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(57) Abstract: The disclosure relates to Compounds of Formulae (IA) and (IB), and pharmaceutically acceptable salts thereof
wherein Z,, Z,, Zs, Xa, Xb, Xc¢, Xd, Y, X;, and X, are as defined herein, compositions comprising an effective amount of a Com-
pound of Formula (IA) and/or (IB), and methods to treat or prevent a condition, such cancer which overexpresses Her-kinases, com-
prising administering to an patient in need thereof a therapeutically effective amount of a Compound of Formula (IA) or (IB). The
disclosure further relates to compounds of Formulae (IA) and (IB) in which X, is a leaving for introducing a radiolabeled atom, such
as "I or "*'I and to methods of using such compounds in the preparation of radiolabeled compounds, particularly for use in imaging.
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HSP90 INHIBITORS

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

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

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 o
and B, Grp94 and Trap-1. Hsp90 « and f exist in the cytosol and the nucleus in association with a
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-dé:pendent refolding of denatured
or "unfolded" proteins. Tt 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
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. Tt
seems to be required for expression of mutated pS3 and v-src to a much greater extent than for their
wild-type counterparts. It has been suggested that this occurs as a result of Hsp90-mediated

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 Her2). The mechanism whereby HspS0
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
immunophilins and is required for high affinity binding of the steroid to the teceptor. Thus, Hsp90

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

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 i 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

tole of Hsp90 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
necessary for the growth and survival of many tumors which thus probably also require functional
Hsp90.

Hsp90 has been recognized as a viable target for therapeutic agents. Hsp90 family
members possess a unique pocket in their N-terminal region that is specific to and conserved
among all Hsp90s from bacteria to mammals, but which is not present in other molecular
chaperones. The endogenous ligand for this pocket is not known, but it binds ATP and ADP with
low affinity and has weak ATPase activity. The ansamycin antibiotics geldanamycin (GM) and
herbimycin (HA) have been shown to bind to this conserved pocket, and this binding affinity has
been shown for a1l members of the Hsp90 family. International Patent Publication No,
W098/51702 discloses the use of ansamycin antibiotics coupled to a targeting moiety to provide
targeted delivery of the ansamycin leading to the degradation of proteins in and death of the
targe fed cells. International Patent Publication No. W(O00/61578 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

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,
WQ2006/084030, WO2009/042646, W02009/065035, and WO2011/044394; U.S. Patent No.
7,834,181; and U.S. Patent Publication Nos. 2005/0113339, 2005/0004026, 2005/0049263,
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;, Z,, and Z; are

selected from CH and N and the variable substituents are selected from a number of options ;
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While these compounds can be active as inhibitors of Hsp90, their level of activity is extremely
variable with measured values for ECsq and ICs being reported in anywhere from the micromolar

5 tonanomolar 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:

NH, Xo NH,, Xo
Z.
z7 i ,
IHI e Xa )l\)): 7Y Xa
)\ = \ N Xc
X4 Z2 I\\‘ Xe X4 Z2 \ /
10 R Xb R Xb—Xd
(14) (IB)
or a pharmaceutically acceptable salt thereof, wherein:

(a) cach of Z,, Z; and Z; is independently CH or N;

() Yis CH, O, or §;
15 {c) Xa, Xb, Xc and Xd are independently selected from CH, CH,, O, N, NH, S,

carbonyl, fluoromethylene, and difluoromethylene sclected so as to satisfy valence,
wherein each bond to an X group is either a single bond or a double bond;
{d) X is halogen, aryl, alkynyl, or amino;
(¢) X, 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(R4)-, -NRAS(O)-,
-SO,N(R4)-, -NRASO,-, -C(O)N(R,)-, and -NRAC(O)-, and/or terminated by —S(O)NR,Rg,
-NRAS(O)Rg, -SO;NR4R g, -NRASO,Rp, -C(O)NR 4Rp, or -NRAC(O)Rg, wherein each R, and Rp
is independently selected from hydrogen, C;-Cs alkyl, C,-Cq4 alkenyl, C,-Cq4 alkynyl, cycloalkyl,
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):

ﬁ Q .ﬁw}

Xb—Xd

(1A) (B)

or a pharmaceutically acceptable salt thereof, wherein:

(a) eachof Z1, Z, and Z5 is N;

(b) YisS;

(©) Xa, Xb, Xc and Xd are O, O, CH,, and CH,, respectively ;

(d) X4 1s hydrogen or halogen; and

(e) X5 and R are a combination selected from the following:

(1) in formula (IA):
(a) XyisNR;R,, wherein R and R; are each independently H, C;-Cs alkyl,

C,-Cg alkenyl, C;-Cg 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)-, -SO2N(Ra)-, -NRaSO»-, -C(O)N(Ra)-, or -NRAC(O)-
groups, and/or terminated by an -S(O)NRsRg, -NRAS(O)Rg,
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(b)

(c)

(d)

S4A -

-SO;NRARp, -NRASO-Rgp, -C(O)NRaRp, or -NRLAC(O)Rp group,
wherein each R4 and Ry is independently selected from hydrogen, C,-
Ce alkyl, C,-C¢ alkenyl, C,-C¢ alkynyl, cycloalkyl, heteroalkyl,
heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl,
heteroarylalkyl, and alkylheteroarylalkyl; or

X, 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)-, -SO2N(R4)-, -NRASO»-, or -C(O)N(R4)- groups, and/or
terminated by an -S(O)NRaRp, -NRAS(O)Rp, -SO:NRaRgp,
-NR4SO:Rp, -C(O)NRARp group, wherein each R, and Rp is
independently selected from hydrogen, C-Cg alkyl, C,-Cg alkenyl, C»-
Ce alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl,
alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and
alkylheteroarylalkyl; or

X, 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)Rp group, wherein each Ry is
independently selected from C,-Cg alkenyl, C,-Cg alkynyl, cycloalkyl,
heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl,
alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl, and each Ry
is independently selected from hydrogen, C;-C alkyl, C,-Cg¢ alkenyl,
C»-Cs alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl,
heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and
alkylheteroarylalkyl; or

X, is aryl or alkynyl, R is straight-chain- or branched- substituted or

unsubstituted alkyl, straight-chain- or branched- substituted or
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(e)

®

_4B -

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,N(R4)-, or -NRAC(O)- groups, and/or terminated by
an -S(O)NRRp, -NRAS(O)Rp, -NRASO3Rp, or -NRAC(O)Rg group,
wherein each R4 and Ry is independently selected from hydrogen, C,-
Ce alkyl, C,-C¢ alkenyl, C,-C¢ alkynyl, cycloalkyl, heteroalkyl,
heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl,
heteroarylalkyl, and alkylheteroarylalkyl; or

X, 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 -NRsSO,- or
-C(O)N(Ra)- groups, and/or terminated by an -SO,NRsRp or
-C(O)NRRp group, wherein each Ry is independently selected from
C,-Cs alkyl, C,-C¢ alkenyl, C,-Cs alkynyl, cycloalkyl, heteroalkyl,
heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl,
heteroarylalkyl, and alkylheteroarylalkyl, and each R is independently
selected from hydrogen, C;-Cs alkyl, C,-Cs alkenyl, C,-Cs alkynyl,
cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl,
arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl;

X5 is halogen, aryl, alkynyl, or NR|R,, wherein R; and R, are each
independently H, C;-Cg alkyl, C;-Cs alkenyl, C;-Cs 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)NR4Rg, -NR4S(O)Rp,
-SO:NRARp, -NRaSOsRp, -C(O)NRaRp, or -NRAC(O)Rp group,
wherein R4 is independently selected from hydrogen, C,-C¢ alkenyl,
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-AC -

C,-C¢ alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl,
heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and
alkylheteroarylalkyl, and Ry is independently selected from C;-Cg
alkyl, C,-C¢ alkenyl, C,-C¢ alkynyl, cycloalkyl, heteroalkyl,
heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl,
heteroarylalkyl, and alkylheteroarylalkyl; and

(ii) in formula (IB):

(2)

(h)

X, is halogen, aryl, alkynyl, or NR|R,, wherein R; and R, are each
independently H, C;-Cg alkyl, C;-Cs alkenyl, C;-Cs 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(Rp)-, -NR4S(O)-, or -SO,N(Ra)- groups, and/or
terminated by an -S(O)NR sRp or -NR4S(O)Rg group, wherein each R
and Ry is independently selected from hydrogen, C;-Cg alkyl, C5-Cg
alkenyl, C,-Cg alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl,
heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and
alkylheteroarylalkyl; or

X, is halogen, aryl, alkynyl, or NR|R,, wherein R; and R, are each
independently H, C,-Cg alkyl, C,-C¢ alkenyl, C;-Cq 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 -NR4SO,, -C(O)N(R)-, or -NRAC(O)- groups, and/or terminated
by an -SO,NR4Rp, -NRASO:Rp, -C(O)NR 4Rp, or -NR,C(O)Rp group,
wherein each R4 is independently selected from C-Cg alkyl, C,-Cg
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(1)

4D -

alkenyl, C,-Cg alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl,
heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and
alkylheteroarylalkyl, and each Rg is independently selected from
hydrogen, C;-C¢ alkyl, C,-C¢ alkenyl, C,-C¢ alkynyl, cycloalkyl,
heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl,
alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; or

X, is halogen, aryl, alkynyl, or NR|R,, wherein R; and R, are each
independently H, C,-Cg alkyl, C,-C¢ alkenyl, C;-Cq 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)NRARg, -NRAS(O)Rpg, -SO2NRaRg, -NRASO2Rp, -C(O)NR AR,
or -NRAC(O)Rp group, wherein each Ry and Rg is independently
selected from hydrogen, C,-Cq alkyl, C,-C¢ alkenyl, C,-Cq alkynyl,
cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl,
arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl,
and Rp is independently selected from C,-Cs alkyl, C,-Cs alkenyl, Co-
Ce alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl,
alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and
alkylheteroarylalkyl.

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

X2

Xo .

N2 77 N4
2'1)]: v Xa (A Y e
A A voox7 z, N Xc

Xb R Xb—Xd
(1A) (1B)

or a pharmaceutically acceptable salt thereof, wherein:
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-4E -

(a) each of Z, Z; and Z5 is N;
(b) Y is CH»;
(c) Xa, Xb, Xc and Xd are O, O, CH,, and CH,, respectively;

(d) X4 is hydrogen or halogen; and

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

(1) in formula (IA):

(a)

(b)

X5 i1s NR|R,, wherein R and R; are each independently H, C,-Cg alkyl,
C,-Cg alkenyl, C;-Cg 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;N(R4)-, -NRASO,-, -C(O)N(Ra)-, or -NRAC(O)-
groups, and/or terminated by an -S(O)NRsRp, -NRAS(O)Rp,
-SO;NRARp, -NRsSO-Rp, -C(O)NRsRp, or -NRAC(O)Rp group,
wherein each R, and Ry is independently selected from hydrogen, C;-
Ce alkyl, C,-C¢ alkenyl, C,-Cs alkynyl, cycloalkyl, heteroalkyl,
heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl,
heteroarylalkyl, and alkylheteroarylalkyl; or

X, 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)-, -SO2N(R4)-, -NRaSO»-, -C(O)N(Ra)-, or -NRAC(O)-
groups, and/or terminated by an -S(O)NRaRp, -NRAS(O)Rp,
-NR4SO3Rp, -C(O)NRARp, or -NRAC(O)Rp group, wherein each Ry
and Ry is independently selected from hydrogen, C;-Cg alkyl, C5-Cg
alkenyl, C,-Cg alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl,
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(c)

(d)

(e)

_4F -

heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and
alkylheteroarylalkyl; or

X, 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 -SO;NR4Rp group, wherein Ry
is selected from C;-Cg alkyl, C,-C¢ alkenyl, C,-Cg alkynyl, cycloalkyl,
heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl,
alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl, and Rg is
selected from hydrogen, C,-Cq alkyl, C,-C¢ alkenyl, C,-Cq alkynyl,
cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl,
arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; or
X 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;N(R4)-, -NRASO,-, -C(O)N(Ra)-, or -NRAC(O)-
groups, and/or terminated by an -S(O)NRsRp, -NRAS(O)Rp,
-NRASO:Rp, or -NRAC(O)Rp group, wherein each Ry and Rp is
independently selected from hydrogen, C-Cg alkyl, C,-Cg alkenyl, C»-
Ce alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl,
alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and
alkylheteroarylalkyl; or

X 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 -SO;NRaRp or -C(O)NR4Rp
group, wherein each R4 is independently selected from C;-Cg alkyl, Cs-
Ce alkenyl, C,-Cg alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl,
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aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl,
and alkylheteroarylalkyl, and each Ry is independently selected from
hydrogen, C;-C¢ alkyl, C,-C¢ alkenyl, C,-C¢ alkynyl, cycloalkyl,
heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl,
alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; and

(i1} in formula (IB),

(a)

(b)

X518 NR|R,, wherein R and R; are each independently H, C,-Cg alkyl,
C;-Cg alkenyl, C,-Cg 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)-, -SO2N(R4)-, -NRaSO»-, -C(O)N(Ra)-, or -NRAC(O)-
groups, and/or terminated by an -S(O)NRaRgp,-NRAS(O)Rp,
-SO;NRARp, -NRASO-Rgp, -C(O)NRaRp, or -NRL4C(O)Rp group,
wherein each R4 and Ry is independently selected from hydrogen, C,-
Ce alkyl, C,-C¢ alkenyl, C,-Cs alkynyl, cycloalkyl, heteroalkyl,
heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl,
heteroarylalkyl, and alkylheteroarylalkyl; or

X, is halogen, aryl, or alkynyl, wherein R; and R, are each
independently H, C;-Cg alkyl, C;-Cs alkenyl, C;-Cs 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(R4)-, -NR4S(O)-, -SO:N(R4 )-, -NRASO,-, -C(O)N(R»)-,
or -NRAC(O)- groups, and/or terminated by an -S(O)NRaRp,
-NRAS(O)Rp, -NRASO1Rp, or -NRAC(O)Rp group, wherein each R
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and Rp is independently selected from hydrogen, C;-Cg alkyl, C5-Cg
alkenyl, C,-Cg alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl,
heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and
alkylheteroarylalkyl; or

X, is halogen, aryl, or alkynyl, wherein R; and R, are each
independently H, C;-Cg alkyl, C;-Cg alkenyl, C;-Cg 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
-SO;NR4Rp or -C(O)NRaRp group, wherein each Ry is independently
selected from C;-Cg alkyl, C,-Cg alkenyl, C,-Cs alkynyl, cycloalkyl,
heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl,
alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl, and each R
is independently selected from hydrogen, C-C alkyl, C,-Cg alkenyl,
C,-C¢ alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl,
heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and
alkylheteroarylalkyl.

In yet another aspect of the invention, there is provided a Compound of Formula (I1A)

or (IB):

X4

NH, X, NH2 Xz
Z 7 Xv43
z7i % ! )
')17_\(<2>\<a AT g
2R xe 4% o3
R Xb -
(1A) (IB)

or a pharmaceutically acceptable salt thereof, wherein:

(a) each of Zy, Z> and Z3 is N;
(b) YisO;
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(c) Xa, Xb, Xc and Xd are independently selected from CH, CH,, O, 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, is halogen, aryl, alkynyl, or NR;R,, wherein R; and R, are each
independently H, C;-Cq alkyl, C;-C¢ alkenyl, C;-C¢ alkynyl, cycloalkyl,
heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl,
heteroarylalkyl, or alkylheteroarylalkyl;

(e) X4is 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)-,
-NR4S(O)-, -SO:N(R4)-, -NR4SO»-, -C(O)N(R4)-, or -NR,C(O)- groups, and/or
terminated by an -S(O)NRsRp, -NRAS(O)Rp, -SO:NRaRp, -NRASO,Rp,
-C(O)NRaRp, or -NRAC(O)Rp group, wherein each R4 and Ry is independently
selected from hydrogen, C-C¢ alkyl, C,-Cs alkenyl, C,-Cs alkynyl, cycloalkyl,
heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl,
heteroarylalkyl, and alkylheteroarylalkyl.

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

zy Z?
| — N Y )\(a
Z, N .Xc
R Xb

or a pharmaceutically acceptable salt thereof, wherein:

(a)
(b)
(c)
(d)
(e)

eachof Z1, Z, and Z5 is N;

Y is S or CH;;

Xa-Xc-Xb are -CH,-CH,-CH>-, -O-CH,-CH,»-, or -CH,-CH,»-O-;
X4 is hydrogen or halogen;

X3 is halogen or alkynyl; and
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63 R is straight-chain- C1-C6 alkyl, which is terminated by a -NRAS(O)Rg,
-NRASO;Rg, or -NRAC(O)Rp group, wherein each R and Rp is independently
selected from hydrogen, C;-Cs alkyl, or cycloalkyl.

3. DETAILED DESCRIPTION

The invention includes the following:

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

NH, % NH, -
X243 77 X43
e Js
X7 "z N xo X I N Xe
R Xb R Xb—Xd
(IA) (IB)

or a pharmaceutically acceptable salt thereof, wherein:

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

(b) Yis CH,, O, or S;

(¢) Xa, Xb, Xc and Xd are independently selected from CH, CH,, O, 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, is halogen, aryl, alkynyl, or amino;

(e) X4 is hydrogen or 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 -S(O)N(R4)-, -NRAS(O)-, -SO;N(R4)-, -NRASO,-, -C(O)N(R4)-, or -NRAC(O)-, and/or
terminated by -S(O)NRARg, -NRAS(O)Rg, -SO,NRARg, -NRASO,Rg, -C(O)NRARg, or
-NRAC(O)Rp, wherein each R and R is independently selected from hydrogen, C;-Cs alkyl, C,-
Cs alkenyl, C,-Cq alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl,
arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl.

(2) The compound as in the above (1) which is a Compound of Formula (1):
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5
NH, X
N N\
Y
@

or a pharmaceutically acceptable salt thereof, wherein Y is CH; or S,

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

NH
2 X,
NN
N
[pusao
XN N\ !
) . - Xb
R
5
@
or a pharmaceutically acceptable salt thercof, wherein:
one of Xa and Xb is O and the other is CH,; and
YisCH;or S.
10 (4) The compound as in the above (1) which is a Compound of Formula (3):

NH2 xz
NN
,CE e Wt
X4 N N\ XB)
' R
®)

or a pharmaceutically acceptable salt thereof, wherein:
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one of Xa and Xb is C(=0) and the other is CHy; and
Y is CH; or S.

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

NH, %,
NN
)Nilj: \> Y Xa
/ N ‘I\
X4 N L%
\R x5

5 Q]

or a pharmaceutically acceptable salt thereof, wherein:
Xa-Xe-Xb is CH,-CH,-CH,, CH~CH-CH,, or CH,-CH=CH; and
YisCHyorS, -~

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

NH, XZ
NN
O

X7 SNN P
_ N - Xb

R

®

10
or a pharmaceutically acceptable salt thereof, wherein at least one of Xa and Xb is CHF or CF, and

the other is CHF, CF,, or CH,.

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

NH2 X,
N = N\
&)l\),\;:r\{?_\( : ~(>
R o}

®)

15
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or a pharmaceutically acceptable salt thereof.
(8) The compound as in the above (1), wherein Z,; is CH or Z; is CH or Z; is CH.

(9) The compound as in the above (1), wherein Z; and Z, are each CH or Z, and Z; are
each CH or Z, and 73 are each CH.

5 (10) The compound as in the above (1), wherein Z;, Z,, and Z, are each CH.

(11) The compound ss in the above (1) to (10), wherein R is interrupted by one or more -
S(ON(RA)-, -NRAS(0)-, -SO,N(R4)-, -NR,S0,-, -C(O)N(R)-, or -NRAC(O)- groups.

(12) The compound as in the above (1) to (11), wherein R is terminated by an -S(O)NR R,
-NRAS(O)Rg, ~SO;NR Rz, -NRASO;Ry, -C(O)NR 4Ry, or -NRAC(O)Rg 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-cthancsulfonic 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 ethy! methanesulfonamide, 2-methyl-propanc-2-sulfonic
acid 2-ethylamide, 2-methyl-propane-2-sulfinic acid 2-ethylamide, 2-methyl-propane-1-sulfonic
acid 2-ethylamide, cyclopropanesufonic acid 2-ethylamide, 3-propane-1-sulfonic acid
isopropylamide, 3-propane-1-sulfonic acid ethylamide, 3-propane-1-sulfonic acid methylamide, 3~
propane-1-sulfonic acid amide, 3-propane-1-sulfonic acid t-butylamide, 3-propane-1-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-1-sulfonic acid 3-propylamide, cyclopropanesulfonic acid 3-propylamide, 3-N-isopropy!
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-sthyl
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 Xy 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 CH,.

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

5 (19) The compound as in one of the above (1) to (18), whetein X, is furan-2-yl, furan-3-yl,
S-methylfuran-2-yl, 1H-pyrazol-2-yl, 1 H-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 X, is alkynyl.

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

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

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

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

dimethylamino.

15 (26) The compound as in one of the above (1) to (11) or (13} to (25), wherein Z, is N or Z,
isNorZzisN.

(27) The compound as in one of the above (1) to (10) or (13) to (25), wherein Z, and 2, are
each N or Z, and Z; are each N or Z; and Z; are each N.

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

20 (27) and a pharmaceutically acceptable carrier.

(29) A method for treating or preventing cancer or a neurodegenerative disorder,
comprising administering to a patient in need thereof a therapeutically effective amount of a

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

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

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

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

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

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

composition for the inhibition of Hsp90.

30 (34) A Compound of Formula (TA) or (IB).
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NHZ XZ NH2 Xa

Z X-Za

Z{ 75 Z 3
)’\ Pz Y Xa /“\ - N)—.Y %a
X~z N Xe M & N Xe
R Xb R Xb—Xd

14) (IB)

or a salt thereof, wherein:

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

5 (b) Yis CH,, O, 0rS;
(c) Xa, Xb, Xc and Xd are independently selected from CH, CH,, O, 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, is aleaving group for introduction of a a radiolabeled atom to the structure;

10 (e) X,4is 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(R,)-, -NRaS(0)-, ~-SO,N(R4)-, -

15 NRASOs-, -C(ON(RA)-, or -NRAC(O)- proups, and/or terminated by an -S(OYNRRg, -
NRAS(O)Rg, -SONRR5, -NRASO;R5, -C(O)NR 4Rp, or -NRAC(O)Rp group, wherein
each R, and Ry is independently selected from hydrogen, C,-Cs alkyl, C;-Cs atkenyl,
C,-Cy alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, hetercaryl, alkylaryl,
arylalkyl, alkylbeteroaryl, heteroarylalkizl, and alkylheteroarylalkyl.

20

(35) A compound as in (34) above, or a salt thereof, wherein X is trialkyl tin
or —Sn(CHchz(CF2)5CF3)3.

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

25  formation of a radiolabeled compound.

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

As stated above, the disclosure encompasses Compounds of Formulae (IA) and (IB):
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NH, % NH, %
Z XL
21 = 3 21 N
N~ v %a A7 Nr*Y g
X7 "z N Xe X4 & N Xo
R o™ R Xb=Xd
(1A) IB)

ar a pharmaceutically acceptable salt thereof, wherein:

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

5 (b) Yis CH,, O, 0r S;
(c) Xa, Xb, Xc and Xd are independently selected from CH, CH,, O, N, NH, S,
catbonyl, fluoromethylene, and difluoromethylene selected so as to satisty valence,
wherein each bond to an X group is cither a single bond or a double bond;
{d) X, is halogen, aryl, alkynyl, or amino;

10 {e) X, 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(OIN(R)-, -NR4S(0)-, -SON(R,)-, -NRASO;-, -

15 C(OIN(RA)-, and -NRAC(0O)-, and/or terminated by -S(OYNRaRg, -NRAS(O)Rp, -
SO;NR 4R, -NRASQ,Rp, ~-C(O)NRR3, or -NRLC(O)Rp, wherein each R4 and Ry is
independently selected from hydrogen, C;-Cs alkyl, C,-Cy alkenyl, C»-Cs alkynyl,
cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arvlalkyl,
alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl.

20 In certain embodiments, there may be 1, 2 or 3 interrupting and/or terminating
groups, which may be the same or different. In general, the R groups of these compounds can
be described as sulfonamido groups, sulfinamido groups, or amido groups.

In certain embodiments, specific R groups include without limitation: 2-ethanesulfonic
acid isopropylamide, 2-ethanesulfonic acid ethylamide, 2-ethanesulfonic acid methylamide, 2-

25  ethanesulfonic acid amide, 2-ethanesulfonic acid t-butylamide, 2-ethanesulfonic acid
isobutylamide, 2-ethanesulfonic acid cyclopropylamide, isopropanesulfonic acid 2-ethylamide,
ethanesulfonic acid 2-ethylamide, N-2 ethyl methanesul{onamide, 2-methyl-propane-2-sulfonic
acid 2-ethylamide, 2-methyl-propane-2-sulfinic acid 2-ethylamide, 2-methyl-propane-1-sulfonic
acid 2-ethylamide, cyclopropanesufonic acid 2-ethylamide, 3-propane-1-sulfonic acid

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

propane-1-sulfonic acid amide, 3-propane-1-sulfonic acid t-butylamide, 3-propane-1-sulfonic acid
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isobutylamide, 3-propane-1-sulfonic acid cyclopropylamide, propane-2-sulfonic acid 3-
propylamide, ethanesulfonic acid 3-propylamide, N-3-propy! methanesulfonamide, 2-methyl-
propane-2-sulfonic acid 3-propylamide, 2-methyl-propane-2-sulfinic acid 3-propylemide, 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-buty
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-propy! 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, Z, is CH. In another
15  embodiment, Z; is CH. In another embodiment, Z; is N. In another embodiment, Z, is N. In

another embodiment, Z; is N.

In another embodiment, Z, and Z, are each CH. In another erobodiment, 7, and Z; are each
CH. In another embodiment, Z, and Z, are each CH. In another embodiment, Z, and Z, are each

N. In another embodiment, Z, and Z; are cach N. In another embodiment, Z, and Z, are each N,

20 In another embodiment, Z; and Z, are each CH and 7, is N. In another embodiment, 7,
and Z are each CH and 7, is N. In another embodiment, 7, and Z; are each CHand Z, isN. In
another embodiment, Z; and Z, are each N and Z; is CH, In another embodiment, Z, and Z; are
each N and Z, is CH. In another embodiment, Z, and Zs are each N and Z, is CH. In another

embodiment, Zi, Z,, and Z; are each CH. In another embodiment, Z;, Z,, and 7, are each N,

25 In the structures set forth in Formulae (1) through (6) below, embodiments are provided in
which Z,, Z,, and Zs 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 Zy, Z, and Z, is CH with
the same substituents or othet substituent combinations within the scope of Formulae {IA) and (IB)
as set forth above. In particular, embodiments in which Z, or Z3 are each CH arte 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
noled and refer to substituted and unsubstituted Ci~Cyo 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 Cs-Cy, branched saturated aliphatic hydrocarbon groups, i.e., groups having 3, 4,

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

ethyl (Et), propyl (Pr), isopropyl, butyl (Bu), tert-butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl,
and the like. In one embodiment, an alkylis a C,-Cs alkyl, i.e., a group having 1,2, 3,4, 5, 0r 6
carbon atoms. An alkyl can be substitated with 1, 2, or 3 substituents or optionally substituted with
1, 2, or 3 substituents. Illustrative examples of substituted C;-C; alkyl groups include -CH,OH, -

10 CF,0H, -CH,C(CH;),C(O)YOCH;, -CF, -C(O)CF;, -C(O)CHs, -(CH,),SCH;, -
CH(C(O)OI)CHCH,C(O)N(CHa)a, -(CH,)sNHC(O)NH;, -CH,CH,-(4-fluorophenyl), -
CH(OCH,)CH,CHj, -CH,SO,NH,, and -CH(CH,)CH,CH,0C(O)CH,.

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

specifically noted and refer to substituted and unsubstituted C,-Cyp straight-chain aliphatic

15 hydrocarbon groups baving 1, 2, or 3 carbon-carbon double bonds, i.e., groups having 1, 2, 3,4, 5,
6,7, 8,9, or 10 carbon atorns, and substituted and unsubstituted Cs-C,¢ branched aliphatic
hydrocarbon groups having 1, 2, or 3 carbon-carbon double bonds, i.e., groups having 3, 4, 5, 6, 7,
8, 9, or 10 carbon atoms. For example, "alkenyl" includes but is not limited to: ethenyl, 1-prop-1-
enyl, 1-prop-2-enyl, 2-prop-1-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 C;-Cg 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 C,-C; alkenyl groups include -C(H)=CHCH,OH, -C(H)=CF,, -
CH,C(Hy=CH(CH,),CF,0H, ~-CH,C(=CH,)C(O)OCHj, -C(H)=CHCFs, -

25 CH,CH,C(H)=CHC(O)CHs, -C(H)=C{CH;)SCHj, -C(H)=CHC(H)=C(CH;)C(O)OCH;, and -
C(H)=C=CHOC(O)CHs.

The terms “alkynyl" and "substituted alkynyl" are interchangeable unless otherwise
specifically noted and refer to substituted and unsubstituted C,-Cyq 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 7,8,9,0r 10 carbon atoms, and substituted and unsubstituted Cs-Cy, 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, 1-
hept-7-ynyl, 1-oct-8ynyl, and the like. In one embodiment, an alkynyl is a C,-Cg alkynyl, i.e., 2

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



WO 2012/138894 PCT/US2012/032371

13

THustrative examples of substituted C,-Cy4 alkynyl groups include -C=CCH,OH, -C=CF, -
CH,C=C(CH,),CF,0H, -C=CCH,C(0)OCH;, -CH,C=CCF;, -CH,CH,C=CC(0O)CH3, -C=CSCH;,,
and -C=CC(O)OC{O)CH;.

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 wherzin any ring can contain 1, 2, or 3 carbon-carbon double
or triple bonds. For example, "cycloalkyl" includes but is not limited to: cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloalkenyl, cycloalkynyl, and cycloheptyl. A cycloalkyl can be
substituted with 1, 2, or 3 substituents or optionally substituted with 1, 2, or 3 substituents.

10 The term "amino" refers to the group -NR;R,, wherein R and R; are each independently H,
C1-Cs alkyl, Co-Cs alkenyl, C,-Cy alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl,
heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, or alkylheteroarylalkyl.

Optionally the amino group can be protonated to provide a compound in salt form, A protonated
amino group, being positively charged, is usually associated with an anion known to those in the

15 art, such as OH', CI', Br', CH;C(0)O", H,PO,, or HSO,.

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, ot 3 substituents. The definition of
"aryl" includes but is not limited to heteroaryl. Illustrative examples of aryl groups include phenyl,
biphenyl, naphthyl, dilyydronaphthyl, tetrahydronaphthyl, indenyl, indanyl, azulenyl, anthryl,
phenanthryl, fluorenyl, pyrenyl, anthracenyl, pyridyl, pyrimidyl, pyridizinyl, thiadiazolyl, and the
like.

25 The term "heteroalkyl" refers to an alkyl group where one or more of the carbon atoms or
hydrogen atoms present is replaced, independently, with a nitrogen, oxygen, sulfur, or halogen
heteroatom. If the heteroatom does not have the same number of valence sites as the carbon atom it
replaces, the number of hydrogens bonded to the replacement heteroatom may need to be increased
or decreased to match the number of valence sites of the heteroatom. For example, if a carbon atom

30 (with a valence of four) is replaced by a nitrogen atom (valence of three), one of the hydrogen
atoms formerly attached to the replaced carbon is deleted. Likewise, if a carbon atom is replaced
by a halogen atom (valence of one), three of the hydrogen atoms formerly attached to the replaced
carbon is deleted. The term "heteroalkyl” also refers to (1) an alkyl group where at least one of the

hydrogen atoms attached to a carbon or (2) to a heteroalkyl group where at least one of the
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hydrogen atoms attached to a hetercatom of the heteroalky! 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
unless otherwise specifically noted and these terms refer to 2 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 [rom 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 heteroeyclo can be substituted with 1, 2, or 3
substituents or optionally substituted with 1, 2, or 3 substituents.

Tilustrative examples of heteroaryl groups include thienyl, benzothienyl, isobenzothienyl,
2,3-dihydrobenzothienyl, furyl, pyranyl, benzofuranyl, isobenzofuranyl, 2,3-dihydrobenzofuranyl,
pyrrolyl, pyrrol-3-yl, pyrrol-1-yl, indolyl, isoindolyl, 3H-indelyl, indolinyl, indolizinyl, indazolyl,
imidazolyl, imidazol-4-yl, 2H-imidazoliny], benzimidazolyl, pyridyl, pyrazinyl, pyradazinyl,
pyrimidinyl, pyrimidin-2-yl, triazinyl, quinolyl, isoquinolyl, 4H-quinolizinyl, cinnolinyl,
phthalazinyl, quinazolinyl, quinoxalinyl, 1,8-naphthyridinyl, pteridinyl, carbazolyl, acridinyl,
phenazinyl, phenothiazinyl, phenoxazinyl, chromanyl, benzodioxolyl, piperonyl, purinyl, pyrazolyl,
pyrazol-3-yl, triazolyl, 1,2,4-triazol-1-yl, tetrazolyl, tetrazol-1-yl, thiazolyl, thiazol-4-y1,
isothiazolyl, benzthiazolyl, oxazolyl, oxazol-2-yl, isoxazolyl, isoxazol-3-yl, benzoxazolyl,
oxadiazolyl, 1,2,4-0xadiazo{-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, -S8H, -CN, -NO,,-NH,, trihalomethyl, pentahaloethyl, C;-Cypalky!, arylCo-Cypalkyl, Co-
CypalkyloxyCy-Cipalkyl, arylCo-CpalkyloxyCy-Cypalkyl, Co-CipalkylthioCy-Cigalkyl, arylCo-
CiealkylthioCy-Crealkyl, Co-CroalkylaminoCo-Cipalkyl, arylCo-CypalkylaminoCq-Croealkyl, N-aryl-IN-
Co-CroalkylaminoCy-Cygalicyl, Cy-CypalkylcarbonylCy-Cyealkyl, arylCy-CypalkylearbonylCy-Cypalkyl,
C,-CralkylearboxyCy-Cypalkyl, arylC;-CygalkylcarboxyCo-Ciealkyl, C;-CypalkylearbonylamimoCy-
Croalkyl, arylCy-C palkylcarbonylaminoCy-Croalkyl, -Co-C1oalkylC(QO)ORx, and -Cq-
Cy0alkylC(O)NRyR; wherein Ry, Ry and R are independently selected from hydrogen, alkyl, and
aryl or Ry and Ry 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 "Calkyl," as in Co-Cyalkyl, is a covalent bond.

The term "Cy-C palkyloxy” refers to an alkyl group having the indicated number of carbon

atoms and attached to the molecule through an oxygen atom. In one embodiment, a Co-Cypalkyloxy
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is a C,-Cgalkyloxy, 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-
CioalkyloxyCy-Cioalkyl" refers to a Cy-Cyoalkyloxy attached through an oxygen atom to a Co-
Coalkyl which is attached to the molecule. Likewise, the term “aryICo-C1oalkyloinQ~Clgalky "

5 refers to a Cp-Cjpalkyloxy, which is substituted by aryl, attached through an oxygen atom to a Co-
Cpalkyl which is attached to the molecule. A "Calkyloxy" is -OH.

The term "Co-Cipalkylthio" 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-Cyoalkylthio is
a C-Cealkylthio, i.e., a group having 1,2, 3, 4, 5, or 6 carbon atoms. Hlustrative examples of

10 alkyloxy groups includc methylthio, ethylthio, n-propylthio, and isopropylthio. Thus, the term "Cg-
CroalkylthioCy-Cioalkyl" refers to a Co-Coalkylthio attached through a sulfur atom to a Co-Cpalkyl
which is attached to the molecule. Likewise, the term "arylCy-CpallcylthioCy-Cipalkyl” refers wo a
C4-Cygalkylthio, which is substituted by aryl, attached through a sulfur atom to a C4-C,galkyl which
is attached to the molecule. A "Cealkylthio" is -SH.

15 The term "Cy-Cyoalkylcarbonyl” refers to an alkyl group having the indicated number of
carbon atoms and attached to the molecule through the carbon atom of a carbonyl group. In one
embodiment, a C,-Cyoalkylcarbonyl is a C;-Cealkylcarbonyl, i.e., a group having 1,2,3,4, 5,0r 6
carbon atoms, including the carbonyl carbon atom. Thus, the term "C;-CypalkylcarbonylCo-
Calkyl" refers to a C;-Cypalkylcarbonyl attached through the carbon atom of a carbonyl group to a

20 Cy-Cipalkyl which is attached to the molecule. Likewise, the term "arylCi-CygalkylcarbonylCo-
Cioalkyl" refers to a Cy-Cypalkylearbonyl, which is substituted by aryl, attached through the carbon
atom of a carbonyl group to a Cy-Cgalkyl which is attached to the molecule.

The term "Cy-Cyoalkylcarboxy" refers to an alkyl group having the indicated number of

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

25  carboxy group, wherein the carboxy group has either a -C(=0)-O- or a -O-C(=0)- orientation. In
one embodiment, a C,-Cyoalkylcarboxy is a C;-Cealkylcarboxy, i.e., a group having 2, 3,4, 5, 0r 6
carbon atoms, including the carboxy's carbon atom. Thus, the term "C;-CjgalkylcarboxyCe-
Cigalkyl" refers to a C,-Cjpalkylearboxy attached through the carboxy group to a Co-Cyealkyl which
is attached to the molecule. Likewise, the term "arylCi-CypalkylcarboxyCo-Chalkyl" refers to a C;-

30 Cpalkylearboxy, which is substituted by aryl, attached through the carboxy group to a Cy-Cygalkyl
which is attached to the molecule.

The term "Cy-Choalkylamino” 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 Ry is H, C,-Cgalkyl, or aryl. A "Cgalkylamino” is -NHRy. In one embodiment, a Cy-

35 Cialkylamino is a C;-Cealkylamino, 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 Ry group. Thus, the term "Cop-CjpalkylaminoCy-
Cioalkyl" refers to a Co-Cyoalkylamino attached through the nitrogen atom of an amino group to a
Cy-Cioalkyl which is attached to the molecule. Likewise, the term "arylCy-CyoalkylaminoCy-
Croalkyl" refers to a Co-Cyoalkylamino, which is substituted by aryl, attached through the nitrogen

5  atom of an amino group to a Cy-Cjpalkyl which is attached to the molecule. The term "N-aryl-N-
Cy-CioalkylaminoCo-Cigalkyl" refers to an amine nitrogen atom substituted by aryl and Co-Cyealkcyl,
that nitrogen atom being further attached to a Cy-C galkyl which is attached to the molecule.

The term "C;-Cypalkylcarbonylamino” 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(=0)N(Ry)- ot a -
N(Ry)C(=0)- orientation and wherein Ry is H or C;-Cealkyl. In one embodiment, a C,-
Cjoalkylcarbonylamino is a C;-Cgalkylcarbonylamino, 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 Ry group. 'Thus, the term "C,-CygalkylcarbonylaminoCy-Cgalkyl” refers to a Cy-

15 Cyalkylcarbonylamino attached through the amide group to a Cy-Cjgalkyl which is attached to the
molecule. Likewise, the term "arylC,-CyoalkylcarbonylaminoCo-Cyealkyl" refers to a C;-
Cypalkylearbonylamino, which is substituted by aryl, attached through the amide group to a Cy-
Coalkyl 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 anarylalkyl 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 ahove that is substituted
with 1, 2, or 3 alkyl groups as defined above. In one embodiment, a alkylheteroaryl group is a
"lower alkylheteroaryl" group having 1, 2, or 3 alkyl groups attached to a heteroaryl group, each

alkyl group having, independently, 1, 2, 3, 4, 5, or 6 carbon atoms.
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The term "heteroarylalkyl” refers to an alkyl group as defined above that is substituted with
1, 2, or 3 heteroary! groups as defined above. In one embodiment, a heteroarylalky! 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.

The term "alkylheteroarylalicyl" 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, §, or 6 carbon atoms.
The terms "halogen" and "halo" refer to fluorine, chlorine, bromine, and iodine.

AnR group disclosed to be " interrupted by -S(ONRA)-, -NRAS(O)-, -SO.NR 4)-, -
NRASO,-, -C(O)N(R,)-, and -NRAC(O)-, and/or terminated by -S(O)NRRp, -NRAS(O)Rg, -
SO,NR 4Rz, -NRASO:R, -C(O)NR AR5, or -NRLAC(O)Rg", means said R group is (1) interrupted by
one or more (for examplel, 2, or 3) -S(O)N{R4)-, -NRAS(0)-, -SO;N(R,)-, -NRASO,-, -
C(O)N(R4)-, or -NRAC(O)- groups, (2) terminated by -S(O)NRRp, -NRAS(O)Rp, -SO;NR R, -
NRASO;Rg, -C{O)NR R, or -NRAC(O)R groups, or (3) interrupted by one or more (for example
1, 2, or 3) -S(O)N(Ra)-, -NRAS(O)-, -SO;N(R,)-, -NR4SO0,-, -C{O)N(RA)-, or -NR,C(O)- groups
and terminated by an -S(O)NRARg, -NRsS(O)Rz, -SO,NR Rp, -NR4SO,Rp, ~C(O)NR ARp,
or -NR,4C(O)R; 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
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.

The term "pharmaceutically acceptable salt” refers to those salts which retain the biological
effectiveness and properties of the "free" compounds of Formulae (IA) and (IB). 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 exaraple, sulfonic
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

includes such salts. Examples of such salts include metal counterion salts, such as sodium,
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potassium, lithium, magnesium, calcium, iron, copper, zing, 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 saltsis 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 pharmaceuticaily 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 o a complex or aggregate formed by one or more molecules of a
solute, e.g., a Compound of Formulae (fA) or (IB) 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 watet, the solvate is 2 hydrate. Exemplary hydrates include
but are not limited to a hemihydrate, a monohydrate, a dihydrate, a trihydrate, and a tetrahydrate,
In one embodiment, the solvent is pharmaceutically acceptable. In another embodiment, the
complex or aggregate is in a crystalline form. In another embodiment, the complex or aggregate is
in a noncrystalline form. The present disclosure encompasses each solvate and mixtures thereof.

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

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

25 existin 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 (IB) contain one chiral center, the compounds exist in two enantiomeric forms
and the present disclosure includes both enantiomers and mixtures of enantiomers, such as racemic
mixtures. The enantiomers may be resolved by methods known to the art, for example, by

30 formation of diastereoisomeric salts which may be separated, e.g., by crystallization or liquid
chromatography. Alternatively, specific enantiomers may be synthesized by asymmetric synthesis
using optically active reagents, substrates, catalysts or solvents, or by converting one enantiomer
into the other by asymmetric transformation. When a Compound of Formulzae (IA) or (IB) contains
more than one chiral center, it may exist in diastereoisomeric forms. The diastereoisomeric

35  compounds may be separaied 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
S contains an unnatural propottion of an isotope at one or more of the atoms constituting the

compound, and the present disclosure includes each isotopically enriched form of compounds of
Formulae (IA) and (IB) and mixtures thereof. In certain embodiments, an isotopically enriched
compound contains unnatural proportions of one or more isotopes, including but not limited to
hydrogen ("H), deuterium (*H), trittum (H), carbon-11 (*'C), carbon-12 (*2C), carbon-13 (*C),

10 carbon-14 (**C), nitrogen-13 (**N), nitrogen-14 (**N), nitrogen-15 (**N), oxygen-14 ("*0), oxygen-
15 (*0), oxygen-16 (*°0), oxygen-17 (70), oxygen-18 (**0), fluorine-17 (''T), fluorine-18 (**F),
sulfur-32 (3), sulfur-33 (*S), sulfur-34 (“S), sulfur-35 (**S), sulfur-36 (**s), chlorine-35 (*°CI),
chiorine-36 (**Cl), chlorine-37 ('Cl), bromine-79 (Br), bromine-81 (*'Br), iodine-123 (**1),
iodine-125 (**1), iodine-127 (**7I), iodine-129 (***91), and iodine-131 (°'1). In another

15 embodiment, an isotopically enriched compound contains unnatural proportions of one or more
isotopes, including but not limited to "H, 2H, C, ®C, N, N, '°0, "0, *0, 7k, 225, P, g, *g,
3¢, 7Cl, ™Br, ¥'Br, and L. In another embodiment, an isotopically enriched compound is
radicactive. In another embodiment, an isotopically enriched compound contains unnatural
proportions of one or more isotopes, including but not limited to *H, “C, 4C, By, 1"O, 150, 15, ¥g,

20 ¢y, 21, 1, %], and 'L In another embodiment, an isotopically enriched compound contains
unnatural proportions of I, 1, or ®' and another isotope selected from *H, ''C, *C, N, Y0,
]50, 18R, 358, and *Cl. In another embodiment, an isotopically enriched compound contains an
unnatural proportion of "L, "I, and/or *'I. In another embodiment, an isotopically enriched
compound contains an unnatural proportion of I In another embodiment, an isotopically

25  enriched compound contains an unnatural proportion of '*I. Tn another embodiment, an

isotopically enriched compound contains an unnatural proportion of "I,

The term "isotopically enriched" refers to the percentage of incorporation of a less
prevalent isotope (e.g., deuterium for hydrogen) of an element at a given location in a molecule in
place of a more prevalent isotope (e.g., 'H for hydrogen) of that element. When an atom at a
30  particular location in a molecule is designated as a particular less prevalent isotope, it is understood

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

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

Tormulae (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. Fora
given patient, a therapeutically effective amount can be determined by methods known fo those in

the art.

The term "patient” refers to an animal, including but not limited to 2 mammal, a primate

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

The term "cancer" or "necplastic 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.
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 myelodysplastic syndromes.

The term "hematologic malignancy" refers to cancer of the bone marrow and lymphatic
tissue - body's blood-forming and immune system. Examples of hematological malignancies
include but are not limited to myelodysplasia, lymphotnas, leukemias, lymphomas (non-Hodgkin's
tymphoma), Hodgkin's disease (also known as Hodgkin's lymphoma), and myeloma, such as acute
lymphoeytic leukemia (ALL), adult T-cell ALL, acute myeloid leukemia (AML), AML with
trilineage myelodysplasia, acute promyelocytic leukemia, acute undifferentiated leukemia,
anaplastic large-cell lymphoma, chronic lymphocytic leukernia, chronic myeloid leukemnia, chronic
neutrophilic leukemia, juvenile myelomonocyetic leukemia, mixed lineage leukemia,
myeloproliferative disorders, myelodysplastic syndromes, multiple myeloma, and prolymphocytic

leukemia,

The term "lenkemia" refers to malignant neoplasms of the blood-forming tissues including
but not limited to acute lymphoblastic leukemia, acute myeloid leukemia, acute myeloblastic
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 oceurs either in the peripheral nervous system or in the central nervous system. Examples
of neurodegenerative disorders include but are not limited to chronic neurodegenerative diseases
such as diabetic peripheral neuropathy, Alzheimer's disease, Pick's discase, diffuse Lewy body
disease, progressive supranuclear palsy (Steel-Richardson syndrome), multisystem degeneration
(Shy-Drager syndrorme), motor neuron diseases including amyotrophic lateral sclerosis ("ALS"),
degenerative ataxias, cortical basal degeneration, ALS-Parkinson's-Dementia complex of Guam,

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 psendobulbar palsy, spinal and spinobulbar muscular atrophy
(Kennedy's disease), primary lateral sclerosis, familial spastic paraplegia, Wernicke-Korsakoff's
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
include age-related dementia and other dementias, and conditions with memory loss including
vascular dementia, diffusc 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
of any type (including but not limited to epidural, subdural, subarachnoid, and intracerebral), and
intracranial and intravertebral lesions (including but not limited to contusion, penetration, shear,
compression, and laceration). Thus, the term "neurodegenerative disorder" also encompasses acute
neurodegenerative disorders such as those involving stroke, traumatic brain injury, schizophrenia,

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

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
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 Jowa amyloidosis.

The term "pharmaceutically acceptable carrier” refers to a pharmaceutically-acceptable
material, composition, or vehicle, such as a liquid or solid filler, diluent, solvent, or encapsulating
material. In one embodiment, cach 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
benefit/risk ratio. Pharmaceutically acceptable cartiers are known in the art; see, e.g.,

Pharmaceutical Preformulation and Formulation (Gibson, ed., 2" Ed., CRC Press, Boca Raton,
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FL, 2009); Handbook of Pharmaceutical Additives (Ash and Ash, eds., 3" Ed., Gower Publishing
Co., Aldershot, UK, 2007); Remington's Pharmaceutical Sciences (Gennaro, ed., 19" Bd., Mack
Publishing, Easton, PA, 1995); and Handbook of Pharmaceutical Excipients (Amer,
Pharmaccutical Ass'n, Washington, DC, 1986).

C. Compounds of Formula (IA) in Which Xa and Xb are Each O
In accordance with an embodiment of the disclosure, the compounds are of Formula (IA) in
which Xa and Xb are each O and K¢ is CH,. In certain embodiments, the compounds of this

embodiment can be represented by Formula (1):

NH, X
NS N\ v
X‘)l\JNIN\f—' -Cb)

Y

10

or a pharmaceutically acceptable salt thereof, wherein:
YisCHyorS;
X4 is hydrogen or halogen;

15 R is a is straight-chain- or branched- substituted or unsubstituted alkyl, straight-chain- or
branched- substituted or unsubstituted alkenyl, straight-chain- or branched- substituted or
unsubstituted alkynyl, or substituted or unsubstituted cycloalky! wherein the R group 1s interrupted
by -S(OIN(R 1), -NRAS(0)-, -SON(R4)-, -NRxSO;-, -C(O)N(R,)-, or -NR,C(0)-, and/or
terminated by -S(O)NRaRg, -NRAS(O)Rg, -SO:NR,Rp, -NR4SO:R g, -C{OINR 4Ry, or -

20 NRAC(O)Rg, wherein each R, and Rs is independently selected from hydrogen, C,-Cq alkyl, C,-Cs
alkenyl, C»-Cs alkynyl, cycloatkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl,
arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalicyl; and

X, is as disclosed below,

C-L In some embodiments of the disclosure, X, is halogen. Table 1A lists specific
25 examples of compounds within this embodiment, In each of the structures as drawn, X, is T and X,
is H. However, corresponding structures in which X, is F, Cl, or Br are within the scope of the
disclosure. In each of the structures in Table 1A, Y is S, However, corresponding structures in

which Y is CH, and/or X, is F, Cl, Br, or I are also within the scope of the disclosure. Additionally,



WO 2012/138894 PCT/US2012/032371

23

in connection with each of the structures in Table 1A, corresponding structures in which X; is F, C1

3

or Br and Y is CH; are also within the scope of the disclosure.

