NHSO  b N Xb 

Xa=Xb=O, WS39 
c SO Xa=Xb=CH 2, WS40 

Xa=CH 2, Xb=O, WS41 

Br ,N-SO2 NH2 
H b 

NN N 

Xb 

HN Xa=Xb=O, WS42 I 2 Xa=Xb=CH 2, WS43 
Xa=CH2, 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-bromoethaneamomium bromide (410 mg, 2 mrol) in 20 mL of C1 2C12 

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).  

'HNMR (500 MIz, CDCl, d): 3.80 (br, 1H), 3.45-3.56 (m, 411), 1.20 (, 911).  

1'CNMR (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 nsnol) and stirred at a temperature of about 25"C for 2 hrs.  

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 Mfi, MeOH-d4/CDCls, 5): 3.87-3.97 (m, 2H), 3.36-3.47 (in, 2H), 1.32 (s, 
20 9H).
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"C NMR (125 MHz, CDC13, 8): 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-vl)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 mmcl) and Cs 2CO 3 (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 4/CDC3, 6): 8.21 (s, 1H), 7.39 (s, 111), 7.04 (s, 1H), 6.06 (s, 

10 2H), 4,81 (m, lH), 4.35-4,44 (m, 2H), 3.63 (in, 111), 3.46 (m, 111), 1.11 (s, 911).  

"CNMR(125vMHz,MeOH-d 4/CDC13, 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): n/z= 561.0 [M+H], 

HRMS (ESI) m/z [M+Il] called. for C1H 221N03S 2 = 561.0239; found 561.0233.  

15 2-Methyl-propane-2-sulfmic 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 Cs2CO3 (80 mg, 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).  

IH NMR (500 MHz, MeOH-d4 /CDC 3 , 6): 8.22 (s, 1H), 7.82 (s, 1H), 7.34 (a, 1H), 4.36

4.44 (in, 21), 3.60 (in, 111), 3,44 (in, 1-I), 2.92 (t, J = 7.4 Hz, 2H), 2.86 (t, J= 7,5 Hz, 2H), 2.10 (m, 

2H), 1.10 (s, 9H).  

25 MS (ESI): m/z= 557.0 [M+H]f.  

HRMS (ESI) n/z [M+H]* calc'd. for C20H7JNOS2%= 557.0654; found 557.0676.  

N-(2-(6-amino-8-((5-iodo-2,3-dihydrobenzofiran-6-yl)thio)-9H-purin-9-yl)ethy)-2

methylpropane-2-sulfinamide (WS41): 

To a solution of S2-4 (10 tmg, 0.02 mmol) in 1 mL of dry DMF was added 2-methyl

30 propane-2-sulfinic acid (2-bromo-ethyl)-amide (27 mug, 0.12 mmol) and Cs2CO 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 mg, 20% yield).
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MS (ESI): m/z= 559.0 [M+H]*.  

HRMS (ESI) m/z [M+H]* calc'd, for C1 121IN60 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)tbio)-9I-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 Cs2CO3 (80 mg, 0.25 mmol). The resulting mixture was stirred at a 

temperature of about 254C 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 iH NMR (500 MHz, CDCI, 6): 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, 211), 3.68 (m, 2H), 1,23 (s, 91).  

MS (ESI): m/z= 577.1 [M+H]*.  

HRMS (ESI) m/z [M+Hj' cal'd, for C15H22 N04S2 = 577.0189; found 577.0172.  

N-(2-(6-amino-8-((6-iodo-2,3-dihydro-1H-inden-5-yl)thio)-9H-purin-9-yl)ethy)-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 mmcl) and Ca2CO 3 (60 mg, 0.18 

enol). 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).  

IH NMR (500 MIz, CDCl3, 6): 8.25 (s, 1H), 7.56 (s, 1H), 6.42 (s, 1H), 5.88 (brs, 1H), 

5.58 (brs, 2H), 4.49 (in, 2H), 4.31 (in, 2H), 3.51 (in, 2H), 3.11 (in, 2H), 1.12 (s, 9H).  

MS (ESI): m/z= 575.0 [M+H]*.  

