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(57) Abstract: The disclosure relates to Compounds of Formulae (IA) and (IB), and pharmaceutically acceptable salts thereof
wherein Zi, Z,, Zs, Xa, Xb, Xe¢, Xd, Y, Xz, and X4 arc as defined hercin, compositions comprising an cffcctive 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 thereot a therapeutically ettective amount ot a Compound of Formula (IA) or (IB). The
disclosurc further relates to compounds of Formulac (IA) and (IB) in which X is a lcaving for introducing a radiolabeled atom, such
as "I or "*'T 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 priority 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 (ITsp90).

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

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

10 number of other proteins. Hsp90 in its various forms is the most abundant ccllular chaperonc, and
has been shown in experimental systems to be required for ATP-dépendent 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

15 process depends on the association of the unfolded protein in an ordered fashion with multiple
chaperones (Hsp60, Hsp90, Hsp70 and p23), forming a "refoldosome" and ultimately the ATP-

dependent release of the chaperones from the refolded protein.

HspY0 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-sre to a much greater extent than for their
20 wild-type counterparts. It has been suggested that this oceurs 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 Hsp90

25 affects these proteins is not fully understood, but appears to be similar to its role in protein
refolding. In the case of the progesterone receptor, it has been shown that binding and release of
Hsp90 from the receptor occurs in a cyclic fashion in concert with release of other chaperones and
immunophilins and is required for high affinity binding of the steroid to the receptor. Thus, Hsp90

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

30 Hsp90 has been shown to be overexpressed in multiple tumor types and as a function of
oncogenic transformation. Whether it plays a necessary role in maintaining transformation is
unknown, but it could have at least three functions in this regard. Cancer cells grow in an
environment of hypoxia, low pH and low nutrient concentration. They also rapidly adapt to or are
selected to become resistant to radiation and cytotoxic chemotherapeutic agents. Thus, the general

35 role of Hsp%0 in maintaining the stability of protsins under stress may be necessary for cell viability
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under these conditions. Sccondly, 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 4 unique pocket in their N-tcrminal 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 ATl and ADP with
low affinity and has weak ATPase activity. The ansamycin antibiotics geldanamycin (GM) and
herbimycin (HA) have been shown to bind to this conserved pocket, and this binding affinity has
been shown for all members of the Hsp90 family. International Patent Publication No,
WO98/51702 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
targcfcd cclls. International Patent Publication No. WO00/61578 relales lo 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 kinascs and are effective for treatment of

cancers which overexpress Her-kinases.

Excmplary 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,
W0O2006/084030, W02009/042646, W02009/065035, and W(Q2011/044394; 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 7y, Z,, and Z; are

selected from CH and N and the variable substituents are sclected 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 FCsq and TCsp heing reported in anywhere from the micromolar

5 tonanotnolar ranges.

2. SUMMARY
In onc aspeet of the disclosurc, now compounds that inhibit Hsp90 are described.

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

NH, Xg NH,
)I = )\I
{
)\ = N \
10 R X6 X Xb“Xd
(1A) (1B)
or a pharmacentically acceptable salt thereof, wherein:

(a) each of Z,, Z, and Z, is independently CH or N;
(by 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 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
20 (f) Ris 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)NR4Rg, -NRAS(O)Rg, -SONR 4Rp, -NRSO,R, -C(O)NR,Rg, or -NRoC(O)Rg,
wherein each R4 and Ry is independently selected from hydrogen, C;-Cy alkyl, C-Cy
5 alkenyl, C,-Cs alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl,
alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl.

3. DETAILED DESCRIPTION

The invention includes the following:

10 (1) A Compound of Formula (IA) or (IB):
NH, Xa NH2 Xo
z X243
s e Zy 3
)Q)j: ?_Y Xa )I\ < )_Y X‘a
= N \ Z N Xc
Xi 4 y Xe X4 2 .
R Xb R Xb—Xd
18 (1B)

or 2 pharmaceutically acceptable salt thereof, wherein:

(a) each of Z,, /Z, and Z; is independently CH or N;
15 (b) YisCH,, O,0r S;

(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

20 (e

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

Rl

X, 1s halogen, aryl, alkynyl, or amino;

o

X4 is hydrogen or halogen; and

branched- substituted or unsubstituted alkenyl, straight-chain- or branched- substituted
or unsubstituted alkynyl, or substituted or unsubstituted cycloalkyl wherein the R group
is interrupted by -S(O)N(Ra)-, -NRAS(O)-, -SO;N(R4)-, -NRASO;-, -C{O)NR4)-, or -

25 . NRAC(0)-, and/or terminated by -S(O)NR ARz, -NRAS(O)Rg, -SO.NRARg, -NRASO2Rz,
-C(O)NRaRg, or NRLAC(O)Rr, wherein each R, and Ry is independently selected from
hydrogen, C;-Cs alkyl, C,-Cs alkenyl, C,-Ce alkynyl, cycloalkyl, heteroalkyl,
heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl,
and alkylheteroarylalkyl.