Table 1A
Compound No. Structure Name
Nz )
SN = .
N Sh 2-[6-Amino-8-(6-iodo-
N\)N:erﬁ NS benzo[1,3]dioxol-5-
1A-1 ) o ylsulfanyl)-purin-9-y1]-
<802 ethanesulfonic acid
HN isopropylamide
p—
N, 0
NN = 2-[6-Amino-8-(6-iodo-
Ej\,\?_ SQO benzo[1,3]dioxol-5-
1A2 NTN o yisulfanyl)-purin-9-yi]-
< ethanesulfonic acid
SO. ;
HN: 2 ethylamide
N, |
NN == 2-[6-Amino-8-(6-iodo-
by benzo{ 1,3]dioxol-5-
1A-3 8 o ylsulfanyl}-purin-9-yl]-
o ethanesulfonic acid
Nt methylamide
N i
SN 2-{6-Amino-8-(6-iodo-
1A-4 QN/ N%S‘Q\j benzo[1,3]dioxol-5-
0 yisulfanyl)-purin-9-yl}-
's0, ethanesulfonic acid amide
HoN
NF, i
Ty g 2-[6-Amino-8-(6-iodo-
hi/r\(tN?— Q? benzo[1,3]dioxol-5-
1A-5 o ylsulfanyl)-purin-9-y1]-
50, ethanesulfonic acid tert-
HN’\T— butylamide
N "
3N —
1 \,\S"Qo 2-[6-Amino-8-(6-iodo-
NN OJ benzo[1,3]dioxol-5-
1A-6 ylsulfanyl)-purin-9-yi]-
50, ethanesulfonic acid
HN isobutyl-amide
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Compound No. Structure Name
N7 ;
N)\i 1 = 2-[6-Amino-8-(6-iodo-
L N%SAQZ)O benzo[ 1,3]dioxol-5-
1A-7 ) ylsulfanyl)-purin-9-yi}-
50, cthanesulfonic acid
N\]> cyclopropylamide
NH; I
SN = Propane-2-sulfonic acid
] N
’\tN//'\N>—S<Q)O £2-[6-amino-8-(6-iodo-
1A-8 2 o benzo[ 1,3]dioxol-5-
N ylsulfanyl)-purin-9-yl]-
025>7 ethyl}-amide
NF; :
NN = Ethanesulfonic acid {2-[6-
[y \N\%S \_/0 amino-8-(6-iodo-
1A9 N ) o benzo[ 1,3]dioxol-3-
" ylsulfanyl)-purin-9-y1]-
08 ethyl}-amide
N 0
N = N-{2-{6-Amino-8-(6-iodo-
L\ Q benzo[1,3]dioxal-5-
1A-10 ) (o8 ylsulfanyl)-purin-9-y1]-
S ethyl}-
ozs}\l methanesulfonamide
NH; ;
SN 2-Methyl-propane-2-
L N>~S \_¢ ﬁ sulfonic acid {2-[6-amino-
1A-11 2 o 8-(6-iodo-
N benzo[1,3]dioxol-5~
025, yisulfanyl)-purin-9-v1]-
- )‘— ethyl}-amide
Py § N : 2-Methyl-propane-2-
N\ I'\P‘S o sulfinic acid {2-[6-amino-
1A-12 N J o 8-(6-iodo-
{ benzo[ 1,3]dioxol-5-
OSfNH ylsulfanyl)-purin-9-y1]-
ethyl}-amide
NH, :
NS 2-Methyl-propane-1-
L o=s= /o sulfonic acid {2-[6-amino-
LAL3 N “> o 8-(6-iodo-
{ benzo[1,3]dioxol-5-
L,
NHp : T
NS = Cyclopropanesulfonic acid
LS @%j’ {2-[6-amino-8-(6-indo-
1A-14 benzo[1,3]dioxol-5-

ylsulfanyl)-purin-9-y1]-
ethyl}-amide




WO 2012/138894

PCT/US2012/032371

25
Compound No. Structure Name
R, \
NS = . .
fi \>_54Q>\0 3-{6-Amino-8-{6-iodo-
NN o benzo[ 1,31dioxol-3-
1A-15 ylsulfanyl)-purin-9-yl]-
propane-1-sulfonic acid
08 . ;
N isopropylamide
TH; i
N)\/[N\ = 3-[6-Amino-8-(6-iodo-
L N}SQ)O benzo[ 1 3]dioxol-S-
1A-16 © ylsulfanyl)-purin-9-y1]-
propane-1-sulfonic acid
058, ethylamide
NH
NH; )
N 3-[6-Amino-8-(6-iodo-
kN/ rlyb‘Q\)o benzo[ 1,3]dioxol-5-
1A-17 g ylsulfanyl)-purin-9-y1}-
propanc-1-sulfonic acid
08, methylamide
NH
NFz N
oM 3-[6-Amino-8-(6-iodo-
"1:\;:’\'\)—8‘@%)0 benzo[1,3]dioxol-5-
1A-18 [ ylsulfany!)-purin-9-yl]-
propane-1-sulfonic acid
0,8 amide
NH>
NF; .
M = 3{6-Amino-8-(6-iodo-
A
liN/ N%S@%)O benzo[1,3]dioxol-5-
1A-19 ) o ylsulfanyl)-purin-9-yl]-
> propane-1-sulfonic acid
°2§NA< tert-butylamide
NFz 0
YN 0 3-[6-Amino-8-(6-iodo-
7 \N) o benzo[1,3]dioxol-5-
1A-20 ylsulfanyl)-purin-9-yl]-
s> propane-1-sulfonic acid
O isoburyl-amide
T
N = 3-[6-Aniino-8~(6-i0do-
ﬂkN/]: N\%st’ benzo[1,3]dioxol-5-
LA-2L o ylsulfanyl)-purin-9-y1]-
propane-1-sulfonic acid
[o3] el Tamid
QH\N_(\] cyclopropylamide
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Compound No. Structure Name
NH; f
’l -Zr\}s@\o Propane-2-sulfonic acid
N N) o {3-[6-amino-8-(6-iodo-
1A-22 S benzo[ 1,3]dioxol-5-
ylsulfanyl)-purin-9-y1]-
HN -
50, propyl}-amide
-
N, i
r\rg/'\% e Ethanesulfonic acid {3-[6-
N \ ¢ j amino-8-(6-iodo-
1A-23 ! ° benzo[ 1 3]dioxol-5-
> ylsulfanyl)-purin-9-y1]-
HN _ami
's0 propyl}-amide
N, ;
NS = N-{3-[6-Amino-8-(6-iodo-
(PSR benzo[ 1,3]dioxol-S-
1A-24 o ylsulfanyl)-purin-9-yl]-
propyl}-
HN, methanesulfonamide
50
NF, ;
= = 2-Methyl-propane-2-
fl N S@‘j sulfonic acid {3-[6-amino-
1A.35 ) o 8-(6-iodo-
g benzo[1,3]dioxol-5-
HN ylsulfanyl)-purin-9-yl]-
_ 50 propyl}-amide
NF, .
SN 2-Methyl-propane-2-
HLN//‘\N\% s@ﬁ’ sulfinic acid {3-[6-amino-
1A-26 o 8-(6-iodo-
benzo[1,3]dioxol-5-
HN ylsulfanyl)-purin-9-yl]-
S0 propyl}-amide
NF, 1
SN - 2-Methyl-propane-1-
lN/ \N%SQE sulfonic acid {3-[6-amino-
1A-27 o 8-(6-iodo-
benzo[1,3]dioxol-5-
HN, yisulfanyl)-purin-9-yl]-
>_/SO7- propyl}-amide
NH; 7
N —
'\t \;i %S—Qo Cyclopropanesulfonic acid
NTTR o {3-[6-amino-8-(6-iodo-
1A-28 € benzo[1,3]dioxol-5-
N

ylsulfanyl)-purin-9-yl]-
propyl}-amide
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Compound No. Structure Name
Ny \
N) SN . .
1§ ,I >—s O 0 3-[6-Amino-8-(6-i0do-
N - benzo[ 1,3]dioxol-5-
1A-29 0 T
ylsulfanyl)-purin-9-y1]-N-
N o isopropyl-propionamide
ey
A - . .
S Nos oW 3-[6-Amino-8-(6-iodo-
1A30 NN B benzof1,3]1dioxol-5-
) o ylsulfanyl)-purin-9-yl]-N-
‘ 3\:0 ethyl-propionamide
PN
NHy |
N, . .
NS s.m@\, 3-[6-Amino-R-(6-iodo-
LAl Pihe 9 benzo[ 1,3]dioxol-5-
- 2 o ylsulfanyl)-purin-9-yl]-N-
=0 methyl-propionamide
HN
NFz .
= e 3-[6~-Amino-8-(6-iodo-
1A-32 hiJIN\Fb@ 9 benzo[1,3]dioxol-5-
o ylsulfanyl)-purin-9-yl]-
0 propionamide
J‘F? L
O r VSQ"O 3-{6-Amino-8-(6-iodo-
NN A benzo[1,3]dioxol-5-
1A-33 o o
ylsulfanyl)-purin-9-y1]-N-
A ° tert-butyl-propionamide
WHz |
AN —
Vs« p~o 3.[6-Amino-8-(6-iodo-
1A.34 NN o benzo[1,3]dioxol-5-
iz ylsulfanyl)-purin-9-yi]-N-
HN\_O< isobutyl-propionamide
NH; )
N, e
fjh;%s%\"/%o 3-[6-Amino-8 (6-iodo-
1A35 N 2 o benzo[1,3]dioxol-5-
- ylsulfanyl)-purin-9-yl]-N-
N ° cyclopropyl-propionamide
>
fHz i
e ~N = i
UL ‘%s%\ﬁ,%?  N-{2-[6-Amino-8-(6-iodo-
N7 TN 1 .
1A-36 2 o i benzo[1,3]dioxol-5-
NH

ylsulfanyl)-purin-9-yl]-
ethyl}-isobutyramide
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Compound No. Structure Name
WF .
Nfl\f”g_sOO N-{2-{6-Amino-8-(6-iodo-
. NN benzo[1,3]dioxol-5-
1A-37 o
! ylsulfanyl)-purin-9-yl]-
NH ethyl}-propionamide
-
2 i
N)\I“\ S_Q N-{2-[6-Amino-8-(6-iodo-
IN/ N>_ v 779 benzo[1,3]dioxol-5-
1A-38 o
8 ylsulfanyl)-purin-9-yl]-
NH ethyl}-acetamide
o=(
N, .
q)\ffg_,s, = N-{2-[6-Amino-8-(6-iodo-
N NS benzof 1 31dioxol-5-
1A-39 2 o ylsulfanyl)-purin-9-yl]-
NH ethyl}-2,2-dimethyl-
0:§T propionamide
N ;
NN N N-{2-[6-Amino-8-(6-iodo-~
LW N%S‘Qj benzo{1 3]dioxol-5-
1A-40 2 © ylsulfanyl)-purin-9-y1}-
NH ethyl}-3-methyl-
O:Q < butyramide
R, 7
I\,J S Ses o Cyclopropanecarboxylic
kN/ N B acid {2-[6-amino-8-(6-
1A-41 © iodo-benzo[ 1,3]dioxol-5-
NH ylsulfanyl)-purin-9-yl]-
Ojb ethyl}-amide
N .
NS N-{2-[6-Amino-8-(6-iodo-
Ao &)IN\H‘QE benzo[1,3]dioxol 5-
) > o ylsulfanyl)-purin-9-y1]-
AENH ethyl}-formamide
N{))‘h |
'L)INMQO N-(3-(6-amino-8-((6-
LA43 N o iodobenzo[d][1,3]dioxol
i -5-yDthio)-9H-purin-9-
" yhpropyl)pivalamide
Ny 1
Y HQE N-(3-(6-Amino-8-((6-
1A44 ) o iodobenzo[d][1,3]dioxol

-5-yDthio)-9H-purin-9-
yhpropyl)isobutyramide
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Compound No. Structure Name
WA, |
NS N-3-(6-amino-8-((6-
"\Ntn\*s on’ iodobenzo[d][1,3])dioxol
1A-45 i -5-yDthio)-9H-purin-9-
NH yl)propyl)cyclopropane
C% carboxamide
e e N-(3-(6-Amino-8-((6-
LAA6 [“%[r Q:) iodobenzo[d][1,3]dioxol
iNH -5-yDthio)-9H-purin-9-
#aa y)propyl)isobutyramide
! 1-((3-(6-Amino-8-((6-
NK)IN\)"SQ‘C\’ iodobenzo[d][1,3]dioxol
1A4T N 0~ -5-yl)thio)-9H-purin-9-
‘ i yhpropyl)amino)-2-
™o methyl-1-oxopropan-2-
Oa}ﬁ‘y/\ yl acetate
N, ; ]
“'L*I%' . ,QO N+(3-(6-Amino-8-((6-
NN - iodobenzo[d][1,3]dioxol
1A-48 i -5-y1)thio)-9H-purin-9-
NH yl)propyl)-2-hydroxy-2-
c’)@H methylpropanamide
NS N-(3-(6-amino-8~((2-
i s
N/j\:}— o iodo-5-
1A-49 é methoxyphenyl)thio)-
an 9H-purin-9-
¥:o yl)propyl)pivalamide
NH, i
N =
N Q
l/;[,?"s A 6-(6-amino-8-((6-
L A5 / iodobenzo[d][1,3]dioxol

NHy

-5-ylthio)-9H-purin-9-
yhhexanamide

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

structures as drawn, X, is T and X, is F. However, corresponding structures in which X, is H, Cl,

Br, or L are within the scope of the disclosure. In each of the structures in Table 4A, Y is CH,.

5 However, corresponding structures in which Y is 8 and/or X; 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 Xy is H, Cl, Br, or I and Y is S are also within the scope of the

disclosure.
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Table 4A
Compound No. Structure Name
NFRz !
N IN\W)\:/ o 2-(6-amino-2-fluoro-8-((6-
e N N \—fj iodobenzo[d][1,3]dioxol-5-
4A-1 2 o yD)methy!)-9H-purin-9-y1)-
50, N-isopropyl-
HN ethanesulfonamide
N ); 0
N> N — .
,‘)I \ - 2-(6-amino-2-fnoro-8-((6-
4AD NN \-J/\ j iodobenzo[d]{1,3]dioxol-5-
2 o y)methy!)-9H-purin-0-yl)-
'S0 N-ethylethanesulfonamide
502
HN
AN
NHz |
NN, 2-(6-amino-2-fluoro-8-((6-
) ,LNJ\,:>/\ 9 iodobenzo[d][1,3]dioxol-5-
4A-3 2 ‘o yDmethy!)-9H-purin-9-y1)-
N-
HN'SOZ methylethanesulfonamide
NSNS 2-(6-amino-2-fluoro-8-((6-
A F/'\NJ\NV\QO iodobenzo[d][1,3]dioxol-5-
o ylymethyl)-OH-purin-9-
yDethanesulfonamide
50,
HoN
NHa 1
J‘L\ 3 o 2-(6-amino-2-fluoro-8-((6-
N N B iodobenzo[d][1,3]dioxol-5-
4A-5 g O yDmethy)-9H-purin-9-y1)-
505 N-(tert-
HN butyl)ethanesulfonamide
NHy |>—‘
N =
Ji P N\}A\V/%O 2-(6-amino-2-fluoro-8-({6-
oo o iodobenzo[d][1,3]dioxol-5-
4A-6 8 yl)methyl)-9H-purin-9-yl)-
80z N-
EN{ isobutylethanesulfonamide
NHz
'f\/( V/\Q 2-(6-amino-2-fluoro-8-((6-
iodobenzo[d][1,3]dioxol-5-
4A-7 ylymethyl)-9H-purin-9-y1)-

N-cyclopropyl-
ethanesulfonamide
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Compound No. Structure Name
NHg 1
NN 2:\ N-(2-(6-amino-2-fluoro-8-
A N\>/\ \\\_/Z\o {(6-
Ag F \ o iodobenzo[d][1,3]dioxol-5-
- { yhmethyl)-9H-purin-9-
NH yhethyl)propane-2-
0237 sulfonamide
NHz \
SN == N-(2-(6-amino-2-fluoro-8-
ey 1
4A-9 2 o iodobenzo[d][1,3]dioxol-5-
yhmethyl)-9H-purin-9-
o S,NH yl)ethyl)ethanesulfonamide
2
NHo | .
Am N N-(2-(6-amino-2-fluoro-8-
1Ty (-
AL | ,
4A-10 F7 N 4 B iodobenzo[d][1,3]dioxol-5-
2 yhmethyl)-9H-purin-9-
NH yljethyl)methane-
0,8 sulfonamide
NFz 1
NN = N-{2-(6-amino-2-fluoro-8-
f:[:} /0 (&
AL F7oN o jodobenzo[d][1,3]dioxol-5-
yhmethy!)-9H-purin-9-
NH ylethyl)-2-methylpropane-
Ca8, 2-sulfonamide
NHp R
N7 SN = N-(2-(6-amino-2-fluoro-8-
BIP v aWS ((6-
4A-12 F o iodobenzo[d][1,3]dioxol-5-
2 yDmethyl)-9H-purin-9-
NH yDethyl)-2-methylpropane-
O 2-sulfinamide
NHo |
MG == N-(2-(6-amino-2-fluoro-8-
PSP SV 9 ((6-
4A13 FoN o iodobenzo[d][1,3]dioxol-5-
2 yl)methyl)-9H-purin-9-
NH yhethyl)-2-methylpropane-
08 < 1-sulfonamide
Ny L
SN — N-(2-(6-amino-2-fluoro-8-
Rpsled @
4A-14 8 o iodobenzo[d][1,3]dioxol-5-
yhmethyl)-9H-purin-9-
- S/NH ylethyl)eyclopropane-
2

sulfonamide
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Compound No. Structure Name
a5 |
NS N
A > 0 3-(6-amino-2-fluoro-8-((6-
F7ONTTN 0) iodobenzo[d]{1,3]dioxol-5-
4A-15 y)methyl)-SH-purin-9-y1)-
N-isopropylpropane-1-
028, sulfonamide
NH
N )
J‘f\\ N \W o 3-(6-amino-2-fluoro-8-((6-
ENNE TN B iodobenzo[d][1,3]dioxol-5-
4A-16 0 yhmethyl)-9H-purin-9-y1)-
N-ethylpropane-1-
0.8 sulfonamide
NH
N, 1
N SN .
| DS 3-(6-amino-2-fluoro-8-({6-
e Y iodobenzo[d][1,3]diox0l-5-
4A-17 o yl)methyl)-9H-purin-9-y1)-
N-methyipropane-1-
0.8 sulfonamide
NH
NF, )
SBY —
N Y™ )o 3-(6-amino-2-fluoro-8-((6-
AALLS FOONT TN O,J iodobenzo[d][ 1,3]dioxol-5-
yl)methy!)-9H-purin-9-
yDpropane-1-sulfonamide
8
“NHy
NHy |
j{\)j:"gA“ P 3-(6-amino-2-fluoro-8-((6-
NN YT iodobenzo[d]{1,3]dioxol-5-
4A-19 o yl)methyl)-9H-purin-9-y1)-
N-(tert-butyl)propane-1-
08 sulfonamide
HA
Ny I,
NN =
P N\>/\ WO 3-(6-arino-2-fluoro-8-((6-
F7N o jodobenzo[d][,3]dioxol-5-
4A-20 yDmethyl)-9H-purin-9-y1)-
N-isobutylpropane-1-
028, sulfonamide
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Compound No. Structure Name
NHz i
NJ\/EN\ ~LT 3-(6-amino-2-fluoro-8-((6-
\(
F”U‘N’/ N>/ Q\j iodobenzo[d][1,3]dioxol-5-
4A-21 o yDmethyl)-9H-purin-9-yl)-
N-cyclopropylpropane-1-
0,8 sulfonamide
HN—<]
L, !
N e .
NS \/\ o N-(3-(6-amino-2-flyoro-§-
F)\NIN \_< ((6-
4AT2 o iodobenzo[d][ 1,3]dioxol-5-
yhmethyl)-9H-purin-9-
HN yhpropyl)propane-2-
4502 sulfonamide
Nz I
NN = N-(3-(6-amino-2-fluoro-8-
A J:h} \ /0 ((6-
4A-23 N o) iodobenzo[d]{ 1,3]dioxol-5-
i ylmethyl)-9H-purin-9-
yl)propyl)ethane-
HN\SOZ sulfonamide
NH; |
SRY - N-(3-(6-amino-2-fluoro-8-
DS WA (6
4A24 F - iodobenzo[d]{1,3]dioxol-5-
ylmethyl)-9H-purin-9-
yDpropyl)methane-
HN\S o sulfonamide
NF, |
— N-(3-(6-amino-2-fluoro-8-
N7 PN .
A AT\ 79 (6
N O,j iodobenzo[d][1,3]dioxol-5-
4A-25 yhmethyl)-9H-purin-9-
yhpropyl)-2-
HN\S methylpropane-2-
7<OZ sulfonamide
NH |
- — N-(3-(6-amino-2-fluoro-8-
N N
X \Q-g (©
F" N o iodobenzo[d]f1,3]dioxol~5-
4A-26 yhmethyl)-SH-purin-9-
yhpropyl)-2-
HN‘so methylpropane-2-
sulfinamide
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Compound No. Structure Name
Nz i
JTN = N-(3-(6-arnino-2-fluoro-8-
T o ((6-
FOoNT o iodobenzo[d][1,3]dioxol-5-
4A-27 yDmethyl}-9H-purin-9-
7 yhpropyl)-2-
HN\SO methylpropane-1-
>_/ 2 sulfonamide
NHz ]
SN .
ﬂ)j: VQ a N-(3~(6-amino-2-fluoro-8-
F)\N/ N o . (-
4AD8 iodobenzo[d][1,3]dioxol-5-
ylmethyl)-9H-purin-9-
HN yDpropyl)cyclopropane-
<r802 sulfonamide
NHg 1 -
N —
A NVQO\ 3-(6-amino-2-fluoro-8-((6-
4429 PN o iodobenzo{d]{1,3]dioxol-5-
yDmethyl)-9H-purin-9-yl)-
" 0 N-isopropylpropanamide
NPz ]
j‘i\)jN\}AQO 3-(6-amino-2-fluorc-8-((6-
4A-30 F"ONT N B iodobenzo[d][1,3]dioxoi-5-
© ylymethyl)-9H-purin-9-yf)-
o N-ethylpropanamide
HN
NHz |
N, = .
J’\ﬁ Y\Qo 3+(6-amino-2-fluoro-8-((6-
AA3] FOONT N p iodobenzo[d](1,3]dioxol-5-
g ° yDmethyl)-SH-purin-9-y1)-
=0 N-methylpropanamide
HN
NFz 0
q’j\IN\y 3-(6-amino-2-fluotc-8-((6-
A PP 9 iodobenzo[d][1,3]dioxol-5-
o yDmethy!)-9H-purin-9-
o yDpropanamide
HoN
RH; - L
RN e
l P N\>/ \ >‘O 3-(6-amino-2-fluoro-8-((6-
4A33 N o iodobenzo[d][1,3]dioxol-5-

yDmethyl)-9H-purin-9-yl)-
N-(tert-butyl)propanamide
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Compound No. Structure Name
27 |
AN =
/\N/INWj 3-(6-amin0-2-ﬂuor9-8-((6-
AA34 F o iodobenzo[d][1,3]dioxol-5-
i: yhmethy!)-9H-purin-9-yl)-
" 0 N-isobutylpropanamide
e
XN = 5
/ﬂ I N—&}O 3-(6-amino-2-fluoro-8-((6-
NN iodobenzo[d][1,3]dioxol-5-
4735 i o yhmethyl)-9H-purin-9-yl)-
a g
HNb cyclopropylpropanamide
NAz |
N .
"f)\/[ YN o N-(2-(6-amino-2-fluoro-8-
NN [ (G
4A-36 2 o jodobenzo[d][1,3]dioxol-5-
NH ylymethyl)-9I-purin-9-
o:&f yl)ethyl)isobutyramide
.
! = N-(2-(6-amino-2-fluoro-8-
B R W (-
4A-37 o iodobenzo[d][1,3]dioxol-5-
2 ylhmethyl}-9H-purin-9-
NH ; :
yDethyl)propionamide
o
Nsz&‘ |
XN, N-(2-(6-amino-2-fluoro-8-
W0 o
F/\:INVV\Q 3. ©
4A-38 O iodobenzo[d][1,3]dioxol-5-
yhmethyl)-9H-purin-9-
o NH ylethyDacetamide
NF, |
\IN\Y\Q N—(2—(6»am?(1g—2—ﬂuoro—8—
P O g
4A-39 FOONTTN 0) iodobenzo{d]{1,3]dioxol-5-
yDmethyl)-9H-purin-9-
_/NH yhethyl)formamide
NHp |
/LNl SN ° N-(2-(6-amino-2-flucro-8-
FNT N B ((6-
4A-40 2 o iodobenzo[d][ | 3]dioxol-5-
NH yhmethyl)-9H-purin-9-

yDethyl)pivalamide
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Compound No. Structure Name
NF, |
N/L\ N~ = N-(2-(6-amino-2-fluoro-8-
A LT (-
AL F7ON - jodobenzo[d][1,3]dioxol-5-
yDmethy!)-9H-purin-9-
NH yDethyl)-3-
e methylbutanamide
NH, .
pi/%[N\ == N-(2-{6-amino-2-fluoro-8-
N Y (-
A2 N ° iodobenzo[d][1,3]dioxol-5-
yhmethy!)-9H-purin-9-
NH yDethyleyclopropane-
O:ﬂ> carboxamide
Ny :
WJ\IN\ N-{3-[6-Amino-2-fluoro-
A 3 8-(6-iodo-
4A-43 o benzo[1,3]dioxol-5-
‘ ylmethyl)-purin-9-yli]-
H propyl}-2,2-dimethyl-
Q‘O propionamide
NHz T
j\ﬁﬁ/\Qc N-{3-[6-Amino-2-fluoro-
F7 N o 8-(6-iodo-
4A-44 benzo{1,3]dioxol-5-
ylmethyD)-purin-9-y1]-
HN ; .
o propyl}-isobutyramide
NH; ;
'S N, (;yclopropan.ecarboxylic
F)\N/ N j acid {3-[6-amino-2-flucro-
4A-45 o 8-(6-iodo-
benzof1,3]dioxol-5-
NH ylmethyl)-purin-9-yl}-
0’% propyl}-amide
Ny .
ﬂ)j: \ N-{3-[6-Amino-2-uoro-
p AP 9 8-(6-iodo-
LA-46 C benzo[1,3]dioxol-5-
] ylmethyl)-purin-9-y1j-
NH propyl}-2-hydroxy-
o CH propionamide
NH 0
WJ\IN\ Acetic acid 1-{3-[6-amino-
F)\N/ N Oj *2-fluoro-8-(6-iodo-
AAAT benzof1,3]dioxol-5-

ylmethyl)-purin-9-yl]-
propylcarbamoyl}-1-
methyl-ethyl ester
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Compound No. Structure Name

N)\I \ N-{3-[6-Amino-2-fluoro-
AN PN Oj 8-(6-iodo-

benzo[1,3]dioxol-5-

4A-43 i ylmethyl)-purin-9-yl]-
NH propyl}-2-hydroxy-2-

o&w methyl-propionamide

Hsp90 binding results are presented for Compounds 1A-5. 1A-10, 1A-11, 1A-12, 1A-15,
1A-19, 1A-22 , 1A-24, 1A-25 t01A-28, 1A-43 to 1A-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-l. In some embodiments of the disclosure, X, is an optionally substituted aryl. Table
1C lists specific examples of compounds within this embodiment. In each of the structures as
drawn therein, X; is a nitrogen-containing heteroaryl group, specifically a pyrazolyl group, and X,
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 1C, Y is S and

10 X, is H. However, corresponding structures in which Y is CH, and/or X, is F, Cl, Br, or I are also
within the scope of the disclosure. Additionally, in connection with each of the structures in Table
1C, corresponding structures in which X; is a nitrogen-containing optionally substituted aryl group
different from optionally substituted pyrazolyl, Y is CH,, and/or X4 is F, Cl, Br, or ] are also within

the scope of the disclosure.

15 Table 1C

Compound No. Structure Name

2-{6-Amino-8-[6-(1H-
pyrazol-3-yl)-
benzo[1,3]dioxol-5-
ylsulfanyl]-purin-9-y1} -
ethanesulfonic acid
isopropylamide

1C-1

2-{6-Amino-8-[6-(1H-
pyrazol-3-yl)-
benzo[1,3]dioxol-5-
ylsulfanyl]-purin-9-y1}-
ethanesulfonic acid
ethylamide

1C-2
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Compound No.

Structure

Name

1C-3

2-{6-Amino-8-[6-(1H-
pyrazol-3-yl)-
benzo[1,3]dioxol-5-
ylsulfanylJ-purin-9-yl1} -
ethanesulfonic acid
methylamide

1C-4

2-{6-Amino-§-{6-(1H-
pyrazol-3-yl)-
benzo[1,3]dioxol-5-
ylsulfanyl]-purin-9-yl} -
ethanesulfonic acid amide

1C-5

2-{6-Amino-8-[6-(1H-
pyrazol-3-y)-
benzo[1,3]dioxol-5~
ylsulfanyl]-purin-9-yl1} -
ethanesulfonic acid tert-
butylamide

1C-6

2-{6-Amino-8-[6-(1H-
pyrazol-3-yl)-
benzo[1,3]dioxol-5-
ylsulfanyl]-purin-9-yl} -
ethanesulfonic acid
isobutyl-amide

1C-7

2-{6-Amino-8-[6-(1H-
pyrazol-3-yl)-
benzo[1,3]dioxol-5-
ylsulfanyl}-purin-9-yl}-
ethanesulfonic acid
cyclopropylamide

1C-8

Propane-2-sulfonic acid (2-
{6-amino-8-{6-(1H-
pyrazol-3-yl)-
benzo[1,31dioxol-5-
ylsulfanyl}-purin-9-yl} -
ethyl)-amide
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Compound No. | Structure Name
HN N
NH, =
)\2 N N Fthanesulfonic acid (2-{6-
'\d\ jr Y—s -0 amino-8-[6-(1H-pyrazol-3-
1C9 NN J yl)-benzo[1,3]dioxol-5-
°© ylsulfanyl]-purin-9-yl} -
NH ethyl)-amide
08
NH. HN y
2 N= .
NN N N-(2-{6-Amino-8-[6-(1H-
L e \ 0 pyrazol-3-yl)-
1C-10 N “o benzo[ 1,3]dioxol-5-
( ylsulfanyl]-purin-9-yl} -
NH ethyl)-methanesulfonamide
08,
HNTS
NHz N=
SN 2-Methyl-propane-2-
L N% S\ /0 sulfonic acid (2- {6-amino-
1C-11 N o 8-[6-(1H-pyrazol-3-y1)-
( benzo 1,3]dioxol-5-
o S,NH ylsulfanyl]~puri'n»9—y1} -
2 cthyl)-amide
2-Methyl-propane-2-
sulfinic acid (2-{6-dmino-
10212 8-[6~(1H-pyrazol-3-yl)-
benzol !,3]dioxol-5-
NH ylsulfanyl]-purin-9-y1} -
os ethyl)-amide
HN Xy
NH. -
2 N N 2-Methyl-propane-1-
N s (o sulfonic acid (2-{6-amino-
1cu13 NN 8-[6-(1H-pyrazol-3-y1)-
2 o benzo| 1,3]dioxol-5-
H ylsulfanyl}-purin-9-yl} -
0,8 , ethyl)-amide
HNTS
NH; =
/l\ : N _ Cyclopropanesulfonic acid
’l :[ s\ /0 (2-{6-amino-8{6-(1H-
1C-14 N NS o pyrazol-?:.-yl)-
benzo[1,3]dioxol-5-
NH ylsulfanyl}-purin-9-y1} -
058 ethyl)-amide
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Compound No.

Name

1C-15

3-{6-Amino-8-{6-(1H-
pyrazol-3-y1)-
benzo[ 1,3]dioxol-5-
ylsulfanyl]-purin-9-y1} -
propane-1-sulfonic acid
isopropylamide

1C-16

3-{6-Amino-8-[6-(1H-
pyrazol-3-y)-
benzo{1,3]dioxol-5-
ylsulfanyl]-purin-9-yl} -
propane-1-sulfonic acid
ethylamide

1C-17

3-{6-Amino-8-[6-(1H-
pytrazol-3-yl)-
benzo[ 1,3]dioxol-5-
ylsulfanyl]-purin-9-y1} -
propane-1-sulfonic acid
methylamide

1C-18

3-{6-Amino-8-[6-(1H-
pyrazol-3-yl)-
benzo[1,3]dioxol-5-
ylsulfanyl]-purin-9-yl} -
propane-1-sulfonic acid
amide

1C-19

3-{6-Amino-8-[6-(1H-
pyrazol-3-yh)-
benzol 1,3]dioxel-5-
yisulfanyl]-purin-9-y1} -
propane-1-sulfonic acid
- tert-butylamide

1C-20

3-{6-Amino-8-[6-(1H-
pyrazol-3-yl)-
benzo[ 1,3]dioxol-5-
ylsulfanyl]-purin-9-yl} -
propane-1-sulfonie acid
isobutyl-amide
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Compound No.

Structure

Name

1C-21

HN\

NHz

1
AN —
,ﬂ\NIN\fS \ /0

3-{6-Amino-8-[6-(1H-
pyrazol-3-yl)-
benzof1,3]dioxol-5-
ylsulfanyl}-purin-9-yl} -
propane- 1 -sulfonic acid
cyclapropylamide

1C-22

Propane-2-sulfonic acid (3-
{6-amino-8-[6-(1H-
pyrazol-3-yl)-
benzo[ 1,3]dioxol-5-
yisulfanyl}-purin-9-yl}-
propyl)-amide

1C-23

Ethanesulfonic acid (3-{6-
amino-8-[6-(1H-pyrazol-3-
yl)-benzo[1,3]dioxol-5-
ylsulfanyl]-purin-9-yi} -
propyl)-amide

1C-24

N-(3-{6-Amino-8-[6-(1H-
pyrazol-3-yl)-
benzo[1,3]dioxol-5~
ylsulfanyl]-purin-9-yl} -
propyl)-
methanesulfonamide

1C-25

2-Methyl-propane-2-
sulfonic acid (3-{6-amino-
8-[6-(1H-pyrazol-3-y1)-
benzo[1,3]dioxol-5-
ylsulfanyl}-purin-9-yl} -
propyl)-amide
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Compound No. Structure Name
Hr\\l' A
NH; N=
Xy -N = 2-Methyl-propane-2-
,\t ¢LN>~S \ /O sulfinic acid (3-{6-amino-~
1026 NTOH o 8-[6-(1H-pyrazol-3-yl)-
g benzo[1,3]dioxol-5-
ylsulfanyl]-purin-9-y1} -
HN i
o propyl)-amide
//
Hl\\l A
NH; N=
<N — 2-Methyl-propane-1-
I ”\N\>WS N\ /o sulfonic acid (3-{6-amino-
1627 NTO o 8-[6-(1H-pyrazol-3-yl)-
g < benzo[1,3]dioxol-5-
; ylsulfanyl]-purin-9-y1} -
HN\ 1)-ami
> /soz propyl)-amide
HN Sy
NHp N==
N/l\fN\ Cyclopropanesulfonic acid
» ‘N>-—S Wae (3-{6-amino-8-[6-(1H-
NN 0) | pyrazol-3-yl)-
1C-28 .
g ! benzo[1,3]dioxol-5-
. ylsulfanyl]-purin-9-yl}-
HN\S o propyl)-amide
| e
<
HNN
NH, =
Ly T 3-{6-Amino-8-6-(1H-
'l/ N\>“S \ o] pyrazol-3-yl)-
1C-29 TN o benzo[1,3]dioxol-5-
gz ylsulfanyl]-purin-9-yl}-N-
N o isopropyl-propionamide
3-{6-Amino-8-[6-(1H-
pyrazol-3-yl)-
1C-30 » benzo[1,3]dioxol-5-
ylsulfanyl]-purin-9-yi}-N-
=0 ethyl-propionamide
HN\—-/>
HN S
e . NH 3-{6-Amino-8-[6-(1H-
N = i
‘ S—s pyrazol-3-yl}-
1031 < IN _\\—/«Of’ benzo[1,3]dioxol-5-
ylsulfanyl]-purin-9-y1}-N-
o

methyl-propionamide
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Compound No. Structure Name
HNTY
)Nth = 3-{6-Amino-8{6-(1H-~
SN —
P . pyrazol-3-yl)-
1032 L4y 9 benzo[ 1 3]dioxol-S-
2 9 ylsulfanyl}-purin-9-y1} -
. N>:O propionamide
HNS
NH =
Ao TN 3-{6-Amino-8-[6-(1H-
N
L. N\>78 A pyrazol-3-yl)-
1633 N o benzo[1,3]dioxol-5-
“ylsulfanyl]-purin-9-yl} -N-
N 0 tert-bulyl-propionamide
HNS
NH N=
AN — 3-{6-Amino-8-[6-(1H-
Ll I;*i\j/(o pyrazol-3-yl)-
1C-34 N 2 o benzo[ 1,3 }dioxol-5-
ylsulfanyl]-purin-9-yl}-N-
HNQ isobutyl-propionamide
HN™X
NHy 'L‘ (
SN, 3-{6-Amino-8-[6-(1 H-
N‘k J\N\fs Q pyrazol-3-yl)-
1035 N o benzo{1,3]dioxol-5-
iz ylsulfanyl]-purin-9-y1}-N-
HN © cyclopropyl-propionarmide
N
Mo N .
RN _ N-(2-{6-Amino-8-[6-(1H-
L. N“>—S e pyrazol-3-yl)-
1C-36 N 2 o benzo[1,3]dioxol-5-
ylsulfany!]-purin-9-y1} -
Ozi\'i ethyl)-isobutyramide
AN
itz W N-(2-{6-Amino-8-(6-(1H-~
N =
{ S—s pyrazol-3-yi)-
1037 PhaaY: J benzo[1,3]dioxol-5-
{ ylsulfany!]-purin-9-yl} -
NH ethyl)-propionamide
o=
HN’?
NHy N= :
Bl _ N-(2-{6-Amino-8-[6-(1H-
Nl \IN\%SQ\ 5 pyrazol-3-yl)-
1C-38 N, ! benzo[1,3]dioxoi-5-

ylsulfanyl]-purin-9-yl} -
ethyl)-acetamide
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Compound No.

Structure

Name

1C-39

N-(2-{6-Amino-8-[6-(1H-
pyrazol-3-yl)-
benzo{ 1,3]dioxol-5-
ylsulfanyl]-purin-9-yl} -
ethyl)-formamide

1C-40

N-(2-{6-Amino-8-[6-(1H-~
pyrazol-3-y1)-
benzo[ 1,3]dioxol-5-
ylsulfanyl}-purin-9-yl} -
ethyl)-2,2-dimethyl-
propionamide

1C-41

N-(2-{6-Amino-8-[6-(11I-
pyrazol-3-yl)-
benzo[1,3]dioxol-5-
yisulfanyl}-purin-9-yl} -
ethyl)-3-methyl-
butyramide

1C-42

Cyclopropanecarboxylic
acid {2-{6-amino-8-[6-
(1H-pyrazol-3-y1)-
benzo(1,3]dioxol-5-
ylsulfanyl}-purin-9-yl} -
ethyl)-amide

1C-43

N-(3-{6-Amino-8-[6-(1H-
pyrazol-3-yb)-
benzof1,31dioxol-5-
ylsulfanyl]-purin-9-y1} -
propyl)-2,2-dimethyl-
propionamide

1C-44

N-(3-{6-Amino-8-[6-(1H-
pyrazol-3-yl)-
benzo[1,3]dioxcl-5-
ylsulfanyl]-purin-9-yl1} -
propyl)-isobutyramide
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Compound No. Structure Name
HNTY
TZ = Cyclopropanecarboxylic
"i P %—s -0 acid (3-{6-amino-8-[6-
1045 NN o (1H-pyrazol-3-yl)-
benzol1,3]dioxol-5-
o ylsulfanyl]-purin-9-yl} -
o propyl)-amide
YT
IR N-(3-{6-Amino-8{6-(1H-
I\ik T Y-s 0 pyrazol-3-yh)-
10-46 NN OJ benzo[1,3]dioxol-5-
’ ylsulfany!]-purin-9-yi} -
- propyl)-2-hydroxy-
o on propionamide
HNTSY
e, Acetic acid 1-(3~{6-amino-
N|: d—s 8-[6-(1H-pyrazol-3-yD)-
1047 N oj) benzo|1,3]dioxol-5-
i ylsulfanyl}-purin-9-yl} -
N propylcarbamoyl)-1-
047<O,Ac methyl-ethyl ester
HNTS
N N-(3-{6-Amino-8-[6-(1H-
"(Lj: LN o pyrazol-3-yl)-
(C48 N - benzo[ 1,3]dioxol-5-
i ylsulfanyl}-purin-9-yl1} -
N propyl)-2-hydroxy-2-
oA _on methyl-propionamide
HNTS
NH, N=
N,
UL y-s N-(3-(6-amino-8-((5-
1049 o methoxy-2-(1H-pyrazol-3-

yl)phenyl)thio)-9H-purin-
9-yDpropyl)pivalamide

Table 1D lists specitic examples of additional compounds within this embodiment. In each

of the structures as drawn therein, X, is a nitrogen and oxygen-containing heteroaryl group,

specifically an oxazolyl group, and X, is H. Corresponding structures in which X, 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 X, is H. Howcver, corresponding

structures in which Y is CH; and/or Xy 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, cotresponding structures in

which X; is a nitrogen and oxygen-containing optionally substituted aryl group different from

optionally substituted oxazolyl, Y is CH,, and/or X, is F, Cl, Br, or I are also within the scope of the

disclosure.
5 Table 1D
Compound No. Structure Name
K N
NH, g’N
S 2-(6-amino-8-((6-(oxazol-
N AN
I N%S~ b 2-ylybenzo[d]{1,3]dioxol-
1D-1 N o 5-y1)thio)-9H-purin-9-yl)-
N-isopropyl-
HN/SOZ ethanesulfonamide
“4
NH, O(\/N
NN 2-(6-amino-8-((6-{oxazol-
D2 k::[h?‘sbj 2-yDbenzo[d][1,3]dioxol-
¢} 5-yDythio)-9H-purin-9-yl)-
N-ethylethanesulfonamide
M
N
<
NH, O(\/N :
N 2-(6-amino-8-((6-(oxazol-
ft\/ S5 . 2-yhbenzo|d][1,3]dioxol-
1D-3 N > o A 5-yl)thio)-9H-purin-9-y1)-
N-
50, methylethanesulfonamide
HN
\
7
e
NN 2-(6~amino-8-~({6-{oxazol-
P o} ~yDbenzo ,3]dioxol-
D4 g N‘>—S 2-yhbenzo[d][1,3]dioxol
N - 5-yD)thio)-9H-purin-9-
e yhethanesulfonamide
50,
HyN
=~
NHy g/\/N
NN 2-(6-amino-8-((6-(oxazol-
LS 0 2-ylybenzo[d][1,3]dioxol-
D5 N o 5-yl)thio)-OH-purin-9-y1)-

{

S0,
HN

N-(tert-
butyl)ethanesulfonamide
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Compound No. Structure Name

<
NH, g\/N
N/%[N\ 2-(6-amino-8-((6-(oxazol-
L ;}H&j 2-yDbenzo[d][1,3]dioxol-
O

1D-6 S5-yl)thio)-9H-purin-9-yl)-
S0z N-
iN{ isobutylethanesulfonamide
<
NH, E/\IN
N 2-(6-amino-8-{(6-(oxazol-
[N/I N}‘S j 2-yDbenzo[d][1,3]dioxol-
1D-7 o) 5-yDthio)-9H-purin-9-yl)-
S0, N-cyclopropyl-
HN ethanesulfonamide
>
o

M o4 N-(2-(6-amino-8-((6-
N,(%[Ny_ s o (oxazol-2-
DR NZ TN B! ylibenzo[d][1,3}dioxol-5-

© yD)thio)-9H-putin-9-
NH ylethyl)propane-2-
0,8, sulfonamide
|\
NH, O(\/ N-(2-(6-amino-8-((6-
NN (oxazol-2-
Do &);I,P‘S b yDhenzo[d][1,3]dioxol-5-
2 O yl)thio)-SH-purin-9-
NH yl)ethyl)ethane-2-
08 sulfonamide
N
7
AH, (O' N-(2-(6-amino-8-((6-
NN, (oxazol-2-
D10 @j‘sb)o yDbenzo[d][ 1,31dioxol-5-
o] yDthic)-9H-purin-9-
\H yhethyDmethane-2-
ozs'\ sulfonamide
w54 \
2 N N-(2+(6-amino-8-((6-
*\(‘\/I g o (oxazoI-Z—'
D-11 NN, o 3 yl)benzo[d]{1,3]dioxol-5-
) yl)thio)-9H-purin-9-
NH yDethyl)-2-methylpropane-

ozs’)v 2-sulfonamide
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Compound No. Structure Name
@
Ntz O(\’ N-(2-(6-amino-8-((6-
N'C‘\TN\)—S o (oxazol-2-
D-12 NN ! yl)benzo|d|[1,3]dioxol-5-
Z yl)thio)-9H-purin-9-
NH ylethyl)-2-methylpropane-
OS}T 2-sulfinamide
bk N-(2-(6-amino-8-((6-
)\/[ (oxazol-2-
D-13 L yhbenzo[d][,3]dioxol-5-
yDthio)-9H-purin-9-
NH yl)ethyl)-2-methylpropane-
025\_< 1-sulfonamide
NH, o(?N .
N-(2-(6-amino-8-((6-
N)ﬁ:hly_sié\}o (oxazol-2-
1D-14 NZN » yDbenzo[d][1,3]dioxol-5-
8 yD)thio)-9TL-purin-9-
NH yhethylyeyclopropane-
Oa sulfonamide
2
NH; 04 N
N I%"sbo 3-(6-amino—8-((6~(0?(azol-
N7 N B 2-ylybenzo[d][1,3]dioxol-
1D-15 0 5-ylthio)-9H-purin-9-y1}-
i N-isopropylpropane-1-
055 sulfonamide
_<\IH i
A
N b4
N)\IN 3-(6-amino-8-((6-(oxazol-
[ N\>—S 0 2-yl)benzo[d]|1,3]dioxol-
1D-16 N - 5-y1)thio)-9H-purin-0-yl)-
N-ethylpropane-1-
0 sulfonamide
M
N
NH, o4
N 3-(6-amino-8-((6-(oxazol-
s { )0 2-ylybenzofd][1,3]dioxol-
1D-17 N o 5-yl)thio)-9H-purin-9-y1)-
N-methylpropane-1-
08 sulfonamide
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] WC«omp ound No. Structure Name
<
w54
NN 3-(6-amino-8-{(6-(oxazol-
s ENIN* Sbo 2-yl)benzo[d][1,3]dioxol-
o 5-yl)thio)-9H-purin-9-
yhpropane-1-sulfonamide
0.8
NH,
=4
NH, g\/N
NJ\EN - 3-(6-amino-8-((6-(oxazal-
P N\>_ S\ 7 S) 2-yl)benzo[d]{1,3]dioxol-
1D-19 N o 5-yl)thio)-9H-purin-9-yl)-
N-(tert-butyl)propane-1-
0. " sulfonamide
LH\N~X<
Z
NH O(\/
N N 3-(6-amino-8~{(6-{oxazol-
LS ? 2-yDbenzo[d}[1,3 |dioxol-
1D-20 o S-yl)thio)-9H-purin-9-yl)-
N-isobutylpropane-1-
0,8, sulfonamide
")
2
NH, 0(3 .
. Ao 3—(6—am1no-8—((_6—(o)}azol-
U, an o 2-yl)benzo[d][1,3]dioxol-
1D-21 NN o 5-yl)thic)-9H-purin-9-yl)-
N-cyclopropylpropane-1-
o0d sulfonamide
in—]
NN N-(3-(6-amino-8-((6-
R o (oxazol-2-
D22 NN - ylbenzo[d|[1,3]dioxol-5-
yl)thio)-9H-purin-9-
N yhpropylpropane-2-
50, sulfonamide
N
W0 N-(3-(6-amino-8-((6-
N|LJ\IN\>-S o (oxazol-2-
1D-23 NT N ylbenzo[d][1,3]dioxol-5-
@ y)thio)-9H-purin-9-
ylpropyl)ethane-
HN, sulfonamide
o
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Compound No, Structure Name
W
Mo 04 N-(3-(6-amino-8-((6~
N,/‘TN}_S o (oxazol-2-
D24 kN/ N o) yl)benzo[d][1,3]dioxol-5-
) yljthio)-9H-purin-9-
yDpropyl)ymethane-2-
R sulfonamide
50,
5
e 0~ N-(3-(6-amino-8-((6-
Nl)j:N\)_S o (oxazol-2-
L 9 ylbenzo[d][1,3]dioxol-5-
1D-25 0 y])thic)-9H-purin-9-
ylpropyt)-2-
HN, methylpropane-2-
7<S 0z sulfonamide
@)
NH 04 N-(3-(6-amino-8-{(6-
N N (oxazol-2-
lN/ N\>—S )O yl)benzp[d][],B]dipxol-S-
ID-26 o yl)thio)-9H-purin-9-
yl)propyl)-2-
HN, methylpropane-2-
7<S° sulfinamide
C N
Nz 0(\/ N-(3-(6-amino-8-((6-
NN (oxazol-2-
LS 9 yhbenzo[d][1,3]dioxol-5-
1D-27 o yl)thio}-9H-purin-9-
yhpropyl)-2-
HN methylpropane-1-
>_,S°2 sulfonamide
NH. o(/\/N
2 *
N, N-(3-(6-amino-8-{(6~
PN 0 (oxazol-2-
— NN - yDbenzo[d][1,3]dioxol-5-
- i yDthio)-9H-purin-9-
N ylhpropyl)cyclopropane-
<{‘sog sulfonamide
—
NH, o(\/N
N N 3-(6-amino-8-((6-(oxazol-2-
s
D29 L™ S yDbenzo[d][1,3]dioxol-5-
) o yh)thio)-9H-purin-9-y1)-N-
o isopropylpropanarmide
HN
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Compound No. Structure Name
N)\ﬁ:N\ 3-(6-amino-8-((6-(oxazol-
D30 (P S 9 2-yl)benzo[d][1,3]dioxol-5-
! o} y)thio)-9H-purin-9-yl)-N-
o ethylpropanamide
HN
-
NH; o(i\/N
NJ\IN\ 3-(6-amino-8-((6-(oxazol-
DAl [ e 9 2-yhbenzo[d][1,3]dioxol-
o] 5-yDythio)-9H-purin-9-yl)-
o N-methylpropanamide
HN
\
NH. K\/N .
)I?N © 3-(6-amino-8-((6-(oxazol-
NS 2-yDybenzo[d][1,3]dioxol-
K i S5 Y »
1D-32 e Dj’ 5-yl)thio)-9H-purin-9-
o yDpropionamide
o
H,N
>
NH, 0(7N
SN 3-(6-amino-8-((6-{oxazol-
Y—s
D33 I\iN/ N>_ b\j’ 2-yl)benzo[d][1,3]dioxol-
o S-yl)thio)-9H-purin-9-yl)-
o N-(tert-butyl)propanamide
HN)L
-
)NHz §7N
NS 3-(6-amino-8-((6-(oxazol-
S
.- H,IN* 3 2-yDbenzo[d](1,3]dioxol-
N 5-ylythio)-9H-purin-9-y1)-
o N-isobutylpropanamide
HN \_<
P
fﬁ:g_sbo 3-(6-amino-8-((6-(oxazol-2-
D35 N7 N Bl yl)benzo[d][1,3]dioxol-5-
© y)thio)-9H-purin-9-y1)-N-
0 cyclopropylpropanamide
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Compound No. Structure Name
s
o, 5 26 «
' N N-(2-(6-amino-8-((6-
fj:hl\fsb\o (oxazol-2-
1D-38 N 0) yl)benzo[d]{1,3]dioxol-5-
2 yl)thio)-9H-purin-9-
o { yhethyl)isobutyramide
“ N
= e N-(2-(6-amino-8-((6-
’ﬁ\i Vs - (oxazal-2-
1D-37 NN J yDbenzo[d]{1,3]dioxol-5-
) 2 ° yl)thio)-9H-purin-9-
NH ethylpropionamide
<" yhethyDprop
o
)NijLN Ob\ N-(2-(6-amino-8-((6-
N -
, LY (oxazol-2-
1D-38 NS AW, 9 yl)benzo[d][1,3]dioxol-5-
2 © yljthio)-9H-purin-9-
NH Dethyl)acetamide
o yDethyl)
Pa
w54 N-(2(6-amino-8-((6-
NJﬁiN\}—s— {oxazol-2-
1D-39 LA 9 yl)benzo[d][1,3]dioxcl-5-
O y)thio)-9H-purin-9-
\H yhethyl)formamide
o=/
O
e e N-(2-(6-amino-8-((6-
NJ\/[ S (oxazol-2-
1D-40 L4 bt yhjbenzofd[1,3]dioxol-5-
2 o y1jthio)-9H-purin-9-
NH yhethypivalamide
0:§L
o
fHe O~ N-(2-(6-aminc-8-((6-
"‘;)\IN\>_S o (oxazol-2-
1D-41 NZN 0) yl)benzo|d][1,3}dioxol-5-

yljthio)-9H-purin-9-
yDethyl)-3-
methylbutanamide
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Compound No.

Structure

Name

1D-42

o

NH, 04
N 2 o )

NH

°:ﬂ>

N-(2-(6-amino-8-((6-
(oxazol-2-
yl)benzo[d][1,3]dioxol-5-
yhthic)-9H-purin-9-
ylethyl)cyclopropane-
carboxamide

1D-43

»«fi b

N-{3-[6-Amino-8-(6-
oxazol-2-yl-
benzo[ 1,3]dioxol-5-
ylsulfanyl}-purin-9-y1]-
propyl}-2,2-dimethyl-
propionamide

1D-44

N-{3-[6-Amino-8-(6-
oxazol-2-yl-
benzo[1,3]dioxol-5-
ylsulfanyl)-purin-9-yl]-
propyl}-isobutyramide

1D-45

Cyclopropanecarboxylic
acid {3-[6-amino-8-(6-
oxazol-2-yl-
henzo[1,3]diaxol-5-
ylsulfanyl)-purin-9-yl]-
propyl}-amide

1D-46

NH,

fb‘i:‘*s 8

o OH

N-{3-[6-Amino-8-(6-
oxazol-2-yl-
benzo[ 1,3]dioxol-5-
ylsulfanyl)-purin-9-yl]-
propyl}-2-hydroxy-
propionamide

1D-47

NHy [e]
ri)N:I:»—S:bo\j

O;Z7<O’ Ac

Acetic acid 1-{3-[6-amino-
8-(6-oxazol-2-yi-
benzof [,3]dioxol-5-
ylsulfanyl)-purin-9-yl}-
propylcarbamoyl}-1-
methyl-ethyl ester
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Compound No. Structure Name
‘/\
NHy 04 ) .
N N-{3-{6-Amino-8-(6-
VT s oxazol-2-yl-
L ©
1D-48 N » benzo[1,3]dioxol-5-
i ylsulfanyl)-purin-9-yl]-
NH propyl}-2-hydroxy-2-
O%)<OH methyl-propionamide
"
NH; O(\/N
N
”u)i \>—Sb N-(3-(6-2mino-8-((5-
1D-49 L o methoxy-2-{oxazol-2-
é - yhphenyl)thio)-9H-purin-
N S-yDpropyl)pivalamide
A

Table 1E lists specific examples of additional compounds within this embodiment. In each

of the structures as drawn therein, X; is a nitrogen and sulfur-containing heteroary! group,

specifically a thiazolyl group, and X, is H. Corresponding structures in which X, is a different

nitrogen and sulfur-containing optionally substituted aryl group are within the scope of the

disclosure. In each of the structures in Table 1E, Y is S and X, is H. However, corresponding

structures in which Y is CH, and/or X, is ¥, Cl, Br, or I are also within the scope of the disclosure.

Additionally, in connection with each of the structures in Table 1E, corresponding structures in

which X; is a nitrogen and sulfur-containing optionally substituted aryl group different from

optionally substituted thiazolyl, ¥ is CH,, and/or X, is F, Cl, Br, or I are also within the scope of

the disclosure.