HRMS (ESI) n/z [M+H]+ cal'd. for C15H9 IN5O3S2 = 575.0396; found 575.0399, 

25 N-(2-(6-amino-8-((5-iodo-2,3-dihydrobenzofiran-6-yl)thio)-9H-pusrin-9-yl)ethyl)-2

methylpropane-2-sulfonamide (WS44): 

To a solution of S-6(20 mg, 0.05 nniol) 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 2CO3 (60 mg, 0.18 

immol). 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 (m, 2H), 3.71 (m, 2H), 2.89 (m, 2H), 2.75 (m, 2H), 2.06 (m, 2H), 1.32 (S, 9H).  

MS (ESI): m/z=- 573.1 [M+H], 

HRMS (ESI) ma/z [M+H]* called. for C2oH2 RTrN60 2S2 = 573.0603; found 573.0597.  

5 

Scheme 8. Synthesis of S-linked dimethylamnino derivatives.  
H2N N

0  a AcHN 0  b ACHN N
0  C H2N 0  d 

A B C D 

NH2  -N NH2  -N 
0 N~~,f. NN 

N N 0 N~ N ~ H F 
E F na 1, 2 G, n 1 I ~ Br n=1,2 H, g, h 

NH2  -N 

NN 

NHR 

R = cyclopropane carbonyl MRP-1-28 
R t-butylcarbonyl MRP-1-29 
R cyclopropane sulfonyl MRP-1-31 

Reagents and conditions: (a) Ac 20, AcOH, rt; (b) ICI, CH2Ct2, AcOH, rt; (c) NaOH, EtOH, H20, 
reflux; (d) paraformaldehyde, NaBH 3CN, MeOH, 50*C; (e) 8-mercaptoadenine, neocuproine, Cul, 
NaOtBu, DMF, 1 15'C; (f) 2-(3-bromopropyl)isoindoline-1,3-dionc, Cs2 CO3 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)isoindoliie-1,3-dione. F (0.720 g, 2.18 mmol), Cs2 CO 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 rt. 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, CDCl3/MeOH-d4): 6 8.16 (s, 111), 7.85-7.87 (in, 2H), 

7.74-7.75 (in. 2H), 6.87 (s, 1H), 6.71 (s, 1H), 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) m/z [M+H]* calcd. for 

C25H24N70 4S, 518.1610; foumd 518.1601.  

9-(3-Aminopropyl)-8-(6-(dimethylaniino)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)isoindolne-1,3-dione (0.72 g, 1.38 mmol), hydrazine hydrate (2.86 g, 2.78 mL, 

20.75 mmol), in CH 2C] 2:MeOH (4 mL:28 mL) was stirred for 2 h at rt. The mixture was 

dried under reduced pressure and the residue purified by colunm 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, 11), 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); 3C NMR 

(125 MHz, CDC13): 8 154.5,153.1,151.7,148.1,147.2,146.4, 144.8, 120.2 120.1, 109.3, 
109.2, 101.7, 45.3, 45.2, 40.9, 38.6, 33.3; IIRMS (ESI) m/z [M+H] called. for 

C1 7H22N70 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

(dimethylamino)benzo[d][1,3]dioxol-5-ylthio)-911-purin-6-amine (60 mg, 0.155 nunol), 
triethylamine (17 mg, 24 tL, 0.170 mmol), cyclopropane carbonyl chloride (16 mg, 14 L , 
0.155 mmcl) 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-NH3(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, 1H1), 6.77 (s, 1H), 6.52 (s, 1 H), 6.40 (br s, 2H1), 5.90 (s, 2H1), 4.29 (t, J = 6.2 Hz, 

211), 3.11 (q, J= 6.0 Hz, 2H), 2.68 (s, 6H), 1.87-1.91 (in, 2H), 1.45-1.49 (in, 111), 0.98

0.96 (in, 211), 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 C2 1H26N70S, 456.1818; found 456.1812.  