30 (2) The compound as in the above (1) which is a Compound of Formula (1):
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NH, %,
N
R
8

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

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

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

NH2 xz
NN
,mj e Wer
X7 N N\ XB)
' R
®

or a pharmaceutically acceptable salt thereof, wherein:



WO 2012/138894 PCT/US2012/032371

one of Xa and Xb is C{(=0) and the other is CH,; and
Y is CH; or S.

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

NH, %,
A
)I\JI > e
X, N N\ 4
R

5 Q)

ot a pharmaceutically acceptable salt thereof, wherein:
Xa-Xe-Xb is CH,-CH,-CH,, CH=CH-CH,, or CH,-CH=CH; and
YisCHyor 8, ~

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

NH2 X2
NN
“\)j: \>—Y Xa
) (NG B
‘ \ . Xb
R

&)

10

or a pharmaceutically acceptable salt thereof, wherain 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):

NH, X5
NS N\
xﬁiﬁ@j
R 0

(©)

15



WO 2012/138894 PCT/US2012/032371

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 Z; are each CH.
5 (10) The compound as in the above (1), wherein Z;, 7, and Z; are each CH.

(11) The compound as in the above (1) to (10), wherein R is interrupted by one or more -
S(OIN(R 1)-, -NR4S(O)-~, -SON(R)-, -NR4SO;-, -C(O)N(R,)-, or -NRC(O)- groups.

(12) The compound as in the above (1) to (11), wherein R is terminated by an -S(O)NR.Rg,
-NR4S(O)Rg, -SO,NRsRg, -NRASO:Rg, -C(O)NR.Rg, or -NRLC(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-ethanesuifonic acid methylamide, 2-
ethanesulfonic acid amide, 2-ethanesulfonic acid t-butylamide, 2-ethanesulfonic acid
isobulylamide, 2-ethanesulfonic acid cyclopropylamide, isopropanesulfonic acid 2-ethylamide,

15 ethanesulfonic acid 2-ethylamide, N-2 ethyl methanesulfonamide, 2-methyl-propane-2-sulfonic
acid 2-ethylamide, 2-methyl-propane-2-sulfinic acid 2-ethylamide, 2-methyl-propane-1-sulfonic
acid 2-ethylamide, cyclopropanesufonic acid 2-ethylamide, 3-propane-1-sulfonic acid
isopropylamide, 3-propane-1-sulfonic acid ethylamide, 3-propane-1-sulfonic acid methylamide, 3-
propane- I -sulfonic acid amide, 3-propane-1-sulfonic acid t-butylamide, 3-propane-1-sulfonic acid

20 isobutylamide, 3-propane-1-sulfonic acid cyelopropylamide, propane-2-sulfonic acid 3-
propylamide, ethanesulfonic acid 3-propylamide, N-3-propyl methanesulfonamide, 2-methyl-
propane-2-sulfonic acid 3-propylarmide, 2-methyl-propane-2-sulfinic acid 3-propylamide, 2-methyl-
propane-1-sulfonic acid 3-propylamide, cyclopropanesulfonic acid 3-propylamide, 3-N-isopropyl
propionamide, 3-N-ethyl propionamide, 3-N-methyl propionamide, 3-propionamide, 3-N-t-butyl

25  propionamide, 3-N-isobutyl propionamide, 3-N-cyclopropyl propionamide, N-2-ethyl
isobutyramide, N-2-ethyl propionamide, N-2-ethyl acetamide, N-2-sthyl [ormamide, N-2-ethyl 2,2-
dimethyl-propionamide, N-2-ethyl 3-methylhutyramide, 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-umide, N-3-propyl 2,2-dimethyl-propionamide, N-propyl-2-methyi-
propane-2-sulfinamide, t-butanesulfonic acid 3-propylamide, or cyclopropanesulfonic acid 3-

propylamide.