Table 1E
Compound No. Structure Name
<
NHa -4
SR 2-(6-amino-8-((6-(thiazol-2-
bi -8 0
-1 N2 N 3 ylybenzo[d][1,3]dioxol-5-
yDthio)-9H-purin-9-y1)-N-
50, isopropylethanesulfonamide
HN
/
NHp s(\;N
N7 SN 2-(6-amino-8-((6-(thiazol-
s "\)NIN\* Sz@‘g 2-ylybenzo[d][ 1 ,3]dioxol-
o 5-yDthio)-9H-purin-9-y1)-
Y N-e¢thylethanesulfonamide
50,
HN
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Compound No. Structure Name
(/’\
&
e N s 2-(6-amino-8-((6-(thiazol-
ij Yos o 2-yl)benzo|d][1,3|dioxol-
1E-3 NN - 5-yl)thio)-9H-purin-9-yl)-
N-
HN,SOz methylethanesulfonarmide
7N
NH. g4
o 2-(6-amino-8-((6-(thiazol-
1E-4 L s 0 2-yl)benzo[d]{1,3]dioxol-
NN - 5-y1)thio)-9H-purin-9-
2 ylethanesulfonamide
H Nsoz
2
N
NH g4
P 2-(6-amino-8-((6-(thiazol-
P 0 2-yhbenzo[d][1,3]diaxol-
1B-5 7 o 5-yD)thio)-SH-purin-9-yl)-
S N-(tert-
HN‘SOZ butyl)ethanesulfonamide
“d
NH, 54 N
Nl)\/[N\},S 2-(6-amino-8-((6-(thiazol-
N N g 2-yl)benzo[d][1,3]dioxol-
1B-6 © 5-yl)thio)-9H-purin-9-yl)-
N-
50
o isobutylethancsulfonamide
NH; S(\/N
NJ\/[N\ 2-(6-amino-8-((6-(thiazol-
LA 9 2-yl)benzo[d][1,3]dioxol-
1E-7 2 o 5-yl)thio)-9H-purin-9-yl)-
o N-cyclopropyl-
i ethanesulfonamide
7N
N2 54 N-(2-{6-amino-8-((6-
le)\/fN‘%s o (thiazol-2-
B8 NZ N 0) yDbenzo[d][1,3]dioxol-5-

yIythio)-9H-purin-9-
yDethyl)propane-2-
sulfonamide




WO 2012/138894

PCT/US2012/032371

56
Compound No. Structure Name
e N-(2-(6-amino-8-((6-
NJ\\ N (thiazol-2-
- KN/IN* s b yhbenzofd][1,3]dioxol-5-
’ 2 o yl)thio)-9H-purin-9-
H yl)ethyl)ethane-2-
0,8 sulfonamide
7
v O N-(2(6-amino-8-((6-
NN (thiazol-2-
(E10 ')N:[,?‘Sb‘)o yhbenzo[d][1,3]dioxol-5-
o yD)thio)-9H-purin-9-
H ylethyl)methane-2-
ozs’\ sulfonamide
4
NH, QN .
A0 N-(2-(6-prmno-8-((6-
N \J S—s o (thiazol-2-
E-11 N7 TN O) yl)benzo[d][1,3]dioxol-5-
2 yl)thio)-9H-purin-9-
NH ylethyl)-2-methylpropane-
OZS)T 2-sulfonamide
NHp @ :
N-(2-(6-amino-8-((6-
{ N s o (thiazol-2-
1E-12 7N 0) yhbenzo[d][1,3]dioxol-5-
2 yDjthio)-OIL-purin-9-
NH yhethyl)-2-methylpropane-
OS)T 2-sulfinamide
NH, S(/‘\/N .
N-(2-(6-amino-8-((6~
Nllihl\fs‘&\o (thiazol-2-
1B-13 NP TN o) yl)benzo[d]{1,3]dioxol-5-
g yD)thio)-9H-purin-9-
NH yl)ethyl)-2-methylpropane-
023\_< 1-sulfonamide
v  CQ |
N-(2-(6-amino-8-((6-
U s+ o (thiazol-2-
1B-14 NN o) yhbenzo[d]{1,3]dioxol-5-
2 yl)thio)-9H-purin-9-
NH yl)ethyl)eyclopropane-
O’S\> sulfonamide
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Compound No. Structure Name

Ny
3-(6-amino-8~((6-(thiazol-
2-yDbenzo[d][1,3]dioxol-
5-ybthio)-9H-purin-9-y1)-
N-isopropylpropane-1-
sulfonamide

1E-15

o8

NH

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

2-yDbenzo[d]{1,3]dioxol-

1E-16 5-yl)thio)-9H-purin-9-yl)-
:2\:}\0
-

N-ethylpropane-1-

ozs~ sulfonamide

NH

3-(6-amino-8-{(6-(thiazol-
2-yDbenzo[d][1,3]dioxol-
5-yl)thio)-2H-purin-9-yl)-
N-methylpropane-1-
sulfonamide

N =
k o
1E-17

o,s‘

»_gb 3-(6-amino-8-((6-{thiazol-
E-18 2-yDbenzo[d]{1,3]dioxol-
S-yDthio)-9H-purin-9-
yDpropane-1-sulfonamide

ozs

\

N)j:N\ 3-(6-amino-8-((6-(thiazol-
Ly 0 2 yhbenzo[d][1,3]dioxol-
1E-19 N o 5-yl)thio)-9H-purin-9-yl)-

N-(lert-butyl)propane—l -
H‘Q’l(

sulfonamide
N 12
\ 3-(6-amino-8-((6-(thiazol-
>” S:é\_/%o 2yT)benzold]] 1,3 |dioxol-

1E-20 5-yDthio)-9H-purin-9-y1)-
N-isobutylpropane-1-
Oy
HN—>_

sulfonamide
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Compound No, Structure Name
4
NH, S(\/N
N 3-(6-amino-8~{(6-(thiazol-
NS X
QJI fsibw) 2-y)benzo[d][1,3]dioxol-
1E-21 NN » 5-y1)thio)-9H-purin-9-yl)-
N-eyclopropylpropane-1-
08 sulfonamide
HN—<]
=
P, N-(3(6 «
N -(3~(6-amino-8-((6-
1)\/1,\?_5:2\?\0 (thiazol-2-
1E.22 N o) yhbenzo[d][1,3]dioxol-5-
yl)thio)-9H-purin-9-
N yhpropypropane-2-
50, sulfonamide
N\
\H, S(/N ) .
N N-{3~{6-amino-8-((6-
"i\ s o (thiazol-2-
1E23 N | 0) yl)benzo[d][1,3]dioxol-5-
yl)thio)-9H-purin-9-
i yhpropyl)ethane-2-
HN sulfonamide
_/802
N
NH, 54 .
I N N—(3—(6-.almn0-8—((6-
NU\\:[ s o (thiazol-2-
1E-24 NTTN o) yl)benzo[d][1,3]dioxol-5-
yD)thio)-9H-purin-9-
yhpropyl)methane-2-
HN\S o sulfonamide
/
<
NH, s(\/N ;
N N-(3-(6-amino-8-((6-
N(t s 0 (thiazol-2-
NN B! yl)benzo[d][1,3]dioxol-5-
1E-25 € @ y1)thio)-9H-purin-9-
yhpropyh)-2-
HN‘SO methypropane-2-
7< 2 sulfonamide
N
NH, . s N-{3-(6-amino-8-((6-
NI (thiazol-2-
ENIN* s 9 h)benzo[d][1,3)dioxol-5-
1E-26 C yDthio)-9H-purin-9-
yhpropyl)-2-
HN\SO methypropane-2-

sulfinamide
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Coumpound No. Structure Name

NH? N-(3-(6-amino-8-((6-
(thiazol-2-
j yhbenzo[d][1,3]dioxol-5-

1E-27 yhthio)-9H-purin-9-

ybpropyl)-2-
HN methypropane-1-
>__/802 sulfonamide

NHy 4

N N-~(3-(6-amino-8-((6-
N!Cj:l\?—siz}\o (thiazol-2-

N g ylbenzo{d][1,3]dioxol-5-

e}
IE-28 yhthio)-9H-purin-9-
" yhpropyl)eyclopropane-
i soz sulfonamide

NH;
3~(6-amino-8-((6-(thiazol-
Y5
152 '\)\/L . %}QO 2-yDbenzo[d][1,3]dioxol-
5-yhthio)-9H-purin-9-y1})-
N-isopropylpropanamide

HN
<
NH S {
NS 3-(6-amino-8-((6-(thiazol-
i >s -9 2-yh)benzo[d)| 1,3 ]dioxol-
1E-30 NN B
) o S-yljthio)-9H-purin-9-yl)-
o N-ethylpropanamide
AN
N
NH, 5
N)\IN 3-(6-2mino-8-((6-{thiazol-
e 2-ylybenzo[d][1,3]dioxol-
1E-31 N® N
4] S-yl)thio)-9H-purin-9-yl)-
o N-methylpropanamide
HN
7N
j‘gziN s~{ 3-(6-amino-8-((6-(thiazol-
N 2-yDbenzo[d][1,3]dioxol-
X i $—s 4
1E-32 LA™ C 9 5-yDthio)-9H-purin-9-
( o yDpropanamide
o
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Compound No. Structure Name
'
NH, S(\/N
fj:%_sbﬂ 3-(6-amino-8-((6-{thiazol-
B33 NN B! 2-yDbenzo[d]{1,3]dioxol-
© S-y)thio)-9H-purin-9-yl)-
-0 N-(tert-butyl}propanamide
HN)L
/
NH, S(\/N
N‘C‘E[N\%SQ}O 3-(6]—amino~8-((6-(th_iazol-
1E-34 NE N o 3 2-ylybenzo[d][1,3]dioxol-
5-yDthio)-9H-purin-9-y1)-
o N-isobutylpropanamide
HNL<
NH, S(’\/N
Y 3-(6-amino-8-{(6-(thiazol-
. N\>—S 0 2-yDbenzo|d]|1,3]dioxol-
1E-35 N €: o 5-yD)thio)-OH-purin-d-yl)-
N-
N ° cyclopropylpropanamide
NHy S(\/N
N N-Q2-(6-amino-8-((6-
“[t[h?—s:b\o (thiazol-2-
1E-36 N o ylibenzo[d][1,3]dioxol-5-
yhthio)-9H-purin-9-
o :g'i yl)ethyl)isobutyramide
<
N N-(2-(6-amino-8-((6~
Nt\/ Vs o (thiazol-2-
1E-37 NTTN o’\ yl)benzo[d][1,3]dioxal-5-
! y)thio)-9H-purin-9-
NH yDethyl)propionamide
oi
<
NHp s(\;N N-(2-(6-ami
N -(2-(6-amino-8-((6-
’\L\ S8 ° (thiazol-2-
1E-38 NE N 3 yl)benzo[d][1,3]dioxol-5-
o
2 y])thio)-9H-purin-9-
NH ylethyhacetamide
it
<
N
NH, s(\’ N-(2-(6-amino-8-((6-
N)\TN\ (thiazol-2-
1B-39 LA yD)benzo[d][1,3]dioxol-5-
o yDthio)-9H-purin-9-
o=/NH yDethyhformamide
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Compound No. Structare Name
NH, @N .
. )j:N N—(Z-((6h-'amlrlx(;-8-((6-
"y thiazol-2-
1E-40 g : 9 yl)benzo[d][1,3]dioxol-5-
2 © y1)thio)-9H-purin-9-
NH ylethyl)pivalamide
O=§L
NH, s(/:/N ;
N-(2-(6-amino-8-((6-
N!(%EN\FS‘&\O (thiazol-2-
a1 NN B yhbenzo{d][1,3]dioxol-5-
2 © yDthio)-9H-purin-9-
NH yDethyl)-3-
03«_< methylbutanamide
NH ‘/\/N
n N-(2-(6-amino-8-((6-
",'.\)\I s o (thiazol-2-
B2 NTTN - ylybenzo[d]{1,3]dioxol-5-
2 yl)thio)-9H-purin-9-
o NH yDethyhcyclopropane-
:ﬂ> carboxamide
NH, s(\/N .
ko N-{2-[6-Amino-8-(6-
([ Hs o thiazol-2-yl-
[B-43 NN n/\ benzo[1,3]dioxol-5-
i ylsulfanyl)-purin-9-yl]-
Y propyl}-2,2-dimethyl-
A{EO propionamide
7
NHz S(\/N
SN N-{3-[6-Amino-8-(6-
”@2“ 5\223 thiazol-2-yl-
1E-44 benzo[1,31dioxol-5-
ylsuifanyl)-purin-9-yl]-
iN{:O propyl}-isobutyramide
NHz s(\/N .
)\j[N Cyglopropanec_arboxyhc
'\i D N‘)—S o acid {3-[6-amino-8(6-
145 N » thiazol-2-yl-
benzo[1,3]dioxol-5-
- ylsulfanyl)-purin-9-yI]-

propyl}-amide
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Compound No. Structure Name
I N-{3-[6-Amino-8-(6-
'fj[ thiuzol-2-y1-
1E-46 benzo[1,3]dioxol-5-
ylsulfanyl)-purin-9-ylj-
NH propyl}-2-hydroxy-
057‘ on propionamide
I Acetic acid 1-{3-{6-amino-
“ik)I \>—q 8-(6-thiazol-2-yl-
147 benzo[1,3]dioxol-5-
! ylsulfanylD)-purin-9-y1]-
NH propylcarbamoyl}-1-
o?) _Ac methyl-ethyl ester
N
NHz 4 R .
N-{3-[6-Amino-8-(6-
f\lb‘»—::bo thiazol-2-yl-
1E-43 N o benzo[1,3]dioxol-5-
ylsulfanyl)-purin-9-y1}-
N propyl}-2-hydroxy-2-
on methyl-propionamide
2
b
N-(3-(6-amino-8-((5-
1E-49 NN methoxy-2-(thiazol-2-
i yDphenyl)thio)-9H-purin-
N 9-yDpropyl)pivalamide
A

Table 1F lists specific examples of additional compounds within this embodiment. In cach

of the structures as drawn therein, X; is an oxygen-containing heteroaryl group, specifically a

furanyl group, and X, is JI. Cotresponding structures in which X, is a different oxygen-containing
5 optionally substituted aryl group are within the scope of the disclosure. In each of the structures in

Table 1F, Y is S and X, is H. However, corresponding structures in which Y is CH, 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 1F, corresponding structures in which X, is an oxygen-containing optionally

substituted ary! group different from optionally substituted furanyl, Y is CH,, and/or X4 is F, CI, Br,

10 orIarealso within the scope of the disclosure.

Table 1F

|__Compound No. I Structure Name
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Compound No. Structure Name
i
N od
N)TN\ 2-(6-amino-8-((6~(furan-2-
L A0S 0 yDbenzo{d}[1,3]dioxol-5-
1F-1 N o yDthio)-9H-purin-9-y1)-N-
isopropyl-
HNvSOZ cthanesulforamide
ca
N o
NTSN 2-{6-amino-8-((6-(furan-2-
Fa P e Wa yDbenzofd][1,3]dioxcl-5-
2 () yDthio)-9H-purin-9-y1)-N-
o ethylethanesulfonamide
P2
o
“a
N o
N N\>—s 2-(6-amino-8-((6-(furan-2-
13 LA 9 yDbenzo[d]f1,3]dioxol-5-
2 o} yhthio)-9H-purin-9-y1)-N-
s methylethanesulfonamide
502
HN
-~
NH, g 4
NN 2-(6-amino-8-((6-(furan-2-
i >-s 0 ylibenzo[d][1,3]dioxol-5-
1F-4 N N
o y1)thio)-9H-purin-9-
23 . ylethanesulfonamide
Paaer'd
HoN
o~
N 04
N 2+(6-amino-8-((6-(furan-2-
N A
LA™ 0 yl)benzo[d][1,3]dioxol-5-
1F-5 2 o yiythio)-9H-purin-9-yl)-N-
(tert-
HNfSOZ butylethanesulfonamide
=
N od
NN, .
0 /)\N‘>—s 0 2-(6-amino-8-((6-(furan-2-
156 N ylbenzo[d][1,3]dioxcl-5-
yDthio)-9H-purin-9-v1)-N-
30 isobutylethanesulfonamide
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Compound No. Structure Name
=
N o4
N XN 2-(6-amino-8-((6-(furan-2-
LA yl)benzo[d][1,3]dioxol-5-
1F-7 ), [ yi)thio)-9H-purin-9-yl)-N-
& o, cyclopropy!-
HN’}> ethanesulfonamide
")
e, ° N-(2-(6-2mino-8-((6-
N Vg o (furan-2-
IF8 # N 3 yl)benzo[d][1,3]dioxol-5-
2 o D)thio)-9F-purin-9-
yDethyl)propane-2-
sulfonamide
N-(2-(6-emino-8-((6-
(furan-2-
1F-9 yhbenzo{d][1,3]dioxol-5-
y)thio)-OH-purin-9-
N yl)ethylethane-2-
0.8 sulfonamide
-
“
N, o N-(2-(6-amino-B-((6-
N (furan-2-
1110 L :?‘S 9 ylybenzo[d][1,3]dioxol-5-
8 (o] yljthio)-9H-purin-9-
H yhethymethane-2-
0.8 sulfonamide
""" 7
N of
N N-{2-(6-amino-8-((6-
TL N\>_ § ] (furan-2-
1F-11 2 o ylYbenzo[d][1,3]dioxol-5-
1jthio)-OH-purin-9-
o, M yDethyl)-2-methylpropane-
2-sulfonamide
N-(2-(6-amino-8-((6-
(turan-2-
1F-12 yl)benzo[d][1,3]dioxol-5-

yhthio)}-9H-purin-9-
yDethyl)-2-methylpropane-
2-sulfinamide
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Compound No. Structure Name
<
J .
e O N-(2-(6-amino-8-((6-
N furan-2-
i -8 (
D3 Pive g yDbenzo[d][1,3]dioxol-5-
- 2 o yh)thio)-9H-purin-9-
NH yDethyl)-2-methylpropane-
0,8 \_< 1-sulfonamide
9,
i N-(2-(6-amino-8-((6-
’i\ N\>_s . (furan-2-
\F-14 7N o yl)benzo[d][1,3)dioxol-5-
) 2 yl)thio)-9H-purin-9-
NH yhethyl)eyclopropane-
OZS\D sulfonamide
2
NH, o4
SN 3-(6-amino-8-((6-(furan-2-
LA™ ? {benzo[d][1,3 |dioxol-5-
N 3 yijoe !
1F-15 © yhythio)-9H-purin-9-y1)-N-
isopropylpropane-1-
0,8 sulfonamide
NH
-
NH O\/
N 3-(6-amino-8-((6-(furan-2-
P 0 yl)benzo[d][1,3]dioxol-5-
1F-16 o Dthio)-9H-purin-9-yl)-N-
§ ethylpropane-1-
OZS\NH sulfonamide
—
M o4
N N 3-(6-amino-8-((6-(furan-2-
(P o yhbenzo[dJ[1,3]dioxol-5-
1F-17 \ o yDthio)-9H-purin-9-yl)-N-
{ methylpropane-1-
o s> sulfonamide
25
h
“d
N 04
NN 3-(6-amino-8~{(6-(furan-2-
g l)NINH 3 yDbenzo{d][1,3]dioxol-5-
o yhjthio)-9H-purin-9-
yljpropane-1-sulfonamide
0.8
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Compound No. Structure Name
=~
NHy 4
NS 3-(6-amino-8-((6-(furan-2-
I N>—s 0 yhbenzo[d][ 1,3]dioxol-5-
1F-19 o yDthio)-9H-purin-9-y)N-
(tert-butyl)propane-1-
0.8 sulfonamide
H‘NA<
7
NHz O 4
NS 3-(6-amino-8-((6-(furan-2-
L ‘N>~S /(\) yhbenzo[d][1,3]dioxol-5-
1F-20 o yl)thio)-9H-purin-9-yl)-N-
isobutylpropane-1-
0.8, sulfonamide
HN—,
)
V/
N 0 .
Y 3-(6-amino-8-((6-(Ffuran-2-
1/ Ys o yDbenzo[d][1,3]dioxal-3-
1F-21 NTTN - yDthio)-9H-purin-9-yl)-N-
cyclopropylpropane-1-
0.8 sulfonamide
zH’N—<
s
N od
N-(3-(6-amino-3-((6-
N
N[\, >—s o] (furan-2-
22 NTTN - ylibenzo[d][1,3]dioxol-5-
% yl)thio)-9H-purin-9-
yDpropyl)propane-2-
HN g
‘502 sulfonamide
w,
AHe y° N-(3-(6-atnino-8-((6-
Nkjj S5 o (furan-2-
NZ N yDbenzo[d][1,3]dioxol-5-
1F-23 o
yl)thio)-9H-purin-9-
yDpropyl)ethane-2-
HN, sulfonamide
50
")
N G N-(3-(6-umino-8-((6-
le N\}_s o (furan-2-
N P yl)benzo[d]|1,3]|dioxol-5-
1F-24 o . .
y)thio)-9H-purin-9-
yDpropyl)methane-2-
HN sulfonarmide
S0,
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Compound No, Structure Name
<
M o { N-(3-(6-amino-8-((6-
N = (furan-2-
K,Ir NS yDbenzo[d][ 1, 3)dioxol-5-
1F-25 o yDthie)-9H-purin-9-
yhpropyl)-2-
HN\S o methylpropane-2-
? sulfonamide
"
NHp O
N N N-(3-(6-amino-8-((6-
(g N‘)‘S o (furan-2-
726 o yl)benzo[d][1,3]dioxol-5-
< yhthio)-9H-purin-9-
yDpropyl)propane-2-
sulfinamide
N-(3-(6-amino-8-((6-
SN (furan-2-
NZ N yhbenzo{d][1,3]dioxol-5-
1F-27 yl)thio)-9H-purin-9-
ylpropyl)2-
HN, methylpropane-1-
>_/S°2 sulfonamide
Zd
N O f (
N N-(3~(6-amino-8~((6-
N‘L\/ N\>~ S 0 (furan-2-
B8 N o) yl)benzo{d][1,3]dioxol-5-
yD)thio)-9H-purin-9-
N yhpropyl)cyclopropane-
<(‘302 sulfonamide
<
NH, 04
N'L\ N\)_s o 3-(6-amino-8-((6-(furan-2-
1F29 NN B! yhbenzo[d][1,3]dioxol-5-
o yDthio)-9H-purin-9-y1)-N-
izo isopropylpropanamide
HN)_
4
N, b-d
S 3-(6-amino-8-((6-(furan-2-
1730 yl)benzo[d][1,3]dioxol-5-

yhthio)}-9H-purin-9-yl)-N-
ethylpropanamide
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Compound Ne. Structure Name
=
N, O
N)\L/N\ 3-(6-amino-8-((6-(furan-2-
. LA 9 ylybenzo[d][1,3]dioxol-5-
o yhithio)-9H-purin-9-yl)-N-
o methylpropanamide
HN
“4
W
j‘“iN © 3-(6-amino-8-((6-(furan-2-
NN g yhbenzo[d][1,3]dioxol-5-
1832 e bj’ y)thio)-OH-purin-o-
'%L 0 ylpropanamide
o)
HaN
W 54
N)‘EN\ 3-(6-aming-8-((6-(faran-2-
- LA 9 yDbenzo[d][1,3]dioxol-5-
© y1)thio)-9H-purin-9-y1)-N-
0 (tert-butyl)propanamide
HN
<8
NH, o] {
A 3-(6-amino-8-((6-(furan-2-
N
_— fNIN>~ S S yl)benzo[d][1,3]dioxol-5-
0 yDthio)-9H-purin-9-y1)-N-
o isobutylpropanamide
HN \_<
4
N O
NEEEN\H o 3-(6-armino-8-((6-(furan-2-
1F-35 NZTN B yhbenzofd][1,3]dioxol-5-
o yD)thio)-9H-purin-9-y1)-N-
0 cyclopropylpropanamide
HN
i
o4 N-2-(6-amino-8-(6
N ~{2-(6-amino-8-((6-
N\)tIN\>~S 0 (furan-2-
1F-36 N - yD)benzofd][1,3]dioxol-5-
2 yl)thio)-9H-purin-9-
ot yhethyl)isobutyramide
w54 .
N N-(2-(6-amino-8-((6-
N,dj: Y- o (furan-2-
1F-37 NT N g yl)benzo[d][1,3]dioxol-5-
o
! y1)thio)-9H purin-9-
NH yhethylpropanamide

¢
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Compound No. Structure Name
<
/
re, ° N-(2-(6-amino-8-((6-
N T >-s o (furan-2-
1F-38 NN, yl)benzo[d}[1,3}dioxol-5-
8 yl)thio)-9H-purin-9-
NH Dethyl)acetamide
o= yhethyl)
=
N 04 N-(2-(6-amino-8-((6-
NS N (furan-2-
1F-39 L e © yl)benzo[d][1,3]dioxol-5-
2 o yl)thio)-9H-putin-9-
\H yhethyl)formamide
o=/
9
Yra g ° N-(2-(6-amino-8-((6-
N (furan-2-
1 s
1F-40 N/J:N>~ 9 yl)benzo[d][1,3]dioxol-5-
2 o yl)thio)-9H-putin-9-
NH ylethyl)pivalamide
0:§L
9,
NH, ¢} N-(2-(6-amino-8-((6-
NS N\>_S o (furan-2-
F-41 kN’ N 3 ylbenzo[d][1,3]dioxol-5-
) 2 ¢ yhthio)-9H-purin-9-
NH yhethyl)-3-
0 methylbutanamide
:Q‘(\
)
e, ° N-(2-(6-2mino-8-((6-
YT v (furan-2-
[Fo42 NTTN oj yl)benzo[d][1,3]dioxol-5-
e 2 yDthio)-9H-purin-9-
o NH yhethyl)cyclopropane-
1> carboxamide
Y )
e, 0 2-(6-amino-8-((6-(5-
“t\ Vs o methylfuran-2-
|F-43 7N 3 ylbenza[d][1,3]dioxol-5-
43 2 ° 1)thic)-9H-purin-9-y1)-N-
50, isopropyl- .
HN ethanesulfonamide
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Compound No. Structure ~ Name
-
4
L, 0 2-(6-amino-8-((6-(5-
'i‘\\\ »-8 o methylfuran-2-
LF-44 NN o) yDbenzo[d][1,3]dioxol-5-
2 yhthio)-9H-purin-9-yl)-N-
50, ethylethanesulfonamide
AN
C
ey 2-(6-armino-8-((6-(5-
N'k Dan o methylfuran-2-
1F-45 N o yl)benzo[d][1,3]dioxol-5-
2 : yI)thio)-9H-purin-9-y1)-N-
50, methylethanesulfonamide
H
N of 2-(6-amino-8-((6-(5-
NJ\IN\ s methylfuran-2-
|F-46 P 9 yD)benzo[d][1,3]dioxol-5-
@ y)thio)-9H-purin-9-
50, ylethanesulfonamide
HN
)
AHe C 2-(6-amino-8-((6-(5-
1 gl methylfuran-2-
7 W sV ylybenzo[d][1,3]dioxol-3-
) © yDthio)-9H-purin-9-y1)-N-
50, (tert-
HN)T butyl)ethanesulfonamide
4
N 04
NS 2-(6-amino-8-((6-(5-
L N>_S S methylfuran-2-
1F-48 2 o yhbenzo[d][1,3]dioxol-5-
50, y)thio)-9H-purin-9-yl)-N-
if‘é isobutylethanesulfonamide
9
Te, o 2(6-amino-8-((6-(5-
Nm Vs o methylfuran-2-
1F-49 N o ) yD)benzo[d][1,3]dioxol-5-
) 2 yDihio)-9H-purin-9-y)-N-
50, cycloptopyl-
HN ethanesulfonamide
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Compound No. Structure Name
—
W o N-(2-(6-amino-8-((6-(5-
"]‘|\\/ N\>_S ° methylfuran-2-
1F-50 NTTN o B yl)benz_o[d][l,3]d1_oxol-5-
2 yl)thio)-9H-purin-S-
NH yl)ethyl)propane-2-
Ozs); sulfonamide
d
N 04 N-(2-(6-amino-8-((6-(5-
NS N\)_(. methylfuran-2-
P51 LA b yl)benzo[d][1,3]dioxol-5-
2 o yD)thio)-9H-purin-9-
H ylethyDethane-2-
ogs'\_— sulfonamide
7
NH, N-(2-{6-amino-8-((6-(5-
NS methylfuran-2-
1F.52 lN/ j’ yhbenzo[d][1,3]dioxol-5-
i 0 yl)thio)-9H-purin-9-
N ylethy))methane-2-
023/\ sulfonamide
=
s o
NSy N-(2-(6-amino-8-((6-(5-
(> e 0 methylfuran-2-
1F-53 N o) yl)benzo[d][1,3]dioxol-5-
y1)thio)-9H-purin-9-
OZS'NH ylethyl)-2-methylpropane-
2-sulfonamide
~~
NH, -4 .
N N-(2-(6-amino-8-((6-(5-
"i\ s o methylfuran-2-
1F-54 N 0) ylbenzo[d][1,3]dioxol-5-
2 yhthio)-9H-purin-9-
NH yl)ethyl)-2-methylpropane-
OS)Y‘ 2-sulfinamide
=
NH, b4 ) .
N _ N-(2-(6-amino-8-((6-(5-
le\/ S—s—{ o methylfuran-2-
IF-55 NN 0) yl)benzo[d][1,3]dioxol-5-

yDthio)-9H-purin-9-
yDethyl)-2-methylpropane-
1-sulfonamide
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Compound No. Structure Name
<l
e, 4 N-(2-(6-atmino-8-((6-(5-
"i\/ Vs o methylfuran-2-
1F-56 NTTN o B yDbenzo[d][1,3]dicxol-5-
yhthio)-9H-purin-9-
NH ylethyl)cyclopropane-
025 sulfonamide
=
NH, 04
N N 3-(6-amino-8-{(6-(5-
1§ N\>—S -Q methylfuran-2-
1F-57 S yDbenzo[d]{1.3]dioxol-5-
yDthio)-9H-purin-9-y1)-N-
o isopropylpropane-1-
NH sulfonamide
)
e 0 3-(6-amino-8-((6-(5-
N'L\/ N g o methylfuran-2-
1F-58 NN . yl)bﬁ:nzo[d][l,j}dmxo]-S-
yDthio)-9H-purin-9-y1)-N-
ethylpropanc-1-
0.8, sulfonamide
NH
"
~F
e o 3-(6-amino-8-((6(5-
Nm N\>__S o methylfuran-2-
1F-59 7N o ylhbenzo[d][1,3]dioxol-5-
yDhthio)-9H-purin-9-y1)-N-
methylpropane-1-
0.5 sulfonamide
M
-
N, od
N 3-(6-amino-8-((6-(5-
L s o methylfuran-2-
1F-60 N o/\ yl)benzo[d][1,3]dioxol-5-
yD)thio)-9H-purin-9-
y yl)propane-1-sulfonamide
0,8,
NH,
9
e o 3-(6-amino-8-((6-(5-
”‘L\/ N\>_s o methylfuran-2-
1F-61 NN O) yl)bgnzo[d][l,3{]di0x01-5-
yDthio)-9H-purin-9-yi)-N-
< (tert-butyl)propane-1-

0.8
iy

sulfonamide
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Compound No.

Name

1F-62

3-(6-amino-8-((6-(5-
methylfuran-2-
ylbenzo[d][1,3]dioxol-5~
yythio)-9H-purin-9-y1)-N-
isobutylpropane-1-
sulfonamide

1F-63

3-(6-amino-8-((6-(5-
methylfuran-2-
yhbenzo[d][1,3]dioxol-5-
yDthio)-9H-purin-9-yl)-N-
cyclopropylpropane-1-
sulfonamide

1F-64

N-(3-(6-amino-8-((6-(5-
methylfuran-2-
yhbenzo[d][1,3]dioxol-5-
yhthio)-9H-purin-9-
yDpropyl)propane-2-
sulfonamide

1F-65

N=(3-(6-amino-8-((6-(5-
methylfuran-2-
yDbenzo[d][ 1,3]diaxol-5-
yhthio)-9H-purin-9-
ylpropyl)ethane-2-
sulfonamide

1F-66

N-(3-(6-amino-8-((6-(5~
methylfuran-2-
yDbenzofd][1,3]dioxol-5-
yhthio)-9H-purin-9-
yDpropylymethane-2-
sulfonamide

1F-67

N-(3-(6-amino-8-((6-(5-
methylfuran-2-
ylybenzo[d][1,3]dioxol-5-
yh)thio)-9H-purin-9-
yhpropyl)-2-
wethylpropane-2-
sulfonamide
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Compound No. Structure _ Name
=
NH; 4 ]
N SN N-(3-(6-amino-8-((6-(5-
0, >—s 0 methylfuran-2-
1F-68 N - yDbenzo[d][1,3]dioxol-5-
h { yDthio)-9H-purin-9-
yl)propyl)propane-2-
HN :
7&;0 sulfinamide
cal
e of N-(3-(6-amino-8-((6-(5-
N7 SN methylfuran-2-
L 3 yDbenzo[d][1,3]dioxol-5-
1F-69 o yl)thio)-9H-purin-9-
yhpropyl)2-
HN, methylpropane-1-
>_/SO? sulfonarnide
7
N, o-d
NS N N-(3-(6-amino-8-((6-(5-
[y N\>—S -0 methylfuran-2-
1F-70 o) ylibenzo[d][1,3]dioxol-5-
; { yljthio)-9H-purin-9-
N yl)propyl)cyclopropane-
<{‘so2 sulfonamide
<
N 0 ,
N 3-(6-amino-8-((6~(5-
(s ) methylfuran-2-
1F-71 N o yhbenzo[d][1,3]dioxol-5-
yiithio)-9H-purin-9-yl)-N-
i ° isopropylpropanamide
"
NH, -4 .
3-(6-amino-8-((6-(5-
N'L\/ S g o methylfuran-2-
1F-72 NTTN o yhbenzo[d][1,3]dioxol-5-
yDthio)-9H-purin-9-yl)-N-
0 ethylpropanamide
o
<
NH,  o-d .
3-(6-amino-8-((6-(5-
N'K/ N g o methylfuran-2-
1F-73 N7, o B yl)benzo[d][1,3]dioxol-5-
yDthio)-9H-purin-9-y1)-N-
0 methylpropanamide
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Compound No. Structure Name
Z
NH, b4 .
NN 3-(6-amino-8-((6-(5-
i J s ) methylfuran-2-
1F-74 NN o yl)benzo[d][1,3]dioxol-5-
gz yljthio)-9H-purin-9-
o .
N ylpropanamide
~F
NH, (¢} {
N N 3-(6-amino-8-({6-(5-
[ N\>—S 0 roethylfuran-2-
1E-75 o yl)benzo[d][1,3]dioxol-5-
%:o yl)thio)-9H-purin-9-yI)-N-
(tert-butyl)propanamide
3-(6-amino-8-((6-(5-
methylfuran-2-
1F-76 N yhbenzo[d}[1,3]dioxol-5-
i:o yhthio)-9H-purin-9-y1)-N-
HN\_< isobuty!propanamide
“d
Nty R,
N 3-(6-amino-3-((6-(5-
(" N\>_S 0 methylfuran-2-
1F-77 o ylybenzo[d][ 1,3 |dioxol-5-
§:0 yDhthio)-9H-purin-9-yD)-N- |
N cyclopropylpropanamide
4
N O
N N-(2-(6-amino-8-((6-(5-
P N\>“5 0 methylfuran-2-
1F-78 N o yDbenzo[d][1,3]dioxol-5-
2 yDthio)-9H-purin-9-
o %‘i yDethyl)isobutyramide
4
Az - { N-(2-(6-amino-8-((6-(5-
hlll\ s o methylfuran-2-
1F-79 N o J yl)benzo[d][1,3]dioxol-5-
2 yHthio)-9H-purin-9-

ylethyl)propanamide
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Compound No. Structure Name
=
4
e, N-(2-(6-amino-8-((6-(5-
Nl\ Vs o methylfuran-2-
1F-80 N“TN o yhbenzo[d][1,3]dioxcl-5-
Z yl)thio)-9H-purin-9-
:<\IH yhethyl)acetamide
o
p
NH, Lo { N-(2—(6—;mino-8—((6-(5-
N methytfuran-2-
1F-81 LA 3 ybenzofd][1,3]dioxol-5-
2 o yDthio)-9H-purin-9-
i yl)ethy!)formamide
o=
cd
N 54
N N, N-(2-(6~-amino-8-((6-(5-
L N>_S )0 methylfuran-2-
1F-82 2 o yl)benzo[d][1,3]dioxol-5-
NH ylthic)-9H-purin-9-
o:§L ylethyl)pivalamide
\,\//
Nz 0 N-(2-(6-amino-8-((6-(3-
Nl “\>_5 o methylfuran-2-
1F-83 N B yhbenzo{d]{ {,3]dioxol-5-
g o yl)thio)-9H-purin-9-
NH yhethyl)-3-
0=§_< methylbutanamide
)
e, N-(2~(6-amino-8-((6-(5-
”i/ S—s o methylfuran-2-
1E-84 NN o yhbenzo[d})| 1,3]dioxol-5-
2 yl)thio)-9H-purin-9-
o NH yDethylevelopropane-
:ﬂ> carboxamide
<
Ne 04 4
Ly N-(3-{6-Amino-8-[6-(5-
hﬂ\ PR 0 methyl-furan-2-yl)-
1F-85 N o) benzo[1,3]dioxol-5-

ylsulfanyl}-purin-9-yl1} -
propyl)-2,2-dimethyl-
propionamide
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Compound No, o Structure Name

7
NH o] ¢
N N-(3-{6-Amino-8-[6-(5-
Iﬁi'j:é)— s j’ methyl-furan-2-y1)-
o

1F-86 benzof1,3]dioxol-5-
ylsulfanyl]-purin-9-y!} -

propyl)-isobutyramide

Cyclopropanecarboxylic
acid (3-{6-amino-8-{6-(5-
methyl-furan-2-yl)-
benzo[1,3]dioxol-5-
yisulfanyl]-purin-9-yl} -
propyl)-amide

1F-87

N-(3-{6-Amino-8-{6-(5-
methyl-furan-2-y1)-
benzo[1,3]dioxol-5-

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

propionamide

1F-88

Acetic acid 1-(3-{6-amino-
8-[6-(5-methyl-furan-2-yl)-
benzo[1,3]dioxol-5-
yisulfanyl]-purin-9-y1}-
propylcarbamoyl)-1-
methyl-ethyl ester

1F-89

N-(3-{6-Amino-8-[6-(5-
methyl-furan-2-yl)-
benzo[1,3]dioxol-5-

ylsulfanyl]-purin-9-y1} -

propyl)-2-hydroxy-2-
methyl-propionamide

1F-90 o

N!)\/E . N-(3-(6-amino-8-((5-

N
h
N methoxy-2~(5-
1F-91 o~ methylfuran-2-
yl)phenyl)thio)-9H-purin-
N 9-ylypropyl)pivalamide
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C-III.  In some embodiments of the disclosure, X, is an alkynyl group, e.g., ethynyl, -
prop-1-ynyl, and 3-prop-1-ynyl. Table 1B lists specific examples of compounds within this
embodiment. Tn each of the structures as drawn, X, is ethynyl and X4 is H. However,
corresponding structures in which X, is another alkynyl group, including specifically for example

S 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 CH, and/or X4 is F, Cl, Br, or I are alsp

within the scope of the disclosure. Additionally, in connection with each of the structures in Table

1B, corresponding structures in which X; is another alkynyl group, including specifically for
example propyny! or butyny!, and Y is CH; are also within the scope of the disclosure.

10 Table 1B
Compound No. Structure Name
2-{6-Amino-8-(6-ethynyl-
benzo[1,3]dioxol-5-
1B-1 > ylsulfanyl)-purin-9-yi]-
‘s, ethanesulfonic acid
HI\}_ isopropylamide
NHp N .
LN _ 2-[6-Amino-8-(6-ethynyl-
Vol Ss4 o benzo[1,3]dioxol-5-
1B-2 NTN o ylsulfanyl)-putin-9-yl]-
2 ethanesulfonic acid
e ethylamide
NH, N .
LN 2-[6-Amino-8-(6-ethynyl-
UL ysb\o benzo[1,3]dicxol-5-
1B-3 NN - ylsulfanyl)-purin-9-yl]-
ethanesulfonic acid
2 methylamide
NH AN
S 2-[6-Amino-8-(6-ethymnyl-
1B-4 KN/)\J—S ¢ benzo[ 1,3]dioxol-5-
8 ylsulfanyl)-purin-9-y1]-
- ethanesulfonic acid amide
SCz
Hghd
NHp AN
N SN 2-{6-Amino-8-(6-ethynyl-
§ //‘\N\}S \ ¢ j) benzo[1,3]dioxol-5-
1B-5 2 o yisulfanyl)-purin-9-yl]-
50 ethanesulfonic acid tert-
Hr§T butylamide
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Compound No. Structure Name
NHz >:\< .
“)\IN\ o d N\ 2-[6-Amino-8-(6-cthynyl-
S 8 benzo[1,3]dioxal-5-
1B-6 ylsulfanyl)-purin-9-ylj-
50, ethanesulfonic acid
:"‘{ isobutyl-amide
NHs AN
N)\IN\ = 2-{6-Amino-8-(6-ethynyl-
L7 ~N%S \ /70 benzo[ 1,3]dioxol-5-
1B-7 > o ylsalfanyl)-purin-9-y1]-
<soz ethanesulfonic acid
HN cyclopropylamide
NHa N
N)\/L/N}—s Propane-2-sulfonic acid
L '\S j’ {2-{6-amino-8-(6-ethynyl-
1B-8 o benzo[1,3]dioxol-5-
S ylsulfany])-purin-9-yl}-
0.8 ethyl}-amide
NH; N L
N - Ethanesulfonic acid {2-[6-
NS :
[‘I Y8 /-0 amino-8-(6-ethynyl-
1B-9 NTTN - benzo[1,3]diaxol-5-
8 ylsulfanyl)-purin-9-y1}-
o S.‘NH ethyl}-amide
NH, N .
I N-{2-[6-Amino-8-(6-
hf:[ »—sb\o ethynyl-benzo[1,3]dioxol-
1B-10 NTTN - 5-ylsulfanyl)-purin-9-yl]-
cthyl}-
o methanesulfonamide
2 -
Nz N
N o == 2-Methyl-propane-2-
' NV;LN}FS \ ¢ j’ sulfonic acid {2-[6-amino-
1B-11 ) © 8-(6-ethynyl-
S benzof 1,3]dioxol-5-
0,5 yisulfanyl)-purin-9-y1]-
) ethyl}-amide
Nz N
N 2-Methyl-propane-2-
N[)\/I Ys ) sulfinic acid {2-[6-amino-
1B12 N o j 8-(6-ethynyl-
benzo[1,3]dioxol-5-
os’NH yisulfanyl)-purin-9-y1]-

ethyl}-amide
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Compound No. Structure Name
NH, N
L N _ 2-Methyl-propane-1-
N‘k T Ss-4 p~o sulfonic acid {2-[6-amino-
B3 N> o B-(6-ethynyl-
) { benzo[1,3]dioxol-5-
NH ylsulfanyl)-purin-9-yl}-
o8/ ethyl}-amide
Nz N
N N Cyclopropanesulfonic acid
Loy 54 7 ? {2-]6-amino-8-{6-ethynyl-
1B-14 '> o benzo[ 1,3]dioxol-5-
"N ylsulfanyl)-purin-9-yl}-
o_s’}> ethyl}-amide
ik AN
NS — 3-[6-Amino-8-(G-ethynyl-
| »—g yny.
L N% Y /o’? benzo{1,3]dioxol-5-
1B-15 ylsulfanyl)-purin-9-yl]-
propane-1-sulfonic acid
W isopropylamide
NH; N
N, 3-[6-Amino-8-(6-ethynyl-
,‘i A s -0 benzo[1,3]dioxol-5-
1B-16 r> o yisulfanyl)-purin-9-yl}-
> propane-1-sulfonic acid
025 ethylamide
NH
s
"
N e 3-[6-Amino-8~(6-ethynyl-
{7 N% \ ¢ ? benzo[1,3]dioxol-5-
1B-17 ) o ylsulfanyl)-purin-9-y1]-
\} propane-1-sulfonic acid
08, methylamide
NH
e, (6-ethynyl
N = 3-[6-Amino-8-(6-ethynyl-
1 ,,T\N‘%SQO benzo[1,3]dioxol-5-
1B-18 N o) yisulfanyl)-purin-9-yl]-
propane-1-sulfonic acid
0.8 amide
i ‘NH,
Nz N
NS 3-[6-Amino-8-(6-ethynyl-
P 3 benzo[1,3]dioxol-5-
1B-19 o ylsulfanyl)-purin-9-yl]-
propane-1-sulfonic acid

tert-butylamide
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Compound No. Structure Nate
NH, i—:—%
NS - 3-{6-Amino-8-(6-ethynyl-
L\N/J\/‘N>ws j‘) benzo[1,3]dioxol-5-
1B-20 < © ylsulfanyl)-purin-9-yl-
propane-1-sulfonic acid
oﬁﬁNw N isobutyl-amide
/-—-
NH, N
NJ\IN\ 3-{6-Amino-B-(6-ethynyl-
L N}S o benzo[1,3]dioxol-5-
1B-21 N > o ylsulfanyl)-purin-9-yl]-
<> propane-1-sulfonic acid
0,8 cyclopropylamide
HN—]
NH; N
NS P 2-sulfonic acid
{554 o ropane-2-sulfonic act
NN o) {3-[6-amino-8-(6-ethynyl-
1B-22 benzof1,3]dioxol-5-
i ylsulfanyl)-purin-9-yl]-
_H—N<SCQ propyl}-amide
NHp N
NJ\\\(N\ = Ethanesulfonic acid {3-[6-
lN//‘\ N}s \_¢ j’ amino-8-(6-ethynyl-
1B-23 s, benzo[1,3]dioxol-5-
é ylsulfanyl)-purin-9-yl]-
HN, propyl}-amide
50,
NH, N
N N N-{3-[6-Amino-8-(6-
LA o O o cthynyl-benzo[ 1,3]dioxol-
1B-24 o S-ylsulfanyl)-purin-9-yl]-
é propyl}-
HN methanesulfonamide
S0
M\
NS N 2-Methyl-propane-2-
U\N/ \N\>“s ) sulfonic acid {3-{6-amino-
1B-25 § C 8-(6-ethynyl-
- benzo[1,3]dioxcl-5-
N ylsulfanyl)-purin-9-yl]-
50, propyl} -amide
A
NH; N
/%(N} = 2-Methyl-propane-2-
'lN/ \N\ 8\ /0 suifinic acid {3-[6-amino-
1B-26 o) 8-{6-cthynyl-
benzo[1,3]dioxol-5-
HN ylsulfanyl)-purin-9-yi]-

750 propyl}-amide
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Compound No, Structure Name
NH N
- 2-Methyl-propane-1-
N>
L\)N,T,‘N%‘S \ /79 sulfonic acid {3-[6-amino-
1B27 o 8-(6-ethynyl-
benzo[1,3]dioxol-5-
HN ylsulfany!)-purin-9-yl]-
50, propyl}-amide
e,
KT N\>_S‘2\i/\(o Cyclopropanesulfonic acid
NN 5 g {3-[6-amino-8-(6-ethymyl-
1B-28 < benzo{1,3]dioxol-5-
ylsulfanyl}-purin-9-yl-
HN-502 propyl}-amide
<
NHy N
"d/ﬁ::\ys O)o 3-[}6)—6Amin0—8(-1(6—ethynyl—
R N nzo[ 1,3]dioxol-5-
18-29 8 ylsulfanyl)-purin-9-yl]-N-
HN)=0 isopropyl-propionamide
N)NHQ N
SN = 3-[6-Amino-8-(6-ethynyl-
1B-30 &NIN%S‘K_/}\)O benzo[1,3]dioxol-5-
8 o ylsulfanyl)-purin-9-y1}-N-
=0 ethyl-propionamide
HN
NH AN
NS = 3-[6-Amino-8-(6-ethynyl-
Bal lNINH \ {79 ' benzo[1,3]dioxol-5-
a | ylsulfany])-purin-9-y1]-N-
0 methyl-propionamide
HN
PR
N 3-[6-Amino-8-(6-ethynyl-
1832 1@&3@3 benzo{1,3]dioxol-5-
8 o ylsulfanyl)-purin-9-yl]-
—o propionamide
Hah
NH, N
I I{%s \W o 3-[6-Amin0-8—(6-ethyuyl-
1B-33 NN O) benzo(1,3]dioxol-5-

ylsulfanyl)-purin-9-yi]-N-
tert-butyl-propicnamide
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Compound No. Structure Name
Ny N
W S Yo 3-[6-Amino-8-(6-ethynyl-
1B-34 \N/\'V> - benzo[1,3]dioxol-5-
{ ylsulfany!)-purin-9-y1]-N-
" =0 isobutyl-propionamide
NHz N
s ) 3-[6-Amino-8-(6-ethynyl-
(B35 N7 o’ benzo[1,3]dioxol-5-
2 ylsulfaryl)-purin-9-ylj-N-
HN>:0 cyclopropyl-propionamide
Ntz R
N j’“‘\ys@.o N-{2-[6-Anino-8-(6-
1B-36 N ‘N> o ethynyl-benzo{ 1,3]dioxol-
{ S-ylsulfanyl)-purin-8-yl]-
o jgli ethyl}-isobutyramide
lTle \
i N\>—sb\o N-{2-[6-Ammino-8-(6-
1B-37 N N> 0’1 ethynyl-benzo[ 1,3]dioxol-
! { S-ylsulfanyl)-purin-9-yl]-
o NH ethyl} -propionamide
N N
SN — N-{2-[6-Amino-8-(6-
1B-38 li,:[r?_sk—/}j ethynyl-benzo[ 1,3]dioxol-
) o 5-ylsulfanyl)-purin-9-yl}-
NH ethyl}-acetamide
o
NH, N
'1’1\ N e N-{2-{6-Amino-8-(6-
s L ethynyl-benzol 1 3}dioxol-
) o S-ylsulfanyl)-purin-9-yt}-
§ ethyl}-formamide
NH
O
NH; 3
N N-{2-[6-Amino-8-(6-
L S0 ethynyl-benzo[ 1, 3]dioxol-
1B-40 2 of S-ylsulfanyl)-purin-9-y1}-

ethyl}-2,2-dimethyl-
propionamide




WO 2012/138894

PCT/US2012/032371

84
Compound No. Structure Name
NHy N
N)\/fN\ N-{2-[6-Amino-8-(6-
[‘\N/ ~N>'S j«’ ethynyl-benzo[1,3]dioxol-
1B-41 © 5-ylsulfanyl}-purin-9-yl]-
N ethyl}-3-methyl-
o butyramide
e N
NS N = Cyclopropanecarboxylic
LNI,?“S \ {79 acid {2-[6-amino-$-{6-
1B-42 ) o ethynyl-benzo[ ,3]dioxol-
<NH 5-ylsulfanyl)-purin-9-y1]-
5 ethyl}-amide
NH, AN
QJ\IN\ s o N-{3-[6-Amino-8-(6-
N - ethynyl-benzo[ 1,3]dioxcl-
1B-43 { 5-ylsulfanyl)-purin-9-yl]-
propyl}-2,2-dimethyl-
K?;O propionamide
Nz N\
N
"u\)IN\%s b N-{3-[6-Ammino-8-(6-
1B-44 N e ethynyl-benzo[1,3]dioxol-
S-ylsulfany!)-purin-9-y1]-
HN propyl}-isobutyramide
0
NH; N
| R\ Cyclopropanecarboxylic
i S
(Pive bt acid {3-[6-amino-8-(6-
1B-45 © ethynyl-benzo[1,3]dioxol-
S-ylsulfanyl)-purin-9-y1]-
o P propyl}-amide
NH, AN
NS 2:2 N-{3-[6-Amino-8-(6-
l s
kN/ N>_ )O ethynyl-benzo[ 1,3]dioxol-
1B-46 o 5-ylsulfanyl)-purin-9-y1]-
propyl}-2-hydroxy-
M propionamide
O#OH
NH, N
Acetic acid 1-{3-{6-amino-
N
N'k)lhys 9 8-(6-ethynyl-
1B47 N o benzo[ 1,3]dioxol-5-

ylsulfanyl)-purin-2-yl]-
propylcarbamoyl}-1-
methyl-ethyl ester
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Compound No. Structure Name
N N\
N .
r1\ Vg N-{3-[6-Amino-8-(6-
kN’ N>~_ 9)0 ethyny!-benzo[1,3]dioxol-
1B-48 | 5-ylsulfanyl)-purin-9-yl}-
propyl}-2-hydroxy-2-
8 methyl-propionamide
O OH
NH, N\
i N N-(3-(6-amino-8-((2-
NN _ ethynyl-5-
1B-49 ° methoxyphenyl)thio)-9H-
purin-9-
EN%;O ylpropyl)pivalamide

Hsp90 binding resuits 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.