N-(3-(6-Amino-8-(6-(dimethylamino)benzo[d][1,3]dioxol-5-ylthio)-9H-purin-9

yl)propyl)pivalanide (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 mamol), pivaloyl chloride (19 mg, 19 PL, 0.155 mmol) 

in CH 2C12 (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-NH3(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, 

1H1), 6.77 (s, 1H), 6.50 (s, IH), 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 (m, 2H), 1.27 (s, 9H); "C NMR (150 MHz, 

CDC13): 6 178.8, 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]* calcd. for C22 H3oN 703S, 

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 mg, 0.158 mmol), 

15 triethylamine (18 mg, 24 ptL, 0.174 mmol), cyclopropane sulfonyl chloride (22 mg, 17 pL , 

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 MR-P-I-31 (55 mg, 71%). 'H NMR (600 MHz, CDC13): 8 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, 1H), 1.95-1.99 (in, 2H), 1.15

1.17 (in, 2H), 0.93-0.96 (m,2H); "C NMR (150 MHz, CDC13): 6 154.9, 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; 

1HRMS (ESI) m/z [M+H] caled. for C20H2 N70 4S2, 492.1488; found 492.1468.  

25 Scheme 9. Synthesis of S-linked amide, sulfonamide or sulfinamide derivatives
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Xa=Xb=0, R = t-butylcarbonyl WS45 
Xa=CH2, Xb=O, R= cyclopropanecarbonyl WS61 

Xa=Xb=O, R = i-propylcarbonyl WS46 X=CH2, Xb=O, R= t-butylsulfinyl WS62 
Xa=Xb=O, R = 1-propylsulfonyl WS48 Xa=Xb=CH2, R= t-butylsulfinyl WS63 

Xa=Xb=O, R = t-butylsulfinyl WS49 Xa=H, Xb=O, R= t-butylcarbonyl WS64 

Xa=Xb=O, R = isobutylsulfonyl WS50 

Xa=Xb=O, R = cyclopropanecarbonyl WSSI 

Xa=Xb=O, R = t-butylsulfonyl WS52 

Xa=Xb=O, R = lactyl W355 

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) Cs2COO, DMF.  

N-(3-Bromopropyl)pivalanide. 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 trimethylacety 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%). IH NMR (500 MHz, CDCl 3): 6 (5.97 (br s, 1H), 3.40 (m, 4H), 

2.07 (m, 2H), 1.17 (s, 9H); "C NMR (125 MHz, CDCl3): 6 178.7, 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 ld] [1,3jdioxol-5-yl)thio)-9H-purin-9

yl)propyl)pivalamide (WS45). To a solution of 8-((6-iodobenzo[d] [l,3]dioxol-5-yl)thio

9H-purin-6-amine (74 mg, 0.18 mmol) in DMF ( 2 mL) was added N-(3

bromopropyl)pivalamide (80 mg, 0.36 minmol) and Cs 2CO3 (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 (CH 2Cl2:NH3-MeOH 

(7N), 20:1) to yield WS45 as a white solid (18 mg, 18%). 'H NMR (500 MHz, CDCl,): 6 

8.23 (s,1H), 7.45 (br s, I H), 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, 2Ff) 1.21 (s, 9H); HRMS (ESI) m/z [M+H]* called, 

for C20H24IN60 3S, 555.0675; found 555.0681.  

N-(3-(6-Amnhi-8-((6-iodobenzo[d][1,3]dioxol-5-yl)thio)-9H-purin-9

yl)propyl)isobutyrai de (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 mrnol) and Cs2CO 3 (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 (CH2C12:NH3-MeOH 

(7N), 20:1) to yield WS46 as a white solid (22 mg, 34%). TH NMR (500 MHz, 

15 CDC13/MeOH-d 4): 8 8.22 (s,1H), 7.61 (br s, 1H), 7.41 (s, 1Ff), 7.08 (s, 1Ff), 6.07 (s, 2H), 

4.27 (m, 211), 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]+ called. for C19H221N60 3 S, 541.0519; found 541.0508.  