(15) The compound as in one of the above (1) to (14), wherein X, 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, faran-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 S-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) ot (22), wherein X; is 1.

(24) The compound as in onc 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,
isNor Z; isN.

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

each N or Z; and Z; arc cach N or Z, and Z; are each N.

28) A pharmaceulical composition comprising the compound as in one of the above (1) to
P prisimg

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 fornmlating 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 Hsp%0

function inhibiting amount of a cormpound 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 (TB):
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9
NH, X NH, Xz
Z -Za
Z1 = Z1 3
M ALY X8 Az N)_Y X?(
X4 22 l\\l Xg X4 Z2 \ i C
R Xb R Xb—Xd
(1A) ()

or a salt thereof, wherein:

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

5 (b) Yis CHy, O, 0rS;
(¢} 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 a leaving group for introduction of a a radiolabeled atom to the structure;

10 (e) X41s 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(OYN(R4)-, -NRAS(O)-, -SO;N(R4)-, -

15 NRASOz-, -C(O)N(RA)-, or -NRAC(0)- groups, and/or terminated by an ~S(O)NRaRg, -
NRAS(O)Rg, -SO,NRaRg, -NRASO, Ry, -C(O)NRARg, or -NRAC(O)R;; group, wherein
each R, and Ry is independently selected from hydrogen, C,-Cg alkyl, C,-Cs alkenyl,
C,-Cyq alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl,
arylalkyl, alkylheteroaryl, hetsroarylalkyl, and alkylheteroarylalkyl.

20

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

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

25  formation of a radiolabeled compound.

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

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



WO 2012/138894

PCT/US2012/032371

10
NH, X NH, %

zZ XZa

z7N Z4 3
PPN Xa A7 N)_Y %
x{ "z; N N - S Xe
R Xb R Xb—Xd

Ia) (IB)

or a pharmaceutically acceptable salt thereof, wherein:

10

20

(a) each of Z,, 75 and 7, is independently CH or N;

(b) Yis CHy, O, or S;

(c) Xa, Xb, Xc and Xd are independently selected from CH, CHz, O, N, NI, S,
carbonyl, fluoromethylene, and diflucromethylene 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) X, 1s 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 interrapted by -S(OYN(R»)-, -NRAS(O)-, -SON(R )-, -NRASO;-~, -
C(ON(R4)-, and -NRLC(0O)-, and/or terminated by -S(O)NRRp, -NRAS(O)Rp, -
SO;NRARs, NRASO,R, -C(O)NRAR3, or -NR,C(O)Rp, wherein cach Ry and Rp 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.

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 certfain 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-cthylamide, N-2 sthyl methanesulfonamide, 2-methyl-propane-2-sulfonic

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

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

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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11

isobutylamide, 3-propane-1-sulfonic acid cyclopropylamide, propane-2-sulfonic acid 3-
propylamide, ethanesulfonic acid 3-propylamide, N-3-propyl methanesulfonamide, 2-methyl-
propane-2-sulfonic acid 3-propylamide, 2-methyl-propane-2-sulfinic acid 3-propylamide, 2-methyl-
propane-1-sulfonic acid 3-propylamide, cyclopropanesulfonic acid 3-propylamide, 3-N-isopropyl
propionamide, 3-N-ethyl propionamide, 3-N-methy] propionamide, 3-propionamide, 3-N-t-butyl
propionamide, 3-N-isobutyl propionamide, 3-N-cyclopropyl propionamide, N-2-ethyl
isobutyramide, N-2-ethyl propionamide, N-2-ethyl acetamide, N-2-ethyl formamide, N-2-ethyl 2,2-
dimethyl-propionamide, N-2-ethyl 3-methylbutyramide, and cyclopropane carboxylic acid 2-ethyl-

amide,

In certain embodiments, specific R groups include without limitation: eyclopropane
carboxylic acid 3-propyl-amide, N-3-propyl 2,2-dimethyl-propionarride, 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
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, arc cach CH. In another embodiment, 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 each N, In another embodiment, 7, and Z; arc cach N,

In another embodiment, Z; and Z, are each CH and 7, is N. In another embodimen, 7;
and Z; arc each CH and Z; is N, In another embodiment, Z, and Z; are each CH and 7, is N. In
another embodiment, Z, and Z, are each N and Z; is CH. In another embodiment, Z, and Z5 are
each N and Z; is CH. In another embodiment, Z, and Z; are each N and Z, is CH. In another

embodiment, Z:, Z,, and Z; are each CH. In another embodiment, Z,, Z,, and Z5 are each N,

In the structures set forth in Formulae (1) through (6) below, embodirments are provided in
which Zi, Zy, and Zz are each N. These embodiments are intended as exemplary, and are not
intended to exclude the above cmbodiments in which one, two, or three of 7y, Z,, and 75 is CH with
the same substituents or other substituent combinations within the scope of Formulae (TA) and (TR)
as set forth above. In particular, embodiments in which Z, or Z; are each CH are considered to be

within the scope of this disclosure.