S C-IV. In some embodiments of the disclosure, X, is an amino group, i.e., -NRiR,,
wherein R; and R; are each independently H, Cy~Cs alkyl, C,-Cy alkenyl, C;-Cq alkynyl, cycloalkyl,
heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl,
or alkylheteroarylalkyl. Table 1G lists specific examples of compounds within this embodiment.
In cach of the structures as drawn, X, is dimethylamino and X, is H. However, corresponding

10 structures in which X, is another amino group, including specifically for example diethylamino,
methyleth&larm'no or cyclopropylamino, are within the scope of the disclosure. In each of the
structutes in Table 1G, Y is S. However, corresponding structures in which Y is CH; and/or X, is
¥, Cl, Br, or I are also within the scope of the disclosure. Additionally, in connection with each of
the structures in 'T'able 1G, cotresponding structures in which X, is another amino group, including

15 specifically for example diethylamino, methylethylamino or cyclopropylamino, and Y is CH; are

also within the scope of the disclosure,

Table 1G
Compound No. Structure o Name

T 2-(6-amino-8-(6

NN 2-(6-amino-8-((6-
“ﬁ\jN‘)—SQo (ditnethylamino)benzo[d]
1G-1 N - [1,3 Jdioxol-5-yl)thio)-OH-
purin-9-y1)-N-isopropyl-

HN/SOZ cthanesulfonamide
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Compound No. Structure Name
/
e N N 2-(6-amino-8-((6-
N,:ﬁ: %S‘Qo (dimethylamino)benzo[d]
1G-2 NN B [1,3]dioxol-5-yI)thio)-OH-
© :
purin-9-y1)-N-
50, ethylethanesulfonamide
N
NH Ny .
2 N 2-(6-amino-8-((6-
N,(&N\%SQO (dimethylamino)benzo[d]
1G-3 NTTN P [1,3]dioxol-5-yl)thio)-9H-
© .
2 purin-9-y1)-N-
50, methylethanesulfonamide
HN
NH - ;
2 N 2~(6-amino-8-((6-
N N s (dimethylamino)henzo{d]
1G-4 LA Qj [1,3]dioxol-5-y)thic)-9H-
o purin-9-
50, ylethanesulfonamide
HoN
NH, -
N 2-(6-amino-8-({6-
i LS 0 (dimethylamino)benzo[d]
1G-5 N - [1,3]dioxol-5-yl)thio)-9Ft-
purin-9-yl)-N-(tert-
HN'SO2 butylethanesulfonamide
N
NN 2~(6-amino-8-({6-
"\N/ }vs—Q\o (dimethylamino)benzo[d]
1G-6 g o [1,31dioxol-5-yl)thio)-OH-
%0, purin-9-yl)-N-
HN isobutylethanesulfonamide
NH, -
N)\IN\ 2-(6-amino-8-((6-
i, N>— S iJ (dimethylamino)benzo[d]
16-7 N 3 - [1,3}dioxol-5-yl)thio)-9H-
. purin-9-yl)-N-cyclopropyl-
o ethanesulfonamide
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Compound No. Structure Name
N
NN N-(2-(6-amino-8-((6-
[ N\>—S 0 (dimethylamino)benzo[d]
1G-8 N o [1,3]dioxol-5-y])thio)-9H-
2 purin-9-yl)ethyl)propane-
OrslNH 2-sulfonamide
N .
g N-(2-(6-amino-8-((6-
"ft %S‘Q\o (dimethylamino)benzo[d]
1G-9 NN ] [1,3]dioxol-5-y1)thio)-9H-
2 o purin-9-yljethylethane-2-
NH sulfonamide
05
A
NH, . .
N N-(2-(6-amino-8-((6-
r‘i\/ \)—SAQ\O (dimethylamino)benzo[d]
1G-10 NTTN -l [1,3]dioxol-5-yl)thio)-9H-~
purin-9-ylethyl)methane-
o S,NH 2-sulfonamide
2"
NHz - :
N-(2-(6-amino-8-({6~
N'kJ\IN\}‘S o {dimethylamino)benzo[d]
1611 NZ N 3 [1,3]dioxol-5-y])thio)-9H-
- 2 0 purin-9-yDethyl)-2-
NH methylpropane-2-
023v sulfonamide
NH, - :
i N-(2-(6-amino-8-({6-
NKA\IN‘*S \—/ o | (dimethylamino)benzo[d]
1G-12 NZ N 3 [1,3]dioxol-5-yl)thio)-9H-
3 o purin-9-yl)ethyl)-2-
NH methylpropane-2-
os}\_ sulfinamide
NHg - ;
N-(2-(6-amino-8-((6-
{Jﬁ:‘%—s o (dimethylamino)benzo[d]
1613 N? Ng 3 [1,3]dioxol-5-y])thio)-9H-
. o

puarin-9-yDethyl)-
2methylpropane-1-
sulfonamide
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Compound No. Structure Name
/
e N N-(2-(6-amino-8-((6-
N'Lﬁ %SQO (dimethylamino)benzo[d]
1G-14 N7 N o) [1,3]d10x;)3]—£;1yé)Lh10)-9H-
NH yhethyleyclopropane-
025'}> sulfonamide
NH; —N .
NN 3-(6-amino-8-{(6-
0, s 0 (dimethylamino)benzo[d]
1G-15 N - [1,3]dioxol-5-y}thio)-9H-
: § purin-9-y1)-N-
isopropylpropane-1-
OQS‘NH sulfonamide
_Q
we 3.(6-amino-8-((6-
ijN\)_S o (dimethylamino)benzo[d)
1G-16 NE N [1,3]dioxol-5-y1)thio)-9H-
o purin-9-yl)-N-
ethylpropane-1-
07 sulfonamide
Ly
e 3-(6-amino-8-((6-
fﬁ:N‘*SQO (dimethylamino)benzo[d]
1G-17 NZ N 3J [1,3]dioxol-5-yl)thio)-9H-
! 0 purin-9-yl)-N-
methylpropane-1-
OZS‘NH sulfonamide
/
NH, - )
N)ﬁ/N 3~(6-amino-8-((6~
i /\N\>—s o (dimethylamino)benzo[d]
1G-18 N ) 0) [1,3]dioxol-5-y])thio)-9H-
purin-9-yljpropane-1-
) sulfonamide
OZS\NHz
NH, - 5 ) )
~(6-amino-8-({6~
“tﬁ%—s _QO (dimethylamino)benzo{d]
1G-19 NN 3 [1,3]dioxol-5-yl)thio)-9H-
) © purin-9-yD)-N-{tert-
butyl)propane-1-
08, sulfonamide




WO 2012/138894

PCT/US2012/032371

89
Compound No. Structure Name
NH, - ) .
N o 3-(6-amino-8-((6-
L, t?—sAQo (dimethylamino)benzo[d]
1620 N - O,) [1,3]dioxol-5-yl)thio)-9H-
é purin-9-yl)-N-
o isobutylpropane-1-
’ﬁN sulfonamide
ps |
Ny 3-(6-amino-8-((6-
WJ\EN\%SQ (dimethylamino)benzo[d]
LGl LAy 9 [1,3]dioxol-5-y1)thio)-9H-
o purin-9-yl)-N-
cyclopropylpropane-1-
0,8, sulfonamide
HN—<]
N
NS N-(3-(6-amino-8-((6-
l)N:[N%S‘Q‘)O (dimethylamino)benzo[d]
1G-22 o [1,3]dioxol-5-yl)thio)-9H-
purin-9-yhpropyl)propane-
HN 2-sulfonamide
A{"Oz
NH, -
N/ﬁN N-(3-(6-amino-8-((6-
P N\>—S—Qo (dimethylamino)benzo[d]
1623 bl o {1,3]dioxol-5-yl)thio)-OH-
% purin-9-yl)propyl)ethane-
N 2-sulfonamide
50
N~ N-(3(6-amino-8-((6-
N&)\/[N\%SQO (dimethylamino)benzo[d]
1G24 NN 3 [1,3]dioxol-5-yD)thio)-9H-
© purin-9-
yhpropyl)methane-2-
HN, sulfonamide
/So2
NH, \N/ :
N N-(3-(6-amino-8-((6-
P N\ysQo (dimethylamino)benzo[d]
1G.25 N o [1,3]dioxol-5-yl)thio)-9H-
purin-9-yljpropyl)-2-
" methylpropane-2-
7{302 sulfonamide
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Compound No. Structure Name
NH, N
N N N-(3-(6~amino-8-((6-
L —s o (dimethylamino)benzo[d]
1G26 N o [1.,3]dioxol-5-ylythio)-9H-
é purin-9-yl)propyl)-2-
methylpropane-2-
HN\SO sulfinamide
Ny
N N-(3-(6-amino-8-((6-
fl \>—SQO (dimethylamino)benzo[d]
(G27 NN o [1,3]dioxol-5-yI)thio)-9H-
g purin-9-ylypropyl)-2-
N methylpropane-1-
>——/\502 sulfonamide
NH, N
NJTN N-(3-(6-amino-8-((6-
O N\)—SQO (dimethylamino)benzo[d]
168 N ") {1,3]dioxol-5-yl)thic)-9H-
purin-9-
N yDpropyl)cyclopropane-
<r‘SOz sulfonamide
NH, e
N)\TLN 3-(6-amino-8-((6-
. N\>—5 o} (dimethylamino)benzo{d]
1G-29 N o [1,3]dioxol-5-yl)thic)-9H-
purin-9-yl)-N-
il 0 isopropylpropanamide
NHs - .
N . 3-(6-am11_10-8-((6-
TL\ \>“5“Q0 (dimethylamino)benzo{d]
1G-30 7N . [1,3]dioxal-5-yh)thic)-9H-
purin-9-yl)-N-
o ethylpropanamide
L
N, - .
3-(6-amino-8-((6-
’{%{:N\)—SQO (dimethylamino)benzo| d]
1G-31 N7 N o [1,3]dioxal-5-y])thic)-9H-
purin-9-yl)-N-
0 methylpropanamide
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Compound No. Structure Name
NH, \N/ ,
NN - 3-(6-amino-8-((6~
1G22 P \>‘5‘<_/2\0 (dimethylamino)benzo{d]
NN - 1,3]dioxol-5-y1)thio)-9H-
0 Y
purin-9-yl)propanamide
o
HoN
NH, -
NN 3-(6-amino-8-((6-
i, N\>—S o (dimethylamino)benzo[d]
1G-33 N o [1,31dioxol-5-yl)thio)-9H-
é: purin-9-yl)-N~(tert-
HN)LO butyl)propanamide
NH, -
NN 3-(6-amino-8~((6-
L, N\>—5 o (dimethylamino)benzo{d]
1G-34 N . [1,3]dioxol-5-yl)thio)-OH-
{j purin-9-yl)-N-
HN\_—O< isobutylpropanamide
NH, -
'ijN\HQo  3-(6-amino-8-((6-
NN ) (dimethylamino)benzo[d]
1G-35 © [1,3]dioxol-5-yl)thio)-9H-
e} purin-9-yl)-N-
HN cyclopropylpropanamide
NH /
2 —N .
N - N-(2-(6-amino-8-((6-
(= N\>— S‘Qo (dimethylamino)benzo[d]
1G-36 N J [1,3]dioxol-5-yl)thio)-9H-
2 purin-9-
0{ yhethyl)isobutyramide
! N-(2-(6-amino-8-((6
I _ -(2-(6-amino-8-((6-
N /]: \>—54©\0 (dimethylamino)benzo[d]
1G-37 NN o [1,3]dioxol-5-yl)thio)-9H-
2 purin-9-
NH ylethyl)propanamide
oi
NH, -
N \ N-(2-(6-amino-8-((6-
1G-38 g N>_S )0 (dimethylamino)benzo[d}

[1,3]dioxol-5-yl)thio)-OH-
purin-9-yl)ethyDacetamide
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Compound No. Structure Name
NH; -
N-(2-(6-amino-8-((6-
) \}~S~Q\j (dimethylamino)benzo[d]
1G-39 NN o [1,3]dioxol-5-yl)thio)-9H-
2 purin-9-
o= ylethyl)formamide
Ny
N N-(2-(6-amino-8-((6-
(P N%SQO (dimethylamino)benzo[d]
1G-40 N - [1,3)dioxol-5-yl)thio)-9H-
2 purin-9-
o :gz yhethyl)pivalamide
NH, -
NSy N-(2-(6-amino-8-((6-
» N‘>—S‘Qo (dimethylamino)benzo[d]
1G-41 N o [1,3]dioxol-5-yl)thio)-OTL-
2 purin-9-ylethyl)-3-
o{< methylbutanamide
NH; -
| = N-(2-(6-amino-8-((6-
LA\ 0 (dimethylamino)benzo[d]
1643 N e o [1,3]dioxol-5-yl)thio)-9H-
purin-9-
o A ylethyl)eyclopropane-
:ﬂ> carboxamide
NHz -
L N-{3-{6-Amino-8-(6-
“i)NI\ So dimethylamino-
1G6-43 o/‘ benzo[1,3]dioxol-5-
ylsulfanyl)-purin-9-y1]-
Hn propyl}-2,2-dimethyl-
A{‘O propionamide
NH —
N, == .
NS a_Q N-{3-[6-Amino-8~(6-
LA 3 dimethylamino-
1G-44 benzo[1,3]dioxol-5-
yisulfanyl)-purin-9-yl]-
i“z: 5 propyl} isobutyramide
N
N Cyclopropanecarboxylic
| e 0 acid {3-[6-amino-8-(6-
LGS N o dimethylamino-
! benzo[1,3]dioxol-5-
NH 5 ylsulfanyl)-purin-9-yl]-

propyl}-amide
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Compound No. Structure Name
7
NHy -
N-{3-[6-Amino-8-(6-
s
fl;‘ys‘z}-o dimethylamino-
. N o benzo[1,3]dioxol-5-
ylsultanyl)-purin-9-y1]-
NH propyl}-2-hydroxy-
ot propionamide
NH, Y ) )
N Acetic acid 1-{3-[6-amino-
l P N\>—S -0 8-(6-dimethylamino-
. ¥ o benzo{ 1,3]dioxol-5-
4 ylsulfanyl)-purin-9-y1]-
NH propylearbamoyl}-1-
05><0»A° methyl-ethyl ester
NHz

7
ko N-{3-[6-Amino-8-(6-
lﬁl;%sk}g
8
1G-48

dimethylamino-

benzo| 1,3]dioxol-5-
ylsulfanyl)-purin-9-y1]-
NH propyl}-2-hydroxy-2-
o on methyl-propionamide
M
Nle\)‘S‘Q N-(3-(6-amino-8-((2-
NTTN o (dimethylamino)-5-
1G-49 methoxyphenyl)thio)-9H-
{ purin-9-
1%0 yDpropyl)pivalamide

Hsp90 binding results are presented for Compounds 1G-28. 1G-43, and 1G-45 in Table 12
below. As can be noted therefrom, all compounds showed a high Tevel of binding affinity.

D. Compounds of Formula (TA) in Which Xa or Xb is O
In accordance with another embodiment of the disclosure, the compounds are of Formula

(IA) in which one of Xa and Xb is O and Xc and the other of Xa and Xb is CH,. Thus, the
compounds of this embodiment can be represented by Formula (2):
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NH,
A\
O YQ
(03]

or a pharmaceutically acceptable salt thereof, wherein:
5 one of Xa and Xb is O and the cther is CH,;
Yis CHp or S,
X, 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 cycloalkyt wherein the R group is interrupted
by -S{O)NR4)-, -NR4S(0)-, -SO,NR,)-, -NRsSO;-, -C(O)N(R)-, or -NRAC(O)-, and/or
terminated by -S(O)NRaRz, -NRAS(Q)Rp, -SONR 4Rz, -NR4SO;Rs, -C{O)NRaRg, or -
NRAC(O)Rp, wherein each R, and Rp is independently selected from hydrogen, Cy-Cs alkyl, Ca-Cs
alkenyl, C,-C alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl,

15 arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; and

X, is as disclosed below.

D-I.  In some embodiments of the disclosure, X; is halogen. Table 2A lists specific
examples of compounds within this embodiment. In each of the siructures as drawn, X, is I and X,
is H. However, corresponding structures in which X, 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 CH; 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 X, is F, Cl,

or Br and Y is CH, are also within the scope of the disclosure,

Table 2A

[ Compound No. | Structure Name
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Compound No.

Name

2A-1

2-[6-Amino-8-(5-iodo-2,3-
dihydro-benzofuran-6-
ylsulfanyl)-purin-9-yl}-
ethanesulfonic acid
isopropylamide

2A-2

2-[6-Amino-8-(5-iodo-2,3-
dihydro-benzofuran-6-
ylsulfanyl)-purin-9-yi}-
ethanesulfonic acid
cthylamide

2A-3

2-[6-Arnino-8-(5-iodo-2,3-
dihydro-benzofuran-6-
ylsulfany!)-purin-9-y1}-
ethanesulfonic acid
methylamide

2A-4

2-[6-Amino-8-(5-iado-2,3-
dihydro-benzofuran-6-
ylsulfanyl)-purin-9-yl]-

ethanesulfonic acid amide

2A-5

2-[6-Amino-8-(5-iodo-2,3-
dihydro-benzofuran-6-
ylsulfanyD)-purin-9-yl}-
cthanesulfonic acid tert-
butylamide

2A-6

2-[6-Amino-8-(5-iodo-2,3-
dihydro-benzofuran-6-
ylsulfanyl)-purin-8-yi}-
ethanesulfonic acid
isobutyl-amide

2A-7

2-[6-Amino-8-(5-iodo-2,3-
dihydro-benzofuran-6-
yisulfanyl)-purin-9-y13}-
ethanesulfonic acid
cyclopropylamide




WO 2012/138894

96

PCT/US2012/032371

Compound No.

Structure

Name

Hz |

NN =
iy /IN\*S W
[ o

Propane-2-sulfonic acid
{2-{ 6-amino-8-(5-iodo-2,3-

2A-8 dihydro-benzofuran-6-
NH ylsulfanyl)-purin-9-yl]-
058 ethyl}-amide
Nz L )
NN = Ethanesulfonic acid {2-[6-
l?l\l\%s N/ ] amino-8-(5-iodo-2,3-
2A-9 ) o dihydro-benzofuran-6-
( ylsulfamyl)-purin-9-y1]-
NH ethyl}-amide
QoS
1 NHz |
bﬁ)jN\,FSQ N-(246-Amino-8-(5-iodo-
2A-10 SNTN j 2,3-dihydro-benzofuran-6-
. { o Isulfanyl)-purin-9-yl)-
ylsulfanyl)-purin-9-y1)
NH ethyl)~methanesulfonamide
025:
NHz |
N SN = 2-Methyl-propane-2-
L4y sulfonic acid {2-[6-amino-
2A1 N o 8-(5-iodo-2,3-dihydro-
] 2 benzofuran-6-ylsul {anyl)-
NH purin-9-yl]-ethyl}-amide
058
NFiz ,
Aon —
N‘L T S5 ) 2-Methyl-propane-2-
N B sulfinic acid {2-[6-amino-
2A-12 2 o 8-(5-iodo-2,3-dihydro-
NH benzofuran-6-ylsulfanyl)-
os’\ purin-9-yl]-ethyl}-amide
NH; |
BN
N]\ \r S5 2-Methyl-propane-1-
N N j sulfonic acid {2-[6-amino-
2A-13 ( o 8-(5-iodo-2,3-dihydro-
benzofuran-6-ylsulfanyl)-
NH .
0,8 purin-9-yl]-ethyl}-amide
NF :
T{J\/f N\>_ S—Q Cyclopropanesulfonic acid
N ] {2-{6-amino-8-(5-iodo-2,3-
2A-14 ) o dihydro-benzofuran-6-
N

ylsulfanyl)-purin-9-yl]-
ethyl}-amide
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Compound No. Structure Name
NHz i
NN =
EI b, 3-[6-Amino-8-(5-iodo-2,3-
NTN OJ dihydro-benzofuran-6-
2A-15 8 ylsulfanyl)-purin-9-yl]-
) propane-1-sulfonic acid
OzS‘NH isopropylamide
_<
NH2 |
B o
§ J: S-s— ) 3-[6-Amino-8-(5-iodo-2,3-
NN dihydro-benzofuran-6-
2A-16 ) o ylsutfanyl)-purin-9-yl]-
propane-1-sulfonic acid
0,8 ethylamide
NH
N, ,
N SN = . .
E:L S5 ) 3-{6-Amino-8-(5-iodo-2,3-
NN % dihydro-benzofuran-6-
2A-17 < 0 ylsulfanyl)-purin-9-yi]-
\ propane-1-sulfonic acid
ozs{ methylamide
NH
NHy |
NS — 3-[6-Amino-8-(S-iodo-2,3-
ENJ\N%S \ 4 dihydro-benzofuran-6-
2A-18 % o ylsulfanyl)-purin-9-yl]-
propane-1-sulfonic acid
0,8 amide
NHy
NF; |
P .
[ I Yosf ) 3-[6-Amino-8-(S-iodo-2,3-
N TN dihydro-benzofuran-6-
2A-19 8 ° ylsulfanyl)-purin-9-y13-
propane-1-sulfonic acid
OZS\/ tert-butylamide
HN
N, 1
Xy \>,,,S » . .
L < j 3-[6-Ammo—8-(5-1odo-2,3-
\ o dihydro-benzofuran-6-
2A-20 ylsulfanyl)-purin-9-yl}-
/ propane-1-sulfonic acid
Cs8, isobutyl-amide
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Compound No., Structure Name
NF; 0
N‘ Yog 3-[6-Amino-8-(5-iodo-2,3-
kN/ N dihydro-benzofuran-6-
24-21 Y ylsulfanyl)-purin-9-yl]-
propane-1-sulfonic acid
0.8 cyclopropylamide
HN
NHz —<|
x /h# ==
L Nf ST Propane-2-sulfonic acid
i &O’ {3-[6-amino-8-(5-iodo-
2A-22 i 2,3,3a,7a-tetrahydro-
: benzofuran-6-ylsulfanyl)-
i H N\S o purin-9-yl]-propyl} -amide
N
§ \j/\l\%s \* \ Bthanesulfonic acid {3-[6-
7N { ] amino-8-(5-iodo-2,3-
2A-23 < o dihydro-benzofuran-6-
) ylsulfanyl)-purin-9-yl]-
AN propyl}-amide
50,
NF, )
(0 |,
N ,3-dihydro-benzofuran-6-
2A-24 o ylsulfanyl)-purin-9-y1]-
propyl}-
HN methanesulfonamide
S0,
NH, |
N)TN\ ey
L ‘N>_S \ J 2-Methyl-propane-2-
N o sulfonic acid {3-[6-amino-
2A-25 { 8-(5-i0do-2,3-dihydro-
) benzofuran-6-ylsulfanyl)-
HN\S o purin-9-yl]-propyl} -amide
-
N
I /JV\N\>‘ S‘Q\X 2-Methyl-propane-2-
N 0 sulfinic acid {3-[6-amino-
2A-26 < 8-(5-iodo-2,3-dihydro-
] benzofuran-6-ylsulfanyl)-
HNSO purin-9-yl]-propyl}-amide
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Compound No. Structure Name
NF, 1
AN
N
I IN\f & @j 2-Methyl-propane-1-
y o sulfonic acid {3-[6-amino-
2A-27 { 8-(5-i0do-2,3-dihydro-
? benzofuran-6-ylsulfanyl)-
HN‘SOZ purin-9-yl]-propyl}-amide
NHp |
NN =
0 N\%S \ Cyclopropanesulfonic acid
o {3-[6-amino-8-(5-iado-2,3-
2A-28 dihydro-benzofuran-6-
/ ylsulfanyl)-purin-9-yl]-
AN, 1}-amid
50, propyl}-amide
NH2<{ )
SRy
f 4\»‘\*8@7 3-6-Amino-8-(5-iodo-2,3-
2A-29 N o dihydro-benzofuran-6-
ylsulfanyl)-purin-9-y1}-N-
v ° isopropyl-propionamide
NH 1
'ﬁ \, \>—S~Q 3—[§-Amin0-8—(5-iodo-2,3.
2A-30 NN j dihydro-benzofuran-6-
) © ylsulfanyl)-purin-9-y1]-N-
gro ethyl-propionamide
N
(oA 7
i@ \}S@j 3-[6-Amino-8-(5-iodo-2,3-
2A31 NN 5 dihydro-benzofuran-6-
ylsulfanyl)-purin-9-yl]-N-
o o welhyl-propionamide
\
W3 i
NN = 3-[6-Amino-8-(5-i0do-2,3~
A1 &::[N»—S Y/ dihydro-benzofuran-6-
0 ylsulfanyl}-purin-9-yl]-
o propionamide
HoN
NH, ;
NS . .
LI s@j 3-{6-Amino-8-(5-i0do-2,3-
IA33 o dihydro-benzofuran-6-
{: R yisulfanyl)-purin-9-yl]-N-

tert-butyl-propionamide
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Compound No. Structure Name
N ;
AN )= _
1 ,IN\%S 9= 3-[6-Amino-8-(5-iodo-2,3-
2A24 MOy o dihydro-benzofuran-6-
S: ylsulfanyl)-purin-9-yl]-N-
N o isobutyl-propionamide
<
NF; T
N = i . .
(S @ 3-[6-Amino-8-(5-iodo-2,3-
A5 o dihydro-benzofuran-6-
ylsulfanyl)-purin-9-yl]-N-
0
N cyclopropyl-propionamide
NH b
2 1
h[L\\(N\H @ N-{2-[6-Amino-8-(5-iodo-
2A-36 NT N 2,3-dihydro-benzofuran-6-
<> ylsulfanyl)-purin-9-yl]-
:(‘NH ethyl} -propionamide
o
NHz !
N'L)\IN*S@ N-{2-[6-Amino-8-(5-iodo-
2A-37 NN ; 2,3-dihydro-benzofuran-6-
/ isulfanyl)-purin-9-y1]-
N ethyl} -propionamide
o
NHzi |
SN = A .
Ty s N-{2-[6-Amino-8-(5-iodo-
SA-38 kN’L\N % 2,3-dihydro-benzofuran-6-
2 ylsulfanyl)-purin-9-y1]-
NH ethyl}-acetanmide
o
)”i;& !
N == N-{2-[6-Amino-8-(5-iodo-
N
NP N W 2,3-dihydro-benzofuran-6-
(S
2A-39 ) ylsulfanyl)-purin-9-yl]-
NH ethyl}-2,2-dimethyl-
O=x 5 3
propionamide
- X .
SN N-{2-{6-Amino-8-(5-iodo-
3
r\L( N%s@j 2,3-dihydro-benzofuran-6-
2A-40 ) o ylsulfanyl)-purin-9-yi]-
:NH cthyl}-3-methyl-
C‘:\_{ butyramide
N7 > ;
NS . Cyclopropanecarboxylic
“\N/ S O acid {2-[6-amino-8~(5-
2A-41 iodo-2,3-dihydro-

benzofuran-6-ylsulfanyl)-
purin-9-yi}-ethyl} -amide
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Compound No, Structure Name
N .
G = N-{2-[6-Amino-8-(5-iodo-
2AD 1S \*SQj 2,3-dihydro-benzofuran-6-
) © ylsulfanyl)-purin-9-y1}-
H ethyl}-formamide
ol
NHz :
fji Y N-{3-[6-Amino-8-(5-iodo-
N 2,3-dihydro-benzofuran-6-
2A-43 ylsulfanyl)-purin-9-y1]-
H propyl}-2,2-dimethyl-
o propionamide
NF; .
N .
h‘L)NIN‘*S@; N-{3-[6-Amino-8-(5-iodo-
2A-44 2,3-dihydro-benzofuran-6-
yisulfanyl)-purin-9-y1j-
HN, propyl}-isobutyramide
e
N, |
’fj \)—SQj Cyclopropanecarboxylic
NN o acid {3-[6-amino-8-(5-
2A-45 iodo-2,3-dihydro-
- benzofuran-6-ylsulfanyl)-
o purin-9-yl]-propyl}-amide
NF; I
'1[5::}5 N-{3-[6-Amino-8-(5-iodo-
N 2,3-dihydro-benzofuran-6-
2A-46 ylsulfanyl})-purin-9-yl]-
NH propyl}-2-hydroxy-
oH propionamide
N i
x> Acetic acid 1-{3-[6-amino-
'1?;‘)—3@] 8-(5-iodo-2,3-dihydro-
DAA4T < benzofuran-6-ylsulfanyl)-
purin-9-yl]-
NH propylcarbamoyl}-1-
o oS methyl-ethyl ester
N5 |
fj[ »_S'Qj N-{3-[6-Amino-8-(5-iodo-
NN - 2,3-dihydro-benzofuran-6-
2A-48 ylsulfanyl)-purin-9-y1]-
- propyl}-2-hydroxy-2-

methyl-propionamide
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Table SA lists specific examples in which X, is halogen and X, is halogen. In each of the
structures as drawn, X; is T and X, is F. However, corresponding structures in which X, is H, Cl,
Br, or I are within the scope of the disclosure. In each of the structures in Table 5A,Y is CH,.
However, corresponding structures in which Y is S and/or X, is F, Cl, or Br are also within the
5  scope of the disclosure. Additionally, in connection with each of the structures in Table SA,

corresponding structures in which X, is H, Cl, Br, or T and Y is S are also within the scope of the

disclosure.
Table 5A
Compound No. Structure Name
NHz 1
N)\ N = 2-(6-amino-2-fluoro-8-((5-
LT iodo-2,3-
SA- FFoN > o dihydrobenzofuran-6-
{ yDmethyl)-SH-purin-9-y1)-
802 N-isopropyl-
HN)__ ethanesulfonamide
NHy ,
NJ\\;’:N\ \:\ 2-(6-amino-2-fluoro-8-((5-
A AT 4 e iodo-2,3-
5A-2 > o) dihydrobenzofuran-6-
{ yDmethyl)-9H-purin-9-y1)-
HN’SOZ N-ethylethanesulfonamide
NH
. N e 2-(6-amino-2-fluoto-8-((5-
‘ //]: 3 9 /j . iodo-2,3-
5A3 FTONT TN o dihydrobenzofuran-6-
2 yDmethyl)-9H-purin-9-yl)-
50, -
a2 methylethanesulfonamide
NHg ]\
NN = 2-(6-amino-2-fluoro-8-((5-
/Q)I > «% iodo-2,3-
5A-4 F7 N N> o dihydrobenzofuran-6-
{ yDmethyl)-9H-purin-9-
50, ylsulfonamide
HaN
NHz '\
N = 2-(6-amino-2-fluoro-8-((5-
_Jlfl,?/\Q\\ iodo-2,3-
" N ) o dihydrobenzofuran-6-
{ yhmethyl)-SH-purin-9-y1)-
S0z N-(tert-
HN butyl)ethanesulfonamide
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Compound No. Structure Name
NH; |\
A ~d 2-(6-amino-2-fluoro-8-((5-
Crd
;:/L N N>/\<\:/}O\) iodo-2,3-
SA6 g dihydrobenzofuran-6-
o yl)methyl)-9H-purin-9-yl)-
S0z
HN -
) isobutylethanesulfonamide
NHa 1
NJ\&/N = 2-(6-amino-2-fluoro-8-((5-
L T iodo-2,3-
PN <o dihydrobenzofuran-6-
5ACT / Y/ ;
{ yhmethyl)-9H-purin-9-y1)-
HN’SOQ N-cyclopropyl-
b sthanesulfonamide
N, 0
Ve = N-(2+(6-amino-2-fluoro-8-
ATy ((5-iodo-2,3-
5A8 PN 2 o dihydrobenzofuran-6-
ylmethyl)-9H-purin-9-
o S,NH ylethyl)propane-2-
2 } B sulfonamide
NHs |\
N N-(2+(6-amino-2-fluorc-8-
. iN/ Nl ((5-i0do-2,3-
5A-9 (o dihydrobenzofuran-6-
2 ylmethyl}-9H-purin-9-
o S,NH ylethyl)ethanesulfonamide
s
N
i : N-(2-(6-amino-2-fluoro-8-
NN .
bl /I Y ((5-iodo-2,3-
SA-10 FONTTN 5 dihydrobenzoﬁlra}jt-&
2 yl)ymethyl)-9H-purin-9-
NH ylethyl)methane-
ozs\ sulfonamide
NH ;
s N = N-(2(6-amino-2-fluoro-8-
] )LNINV {7 ((5-i0do-2,3-
SA-11 ) O dihydrobenzofuran-6-
ylymethyl)-9H-purin-9-
o s’NH yl)ethyl)-2-methylpropane-
N 2-sulfonamide
N e
NN = N-(2-(6-amino-2-fluoro-8-
A):[N\V *Qj (5-i0do-2,3-
5A-12 N 2 0 dihydrobenzofuran-6-

yDmethyl}-9H-purin-9-
yl)ethyl)-2-methylpropane-
2-sulfinamide
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Compound No. Structure Name
NFp 0
N SN N-(2-(6-amino-2-fluoro-8-
A Ay ((5-iodo-2,3-
SA-13 N N o dihydrobenzofuran-6-
( yhmethyl}-9H-purin-9-
NH yl)ethyl)-2-methylpropane-
08 1-sulfonamide
NHz |
SN N-(2«6-amino-2-fluoro-8-
) ) N ((5-i0do-2,3-
SA-14 \ (o) dihydrobenzofuran-6-
{ yhmethy!}-9H-purin-9-
o S,NH yhethyeyclopropane-
2 b sulfonamide
NH |
N — :
| Y 3~(6-amino-2-fluoro-8-((5-
F/J\N{ N N/ j i0d0—2,3~
SALS o dihydrobenzofuran-6-
ylymethyl)-9H-purin-9-yl)-
o8, N-isopropylpropane-1-
NH sulfonamide
NH2 |
N)‘\\ N 3-(6-amino-2-fluoro-8-((5-
Y fodo-2,3-
N
SA-16 FoN ) o dihydrobenzofuran-6-
yDmethyl)-9H-purin-9-yi)-
> N-ethylpropane-1-
OQQNH sulfonamide
NFlz |
N)i { — 3~(6-amino-2-fluoro-8-((5-
ATy jodo-2,3-
5A-17 7N g dihydrobenzofuran-6-
yDmethyl)-9H-purin-9-yi)-
N-methylpropane-1-
" sulfonamide
NHz |
NSNS 3-(6-amino-2-flucro-8-((5-
A e Qj iodo-2,3-
S5A-18 0 dihydrobenzofuran-6-
yDmethyl)-9H-purin-9-
0,8 ylypropane-1-sulfonamide
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Compound No. Structure Name
NHy |
NS N\>/\2:\> 3-(6-amino-2-fluoro-8-((5-
Il N\ / iodo-2,3-
sA0 FOON N) ;<Q] ditrydrobenzofisran-6-
yl)methyl)-9H-purin-9-yl)-
> N-(tert-butyl)propane-1-
Ozi\N sulfonamide
o
NS - 3-(6-amino-2-fluoro-8-({5-
F’J\NI >AQ] i0d0-2,3_
SA20 ) o dihydrobenzofuran-6-
> yDmethyl)-9H-purin-9-yl)-
0.8 N-isobutylpropane-1-
HN-—\* sulfonamide
NH; |
AN pu— 3-(6-amino-2-fluoro-8-((5-
)N\\: N\>/\<\—/<>\\ _ iodo-2,3-
SAD1 F o dihydrobenzofuran-6-
yDmethy))-9H-purin-9-yl)-
N-cyclopropylpropane-1-
055, i
2H‘N<] sulfonamide
Nz I
NI = N-(3-(6-amino-2-fluoro-8-
F'L‘N/ N>/ \ 4 j ((5-iodo-2,3-
SADD o dihydrobenzofuran-6-
yhmethyl)-9H-purin-9-
HN ylypropyl)propane-2-
50, sulfonamide
Ny ]
NN — N-(3-(6-amino-2-tluoro-8-
B Y ((5-iodo-2,3-
523 N O diliydrobenzofuran-6-
€ yhmethyl)-9H-purin-9-
" yl)propyl)et_hane-
50, sulfonamide
NHz |
NS — N-(3-(6-amino-2-fluoro-8-
Py ((5-iodo-2,3-
5A.04 F o dihydrobenzofuran-6-
< yDmethyl}-9H-purin-9-
yDpropylymethane-
HN\SOZ sulfonamide
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Compound No. Structure Nane
NF,
/K[, N N-(3-(6-amino-2-fluoro-8-
| _ ? ((5-i0do-2,3-
N/ N J dihydrobenzofiran-6-
5A-25 i ylymethy!)-9H-purin-9-
yhpropyl)-2-
HN\SO methylpropane-2-
7< 2 salfonamide
NFz | _
SN - N-(3-(6-amino-2-fluoro-§-
YTy {(5-i0d0-2,3-
F7ONT N - dil
. ydrobenzofuran-6-
5A-26 é yl)methyl)-9H-purin-9-
yhpropyl)-2-
HN\so methylpropane-2-
7/ sulfinamide
NHz |
NN — N-(3-(6-amino-2-fluoro-§-
PP N/ ((5-iodo-2,3-
F© N N> o dihydrobenzofiran-6-
SA-27 yhmethyl)-9H-purin-9-
3 ybpropyl)-2-
HNso methylpropane-1-
2 sulfonamide
NH2
N .
N-(3-(6-amino-2-fluorc-8-
I >/ vj {(5-iodo-2,3-
. dihydrobenzofiuran-6-
SA-28 yDmothy!)-9H-purin-9-
HN yl)propylcyclopropane-
<(302 sulfonamide
NH; 0
jf\/ R \*' ) 3-(6-amino-2-fluoro-8-((5-
E N"‘\N j iodo-2,3-
5A-29 ) ° dihydrobenzofuran-6-
>: o yDmethyl)-9H-purin-9-yl)-
HN N-isopropylpropanamide
NH; )v I,
NN 3-(6-amino-2-fluoro-8-((5-
F,li;: > \QJ iodo-2,3-
5A-30 ‘ o) dihydrobenzofuran-6-

yDmethyl)-9H-purin-9-y1)-
N-ethylpropanamide
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__Compound No. Structure Name
NA; i
NSy~ N = 3-(6-amino-2-fluoro-8-((5-
AT ] iodo-2,3-
5A-31 ) 9; dihydrobenzofuran-6-
ylmethyl)-9H-purin-9-y1)-
HN>:O N-methylpropanamide
b
N, 1
N’J\ N = 3-(6-amino-2-fluoro-8-((5-
L YT iodo-2,3-
5A-32 FOON N} O] dihydrobenzofuran-6-
yhmethyl)-9H-purin-9-
>:0 yl)propanamide
HaN
NHg |
NN = .
Hj/ N / 3-(6-amino-2-fluoro-8-((5-
F)\N/ \N>/ 7 ] iodo-2,3-
5A-33 © dihydrobenzofuran-6-
o yDmethyl)-9H-purin-9-yl)-
HN>L N-(tert-butyl)propanamide
S
NN e .
| N 4 3-(6-amino-2-fluoro-8~((5-
. \NINY AW, B fodo-2,3-
5A-34 o dihydrobenzofuran-6-
0 yhmethyl)-9H-purin-9-yt)-
W N-isobutylpropanamide
NFz ,
/L\:(N\ 3-(6-amino-2-fluoro-8-((5
| -(6- -2- -8-((5-
e GRS iodo-2,3-
5A-35 ) © dihydrobenzofuran-6-
>=O yD)methy!)-9H-purin-9-yl)-
HNj> N-cyclopropylpropanamide
NH |
NJ\IN\ N-(2-(6-amino-2-fluoro-8-
|
A 0 \<\—( ((5-i0do-2,3-
SA-36 2 o dihydrobenzofuran-6-
NH yhmethyl)-9H-purin-9-
o yhethyl)isobutyramide
A, ,
NS N\ — N-(2-(6-amino-2-flaoro-8-
Py < 3 ((5-iodo-2,3-
5A-37 2 o dihydrobenzofuran-6-

yhmethyl)-9H-purin-9-
yDethyl)propionamide
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Compound No. - Structure Name
2 I
NS \q . N-(2-(6-amino-2-fluoro-g-
. [;[N\>/\<\_@ ((5-iodo-2,3-
5A-38 2 0 dihydrobenzofuran-6-
yDmethyl)-9H-purin-9-
o :/\NH ylethylacetamide
NH.
N \\Z,N I\f N-(2-(6-amino-2-fluoro-8-
PR Y ((5-i0do-2,3-
5A-39 F7ONTTN - dihydrobenzofuran-6-
o ihydrobenzofuran
8 ylymethyl)-9H-purin-9-
o_—_/NH yhethyl)formamide
e
NS Ny\(?:\ N-(2(6-amino-2-fluoro-8-
PN L{O] ((5-iodo-2,3-
5A-40 2 dihydrobenzofiran-6-
NH yDmethyl}-9H-purin-9-
0= ylethylpivalamide
N, 0
NJ\IN\ = N-(2(6-amino-2-fluoro-3-
Py NN b ((5-i0d0-2,3-
sA4l 2 o dihydrobenzofuran-6-
ylymethyl)-9H-purin-9-
NH yDethyl)-3-
¢ methylbutanamide
NF, "
N/J‘\ N ==\ N-(2~(6-amino-2-fluoro-8-
Py N 7 ((5-i0d0-2,3-
5A-42 Y o dihydrobenzofuran-6-
4 yD)methyl)-9H-purin-9-
o NH yl)ethyl)cyclopropane—
:%> carboxamide
N ;
j\)j:“\y\Qj N-{3-{6-Amino-2-fluoro-
F7ON 2 o 8-(5-iodo-2,3-dihydro-
SA-43 benzofuran-6-ylmethyl)-
N purin-9-yl}-propyl}-2,2-
A<=O dimethyl-propionamide
NHZ ;
N - .
)"LJ:[ \)/\Q N-{3-[6-Amino-2-fluoro-
PN 8 8-(5-iodo-2,3-dihydro-
SA-44 2 benzofuran-6-ylmethyl)-
o purin-9-yi]-propyl}-

isobutyramide
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Compound No. Structure Name
NFz 0
SN :
J\ PR Cyclopropanecarboxylic
FOON acid {3-[6-amino-2-fluoro-
SA-45 i 8-(5-iodo-2,3-dihydro-
- benzofuran-6-ylmethyl)-
G purin-9-yl}-propyl}-amide
NG ;
Jﬁ: Yy~ N-{3-{6-Amino-2-fhuaro-
F)\N/ N A4 8-(5-iodo-2,3-dihydro-
SA-46 i benzofuran-6-ylmethyl)-
NH purin-9-yl]-propyl}-2-
OJ?,OH hydroxy-propionamide
NHz ]
NS N Acetic acid 1-{3-[6-amino-
F)\N o 2-fluoro-8-(5-iodo-2,3-
SA47 o dihydro-benzofuran-6-
ylmethyl)-purin-9-yl]-
N propylcarbamoyl}-1-
o methyl-ethy! ester
NHz ;
,\iJiEN\ N-{3-[6-Amino-2-fluoro-
oA 8-(5-i0do-2,3-dihydra-
SAR o benzofuran-6-ylmethyl)-

O&OH

purin-9-yl]-propyl}-2-
hydroxy-2-methyl-
propionamide

In each of the structures Xb is O and Xa is CH,. However, corresponding structures in

which Xb is CH; and Xa is O 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 leve! of binding

affinity.

D-II.  In some embodiments of the disclosure, X, 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-I. above,

10 in which X, is an optionally substituted aryl, including but not limited to pyrazolyl, 1H-pyrazol-3-
1, oxazolyl, oxazol-2-yl, thiazolyl, thiazol-2-yl, furanyl, furan-2-yl, and 5-methylfuran-2-yl.

D-IIL  In some embadiments of the disclosure, X; is an alkynyl group, e.g., ethynyl, 1-

prop-1-ynyl, and 3-prop-1-ynyl. Specific examples of compounds within the scope of this aspect of
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the disclosure correspond to the compounds disclosed in Tables 2A and SA, or variations thereof as

described in A. and D-L above, in which X; is an alkynyl group.

D-IV. Insome embodiments of the disclosure, X5 is an antino group, f.e., -NR R,
wherein R, and R, are each independently H, C,-C; alkyl, C,-C; alkenyl, C,-C; alkynyl, cycloalkyl,
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 SA, or variations therecf as

described in A. and D-I. above, in which X; is an amino group.

E. Compounds of Formula (IA) in Which Xa or Xb is C(=0)
In accordance with another embodiment of the disclosure, the compounds are of Formula
(IA) in which vne of Xa and Xb is C(=0) and X¢ and the other of Xa and Xb is CH,. Thus, the

compounds of this embodiment can be represented by Formmuta (3):

NH2 xz
NN
&JI \>_Y Xa
X,;’ N N /l
_ N . Xb
R

&)
or a pharmaceutically acceptable salt thereof, wherein:

one of Xa and Xb is a carbonyl group, i.e., C(=0), and the other is CHy;

YisCH,orS;

X4 is hydrogen or halogen;

R is a is straight-chain- or branched- substituted or unsubstituted alkyl, straight-chain- or
branched- substituted or unsubstituted alkenyl, straight-chain- or branched- substituted or
unsubstituted alkynyl, or substituted or unsubstituted cycloalkyl wherein the R group is interrupted
by -S(O)N(R 4)-, -NRAS(0)-, -SO:NR,)-, -NRASOy-, -C{ON(RA)-, or -NRAC(0)-, and/or

terminated by -S(O)NR Rz, -NRAS(O)Rg, -SO:NR;Rp, -NRsSO:Rp, -C(O)NR 4R, or -
NRAC(O)Rg, wherein each R, and Rj is independently selected from hydrogen, C,-Cq alkyl, C;-Cy
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alkenyl, C,-Cs alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl,
arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; and

X, is as disclosed below.,

E-l.  Insome embodiments of the disclosure, X; is halogen. Table 7A lists specific
5 examples of compounds within this embodiment. In each of the structures as drawn, X is I and X,

is H. However, corresponding structures in which X; 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 CH; and/or X4 is F, Cl, Br, or [ are also within the scope of the disclosure. In each of
the structures in Table 7A, Xb is C(=0) and Xa is CH,. However, corresponding structures where

10 Xais C(=0) and Xb is CH, are also within the scope of the disclosure. Additionally, in connection
with each of the structures in Table 7A, corresponding structures in which X, is F, Cl, or Br, Y is
CH,, Xa is C(=0), and Xb is CH, are also within the scope of the disclosure.

Table 7A
Compound No. Structure Name
N 0
Nl)\IN\}‘S 2~(6-amino-8~{(6-iodo-3-
NZ TN oxo-2,3-dihydro-1H-inden-
7A-] 2 ) 5-y1jthio)-9H-purin-9-y1)-
S0z . i .
)_ isopropylethanesulfonamide
NH, |
N,k)\/[N»_S 2-(6-amino-8-((6-iodo-3-
7A N7 TN 0x0-2,3-dihydro-1H-inden-
2 J 5-y1)thio)-OH-purin-9-y1)-
50, N-ethylethanesulfonamide
HN
AN
NHz |
N
le Y—s 2-(6-ami1l10~8—((6-10(_io-3-
7A.3 N 0x0-2,3-dihydro-1H-inden-
8 4 5-yhithio)-9H-purin-9-y1)-
50, N-methylethanesulfonamide
HN,
A\
NH, |
NS ”\%S 2-(6-amino-8-((6-iodo-3-
A4 kN N oxo-2,3-dihydro- 1 H-inden-
g 5-ylythio)-9H-purin-9-
0. o yl)ethanesulfonamide
2
HoN
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Compound No. Structure Name
NH; l
Nﬁﬁ;"\}_s 2-(6-amino-8-((6-iodo-3-
NZ N 0x0-2,3-dihydro-1H-inden-
TA5 Z 5-y])thic)-9H-purin-9-yl)-
50 0 N-(tert-
HN: ? butyl)ethanesulfonamide
/N
NH, 1
NS
P N>—S 2-(6-amino-8-((6-iodo-3-
N 0x0-2,3-dihydro-1H-inden-
TA-6 2 o 5-yDthio)-9H-purin-9-yl)-
50, N-
HN isobutylethanesulfonamide
WA, |
N
“ﬁ\\ Y—s 2-(6-amino-8-((6-iodo-3-
N oxo-2,3-dihydro-11-inden-
TA-7 5-ylithio)-9H-purin-9-yl)-
o]
50, N-cyclopropyl-
HN ethanesulfonamide
NH, |
N
Nl\ Vs N-(2-(6-atnino-8-((6-iodo-
N 3-0x0-2,3-dihydro-1H-
7A-8 2 inden-5-yl)thio)-9H-purin-
NH 0 9-yhethyljpropane-2-
08 sulfonamide
N ]
N N\>_S N-{2-(6-amino-8-((6-iodo-
tN/ N 3-ox0-2,3-dihydro-1H-
7A-9 inden-5-yljthio)-9H-purin-
0 9-
NH yethylethanesulfonamide
98
N |
N7 N\>_S N-(2-(6-amino-8-((6-iodo-
L Ay 3-0x0-2,3-dihydro-1H-
TA-10 inden-5-yl)thio)-9H-purin-
0 9-yDethylymethane-
NH sulfonamide
0,8
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Compound No, . Structure Name
NH; |
N)i'\‘\>_ s : N-(2-(6-amino-8-((6-iodo-
”\’N/ N 3-0x0-2,3-dihydro-1H-
TA-11 inden-5-yl)thio)-9H-purin-
I} 9-yl)ethyl)-2-
NH methylpropane-2-
023>§— sulfonamide
NH, |
NI/%/:N»_S N-(2-(6-amino-8-((6-iodo-
kN/ N 3-0x0-2,3-dihydro-1H-
TAL2 inden-5-yl)thio)-9H-purin-
! o) 9-ylethyl)-2-
NH methylpropane-2-
OS)T sulfinamide
NH; |
NN N-(2-(6-amino-§-((6-iodo-
”\J'\IN»—S 3-0x0-2,3-dihydro-1H-
7A-13 inden-5-y1)thio)-9H-purin-
2 I} 9-yDethyl)-2-
NH methylpropane-1-
028, < sulfonamide
NFp |
N
“,‘[\Jj Ss N-(2-(6-amino-8-((6-iodo-
NN 3-0x0-2,3-dihydro-1H-
TA-14 2 ) inden-5-y1thio)-9H-purin-
NH 9-ylethyl)cyclopropane-
0.8 sulfonamide
>
NH, |
NN
l)IN\>—S 3.(6-amino-8-((6-iodo-3-
N ox0-2,3-dihydro-1H-inden-
TA-15 o 5-yDthic)-9H-purin-9-yl)-
N-isopropylpropane-1-
0,8, sulfonamide
NH
NH; |
ljt[ S—s 3-(6-amino-8-((6-iodo-3-
N7 TN 0x%0-2,3-dihydro-1H-inden-
TA-16 S-yDithio)-9H-purin-9-yl)-
0 N-ethylpropane-1-
0,9 sulfonamide
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| CompoundNo. | Stuetwre | Name
NH, :
l‘[‘;\ N H-s 3-(6-amino-8-((6-iodo-3-
NZ N 0x0-2,3-dihydro-1H-inden-
TA-17 i 5-yDthio)-9H-purin-9-yl)-
0 N-methylpropane-1-
o sulfonamide
NH
=
L >-s 3-(6-amino-8-((6-iodo-3-
TALR NTTN ox0-2,3-dihydro-1H-inden-
Kt S-yDthio)-SH-purin-9-
yl)propane-1-sulfonamide
0,8,
NH,
NH, N
RN ; 3-[6-Amino-8-(6-iodo-3-
'f,\.IN%S%\ /\gr\‘ oxo-indan-5-ylsulfanyl)-
7A-19 ) purin-9-yl]-propane-1-
3 ° sulfonic acid tert-
OZS butylamide
NH; n
oy N, =
WLN/;\N\*S \ ¢ 3-[6-Amino-8-(6-iodo-3-
7A20 § oxo-indan-5-ylsulfanyl)-
‘ ° purin-9-yl]-propane-1-
023 sulfonic acid isobutyl-amide
NF; N_> 0
g == 3-[6-Amino-8-(6-iodo-3-
5:[[\;}—3—(% oxo-indan-5-ylsulfanyl)-
7A-21 ) purin-9-yl]-propane-1-
© sulfonic acid
NHOZEN*Q cyclopropylamide
2 I
N7 ’N\> e
LN N/ Propane-2-sulfonic acid {3-
TA22 i [6-amino-8-(6-iodo-3-0x0-
: °© indan-5-ylsulfanyl)-purin-9-
HN, yl]-propyl}-amide
50,
j‘\“z [
N = L
I\N/IN»—S N\ 7 Ethanesulfonic acid {3-[6-
7A23 amino-8-(6-iodo-3-oxo-
i o} indan-5-ylsulfanyl)-purin-9-
o yl}-propyl}-amide
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Compound No. Structure Nare
N, 7
RN N-{3-{6-Amitio-8-(6-iodo-
U4
7A24 2 \_Q 3-oxo-indan-5-ylsulfanyl)-
o purin-9-ylj-propyl}-
HN> methanesulfonamide
502
T
'ﬂ\ :l S5 \w p 2-Methyl-propane-2-
N N> sulfonic acid {3-[6-amino-
TA-25 o 8-(6-iodo-3-oxo-indan-5-
Hr~> yisulfanyl)-purin-9-yi]-
's0, propyl}-amide
o]
NFz !
S —
N S—g 2-Methyl-propane-2-
\_7
kN//\N J sulfinic acid {3-[6-amino-8-
TA-26 i o (6-iodo-3-oxo-indan-5-
ylsulfanyl}-purin-9-yl]-
HN ;
50 propyl}-amide
NH2 [
PN
N -
,\i /J:N\>_ S‘)\j/ 2-Methyl-propane-1-
N sulfonic acid {3-[6-amino-
7A-27 2 d 8-(6-iodo-3-0x0-indan~5-
? ylsulfanyl)-purin-9-yl]-
HN _ati
50, propyl}-amide
NHz ;>_‘
NS =
| 8
kN/ \N>“ \ />\’ Cyclopropanesulfonic acid
" i {3-[6-amino-8-{6-iodo-3-
A28 < oxo-indan-5-ylsulfanyl)-
HN purin-9-ylj-propyl} -amide
S0z
<
NH3 1
NN, ==
L N%S \ / 3-{6-Amino-8-(6-iodo-3-
7A-20 ‘ oxo-indan-5-ylsulfanyl)-
<: 3 purin-9-yl]-N-isopropyl-
0 propionamide
HN
)i
[IE2 0
N —
hi\l Y5l )~ 3-[6-Amino-8-(6-iodo-3-
7A-30 NN : oxo-indan-5-ylsulfanyl)-
: 2 i purin-9-yl]-N-ethyl-
0 ; )
=0 propionamide
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Compound No. Structure Name
Nz )
N _—
WLJI 3os i_% 3-[6-Amino-8-(6-iodo-3-
7A-31 NN oxo-indan-5-ylsulfanyl)-
4 purin-9-yl]-N-methyl-
o propionamide
HN
- NA; |
AN =
VT s 3-76-Ammino-8-(6-iodo-3-
7A-32 NN oxo-indan-5-ylselfaniyl)-
2 a4 purin-9-yl}-propionamide
=0
HoN
NFp )
|\1) SN =
i IN%S {7 3-[6-Amino-8-(6-iodo-3-
TA-33 NN oxo-indan-5-ylsulfanyl)-
&‘ o purin-9-yl]-N-tert-butyl-
o =0 propionamide
)
e,
NN =
§ IN\%S \ /4 3-[6-Amino-8-(6-iodo-3-
TA34 NTOR oxo-indan-5-ylsulfanyl)-
<r 3 putin-9-yl]-N-isobutyl-
N =0 propionamide
NHz i
N ==
f@:h}*sﬂ\f / 3.[6-Amino-8-(6-iodo-3-
TA35 ) oxo-indan-5-ylsulfanyl)-
§: o] purin-9-y1]-N-cyclopropyl-
i 0 propicnamide
Nz I,
NS N =
Iy ”\N'% 5\ 7 N-{2~[6-Amino-8-(6-iodo-~
TA36 N 3-oxo-indan-5-ylsulfanyl)-
2 a putin-9-yl]-ethyl}-
o NH isobutyramide
Nz
N-{2-{6-Amino-8-(6-iodo-
7A.37 3-oxo-indan-5-ylsulfanyl)-

purin-9-yl]-cthy!}-
propionamide
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Compound No.

Structure

Name

NHz

Jon e
11N5*'5"'\ {
N \ \,

N-{2-[6-Amino-8-(6-iodo-
3-oxo-indan-5-ylsulfanyl)-

7A-38 8 l purin-9-yl]-ethyl}-
NH acetamide
=
NF; ]
NN . .
Lo J7s N-{2-[6-Amino-8-(6-iodo-
NN . N
7A-19 3-oxo-indan-5-ylsulfanyl)-
' z d purin-9-yl}-ethyl}-2,2-
NH dimethyl- i ids
o imethyl-propionamide
L,
NN
L5\ N-{2-{6-Ammino-8-(6-iodo-
7A-40 N \ : 3-oxo-indan-5-ylsulfanyl)-
( o purin-9-yl]-ethyl}-3-
o NH methyl-butyramide
=2 i
N —
m&r}*s” \_7 j Cyclopropanecatboxylic
AL N acid {2-{6-amino-8-(6-iodo-
( 0 3-oxo-indan-5-ylsulfanyl)-
o { putin-9-yl]-ethyl} -amide
‘ NF; N
! AN = -{2-[6-Amino-8-(6-iodo-
; N N g N-{2-[6-Amino-8-(6-icdo
TA-42 lN//L 7R />\} 3-ox0-indan-5-ylsulfanyl)-

purin-9-yl}-ethyl}-
formamide

Table 9A lists specific examples in which X, is halogen and X, is halogen. In cach of the

structures as drawn, X, is I and X, is F. However, corresponding structures in which X, is H, Cl,

Br, or 1are within the scope of the disclosure. In each of the structures in Table 9A, Y is CH,.

5  However, corresponding structures in which Y is S and/or X; is F, Cl, or Br are also within the
scope of the disclosure. In each of the structutes in Table 9A, Xb is C(=0) and Xa is CH,.