N- (3-(6-Amino-8-((6-iodobenzo[d] [1,3]dioxol-5-y)thio)-9H-purin-9

20 yl)propyl)propane-2-sulfonamide (WS48). To a solution of 8-((6

iodobenzo[d][1,3]dioxol-5-yl)thio-9H-puin-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 2Cl 2:NH-MeOH (7N), 20:1) to yield WS48 as a white solid (33 mg, 20%). 1H 

NMR (500 IMz, CDCl 3/McOH-d 4): 6 8.20 (s, 111), 7.41 (s, 1H), 7.09 (s, 1 H), 6.08 (s, 2Ff), 

4.35 (t, J= 7.0 Hz, 2Ff), 3.10-3.22 (m, 3Ff), 2.07 (in, 2H), 1.37 (d, J= 6.9 Hz, 6Ff); 13 C 

NMR (125 MHz, CDCl3/MeOH-d): 6 158.4, 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+Hf]+ 

30 called. for CisH22INsO4S 2 , 577.0189; found 577.0193.  

N-3-(6-Amino-8-((6-iodobenzo[di[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 Cs 2 CO 3 (23 mg,
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0.14 nimol). 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 2 C12 :NH 3-MeOH (7N), 20:1) to yield WS49 as a white solid (14 mg, 35%). 'H NMR 

(600 MHz, CDC13): 6 8.31 (s, 1H), 7.33 (s, 1 H), 6.94 (s, IH), 6.02 (s, 2H), 5.87 (br s, 2H), 

5 4.91 (t, J= 6.7 Hz, 1H), 4.40-4.45 (in, IH), 4.31-4.36 (in, 1H), 3.10-3.17 (m, 1H), 2.97

3,04 (in, IH), 2.11-2.17 (m, 1H), 1.96-2.08 (m, 1H), 1.26 (s, 9H); 1
3 C NMR(150 MHz, 

CDCl 3): 6 154.5, 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] called. for C]9H24IN60 3 S2, 575.0396; 

found 575.0379.  

10 
N-3-(6-Amino-8-((6-iodobenzo[d] [1,3]dioxol-5-yI)thio)-9H-purin-9-yI)propyl)-2

methylpropane-1-sulfonamide (WS50). To a solution of 8-((6-iodobenzo[d][l,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-l-sulfonamide (60 mg, 0.24 mmol) and Cs 2CO 3 (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:NH 3-MeOH (7N), 20:1) to yield WS50 as a white solid (16 mg, 46%). 'H 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 (in, 1H), 

20 1.87-1.97 (m, 2H), 0.98 (d, J= 6.7 Hz, 6H); "C NMR (125 MHz, CDC13/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]* caled. for C19H2 41N 60 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)propy)cyclopropane carboxamide (WS51). To a solution of 8-((6

iodobenzo[d][1,3]dioxol-5-y)thio-9H1-purin-6-amine (30 mg, 0.07 nmol) in DMF ( 1.5 

mL) was added N-(3-bromopropyl) cyclopropanecarboxamide (60 mg, 0.28 mmol) and 

Cs2CO3 (48 mg, 0.14 nuol). 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%). 'H 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 (in, 2H), 1.40-1.44 

(m, 1H), 0.83-0.91 (in, 2H), 0.66-0.74 (in, 2H); "C NMR (125 MHz, CDCl 3/MeOH-d): 6
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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 C19H210N60 3S, 539.0362; 

found 539.0362.  

5 N-3-(6-Amino-8-((6-iodobenzold] [1,3]dioxol-5-yl)thio)-9H-purin-9-vl)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 ing, 0.27 mmol) and Cs 2CO 3 (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 

(CH2Cl 2: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, 111), 6.89 (s, 1 H), 6.35 (t, J= 6.7 Hz, 111), 5.94 

(s, 2H), 5.69 (br s, 2H), 4.32 (t, J= 6.0 Hz, 2H), 2.93-2.99 (in, 2H), 1.87-1.99 (m, 211), 

1.28 (s, 9H); "C NMR (150 MHz, CDC13): 6 154.5, 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] called. for C,9H24 NO 4 S2 , 591.0345; found 591.0353.  