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

meaning:



WO 2012/138894 PCT/US2012/032371

12

The terms "alkyl" and "substituted alkyl” are interchangeable unless otherwise specifically
noted and refer to substituted and unsubstituted C;-C;, straight-chain saturated aliphatic
hydrocarbon groups, i.e., groups having 1, 2, 3,4, 5,6, 7, 8,9, or 10 carbon atoms, and substituted
and unsubstituted C;-Cyq 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 (Tit), propyl (Pr), isopropyl, butyl (Bu), tert-butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl,
and the like. In one embodiment, an alkyl is a C;-Cy alkyl, i.e., a group having 1,2, 3,4, 5, 0r 6
carbon atoms. An alky!l can be substituted with 1, 2, or 3 substituents or optionally substituted with
1,2, or 3 substituents, Illustrative examples of substituted C,-Cg alkyl groups include -CH,OH, -

10 CF,0H, -CH,C(CH;),C{O)OCHs3, -CFs, -C(O)CF3, -C(0)CH;, (CH,)4SCH;, -
CH(C(O)OH)CH,CH,C(O)N(CHa),, -(CH,)sNHC(O)NH,, -CH,CH,-(4-fluorophenyl), -
CH(OCH;)CH,CH,, -CH,SO,NH,, and -CH(CH;)CH,CH,0C(O)CHs.

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

specifically noted and refer to substituted and unsubstituted C»-C:q straight-chain aliphatic

15 hydrocarbon groups having 1, 2, or 3 carbon-carbon doublc bonds, i.e., groups having 1, 2, 3,4, 5,
6,7,8,9,or 10 carbon atoms, and substituted and unsubstituted Cs-C;o 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, l-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, l-oct-

20 8-enyl, and the like. In one embodiment, an alkenyl is a C,-Cg atkenyl, 7.e., a group having 2, 3, 4,
5, or 6 carhon 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. Tllustrative examples of
substituted C>-Cs alkenyl groups include -C(H)=CHCH,O0H, -C(H)=CF,, -
CH,C(H)=CH(CH,),CF,0H, -CH,C(=CH,)C(0)OCH;, -C(H)=CHCF3, -

25  CH,CH,C(H)~CHC(O)CHs, -C(H)=C({CH3)SCHs, -C(H)=CHC(H)=C(CH3)C(Q)OCH;, and -
C(H)=C=CHOC(O)CH;.

The terms "alkynyl” and "substituted allcynyl" are interchangeable unless otherwise
specifically noted and refer to substituted and unsubstituted C»-Ci, 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-Cyy 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,-C4 alkynyl, i.e., a

35  group having 2, 3, 4, 5, or 6 carbon atoms and 1 or 2 carbon-carbon triple bonds, An alkynyl can
be substituted with 1, 2, or 3 substituents or optionally substituted with 1, 2, or 3 substituents.
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Tlustrative examples of substituted C,-Cs alkyny! groups include -C=CCH,0H, -C=CF, -
CH,C=C(CH,);CF,0H, -C=CCH,C(0)OCHj, -CH,C=CCF;, -CH,CH,C=CC(0)CH;, -C=CSCH,,
and -C=CC(0)OC(O)CH;.

The terms "cycloalkyl" and "substituted cycloalkyl” are interchangeable unless otherwise
specifically noted and refer to a mono- or multi-ringed carbocycle wherein each ring contains 3, 4,
5,6,7,8,9,or 10 carbon atoms, and wherein any ring can contain 1, 2, or 3 carbon-carbon doublc
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,

The term "amino” refers to the group -NRyR,, wherein R and R, are each independently H,
C,-Cs alkyl, C,-Cq alkenyl, C,-C, alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl,
heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylatlyl, or alkylhcteroarylalkyl,
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

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 monoeyclic, polycyclic, biaryl aromalic groups covalently allached al 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
with 1, 2, or 3 substitucnts or optionally substituted with 1, 2, or 3 substituents. The definition of
"aryl" includes but is not limited to heteroaryl. Illustrative examples of aryl groups include phenyl,
biphenyl, naphthyl, dihydronaphthyl, tetrahydronaphthyl, indenyl, indanyl, azulenyl, anthryl,
phenanthryl, fluorenyl, pyrenyl, anthracenyl, pyridyl, pyrimidyl, pyridizinyl, thiadiazolyl, and the
like.