However, corresponding structures where Xa is C(=0) and Xb is CH, are also within the scope of

the disclosure. However, comresponding 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 [, Y is S, Xa is C(=0), and Xb is CH, are also within the

scope of the disclosure.
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[ MCE)mpound No.

Structure

Name

9A-1

NH;

X

|
N
A
N
{0
50,

2~(6-amino-2-fluoro-8-((6-
iodo~3-0x0-2,3-dihydro-1H-
inden-5-yl)methyt)-9H-
purin-9-y1)-N-
isopropylethanesulfonamide

9A-2

2-(6-amino-2-fluoro-8-((6-
iodo-3-0x0-2,3-dihydro-1H-
inden-5-y)methyl)-9H-
purin-9-y1)-N-
ethylethanesulfonamide

9A-3

2-(6-amino-2-fluoro-8-((6-
iodo-3-0x0-2,3-dihydro-1 H-
inden-S-yl)methyl)-9H-
purin-9-yI)-N-
methylethanesulfonamide

9A-4

2-{6-amino-2-fluoro-8-({6-
iodo-3-o0x0-2,3-dihydro-1 H-
inden-5-ylymethyl)-9H-
purin-9-
yl)ethanesulfonamide

9A-5

2-(6-amino-2-fluoro-8-((6-
iodo-3-ox0-2,3-dihydro-1H-
inden-5-ylymethyl)-9H-
purin-9-y1)-N-(tert-
butyDethanesulfonamide

9A-6

2-(6-amino-2-fluoro-8-((6-
i0do-3-0x0-2,3-dihydro-1H-
inden-5-ylymethyl)-9H-
purin-9-yl1)-N-
isobutylethanesulfonamide
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Compound No. Structure Name
NH; |
N
N, ST 2-(6-amino-2-fluoro-8-((6-~
FONTTN iodo-3-0x0-2,3-dihydro-1H-
9A-7 2 inden-5-yl)methyl)-9H-
o} .
50, purin-9-y1)-N-cyclopropyl-
HN'}> ethanesulfonamide
NH; |
N
/N{& 3 N-(2-(6-amino-2-fluoro-8-
F7NNF N ((6-10do-3-0x0-2,3-dihydro-
9A-8 2 1H-inden-5-yl)methyl)-OH-
NH © purin-9-ylethyl)propanc-2-
o8 sulfonamide
NH; ;
N"‘ﬁ:N\ N-(2~(6-amino-2-{luoro-8-
. )LN/ N {(6-iodo-3-0x0-23-dihydro-
9A-9 1H-inden-5-yl)methyl)-9H-
o purin-9-
o SNH yl)ethyl)ethanesulfonamide
AN
N ;
NJ\IN\ N-(2-{(6-amino-2-fluoro-§-
. )‘\N/ N ((6-iodo-3-0x0-2,3-dihydro-
9A-10 1H-inden-5-yl)methyl)-9H-
¢} purin-9-yl)ethyhmethane-
NH sulfonamide
OgS\
NHy |
N7 N\ N-(2-(6-amino-2-fluoro-8§-
. N {(6-iodo-3-0x0-2,3-dihydro-
9A11 FFoN 1H-inden-5-ylymethyl)-9H-
2 0 purin-9-ylethyl)-2-
NH methylpropane-2-
Q25 sulfonamide
NH, |
NN N-(2-(6-amino-2-fluoro-8-
A N {(6-1odo-3-0x0-2,3-dihydro-
0A-12 FFN 1H-inden-5-ylymethyl)-9H-
0 purin-9-yl)ethyl)-2-
NH methylpropane-2-
OS)Y' sulfinamide
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Compound No. Structure Name
NH; |
NS N\ N-(2-(6-amino-2-fluoro-8-
J N ((6-iodo-3-0x0-2,3-dihydro-
oAL3 FoON 1H-inden-5-yl)methyl)-9H-
] 2 G purin-9-yl)ethyl)-2-
NH methylpropane-1-
a8 < sulfonamide
NHg |
NJ\/EN\ N-(2-(6-amino-2-fluoro-8-
F,J\N/ N ((6-iodo-3-0x0-2,3-dihydro-
1H-inden-5-ylymethyl)-9H-
9A-14 2 .
0 purin-9-
NH yl)ethyl)cyclopropane-
025, sulfonamide
NF :
Nlj\/[’“\ 3-(6-amino-2-fluoro-8-((6-
F)\N/ N iodo-3-0x0-2,3-dihydro-1H-
) inden-3-yl)methyl)-9H-
9A-15 g 0 purin-9-yl)-N-
0,8 isopropylpropane-1-
NH sulfonamide
NH 1
N)\/EN\ 3-(6-amino-2-fluoro-8-((6-
F*’N/ N>/\ iodo-3-0x0-2,3-dihydro-1H-
9A-16 inden-5-ylymethyl)-9H-
© purin-9-y1)-N-ethylpropane-
0,8 1-sulfonamide
NH
i
NFz |
N XN 3-(6-amino-2-fluoro-8-((6-
J\)IN\ O. iodo-3-0x0-2,3-dihydro-1H-
9A-17 FooN inden-5-yl)ymethyl)-9H-
- % 8 putin-9-y)-N-
methylpropane-1-
05, sulfonamide
NH
N, |
N/&N\ 3-(6-amino-2-fluoro-8-((6-
F)LN/ N iodo-3-0x0-2,3-dihydro-1H-
9A-18 § inden-5-yl)methyl)-9H-
S
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Compound No.

Structure

Name

3-(6-amino-2-fluoro-8-((6-
iodo-3-0x0-2,3-dihydro-1H-
inden-5-ylymethyl)-9H-

94-19 g purin-9-y1)-N-(tert-
butyl)propane-1-
025, _\< sulfonamide
HN
NH; ]
SN 3-(6-amino-2-fluoro-8-((6-
3 o
F/l/Nj:N O. iodo-3-ox0-2,3-dihydro-1H-
9A-20 inden-5-ylymethyl)-9H-
© purin-9-y1)-N-
08 isobutylpropane-1-
HN_>, sulfonamide
NF; |
NN 3-(6-amino-2-fluoro-8-((6-
PP iodo-3-0x0-2,3-dihydro-1H-
A1 F7ONTTN inden-5-yDmethyl)-911-
o) purin-9-y1)-N-
cyclopropylpropane-1-
0,8, i i
ZHN ’—Q sulfonamide
NH, i
NJ\VN\
| P N-(3-(6-amino-2-fluoro-8-
F7°N ((6-iodo-3-0x0-2,3-dihydro-
9A-22 3 1H-inden-5-yl)methyl)-9H-
purin-9-yDpropyl)propane-
HN\SO 2-sulfonamide
NH, |
NS -
| Y- N-(3-(6-amino-2-fluoro-8-
F)\ & O‘ ((6-iode-3-0x0-2,3-dihydro-
9A-23 1H-inden-5-yl)methyl)-9H-
4 v Y
purin-9-yl)propyl)ethane-
HN sulfonamide
50,
NH; |
/’i“\)\/[ N-(3-(6-amino-2-fluoro-8-
F7ONT ((6-iodo-3-0x0-2,3-dihydro-
9A-24 1H-inden-5-yl)methyl)-9H-

[}

purin-9-yl)propyl)methane-
sulfonamide
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Compound No. Structure Name
NH, I
N[)\IN\ N-(3-(6-amino-2-fluoro-8-
A N ((6-iodo-3-0x0-2,3-dihydro-
o 1H-ind Dymeth; l)y9H
95 -inden-5-ylymethyl)-SH-
9A-23 { o purin-9-yl)propyl)-2-
HN methylpropane-2-
7<SO; sulfonamide
NH, |
NIJTN\ N-(3~(6~amino-2-fluoro-8-
F)\ “ N ((6-iodo-3-0x0-2,3-dihydro-
YO 1H-inden-5-ylymethyl)-g
R ~inden-3-yl)methyl)-9H-
94-26 < o purin-9-yDpropyl)-2-
g methylpropanc-2-
7<SO sulfinamide
T 0
Njﬁ:N\ N-(3-(6-amino-2-fluoro-8-
F)\N/ N ((6-iodo-3-0x0-2,3-diliydro-
g 1H-inden-5-ylymethy!)-9H-
9427 { o purin-9-yhpropyl)-2-
HN methylpropane-1-
: 50, sulfonamide
NHz 0
/N{%:N\ N-(3-(6-amino-2-fluoro-8-
E NN N ((6-i0do-3-0x0-2,3-dihydro-
9A28 i I 1H—inden—5-yl)methyl)—‘)H—
purin-9-
HN) yhpropyljcyclopropane-
<rsoz sulfonamide
NH |
N[)\;/N\ 3-(6-amino-2-flucro-8-((6-
FNNEN iodo-3-0x0-2,3-dihydro-1H-
9A-29 inden-5-yl)methyl)-9H-
o : -
o purin-9-y1)-N-
HN)_ isopropylpropanamide
NH, |
N~%;N\ 3-(G-amino-2-fluoro-8-{(6-
AP iodo-3-0x0-2,3-dihydro-1H-
9A-30 inden-S-ylymethyl)-9H-
o] purin-9-yl)-N-
i o cthylpropanamide
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Compound No. Structure Name
NF; |
NS N 3-(6-amino-2-fluoro-8-((6-
. )LN/ N 1odo-3-0x0-2,3-dihydro-1H-
9A-31 inden-5-yl)methyl)-9H-
Q puarin-9-yI}-N-
N O methylpropan-amide
N 0
N[ SN 3~(6-amino-2-fluoro-8-((6-
0A-32 F)\’N/ N iodo-3-0x0-2,3-dihydro-1H-
inden-3-y)methyl)-9H-
o o purin-9-yl)propanamide
HoN
NH, |
i > N\>/ 3-(6-amino-2-fluoro-8-((6-
F N N iodo-3-0x0-2,3-dihydro-1H-
9A-33 inden-5-yl)methyl)-9H-
o e purin-9-y1)-N-(tert-
HN}Z_ butyl)propanamide
i NI, ]
‘ j“\)ﬁ:N\ 3-(6-amino-2-fluorc-8~{(6~
F7 N7 N iodo-3-0x0-2,3-dihydro-1H-
9A-34 inden-5-yl)methyl)-9H-
o ° purin-9-y1)-N-
HN : isobutylpropanamide
[ NHp |
)N‘\\ N 3-(6-amino-2-fluoro-8-((6-
F7NT N 10do-3-0%0-2,3-dihydro-1H-
9A-35 d inden-5-ylymethyl)-9H-
o purin-9-y1)-N-
HN)> cyclopropylpropanamide
NH, |
j‘|\\ A\ N-(2-(6-ataino-2-fluorc-8-
FNNT N ((6-iodo-3-0x0-2,3-dihydro-
9A-36 2 ! 1H-inden-5-yl)methyl)-9H-
NH © purin-9-
o:§7 ylethyl)isobutyramide
NH; I
NS N N-(2-(6-amino-2-fluoro-8-
. )LN/ N ((6-iodo-3-0x0-2,3-dihydro-
9A-37 1H-inden-5-yl)methy!)-9H-
0 purin-9-
NH ; i
O:<__ yhethyl)propionamide
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Compound No. Structure Name
NH, i
N
)N[\)\/VL 3 N-(2-(6-amino-2-fluoro-8-
9A-38 F7oNT N ((6-iodo-3-0x0-2,3-dihydro-
2 4 1H-inden-5-y1)methyl)-SH-
NH purin-9-yhethyljacetamide
~
N,
N‘)\[N\ N-(2-(6-amino-2-fluoro-8-
9A-39 F)\Nf N J ({6-i0do-3-0x0-2,3-dihydro~
2 1H-inden-5-ylymethyl)-9H-
\H o purin-9-ylethyhformamide
o=/
NH, |
NS
AL Ay N-(2-(6-amino-2-fluoro-8-
OAL0 N {(6-i0do-3-0%0-2,3-dihydro-
2 0 1H-inden-5-yl)methyl)-9H-
o :§‘Z purin-9-yDethyl)pivalamide
NF; |
NN~ N-(2-(6-amnino-2-fluoro-8-
] 3 {(2-(6-amino-2-fluoro
AT {(6-iodo-3-0x0-2,3-dihydro-
9A-41 2 1H-inden-5-yDmethyl)-SH-
WH 0 purin-9-yl)ethyl)-3-
0=<_< methylbutanamide
NH, i
NJ\IN\ N-(2-(6-amino-2-fluoro-8-
. iN/ N ((6-iodo-3-0x0-2,3-dihydro-
QAT 1H-inden-5-yl)methyl)-9H-
2 s] purin-9-
NH yDethyl)cyclopropane-
O:ﬂ> carboxamide

E-I.  Insome embodiments of the disclosure, X; 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,

in which X, is an optionally substituted aryl, including but not limited to pyrazolyl, LH-pyrazol-3-

1, oxazolyl, oxazol-2-yl, thiazolyl, thiazol-2-yl, furanyl, furan-2-yl, and 5-methylfuran-2-yl.

E-Il.  In some embodiments of the disclosure, X; is an alkynyl group, e.g., ethynyl, 1-

prop-1-ynyl, and 3-prop-1-ynyl. Specific examples of compounds within the scope of this aspect of

the disclosure correspond to the compounds disclosed in Tables 7A and 9A, or variations thereof as

described in A. and E-L above, in which X; is an alkynyl group.



WO 2012/138894 PCT/US2012/032371

125

E-IV. In some embodiments of the disclosure, X, is an amino group, i.e., -NRR,,
wherein R; and R, are each independently H, Cy-C; alkyl, C,-Cs alkenyl, C,-Cs alkynyl, cycloalkyl,
heteroalkyl, heterocycloalkyl, aryl, hetercaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl,
or alkylheteroarylalkyl. Specific examples of compounds within the scope of this aspect of the

5 disclosure correspond to the compounds disclosed in Tables 7A and 9A, or variations thereof as

described in A. and E-I. above, in which X; is an amino group.

F. Compounds of Formula (IA) in Which Xa and Xb Each Comprise Hydrocarbon
In accordance with ancther embodiment of the disclosure, the compounds are of Formula
10 (1A) in which Xa, Xb and Xc all comptise hydrocarben 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):
NH, X,
AN N
/NE\//l\ \> Y Xa
P \
X4 N N\ ‘/,'}(c
R X

@
15 ora phannaceuﬁcally acceptable salt thereof, wherein:
Xa-Xc¢-Xb is CH,-CH,-CH,, CH=CH-CH,, or CH,-CH=CH,
Y is CIL; or S;
X, 18 hydrogen or halogen;

R is ais 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(R)-, -NR,S(0)-, -SO;N(R A)-, -NR,SO;-, ~-C(O)N(R 1)-, o -NR,C(O)-, and/or
terminated by -S(O)NRaRg, -NR4S(O)Rg, -SO,NR Ry, -NR(SO,Rp, -C(O)NR4Rg, or -
NRAC(O)Rg, wherein each R, and Ry is independently selected from hydrogen, Ci-Cs alkyl, C,-Cs
25 alkenyl, C;-Cq alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl,
arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylhetercarylalkyl; and

X, is as disclosed below.

F-L In some embodiments of the disclosure, X, is halogen. Table 3A lists specific

examples of compounds within this embodiment. In each of the structures as drawn, X; is Tand X4
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is H. However, corresponding structures in which X; is ¥, 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 CIl; and/or X, 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 X, is F, Cl,

5  orBrandY is CH, are also within the scope of the disclosure.

Table 3A
Compound No. Structure Name
NHz 1
N
L %s% 2-{6-Amino-8-(6-iodo-indan-
N7 TN .
1A-1 S-ylsulfanyl)-purin-9-yl]-
ethanesulfonic acid
HN,SOQ isopropylamide
NHa 1
lt S5 ) 2-[6-Amino-8-(G-iodo-indan-
3A2 N J S-ylsulfanyl)-purin-9-y1]-
ethanesulfonic acid
50, ethylamide
HN
N
NFz 1
N —
N yos \}ﬂ/ 2-{6-Amino-8-(6-iodo-indan-
1A SN ) 5-ylsulfany!)-purin-9-yl]-
ethanesulfonic acid
505 methylamide
HN
N2 I
X
U %SQ?) 2[6-Amino-8(6-iodo-indan-
3A4 NTTN 5-ylsulfanyl)-purin-9-y1}-
ethanesulfonic acid amide
50,
HoN
N ,
NN f
LA s \_@ 2-[6-Amino-8-(6-iodo-indan-
3A5 S-ylsulfanyl)-purin-9-yl]-
2 ethanesulfonic acid tert-
HN,SOz butylamide
NHz I,
NJTN\ —
S 2
P '% 2-[6-Amino-8-(6-iodo-indan-
AAG 8 3-ylsulfanyl)-purin-9-yl}-
. S0 ethanesulfonic acid isobutyl-
g o amide
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Compound No. Structure Name
Nz 0
NN J;
&)N:[N\*S % 2-[6-Amino-8-(6-iodo-indan-
357 S—ylsulfanyl)—pu'rin—9‘—yl]~
ethanesulfonic acid
80, - . :
an cyclopropylamide
NH2 1
NS =
L N>7 SN 4 Propane-2-sulfonic acid {2-
3A-8 N \ [6-amino-8-(6-iodo-indan-5-
ylsulfanyl)-purin-9-yl]-
NH ethyl}-amide
0,8
NH2 |
L I S—s W Ethanesulfonic acid {2-[6-
149 NN (\j amino-8-(6-iodo-indan-5-
2 ylsulfanyl)-purin-9-yl]-
WH ethyl}-amide
0,8
NHz |
N‘Lﬁ N s N-{2-[6-Amino-8-(6-iodo-
3A-10 NTTN indan-5-ylsulfanyl)-purin-9-
yll-ethyl}-
NH methanesulfonamide
0,8
\
NH2 |
N7 -
0
kN/ N \ /\/ 2-Methyl-propane-2-sulfonic
3A-11 2 acid {2-[6-amino-8-(6-iodo-
NH indan-5-ylsulfanyl)-purin-9-
ozs>T yl]-ethyl} -amide
NHz )
NS =
l\/‘:LN\%SHz\:b 2-Methyl-propane-2-sulfinic
3A-12 - acid {2-[6-amino-8-(6-iodo-
indan-5-ylsulfanyl)-purin-9-
NH 1]-ethyl}-ami
os yl]-ethyl}-amide
NFz !
NS ’N\>‘S >: >\\ L.
L ‘\\_/\ ‘ 2-Methyl-propane-1-sulfonic
aA-13 N -, acid {2-[6-amino-8-(6-iodo-

indan-5-ylsulfanyl)-purin-9-
yl]-ethyl}-amide
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Compound No. Structure Name
NH» i
SN =
I\iN/J: N\>~ S% Cyclopropanesulfonic acid
3A-14 {2-[6-amino-8-(6-iodo-
indan-S-ylsulfanyl)-purin-9-
OQJNH yl]-ethyl} -amide
N5 b |
A v
(P e 3 - codon
“N© N A 3-[6-Amino-8-(6-iodo-indan-
3A-15 S-ytsulfaryl)-purin-9-y1]-
propane-1-sulfonic acid
oo isopropylamide
NH
NHz2 I
NN
| N\fs 3-[6-Amino-8-(6-iodo-indan-
3A-16 N § S-ylsulfanyl)-purin-9-yl}-
propane-1 -sulfonic acid
o ethylamide
N
_/
NHy |
NN =
LAy 3[6-Amino-8-(6-iodo-indan-
3A-17 N § 5-ylsulfanyl)-purin-9-yl]-
propane-1-sulfonic acid
0.8 methylamide
“NH
NHa '
NN =
L L > 3-[6-Amino-8(6-iodo-indan-
3418 N 5-ylsulfanyl}-purin-9-yl}-
propane-1-sulfonic acid
amide
0,8
| *NH,
; NH2 1,
X
L \1\ S 3-[6-Amino-8-(6-iodo-indan-
3A-19 N S-ylsulfanyl)-purin-9-yl]-

propane-1-sulfonic acid tert-
butylamide
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Compound No. Structure Name
N i
N -
d—s
Q»N»/ N>_ {/b‘ 3-[6-Amino-8-(6-iodo-indan-
S-ylsulfanyl)-purin-9-yl]-
3420 propane-1-sulfonic acid
0.8 isobutyl-amide
s
NHa2 1
SN —
N\ /L \>—S‘<; /ti 3-[6-Amino-8-(6-iodo-indan-
1421 NN 5-ylsulfanyl)-purin-9-y1]-
- propane-1-sulfonic acid
cyclopropylamide
0.8,
H—]
NH2 0
N SN
L N\>‘S \ Propane-2-sulfonic acid {3~
N A [6-amino-8-(6-iodo-
3A-22 2,3,3a,7a-tetrahydro-1H-
: inden-5-ylsulfanyl)-purin-9-
HN y -ami
S0, yl]-propyl}-amide
NFZ |
N/\< s
[ k"s”\ / Ethanesulfonic acid {3-[6-
N N . . .
1423 amino-8-(6-iodo-indan-5-
ylsulfanyl)-purin-9-y1}-
N propyl}-amide
50,
MR
N/‘\ N —
i :[N\%S Wy N-{3-[6-Amino-8-(6-iodo-
3404 N indan-5-ylsulfanyl)-purin-9-
i yl]-propyl}-
methanesulfonamide
HN
80,
NHZ N
SN
Mg
L N>‘ % 2-Methyl-propane-2-sulfonic
acid {3-[6-amino-8-(6-iodo-
3425 indan-5-ylsulfanyl)-purin-9-
HN yi]-propyl}-amide
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Compound No. Structure Name
W
N =
Y Ys
k/NIN>_ )\\% 2-Methyl-propane-2-sulfinic
3426 acid {3-[6-amino-8-(6-iodo-
indan-5-ylsulfanyl)-purin-9-
HN y1}-propyl}-amide
0
NHz ‘
_N
DR .
NN 2-Methyl-propane-1-sulfonic
~ acid {3-[6-amino-8-(6-iodo-
3827 indan-5-ylsulfanyl)-purin-9-
HN yl]-propyl}-amide
80,
e [
NS =
(I s >\ 7 Lo
NN Cyclopropanesulfonic acid
R {3-{6-amino-8-(6-iodo-
34-28 indan-5-ylsulfanyl)-purin-9-
HN yl]-propyl}-amide
50,
NFz ;
NS '
Leha ‘ 3-[6-Amino-8-(6-iodo-indan-
3A-29 S-ylsulfanyl)-purin-9-yl}-N-
~0 isopropyl-propionamide
HN
NH2 )_ |
NS =
l)N:[N\*Sj\\:b 3-[6-Amino-8-(6-iodo-indan-
3A-30 S-ylsulfanyl)-purin-9-yi]-N-
ethyl-propionamide
O
HN
NG !
N b\
§ N\>‘ST\_.© 3-[6-Amino-8-(6-iodo-indan-
3A-31 S-ylsulfanyl)-purin-9-y1]-N-
methyl-propionamide
o]
HN\
N, i
NS =
u\)l %SQ 3-{6-Amino-8-(6-iodo-indan-
3A-32 NN j 5-ylsulfanyl)-purin-9-yl]-
.
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Compound No. Structure Name
NH> |
DUt
NN Way 3-[6-Amino-8-(6-iodo-indan-
3A-33 S-ylsulfanyl}-purin-9-y1|-N-
o tert-butyl-propionamide
HN
NF |
NN ==
\)I s -
L~N/ 'N>— ‘)\\:b 3-[6~Amino-8-(6-iodo-indan-
3A-34 S-ylsulfanyl)-purin-9-yl{-N-
o isobutyl-propionamide
HN
NFz I
NS N\%S*}:
L, - \_/ . o
NT TN J 3-[6-Amino-8-(6-iodo-indan-
3A-35 S-ylsulfanyl)-purin-9-y1}-N-
o cyclopropyl-propionamide
HN
NF |
NSy
LA N-{2-[6-Amino-8-(6-iodo-
3A-36 ' > - indan-5-ylsulfanyl)-purin-9-
yi]-ethyl}-propionamide
NH
NHz |
NN
Ll 7 N-{2-[6-Amino-8-(6-iodo-
3A-37 2 -~ indan-5-ylsulfany!)-purin-9-
yi]-ethyl}-propionamide
NH
NH2 |
NN =
|\)N:[N‘>S ' ‘C/zj N-{2-[6-Amino-8-(6-iodo-
3A-38 2 indan-5-ylsulfanyl)-purin-9-
yl]-ethyl} -acetamide
NH
NHz |>—_*
NN =
kJ:LN\FS*\\_)xﬁ N-{2-[6-Amino-8-(6-iodo-
1A-39 N 2 - indan-5-ylsulfanyl)-purin-9-

yl]-ethyl}-2,2-dimethyl-
propionamide
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Compound No. Structure Name
NFz 0
RO
1 /IN*S kz\\ N-{2-[6-Amino-8-(6-iodo-
3A-40 N e indan-5-ylsulfanyt)-purin-9-
2 yij-ethyl}-3-methyl-
O:{‘H butyramide
NA; |
s
L N>“S \ />\\ Cyclopropanecarboxylic acid
AL N {2-[6-amino-8-(6-iodo-
: 2 indan-5-ylsulfanyl)-purin-9-
O:{ yl]-ethyl}-amide
N ‘>~ﬁ
DR : N-{2-[6-Amino-8-(6-iodo-
3A-42 indan-5-ylsulfanyl)-purin-9-
yi]-ethyl}-formamide
NH
N-{3-[6-Amino-8-(6-
3A-43 ethynyl-indan-5-ylsulfanyl)-
purin-9-y1]-propyl} -
methanesulfonamide
HN
50,
Ly !
Xy N,
1 o~ %S&% N-{3-[6-Amino-8-(6-iodo-
3444 indan-5-ylsulfanyl)-purin-9-
yi]-propyl}-2,2-dimethyl-
H propionamide
N
NF; :
N
fj\ ; s%
N N-{3-[6-Amino-8-(6-iodo-
3A45 indan-3-ylsulfanyl)-purin-9-
N yi]-propyl}-isobutyramide
e
Nz .
A -
hikN/ N\)—s% Cyclopropanecarboxylic acid
3446 {3-[6-amino-8-(6-iodo-
indan-5-ylsulfanyl)-purin-9-
NH yil-propyl}-amide
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Compound No. Structure Name
NF; n
N
h‘kt[,q\ S{b N-{3-[6-Amino-8-(6-iodo-
A4 indan-S-ylsulfanyl)-purin-9-
yl}-propyl}-2-hydroxy-
NH propionamide
OH
NFz 1
l):I Ss Acetic acid 1-{3-[6-amino-8-
N (6-iodo-indan-5-ylsulfanyl)-
3A-48 purin-9-yl]-
propylcarbamoyl}-1-methyl-
NH
LAc ethyl ester
o
NH; 7
N,
h‘L)NI *S% N-{3-[6-Amino-8-(6-iodo-
3A49 indan-5-ylsulfanyl)-purin-9-
yi]-propyl}-2-hydroxy-2-
NH methyl-propionamide
0')7<OH

Table 6A ists specific examples in which X, is halogen and X, is halogen. In each of the

structures as drawn, X, is T and X, is F. However, corresponding structures in which X, is H, Cl,

Br, ot I are within the scope of the disclosure. In each of the structures in Table 6A, Y is CH,.

However, corresponding structures in which Y is S and/or X, is F, Cl, or Br are also within the

seope of the disclosure. Additionally, in connection with each of the structures in Table 6A,

corresponding structures in which Xy is I, Cl, Br, or Iand Y is S are also within the scope of the

disclosure.
Table 6A
Compound No, Structure Name
!
NN, \2:\ 246 :
| N -(6-amino-2-fluoro-8-((6-
B N:[N?/ L@ iodo-2,3-dihydro-1H-inden-
6A-1 ( 5-yl)methyl)-9H-purin-9-y1)-
N-
50
oo isopropylethanesulfonamide
NH, )7 |
N
/Nﬁj 3 .2-(6-amino-2-ﬂuoro—§-((6-
6A2 FOONT TN ] iodo-2,3-dihydro-1H-inden-
( 5-yl)methyl)-9H-purin-9-yl)-
S0, N-ehtylethanesulfonamide
HN
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Compound No. Structure Name
NHz 1
N — .
l\/ VJ\T >\\ 2-(6-amino-2-fluoro-8-((6-
6A3 £ONTTN \—\/; iodo-2,3-dihydro-1H-inden-
2 S-ylymethyl)-9H-purin-9-y1)-
S0, N-methylethanesulfonamide
HN
N
W ,
NS 2-(6-amino-2-fluoro-8-((6-
Ak A NV\Q\l iodo-2,3-dihydro-1H-inden-
- 5-yDmethyl)-9H-purin-9-
\ ylethanesulfonamide
S0z
HoN
TFiz 5
/Nl TNVA\)\_ p 2-(6-amino-2-fluoro-8-((6-
FONT TN ) iodo-2,3-dihydro-1H-inden-
6A-5 ) S-ylymethyl)-9H-purin-9-y1)-
{ P
50, N-{tert-
HN butyljethanesulfonamide
NH; ,%
N7 SN =
L)IN‘Y ® 2-(6-amino-2-fluoro-8-((6-
FFN 5 iodo-2,3-dihydro-1H-inden-
6A-6 5-yDmethyl)-9H-purin-9-yl)-
80, N-
HN isobutylethanesulfonamide
NH2 |
N,J\/[N\ \“ p 2-(6-amino-2-fluoro-8-((6-
BN TN = iodo-2,3-dihydro-1H-inden-
6A-7 ) 5-yDmethyl)-SH-purin-9-yl)-
<
80, N-cyclopropyl-
HNL\ ethanesulfonamide
127 |
N XN — .
| B N-(2~(6-amino-2-fluoro-8-
,:/\N/IN \\/w ((6-iodo-2,3-dihydro-1H-
6A-8 <> inden-$-ylymethyl)-9H-
NH purin-9-yl)ethyl)propane-2-
0,5 sulfonamide
NHa |
NN N-(2-(6-amino-2-fluoro-8-
. iN,/IN\yN\ / ((6-iodo-2,3-dihydro-1H-
6A-9 2 inden-5-yl)methyl)-9H-
purin-9-

yDethylethanesulfonamide
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Compound No. Structure : Name
NF; | :
N‘J\TN\ \): | N-(2-(6-amino-2-fluoro-8-
A N Qw ((6-i0do-2,3-dihydro-1H-
6A-10 2 ! inden-5-yl)methyl)-9H-
. purin-9- .
o S,/NH ylethyl)methanesutfonamide
2
G
N7 SN = N-(2-(6-amino-2-fluoro-8-
P IN \ /T ((6-iodo-2,3 -dihydro-1H-
AL PN 2 A inden-5-ylymethyl)-9H-
. purin-9-yl)ethyf)-2-
NH methylpropane-2-
OZS>r sulfonamide
NHg 1
NN )= N-(2-(6-amino-2-fluoro-8-
2L z\ﬁ /@ ((6-iodo-2,3-dihydro-1H-
6412 FFoN 5 inden-5-ylymethy!)-9H-
< purin-9-yljethyl)-2-
N methylpropane-2-
08, sulfinamide
/
NF3 0
NSNS N-(2-(6-amino-2-fluoro-8-
gy N ((6-iodo-2,3-dihydro-1H-
CA13 NN inden-5-yl)methyl)-9H-
4 purin-9-yDethyl)-2-
NH methylpropane-1-
08 sulfonamide
NHa I
|\1 S — N-(2~(6-amino-2-fluoro-8-
. AN,, N \_/ ((6-i0do-2,3-dihydro-1H-
6A14 <> ' inden—S-yl)me;hy])—QH-
purin-9-
NH yl)ethyl)eyclopropane-
0,8 .
sulfonamide
NH, [%
NN
Py N\>/ N />\j 3-(6-amino-2-fluoro-8-({6-
FoON ; iodo-2,3-dihydro-1H-inden-
6A-15 5-yl)ymethyl)-9H-purin-9-y1)-
) N-isopropylpropane-1-
OZS\NH sulfonamide
—




WO 2012/138894 PCT/US2012/032371

136
Compound No. Structure Name
NF2 ]
"(&N\ 3-(6-amino-2-fluoro-8-{(6-
F N N iodo-2,3-dihydro-1H-inden-
6A-16 2 5-ylymethyl)-9H-purin-9-y1)-
) N-ethylpropane-1-
0.8 sulfonamide
NH
NH;T/ ]
SN 3-(6-amino-2-fluoro-8-((6-
F/L)ND:N>/\ % iodo-2,3-dihydro-1H-inden-
6A-17 ) 5-ylmethyl)-9H-purin-9-y1)-
<) N-methylpropane-1-
0,8 sulfonamide
NH
NHz )
N
j Y\{\:@ 3-(6-amino-2-fluoro-8-((6-
T FUONTN iodo-2,3-dihydro-1H-inden-
2 S-yDmethyl)-9H-purin-9-yl)-
) N-propanesulfonamide
0,8
NH,
NHp |
N,)\\IN\V\ 3-(6-amino-2-fluoro-8-((6-
F)\N/ N iodo-2,3-dihydro-1H-inden-
6A-19 ) 5-ylymethyl)-9H-purin-9-y1)-
N-(tert-butyl)propane-1-
025: sulfonamide
HN:
N |
NI D /N\> \7/ 3-(6-amino-2-fluoro-8-((6
NN iodo-2,3-dihydro-1H-inden-
6A-20 2 S-yl)methyl)-9H-purin-9-y1)-
) N-isobutylpropane-1-
045, sulfonamide
HN—,
NHz i
N7 N\>/\ )= 3-(6-amino-2-fluoro-8-((6-
N Y iodo-2,3-dihydro- H-inden-
6A-21 ) 5-yl)ymethy!)-9H-purin-9-yl)-
g N-cyclopropylpropane-1-
0.8 sulfonamide
AN—]




WO 2012/138894

PCT/US2012/032371

purin-9-yi)propyl)-2-
methylpropane-1-
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Compound No. Structure Name
NFz 1
NN =
» NV\\ p N-(3-(6-amirno-2-fluoro-8-
3 ! ((6-i0do-2,3-dihydro-1H-
6A-22 g inden-5-yl)methy!)-9H-
) purin-9-yl)propyl)propane-2-
HN, sulfonamide
S0,
4
NHz t
NN = .
T % N-(3-(6-amino-2-fluoro-8-
F/\N//[N N4 ((6-i0do-2,3-dihydro-1H-
6A-23 2 inden-5-y)methyl)-9H-
) purin-9-
HN yl)propyl)ethanesulfonamide
80,
NFZ 1
NS~ N-(3-(6-amino-2-
| D -(3-(6-amino-2-fluoro-8-
. N//EN‘ N7 {(6-i0d0-2,3-dihydro-1H-
6A-24 ) inden-5-ylymethyl)-9H-
g purin-9-yDpropyl)methane-
HN sulfonamide
'S0,
NHz I
NS N-(36-amino-2-fluoro-8-
NN {(6-i0do-2,3-dihydro-1H-
y inden-5-yl)methyl)-9H-
64-25 purin-9-yl)propyl)-2-
HN methylpropane-2-
50, sulfonamide
: NHy - |
i Y - .
{ m N-(3-(6-amino-2-fluoro-8-
F)\NJ:N\ L() ((6-0do-2,3-diltydro-1H-
inden-5-yl)methy!)-9H-
6A-26 ]
purin-9-yl)propyl)-2-
HN methylpropane-2-
7<‘SO sulfinamide
NHy ; |
NSNS N-(3-(6-amino-2-fluoro-8-
A N4 ((6-i0d0-2,3-dihydro-1H-
6A-D7 g\ inden-5-yl)methyl)-9H-
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Compound No. Structure Name
NH2 |
NTSIN N-(3-(6-amino-2-fluoro-8-
| 3 ) (3-(6-amino-2-fluoro
N A ((6-i0do-2,3~dihydro-1H-
6AD8 ) inden-5-yDmethyl)-9H-
% purin-9-
HN yhpropyl)cyclopropane-
50, sulfonamide
NFz "
B
I ‘N>/ \_/ 3-(6-amino-2-fluoro-8-((6-
6A.20 F iodo-2,3-dihydro-1H-inden-
- 2 5-yl)methyl)-9H-purin-9-y1)-
HN):O N-isopropylpropanamide
b
,./THZ 1
)Nl\ :IN\-V\(\— y: 3-(6-amino-2-fluoro-8-((6-
6A-30 NN iodo-2,3-dihydro-1H-inden-
) 5-ylymethyl)-9H-purin-9-y1)-
g:o N-ethylpropanamide
HN
”j‘iHZ |
/"ﬁ \/IN\>/\©\ 3-(6-amino-2-fluoro-8-((6-
saal PN () |iodo-2,3-dihydro-1 Heinden-5-
<> yl)methyl)-9H-purin-9-y1)-N-
=0 methylpropanamide
HN
NF 0
NS = 3-(6-amino-2-fluoro-8-((6-
P NV N/ iodo-2,3-dihydro-1H-inden-
6A-32 F )
5-yl)ymethyl)-9H-purin-9-y1)-
o N-propanamide
Hot
WH, 0
NS =
A >/\<\ / 3~(6-amino-2-fluoro-8-{(6-
FON N j . . N
6A-31 5 iodo-2,3-dihydro-1H-inden-
& S-ylymethyl)-9H-purin-9-yt)-
o =0 N-(tert-butyl)propanamide
H; )L "
NS N ==
A N>/ ™/ 3-(6-amino-2-fluoro-8-{(6-
6A34 L \ h iodo-2,3-dihydro-1H-inden-

S-yl)ymethyl)-9H-purin-9-y1)-
N-isobutylpropanamide
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Campound No. Structare Name
NP 0
e
. )\N,/ R ‘ 3-(6-amino-2-fluoro-8-((6-
6A35 iodo-2,3-dihydro-1H-inden-
’ S-ymethy!)-9H-purin-9-yl)-
N 0o N-cyclopropylpropanamide
NH; 1
N’L\IN\ o
. )‘\N{ N \_/ {-(2-(6-amino-2-fluoro-8-((6-
odo-2,3-dihydro-1H-inden-5-
6A-36 )
< yl)methyl)-9H-purin-9-
o :(NH yl)ethyl)isobutyramide
TH, )— | |
NJ\AFNV = i N-(2-(6-amino-2-fluoro-8-
. )'\N, N \_/ ((6-iodo-2,3-dihydro-1H-
6A-37 5 inden-5-ylymethyl)-9H-
< purin-9-
o ;{NH yDethyl)propionamide
NH; "
NN ,
iy el W N-(2-(6-amino-2-fluoro-8-
6A-38 F N ((6-iodo-2,3-dihydro-1H-
2 inden-5-yl)methyl)-9H-
NH purin-9-yDethyacetamide
0=
oy
I/ TN\ = N-(2-(6-amino-2-fluoro-8-
A9 At Ny D ((6-iodo-2,3-dihydro-1H-
> inden-5-yDmethyl)-9H-
§NH purin-9-yethyl)formamide
NH(Z:/ |
NS )=
/u‘NINV W' N~(2-(6-amino-2-fluore-8-
6A-40 N ((6-iodo-2,3-dihydro-1H-
{ inden~5-y)methyl)-9H-
o NH purin-9-yDethyl)pivalamide
NFa \
1\ N \7 ) N-(2-(6-amino-2-fluoro-8-
EONE TN ((6-iodo-2,3-dihydro-1H-
6A-41 ) inden-5-ylymethyl)-9H-

purin-9-yljethyl)-3-
methylbutanamide
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. Compound No, Structure Name
NHy 1
NJ\IN\ = N-(2-(6-amino-2-fluoro-8-
. ' N \ /T ((6-iodo-2,3-dihydro-1H-
6A42 ) 1nden-5—y])methy1)—9ﬂ-
4 purin-9-
NH yDethyl)eyclopropane-
OX carboxamide

Hsp90 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 E-Il.  In some embodiments of the disclosure, X; is an optionally substituted aryl.
Specific examples of compounds within the scope of this aspect of the disclosure cortespond to the
compounds disclosed in Tables 3A and 6A, or variations thereof as described in A. and F-1. above,
in which X, 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 S-methylfuran-2-yl.

10 F-IIl.  In some embodiments of the disclosure, X; 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 GA, or variations thereof as
described in A. and F-I. above, in which X, 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; is an amine group, i.e., -NR,R,,
wherein R; and R; are each independently H, C-Cs alkyl, C5-Cs alkenyl, C,-Cs alkynyl, cycloalkyl,
heteroalkyl, heterocycloallcyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl,
or alkylheteroarylalkyl. Specific examples of compounds within the scope of this aspect of the

20 disclosure correspond to the compounds disclosed in Tables 3A and 6A, or variations thereof as

described in A. and F-I. above, in which X, is an amino group.

G. Compounds of Formula (IA) in Which at Least one of Xa and Xb is CHF or CF,
In accordance with ancther embodiment of the disclosure, the compounds are of Formula
25 (IA)in which at least one of Xa and Xb is CHF or CFa, the other of Xa and Xb is CHF, CF,, or
CHa, and X¢ is CHa. Thus,rthe compounds of this embodiment can be represented by Formula (5):
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NH, X2
NN
I/Jj: \>"Y Xa
X7 kN/ N )
‘ ‘ . Xb
R
)

ot a pharmaceutically acceptable salt thereof, wherein:
at least one of Xa and Xb is CHF or CF; and the other is CHF, CF3, or CHy;
5 Y is CH,, O, or §;
X, is hydrogen or halogen;

R is a is straight-chain- or branched- substituted or unsubstituted alkyl, strai ght-chain- or
branched- substituted or unsubstituted alkenyl, straight-chain- or branched- substituted or
unsubstituted alkynyl, or substituted or unsubstituted cycloalkyl wherein the R group is interrupted

10 by -S(O)N(R,)-, “NRAS(O)-, -8O,N(R,)-, -NR4SO7-, -C(OWNR )-, or -NRAC(O)-, and/or
terminated by -S(O)NRsRgs, -NRAS(O)Rgz, -SO,NR,Rg, -NRASO:Rp, -C(O)NRaRg, or -
NRAC(O)Rp, wherein each R, and Ry is independently selected from hydrogen, C;-Cy alkyl, C,-Cs
alkenyl, C,-Cs alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl,
arylalkyl, alkylheteroaryl, heteroarylalkyt, and alkylheteroarylalkyl; and

15 X, is as disclosed below.
In one embodiment, Y is O,
In another cmbodiment, Y is CH, or O
In another embodiment, Y is CH, or S.
In another embodiment, Y is O or S.

20 G-I, Insome embodiments of the disclosure, X; is halo gen. Table 8A lists specific
examples of compounds within this embodiment. In each of the structures as drawn, X, is I and Xy
is H. However, corresponding structures in which X, 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, or O and/or X, is F, Cl, Br, or I are also within the écope of the disclosure, In each

25 of the structures in Table 84, Xb is CHF and Xa is CH,. However, corresponding structures in
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which Xa is CHF and Xb is CH,, Xa is CF, and Xb is CH,, Xb is CF, and Xa is CH,, Xa is CHF
and Xb is CF, Xb is CHF and Xa is CF,, Xa is CHF and Xb is CHF, or Xa is CF, and Xb is CF,
are also within the scope of the disclosure. Additionally, in connection with each of the structures
in Table 8A, conresponding structures in which X; is F, Cl, or Br, Y is CH, or O, and Xa is CHF

5  and Xb is CHy, Xa is CF; and Xb is CH,, Xb is CF; and Xa is CH,, Xa is CHF and Xb is CF,, Xb is
CHF and Xa is CF,, Xa is CHF and Xb is CHF, or Xa is CF, and Xb is CF, are also within the

scope of the disclosure.

Table 8A
__Compound No. - Structure Name
2 |
T o 4
L Ly sy 2-[6-Amino-8-(3-fluoro-6-
RA-1 N 2 iodo-indan-5-ylsulfanyl)-
F purin-9-yl]-ethanesulfonic
HN,SOz acid isopropylamide
A
“dj:\%s % 2-{6-Amino-8-(3-fluoto-6-
8A-2 N md.o-mdan-S—ylsulfanyl)‘-
g purin-9-yl]-ethanesulfonic
50, acid ethylamide
HN
T
L > — 2 no-8-(" Wil
v Y—s W '-[6-A‘mmo 8-(3-fluoro-6
BA3 NN 10dp—1ndan-5—y15ulfany1)(—
2 ¢ purin-9-yl]-ethanesulfonic
50, acid methylamide
™
NHz 1
WJ\IN\ = 2-[6-Amino-8-(3-fluoro-6-
I L >s=4 ) o
8A-4 N N : 10@0-1ndan-5-y1su]fmyl)—
g ) purin-9-yl]-ethanesulfonic
50, F acid amide
HN
NFly )
N)\\» N =
| //[N‘%S W 2[6-Amino-8-(3-fluoro-6-
SAS N 2 J iodo-indan-5-ylsulfanyl)-
F purin-9-yl}-ethanesulfonic
HN,SOQ acid tert-butylamide
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Compound No. Structure Name
N I,
"f)\/N\\ L=
N S 4 2-[6-Amino-8-(3-fluoso-6-
8A-6 2 iodo-indan-5-ylsulfanyl)-
o F purin-9-y1]-ethanesul fonic
i"é 2 acid isobutyl-amide
NFz 0
SN 42:\
Il PN s \ 2-[6-Amino-8-(3-fluoro-6-
NTTN .
8A-7 iodo-indan-5-ylsulfanyl)-
F purin-9-yl}-ethanesulfonic
HN/SOZ acid cyclopropylamide
=
HH, ]
~
hlfj: >—s Propane-2-sulfonic acid {2-
RA-R N [6-amino-8-(3-fluorc-6-indo-
2 F indan-5-ylsulfanyl)-purin-9-
NH yl]-ethyl}-amide
(o773
>__
NF ,
N — . ;
"i j N\}s« p Etl'x‘anesulfomc acid {_2-[6-
8A-0 N . armno—8-(3-ﬂuoro-6-1qdn-
2 ¢ indan-5-ylsulfanyl)-purin-9-
NH yl]-ethyl}-amide
A
W
ﬁﬁ S5 ) N-{2-[6-Amino-8-(3-fluoro-
~ N < 6-iodo-indan-5-ylsulfanyl)-
8A-10 .
¢ purin-9-yl]-ethyl} -
‘NH methanesulfonamide
foX: 1
N
Nz !
AN —
N Ty 2-Methyl-propane-2-sulfonic
kNIN% N7 acid {2-[6-amino-8-(3-
I 8A-11 2 fluoro-6-iodo-indan-5-
{ NH F ylsulfanyl)-putin-9-yl]-
0,5 ethyl}-amide
NH, [
“i A N\>_S \_ ) 2-Methyl-propane-2-sul finic
N7 N . acid {2-[6-amino-8-(3-
8A-12 2 fluoro-6-iodo-indan-5-
NH F ylsulfamyl)-purin-9-yl]-
os ethyl}-amide




WO 2012/138894 PCT/US2012/032371

144
Compound No. Structure Naine
NH; )
NN = .
| N g 2-Methyl-propane-1-sulfonic
L NERW B acid {2-[6-amino-8-(3-
8A-13 2 fluoro-6-iodo-indan-5-
NH F ylsulfanyl)-purin-9-yl}-
0,5 , cthyl}-amide
NH, .
Sr ety -
Lo NF N\ /7 Cyclopropanesulfonic acid
8A-14 N {2-[6-amino-8-(3-fluoro-6-
F iodo-indan-5-ylsulfanyl)-
NH purin-9-yl]-ethyl}-amide
028
NF; |
/l\\/N \:\
TN g
‘\iN//KN% <\—© 3-[6-Amino-8-(3-fluoro-6-
iodo-i 5= amryl)-
8A-15 g 1odo.1ndan S-ylsulfanyl)
putin-9-yl]-propane-1-
0,8 sulfonic acid isopropylamide
NH
NHz |
N -
LT -
L W \ / 3-[6-Amino-8-(3-fluoro-6-
N iodo-indan-5-ylsulfanyl)-
8A-16 .
F purin-9-ylj-propane-1-
sulfonic acid ethylamide
0,8
NH
NF; ,
NN
o N‘%S O. 3-[6-Amino-8-(3-fluore-6-
N iodo-indan-5-ylsulfanyl)-
8A-17 .
F putin-9-yl]-propane-1-
sulfonic acid methylamide
058,
NH
NR
don e
VoI >-s 3-[6-Amino-$-(3-fluoro-6-
L \_¢
NN iodo-indan-5-ylsulfanyl)-
8A-18 .
¢ purin-9-yl]-propane-1-
sulfonic acid amide
0,8,
NH»
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Compound No.

Name

3-[6-Amino-8-(3-fluoro-6-
iodo-indan-5-ylsulfanyl)-

8A-19 purin-9-yl]-propane-1-
sulfonic acid tert-butylamide
ozs
HN
NH, |
\\r—s—g_\
'ﬁ\ I\ Q 3-6-Amino-8-(3-fluoro-6-
8A-20 iodo-indan-5-ylsulfanyl)-
F purin-9-yl}-propane-1-
0.8 sulfonic acid isobutyl-amide
HNl
NA; ]
Nl ™ Vs 3-[6—A_mmo—8—(3—ﬂuoro-6—
NZ N ] iodo-indan-5-ylsulfanyl)-
8A-21 purin-9-y!]-propane-1-
F sulfonic acid
0o cyclopropylamide
HN
NH; !
. \N\)* \L_/S] Propane-2-sulfonic acid {3-
8AD2 < [6-amino-8-(3-fluoro-6-iodo-
Y F indan-5-ylsulfanyl)-purin-9-
HN\/ yl]-propyl}-amide
50,
NH, | T
NN
L N%S Fthanesulfonic acid {3-[6-
RA-23 amino-8-(3-fluoro-6-iodo-
. z F indan-5-ylsulfanyl)-purin-9-
4 1]- 1}-amid
i yl]-propyl}-amide
50,
NH; i B
N7 N\ >-:\
Ly N-{3-[6-Amino-8-(3-flucro-
RA-24 \ 6-iodo-indan-5-ylsulfanyl)-
’ F purin-9-yl]-propyl}-

methanesulfonamide
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Compound No.

Name

8A-25

2-Methyl-propane-2-sulfonic
acid {3-[6-amino-8-(3~
fluoro-6-iodo-indan-~5-
ylsulfanyl)-purin-9-yl}-
propyl}-amide

8A-26

2-Methyl-propane-2-sulfinic
acid {3-[6-amino-8-(3-
fluoro-6-iodo-indan-3-
ylsulfanyl)-purin-9-yl}-
propyl}-amide

8A-27

2-Methyl-propane-1-sulfonic
acid {3-[6-amino-8-(3-
fluoro-6-iodo-indan-5-
ylsulfanyl)-purin-9-yl}-
propyl}-amide

8A-28

Cyclopropanesulfonic acid
{3-[6-amino-8-(3-fluoro-6-
iodo-indan-5-ylsulfanyl)-
purin-9-yl}-propyl} -amide

8A-29

3-[6-Amino-8-(3-fluoro-6-
iodo-indan-5-ylsul famyl)-
purin-9-y1}-N-isopropyl-
propionamide

8A-30

3-[6-Amino-8-(3-fluoro-6-
iodo-indan-5-ylsulfanyl)-
purin-9-yl]-N-ethyl-
propionamide
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Compound No. Structure Name
NHp |
NN = ,
Q/I bacm ) 3-[6-Amino-8-(3-fluoro-6-
QA3 NT N : iodo-indan-5-ylsulfanyl)-
¢ purin-9-yl}-N-methyl-
o propionamide
HN
NH, N
- \ N —
"iﬁ: ‘Y, 3-[6-Ammino-8-(3-fluoro-6-
8A-32 N7 iodo-indan-5-ylsulfanyl)-
i: F purin-9-yl}-propionamide
0
HolN
NH; |
NS =
05\ y b 3-[6-Amino-8-(3-fluoro-6-
8A-33 N iodo-indan-S-ylsulfanyl)-
F purin-9-yl]-N-tert-butyl-
o propionamide
HN
NH, [
R
0oL \>“S%\ / 3-[6~-Amino-8-(3-fluoro-6-
8A-34 N iodo-indan-S-ylsulfanyl)-
F purin-9-yl]-N-isobutyl-
o propionamide
HN
NH; |
N =
{IN\%S%& / 3-[6-Amino-8-(3-fluoro-6-
8A-35 N N ioc}o-indan—S-ylsulfanyl)—
S: F purin-9-y1]-N-cyclopropyl-
0 propionamide
HN}>
NF; n
NN =
‘\/t[l\?— SR/ N-{2-[6-Amino-8-(3-fluoro-
8A-36 N P 6-iodo~-indan-5-ylsulfanyl)-
2 F putin-9-yl]-ethyl}-
NH isobutyramide
!
N./\\I"'y_s@\‘ N-{2-[6-Amino-8-(3-fluoro-
8A-37 SN U 6-iodo-indan-5-ylsulfanyl)-
2 F7 purin-9-yl]-ethyl}-
NH

propionamide
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Compound No, Structure Name
NHa )
SN ==
'\i /AN\>“ S\ 7 N-{2-[6-Amino-8~(3-fluoro-
8A-38 N 6-iodo-indan-5-ylsulfanyl)-
F purin-9-yl]-ethyl}-acetamide
NH
o
NH, |
oy
I 7;\Nﬁ8 N\ / N-{2-[6-Amino-8-(3-fluoro-
8A-30 N 6-iodo-indan-5-ylsulfanyl)-
2 F purin-9-yl]-cthyl}-2,2-
o NH dimethyl-propionamide
e !
51/\\/"{\\7 \:\
PR N S\ 4 N-{2-[6-Amino-8-(3-fluoro-
RA.40 N 6-iodo-indan-5-ylsulfanyl)-
) 2 £ purin-9-yl]-ethyl}-3-methyl-
Oz{i< butyramide
NH; |
'\{)\j[N\\,S N
L N Cyclopropanecarboxylic acid
sl N {2-[6-amino-8-(3-fluoro-6-
F iodo-indan-5-ylsulfanyl)-
o NH purin-9-yl]-ethy!}-amide
)NHz N
y \I/N\¥ e N-{2-[6-Amino-8-(3-fluoro-
L ~N \ ¢ 6-iodo-indan-5-ylsulfanyl)-
8A-42 N ;
2 purin-9-yl]-ethyl}-
\H F formamide
o=/ -

Table 10A lists specific examples in which X, is halogen and X, is halogen, In each of the

structures as drawn, X, is [ and X, is F. However, corresponding structures in which X, is H, CI,
Br, or T are within the scope of the disclosure. In each of the structures in Table 10A, Y is CH..