(S)-N-3-(6-Amino-8-((6-iodobenzo[dI [1,3]dioxol-5-vl)thio)-9H-purin-9-yl)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-y1 acetate (130 mg, 0.51 mmol) and Cs 2 CO 3 (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 

(CH2CI2:NH3-MeOH (7N), 20:1) to yield WS55 as a white solid (13 mg, 14%). 'H NMR 

25 (600 M~lz, CDC13): 6 8.23 (s,1H), 7.64 (t, J= 6.0 Hz, 1H), 7.26 (s, IH), 6.90 (s, 1H1), 5.94 

(s, 211), 5.73 (br s, 2H), 4.10-4.23 (in, 3H), 3.05-3.25 (in, 2H), 1.85-1.95 (in, 211), 1.39 (dd, 

J= 15.1, 6.8 Hz, 3H); HRMS (ESI) m/z [M+H]* called. for CisH
2 0IN 6O4S, 543.0312; found 

543.0310.  

30 N-3-(6-Anino-8-((6-iodobenzofdl1,3]dioxol-5-yl)thio)-9H-purin-9

yl)propyl)cyclopropanesulfonanide (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 mmol) and Cs2CO3 

(71 mg, 0.22 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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(CH2CI2 :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, IH), 7.00 (s, 1H), 5.99 (s, 2H), 4.26 

(t, J= 7.0 Hz, 2H), 3.08 (t, J= 6.3 Hz, 2H), 2.32-2.38 (m, 1H), 1.95-2.02 (m, 2H), 1.03

1.09 (m, 2H), 0.89-0.95 (m, 2H); HRMS (ESI) m/z [M+H]* called. for CisH20IN 60 4 S2, 

5 575.0032; found 575.0042.  

1-((3-(6-Amino-8-((6-iodobenzo[dI 1,3]dioxol-5-yl)thio)-9H-purin-9-yl)propy)amino)

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-y acetate (120 mg, 

0.48 mmol) and Cs2CO 3 (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 (CH 2Cl 2:NH3-MeOH (7N), 20:1) to yield WS57 as a white solid 

(19 mg, 22%). 'H NMR (600 MHz, CDC13): 6 8.23 (s,i H), 7.90 (t, J= 6.0 H7, 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 (m, 2H), 

2.08 (s, 3H1), 1.83-1.90 (m, 2H), 1.59 (s, 6H); HRMS (ESI) n/z [M+H]* called. for 

C21H241N60 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 2C12 :NH3-MeOH (7N), 20:1) to yield WS58 as a white solid (10 mg, 83%). 'H NMR 

(600 MHz, CDCh): 8 8.24 (s, 111), 7.79 (br s, 1HL), 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); 

'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) m/z [M+IH] 

called. for C19H 221N6O4S, 557.0468; found 557.0447.  

30 N-(3-(6-Amino-8-((5-iodo-2,3-dihydrobenzofuran-6-yl)thio)-9H-purin-9

yl)propyl)cyclopropanecarboxaide (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 addedN-(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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(CH2Cl2:NH 3-MeOH (7N), 20:1) to yield WS61 as a white solid (12 mg, 35%). '1H NMR 

(600 MHz, CDCl3): 5 8.30 (s, 111), 7.57 (s, 1H), 7.16 (m, 1l), 6.55 (s, 1H), 5.67 (br s, 211), 

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 (m, 2H), 1.38-1.44 (m, 1H), 0.87-0.93 (in, 2H), 0.67-0.72 (in, 2H); HRMS 

5 (ESI) m/z [M+H]* calcd. for C2 oH 221N 60 2 S, 537.0570; found 537.0567.  

N-(3-(6-Amino-8-((5-iodo-2,3-dihydrobenzofuran-6-yl)thio)-911-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 minmol) in DMF ( 1.5 msL) 

10 was addedN-(3-bromopropyl)-2-methlpropane-2-sulfinamide (49 mg, 0.18 mmol) and 

Cs2CO 3 (41 mg, 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 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, 1H), 4.29-4.35 (in, 

1H), 3.22 (t, J= 8.5 Hz, 2H), 3.09-3.16 (m, 1H), 2.95-3.02 (m, 1H), 2.06-2.15 (m, 1H), 

1.93-2.05 (in, 1H), 1.29 (s, 9H); HRMS (ESI) n/z [M+H]* called. for C20H126IN 60 2S2, 

573.0603; found 573.0620.  