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
(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 (o (1) an alkyl group where al least one of the

hydrogen atoms attached to a carben or (2) to a heteroalkyl group where at least one of the
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hydrogen atoms attached to a heteroatom of the heteroalkyl can be substituted with at least one of
the following: alkyl, aryl, and heteroalkyl.

The terms “heteroaryl" and "substituled heleroaryl” are mterchangeable unless otherwise
specifically noted and the terms "heterocyclo" and "substituted heterocyclo” are interchangeable
unless otherwise specifically noted and these terms refer to a monovalent unsaturated group having
a single ring or multiple condensed rings, from 1 to 8 carbon atoms, and from 1 to 4 heteroatoms
within the ring, each heteroatom being independently selected from nitrogen, sulfur, or oxygen. In
either heteroary! or heterocyclo, the point of attachment to the molecule can be at a heteroatom or
elsewhere within the ring, A heteroaryl or heterocyclo can be substituted with 1, 2, or 3

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

Hlustrative examples of heteroaryl groups include thienyl, benzothienyl, isobenzothienyl,
2,3-dihydrobenzothienyl, furyl, pyranyl, benzofuranyl, isobenzoturanyl, 2,3-dihydrobenzoturanyl,
pyrrolyl, pyrrol-3-yl, pyrrol-1-yl, indolyl, isoindolyl, 3H-indolyl, indolinyl, indolizinyl, indazolyl,
imidazolyl, imidazol-4-yl, 2H-imidazolinyl, 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-oxadiazol-3-yl, thiadiazolyl, pyridazin-4-yl, pyrazin-2-yl, thiophen-2-yl, furan-2-
yl, pyridin-2-yl, pyridin-4-yl, pyrimidin-2-yl, and the like.

When any group is substituted with 1, 2, or 3 substituents or optionally substituted with 1,
2, or 3 substituents, each substituent is independently selected from the group comprising halo, -
OH, -SH, -CN, -NO,,-NH,, trihalomethyl, pentahaloethyl, C;-Cygalkyl, arylCo-Cypalicyl, Cy-
CioalkyloxyCo-Cyoalkyl, arylCy-C)ealkyloxyCo-C,galkyl, Co-CigalkylihioCy-Cigalkyl, arylCo-
CioalkylthioCo-Croalkyl, Co-CyoalkylaminoCy-C,galkyl, arylCo-CyealkylaminoCy-Croalkyl, N-aryl-N-
Co-CroalkylaminoCo-Cipalkyl, Ci-CioalkylcarbonylCy-Cigalkyl, arylCi-CpalkylcarbonylCo-Cypalkyl,
C-ChoalicylearboxyCy-Crealkyl, arylCy-CrealkylcarboxyCo-Cioalkyl, Ci-CigalkyleatbonylaminoCy-
Cioalkyl, arylC-C palkylcarbonylaminoCo-Cealkyl, -Cy-CroalkylC(O)YORx, and -Co-
Ci0alkylC(O)NRyR wherein Rx, Ry and Ry 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 "Coalkyl," as in Co-Cypalkyl, is a covalent bond.

The term "Cy-Calkyloxy" refors to an alkyl group having the indicated number of carbon

atoms and attached to the molecule through an oxygen atom, In onc cmbodiment, 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, Tllustrative examples of
alkyloxy groups include methoxy, ethoxy, n-propyloxy, and isopropyloxy. Thus, the term "Cq-
CioalkyloxyCy-Cioalkyl" refers to a Cyp-Ciealkyloxy attached through an oxygen atom to a Cy-
Cealkyl which is attached to the molecule. Likewise, the term "aryICo-Cloalkyloﬁ(yC0~Cmalky "

5  refers to a Cy-C)galkyloxy, which is substituted by aryl, attached through an oxygen atom to a Cy-
Ceatkyl which is attached to the molecule. A "Cealkyloxy" is -OH.