5 However, corresponding structures in which Y is S or O and/or X, is F, Cl, or Br are also within the
scope of the disclosure. In each of the structure in Table 10A, Xb is CHF and Xa is CH,.
However, corresponding structures in which Xa is CHF and Xb is CHy, Xa is CF, and Xb is CH,,
Xb is CF; and Xa is CH,, Xa is CHF and Xb is CF;, Xb is CHF and Xa is CF,, Xa is CHF and Xb
is CHF, or Xa is CF; and Xb is CF, are also within the scope of the disclosure. Additionally, in

10 connection with each of the structures in Table 10A, corresponding structures in which Xy is 1, Cl,

Br,or L, Yis S or O, and Xa is CHF and Xb is CH,, Xa is CF, and Xb is CH,, Xb is CF, and Xa is
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CH;, Xa is CHF and Xb is CF,, Xb is CHF and Xa is CF,, Xa is CHF and Xb is CHF, or Xa is CF,

and Xb is CF, are also within the scope of the disclosure.
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Table 10A
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Compound No.

Structure

Name

10A-1

NH;

|
L0
AN .
R
S0

2-(6-amino-2-fluoro-8-((3-
fluoro-6-iode-2,3-dihydro-
1H-inden-5-yl)methyl)-9H-
purin-9-yl)-N-
isopropylethanesulfonamide

10A-2

2-(6-amino-2-fluoro-8-((3-
fluoro-6-iodo-2,3-dihydro-
1H-inden-5-ylymethyl)-9H-
purin-9-yl)-N-
ethylethanesulfonamide

10A-3

2-(6-amino-2-fluoro-8-((3-
fluoro-6-i0do-2,3-dihydro-
1H-inden-5-yl)methyl)-9t1-
purin-9-y1)-N-
methylethanesulfonamide

10A-4

2-(6-amino-2-fluoro-8-((3-
fluoro~6-iode-2,3-dihydro-
1H-inden-5-yl)methyl)-9H-
purin-9-
yl)ethanesulfonamide

10A-5

2-(6-amino-2-fluoro-8-((3-
fluoro-6-iodo-2,3-dihydro-
{H-inden-5-y1)methyt)-9H-
purin-9-yl)-N-(tert-
butyl)ethanesulfonamide

10A-6

2-{6-amino-2-fluoro-8-((3-
fluoro-6-iodo-2,3-dihydro-
1H-inden-5-yl)methyl)-9H-
purin-9-y1)-N-
isobutylethanesulfonamide
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Compound No. Structure Name
NH, )
DS 2+(6-amino-2-fluoro-8-((3-
F7oNE N fluoro-6-indo-2,3-dihydro-
10A-7 2 ) 1H-inden-5-yl)methyl)-9H-
50, purin-9-yl}-N-cyclopropyl-
HN’\> ethanesulfonamide
NH, |
N N-(2-(6-amino-2-fluoro-8-
Mo N\> ((3-fluoro-6-iodo-2,3-
{048 PN dihydro-1H-inden-5-
£ yDmethyl}-9H-purin-9-
NH yhethyl)propane-2-
OZS>7 sulfonamide
NHz i
N/‘\/[N\ N-(2-(6-amino-2-fluoro-8-
. A‘N/ W ((3-fluoro-6-iodo-2,3-
10A-9 dihydro-1H-inden-5-
2 F yl)methyl)-S9H-purin-9-
0 S/NH yhethyl)ethanesulfonamide
NH, — |
NS N\> N-(2-(6-amino-2-fluoro-8-~
. 'N//\N ((3-fluoro-6-iodo-2,3-
10A-10 dihydro-1H-inden-5-
2 F yl)methyl)-9H-purin-9-
o S’NH ylethyl)methanesulfonamide
2
NH; : i
NN N-(2~(6-amino-2-fluoro-8-
PP N\ ((3-fluoro-6-iodo-2,3-
10A-11 N dihydro-1H-inden-5-
F yl)methyl)-9H-purin-9-
NH yDethyl)-2-methylpropane-2-
O:5 : sulfonamide
NH, .
N XN NN-(2-(6-amino-2-fluoro-8-
P N\> ((3-tluoro-6-iodo-2,3-
10A-12 o dihydro-1H-inden-S-
F ylmethyl)-SH-purin-9-
NH ylethyl)-2-methylpropane-2-
OS>T sulfinamide
NHy \
N XN N-(2-(6-amino-2-fluoro-8-
B N‘) ((3-fluoro-6-ioda-2,3-
10A-13 N dihydro-1H-inden-5-
F yhmethyl)-9H-purin-9-

. g
08 :

yDethyD)-2-methylpropane-1-
sulfonamide
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'V('jompound No. Structure Name
NH, 1
N/&N\ N-(2-(6-amino-2-fluore-8-
A A ((3-fluoro-6-iodo-2,3-
10A-14 PN dihydro-1H-inden-5-
2 F yhmethyl)-9H-purin-9-
NH yl)ethyl)cyclopropane-
O’Sb sulfonamide
NHz |
NN 3-(6-amino-2-fluoro-8-((3-
|)I N amino-2-fluoro
FJ\N/ Ny% fluoro-6-icdo-2,3-dihydro-
1H-inden-5-yl)methyl)-9H-
10A-15 g F purin-9-y1)}-N-
0,8 isopropylpropane-1-
NH sulfonamide
NH,
)N,\)j'“\ 3-(6-amino-2-fluoro-8-((3-
F7 N N fluoro-6-iodo-2,3-dihydro-
10A-16 1H-inden-5-y)methyl)-9H-
F purin-9-y1)-N-ethylpropane-
0,8 1-sulfonamide
NH
7
NHy |
NTX N\ == 3-(6-amino-2-fluoro-8-((3-
A N \_/ fluoro-6-iodo-2,3-dihydro-
N 1H-inden-5-yl)methyl)-9H-
10A-17 )
F purin-9-yi)-N-
methylpropane-1-
OZS‘NH sulfonamide
/
NH, .
N/&N\ 3-(6-amino-2-fluoro-8-((3-
AP fluoro-6-iodo-2,3-dilrydro-
10A-18 2 1H-inden-5-ymethy!)-9H-
) F purin-9-yl)propane-1-
0,8 sulfonamide
NH;
N, 0
NHTN\ 3-(6-amino-2-fluoro-8-((3-
F)\N/ N fluoro-6-iodo-2,3-dihydro-
10A-19 1H-inden-5-y))methy!)-9H-
F purin-9-yI)-N-(tert-

butyl)propane-1-sulfonamide
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Compound No. Structure Name
NF, |
N SN 3-(6-amino-2-fluoro-8-((3-
F/J\N/ N fluoro-6-iode-2,3-dihydro-
R 1H-inden-5-ylmethyl)-9H-
10A-20 { F purin-9-y1)-N-
0,8 isobutylpropane-1-
H\N—>_ sulfonamide
NH; "
N XN 3-(6-amino-2-fluoro-8-((3-
pp. fluoro-6-icdo-2,3-dihydro-
10421 F7oNTTN IH-inden-5-y[)methyl)-9H-
2 P purin-9-y1)-N-
> cyclopropylpropane-1-
0,5 sulfonamide
N-(3-(6-amino-2-fluoro-8-
((3-fluoro-6-iodo-2,3-
dihydro-1H-inden-5-
10A-22 yDmethyl)-9H-purin-9-
HN yl)propyl)propane-2-
_<502 sulfonamide
NH; ;
)N,\J\/VL”\ N-(3-(6-atnino-2-fluoro-8-
7N N ((3-fluoro-6-i0do-2,3-
10A-23 dihydro-1H-inden-5-
F yl)methy!)-9H-purin-9-
HN yhpropyl)ethanesulfonamide
%
NH, |
N N\ N-(3-(6-amino-2-fluoro-8-
M N ((3-fluoro-6-iodo-2,3-
10A-24 FOON dihydro-1H-inden-5-
F yhmethyl)-9H-purin-9-
yl)propyl)methane-
HN\SO sulfonamide
?
N, 0
NI/%EN\ N-(3-(6-amino-2-fluoro-8-
e N 3-tluoro-6-iodo-2,3-
F7ON
dihydro-1H-inden-5-
10A-25 { F yDmethy!)-9H-purin-9-
HN yDpropyl)-2-methylpropane-
80, 2-sulfonamide
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Compound No. Structure Name
NH, | o
N[J\,[N\ N-(3-(6-amino-2-fluoro-8-
E7NF TN ((3-fluoro-6-iodo-2,3-
dihydro-1H-inden-5-
10A-26 i F yl)methyl)-9H-purin-9-
HN ylypropyl)-2-methylpropane-
7<SO 2-sulfinamide
NH, |
)N:\/[N\ - N-(3-(6-amino-2-fluoro-8-
BTN \_¢ ((3-fluoro-6-i0do-2,3-
dikydro-111-inden-5-

yhmethyl)-9H-purin-9-
yhpropyl)-2-methylpropane-
1-sulfonamide

10A-27 g

N-(3-(6-amino-2-fluoro-8-
((3-fluoro-6-iodo-2,3-
dihydro-1H-inden-5-
yl)methyl)-9H-purin-9-
yDpropyleyclopropane-
sulfonamide

10A-28

3-(6-amino-2-fluoro-8-((3-
fluoro-6-10do-2,3-dihydro-
10A-29 1H-inden-5-yl)methyl)-9H-
F .
o purin-9-yl)-N-
HN isopropylpropanamide

N/ﬁN\ 3~(6-amino-2-fluoro-8-{(3-
A Ay flnoro-6-iodo-2,3-dihydro-
1H-inden-5-yl)methyl)-9H-
F purin-9-yl)-N-
ethylpropanamide

10A-30

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

fluoro-6-iodo-2,3-dihydro-

1H-inden-5-y1)methyl)-9H-
F purin-9-yl)-N-

0 methylpropanamide

10A-31




PCT/US2012/032371

WO 2012/138894
154
Compound No. Structure Name
NH; |
Nl)\/[N\ 3-(6-amino-2-fluoro-8-((3-
10A32 F)\N/ N fluoro-6-iodo-2,3-dihydro-
1H-inden-5-yl)methyl}-9H-
o F purin-9-yl)propanamide
Hy
NH; ;
AN -
)NI\ I 3 3-(6-amino-2-fluoro-8-((3-
BN TN fluoro-6-iodo-2,3-dihydro-
10A-33 1H-inden-5-yl)ymethyl)-9H-
o F purin-9-yl}-N-(tert-
HN)/_ butyl)propanamide
NH, |
N~ Xy N == . .
{ N 3-(6-amino-2-fluoro-8-((3-
A v\ fluoro-6-iodo-2,3-dihydro-
!
10A-34 1H-inden-5-yl)methyl)-9H-
o F purin-9-yl)-N-
BN isobutylpropanamide
NH, |
f\IN\ 3-(6-amino-2-fluoro-8-((3-
7NN fluoro-6-iodo-2,3-dihydro-
10A-35 1H-inden-5-yDmethyl)-9H-
F )
o purin-9-y1)-N-
HN}> cyclopropylpropanamide
NH; |
N/I\\ N .
B 2 N-(2-(6-amino-2-fluoro-8-
E NP N ((3-fluoro-6-i0do-2,3-
10A-36 2 dihydro-1H-inden-5-
NH F ylmethyl)-9H-purin-9-
O:'&i ylethyl)isobutyramide
NH; |
NS N-(2-(6-amnino-2-fluoro-8-
A A ((3-fluoro-6-iodo-2,3-
10A-37 dihydro-1H-inden-5-
F ylymethyl)-9H-purin-9-
NH Dethyl i id
0=§_ yDhethyl)propionamide
NH, "
NJTN\ N-(2-(6-amino-2-fluoro-8-
. )l\N/ N ((3-fluoro-6-iodo-2,3-
10A-38 2 dihydro-1H-inden-5-

-

yhmethyl)-9H-purin-9-
yDethyl)acetamide
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Compound No. Structure Natne
NH,
o= N-(2-(6-amino-2-fluoro-8-
PP 3 \ / ((3-fluoro-6-iodo-2,3-
10A-39 A dihydro-1H-inden-5-
F yl)methyl)-9H-purin-9-
0_/NH ylethyl)formamide
NH, ;
)le\ " N-(2-(6-amino-2-fluoro-8-
F N TN ((3-fluoro-6-iodo-2,3-
10A-40 2 dihydre-1H-inden-5-
- F ylymethyl)-9H-purin-9-
oy ylethyl)pivalamide
N, "
N N-(2-(6-amino-2-fluoro-8-
Py N\ ((3-fluoro-6-iodo-2,3-
10A41 N 8 dihydro-1H-inden-5-
= yhmethyl)-9H-purin-9-
NH yDethy!)-3-
O:<_< methylbutanamide
NH; |
NN N-(2-(6-amino-2-fluoro-8-
A N ((3-fluoro-6-iodo-2,3-
10A-42 Foow 2 dihydro-1H-inden-5-
F yl)methyl)-9H-purin-9-
NH yDethyl)eyclopropane-
O:/\> carboxamide

G-II.  In some embodiments of the disclosure, X, 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-L.
above, in which X, is an optionally substituted aryl, including but not limited to pyrazolyl, 1H-
pyrazol-3-yl, oxazolyl, oxazol-2-yl, thiazolyl, thiazol-2-yl, furanyl, furan-2-yl, and 5-
methylfuran-2-yl.

G-II. In some cmbodiments of the disclosure, X, is an alkyny! 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 fo the compounds disclosed in Tables 8A and 10A, or variations thereof

as described in A, G. and G-1. above, in which X; is an alkyny! group.

G-TV. In some embodiments of the disclosare, X, is an amino group, i.e., -NRiRs,
wherein R, and R, are each independently H, C,-C; alkyl, C,-Cy alkenyl, Cp-Cy alkynyl, cycloalkyl,
heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl,
or alkylheteroarylalkyl. Specific examples of compounds within the scope of this aspect of the

PCT/US2012/032371
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disclosure correspond to the compounds disclosed in Tables 8A and 10A, or variations thereof as

described in A., G. and G-I above, in which X, is an amino group.

H. Compounds of Formula (IB) in which Xa and Xb are Each O
5 In accordance with another embodiment of the disclosure, the compounds are of Formula
(IB) in which each of Xa and Xb are O and each of Xc and Xd are CH,. Thus, the compounds of

this embodiment can be represented by Formula (6):

NH, X,
N N\
)'\)I%{\@
R 0

O]
10 orapharmacentically acceptable salt thereof, wherein:
Yis CH,, O,o0r S;
X, 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{ON(RA)-, -NRAS(0)-, ~-SON(R 1), -NRASO;-, -C(OIN(R1)-, or -NRLC(0)-, and/or
terminated by -S(O)NR4Rp, -NRAS(O)Rp, ~SONR, Ry, -NRASO,Rg, -C(O)NRsRg, or -
NR,C(O)Rg, wherein each R, and Ry is independently selected from hydrogen, Ci-Cs alkyl, C;-Cg
alkenyl, C,-C¢ alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl,
20 arylalkyl, alkylheteroaryt, heteroarylalkyl, and alkytheteroarylalkyl; and
X is as disclosed below.
In one embodiment, Y is O.
In another embodiment, Y is CH; or O
In another embodiment, Y is CH; or S.

23 Tn another embodiment, Y is O or S.

HI  Insome embodiments of the disclosure, X; is halogen. Table 11A lists specific
examples of compounds within this embodiment, In each of the structures as drawn, X, is I and Xy
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is H. However, corresponding structures in which 3, is F, CJ, or Br are within the scope of the
disclosure. In each of the structures in Table 114, Y is S. However, cotresponding structures in
which Y is CH; or O and/or X, is F, Cl, Br, or I arc also within the scope of the disclosure.
Additionally, in connection with each of the structures in Table 114, corresponding structures in

5 which X, is F, Cl, or Brand Y is CH, or O are also within the scope of the disclosure.

Table 11A
Compound No. Structure Name
NHz i
[N, ==
P e W 2(6-amino-8-{(7-iodo-2,3-
11A-1 2 o dihydrobenzo[b}]1,4]dioxin-
6-yl)thio)-9H-purin-9-y1)-N-
HN’SOZ isopropylethanesulfonamide
—
NHg |
i N e 'QO 2-(6-amino-8-((7-iodo-2,3-
11A2 I N> o ) dihydrobenzo[b}{1,4]dioxin-
. 6-yl)thio)-9H-purin-9-yl)-N-
50, ethylethanesulfonamide
HN
NHz 1
f > /:%SQ o 2-{6-amino-8-((7-iodo-2,3-
11A3 N OJ dihydrobenzo{b]{1,4]dioxin-
6-yl)thio)-9H-purin-9-y1)-N-
50, methylethanesulfonamide
HN
NF, i
S = 2-(6-amino-8-((7-iodo-2,3-
11A-4 L7 N>_S \ 7 0> dihydrobenzo[b]{1,4]dioxin-
2 O~ 6-yl)thio)-9H-purin-9-
yl)ethanesulfonamide
50,
HoN
NFz I
AN )=
L4 g 2-(6-amino-8-((7-iodo-2,3-
1A MR ol dihydrobenzo[bl[1,4]dioxin-
8 6-y)thio)-9H-purin-9-y1)-N-
HN/SOZ (tert-butyl)ethanesulfonamide
NFp )
- N —
N N>—S_<j/2\\(> 2-(6-amino-8-((T-iodo-2,3-
LIA6 o dihydrobenzo[b][1,4]dioxin-
) so. 6-yDthio)-9H-purin-9-y1)-N-
w2 isobutylethanesulfonamide
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Compound No. Structure Name
NH, t
N
'Eﬁi \}SQO 2-(6-amino-8-((7-iodo-2,3-
NN ) dihydrobenzo[b][ 1,4]dioxin-
1147 o 6-yl)thio)-9H-purin-9-y1)-N-
50, cyclopropyl-
HN ethanesulfonamide
HIF; "
N-(2-(6-amino-8-((7-iodo-
N‘k: N}—s—Qo @ 2,3 «
As N ) o) diydrobenzo[b][ 1,4]dioxin-
¢ 6-yl)thio)-9H-purin-9-
NH ylethyl)propane-2-
O2S>7 sulfonamide
Ly
NN == N-(2-(6-amino-8-((7-iodo-
Lo Rasa et 23-
11A-9 OJ dihydrobenzo[b][1,4]dioxin-
6-yl)thio)-9I1-purin-9-
NH yDethylethanesulfonamide
OgS\
NH;, |
Ny N o N-(2-(6-amino-8-((7-iodo-
U\JIN\HJ\U}O @ o
11A-10 S o dihydrobenzo[b][1,4]dioxin-
{ . 6-yl)thio)-9H-purin-9-
O~S/NH yhethyD)methanesulfonamide
b
NS N . .
U\N:J: N\>_SQQ\ o N-(2-(6-am;no:8-((7—1odo-
11A-11 ) o dihydrobenza[b][1,4]dioxin-
" 6-yl)thio)-SH-purin-9-
0.8 yl)ethyl)-2-methylpropane-2-
sulfonamide
NH; ,>
= N-(2-(6-amino-8-((7-iodo-
Tt)fih}%swjo e
11A-12 o dihydrobenzo[b][1,4]dioxin-
8 6-ylythio)-9H-purin-9-
NH yl)ethyl)-2-methylpropane-2-
OS)V sulfinamide
!
N = N-(2-(6-armino-8-((7-iodo-
LA sy 3-
HA-13 N J dihydrobenzo{b][1,4]dioxin-

6-yl)thio)-9H-purin-9-
yDethyl)-2-methylpropane-1-
sulfonamide
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Compound No. Structure Name
NA; I
N)TN\*S pe= N-(2-(6-amino-8-((7-odo-
LA S\ g 2,3
LIA-14 ) QJ dihydrobenzo[b]f1,4]dioxin-
6-yDthio)-9H-purin-9-
o S,NH yDethyl)cyclopropane-
2 )> sulfonamide
NF ;
N)\ N =
§ ;[N\>—S o 3-(6-armino-8-((7-iode-2,3-
N ot dihydrobenzo[b][1,4]dioxin-
11A-15 6-yl)thio)-9H-purin-9-y1)-N-
isopropylpropane-1-
OZS\NH sulfonamide
NHg i
i NS —
L NVSQO\ 3-(6-amino-8-((7-iodo-2,3-
LLA-16 o/ dihydrobenzo[b][1,4]dioxin-
6-y1)thio)-9H-purin-9-y1)-N-
o ethylpropane-1-sulfonamide
2 \NH
NHy, I
N XN
Noqoe N
g -(6-amino-8-((7-iodo-2,3-
lN N>°Q° 3-(6-amino-8-((7-iodo-2,3
11417 oj dihydrobenzo[b][1,4]dioxin-
’ 6-y1)thio)-9H-purin-9-yl)-N-
o methylpropane-1-sulfonamide
“NH
NiF |
T\)\:[ %s@\o 3-(6-amino-8((7-iodo-2,3-
11A-18 NN o/ dihydrobenzo[b][1,4]dioxin-
2 6-yl)thio)-9H-purin-9-
) yl)propane-1-sulfonamide
0.8
“ Nty
Nz )
Nl/\ N s z“ puy 3-(6-amino-8-((7-iodo-2,3-
NN > dihydrobenzo[b][ L,4]dioxin-
11A-19 ) © 6-yD)thio)-9H-purin-0-y1)-N-
(tert-butyl)propane-1-
| 08\ sulfonamide
; HN
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Compound No. Structure Name
NHz ]
N
'fl \>_‘SO 3-(6-amino-8-((7-iodo-2,3-
NN o dihydrobenzo[b][1,4]dioxin-
11A-20 ) 6-yDthio)-9H-purin-9-y1)-N-
> isobutylpropane-1-
028 sulfonamide
HN*->7
NH2 |\
N)\IN\ - 3-(G-amino-8-((7-iodo-2,3-
s >
L Ny \_7 3 dihydrobenzo[b][1,4]dioxin-
11A-21 ) Q 6-yi)thio)-9H-purin-9-y1)-N-
> cyclopropylpropane-1-
0.9 sulfonamide
25,
HN—<]
NFz |
N\
N)\/N\ = N-(36-amino-8-((7-iado-
L J_ > o
N/ N N . \) 2,3_
11A-22 S dihydrobenzo[b][1,4]dioxin-
6-yl)thio)-9H-purin-9-
HN yl)propyl)propane-2-
“/‘soz sulfonamide
NH; !
N’kTN\*S \L%o N-(3~(6-am;n§)-8—((7—iodo—
N"TN - »3-
11A-23 OJ dihydrobenzo[b][ 1,4]dioxin-
6-yl)thic)-9H-purin-9-
HN yDpropyl)ethanesulfonamide
/‘so2
NN =\ N-(3-(6-amino-8-((7-iodo-~
i //‘N\%sv% 23
11A-24 N o/ dihydrobenzo[b][ 1,4]dioxin-
i 6-yDthic)-9H-purin-5-
yD)propyl)methane-
H N\S 0 sulfonamide
g
NN = ~(3-(6-amino-8-((7-iodo-
KNI,\?*S { ) 3 N-(3-(6 ammo-S {(7-iodo
o i loxin-
11A5 % dihydrobenzo[b][1,4]dioxin

6-yl)thio)-9H-purin-9-
ylypropyl)-2-methylpropane-
2-sulfonamide
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Compound No. Structure Name
N2 [
“f/\iN\%s o N-(3-(6-amino-8-((7-iodo-
kN/ N j 2,3-
11A26 2 o dihydrobenzo[b][1,4]dioxin-
> 6-y1)thio)-9H-purin-9-
HN yDpropyl)-2-methylpropane-
50 2~sulfinamide
NH; ;
X N e— (Al N Q{7 _
[ \N\%S A o N-(3-(6 am;r:so—S {(7-iodo
B o dihydrobenzo[b][1,4]dioxin-
11A-27 i &-y1)thio)-OH-purin-9-
HN vDpropyl)-2-methylpropane-
50, 1-sulfonamide
T
N ‘: %SQO N~(3-(6—am;n30—8-((7—iodo-
NN 23
A28 ; o/ dihydrobenzo[b][1,4]dioxin-
S 6-y)thio)-9H-purin-9-
HN yl)propyl)eyclopropane-
<rsoz sulfonamide
NHz i
N —
L Ly s yo 3-(6-amino-8-((7-iodo-2,3-
11429 o) diliydrobenzo[b][1,4]dioxin-~
/Q 6-yljthio)-9H-purin-9-yl)-N-
o 0o isopropylpropanamide
NHz P
SR N o . .
| %S—Qo 3-(6-amino-8-((7-iodo-2,3-
11A-30 kN//IN \¢ j dihydrobenzo[b][1,4]dioxin-
! o 6-y1)thio)-9H-purin-9-y1)-N-
);o ethylpropanamide
HN
NHz i
LN -
} Nkl ys)\j/ o 3-(6-amino-8-((7-iodo-2,3-
11A<31 | N" TN dihydrobenzo[b][1,4]dioxin~
: ' °© 6-ylythio)-9H-purin-9-yl)-N-
o methylpropanamide
HN
NF; :
N /T 3-(6-amino-8-((7-iodo-2,3-
! S8 0 . L
LA Ly Q % dihydrobenzo[b][ 1,4]dioxin-

6-yDthio)-9H-purin-9-
yhpropanarnide
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Compound No. Structure Name
NF2 |
S
'\i::[N\% SO 3-(6~-amino-8-((7-icdo-2,3-
11A-33 Ot dihydrobenzo[b][1,4]dioxin-
) 6-yl)thio)-9H-purin-9-yl)-N-
N 0 (tert-butyl)propanamide
NHg 1
NN
L N\*SQO 3-(6-amino-8-((7-iodo-2,3-
11A-34 N {: oj dihydrobenzo[b][1,4]dioxin~
6-yhithio)-9H-purin-9-yl)-N-
o o isobutylpropanamide
NHz |
AN =
&N/Lh?‘s W 3-(6-amino-8-((7-iodo-2,3-
11A-35 3 oJ dihydrobenzo[b][1,4]dioxin-
6-yl)thio)-9H-purin-9-yl)-N-
N =0 cyclopropylpropanamide
NH; 0 -
“ij N\%SQC} N-(Z-(é—am;n;—g—((7-iodo-
N ' I
11A-36 O~ dihydrobenzo[b][1,4]dioxin-
NH 6-yl)thio)-9H-purin-9-
o yDethylisobutyramide
NH2 ]
NS N-(2~(6-amino-8-((7-iodo-
LA S“% 23-
11A-37 0/ dihydrobenzo[b][1,4]dioxin-
6-ylythio)-O9H-purin-9-
o NH ylethyl)propionamide
NHp | .
)‘\ N == N-(2-(6-amino-8-((7-iodo-
P
LA \ /0 2,3-
11A-38 ) 0\) dihydrobenzo[b]{1,4]dioxin-
< 6-ylythio)-9H-purin-9-
o :<NH yl)ethylacetamide
o 1 ;
NS \%SQ\O N-(2-(6-amino-~8-((7-iodo-
NN 2,3
11A-39 o J dihydrobenzo[b][1,4]dioxin-

6-yh)thio)-9H-purin-9-
ylethyl)pivalamide
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Compound No. Structure Name
NHy i
!\l’k)\IN»‘SJ\:/\ o N-(2-(6-amino-8-((7-iodo-
N <;) 2,3-
11A-40 g dihydrobenzo[b][1,4]dioxin-
NH 6-yl)thio)-9H-purin-9-
I y .| yhethyl)-3-methylbutanamide
NHy i
N SN == N-(2-{6-amino-8-({7-iodo-
QJ:[,?"S“\J 0, 2,3-
1AL MO o~/ diliydrobenzo[b][ 1 41dioxin-
: 4 6-yDthio)-9H-purin-9-
NH yhethyl)cyclopropane-
0= .
i ﬁ% carboxamide
| >
i NHy [
| NS - N-(2-(6-amino-8-({7-iodo-
RSBt 23
11A42 | NTTN o) dihydrobenzo[b][1,4]dioxin-
f 6-yD)thio)-9OH-purin-9-
o—~/NH yl)ethyDformamide

H-II.  In some embodiments of the disclosure, X, 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 1A, or variations thereof as described in A., H. and H-I, above, in
5 which X; is an optionally substituted aryl, including but not limited to pyrazolyl, 1H-pyrazol-3-vl,
oxazolyl, oxazol-2-yl, thiazolyl, thiazol-2-yl, furanyl, furan-2-yl, and 5-methylfuran-2-y1.

H-TI. In some embodiments of the disclosure, X, 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 1A, or variations thereof as

10 described in A., H. and H-1. above, in which X, is an alkynyl group.

H-TIV. In some embodiments of the disclosure, X; is an amino group, Z.e., -NRR,,
wherein R; and R; are each independently H, Ci-Cs alkyl, C,-Cs alkenyl, C,-Cs alkynyl, cycloalkyl,
heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, hetercarylalkyl,
or alkylheteroarylalkyl. Specific examples of compounds within the scope of this aspect of the

15 disclosure correspond to the compounds disclosed in Table 11A, or variations thereof as described

in A., H. and H-I. above, in which X; is an aminc group.
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L 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-TV of the compounds of
Formulae (1) through (6).

5 In one embodiment, Y is CH,. In another embodiment, Y is S.

In another embodiment, X4 is H. In another embodiment, X, is halogen. In another

embodiment, X, is F, Cl, or Br. In another embodiment, Xy isF, Cl, or L. Tn another embodiment,
X4is F, Br, or 1. In another embodiment, X, is Cl, Bt, or I In ancther embodiment, X, isForI. In
another embodiment, X4 is T or Br. In another embodiment, X, is F or Cl, In another embodiment,

10 X4isClor L. In another embodiment, X4 is Cl or Br. Tn another emhodiment, X, is Bror L In
another embodiment, X4 is F. In another embodiment, X, is Cl. In another embodiment, X, is Br.
In another embodiment, X, is I. In another embodiment, Xy is H, F, Cl, ot Br. In another
embodiment, X, is H, F, Cl, or . In another embodiment, X, is H, F, Br, or I. In another
embodiment, X, is H, Cl, Br, or I. In another embodiment, X, is H, ¥, or 1. In another

15 embodiment, X, is H, F, or Br, In another embodiment, X, is H, F, or Cl, In another embodiment,
X4is H, Cl, or I In another embodiment, X, is H, Cl, or Br. In another embodiment, X, is H, Br,
or I. In another embodiment, X, is Hor F. In another embodiment, X, is H or Cl. In another

embodiment, X, is H or Br. In another embodiment, X, is Hor I,

In another embodiment, X, is halogen, aryl, or alkynyl. In another embodiment, X, is

20 halogen, aryl, or amino. Tn another embodiment, X, is halogen, alkynyl, or amino. In another
embodiment, X is aryl, alkynyl, or amino. In another embodiment, X; is halogen or amino, In
another embodiment, X, is halogen or alkynyl. In another embodiment, X, is halogen or aryl. In
another embodiment, X5 is halogen. In another embodiment, X; is aryl, In another embodiment,
X, is alkynyl. In another embodiment, X, is amino. In another embodiment, X; is halogen,

25 heteroaryl, alkynyl, or amino. In another embodiment, X, is halogen, heteroaryl, or alkynyl. In
another embodiment, X; is halogen, heteroaryl, or amino. In another embodiment, X; is heteroaryl,
alkynyl, or amino. Tn another embodiment, X, is halogen or heteroaryl. In another embodiment, X,
is heteroaryl. In another embodiment, X, is alkyl-substituted hetercaryl. In another embodiment,
X; is C-Cg alkyl-substituted heteroaryl. In another embodiment, X5 is methyl-, ethyl-, n-propyl-,

30 orisopropyl-substituted heteroatyl. In another embodiment, X, is methyl- or ethyl-substituted
heteroaryl. In another embodiment, X, is methyl-substituted heteroaryl. In another embodiment,
X, is ethyl-substituted heteroaryl.

In another embodiment, X, is ¥, Cl, or Br. In another embodiment, X, is F, Cl, or . In
another embodiment, X; is F, Br, or L In another embodiment, X, is Cl, Br, or I. In another

35 cmbodiment, X; is F or I In another embodiment, X; is F or Br. In another smbodiment, X, is F or
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Cl. In another embodiment, X; is Cl or I. In another embodiment, X, is Cl or Br. In another
embodiment, X is Br or I, In another embodiment, X; is F. In another embodiment, X, is Cl. In

another embodiment, X, is Br. In another embodiment, X is L.

In another embodiment, X; is optionally substitated heteroaryl. In another embodiment, X,
5 isunsubstituted heteroaryl. In another embodiment, X, 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, cxazol-2-yl, 5-
methyloxazol-2-yl, thiophene-2-yl, thiophene-3-yl, 1H-imidazo-2-yl, 1H-imidazo-4-yl, or |H-
imidazo-5-yl. In another embodiment, X; is furan-2-y1, furan-3-yl, S-methylfuran-2-yl, 1H-
pyrazol-2-yl, IH-pyrazol-3-yl, thiazol-2-yl, 5-methylthiazol-2-yl, oxazol-2-yl, or 5-methyloxazol-2-
10 yl. In another embodiment, X; is furan-2-yl, furan-3-yl, or 5-methylfuran-2-yl. In another
embodiment, X; is 1H-pyrazol-2-yl or 1H-pyrazol-3-yl. In another embodiment, X is thiazol-2-yl
or S-methylthiazol-2-yl. In another embodiment, X, is oxazol-2-yl or 5-methyloxazol-2-yl. In
another embodiment, X; is thiophene-2-yl, thiophene-3-yl, 1H-imidazo-2-yl, (H-imidazo-4-yl, or
1H-imidazo-3-yl. In another embodiment, X, is thiophene-2-yl or thiophene-3-yl. In another
15  embodiment, X, is 1H-imidazo-2-yl, IH-imidazo-4-yl, or 1H-imidazo-5-yl.

In another embodiment, X; is ethynyl, propynyl, or butynyl. In another embodiment, X is
ethynyl or propynyl. In another embodiment, X, is ethynyl or butyny!l. In another embodiment, X,
is propynyl or butynyl. In another embodiment, X, is ethynyl. In another embodiment, X, is
propynyl. In another emsbodiment, X, is butynyl.

20 In another embodiment, X, is dimethylamino, diethylamino, methylethylamine, or
cyclopropylamino. In another embodiment, X, is dimethylamino, diethylamino, or
methylethylamino., In another embodiment, X, is dimethylamino, diethylamino, or
cyclopropylamino. In another embodiment, X, is dimethylamino, methylethylamino, or
cyclopropylamino. In another embodiment, X, is diethylamino, methylethylamino, or

25 cyclopropylamino. In another embodiment, X; is dimethylamino or dicthylamino. In another
embodiment, X; is dimethylamino or methylethylamino, In another embodiment, X, is
dimethylamino or cyclopropylamine. In another embodiment, X; is diethylamino or
methylethylamino. In another embodiment, X, is diethylamino or cyclopropylamino. In another
embodiment, X, is methylethylamino or cyclopropylamino. In another embodiment, X, is

30 dimethylamino. In another embodiment, X; is diethylamino. In another emhodiment, X is

methylethylamino. In another embodiment, X, is cyclopropylamino.

In ancther embodiment, X, is Br, I, furan-2-vl, furan-3-yl, 5-methylfuran-2-yl, 1{H-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, X,

35 sl furan-2-yl, furan-3-yl, S-methylfuran-2-yl, ethynyl, dimethylamino, diethylamino, or
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methylethylamino, In another embodiment, X; is Br, furan-2-yl, furan-3-yl, 5-methylfuran-2-yl,
ethynyl, dimethylamino, diethylamino, or methylethylamino. In another embodiment, X; is I,
furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, ethynyl, or dimethylamino. In another embodiment, X,
is Br, furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, ethynyl, or dimethylamino, In another

5  embodiment, X; is I, IH-pyrazol-2-yl, 1H-pyrazol-3-yl, ethynyl, dimethylamino, diethylamino, or
methylethylamino, In another embodiment, X; is Br, 1H-pyrazol-2-yl, 1H-pyrazol-3-yl, ethynyl,
dimethylamino, diethylamino, or methylethylamino. In another embodiment, X, is I, 1H-pyrazol-2-
yl, 1H-pyrazol-3-yl, ethynyl, or dimethylamino. In another embodiment, X, is Br, IH-pyrazol-2-yl,
1H-pyrazol-3-yl, ethynyl, or dimethylamino. In another embodiment, X, is I, thiazol-2-vl, 5-

10 methylthiazol-2-yl, ethynyl, dimethylamino, diethylamino, or methylethylamino. In another
embodiment, X, is Br, thiazol-2-yl, 5-methylthiazol-2-yl, ethynyl, dimethylamino, diethylamino, or
methylethylamino, In another embodiment, X; is I, thiazol-2-yl, 5-methylthiazol-2-yl, ethynyl, or
dimethylamino. In another embodiment, X, is Br, thiazol-2-yl, 5-methylthiazol-2-yl, ethynyl, or
dimethylamino. In another embodiment, X, is 1, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl,

15 dimethylamino, diethylamino, or methylethylamino. In another embodiment, X, is Br, oxazol-2-y],
S-methyloxazol-2-yl, ethynyl, dimethylamino, diethylamino, or methylethylamino. In another
embodiment, X, is I, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl, or dimethylamino. In another

embodiment, X; is Br, oxazol-2-yl, 5-methyloxazol-2-yl, cthynyl, or dimethylamino,

In another embodiment, X; is halogen, aryl, or alkynyl and Y is S, In another embodiment,
20 X, is halogen, aryl, or amino and Y is S. In another embodiment, X, is halogen, alkynyl, or amino
and Y is S. In another embodiment, X; is aryl, alkynyl, or amino and Y is S. In another
embodiment, X; is halogen or amino and Y is S. In another embodiment, X, is halogen or alkynyl
and Y is S. In another embodiment, X, is halogen or aryl and Y is S. In another embodiment, X, is
halogen and Y is S, In another embodiment, X, is aryl and Y is S. In another embodiment, X, is
25 alkynyl and Y is S. In another embodiment, X; is amino and Y is S. In another embodiment, X, is
halogen, heteroaryl, alkyny!, or amino and Y is S. In another embodiment, X; is halogen,
heteroaryl, or alkynyl and Y is S. In another embodiment, X, is halogen, heteroaryl, or amino and
Yis S. In another embodiment, X; is heteroaryl, alkynyl, or amino and Y is S, In another
embodiment, X; is halogen or heteroaryl and Y is S. In another embodiment, X, is heteroaryl and
30 YisS. Inanother embodiment, X, is alkyl-substituted heteroaryl and Y is S. In another
embodiment, X is C,-C; alkyl-substituted heteroaryl and Y is S. In another embodiment, X; is
methyl-, ethyl-, n-propyl-, or isopropyl-substituted heteroaryl and Y is S, Tn another embodiment,
X, is methyl- or ethyl-substituted heteroaryl and Y is S. In another embodiment, X, is methyl-
substituted heteroaryl and Y is 8. In another embodiment, X; is ethyl-substituted heteroary! and Y’
35 is 8. Inanother embodiment, X, is Br, I, furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, 1H-pyrazol-2-
yl, 1H-pyrazol-3-yl, thiazol-2-yl, 5-methylthiazol-2-yl, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl,
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propynyl, dimethylamino, diethylamino, or methylethylamino and Y is S. In another embodiment,
X, is 1, furan-2-yl, furan-3-yl, S-methylfuran-2-yl, ethynyl, dimethylamino, diethylamino, or
methylethylamino and Y is S. In another embodiment, X, is Br, furan-2-yl, furan-3-yl, 5-
methylfuran-2-yl, ethynyl, dimethylamino, diethylamino, or methylethylamino and Yis 8. In
another embodiment, X; is I, furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, ethynyl, or dimethylamino
and Y is S. In another embodiment, X is Br, furan-2-yl, faran-3 -yl, S-methylfuran-2-yl, ethynyl, or
dimethylamino and Y is S. In another embodiment, X, is T, 1H-pyrazol-2-yl, |H-pyrazol-3-yl,
ethynyl, dimethylamino, diethylamino, or methylethylamino and Y is S. In another embodiment,
X, is Br, 1H-pyrazol-2-yl, 1H-pyrazol-3-yl, ethynyl, dimethylamino, diethylamino, or
methylethylamino and Y is 8. In another embodiment, X, is I, 1H-pyrazol-2-yl, IH-pyrazol-3-yl,
ethynyl, or dimethylamino and Y is 8. In another embodiment, X, is Br, 1H-pyrazol-2-yl, 1H-
pyrazol-3-yl, ethynyl, or dimethylamino and Y is S. In another embodiment, X, is I, thiazol-2-yl,
5-methylthiazol-2-yl, ethynyl, dimethylamino, diethylamino, or methylethylamino and Yis S. In
another embodiment, X, is Br, thiazol-2-yl, 5-methylthiazol-2-yl, ethynyl, dimethylamino,
diethylamino, or methylethylamino and Y is S. In another embodiment, X, is I, thiazol-2-yl, 5-
methylthiazol-2-yl, ethynyl, or dimethylamino and Y is S. In another embodiment, X, is Br,
thiazol-2-yl, 5-methylthiazol-2-yl, ethynyl, or dimethylamino and Y is S. In another embodiment,
X, is 1, oxazol-2-yl, S-methyloxazol-2-yl, ethynyl, dimethylamino, diethylamino, or
methylethylamino and Y'is S. In another embodiment, X; is Br, oxazol-2-yl, 5-methyloxazol-2-yl,
ethynyl, dimethylamino, diethylamine, or methylethylamino and Y is S. In another embodiment,
X, is I, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl, or dimethylamino and Y is S. In another
embodiment, X; is Br, oxazol-2-yl, 5-methyloxazol-2-y], ethynyl, or dimethylamino and Y is S.

In another embodiment, X, is halogen, aryl, or alkynyl and Y is CHa. In another
embodiment, X, is halogen, aryl, or amino and Y is CH,. In another embodiment, X is halogen,
alkynyl, or amino and Y is CH,. In another embodiment, X, is aryl, alkynyl, or amino and Y is
CH,. Inanother embodiment, X; is halogen or amino and Y is CH,. Tn another embodiment, X, is
halogen or alkynyl and Y is CH,. Tn another embodiment, X; is halogen or aryl and Y is CH,. In
another embodiment, X, is halogen and Y is CH,. In another embodiment, X, is aryl and Y is CH,.
In another embodiment, X, is alkynyl and Y is CH,. In another embodiment, X, is amino and Y is
CHa. In another embodiment, X; is halogen, heteroaryl, alkynyl, or amino and Y is CH,. In
another embodiment, X; is halogen, heteroaryl, or alkynyl and Y is CH,. In another embodiment,
X, is halogen, heteroaryl, or amino and Y is CH,. In another embodiment, X, is heteroaryl,
alkynyl, or amino and Y is CH,. In another embodiment, X; is halogen or heteroaryl and Y is CH,.
In another embodiment, X, is heteroaryl and Y is CH,. In another embodiment, X, is alkyl-
substituted heteroaryl and Y is CH,. In another embodiment, X; is C,-Cg alkyl-substituted
hetercaryl and Y is CH,. In another embodiment, X, is methyl-, ethyl-, n-propyl-, or isopropyl-
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substituted heteroaryl and Y is CH,. In another embodiment, X, is methyl- or ethyl-substituted
heteroaryl and Y is CH,. In another embodiment, X, is methyl-substituted heteroaryl and Y is CH,.
In another embodiment, X, is ethyl-substituted heteroaryl and Y is CH,. In another embodiment,
X, is Br, I, furan-2-yl, furan-3-yl, S-methylfuran-2-yl, 1H-pyrazol-2-yl, 1H-pyrazol-3-yl, thiazol-2-
yl, S-methylthiazol-2-yl, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl, propynyl, dimethylamino,
diethylamino, or methylethylamino and Y is CH,. In another embodiment, X, is I, furan-2-y1,
furan-3-yl, 5-methylfuran-2-yl, ethynyl, dimethylamino, diethylamino, or methylethylamino and Y
is CH,. In another embodiment, X, is Br, furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, ethynyl,
dimethylamino, dicthylamino, or methylethylamino and Y is CIT,. In another embodiment, X, is I,
Turan-2-yl, faran-3-yl, 5-methylfuran-2-yl, ethynyl, or dimethylamino and Y is CH,. In another
embodiment, X, is Br, furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, ethynyl, or dimethylamino and ¥
is CHp. In another embodiment, X, is I, 1H-pyrazol-2-yl, 1H-pyrazol-3-yl, ethynyl, dimethylamino,
diethylamino, or methylethylamino and Y is CH,. In another embodiment, X, is Br, 1H-pyrazol-2-
yl, 1H-pyrazol-3-yl, ethynyl, dimethylamino, diethylamino, or methylethylamino and Y is CH,. In
another embodiment, X; is I, I1H-pyrazol-2-yl, 1H-pyrazol-3-yl, ethynyl, or dimethylamino and Y is
CH,. In another embodiment, X, is Br, 1H-pyrazol-2-yl, 1H-pyrazol-3-yl, ethynyl, or
dimethylamino and Y is CHp. Tn another embodiment, X, is I, thiazol-2-y1, 5-methyithiazol-2-yl,
ethynyl, dimethylamino, diethylamino, or methylethylamino and Y is CH,. In another
embodiment, X; is Br, thiazol-2-yl, 5-methylthiazol-2-yl, ethynyl, dimethylamino, diethylamino, or
methylethylamino and Y is CHa. In another embodirnent, X, is I, thiazol-2-yl, 5-methylthiazol-2-
yl, ethynyl, or dimethylamino and Y is CH,. In another embodiment, X, is Br, thiazol-2-yl, 5-
methylthiazol-2-yl, ethynyl, or dimethylamino and Y is CH;. In another embodiment, X is I,
oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl, dimethylamino, diethylamino, or methylethylamino and
Y is CH,. Tn another embodiment, X; is Br, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl,
dimethylamino, diethylamino, or methylethylamino and Y is CH,. In another embodiment, X; is I,
oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl, or dimethylamino and Y is CH,. In another

embodiment, X, is Br, oxazol-2-yl, 5-methyloxazol-2-y], ethynyl, or dimethylamino and Y is CH,.

In another embodiment, X, is Hand Y is 8. In another embodiment, X, is halogen and Y is
S. In another embodiment, X4 is F, Cl, or Brand Y is S. In another embodiment, X, is F, Cl, or
and Y is S. In another embodiment, X, is F, Br, or Tand Y is S. In another embodiment, X, is Cl,
Br,orland Y is 8. In another embodiment, X, is F orTand Y is S. In another embodiment, X, is F
or Brand Yis S. In another embodiment, Xy is F or Cl and Y is S. In another embodiment, X, is
Clorland Y is 8. In another embodiment, X, is Cl or Br and Y is S. In another embodiment, X, is
BrorIand Y is S. In another embodiment, X, is F and Y is S. In another embodiment, X, is C1
and Y is 8. In another embodiment, X, is Br and Y is S. In another embodiment, X, is Iand Y is
S.
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In another embodiment, X, is H, F, Cl, or Br and Y is S. In another embodiment, X, is H,
F,Cl,orIand Yis 8. Inanother embodiment, X, is H, F, Br, or Land Yis S. In another
embodiment, Xy is H, CL, Br, or [ and Y is S. In another embodiment, X is H, F,orIand Y is S.

In another embodiment, X, is H, F, or Br and Y is S. In another embodiment, X, is H, F, or Cl and

5 YisS. Inanother embodiment, X, is H, Cl, or Tand Y is S. In another embodiment, X, is H, Cl, or
Brand Yis S. In another embodiment, X, is I, Br, or Land Y is S. In another embodiment, X, is
HorFand Yis S. In another embodiment, X, is H or Cl and Y is S. In another embodiment, X, is
HorBrand Yis S. In another embodiment, X, is Hor I and Y is S.

In another embodiment, X4 is H and Y is CH,. In another embodiment, X is halogen and

10 Y is CH,. Inanother embodiment, Xy is F, Cl, or Br and Y is CH,. In another embodiment, X, is
F,Cl,orIand Y is CH,. In another embodiment, X4 is F, Br, or [ and Y is CH,. In another
embodiment, X, is Cl, Br, or Tand Y is CH,. In another embodiment, X, is F or Iand Y is CH,. In
another embodiment, X4 is F or Brand Y is CH,. In another embodiment, X, is F or Cl and Y is
CHa. In another embodiment, X4 is Cl or Iand Y is CH,. In another embodiment, X, is Cl ot Br

15 and Y is CH,. In another embodiment, X, is Br or Iand Y is CH,. In another embodiment, X4 is F
and Y is CH,, In another embodiment, X4 is Cl and Y is CH,. In another embodiment, X, is Br and
Y is CH,. In another embodiment, X, is Tand Y is CH,.

In another embodiment, X, is H, ¥, Cl, or Brand Y is CH,. In another embodiment, X, is

H,F, Cl, orTand Y is CH,. In another embodiment, X4 is H, F, Br, or l and Y is CH,. In another

20 embodiment, X, is H, C1, Br, or Tand Y is CH,. In another embodiment, X, is H, F, or I and Y is
CH,. In another embodiment, X, is H, F, or Br and Y is CH,. In another embodiment, X, is H, F,
or Cland Y is CH,. In another embodiment, X, is H, Cl, or Tand Y is CH,. In another
embodiment, Xy is H, Cl, or Brand Y is CH,. In another embodiment, X, is H, Br, or Tand Y is
CH,. In another embodiment, X, is H or ¥ and Y is CHj. In another embodiment, X, is H or Cl

25 and Yis CH,. Inanother embodiment, X, is H or Brand Y is CH,. In another embodiment, X, is
Horland Yis CH,.

In another embodiment, X; is halogen, aryl, or alkynyl, X, is Hor F, and Y is . In another
embodiment, X, is halogen, aryl, or amino, Xyis Hor F, and Y is S. In another embodiment, X; is
halogen, alkynyl, or amino, X, is Hor F, and Y is S. In another embodiment, X, is aryl, alkynyl, or

30 amino, Xyis Hor F, and Y is S. In another embodiment, X, is halogen or amino, X, is H or ¥, and
Y is S, In another embodiment, X; is halogen or alkynyl, X, is H or F, and Y is S, In another
cmbodiment, X; is halogen or aryl, X, is Hor T, and Y is S. In another embodiment, X, is halogen,
XyisHorF,and Y is S. In another embodiment, X, is aryl, Xyis Hor ¥, and Y is S. In another
embodiment, X; is alkynyl, X, is Hor F, and Y is S. In another embodiment, X, is amino, X, is H

35  orF,and Yis S. In another embodiment, X, is halogen, heteroaryl, alkynyl, or amino, Xyis Hor F,
and Y is S. In another embodiment, X, is halogen, heteroaryl, or alkynyl, X, is Hor F, and Y is S.
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In another embodiment, X, is halogen, heteroaryl, or amino, Xy is Hor F, and Y is S. In another
embodiment, X, is heteroaryl, alkynyl, or amino, Xy is Hor F, and Y is S. In another embodiment,
X, is halogen or heteroaryl, X4 is H or I, and Y is S. In another embodiment, X, is heteroaryl, X, is
Hor F, and Yis S. In another embodiment, X, is alkyl-substituted heteroaryl, X4is Hor F, and Y
is S. In another embodiment, X; is C,-Cg alkyl-substituted heteroaryl, XsisHorF,and Yis S. In
another embodiment, X, is methyl-, ethyl-, n-propyl-, or isopropyl-substituted heteroaryl, X, is H or
F,and Y is S. In another embodiment, X, is methyl- or ethyl-substituted heteroaryl, Xy is Hor F,
and Y is 8. In another embodiment, X, is methyl-substituted heteroaryl, X; isHor ¥, and Y is S.