20 N-(3-(6-Amino-8-((6-iodo-2,3-dihydro-iH-inden-5-yl)thio)-9H--purin-9-yl)propyl)-2

methylpropane-2-sulfinamide (WS63). To a solution of 8-((6-iodo-2,3-dihydo-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-methipropane-2-sulfinamide (23 mg, 0.1 mmol) and Cs2CO 3 (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 :NH3-MeOH (7N), 20:1) to yield WS63 as a white solid (5 mg, 27%). 1H NMR 

(600 MHz, CDC13): 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, IH), 4.28-4.36 (in, 1H), 4.17-4.27 (in, I H), 2.99-3.07 (in, 1H), 2.85-2.93 (m, 1H), 
2.81 (t, J= 7,4 Hz, 2H), 2.72 (t, J- 7.5 Hz, 2H), 1.83-2.08 (m, 4H), 1.20 (m, 911); IRMS 

30 (ESI) m/z [M+H]* called. for C21H28IN 60S2 , 571.0811; found 571.0809.  

N-(3-(6-Amino-8-((2-iodo-5-methoxyphenyl)thio)-9H-purin-9-yl)propyl)pivalamide 

(WS64). To a solution of 8-((2-iodo-5-methoxyphenyl)thio)-9H-purin-6-ainine (200 mg, 

0.5 mmol) in DMF (3 mL) was added N-(3-bromopropyl)pivalanide (445 mg, 2 mmol)
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and Cs2CO 3 (326 mg, 1 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 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, IH), 7.43 (br s, IH), 

5 6.66 (s, tH), 6.50 (d, J= 8.7 Hz, 1H), 5.86 (br s, 2H), 4.20 (t, J= 6.1 Hz, 2H), 3.61 (s, 311), 
2.78 (in, 2H), 1.82 (m, 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]* calcd. for C2 oH 26 IN6O2S, 541.0883; found 541.0898.  

10 Scheme 10. Synthesis of S-linked reversed sulfonamide derivatives 
NH

2 

K. , _S O NH2 N" N 
H N 

+ N -N 

O, b) 

n=0,1 n=0,1 '802 
n~0,1HN 

R R = t-butyl, n= 0 WS47 
R = t-butyl, n= 1 W853 
R = isopropyl, n= 1 WS54 

15 2-(6-Aniino-8-((6-iodobenzo[d] [1,3ldioxol-5-yl)thio)-911-purin-9-yl)-N-(tert

butyl)ethanesulfonamide (WS47). To a solution of 8-((6-iodobenzo[d]L1,3]dioxol-5

yl)thio-9H-purin-6-amine (56 mg, 0.13 nunol) in DMF (2 mL) was added N-t-butyl-2

chloroethanesulfonamide (50 mg, 0.25 rmol) and Cs2CO 3 (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 (CIH2Cl 2:NH3-McOH 

(7N), 20:1) to yield WS47 as a white solid (10 mg, 13%). H NMR (500 MHz, 

CDC13/MeOH-d4): 6 8.22 (s,1 H), 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, CDC13/MeOH-d4): 8 158.3, 

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]* called. for C18H221N60 4 S2, 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-sulfonanide (WS53). To a solution of 8-((6-iodobenzo[d][1,3]dioxol-5

yl)thio-9H-puria-6-anine (56 mg, 0.13 mmol) in DMF (2 mL) was added N-t-butyl-3

chloro-N-propane-1-sulfonamide (144 mg, 0.65 mmol) and Cs 2CO 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 (CH2 C12:NH 3-MeOH 

(7N), 20:1) to yield WS53 as a white solid (18 mg, 22%). 1H NMR (600 MHz, 

CDCI3 /MeOH-d4): 6 8.21 (s, 1H), 7.40 (s, IH), 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, 91-1); "C NMR (150 MHz, 

10 CDC13/MeOH-d4): 8 155.8, 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 

C19H2 41N60 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-y)thio-9H-purin-6-amiine (39 mg, 0.09 nmol) in DMF (2 mL) 

was added 3-chloro-N-isopropylpropane-I-sulfonamide (100 mg, 0.45 imol) 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:NH 3-MeOH (7N), 20:1) to yield WS54 as a white solid (14 mg, 26%). 1H NMR 

(500 MHz, CDCl3/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 (m, 2H), 

0.99 (d, J= 6.6 Hz, 6H); HRMS (ESI) n/z [M+H]+ caled. for C1 sH2 2 1INO 4S2, 577.0189; 

found 577.0194.  