The term "Cy-Coalkylthio" 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 Cy-Cygalkylthio is
a Cy-Cgalkylthio, i.e., a group having 1, 2, 3, 4, 5, or 6 carbon atoms. Illustrative examples of

10 alkyloxy groups include methylthio, ethylthio, n-propylthio, and isopropylthio. Thus, the term "Co-
CpalkylthioCy-Cypalky!l" refers to a Co-Cyealkylthio attached through a sulfur atom to a Co-Cjpalkyl
which is attached to the molecule. Likewise, the term "arylCy-CyoallcylthioCo-Cpalkyl" refers to a
Cy-Cygalkylthio, which is substituted by aryl, attached through a sulfur atom to a Co-Cealkyl which
is attached to the molecule. A "Coalkylthio" is -SH.

15 The term "Cy-Cypalkylcarbonyl” refers to an alkyl group having the indicated number of
carbon atoms and artached to the molecule through the carbon atom of a carbonyl group. In one
embodiment, a C;-Cypalkylearbonyl is a Cy-Cealkylcarbonyl, i.e., a group having 1,2, 3,4, 5,01 6
carbon atoms, including the carbonyl carbon atom. Thus, the term "C;-CgalkylcarbonylCo-
Croalkyl” refers to a C;-Cypalkylcarbonyl attached through the carbon atom of a carbonyl group to a

20 Cy-Cyealkyl which is attached to the molecule. Likewise, the term "arylC;-CyealkylcarbonylCo-
Cioalkyl” refers to a C;-Cipalkylcarbonyl, which is substituted by aryl, attached through the carbon
atom of a carbonyl group to a Cy-Cealkyl which is attached to the molecule.

The term "Cy-Cypalkylcarboxy” 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 -0-C(=0)- orientation. In
one embodiment, a Ci-Cyealkylcarboxy 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,-CealkylcarboxyCo-
Coalkyl" refers to a C,-Coalkylcarboxy attached through the carboxy group to a C¢-Cygalky! which
is attached to the molecule. Likewise, the term "arylC;-C)yalkyloarboxyCq-Cygalkyl" refers to a C;-
30 Cpalkylcarboxy, which is substituted by aryl, attached through the carboxy group to a Cy-Cygalkyl

which is attached to the molecule.

The term "Co-Cypalkylamine” 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;-Csalkyl, or aryl. A "Cpalkylamino” is -NHRy. In one embodiment, a Cy-

35 Cyoalkylamino is a C;-Cgalkylamino, 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 "Co-CypalkylaminoCe-
Cioalkyl" refers to a Co-Crpalkylamino attached through the nitrogen atom of an amino group to a
Co-Cgalkyl which is attached to the molecule. Likewise, the term "arylCy-CqalkylaminoCy-
Cioalkyl" refers to a Co-Cyoalkylamino, which is substituted by aryl, attached through the nitrogen
atom of an amino group to a Cy-Cjealkyl which is attached to the molecule. The term "N-aryl-N-
Cy-CyoalkylaminoCy-Cygalkyl" refers to an amine nitrogen atom substituted by arvl and Cy-Cgalkyl,

that nitrogen atom being further altached to a Cy-C\ealkyl 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
molecule through the amide, group, wherein the amide group has either a -C(=O)N(Ry)- or a -
N{Rv)C(=0)- orientation and wherein Ry is H or C,-Csalkyl. In one embodiment, a C;-
Cyealkylcarbonylamino is a C,-Cgalkylcarbonylamino, i.e., a group having 2, 3, 4, 5, or 6 carbon
atoms, including the amide's carbon alom, in the alkyl group and 0, 1, 2, 3, 4, 5, or 6 carbon atoms
in the Ry group. Thus, the term "C,-CypalkylcarbonylaminoCy-Cgalkyl” refers to a Cy-
Cyealkylcarbonylamino attached through the amide group to a Cy-Cyealkyl which is attached to the
molccule. Likewisc, the term "arylC;-CealkylcarbonylaminoCy-Cgalkyt" refers to a Cy-
Cyoalkylearbonylamino, which is substituted by aryl, attached through the amide group to a Cy-
Cioalkyl which is attached to the molecule,

The term "alkylaryl” refers to an aryl group as defined above that is substituted with 1, 2, or
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, 3, 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 abave; a benzyl group is an exemplary arylalkyl. In one embodiment,
an arylalkyl group is a "lower arylalkyl" group having 1, 2, or 3 aryl groups attached to an alkyl

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

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

having 1,2, 3,4, 5, or G carbon atoms.