In another embodiment, X, is ethyl-substituted heteroaryl, Xy is Hor F, and Y is S. In another
embodiment, X 18 Br, I, furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, IH-pyrazol-2-yl, IH-pyrazol-3-
yl, thiazol-2-yl, 5-methylthiazol-2-yl, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl, propyayl,
dimethylamino, diethylamino, or methylethylamino, X, isHor F, and Y is S. In another
embodiment, X; is I, furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, ethynyl, dimethylamino,
diethylamino, or methylethylamino, X, is Hor F, and Y is S. In another embodiment, X; is Br,
furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, ethynyl, dimethylamino, diethylamino, or
methylethylamino, X4 is Hor F, and Y is S. In another embodiment, X, is I, furan-2-yl, furan-3-yl,
S-methylfuran-2-yl, ethynyl, or dimethylamino, Xy is Hor F, and Y is S. In another embodiment,
X, is Br, furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, ethynyl, or dimethylamino, Xyis Hor F,and Y
is S. In another embodiment, X; is I, 1H-pyrazol-2-yl, 1H-pyrazol-3-yl, ethynyl, dimethylamino,
diethylamino, or methylethylamino, X, is Hor F, and Y is S. In another embodiment, X is Br, 1H-
pyrazol-2-yl, 1H-pyrazol-3-yl, ethynyl, dimethylamino, diethylamino, or methylethylamino, X, is
HorF,and Yis S, In another embodiment, X, is I, 1H-pyrazol-2-yl, 1H-pyrazol-3-yl, ethynyl, or
dimethylamino, Xy is Hor F, and Y is S. In another embodiment, X, is Br, 1H-pyrazol-2-yl, 1H-
pyrazol-3-yl, ethynyl, or dimethylamino, X;is H ot F, and Y is S. In another embodiment, X, is I,
thiazol-2-yl, 5-methylthiazol-2-yi, ethynyl, dimethylamino, diethylamino, or methylethylamino, X,
isITor 7, and Y is 8. In another embodiment, X; is Br, thiazol-2-yl, 5-methylthiazol-2-yl, ethynyl,
dimethylamino, diethylamino, or methylethylamino, X4 is Hor F, and Y is S. In another
embodiment, X, is I, thiazol-2-yl, S-methylthiazol-2-yl, ethynyl, or dimethylamino, Xyis Hor F,
and Y is S. In another embodiment, X, is Br, thiazol-2-yl, 5-methylthiazol-2-y1, ethynyl, or
dimethylamino, X4 is H or F, and Y is S. In another embodiment, X is [, oxazol-2-yl, 5-
methyloxazol-2-yl, ethynyl, dimethylamino, diethylamino, or methylethylamino, X is H or F, and
Y is S. In another embodiment, X, is Br, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl,
dimethylamino, diethylamino, or methylethylamino, Xy is Hor F, and Y is S. In another
embodiment, X, is I, oxazol-2-yl, S-methyloxazol-2-yl, ethynyl, or dimethylamino, X4isHor F,
and Y is 8. In another embodiment, X; is Br, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl, or
dimethylamino, X4 is Hor F, and Y is S.
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In another embodiment, X, is halogen, aryl, or alkynyl, X, is Hor F, and Y is CH,. Tn
another embodiment, X, is halogen, aryl, or amino, X, is Hor F, and Y is CH,. In another
embodiment, X, is halogen, alkynyl, or amino, X, is Hor F, and Y is CH,. In another embodiment,
X; is aryl, alkynyl, or amino, X, is H or F, and Y is CH,. In another embodiment, X, is halogen or
amino, Xy is H or F, and Y is CH,. In another embodiment, X, is halogen or alkynyl, X, is Hor F,
and Y is CH,, In another embodiment, X is halogen or aryl, X, is Hor F, and Y is CH,, In
another embodiment, X, is halogen, X, is Hor F, and Y is CH,. In another embodiment, X; is aryl,
XsisHorF, and Y is CH,. In another embodiment, X, is alkynyl, Xy isHor F, and Yis CH,. In
another embodiment, X, is amino, X4 is Hor F, and Y is CH,. In another embodiment, X, is
halogen, heteroaryl, alkynyl, or amino, X, is Hot F, and Y is CIl,. In another embodiment, X, is
halogen, heteroaryl, or alkynyl, X4 is H or F, and Y is CH,. In another embodiment, X, {s halogen,
heteroaryl, or amino, X, is Hor F, and Y is CH,. In another embodiment, X, is heteroaryl, alkynyl,
or amino, X4 is Hor F, and Y is CH,. In another embodiment, X, is halogen or heteroaryl, X, is H
or F, and Y is CH,. In another embodiment, X, is heteroaryl, X, is Hor F, and Y is CH,. In
another emboediment, X; is alkyl-substituted heteroaryl, X, is H or ¥, and Y is CH,. In another
embodiment, X, is C,-Cg alkyl-substituted heteroaryl, Xy is H or F, and Y is CH,. In another
embodiment, X {s methyl-, ethyl-, n-propyl-, or isopropyl-substituted heteroaryl, X, is H or F, and
Y is CH,. In another embodiment, X, is methyl- or ethyl-substituted heteroaryl, X, is Hor F, and Y
is CHp. In another embodiment, X, is methyl-substituted heteroaryl, X, is H or F, and Y is CH,. In
another embodiment, X; is ethyl-substituted heteroaryl, X4 is H or F, and Y is CH,. In another
embodiment, X, is Br, I, furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, 1H-pyrazol-2-yl, | H-pyrazol-3-
v, thiazol-2-y1, 5-methylthiazol-2-yl, oxazol-2-yl, S-methyloxazol-2-yl, ethynyl, propynyl,
dimethylamino, diethylamino, or methylethylamino, X, is H or F, and Y is CH,. In another
embodiment, X; is 1, furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, ethynyl, dimethylamino,
diethylamino, or methylethylamino, X4 is Hor F, and Y is CH,. In another embodiment, X, is Br,
furan-2-yl, furan-3-yl, S-methylfuran-2-yl, ethynyl, dimethylamino, diethylamino, or
methylethylamino, Xy is Hor I, and Y is CH,. In another embodiment, X; is I, furan-2-yl, furan-3-
vl, 5-methylfuran-2-yl, ethynyl, or dimethylamino, X, is H or F, and Y is CH,. In another
embodiment, X is Br, furan-2-yl, furan-3-yl, 5-methylfutan-2-yl, ethynyl, or dimethylamino, X is
HotF,and Y is CH,. In another embodiment, X; is I, 1H-pyrazol-2-yl, 1H-pyrazol-3-yl, ethynyl,
dimethylamino, diethylamino, or methylethylamino, X, is H or F, and Y is CH,. In another
embodiment, X, is Br, IH-pyrazol-2-yl, 1H-pyrazol-3-yl, ethynyl, dimethylamino, diethylamino, or
methylethylamino, Xy is Hor F, and Y is CH,. In another embodiment, X, is I, 1H-pyrazol-2-yl,
IH-pyrazol-3-yl, ethynyl, or dimethylamino, X;is H or F, and Y is CH. In another embodiment,
X, is Br, 1H-pyrazol-2-yl, IH-pyrazol-3-yl, ethynyl, or dimethylaminc, X, is H ot F, and Y is CH,.
In another embodiment, X, is I, thiazol-2-yl, 5-methylthiazol-2-yl, ethynyl, dimethylamino,
dicthylamino, or methylethylamino, Xy is H or F, and Y is CHa. In another embodiment, X, is Br,
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thiazol-2-yl, 5-methylthiazol-2-yl, ethynyl, dimethylamino, diethylamino, or methylethylamino, X4
isHorF,and Y is CH,. In another embodiment, X, is I, thiazol-2-yl, S-methylthiazol-2-vl,
ethynyl, or dimethylamino, Xy is Hor F, and Y is CH,. In another embodiment, X, is Br, thiazol-2-
yl, S-methylthiazol-2-yl, ethynyl, or dimethylamino, Xy is H ot F, and Y is CH,. In another
5 embodiment, X; is I, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl, dimethylamino, diethylamino, or

methylethylamino, X4 is H or F, and Y is CH,. In another embodiment, X; is Br, oxazol-2-yl, 5-
methyloxazol-2-yl, ethynyl, dimethylamino, diethylamino, or methylethylamino, X4 is H or F, and
Y is CHa. In another embodiment, X is I, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl, or
dimethylamino, Xy is Hor F, and Y is CH,. In ancther embodiment, X; is Br, oxazol-2-yl, 5~

10 methyloxazol-2-yl, ethynyl, or dimethylamino, X, is Hot F, and Y is CH,.

In connection with each of the R groups containing a sulfonamide structure, the

corresponding structure in which the sulfornamide 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 sulfinamide

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;N(R,)- structure should also be considered as a disclosure of a compound in which the R group
contains an -NRySO;-, -S(OIN(RA)-, -NRAS(O)-, ~-C(O)N(R,)-, or -NR,C(0)- structure in place of
the ~SO,N(R,)- structure.

25 Specific R groups include without limitation: 2-ethanesulfonic acid isopropylamide, i.e.,

O\S /N GHy
E/\/ \\O |

Ha

2-ethanesulfonic acid ethylamide, i.e.,

Q H
\\ N CHs
W S< he
o}

2-ethanesulfonic acid methylamide, 7.e.,
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2-ethanesulfonic acid amide, i.e.,
Q
/\\/\\s <
%LL \\D ,
2-ethanesulfonic acid t-butylamide, i.e.,
O\\ /ﬁ CHy
5
"z/\/ \\ Chy
5 e S ,

2-ethanesulfonic acid isobutylamide, i.e.,

O\s/ n\)\cn
"L"zﬁ/\/ \\O 3

3

2-ethanesulfonic acid eyclopropylamide, i.e.,

10 isopropanesulfonic acid 2-ethylamide, i.e.,

q (\//”\S/o

O// YCH;

ethanesulfonic acid 2-ethylamide, i.e.,

./
LLLA/\/ \//S\/CHg

Fl

N-2 ethyl methanesulfonamide, 7.,
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H o]
AN
R a

2-methyl-propane-2-sulfonic acid 2-ethylamide, i.e.,

q //o CHe
NN
bLl’L 0// \/l\c”3

»

2-methyl-propane-2-sulfinic acid 2-ethylamide, i.e.,
8 CH,
X
5 o] CHy

2-methyl-propane-1-sulfonic acid 2-ethylamide, i.e.,

H 0

L{H/\/ N\S//

Hy ,
cyclopropanesufonic acid 2-cthylamide, i.e.,

H

Lek/\/”\!o

VA

10 3-propane-1-sulfonic acid isopropylamide, i.e.,

o Gt
/\/\ /
* S
Iy Tem
3-propane-] -sulfonic acid ethylamide, i.e.,
0
™S
O// \N/\CH:!

3-propane-1-sulfonic acid methylarnide, i.e.,
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9 /\/\s// 4 o
2 O// \H/ ®

3

3-propane-1-~sulfonic acid amide, i.e.,

NN g
LL' //O\NH2

3-propane-1-sulfonic acid t-butylamide, ie.,

w
O,
=

3-propane-1-sulfonic acid cyclopropylamide, i.e.,

‘7‘5‘/\/\5//0
I

10 propane-2-sulfonic acid 3-propylamide, i.e.,

0,

\\3/\\/ CHa
ji/\\/\ﬁ/ \\o

ethanesulfonic acid 3-propylamide, i.e.,

0\\S/\C

Hy

[}

N-3-propyl methanesulfonamide, i.e.,

PCT/US2012/032371



WO 2012/138894 PCT/US2012/032371

176

O,

‘\\s/ct—i3
‘1121/\/\\”/ \\0

2-methyl-propane-2-sulfonic acid 3-propylamide, i.e.,

Q

;L/\/\N/\ S\\TY -

CHs

)

2-methyl-propane-2-sulfinic acid 3-propylamide, i.e.,

ﬁ CHs
‘712‘ /‘\/\H /S\/‘\CH3

2-methyl-propane-1-sulfonic acid 3-propylamide, i.e.,

cyclopropanesulfonic acid 3-propylamide, i.e.,

"\\/A

P N K
‘771 N \0
10 3-N-isopropyl propionamide, i.e.,

o) CHy
/\)LN)\
i‘z‘ A Cha ,

3-N-ethyl propionamide, i.e.,

0\\0 /n\/cm
\1%/\/

3-N-methyl propionamide, i.e.,



WO 2012/138894 PCT/US2012/032371

177
9
* o
3-propionamide, i.e.,
o

3-N-t-butyl propionamide, i.e.,

3-N-isobutyl propicnamide, i.e.,
o
/\)k CHy
‘%L " /Y
H
CHq ,

3-N-cyclopropyl propionamide, i.e.,

E/\)(LN/A |

CHy
H
/\/N
o CHgy
& %
0 3

.HL/\/ N\L(\cm

10 N-2-ethyl isobutyramide, i.e.,

N-2-ethyl propionamide, i.e.,

N-2-ethyl acetamide, i.e.,



WO 2012/138894 PCT/US2012/032371

178
§ CHy
0 5
N-2-ethyl formamide, i.e.,
/\/ NTH
O >

N-2-ethyl 2,2-dimethyl-propionamide, i.e.,

CH,
K CH,
"LLL/\/ Hy
c ?
N-2-ethyl 3-methylbutyramide, i.e.,

H
N NWCH:
) CHa
,

cyclopropane carboxylic acid 2-ethyl-amide, i.e.,

T WKA

10 cyclopropane carboxylic acid 3-propyl-amide, i.e.,

N

N-3-propy! 2,2-dimethyl-propionamide, i.e.,

: CHa
;f \/\/H\n/kcHa
o H

N-propyl-2-methyl-propane-2-sulfinamide, i.e.,
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1
S CH,
o N Ny )
H CH
CHs ,and
t-butanesulfonic acid 3-propylamide, i.e.,
CHs
o CHa

\\3 CH.
"LLL/\/\u/ \O s |

In connection with cach of the X4 groups of the structures disclosed herein, a corresponding
structure in which X, 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 X, is a leaving group which can be replaced by iodine for use as a
radiolabel, for example T or *'T , useful as imaging tools. Exemplary leaving groups include
without limitation trialkyl tin, for example trimethyl, or tributyl tin, trialkyl silicon, trialkyl
geranium, or fluorus analogs of trialky! tin such as -Sn{CH,CH,(CF3)sCF3)s, aryl boronic acids,
thalium trifluroacetates, triazines, and metallated arenes. Techniques for radioiodination are well
known in the att, for example from Seevers, et al. Chem. Rev., 1982, 82 (6), pp 575-590 and
Mclntee et al., J. Org. Chem. 2008, 73, 8236-8243 wghich are incorporated herein by reference.

The precursor compound in which X, is a leaving group are provided as reagents ot in kits
for addition of a radiolabeled X, substituent, for example T or ®'T 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
Formulae (IA) or (IB) and a pharmaceutically acceptable carrier by a method known in the atf.
Thus, another embodiment relates to a pharmacentical composition comprising a Compound of
Formulae (IA) or (IB) and a pharmaceutically acceptable carrier. Such a composition is useful for
treating or preventing cancer or a neurodegenerative disorder, e.g., in a patient in need thereof,

Another embodiment relates to a method for treating or preventing cancer or a
neurodegenerative disorder, comprising administering to a patient in need thereot a therapeutically

effective amount of a Compound of Formulae (IA) and/or (IB), Another embodiment relates to a
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method for treating or preventing cancer or a neurodegenerative disorder, comprising administering
to a patient in need thereof a therapeutically effective amount of a pharmaceutical composition
comprising a Compound of Formulae (IA) and/or (IB). Another embodiment relates to a method
for treating cancer or a neurodegenerative disorder, comprising administering to a patient in need
5 thereof a therapeutically effective amount of a Compound of Formulae (IA) and/or (IB). Another

embodiment relates to 2 method for treating cancer or a neurodegenerative disorder, comprising
administering to a patient in need thereof a therapeutically effective amount of a pharmaceutical
composition comprising a Compound of Formulae (IA) and/or (IB). Another embodiment relates
to a method for preventing cancer or a neurodegenerative disorder, comprising administering to a

10 patient in need thereof a therapeutically effective amount of a Compound of Formulae (IA) and/or
(IB). Another embodiment relates to a method for preventing cancer or a neurodegenerative
disorder, cornprising administering to a patient in need thereof a therapeutically effective amount of
a pharmaceutical composilion comprising a Compound of Formulae (JA) and/or (IB). Ancther
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
Hsp90 with an Hsp90 function inhibiting amount of a Compound of Formulae (IA) or (IB). An
exemplary determination of an Hsp90 function inhibiting amount is provided in the example below

20 entitled "Hsp90 Binding Assay." In one embodiment, the ICsy determined by the "Hsp90 Binding

Assay" provided herein is less than 10 uM. In another embodiment, the ICs, determined by the
"Hsp90 Binding Assay" provided herein is less than 1 pM. In another embodiment, the ICsg
determined by the "HspS0 Binding Assay" provided herein is <0.1 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 [ollowing examples are sel 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 iltustrative cormpounds of the disclosure,

35 Synthetic Methods:
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-M-Mp-R is -S(O)NR 1Rz, -NRAS{O)Rg, -SO;NR 4R, -NRASOsRg, -C(O)YNRsR3, or -
NRAC(O)Rg, wherein each R, and Rg is independently selected from H, C;-Cs alkyl, C,-Cg alkenyl,
C2-Cy alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl,
alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl,

5
Scheme 1. Synthesis of S-linker Adenine Derivatives
)N\Hz NH,
e o -N ab )ji
TN ou T = vy
N~ TN
H
5 or 6 member ring
NH,
S (el
—_— N —
Cr HOy (L=
MR
n- L 4 (\) n=1-4 {{) n=1-4
My ,M1
Mz Nz
R R
(a) Cul, neccupraine, NaO#-Bu, DMF, 110 “C; {b) NIS, acetonitrile, RT; (¢) Cs,CO4; (d) X,M, Pd (cat.), DMF, 50-100 °C.
10 Scheme 2. Synthesis Methylene-linker Adenine Derivatives
NHy NH,
HOOG )\ NH, ab N )\\/N
Oy L e ()
i 7N Q
N NHz FONTN
5o0r6 member ring
NH, Xo

d F7ON N\) F7ON )
= [f@) = 1.
B M«,M,R (<) n=1-4 \M n=14
n=14 My Val
Mz 2
R R

(a) triphenyl phesphite, pyridine, microwave; (b HF-pyridine, NaNOy; (c) NIS, acetonitrile, rt; (d)
Cs,C04; (€)XoM, Pd (cat.), DMF, 50-100 °C.
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Scheme 3. Synthesis of Pyridine Derivatives (The definitions of R and X; as an amino group in
this scheme are described above.)

cl Cl
N NO, HzNPMB WJ\/NOz Fe/HC! .@NHz GS; KOH
'/ " K)\ .PMB LA -PMB >':S
H H
NH,
NH;, Cul, nBu4NBrtBuONa NHZ H,N
— s 2 N
>= }*s{‘ é___. \>—s—®»\
PMB N ./
-1 |
12
NHZ
Cs,C0q, R-Br
. Vs
NaBH;,CN
5
General Methods:

“H and ®C NMR spectra were recorded on a Bruker 500 Mz instrument, Chemical shifts
are reporled in 8 values in ppm downfield from TMS as the internal standard. 'H data are reported
as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, br = broad,

10 m= multuplet), coupling constant (Hz), integration. “C chemical shifts are reported in § values in
ppm downfield from TMS as the internal standard. High resolution mass spectra were recorded on
a Waters LCT Premier system. Low resolution mass spectra were obtained on a Waters Acquity
Ultra Performance LC with electrospray ionization and SQ detector. High-performance liquid
chromatography analyses were performed on a Waters Autopurification system with PDA,

15 MicroMass ZQ, and ELSD detector, and a reversed phase column (Waters X-Bridge C18,4.6 x 150

mm, 5 pm).

N-(3~(6-amino-8-(6-iodo-benzo[ 1,3]dioxol-5-ylsulfanyl}-purin-9-yi)-propyl)-methanesulfonamide
(WS34):
To a solution of 2-bromoethaneamomium bromide (2g, 9.8 mmol) in 60 mL of CH,Cl, 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)-SH-purin-6-amine (150 mg, 0.36
mmol) in 10 mL of dry DMF was added N-(3-bromopropylymethanesuifonamide (300 mg, 1.4

5 mmol) and Cs;CO5 (190 mg, 0.58 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 WS34 as white solid (49 mg, 25% yield).

'H NMR (500 MHz, MeOH-d,/CDCls, 8): 8.21 (s, 1H), 7.41 (s, 1H), 7.10 (s, 1H), 6.08 (s,
2H), 4.34 (t, J= 7.2 Hz, 2H), 3.16 {t, /= 6.5 Hz, 2H), 2.96 (s, 311), 2.09 (m, 2H).

10 HRMS (ESD m/z [M+H]" cale'd. for CiH sINsO,S; = 548.9876; found 548.9858.

Scheme 4. Synthesis of WS34 and WS35

NHy |
N
N| 2 \>—S NH, |
kN/ N RN
H rl, s 0
a b N o)
Br-
T NHBr > Br NHSOMe
n=12 n=1,2 PIn=1,2
2 HN,
Ms  h=1, ws3s
n=2, WS34

(a) tristhylamine, MsCl, RT; (b) Cs3CO4, RT

15 N-+(2-(6-amino-8-(6-iodo-benzo[ 1,3 Jdioxol-5-ylsulfanyl)-purin-9-yl)-ethyl)-methanesulfonamide
(WS35):
To a solution of 8-((6-iodobenzo[d]| 1,3]dioxol-5-yl)thio)-9H-purin-6-amine (100 mg, 0.24
mmol) in 5§ mL of dry DMF was added N-(2-bromocthyl)methanesulfonamide (150 mg, 0.7 mmol)
and Cs,CO3 (150 mg, 0.46 mmol). The resulting mixture was stirred at a temperature of about

20 25°C for 3 hus, 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-4,/CDCl, 5): 8.19 (s, 1H), 7.41 (s, 1H), 7.18 (s, 1H), 6.07 (s,
9H), 4,23 (m, 2H), 3.65 (m, 2H), 2.97 (s, 3H).

HRMS (ESD) m/z [MHH]" calc'd. for CysH)6INgO,S; = 534.9719; found 534.9709.
25
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Scheme 5. Synthesis of WS36, WS37, and WS38

o . o
HoN HyN ’
84 83

82
NHy HoN NHo 1
HgN. e N N
T - -y - (s
o P
I N H NN
sS4
§5 S-6
NH;, \\\
NH | N)ﬁ:N
e —N & ’\?—S
B3 i P
— ’i)l\l:[N}— ‘% - " k?
) =2
bn=12 MsHN
MsHN n=1, WS37; n=2, WS36
ws38
NH,Br
B — NHMs
r’ﬁ::m - BN

Reagents and conditions: (a)Ac, 0, dioxane, 0°C to 1t; (b) KNO;, H,S0y, 0°C to 1; (c) NaNO,, K1,
AcOH, 0°C to 1t; (d) Fe, NH,Cl, isopropanol, reflux; () 8-mercaptoadenine, Cul, nBuyNBr, NaOt-
Bu, mv; (f) NaNO,, KI, AcOH, 0°C; (g) 1,3-dibromopropane or 1,2-dibromoethane, Cs,CO4, DMF,
1t; (h)triethylamine, MsCl, 0°-1t; (i) Cul, PAC1,(PPhy),, trimethylsilanylacetylene, Et;N, DME, 90°C.,

5-Amino-G-nitro-indane (S-2):

5 A solution of 5-aminoindane {8-1; 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 H,80,, cooled in ice bath. KNO, in 15 mL of concentrated
H,S80, was added dropwise. The resulting solution was stirred at 0°C for 2 h and then at a

10 temperature of about 25°C for 2 h. The reaction mixture was poured into 150 g of ice and the
resulting yellow precipitate was filtered and washed with cold water to provide S-2 (7.1 g, 43%
yield).

"H NMR (500 MHz, CDCl, 8): 7.94 (s, 1H), 6.65 (s, 1ED), 6.02 (br, 2H), 2.83 (m, 4H),
2.06 (m, 2H).

15 BCNMR (125 MHz, CDCl;, 8): 154.4, 144.2, 134.1, 131.2, 120.8, 113.5, 33.1, 31.4, 25.7.
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5-Todo-6-nitro-indane (8-3):

To a solution of 8-2 (0.14 g, 0.78 mmol) in acetic acid cooled in ice bath was added NaNO,
(65 mg, 0.94 mmol). The reaction mixture was stirred for 2 minutes, K1 (0.39g, 2.45 mmol) was

added and the mixture was stirred at a temperature of about 25°C for 20 minutes. The resulting

_suspension was quenched with water (15 mL) and extracted with ethyl acetate (2 x 20 mL). The

organic layer was washed with saturated aquecus Na,S,05 solution, washed with brine and dried
over MgS0O, 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.

H NMR (500 MHz, CDCly, 8): 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 8-3 (1.65 g, 5.7 mmol) in isopropanel (100 mL) and saturated aqueous
NH,CI solution (20 mL) was added iron powder (1.1 g). The resulting suspension was refluxed for
1h. The reaction mixture was filtered and the filtrate was condensed and purified by flash

chromatography (ethyl acetate/hexane, gradient 0% to 50%) to provide S-4 (1.36 g, 92% vield) as a

pale yellow solid.

'H'NMR (500 MHz, CDCly, 8): 7.44 (s, 1H), 6.59 (s, 1H), 3.88 (s, 2H), 2.74 (m, 4H), 1.98
(m, 2H).

BCNMR (125 MHz, CDCL, 8): 146.2, 144.9, 136.5, 134.1, 111.0, 32.8, 31.8, 26.1.

MS (ESD: m/z=259.99 [M+H]".
8-((6-Amino-2,3-dihydro-1 H-inden-5-ythic)-9-H-purin-6-amine (S-5):

The mixture of 8-mercaptoadenine (64 mg, 0.38 mmol), S-4 (100 mg, 0.38 mmol), Cul
(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
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
Y P

solid.

'H NMR (500 MHz, MeOH-d,/CDCls, 3): 8.11 (s, 1H), 7.36 (s, 1H), 6.81 (s, 1F), 2.85 (m,
4H), 2.06 (m, 2H).

MS (BESD): m/z=299.02 [M+H]".
8-((6-Iodo-2,3-dihydro-1 H-inden-5-y)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; (15 mg, 0.22 mmol) followed by KI (90 mg, 0.54 minol). The reaction mixture was stirred
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at 0°C for 15 min and quenched with water (10 mL). The resulting mixture was extracted with
methylene chloride (2 x 20 mL). The organic layer was washed with saturated aqueous Na,S,0s,
washed with brine, dried over MgSO, and evaporated to dryness. The residue was purified by flash
chromatography (methylene chioride/methanol, gradient 0% to 10%) to provide S-6 (42 mg, 56%
yield) as a white solid.

"HNMR (500 MHz, CDCL, 8): 8.12 (s, 1H), 7.84 (s, 1H), 7.39 (s, 1H), 2.91 (m, 45, 2.11
(m, 2H).

MS (ESI): m/z=410.10 [M+H]",
N~(3-(6-amino-8-(6-iodo-indan-5-ylsulfanyl)-purin-9-y1)-propyl)- methanesul fonamide (WS36):

To a solution of 8-6 (50 mg, 0.12 mmol) in 3 ml. of dry DMF was added N-(3-
bromopropyl)methanesulfonamide (200 mg, 0.9 mmol) and Cs;CO; (100 mg, 0.31 mmol). The
resulting mixture was stirred at a temperature of about 25°C for about 16 hours, condensed under
reduced pressure and purified by flash chromatography to provide compound WS36 as a white
solid (30 mg, 30% yield).

"HNMR (500 MHz, CDCL, 8): 8.33 (s, 1H), 7.78 (s, 1I0), 7.17 (s, 1H), 5.89 (br, 2F), 4.37
(t, J= 6.2 He, 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),

PCNMR (125 MHz, CDCl, 8): 1547, 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.

HRMS (ESI) m/z [M+H]" calc'd. for CigHpINO,S, = 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 $-6 (50 mg, 0.12 mmol) in 3 mL of dry DMF was added N-(3-
bromopropylymethanesuifonamide (200 mg, 0.99 mmol) and Cs,CO; (100 mg, 0.31 mmol). The
resulting mixture was stirred at a temperature of about 25°C for about 16 hours, condensed under
reduced pressure and purified by flash chromatography to provide compound WS37 as a white
solid (18 mg, 28% yield).

'H NMR (500 MHz, CDCl,, 8): 8.29 (s, [H), 7.74 (s, [H), 7.01 (s, 1H), 6.91 (bx, 1H), 5.96
(br, 210), 4.41 (t, J = 5.4 Hz, 2H), 3.60 (m, 2H), 2.88 (m, 2H), 2.76 (1, J= 102 Hz, 2H), 2.05 (m,
2H).

BCNMR (125 MHz, CDCl, 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.

HRMS (ESI) m/z [M+H]" calc'd. for Ci;HIN0,S, = 531.0134; found 531.0121.

N-(3-(6-amino-8-(6-ethynyl-indan-5-ylsulfanyl)-purin-9-yl)propyl)-methanesul fonamide (WS38):
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To a solution of WS36 (10 mg, 0.02 mmol) in 2 mL of DMF was added Cul (0.7 mg, 0.004
mmol), PhCly(Phs)s (2.6 mg, 0.004 mmol), ethynyltrimethylsilane (8.6 uL., 0.06 mmol) and
triethylamine (25 pL). The resulting mixture was stirred at 60°C for 15 min, condensed and
purificd by chromatography. The intermediate was treated with KOH (5 mg) in methanol (1 mL)

5 for 30 min at a temperaturs of about 25°C. The reaction mixture was condensed and purified by

flash chromatography to provide compound WS38 as white solid (1.8 mg, 22% yield).

"H NMR (500 MHz, CDCls, 8): 8.25 (s, 1H), 7.36 (s, 1H), 7.11 (s, 1H), 6.33(br, 1H), 5.54
(br, 2K), 430 (t, T = 6.1 Hz, 2H), 3.25 (s, 1H), 2.89 (q, 2F), 2.80 (m, 4H), 2.00 (m, 2H), 1.88 (m,

2H).
10 HRMS (ESI) m/z [M+H]" cale'd. for CogHypNeO,8, = 443.1324; found 443.1328.
Scheme 6. Synthesis of Dihydrobenzofuran Intermediate
NHz
m a = > b /&N c
NT™= N - .
H2N & o |i>f0 U\N/ ~N>—S-<\3/\\J
H o
§24 S2.2 §2-3
NHz [
N —
D
NL, P - SQ
NN J
O
S2-4

Reagents and conditions: (a) NaNO,, KI, AcOH/TFA, 0°C; (b) 8-mercaptoadenine, Cs,CO,,
PdCly(dppf), DMF, 80°C, 48h; (c) NIS, TFA, CIL,CN, 1, 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. NaNO, (0.454g, 6.6 mmol) was
added in 3 portions followed by KI (2.73 g, 16.4 mmol). The resulting mixture was stirred at 0°C
for 15 minutes and quenched with H,O (20 mL). The mixture was extracted with EtOAc (3 x 150
20 mlL)and the organic layer was washed with Na,$,0s, washed with brine, dried over MgSQ, and

filtered. The filtrate was condensed under reduced pressure and the residue was purified by flash
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chromatography (hexane:EtOAc, 90:10 to 40:60) to provide $2-2 (0.82 g, 61% yield) as a pale-
yellow solid.

"H NMR (500 MHz, CDCly, 8): 7.14 (d, J=7.6 Hz, 1H), 7.11 (s, 1H), 6.89 (d, J = 7.6 Iz,
1H), 4.54 (t, /= 8.7 Hz, 2H), 3.14 (t, /= 8.7 Hz, 2H).

5 PCNMR (125 MHz, CDCls, 8): 161.1,129.4, 127.1, 126.4, 118.7,91.7,71.6,29.4.
8-(2,3-Dihydrobenzofuran-6-ylthio)-9H-purin-6-amine ($2-3):

To a solution of 82-2 (50 mg, 0.2 mmol) in DMF (2 mL) was added 8-mercaptoadenine (34
mg, 0.2 mmol), Cs;CO; (99.4 mg, 0.3 mmol) and PdCly(dppf) (33 mg, 0.02 mmol). The mixture
was degassed for § 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,CL:MeOH, 100:0 to 90:10) to provide S2-3 (25 mg, 44% yield) as a yellow

solid.

"HNMR (500 MHz, CD;OD, 8): 8.14 (s, 111), 7.24 (d, J= 7.6 Hz, 1H),7.07 (d, /=73
Hz, 1H), 6.97 (s, 1H), 4.62 (t, J= 8.7 Hz, 2H), 3.25 (t, J= 8.7 Hz, 2H).

15 MS (ESD: m/z=285.8 [M+H]",

HRMS (ESD) m/z [M+H]" cale'd. for C,3H;,N50S = 286.0763; found 286.0768.
8~(5-iodo-2,3-dihydrobenzofuran-6-ylthio)-9 H-purin-6-amine (S2-4):

To a solution of $2-3 (40 mg, 0.14 mmol) in 6 mL of acetonitrile was added TFA (40 pL)
and NIS (63 mg, 0.28 mmol). The resulting mixture was stirred at a temperature of aboul 25°C for

20 2h The reaction mixture was concentrated under reduced pressure and the residue was purified by
flash chromatography (CH,Cl,:MeQH, 100:0 to 90:10) to provide $2-4 (48 mg, 53% yield) asa
yellow gum.

‘HNMR (500 MItz, CDCl, 8): 8,26 (s, 1H), 7.79 (s, 11, 7.12 (s, 1H), 4.65 (t, /= 8.8 Hz,
2H), 3.28 (t, /= 8.7 Hz, 2H).

25 MS (BSI): miz=412.0 [M+H]",
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Scheme 7. Synthesis of Compounds from WS39 through W44
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(a): triethylamine, thutylsuffinic chioride; (b) adenine intermediates, Cs,COj; (c) MCPBA

2-Methyl-propane-2-sulfinic acid (2-bromo-ethyl)-amide:

To a solution of 2-bromoethaneamomium bromide (410 mg, 2 mmol) in 20 mL of CH,Cl,
was added tricthylamine (3697 uL, 5 mmol). The resulting mixture was stirred at a temperature of
about 25°C for 30 min, then cooled down at 0°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 25°C and stirred for about 16 hours. The resulting mixture was condensed and purified by
flash chromatography to provide 2-methyl-propane-2-sulfinic acid (2-bromo-ethyl)-amide as a
white solid (0.42g, 86% yield).

"HNMR (500 MHz, CDCl, 8): 3.80 (br, 1H), 3.45-3.56 (m, 411), 1.20 (s, 9H).
BC NMR (125 MHz, CDCl, 5): 56.1,47.3, 33.4, 22.6.
2-Methyl-propane-2-sulfonic acid (2-bromo-ethyl)-amide:

To a solution of 2-methyl-propane-2-sulfinic acid (2-bromo-ethyl)-amide (0.8g, 3.5 mmol)
was added mCPBA (77%, 0.95g, 4.2 mmol) and stirred at a temperature of about 25°C for 2 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 MHz, MeOH-d,/CDCl, 8): 3.87-3.97 (rn, 2H), 3.36-3.47 (m, 2H), 1.32 (s,
91).
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CNMR (125 MHz, CDCls, 8): 42.8, 29.6, 25.6, 23.2.

2-Methyl-propane-2-suifinic acid (2-(6-amino-8-(6-iodo-benzo[ 1,3]dioxol-5-ylsulfanyl)-purin-9-
yl)-ethyl)-amide (WS39):

To a sotution of 8-((6-iodobenzo{d][1,3]dioxol-5-y])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-ethy!)-amide
(90 mg, 0.37 mmol) and Cs,CO; (159 mg, 0.49 mmol). The resulting mixture was stirred ata
temperature of about 25°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,/CDCly, 8): 8.21 (s, [H), 7.39 (s, 1H), 7.04 (s, 1H), 6.06 (s,
10 2H), 4,81 (m, 1H), 4.35-4.44 (m, 2H), 3.63 (m, 1H), 3.46 (m, 1H), 1.11 (s, 9H).

BCNMR (125 MHz, MeOH-d,/CDCls, 8): 154.8, 153.2, 151.9, 149.4, 149.1, 146.1, 128.0,
120.1, 118.2, 112.0, 102 4, 90.6, 56.0, 45.1, 44.4,22.6.

MS (ESD: m/z=561.0 [M+HT".
HRMS (ESI) m/z [M+I’ﬂ+ calc'd. for C;anINSOgsg = 5610239, found 561.0233.

15 2-Methyl-propane-2-sulfinic acid {2-[6-amino-8-(6-iodo-indan-5-ylsulfanyl)-purin-9-yl]-ethyl}-
amide (WS40):

To a solution of S-6 (50 mg, 0.12 mmol) in 3 mL of dry DMF was added 2-methyl-
propane-2-sulfinic acid (2-bromo-ethyl)-amide (40 mg, 0.18 mmol) and Cs,CO;, (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).

"H NMR (500 MHz, MeOH-d/CDCly, 8): 8.22 (s, 1K), 7.82 (s, 1H), 7.34 (s, 1H), 4.36-
4,44 (m, 2H), 3.60 (m, 1H), 3,44 (m, 1H), 2.92 (t, T = 7.4 Hz, 2H), 2.86 (t. T = 7.5 Hz, 2H), 2.10 (m,
280), 1.10 (s, 9FD).
25 MS (ESD): m/z=557.0 [M+H]',
HRMS (EST) m/z [MAH]" calo'd. for Coel,eINsOS; = 557.0654; found 557.0676.

N-(2-(6-amino-8-((5-iado-2,3-dihydrobenzofuran-6-yl)thio)-9H-purin-9-yl)ethyl)-2-
methylpropane-2-sulfinamide (WS41):

To a solution of S2-4 (10 mg, 0.02 mrmol) in 1 mL, of dry DMF was added 2-methyl-

30 propane-2-sulfinic acid (2-bromo-ethyl)-amide (27 mg, 0.12 mmol) and Cs,COs (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 (ESD): m/z=559,0 [M+H]".,
HRMS (ESD m/z [MAH]" calc'd, for CroHy, INGO,S, = 559.0447; found 559.0439.

N-(2-(6-amino-8-((6-iodobenzo[d][1,3]dioxol-5-yl)thio)-9H-purin-9-yl)ethyl)-2-methylpropane-2-
sulfonamide (WS42):

5 To a solution of 8-((6-iodobenzo[d][1,3]dioxol-5-yl)thio)-9H-purin-6-amine (30.4 mg, 0.07
mmol) in 3 mL of dry DMF was added 2-methyl-propane-2-sulfonic acid (2-bromo-ethyl)-amide
(90 mg, 0.37 mmol) and Cs,CO; (80 mg, 0.25 mmol). The resulting mixture was stirred at a
temperature of about 25°C for 3 hrs, condensed under reduced pressure and purified by flash

chromatography to provide compound WS42 as pale yellow solid (17 mg, 41% yield).

10 'H NMR (500 MHz, CDCl, 8): 8.16 (s, 1H), 7.19 n(s, 2H), 6.83 (b, 1H), 5.90 (br, 2H),
5.88 (s, 211), 432 (t, T= 5.6 Hz, 2H), 3.68 (m, 210), 1.23 (s, 910).

MS (ESD): m/z=577.1 [M+H]".
HRMS (ESL) m/z [MAH]" calc'd, for CyH,,INg0,S, = 577.0189; found 577.0172.

N-(2-(6-amino-8-((6-iodo-2,3-dihydro- 1 H-inden-5-y)thio)-9H-purin-9-yethyl)-2-methylprapane-
15 2-sulfonamide (WS43):
To a solution of S2-4 (25 mg, 0.06 mmol) in 2 mL of dry DMF was added 2-methyl-
propane-2-sulfonic acid (2-bromo-ethyl)-amide (90 mg, 0.37 mmol) and Cs,CO; (60 mg, 0.18
mmol). The resulting mixture was stirred at & temperature of about 25°C for 3 hrs, condensed

under reduced pressure and purified by flash chromatography to provide compound WS43 as a
20 white powder (3.6 mg, 10% yield).

"H NMR (500 MHz, CDCl, §): 8.25 (s, 1H), 7.56 (s, 1H), 6.42 (s, 1H), 5.88 (brs, 1H),
5.58 (brs, 2H), 4.49 (m, 2H), 431 (m, 2H), 3.51 (m, 2H), 3.11 (m, 2H), 1.12 (s, 9H),

MS (BSI): m/iz=575.0 [M+H]".

HRMS (ES) m/z [M+H]" cale'd. for CisHINs04S; = 575.0396; found 575.0399,

25 N-(2-(6-amino-8-((5-iodo-2,3-dihydrobenzofuran-6-ylythio)-9H-purin-9-yl)ethyl)-2-

methylpropane-2-sulfonamide (WS44):

To a solution of S-6(20 mg, 0.05 mmol) in 2 mL of dry DMF was added 2-methyl-
propane-2-sulfonic acid (2-bromo-ethyl)-amide (90 mg, 0.37 mmol) and Cs,CO, (60 mg, 0.18
mmol). The resulting mixture was stirred at a temperature of about 25°C for 3 hrs, condensed

30 under reduced pressure and purified by flash chromatography to provide compound WS44 as a
white powder (11 mg, 31% yield).
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"H NMR (500 MHz, CDCl, 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 (ESD): m/z=573.1 [M+H]",

HRMS (ESD) m/z [M+H]" cale'd. for CagHyeIN0,S; = 573.0603; found 573.0597.

Scheme 8. Synthesis of S-linked dimethylamino derivatives.
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R = t-butylcarbonyl MRP-1-29
R = cyclopropane sulfonyl  MRP4-31
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Reagents and conditions: (a) Ac,0, AcOH, rt; (b) ICl, CH,Cly, AcOH, 1t; (¢) NaOH, EtOH, H,0,
reflux; (d) paraformaldehyde, NaBH;CN, MeOH, 50°C; (e) 8-mercaptoadenine, neocuproine, Cul
NaOtBu, DMF, 115°C; (f) 2-(3-bromopropyisoindoline-1,3-dione, Cs,CO4, DMF, 1t; (g)
hydrazine hydrate, CH,Cl,/McOH, rt; (h) TEA, cotresponding acid chlorides or sulfonamide,
DMF;

]

10 2+(3-{6-Amino-8-(6-(dimethylamino)benzo[d][1,3]dioxol-5-ylthio)-9H-purin-9-
yDpropyDiscindoline-1,3-dione. F (0.720 g, 2.18 mmol), Cs,CO; (0.851 g, 2.62 mmol), 2-
(3-bromopropyl)iscindoline-1,3-dione (2.05 g, 7.64 mmol) in DMT (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,Cl;:MeOH:AcOH, 15:1:0.5) to give 0.72 g (63%) of the titled
compound. 'H NMR (500 Mz, CDCly/MeOH-dy4): 8 8.16 (s, 1H), 7.85-7.87 (m, 2H),
7.74-7.75 (m, 2H), 6.87 (s, 11D}, 6.71 (s, 1H), 5.88 (s, 2H), 4.37 (1, /= 6.4 Hz, 2H), 3.73 1,

5 J=6.1Hz, 2H), 2.69 (s, 6H), 2.37-2.42 (m, 2H); HRMS (ESI) m/z [M+H]" calcd. for
CasHaulN7O4S, 518.1610; found 518.1601.

9~(3-Aminopropyl)-8-(6-(dimethylamino)benzo[d][1,3]dioxol-5-ylthio)-9H-parin-6-
amine, 2-(3-(6-Amino-8-(6-(dimethylamina)benzo[d]f 1,3]dioxol-3-ylthin)-9H-purin-9-

10 yDpropyl)isoindoline-1,3-dione (0.72 g, 1.38 mmol), hydrazine hydrate (2.86 g, 2.78 mL,
20.75 mmol), in CH,Cl::MeOH (4 mL:28 mL) was stirred for 2 h at rt. The mixture was
dried under reduced pressure and the residue purified by column chromatography
(CH,Cl:MeOH-NH;3(7N), 20:1) to give 430 mg (80%) of the titled compound. "H NMR
(500 MHz, CDCl3): 8 8.33 (s, 1H), 6.77 (s, 1H), 6.49 (s, 110, 5.91 (s, 2H), 5.85 (br s, 2H),

15 430 (t,J= 6.9 Hz, 2H), 2.69 (s, 6H), 2.65 {t, J = 6.5 Hz, 2H), 1.89-1.95 (m, 2H); C NMR
(125 MHz, CDCls): § 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; HIRMS (ESI) m/z [M+H]" caled. for
C17H22N70,S, 388.1556; found 388.1544,

20 N-(3-(6-Amino-8-(6-(dimethylamino)benzo[d}[1,3] dioxol-5~yithio)-9H-purin-9-
yhpropyleyclopropanecarboxamide (MRP-I-28). 9-(3-Aminopropyl)-8-(6-
(dimethylamino)benzo[d][1,3]dioxol-5-ylthio)-9H-purin-6-amine (60 mg, 0.155 mmol),
triethylamine (17 mg, 24 p1, 0.170 mmol), cyclopropane carbonyl chloride (16 mg, 14 ulL,
0.155 mmol) in CH,Cl, (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,Cly:MeOH-NH3(7N) ,
20:1) to give MRP-I-28 (66 mg, 93%). "H NMR (600 Mz, CDCls): § 8.33 (s, 1H), 7.40 (t,
J=6.1Hz, 1H), 6.77 (s, 1H), 6.52 (s, 1), 6.40 (br s, 2H), 5.90 (s, 2H), 4.29 (t, /= 6.2 Hz,
2H), 3.11 (q, J = 6.0 Hz, 2H), 2.68 (s, 6H), 1.87-1.91 (m, 2H), 1.45-1.49 (m, 1H), 0.98-
0.96 (m, 2H), 0.77-0.74 (m, 2H); *C NMR (150 MHz, CDCh): 5 173.7, 154.9,153.0,151.8

30 148.3,1475,146.6,144.7, 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]" caled. for CyHpeN;0-S, 456.1818; found 456.1812.

>

N-(3-(6-Amino-8-(6-(dimethylamino)benzo[d][1,3] dioxol-5-ylthio)-9H-purin-9-
yDpropyl)pivalamide (MRP-I-29). 9-(3-Aminopropyl)-8-(6-
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(dimethylamino)benzo[d][1,3]dioxol-5-ylthio)-9H-purin-6-amine (60 mg, 0.155 mmol),
triethylamine (17 mg, 24 uL, 0.170 mmol), pivaloyl chioride (19 mg, 19 uL, 0.155 mmol)
in CHzCl; (3 mL) was stirred for 2 h at rt. The mixture was dried under reduced pressure
and the residue purified by preparatory TLC (CH;Cl, MeOH-NH;(7N) , 20:1) to give

5 MRP-1-29 (65 mg, 89%). 'H NMR (600 MHz, CDCL): § 8.30 (s, 1H), 7.65 (t, J= 6.2 Hz,
1H), 6.77 (s, 1H), 6.50 (s, 1H), 6.39 (br s, 2H), 5.90 (s, 2H), 4.26 (t, J = 6.0 Hz, 2H), 3.04
{4, /= 6.0 Hz, 2H), 2.68 (s, 6H), 1.83-1.87 (m, 2H), 1.27 (s, 9H); *C NMR (150 MHz,
CDCl3): 3 178.8, 154.9,152.9, 151.9, 148.3, 147.5, 146.6, 144.7, 119.8, 119.7, 109.5,
102.5,101.7, 453, 40.3, 38.8, 34.8, 28.9, 27.7; (ESI) m/z [M+]" caled. for CppHygN7O;S,

10 472.2131; found 472.2128.

N-(3-(6~Amino-8-(6-(dimethylamino)benzo[d}[1,3]dioxal-5-ylthio)-9H-purin-9-
yDpropyl)cyclopropanesulfonamide (MRP-1-31). 9-(3-Aminopropyl)-8-(6-
(dimethylamino)benzo[d][ 1,3]dioxol-5-ylthio)-9H-purin-6-amine (61 mg, 0.158 mmol),

15 tricthylamine (18 mg, 24 pL, 0.174 mmol), cyclopropane sulfonyl chloride (22 mg, 17 uL,
0.158 mmol) in CH,Cl, (3 mL) was stirred for 2 h at 1t. The mixture was dried under
reduced pressure and the residue purified by preparatory TLC (CH,Cl;:MeOH-NH3(7N) ,
20:1) to give MRP-I-31 (55 mg, 71%). "H NMR (600 MHz, CDCls): & 8.30 (s, 1), 6.78 (s,
1H), 6.66 (t,./= 6.8 Hz, 1H), 6.51 (s, 1H), 6.29 (br s, 2H), 5.91 (s, 2H), 4.31 {t, /= 6.0 Hz,

20 2H),3.02 (g, J=6.1 Hz, 2H), 2.70 (s, 6H), 2.34-2.38 {m, 1H), 1.95-1.99 (m, 21), 1.15-

1.17 {m, 2H), 0.93-0.96 (m,2H); *C NMR (150 MHz, CDCL): § 154.9, 153.1, 151.7, 148.4,
147.6, 146.3, 144.8, 119.8, 119.4, 109.6, 102.4, 101.8, 45.4, 40.0, 39.0, 30.4, 30.2, 5.26;
HRMS (EST) m/z [M+H]" caled. for CoHpgN704S,, 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 = i-propylsulfonyl WS48 Xa=Xb=CHj, R= t-butylsulfinyl WS63
Xa=Xb=0, R = toutylsulfinyl WS49 Xa=H, Xb=0, R= t-butylcarbonyl WS64

Xa=Xb=0, R = isohutylsulfonyl WS50
Xa=Xb=0, R = cyclopropanecarbonyl WS51
Xa=Xb=0, R = t-butylsuifonyl WS52

Xa=Xb=0, R = lactyl WS55
Xa=Xb=0, R = cyclopropanesulfonyl WS56
Xa=Xb=0, R =2-hydroxy-2-methylpropanyl WS58

Reagents and conditions: (a) triethylamine, acid chlaride or sulfonyl chloride or sulfinyl

chloride; (b) Cs,CO;, DMF.
N-(3-Bromopropyl)pivalamide. To a suspension of 3-bromopropylamine hydrobromide
(290 mg, 1.3 mmol) in CH,Cl, (10 mL) cooled in ice bath was added triethylamine (470

5 uL). The resulting mixture was stirred for 5 min and trimethylacetyl chloride (163 ul, 1.3
mmol) was added dropwise. The reaction mixture was stirred at 0 °C for 2 hrs, condensed
under vacuum, purified by flash chromatography to yield N-(3-bromopropyl)pivalamide as
colorless oil (160 mg, 55%). 'H NMR (500 MHz, CDCls): 5 (5.97 (br s, 1H), 3.40 (m, 4H),
2.07 (m, 2H), 1.17 (s, 9H); *C NMR (125 MHz, CDCl3): § 178.7, 37.2,32.1, 31.1, 27.6.
10

The preparation of other amides, sulfonamides and sulfinamides followed the same
procedure as described above using 3-bromopropylamine hydrobromide and corresponding

acid chloride, sulfonyl chloride or sulfinyl chloride.

15 N-(3-(6-amino-8-((6-iodobenzo|d][1,3]dioxol-S-yl)thio)-9 H-purin-9-
yhpropyDpivalamide (WS45). To a solution of 8-({6-iodobenzo[d][1,3]dioxol-5-yhthio-
OH-purin-6-amine (74 mg, 0.18 mmol) in DMF ( 2 mL) was added N-(3-
bromopropyl)pivalamide (80 mg, 0.36 mmol) and Cs,CO; (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,Cl,:NH;-MeOH
(TN), 20:1) to yield WS45 as a white solid (18 mg, 18%). 'H NMR (500 MHz, CDCl;): &
8.23 (s,1H), 7.45 (br s, 1H), 7.19 (s, 1H), 6.88 (s, 1H), 5.93 (5, 2H), 5.69 (brs, 2H), 4.20 (t,

5 J=6.1Hz, 2H), 3.00 (m, 2H), 1.80 (m, 2H), 1.21 (s, 9H); HRMS (EST) m/z [M+H]" caled.
for CooHp4IN6O38, 555.0675; found 555.068]1.

—(3-(6-Amine-8-((6-iodobenzo[d][1,3]dioxol-5-yD)thio)-9 H-purin-9-
yDpropyl)isobutyramide (WS46). To a solution of 8-((6-iodobenzo[d][ 1,3]dioxol-5-

10 yDthio-9H-purin-6-amine (50 mg, 0.12 mmol) in DMF ( 2 mL) was added N-(3-
bromopropyl)isobutyramide (50 mg, 0.24 mmol) and Cs,COs (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 (CH,Cly:NH;-MeOH
(7N), 20:1) to yield W46 as a white sclid (22 mg, 34%). "H NMR (500 Mz,

15 CDCL/MeOH-d,): § 8.22 (s,1H), 7.61 (br s, LH), 7.41 (s, 1H), 7.08 (s, 1H), 6.07 (s, 2H),
4.27 (m, 2H), 5.21 (m, 2H), 2.45 (s, 1H), 2.02 (m, 2H), 1.19 (d, /= 6.9 Hz, 6H); HRMS
(BSD) m/z [M+H]" caled. for CioHpINgO5S, 541.0519; found 541.0508.

N- (3-(6-Amino-8-((6-iodobenzo[d][1,3]dioxol-5-yl)thio)-9 H-purin-9-

20 yhpropyDpropane-2-sulfonamide (WS48). To a solution of 8-((6-
iodobenzo[d][1,3]dioxol-5-yl)thio-9H-purin-6-amine (118 mg, 0.28 mmol) in DMF ( 2 mL)
was added N-(3-bromopropyl)propane-2-sulfonamide (350 mg, 1.4 mmol) and Cs,COj5
(188 mg, 0.56 mmol). The resulting mixture was stirred at room temperature overni ght.
The reaction mixture was condensed under vacuum and the residue was purified by Prep

25 TLC (CHaCly:NH;-MeOH (7N), 20:1) to yield WS48 as a white solid (33 mg, 20%). 'H
NMR (500 MHz, CDCly/MeOH-d,): 8 8.20 (s, 1H), 7.41 (s, 1H), 7.09 (s, 1H), 6.08 (s, 2H),
435 (t,J="7.0 Hz, 2H), 3.10-3.22 (m, 3H), 2.07 {m, 2H), 1.37 (d, /= 6.9 Hz, 6H); 1°C
NMR (125 MHz, CDCl3/MeOH-d,): 8 158.4, 156.1, 155.1, 153.9, 153.5, 151.8, 129.2,
123.5,123.3,117.9, 106.6, 98.3, 57.0, 44.8, 43.9, 34.3, 20.2; HRMS (ESI) m/z [M+H]"

30 caled. for CigHanINgO4S,, 577.0189; found 577.0193.

N-3-(6-Amino-8-((6-indohenzo[d}[1,3]dioxol-5-yl)thio)-9H-purin-9-yl)propyl)-2-
methylpropane-2-sulfinamide (WS49). To a solution of 8-((6-iodobenzo{][1,3]dioxol-5-
yDthio-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,CO; (23 mg,
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0.14 mmol). The resulting mixture was stirred at room temperature overnight. The reaction
mixture was condensed under vacuum and the residue was purified by Prep TLC
(CH,Cl;:NH;-MeOH (7N), 20:1) to yield WS49 as a white solid (14 mg, 35%). 'H NMR
(600 MHz, CDCls): 5 8.31 (s, 1H), 7.33 (s, 1H), 6.94 (s, 1H), 6.02 (s, 2H), 5.87 (br s, 2H),
4.91 (t, J=6.7 Hz, 1H), 4.40-4.45 (m, 1H), 4.31-4.36 (m, 1H), 3.10-3.17 (m, 1H), 2.97-
3.04 (m, 1H), 2.11-2.17 (m, 1H), 1.96-2.08 {m, 1H), 1.26 (s, 9H); *C NMR (150 MHz,
CDCl;): 8 154.5,152.9, 151.9, 149.3, 149.2, 146.5, 127.3,119.9, 119.3, 112.6, 102.4, 91.8,
55.9,42.1,40.5,31.1, 22.8; HRMS (BSD) m/z [MHI]" caled. for Ci9H4INgO3S;, 575.0396;
found 575.0379.

N-3-(6-Amino-8-((6-iodobenzo[d][1,3]dioxol-5-yDthio)-9 H-purin-9-yl)propyl)-2-
methylpropane-1-sulfonamide (WS50). To a solution of 8-((6-iodobenzo[d][1,3]dioxol-
S-yDthio-9H-purin-6-amine (24 mg, 0.06 mmol) in DMF ( 1.5 mL) was added N-(3-
bromopropyl)-2-methlpropane-1-sulfonamide (60 mg, 0.24 mmol) and Cs,CO; (38 mg,
0.12 mmol). The resulting mixture was stirred at room temperature overnight. The reaction
mixture was condensed under vacuum and the residue was puritied by Prep TLC
(CHCL;NH3-MeOH (7N), 20:1) 1o yield WS850 as a white solid (16 mg, 46%). 'H NMR
(500 MHz, CDCly/MeOH-dy): 3 8.07 (s, 1H), 7.25 (s, 1I1), 6.94 (s, 1H), 5.93 (5, 2H), 4.20
(t,J=6.2 Hz, 2H), 2.97 (t, J= 5.6 Hz, 2H), 2,78 (d, J = 6.5 Hz, 2H), 2.05-2.16 (m, 1H),
1.87-1.97 (m, 2H), 0.98 (d, J = 6.7 Hz, 611); *C NMR (125 MHz, CDCl:/MeOH-d,): §
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 (ESD) m/z [M+H]" caled. for CioHIN6Q,S,, 591.0345;
found 591.0333.