25 
Scheme 11. Synthesis of methylene-linked amide, sulfonamide and sulfinamide derivatives
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NH2 I 

N N 

FINN N NH2  I 
H 

N 
+ 

H b,c F N N 
Br_ NH2Br Br* - N-Boc NHIR

NHR 

R = t-butylsulfinyl WS60 

R = H WS65 
R = t-butylcarbonyl WS66 

R = cyclopropanecarboryl WS71 

R = cyclopropanesulfonyl WS72 

Reagents and conditions: (a) triethylamine, (BcC) 20; (b) TFA; (o) 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 CH 2Cl 2 (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)methy1)-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[d1[l,3]dioxol-5

yl)methyl)-9H-purin-9-yl)propyl)carbamate (1.9 g, 3.3 mmol) in the mixture of 

TFA/CH2Cl2 (10 mL/2 mL) was stirred at room temperature for 2 hirs. 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): 6 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); 1

3C NMR (150 MHz, 

5 CDC13/MeOH-d4 ): 5 160.8, 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]* called. for 

C16H171FN60 2 , 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-sulfinainide (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 mniol) 

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, CDCl3): 8 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, IH), 2.97 (m, IH), 2.00 (in, 1H), 1.85 (in, 1H), 1.27 (s, 9H). HRMS (ESI) /z 
[M+H]F scaled. for C2 5H25FIN60 3S, 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 pL, 0.32 mmol) and triethylamine (90 pL, 

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, CDCl3 ): 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 (in, 2H), 1.66-1.73 (in, 2H), 1.16 (s, 
9H); HRMS (ESI) mo/z [M+H]* caled. for C2 1H251FN60 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 yI)propyl)cyclopropanecarboxamide (WS71). To a solution of 9-(3-aminopropyl)-2

flaoro-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 pL, 0.32 nrool) and 

triethylamine (90 bL, 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, CDC13/MeOH-d): 6 7.32
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(s, 1H), 6.77 (s, 11H), 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, 111), 0.90-0.95 (m, 2H), 0.76-0.82 (m, 211); IIRMS 

(ESI) m/z [M+H]* calcd. for C20H21F1N6 03, 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%). 1H NMR (600 MHz, CDC3/MeOH-d4): 8 7.32 

(s, 111), 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); 13C 

NMR (150 MHz, CDC13/MeOH-d4): 8 159.0 (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 (ES1) m/z [M+H]* caled.  

for C19H21F1N60 4S, 575.0374; found 575.0390.  

Scheme 12. Synthesis of S-linked acetylene derivatives.  
NH2  I 

N -NH,1 

S a, b \ N" N a, b~~- 0 

NHR 
NHR 

R = cyclopropanecarbonyl WS68 

R = t-butyicarbonyl WS69 

R = cyclopropanesulfonyl WS7O 

Regents and conditions: (a) Cul, PdCl2(PPh3)2, trimethylsilanylacetylene, EtN, 
20 DMF, 600C; (b) KOH.  

N-(3-(6-Amino-8-((6-ethynylbenzo[d][1,3]dioxol-5-yl)thio)-9H-purin-9

yl)propyl)eyelopropanecarboxailde (WS68). To a solution of WS51 (150 mg, 0.28 

minol) in DMF (3 mL) was added trimethylsilanylacetylene (116 gL, 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 2CI2/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%). IH NMR (600 MHz, 

CDC13/MeOH-d4): 6 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, IH), 3.18 (in, 2H), 1.88-1.96 (m, 2H), 1.43-1.49 (in, 1H), 0.78-0.84 (m, 2H), 

0.65-0.71 (in, 2H); HRMS (ESI) m/z [M+H]* calcd. for C21H 21N60 3S, 437.1396; found 

10 437.1393.  