N-3-(6-amino-8-((6-iodobenzo[d][1,3}dioxol-5-yl)thio)-9H-purin-9-
yDpropyDeyclopropane carboxamide (WS51). To a solution of 8-((6-
iodobenzo[d][1,3]dioxol~5-yl)thio-9/[-purin-6-amine (30 mg, 0.07 mmol) in DMF ( 1.5
ml.) was added N-(3-bromopropyl) cyclopropanecarboxamide (60 mg, 0.28 mmol) and
Cs,C0;5 (48 mg, 0.14 mrnol). 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,Cly:NH;-MeOH (7N), 20:1) 1o yield WSS1 as a white solid (14 mg,
35%). "H NMR (500 MHz, CDCls/ MeOH-d,): & 8.16 (s,1HD), 7.31 (s, 1H), 6.99 (s, 11),
5.98 (s, 2H), 4.21 (1, ./ =7.0 Hz, 2H), 3.16 {t, J = 6.6 Hz, 2H), 1.88-1.98 (m, 2H), 1.40-1.44
(m, 1H), 0.83-0.91 (m, 2H), 0.66-0.74 (m, 2H); '*C NMR (125 MHz, CDClyMcOH-d,): 3
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179.1,1747, 1543, 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]" caled. for C1oH,0INO5S, 539.0362;
found 539.0362.

5 N-3-{(6-Amino-8-((6-iodobenzo[d][1,3]dioxol-5-yl)thio)-9 H-purin-9-yDpropyl)-2-
methylpropane-2-sulfonamide (WS52). To a solution of 8-((6-iodobenzo[d][1,3]dioxal-
5-yDthio-9H-purin-6-amine (37 mg, 0.09 mmol) in DMF ( 1.5 mL) was added N-(3-
bromopropyl)-2-methylpropane-2-sulfonamide (70 mg, 0.27 mmol) and Cs,COs (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
(CH>CL:NH;3-MeOH (7N), 20:1) to yield WS52 as a white solid (9 mg, 16%). '"H NMR
(600 Mz, CDCls): & 8.20 (s, 1H), 7.25 (s, 1H), 6.89 (s, 1H), 6.35 (t, J = 6.7 Hz, 1H), 5.94
(s, 2H), 5.69 (br s, 2H), 4.32 (1, /= 6.0 Hz, 2H), 2.93-2,99 (m, 2H), 1.87-1.99 (m, 2H),
1.28 (s, 9H); °C NMR (150 MHz, CDCl3): 8 154.5, 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]' caled. for CisHaINgOqS2, 591.0345; found 591.0353.

{S)-N-3-(6-Amino-8-({6-iodobenzo[d][1,3] dioxol-5-yhthio)-9H-purin-9-yl)propyl)-2-
hydroxypropanamide (WSS5). 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-yl acetate (130 mg, 0.51 mmol) and Cs,CO; (112 mg,
0.34 mmol). The resulting mixture was stirred at room temperature over night, The reaction
mixture was condensed under vacuum and the residuc was purified by Prep TLC
(CHClo:!NH3-MeOH (7N), 20:1) to yield WSSS as a white solid (13 mg, 14%). "H NMR

25 (600 MHz, CDCl): 5 8.23 (s,1H), 7.64 (1, /= 6.0 Hz, 1H), 7.26 (s, 1H), 6.90 (s, 1H), 5.94
(s, 2H), 5.73 (br s, 2H), 4.10-4.23 (m, 3H), 3.05-3.25 (m, 2H), 1.85-1.95 (m, 210, 1.39 (dd,
J=15.1, 6.8 Hz, 3H); HRMS (EST) m/z [M+H]" caled. for CrsHaoINeD4S, 543.0312; found
543.0310.

30 N-3-(6-Amino-8-((6-iodobenzo[d][1,3]dioxol-5-yl)thio)-9 H-purin-9-
ylpropyljcyclopropanesulfonamide (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 Cs,CO4
(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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(CHCL:NH;-MeOH (7N), 20:1) to yield WS56 as 2 white solid (12 mg, 19%). "H NMR
(600 Mz, CDCly/MeOH-d.): § 8.13 (s, 1H), 7.32 (s, 1H), 7.0 (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]" caled. for CigHyINeOsSs,
575.0032; found 575.0042.

wn

1-((3-(6-Amino-8-((6-iodobenzo[d][1,3]dioxol-5-yl)thio)-9H-purin-9-yD)propyl)amino)-
2-methyl-1-oxopropan-2-yl acetate (WS57). To a solution of §-((6-
iodobenzo[d][1,3]dioxol-5-y])thio-9H-purin-6-amine (59 mg, 0.14 mmol) in DMF (1.5

10 mlL) was added 1-((3-bromopropyl)amino)-2-methyl-1-oxopropan-2-yl acetate (120 mg,
0.48 mmol) and Cs;CO; (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,Cl,:NH3-MeOH (7N), 20:1) to yield WS57 as a white solid
(19 mg, 22%). "H NMR (600 MHz, CDCL): § 8.23 (s,1H), 7.90 (1,.7= 6.0 Hz, 1H), 7.26 (s,

15 1H), 6.85 (s, 1H), 5.95 (s, 2H), 5.54 (br s, 2H), 4.21 (t, J = 5.9 Hz, 2H), 2.93-2.99 (m, 2H),
2.08 (s, 3H), 1.83-1.90 (m, 25), 1.59 (s, 6H); HRMS (ESI) m/z [M+H]" caled. for
C21H24IN(OsS, 599.0574; found 599.0579.

N-(3-(6-Amino-8-((6-iodobenzo[d][1,3]dioxcl-5-yl)thio)-9 H-purin-9-yl)prepyl)-2-

20 hydroxy-2-methylpropanamide (WS58). To a solution of WS857 in MeOH/THF/H,0 (0.3
m1/0.3 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
(CHaCly:NH3-MeOH (7N), 20:1) to yield WS58 as a white solid (10 mg, 83%). 'H NMR
(600 MHz, CDCl3): & 8.24 (s, 1H). 7.79 (br s, 1H), 7.25 (s, 1H), 6.88 (s, 1H), 5.94 (5, 2H),

25 5.67 (ors, 2H), 4.20 (, /= 6.4 Hz, 2H), 3.02-3,20 (m, 21T, 1.83-1.96 (m, 2H), 1.43 (s, 6H);
PCNMR (150 MHz, CDCly): § 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+H]"
caled. for C1oHINgO.S, 557.0468; found 557.0447.

30 N-(3-(6-Amino-8-((5-iodo-2,3-dihydroebenzofuran-6-yl)thic)-9 H-purin-9-
yDpropyDeyclopropanecarboxamide (WS61). To a solution of 8-((5-iodo-2,3-
dihydrobenzofuran-6-yl)thio)-9H-purin-6-amine (26 mg, 0.06 mmol) in DMF ( 1.5 mL)
was added N-(3-bromopropyl) cyclopropanecarboxamide (39 mg, 0,18 mmol) and Cs,CO;
(41 mg, 0.12 mmol). The resulting mixture was stirred at room temperature overnight. The

35  reaction mixture was condensed under vacuum and the residue was purified by Prep TLC
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(CH,Cly:NH;-MeOH (7N), 20:1) to vield WS61 as a white solid (12 mg, 35%). "H NMR
(600 MHz, CDCL): & 8.30 (s, 1H), 7.57 (s, 1H), 7.16 (m, 1I1), 6.55 (s, 11), 5.67 (br s, 211),
4.50 (t,/=8.8 Hz, 2H), 422 (t, /= 6.3 Hz, 2H), 3.13 (t, /= 8.6 Hz, 2H), 3.01-3.07 (m,
2H), 1.80-1.86 (m, 2H), 1.38-1.44 (m, 1H), 0.87-0.93 (m, 2H), 0.67-0.72 (m, 2H); HRMS
(EST) m/z [M+H]" caled. for CogHpINGO,S, 537.0570; found 537.0567.

N-(3-(6-Amino-8~((5-iod0-2,3-dihydrobenzofuran-6-yhthio)-9H-purin-9-yl)propyl)-2-
methylpropane-2-sulfinamide (WS62). To a solution of 8-((5-iodo-2,3-
dihydrobenzofuran-6-yl)thio)-9H-purin-6-amine (26 mg, 0.06 mmol) in DMF ( 1.5 mL)
was added N-(3-bromopropyl)-2-methlpropane-2-sulfinamide (49 mg, 0.18 mmol) and
CsC0; (41 mg, 0.12 mmol). The resulting mixture was stirred at room temperature
overnight. The reaction mixture was condensed under vacuum and the residuc was purificd
by Prep TLC (CH,Cly:NH;3-MeOH (7N), 20:1) to yield WS62 as a white solid (11 mg,
30%). "H NMR (600 MHz, CDCL): § 8.33 (s, 1H), 7.66 (s, 1H), 6.61 (s, 1H), 5.85 (br s,
20), 4.84 (t, J= 6.7 Hz, 1H), 4.59 (t, J= 8.7 Hz, 2H), 4.37-4.44 (m, 1 H), 4.29-4.35 (m,
1H), 3.22 (t, J= 8.5 Hz, 2H), 3.09-3.16 (m, 1H), 2.95-3.02 (m, [H), 2.06-2.15 (m, 11),
1.93-2.05 (m, 1H), 1.29 (s, 9H); HRMS (ESD) m/z [M+H]" caled. for CapHlsINGO,85,
573.0603; found 573.0620.

N-(3-(6~Amino-8-((6-iode-2,3-dihydro- 1 H-inden-5-yl)thio)-9 H-purin-9-yl)propyl)-2-
methylpropane-2-sulfinamide (WS63). To a solution of 8-({6-iodo-2,3-dihydrc-1H-
inden-S-yljthio)-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 Cs,CO; (21 mg,
0.06 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;ClL:NH;-MeOH (7N), 20:1) to yield WS63 as a white solid (5 mg, 27%). "H NMR
(600 MHz, CDCl3): § 8.22 (s, 1H), 7.68 (s, 1H), 7.05 (s, 1H), 5.70 (br s, 2H), 4.83 (1, J=
6.7 Hz, 1H), 4.28-4.36 (m, 1H), 4.17-4.27 (m, 1H), 2.99-3.07 (rn, 1H), 2.85-2.93 (m, 1H),
2.81(t,J=74Hz, 2H), 2.72 (t, J="7.5 Hz, 2H), 1.83-2.08 (m, 4H), 1.20 (m, 910); FIRMS
(ESI) m/z [M+H]+ caled. for Cy1HagINGOS,, 571.0811; found 571.0809.

N-(3-(6-Amino-8-((2-iodo-5-methoxyphenyl)thio)-9H-purin-9-yl)propyl)pivalamide
(WS864). To a solution of 8-((2-iodo-5-methoxyphenyl)thio)-9H-purin-6-amine (200 mg,
0.5 mmol) in DMF (3 mL) was added N-(3-bromopropyl)pivalamide (445 mg, 2 mmol)
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and Cs,CO;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 (CHyClp:NH;-MeOH (7N), 20:1) to yield WS64 as a white solid (53 mg,
20%). 'H NMR (500 MHz, CDCL): & 8.26 (s,1H), 7.66 (d, /= 8.7 Hz, 1H), 7.43 (br s, 1H),
5 666 (s, 1H), 6.50 (d, J= 8.7 Hz, 1H), 5.86 (br 5, 2H), 4.20 (t, /= &.1 Hz, 2H), 3.61 (s, 3H),
2.78 (m, 2H), 1.82 (m, 2H), 1.21 (s, 9H); *C NMR (125 MHz, CDCly): 5 178.8, 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]Jr caled. for CyoHasINgO,S, 541.0883; found 541.0898.

10 Scheme 10. Synthesis of S-linked reversed sulfonamide derivatives
NH, |

1/§[N>_SO NH, 1
A S
+ S AaYs

o
a 0, b 93]
Ch N_.S0Cl . SR T "
n= oY 1 n=01 ’302
=0, HN

[
R R=tbutyl, n=0 Ws47
R =t-butyl, n=1 WS53
R =isopropyl, n= 1 W§54

15 2-(6-Amino-8-((6-icdobenzo[d][1,3]dioxol-5-yl)thio)-9H-purin-9-yl)-N-(tert-
butyl)ethanesulfonamide (WS47). To a solution of 8-((6-iodobenzo[d][1,3]dioxol-5-
yDthio-9H-putin-6-amine (56 mg, 0.13 mmol) in DMF ( 2 mL) was added N-t-butyl-2-
chloroethanesulfonamide (50 mg, 0.25 mmol) and Cs,COs (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 (CI,Cly:NH;-MeOH
(7N), 20:1) to yield WS47 as a white salid (10 mg, 13%). "H NMR (500 MHz,
CDClyMeOH-d,): 8 8.22 (s,1H), 7.39 (s, 1H), 7.08 (s, 1H), 6.06 (s, 2H), 4.69 (t, J= 7.0 Hz,
2H), 3.57 (t, /= 7.1 Hz, 2H), 1.35 (s, 9H); C NMR (125 MHz, CDClL/MeOH-d,): § 158.3,
156.4,155.1, 153.9, 153.4, 151.5, 129.2, 123.5, 123.3, 117.8, 106.6, 98.1, 58.5, 57.3, 42.7,

25 33.8; HRMS (ESI) m/z [M+H]" calcd. for C gHzINgO4S,, 577.0189; found 577.0217.
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3~(6-Amino-8-((6-iodobenzo[d][1,3]dioxal-5-yl)thio)-9 H-purin-9-yh)-N-(tert-
butyl)propane-1-sulfonamide (WS53). To a solution of 8-((6-iodobenzo[d][1,3]dioxol-5-
yDthio-9H-purin-6-amine (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,COs (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 (CHoCly:NH;-MeOH
(7N), 20:1) to yield WSS53 as a white solid (18 mg, 22%). "H NMR (600 MHz,
CDCly/MeOH-d,): § 8.21 (s, 1H), 7.40 (s, 1H), 7.06 (s, LH), 6.06 (s, 2H), 4.38 (t, /=73
Hz, 2H), 3.12 (t, J = 7.4 Hz, 2H), 2.13-2.44 (m, 2H), 1.33 (s, 9H); *C NMR (150 MHz,

10 CDCl/MeOH-d,): 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]" caled. for
C15H24INO4S,, 591.0345; found 591.0361.

3-(6-Amino-8-{(6-iodobenzo[d][1,3]dioxol-5-yl)thio)-9H-purin-9-yl)-N-

15 isopropylpropane-1-sulfonamide (WS54). To a solution of 8-((6-
iodobenzo[d][1,3]dioxol-5-yl)thio-9H-purin-6-amine (39 mg, 0.09 mmol) in DMF ( 2 mL)
was added 3-chloro-N-isopropylpropane-1-sulfonamide (100 mg, 0.45 mmol) and Cs,CO;
(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 (CH,ClyNH;-MeOH (7N), 20:1) to yield WS54 as a white solid (14 mg, 26%). 'H NMR
(500 MIiz, CDCly/MeOH-dy): 8 8.00 (s,1H), 7.19 (s, 1H), 6.86 (s, 1H), 5.86 (s, 2H), 4.17 (1,
J=17.3 Hz, 2H), 3.34 (septet, J= 6.6 Hz, 11I), 2.89 (t, /= 7.6 Hz, 2H), 2.05-2.13 (m, 2H),
0.99 (d, J= 6.6 Hz, 6H); HRMS (ESI) m/z [M+H]" caled. for CsHzING04Ss, 577.0189;
found 577.0194,

25
Scheme 11. Synthesis of methylene-linked amide, sulfonamide and sulfinamide derivatives
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R = t-butylsulfinyl WS60

R=H WS65

R = t-butylcarbony! WS66

R = cyclopropanecarbonyl WS71
R = cyclopropanesulfonyl WS72

Reagents and conditions: (a) triethylamine, (Boc),0; (b) TFA; (c) acid chloride, or sulfonyl
chloride or sufiny! chloride.

-Butyl (3-bromopropyl)carbamate. To a suspension of 3-bromopropylamine
5 hydrobromide (10 g, 45.7 mmol) in CH>Cl, (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 Mz, CDCl3/MeOH-dy): § 475 (brs,
1H), 3.44 (t, /= 6.6 Hz, 2H), 3.27 (m, 2H), 2.05 (m, 2H), 1.45 (s, 9H).

9-(3-Aminopropyl)-2-fluoro-8-((6-iodobenzo[d] [1,3] dioxol-5-y))methyl)-9 H-purin-6-
amine (W565). To a solution of 2-fluoro-8-((6-iodobenzo[d][1,3]dioxol-5-yl)methyl)-9 H-
15 purin-6-amine (3.3 g, 8 mumol) in DMF ( 50 mL) was added t-butyl (3-
bromopropyl)carbamate (9.6 g, 40 mmol) and Cs,CO; (5.26 g, 16 mmol). The resulting
mixiure 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-yDmethyl)-9H-purin-9-yl)propyl)carbamate as white solid (3.1
20 g, 66%). The solution of t-butyl (3-(6-amino-2-fluoro-8-((6-iodobenzo[d][ 1,3]dioxol-5-
yDmethyl}-9H-purin-9-yl)propyl)carbamate (1.9 g, 3.3 mmol) in the mixture of
TFA/CH,Cl; (10 mL/2 mL) was stirred at room temperature for 2 hrs, The reaction mixture
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was condensed, purified by flash chromatography to yield 9-(3-aminopropyl)-2-fluoro-§-
((6-iodobenza[d][1,3]dioxol-5-yl)methyl)-9H-purin-6-amine as yellow solid (1.4 g, 89%).
'H NMR (600 MHz, CDCly/MeOH-d,); § 7.28 (s, 1H), 6.70 s, 1H), 5.98 (s, 2H), 4.21 (5,
2H), 4.13 (t,/=7.1 Hz, 2H), 2.67 (1, J= 6.8 Hz, 2H), 1.89 {m, 2H); *C NMR (150 MHz,
CDCly/MeOH-d,): 8 160.8, 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 (EST) m/z [M+H]" calcd. for
C16H17IFN50;, 471.0436; found 471.0442,

N~(3-(6-Amino-2-fluoro-8-((6-iodobenzo[d][1,3]dioxol-5-yl)methyl)-9H-purin-9-
yDpropyl)-2-methylpropane-2-sulfinamide (WS60). To a solution of 9-(3-aminopropyl)-
2-fluoro-8-((6-iodobenzo[ #][ 1,3 ]dioxol-5-yl)methyl)-9 H-purin-6-amine (80 mg, 0.17 mmol)
in DCM (3mL) was added t-butylsulfinyl chloride (28 uL, 0.25 mmol) and triethylamine
(30 uL, 0.25 mmol). The resulting mixture was stirred at room temperature overnight. The
reaction mixture was condensed and purified by flash chromatography to yield WS60 as a
white solid (45 mg, 46%). "H NMR (500 MHz, CDCls):  7.28 (s, 1H), 6.62 (s, 1H), 6.04
(brs, 2H), 5.97 (s, 2H), 4.60 (t, /= 6.5 Hz, 1H), 4.24 (s, 2H), 4.20 (m, 1H), 4.09 (m, 1H),
3.13 (m, 1H), 2.97 (m, 1H), 2.00 (m, 1H), 1.85 (m, 1H), 1.27 (s, 9H). HRMS (ESI) m/z
[M+H]" caled. for CypH,sFINGO;S, 575.0725; found 575.0738.

N-(3-(6-Amino-2-fluorc-8-((6-iodobenzo[d][1,3] dioxol-5-yl)methyl)-9H-purin-9-
yDpropyhpivalamide (WS66). To a solution of WS6S (100 mg, 0.21 mmol) in DMF
(3mL) was added trimethylacetyl chloride (40 pL, 0.32 mmol) and triethylamine (90 uL,
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
(80 mg, 68%). "H NMR (500 Milz, CDCL): § 7.22 (s, 1H), 6.58 (s, 1H), 6.37 (br s, 2H),
5.90 (s, 2H), 4.17 (s, 2H), 4.00 (t, J= 6.1 Hz, 2H), 3,10 (m, 2H), 1.66-1.73 (m, 2H), 1.16 (s,
SH); HRMS (ESD) m/z [M+H]" caled. for CoHasIFNGOs, 555.1017; found 555.1015.

N-(3-(6-Amino-2-fluoro-8-((6-iodobenzo[d][1,3]dioxol-5-yl)methyl}-9H-purin-9-
yhpropyl)cyclopropanecarboxamide (WS71). To a solution of 9-(3-aminopropyl)-2-
fluoro-8-((6-iodobenzo[d][1,3]dioxol-5-ylymethyl)-9 H-purin-6-amine (100 mg, 0.21 mmol)
in DMF (3 mL) was added cyclopropanecarbonyl chloride (29 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 WS71 as a white solid (75 mg, 65%). "H NMR (600 MHz, CDCL/MeOH-dy): 8 7.32
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(s, 1H), 6.77 (s, 1H), 6.02 (s, 2H), 4.24 (s, 2H), 4.16 (t, /= 7.3 Hz, 2H), 3.26 (1, J= 6.2 Hz,
2H), 1.91-2.01 (m, 2H), 1.50-1.57 (m, 1H), 0.90-0.95 (m, 2H), 0.76-0.82 (m, 2H); IIRMS
(BST) m/z [M+H]" caled. for CyoH, FINGOs, 539.0704; found 539.0705.

5 N-(3-(6-Amino-2-flunore-8-((6-icdobenzo[d][1,3]dioxol-5-yl)methyl)-9H-purin-9-
yDpropyhcycloprepanesulfonamide (WS72). To a solution of 9-(3-aminopropyl)-2-
fluoro-8-{(6-iodobenzo[d]{1,3]dioxol-5-yDmethyl)-9H-purin-6-amine (100 mg, 0.21 nmmol)
in DMF ( 3mL) was added cyclopropanesulfonyl chlotide (89 mg, 0.32 mmol) and
triethylamine (90 uL, 0.96 mmol). The resulting mixture was stirred at room temperature

10 overnight. The reaction mixture was condensed and purified by flash chromatography to
yield WS72 as a white solid (82 mg, 67%). 'H NMR (600 MHz, CDCls/MeOH-d,): 8 7.32
(s, 1H), 6.79 (s, 1H), 6.02 (s, 2H), 4.27 (s, 2H), 4.22 (t,J = 7.3 Hz, 2H), 3.18 (t, /= 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); >C
NMR (150 MIfz, CDCl3/MeOH-4,): § 159.0 (d, J= 209.8 Hz), 156.9 (d, /= 19.7 Hz),

15 152.4(d,J=18.5Hz), 151.2(d,J=2.3 Hz), 149.3, 148.4, 131.4, 119.0, 1163 (d, /= 3.6
Hz), 110.4, 102.4, 88.7, 40.7, 40.1, 39.3, 30.2, 29.9, 5.3; HRMS (ESD m/z [M+H]" caled.
for C1oHxFINGO48S, 575.0374; found 575.0390.

Scheme 12. Synthesis of S-linked acetylene derivatives.
NH, |

. )\iN NH, AN
O L o
e Wy

NHR

R = cyclopropanecarbonyl WS68
R = t-butylcarbonyl WS69

R = cyclopropanesulfonyl WS70

Reagents and conditions: (a) Cul, PdCl,(PPh;),, trimethylsilanylacetylene, Et:N,
20 DMF, 60°C; (b) KOH.
N-(3-(6-Amino-8-((6-ethynylbenzo[d][1,3]dioxol-5-yl)thio)-9H-purin-9-
yDpropyleyclopropanecarboxamide (WS68). To a solution of WS51 (150 mg, 0.28
mmol) in DMF (3 mL) was added trimethylsilanylacetylene (116 pl., 0.84 mmol),
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PACL(PPhs), ( 20 mg, 0.03 mmol), Cul (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,Cl;/MeOH (1 mL/ 1 mL). To the resulting mixture was added
5  KOH (20 mg) and stirred for 3 hrs. The reaction mixture was condensed and purified by

flash chromatography to yield WS68 as a white solid (42 mg, 35%). "H NMR (600 MHz,
CDCL/MeOH-d,): § 8.11 (s,1H), 6.96 (s, 1H), 6.89 (s, 1H), 5.98 (s, 2H), 421 (t, /= 7.3 Hz,
2H), 3.45 (s, 1H), 3.18 (m, 2H), 1.88-1.96 (m, 2H), 1.43-1.49 (m, 15), 0.78-0.84 (m, 2H),
0.65-0.71 (m, 2H); HRMS (ESD) m/z [M+H]" caled. for Cy1HzNeO18S, 437.1396; found

10 437.1393.

N-(3-(6-Amino-8-((6-ethynylbenzo[d][1,3]dioxol-5-yl)thio)-9 H-purin-9-
yDpropyDpivalamide (WS69). To a solution of WS45 (150 mg, 0.27 mmol) in DMF (3
mL) was added trimethylsilanylacetylene (113 ul, 0.81 mmol), PACL,(PPhs), ( 19 mg, 0.03

15 mmol), Cul (5§ mg, 0.03 mmol) and triethylamine (377 uL, 2.7 mmol). The resulting
mixture was stirred at 60 °C for 30 min, condensed and filtered through silica gel. The
filtrate was condensed under reduced pressure and the resulting residue was dissolved in
CH2ClyMeOH (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): 8 8.31 (s, 1H),
7.56 (t,J= 6.1 Hz, 1H), 7.00 (s, 1H), 6.88 (s, 1H), 6.01 (s, 2H), 5.77 (bt s, 2H), 4.29 (t, /=
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 CxnHasNg0,S, 453.1709; found 453.1721.

25 N-(3-(6-Amino-8-((6-ethynylbenzo{d}[1,3]dioxol-5-yljthio)-9 H-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),
PdCL{PPhs), ( 12 mg, 0.02 mmol), Cul (3 mg, 0.02 mmol) and triethylamine (243 uL, 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;Cly/MeOH (1 mL/ 1 mL). To the resulting mixture was added
KOH (20 mg) and stirred for 3 hrs. The reaction mixture was condensed and purified by
flash chromatography to yield WS70 as a white solid (43 myg, 52%). 'H NMR (600 MHz,
CDCl/MeOH-d,): 8 8.20 (s, 1H), 7.06 (s, 1H), 7.00 (5, 1H), 6.08 (s, 2H), 4.37 (t,J = 7.1
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Hz, 2H), 3.54 (s, 1H), 3.18 (t, /= 6.6 Hz, 2H), 2.43-2.51 (m, 1H), 2.04-2.12 (m, 2H), 1.10-
1.14 (m, 2H), 0.99-1.04 (m, 2H); HRMS (EST) m/z [M+H]" calcd. for Coplly NeQaS,,
473.1066; found 473.1053.

NH, |
N =
N7~ o]
et
NH, I ceco I\N/ N>— X o)
'KN/ N o> NH, DMF
H

§13-1 §13-2 Q
NHq

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-yljhexanamide [DZ5-
49-N9J. 50 mg (0.121 mmol) of 8-(6-iodobenzo[d][ 1,3]dioxol-5-ylthic)-9H-purin-6-amine
(S13-1) was dissolved in DMF (2 mL). 47 mg (0.145 mmol) of Cs;CO; and 117.4 mg
(0.605 mmol) of 6-bromohexanamide (813-2) were added and the mixture was stirred at rt
for 2 h. Solvent was removed under reduced pressure and the resulting residuc was purified

15 by preparatory TLC (CH2Cl:MeOH-NH; (7N), 10:1) to give 127 mg (20%) of DZ5-49-
N9. 'H NMR (500 MHz, CDCl:/MeOH-d,): & 8.13 (s, 11D), 7.31 (s, 1H), 6.97 (s, 1H), 5.98
(8,2H), 4.13 (t, J= 7.6 Hz, 2H), 2.14 (t, /= 7.6 Hz, 2H), 1.71-1.80 (m, 2H), 1.55-1.65 (m,
2H), 1.28-1.39 (m, 2H); HRMS (ESD) m/z [M+H]" caled. for CiHaoINGOsS, 527.0362;
found 527.0364.

20
Hsp90 Binding Assay:

Tor the binding studies, fluorescence polarization (FP) assays were performed similarly as
was previously reported [Du et 2/, (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, Sunmyvale, CA). Measurements were
taken in black 96-well microtiter plates (Corning # 3650) where both the excitation and the
emission occurred from the top of the well. A stock of 10 pM cy3B-GM was prepared in DMSO
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and diluted with HFB buffer (20 mM Hepes (K), pH 7.3, 50 mM KC1, 2 mM DTT, 5 mM MgCl,,
20 mM Na,MoOq, and 0.01% NP40 with 0.1 mg/mL BGG). The test compounds were dissolved in
DMSO0 and added at several concentrations to the HFR assay buffer containing both 6 nM cy3B-
GM and transgenic mouse brain lysate (6 pg JNPL3 lysate) or human cancer cell lysate (3 ug
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 1M cy3B-GM + lysate, as indicated above) and buffer only
containing wells (background) were included as controls in each plate. Plates were incubated on a
shaker at 4°C, and polarization values measured at 24 h. Percentage inhibition was calculated as
follows: (% Controt) = 100 - ((uP, -~ mPp/(mP, - mPg)) x 100, where mP, is the tecorded mP from
compound wells, mP; is the average recorded mP from cy3B-GM-only wells, and mP, is the
average recorded mP from wells containing both cy3B-GM and lysate, and plotted against values of
competitor concentrations, The inhibitor concentration at which 50% of bound cy3B-GM was
displaced was obtained by fitting the data using a nonlinear regression analysis as implemented in
Prism 4.0 (GraphPad Software).

hERG Fluorescence Polarization Assay:

Following the manufacturer’s protocol, the hERG assay was performed nsing Predictor
hERG Fluorescence Polarization Assay kit (catalog no. PV5365) from Invitrogen. Briefty, 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
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 hRERG 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 wete measured after 4 hrs. The
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 hBRG fluorescence polarization assay, In interpreting these test results,
it will be appreciated that binding to Hsp90 is desirable for activity in the treatment of cancer or
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-H71, a compound with the structure
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has a Hsp90 binding value of 20 nM and an hERG assay result of | pM . Many of the
compounds of the invention tested, have hERG values more than 100 times greater than

PU-H71 and are therefore expected to have lower toxicity/side effect issues.

]
Table 12
Compound Synthetic Hsp90 Binding hERG assay
Designation No. Designation Assay (nM) (M)

1A-10 WS35 6.3 NA
1A-11 WS42 71.5 NA
1A-12 WS39 33 NA
1A-15 ” WS54 205 >100
1A-19 WS53 44 1 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 WS845 11 >100
1A-44 WS46 68 NA
1A-45 WS51 9.8 >100
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Compound Synt};e;& c Hsp90 Binding hERG assay
Designation No. Designation Assay (aM) M)
1A-46 W855 242 NA
1A-47 w857 16.5 NA
: 1A-48 WSS8 221 12
1A-49 WS64 283 NA
1A-5 WS47 78 NA
1A-50 DZ5-49-N9 76.5 NA
IB-28 WS70 53 >100
1B-43 W5769k 28 >100
1B-45 WS68 37 >100
1G-28 MRP-I-31 22 NA
1G-43 MRP-I-29 11 >100
1G-45 MRP-I-28 15 76
2A-11 WS43 51 7 »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 V 37.4 NA f
4A-26 WS60 26.2 >100
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Compound Synthetic Hsp90 Binding Assay | hERG assay (uM)
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,
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.

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.

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):

NH, X X2
Z X243
Z1 N ? Z1 \
)'\)I fYQX\a A AT g
R

(1A) (1B)

or a pharmaceutically acceptable salt thereof, wherein:

(a)
(b)
(c)
(d)
(e)

eachof Z,, Z, and Z5 is N;

YisS;

Xa, Xb, Xc and Xd are O, O, CH,, and CH,, respectively;

X4 1s hydrogen or halogen; and

X, and R are a combination selected from the following:

(1) in formula (IA):

(a) X518 NR|R,, wherein R and R, are each independently H, C-Cq alkyl, C-
Ce alkenyl, C;-C¢ 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(R4)-, -NRAS(O)-,
-SO>N(Ra)-, -NRASO;-, -C(O)N(R4)-, or -NRAC(O)- groups, and/or
terminated by an -S(O)NRaRgp, -NRAS(O)Rg, -SO2:NRaRp, -NRASOsRp,
-C(O)NRaRp, or -NRAC(O)Rp group, wherein each Ry and Rgp is
independently selected from hydrogen, C,-C¢ alkyl, C,-C¢ alkenyl, C,-Cg
alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl,
alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and
alkylheteroarylalkyl; or
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(b) X, is halogen, and R is straight-chain- or branched- substituted or

(c)

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,N(R4)-, -NRASO;-, or -C(O)N(R a)- groups, and/or terminated by an
-S(O)NRRp, -NRAS(O)Rp, -SO;NRaRp, -NRASO,Rp, -C(O)NRaRp
group, wherein each R and Ry is independently selected from hydrogen,
C-Cs alkyl, C,-C4 alkenyl, C,-Cs alkynyl, cycloalkyl, heteroalkyl,
heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl,
heteroarylalkyl, and alkylheteroarylalkyl; or

X, 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 -NR,C(O)- groups, and/or
terminated by an -NR,C(O)Rp group, wherein each R4 is independently
selected from C,-Cq alkenyl, C,-C¢ alkynyl, cycloalkyl, heteroalkyl,
heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl,
heteroarylalkyl, and alkylheteroarylalkyl, and each Ry is independently
selected from hydrogen, C;-C¢ alkyl, C,-C¢ alkenyl, C,-C4 alkynyl,
cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl,
arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; or

(d) X, 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(R4)-, -NRAS(O)-,
-SO,N(Ra)-, or -NRAC(O)- groups, and/or terminated by an -S(O)NR4Rp,
-NR4S(O)Rg, -NR4SO»Rp, or -NRAC(O)Rp group, wherein each R, and
Rp is independently selected from hydrogen, C;-Cs alkyl, C,-C¢ alkenyl,
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C,-Cs alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl,
alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and
alkylheteroarylalkyl; or

(e) X5 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 -NR4SO,- or -C(O)N(R,)-
groups, and/or terminated by an -SO,NRsRp or -C(O)NR4Rp group,
wherein each R, is independently selected from C;-Cq alkyl, C,-Cs
alkenyl, C,-C¢ alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl,
heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and
alkylheteroarylalkyl, and each Rp is independently selected from hydrogen,
Ci-Cs alkyl, C»-C¢ alkenyl, C,-Cs alkynyl, cycloalkyl, heteroalkyl,
heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl,
heteroarylalkyl, and alkylheteroarylalkyl;

(f) X is halogen, aryl, alkynyl, or NR;R,, wherein R; and R, are each
independently H, C;-Cs alkyl, C;-Cs alkenyl, C;-Cs 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)NRaRg, -NRAS(O)Rg, -SO:NRARp, -NR4SO3Rp,
-C(O)NRaRp, or -NRAC(O)Rp group, wherein Ra is independently
selected from hydrogen, C,-Cs alkenyl, C,-Cs alkynyl, cycloalkyl,
heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl,
alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl, and Ry is
independently selected from C;-Cs alkyl, C,-Cs alkenyl, C,-Cs alkynyl,
cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl,
arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; and
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(i1} in formula (IB):

(g) X» is halogen, aryl, alkynyl, or NR|R», wherein R; and R, are each
independently H, C,-Cs alkyl, C;-Cq alkenyl, C;-Cq 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,N(R4)- groups, and/or terminated by an -S(O)NRsRp
or -NRAS(O)Rp group, wherein each R, and Ry is independently selected
from hydrogen, C,-C¢ alkyl, C,-Cs alkenyl, C,-C¢ alkynyl, cycloalkyl,
heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl,
alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; or

(h) X, is halogen, aryl, alkynyl, or NR;R,, wherein R, and R, are each
independently H, C-Cq alkyl, C;-Cg¢ alkenyl, C;-C¢ 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
-NR4SO;, -C(O)N(R4)-, or -NRAC(O)- groups, and/or terminated by an
-SO>NR 4R, -NRASO;3Rp, -C(O)NR 4R, or -NR,C(O)Rg group, wherein
each Ry is independently selected from C;-Cg alkyl, C,-Ce alkenyl, C-Cs
alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl,
alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and
alkylheteroarylalkyl, and each Ry is independently selected from hydrogen,
Ci-Cs alkyl, C»-C¢ alkenyl, C,-Cs alkynyl, cycloalkyl, heteroalkyl,
heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl,
heteroarylalkyl, and alkylheteroarylalkyl; or
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(1) X; is halogen, aryl, alkynyl, or NR;R,, wherein R; and R, are each

independently H, C;-Cs alkyl, C;-Cg¢ alkenyl, C;-Cs 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)NRaRg,
-NRAS(O)Rg, -SO,NRARg, -NRASO,Rp, -C(O)NRARE, or -NRAC(O)Rp
group, wherein each R and Ry is independently selected from hydrogen,
Ci-C¢ alkyl, C,-Cs alkenyl, C,-Cs alkynyl, cycloalkyl, heteroalkyl,
heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl,
heteroarylalkyl, and alkylheteroarylalkyl, and Ry is independently selected
from C,-Cq alkyl, C,-Cg alkenyl, C,-Cg alkynyl, cycloalkyl, heteroalkyl,
heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl,
heteroarylalkyl, and alkylheteroarylalkyl.

The compound of claim 1, which is a Compound of Formula (1):

NH, X,
i N\
Y
x4)|\)NIN\>7 ‘QO\)O
R

(1

or a pharmaceutically acceptable salt thereof, or a Compound of Formula (6):
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NH, X,
NT X N\
&)\JBIN% Y : 4(>
R (0]

(6)

or a pharmaceutically acceptable salt thereof.

3. The compound of claim 1, wherein in formula (IA):

(1)(b) X, 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,N(R4)-, -NRASO,-, or -C(O)N(R,)- groups,
and/or terminated by an -S(O)NRaRp, -NRAS(O)Rp, -SO,NRaRs,
-NRASOzR3, -C(O)NRARg group, wherein each Ra and R is independently
selected from hydrogen, C;-Cg alkyl, C,-C¢ alkenyl, C,-Cs alkynyl, cycloalkyl,
heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl,
alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; or

(1)(c) X, ishalogen, 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 -NR,C(O)Rg group, wherein each
Ra is independently selected from C,-Cs alkenyl, C,-C¢ alkynyl, cycloalkyl,
heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl,
alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl, and each Rg is
independently selected from hydrogen, C,-C¢ alkyl, C,-Cq4 alkenyl, C,-Cq
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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 C,-C¢ alkyl,
which is interrupted by one or more -S(O)N(R4)-, -NRaAS(O)-, -SON(R4)-, -NR4SO»-,
or -C(O)N(Ra)- groups, and/or terminated by an -S(O)NRaRgp, -NRAS(O)Rs,
-SO,NR4Rp, -NRASO3;Rp, -C(O)NRaRp group, wherein each R, and Ry is

independently selected from hydrogen, C-Cs alkyl, and cycloalkyl.

5. The compound of claim 4, wherein X is Iodo, R is straight-chain- unsubstituted C;-Cs
alkyl, which is terminated by an -S(O)NRsRp, -NRAS(O)Rp, -SO;NR4Rp,
-NR4SO»Rp, -C(O)NR 4Rp group, wherein R, is hydrogen, and Ry is tert-butyl or
cyclopropyl.

6. The compound of claim 1, wherein in formula (IA):

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

(D))

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(R4)-, -NR4S(O)-, -SO:N(R,)-, or -NRAC(O)- groups,
and/or terminated by an -S(O)NRsRp, -NRAS(O)Rp, -NRASO:Rp, or
-NRAC(O)Rp group, wherein each R4 and Ry is independently selected from
hydrogen, C;-Cg alkyl, C,-Cg alkenyl, C,-C¢ alkynyl, cycloalkyl, heteroalkyl,
heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl,
heteroarylalkyl, and alkylheteroarylalkyl; or

X, 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»- or -C(O)N(Ra)- groups, and/or terminated by an
-SO,NRARp or -C(O)NR 4Rp group, wherein each R4 is independently selected
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from C;-Cs alkyl, C,-Cs alkenyl, C,-C¢ alkynyl, cycloalkyl, heteroalkyl,
heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl,
heteroarylalkyl, and alkylheteroarylalkyl, and each Rg is independently
selected from hydrogen, C-Cg alkyl, C,-Cg alkenyl, C,-Cg alkynyl, cycloalkyl,
heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl,
alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl.

7. The compound of claim 1, wherein in formula (IA),

D

X, is halogen, aryl, alkynyl, or NR;R,, wherein R; and R, are each
independently H, C;-C¢ alkyl, C;-C¢ alkenyl, C;-Cs 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)NRRp, -NRAS(O)Rp, -SO:NRgRp, -NRsSO:Rp, -C(O)NR4Rp, or
-NRAC(O)Rp group, wherein R4 is independently selected from hydrogen, C,-
Ce alkenyl, C,-C¢ alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl,
heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and
alkylheteroarylalkyl, and Ry is independently selected from C;-Cg alkyl, C,-Cg
alkenyl, C,-C¢ alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl,
heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and
alkylheteroarylalkyl.

8. The compound of claim 7, wherein X5 is halogen, optionally lodo; and R is straight-
chain- unsubstituted C;-Cs alkyl, which is terminated by a -S(O)NRaRg, -NRAS(O)Rg,
-SO,NR4Rp, -NRASO3Rp, -C(O)NRaRp, or -NRAC(O)Rg group, wherein R, is

hydrogen, and each Ry is independently selected from C-Cg alkyl and cycloalkyl,

optionally tert-butyl or cyclopropyl.
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The compound of claim 7, wherein X, is alkynyl, optionally ethynyl; R is straight-
chain- unsubstituted C;-Cs alkyl, which is terminated by a -S(O)NRaRg, -NRAS(O)Rg,
-SO,NR4Rp, -NRASO3Rp, -C(O)NRaRp, or -NRAC(O)Rg group, wherein R, is
hydrogen, and each Ry is independently selected from C-Cg alkyl and cycloalkyl,
optionally tert-butyl or cyclopropyl.

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.

The compound of any one of claims 1-10, wherein X4 is H or F.

The compound of claim 1, wherein

X is optionally substituted heteroaryl, which is optionally 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-yl; or

X is alkynyl or NRR,, optionally ethynyl or dimethylamino; or

X3 1s halo, optionally Iodo.

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

NH, %o Xo
Z 727Xv23
zi 3 ! D
)'\)I TN e (AW TNLE
N \ Xy Z N Xc
Xy 4 Xc 2 N,
R Xb R

(1A) (IB)
or a pharmaceutically acceptable salt thereof, wherein:
(a) each of Zy, Z> and Z3 is N;
(b) Y is CH»;
(c) Xa, Xb, Xc and Xd are O, O, CH,, and CH,, respectively;
(d) X4 is hydrogen or halogen; and

(e) X, and R are a combination selected from the following:
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(1) in formula (IA):

(a) X21s NR R, wherein R and R, are each independently H, C;-Cg alkyl,
Ci-C¢ alkenyl, C;-C¢ 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(R4)-, -NRAS(O)-, -SO>N(Ra)-, -NRASOs-, -C(O)N(R 4 )-,
or -NR,C(O)- groups, and/or terminated by an -S(O)NRaRg,
-NRAS(O)Rp, -SO:NRaRp, -NRsSO;Rp, -C(O)NRsRgp, or
-NRAC(O)Rp group, wherein each R 4 and Rp is independently selected
from hydrogen, C-Cg alkyl, C,-C¢ alkenyl, C,-Cs alkynyl, cycloalkyl,
heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl,
alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; or

(b) X, 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(R4)-,
-NRAS(O)-, -SO:N(Ra)-, -NRsSO»-, -C(O)N(Ra)-, or -NRAC(O)-
groups, and/or terminated by an -S(O)NRsRp, -NRAS(O)Rg,
-NR4SO3Rp, -C(O)NR4Rg, or -NR4C(O)Rp group, wherein each Ry
and Rp is independently selected from hydrogen, C;-Cs alkyl, C,-Cg
alkenyl, C,-Cs alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl,
heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and
alkylheteroarylalkyl; or

(¢) X, 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



2012240077 23 Mar 2017

Hiszp\Interwoven\NRPortb\DCC\SZPAI 3535200_1.docx-23/03/2017

-222 -

unsubstituted alkynyl, or substituted or unsubstituted cycloalkyl
wherein the R group is terminated by a -SO;NRaRgp group, wherein R
is selected from C;-Cg alkyl, C,-Cg alkenyl, C,-C¢ alkynyl, cycloalkyl,
heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl,
alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl, and Ry is
selected from hydrogen, C;-C¢ alkyl, C,-Cs alkenyl, C-Cs alkynyl,
cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl,
arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; or

(d) X, 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(R4)-,
-NRAS(O)-, -SO:N(Ra)-, -NRsSO»-, -C(O)N(Ra)-, or -NRAC(O)-
groups, and/or terminated by an -S(O)NRsRp, -NRAS(O)Rg,
-NR4SO3Rp, or -NR4C(O)Rp group, wherein each R, and Ry is
independently selected from hydrogen, C;-Cs alkyl, C,-C¢ alkenyl, C»-
Ce alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl,
alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and
alkylheteroarylalkyl; or

(e) Xy 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 -SO;NRaRp or -C(O)NRsRp
group, wherein each Ry is independently selected from C;-Cg alkyl,
C»-Cs  alkenyl, C»-C¢ alkynyl, cycloalkyl, heteroalkyl,
heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl,
heteroarylalkyl, and alkylheteroarylalkyl, and each Ry is independently
selected from hydrogen, C;-C¢ alkyl, C,-Cs alkenyl, C-Cs alkynyl,
cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl,
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arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl;
and
(i1) in formula (IB),

(a) X518 NR|R,, wherein R and R, are each independently H, C;-Cg alkyl,
Ci-Cs¢ alkenyl, C;-C¢ 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(R4)-, -NRAS(O)-, -SO>N(R)-, -NRASOs-, -C(O)N(R 4 )-,
or -NRAC(O)- groups, and/or terminated by an -S(O)NRaRg,
-NRAS(O)Rp, -SO>2NRaRp, -NRaSO:Rp, -C(O)NRaRgp, or
-NRAC(O)Rp group, wherein each R 4 and Ry is independently selected
from hydrogen, C-Cg alkyl, C,-Cg alkenyl, C,-Cg alkynyl, cycloalkyl,
heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl,
alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; or

(b) X, is halogen, aryl, or alkynyl, wherein R; and R, are each
independently H, C;-C¢ alkyl, C;-C¢ alkenyl, C;-C¢ 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(R4)-, -NR4S(O)-, -SO,N(RA)-,
-NR4SO;-, -C(O)N(R»)-, or -NR4C(O)- groups, and/or terminated by
an -S(O)NRaRpg, -NR4S(O)Rgp, -NRASOsRg, or -NRAC(O)Rp group,
wherein each R4 and Ry is independently selected from hydrogen, C;-

Ce alkyl, C,-C¢ alkenyl, C,-C¢ alkynyl, cycloalkyl, heteroalkyl,
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heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl,
heteroarylalkyl, and alkylheteroarylalkyl; or

(c) X, is halogen, aryl, or alkynyl, wherein R; and R, are each
independently H, C;-Cs alkyl, C,;-C¢ alkenyl, C;-Cs 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 -SO,NRARg or -C(O)NRRp group, wherein each R
is independently selected from C;-Cg alkyl, C,-C¢ alkenyl, C,-Cg
alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl,
alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and
alkylheteroarylalkyl, and each Rp is independently selected from
hydrogen, C;-Cq alkyl, C,-Cs alkenyl, C,-C¢ alkynyl, cycloalkyl,
heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl,
alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl.

The compound of claim 13, which is a Compound of the following Formula:

NH, X,
i
SO0

M)\N/ N\37 Oj

or a pharmaceutically acceptable salt thereof.

The compound of claim 13 or claim 14, wherein
X, 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

X5 is ethynyl, I, or dimethylamino.

The compound of claim 13, wherein in formula (IA), X, is NR;R,, wherein R and R,
are each independently H, C,-C¢ alkyl, C-Cs alkenyl, C-Cs alkynyl, cycloalkyl,
heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl,
heteroarylalkyl, or alkylheteroarylalkyl, and R 1is 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(R4)-, -NRAS(O)-, -SO2N(R4)-, -NR4SO;-, -C(O)N(R4)-, or -NRAC(O)-
groups, and/or terminated by an -S(O)NRsRp, -NRAS(O)Rp, -SO:NR4Rj,
-NR4SO>Rp, -C(O)NRARp, or -NRAC(O)Rp group, wherein each R, and Ry is
independently selected from hydrogen, C;-Cs alkyl, C,-Cs alkenyl, C,-C¢ alkynyl,
cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl,
alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl.

The compound of claim 13, wherein in formula (IA):

(i)(d) X 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(R)-, -NRAS(O)-, -SO3N(R 4 )-, -NRASO;-, -C(O)N(R»)-,
or -NRAC(O)- groups, and/or terminated by an -S(O)NRRp, -NRAS(O)Rp,
-NR4SO»Rp, or -NR4C(O)Rp group, wherein each R4 and Ry is independently
selected from hydrogen, C-Cs alkyl, C,-Cs alkenyl, C,-Cg alkynyl, cycloalkyl,
heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl,
alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; or

(i)(e) X, 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
-SO,NR4Rp or -C(O)NRsRp group, wherein each R, is independently
selected from C;-C¢ alkyl, C,-C¢ alkenyl, C,-Cg alkynyl, cycloalkyl,
heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl,
alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl, and each Rp is
independently selected from hydrogen, C;-C¢ alkyl, C,-Cq alkenyl, C,-Csg
alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl,
arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl.

18. The compound of claim 13, wherein in formula (IA):

(b)

(c)

X, 1s 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)-, -SO5N(Ra)-, -NRaSO,-, -C(O)N(R,s)-, or
-NRAC(O)- groups, and/or terminated by an -S(O)NRasRp, -NRAS(O)Rp,
-NR4SO»Rp, -C(O)NR4Rp, or -NRAC(O)Rg group, wherein each R, and Ry is
independently selected from hydrogen, C;-C¢ alkyl, C,-Cs alkenyl, C,-Csg
alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl,
arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; or

X, 1s 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 -SO,NRaRp
group, wherein R, is selected from C;-Cg alkyl, C,-Cg alkenyl, C,-Cg alkynyl,
cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl,
alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl, and Ry is selected
from hydrogen, C;-Cs alkyl, C,-Cs alkenyl, C,-Cq alkynyl, cycloalkyl,
heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl,
alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl.
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The compound of claim 18, wherein X, is halogen, optionally Iodo; R is straight-
chain- unsubstituted C-Ce alkyl, which is terminated by a -NRsS(O)Rp, -NR4SO2R3,
or -NRAC(O)Rp group, wherein each R, and Rp is independently selected from
hydrogen and C;-Cs alkyl, optionally wherein Ry is hydrogen and R is tert-butyl or
cyclopropyl.

The compound of claim 17, wherein X is alkynyl, optionally ethynyl; and R is
straight-chain- unsubstituted C;-C¢ alkyl, which is terminated by a -NRAS(O)R5,
-NRASO,Rp, or -NRAC(O)Rg group, wherein each R4 and Ry is independently selected
from hydrogen and C;-Cg alkyl, optionally wherein R, is hydrogen, and Ry is tert-
butyl or cyclopropyl.

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

NH, Xo X2
Z 727Xv23
27 4% Hj: R
).\)I —Y Xa P N)—Y Xa
X4 22 '\‘l ')\(C X4 22 \ :XC
R Xb R Xb—X
(1A) (IB)

or a pharmaceutically acceptable salt thereof, wherein:
(a) each of Zy, Z> and Z3 is N;
(b) YisO;
(c) Xa, Xb, Xc and Xd are independently selected from CH, CH,, O, 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, is halogen, aryl, alkynyl, or NR;R,, wherein R; and R, are each
independently H, C;-C¢ alkyl, C|-Cs alkenyl, C;-C¢ alkynyl, cycloalkyl,
heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl,
heteroarylalkyl, or alkylheteroarylalkyl;
(e) X4is 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)-,
-NR4S(O)-, -SO:N(R4)-, -NR4SO»-, -C(O)N(R4)-, or -NR,C(O)- groups, and/or
terminated by an -S(O)NRsRp, -NRAS(O)Rp, -SO:NRaRp, -NRASO,Rp,
-C(O)NRaRp, or -NRAC(O)Rp group, wherein each R4 and Ry is independently
selected from hydrogen, C-C¢ alkyl, C,-Cs alkenyl, C,-Cs alkynyl, cycloalkyl,
heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl,
heteroarylalkyl, and alkylheteroarylalkyl.

The compound of claim 21, wherein

X, 1s optionally substituted heteroaryl, and wherein the optionally substituted
heteroaryl comprises furan-2-yl, furan-3-yl, S-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

X5 is ethynyl, I, or dimethylamino.

The compound of claim 21 or claim 22, wherein the R group is interrupted by one or
more -S(O)N(Ra)-, -NR4S(O)-, -SO2N(R)-, -NRASO»-, -C(O)N(R4)-, or -NRAC(O)-

groups.

The compound of claim 21 or claim 22, wherein the R group is terminated by an
-S(O)NRARB, -NRAS(O)RB, -SOzNRARB, -NRA802RB, -C(O)NRARB, or -NRAC(O)RB
group.

A Compound of Formula (IA)

zy Z? v
)I\ z N )\(a
Xy 4L N .Xc
R Xb

or a pharmaceutically acceptable salt thereof, wherein:

(a) eachof Z1, Z, and Z5 is N;
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(b) Y is S or CHy;

(c) Xa-Xc-Xb are -CH,-CH,-CH,-, -O-CH,-CH>-, or -CH,-CH»-O-;

(d) X4 1s hydrogen or halogen;

(e) X, is halogen or alkynyl; and

) R is straight-chain- C1-C6 alkyl, which is terminated by a -NRAS(O)Rp,
-NRASO2Rg, or -NRAC(O)Rp group, wherein each R and Rp is independently
selected from hydrogen, C;-Cg alkyl, or cycloalkyl.

26.  The compound of claim 25, wherein X, is iodo or ethynyl.

27. The compound of claim 25 or claim 26, wherein R is hydrogen, and Ry is C;-Cg alkyl
or cycloalkyl, optionally tert-butyl or cyclopropyl.

28. A compound of the formula:

NH; NH,

A)I{/\Q )\t{/\Q xti%Qj Fi:%:{\'c@"

[\IH NH I/\IH
1e) S O%% 0 O:S:O
7< L L b »
A\
S 0 o 0o oMo
NH, ﬁ NH, NH, NH,
N N N
NN NS T NN\
| > | | ! | ! = \
F)\N/ F)\N/ N F)\N/ NH F7ONT TN 3
HN.__O HN...O HN.__O NH
2%
> 2 .} 9
0o
NH2

NH; /0 /0
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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.

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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