N-(3-(6-Amino-8-((6-ethynylbenzo[d][1,3]dioxol-5-yl)thio)-9.H-purin-9

yl)propyl)pivalamide (WS69). To a solution of WS45 (150 mg, 0.27 mmol) in DMF (3 

mL) was added trimethylsilanylacetylcne (113 pL, 0.81 mmol), PdC 2(PPh3)2 ( 19 mg, 0.03 

15 mmol), CuI (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 2CI2/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, CDCL3): 5 8,31 (s, 1H), 

7,56 (t, J= 6.1 Hz, 1H), 7.00 (s, 1 H), 6.88 (s, 1H), 6.01 (s, 2H), 5.77 (br s, 2H), 4.29 (t, J

5.9 Hz, 2H), 3.30 (s, 1H), 3.02-3.09 (m, 2H), 1.86-1.94 (m, 2H), 1.28 (s, 9H); HRMS (ESI) 

m/z [M+H]* caled. for C22H25N 6O1S, 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 inmol), Cu1 (3 mg, 0.02 mumol) and triethylamine (243 L, 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 2Cl2/McOH (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, 1H), 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 (i, 2H), 1.10

1.14 (m, 2H), 0.99-1.04 (m, 2H); HRMS (ESI) m/z [M+H]* called. for C201 2 1N60 4S2 , 

473.1066; found 473.1053.  

NH2 

NV N NH2  1 

N N + Br CsCO 3 

KN' N~- _ 5 ± NH2  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-N91. 50 mg (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 mmol) of Cs2CO3 and 117.4 mg 

(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 (CH2C12 :MeOH-NH3 (7N), 10:1) to give 12.7 mg (20%) of DZ5-49

N9. tH NMR (500 MHz, CDC13/MeOH-d4): 8 8.13 (s, 11), 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 (in, 2H); HRMS (ESI) m/z [M+H]* caled. for CisH20NO3S, 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 (Coming # 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 KCI, 2 mM DTT, 5 tM 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 pL, Drugs were added to triplicate wells. Free cy3B-GM 

(6 nM cy3B-GM), bound cy3B-GM (6 nM cy3B-CM + 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 - ((mP, - mPf)/(mPs - mPr)) x 100, where mP, is the recorded mP from 

10 compound wells, mPr is the average recorded mP from cy3B-GM-only wells, and mPb 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 (Corning # 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 Hsp9O 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 

N N0 

NH 

has a Hsp90 binding value of 20 nM and an hERG assay result of 1 pAM. 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) (PM) 

1A-10 WS35 6.3 NA 

IA-1I WS42 71.5 NA 

IA-12 WS39 33 NA 

IA-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 

IA-48 WS58 22.1 12 

1A-49 WS64 28.3 NA 

1A-5 WS47 78 NA 

lA-50 DZ5-49-N9 76.5 NA 

IB-28 WS70 53 >100 

IB-43 WS69 28 >100 

IB-45 WS68 37 >100 

1G-28 MRP-1-31 22 NA 

IG-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
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(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,



HI:\szp\Interwovn\NRPortbl\DCC\SZP\13535200 Ldocx-23/032017 

- 223 

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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NH
2 

NH 2  IN , N\ -NH 

- N H I H > _ L. > N 

MdNH MMNH 

\-s ~ -s NNN 

N N NHNHN N N N N 

HN HN 

NH HN NH O 

NH 2  NH 2  I NH 2 

H NN NH 

oN o No 

NH2 I NH2  NHN 

NH2 N - \>- N N , > 
\>s N' N N N N 

NN N N 

NH NH NH 

so S02 OS\ 2 S 

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.  

31. Use of a compound of any one of claims 1-28 in the manufacture of a medicament 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 chronic traumatic encephalopathy, Alzheimer's disease, Parkinson's 

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

related dementia, and wherein the cancer is hematopoietic disorders, optionally
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selected from myeloproliferative disorders, myelofibrosis, polycythemia vera, and 

essential thrombocytosis.  

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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