The term "alkylheteroaryl" refers to a heteroaryl group as defined above that is substituted
with 1, 2, or 3 alkyl groups as defined above. In one embodiment, a alkylheteroaryl group is a
"lower alkylheteroaryl" group having 1, 2, or 3 alkyl groups attached to a heteroaryl group, each
alkyl group having, independently, 1, 2, 3, 4, 5, or 6 carbon atoms.
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The term "heteroarylalkyl" refers to an alkyl group as defined above that is substituted with
1, 2, or 3 heteroaryl groups as dcfined above. In one embodiment, a heteroarylalkyl group isa
"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 "alkylhetercarylalikcyl" refers to a heteroarylalkyl group as defined above that is
substituted with 1, 2, or 3 alky! groups as defined ahove. Tn one embodiment, an
alkylheteroarylalkyl group is a "lower alkylheteroarylalkyl" group with each alkyl portion having,

independently, 1, 2, 3, 4, 5, or 6 carbon atoms.
The terms "halogen" and "halo" refer to fluorine, chlorine, bromine, and iodine.

An R group disclosed to be " interrupted by -S(O)N(RA)-, -NRAS(O)-, -SO.NRA)-, -
NR4SO;-, -C(O)N(R,)-, and -NR,C(O)-, and/or terminated by -S(O)NRRp, -NRAS{O)Rg, -
SONR 4Rz, -NRASO:Rg, -C(OINRAR, or -NRAC(O)Ry", means said R group is (1) interrupted by
one or more (for examplel, 2, or 3) -S(O)N(R,)-, -NR4S(0)-, -SO;N(R,)-, -NRASO;-, -
C(OIN(R4)-; or -NRLC(O)- groups, (2) terminated by -S(O)NR,Rg, -NR4S(O)Rg, -SO,NR 4R, -
NRASO;Rg, -C(O)NR ARy, or -NRAC(O)R;5 groups, or (3) interrupted by one or more (for example
1,2, or 3) -S(O)N(R)-, -NRAS(0)-, -SO,N(R ), -NRASO,-, -C{O)N(R,4)-, or -NRAC(O)- groups
and terminated by an -S(Q}NRsRg, -NRAS(O)Rg, -SO;NR \Rp, -NR4SO:R5, ~C(O)NRARp,
or -NRAC(O)Rg 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 embediment,

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
pharmacenticalty acceptable salt can be obtained from the reaction of the free base of a Compound
of Formulae (TA) or (TB) with an inorganic acid, for example, hydrochloric acid, hydrobromic acid,
sulfuric acid, nitric acid, phosphoric acid, and the like, or an organic acid, for example, sulforic
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, magnestum, calcium, iron, copper, zinc, tin, silver, or aluminum salts, and
organic amine salts, such as methylamine, dimethylamine, trimethylamine, diethylamine,
triethylamine, n-propylamine, 2-propylamine, or dimethylisopropylamine salts, and the like. The
term "pharmaceutically acceptable salt” includes mono-salts and compounds in which a plurality of
5 salts is present, e.g., di-salts and/or tri-salts. Pharmaceutically acceptable salts can be prepared by

methods known to those in the art.

Certain compounds of Formulae (IA) and (IB) and/or their pharmaceutically acceptable
salts can exist in more than one crystal form and the present disclosure encompasses each crystal
form and mixtures thereof. These crystal forms can be prepared by methods known to those in the

10 arl.

The term "solvate" refers to a complex or aggregate formed by onc or morc molecules of a
solute, e.g., a Compound of Formulae (IA) or (IB) or its pharmaccutically acceptable salt, and one
or more molecules of a solvent, which is present in stoichiometric or non-stoichiometric amount.
Suitable solvents include but are not limited to water, acetic acid, ethanol, methanol, isopropanol,

15 and n-propanol. Where the solvent is water, the solvate is 2 hydrate. Exemplary hydrates include
but are not limited (0 a hemihydrate, a monohydrate, a dihydrate, a trihydrate, and a tetrahydrate,
In one embodiment, the solvent is pharmaceutically acceplable. In another embodiment, the
complex or aggregate is in a crystalline form. In another embodiment, the complex or aggregate is
in a noncrystalline form, The present disclosure encompasses each solvate and mixtures thereof.

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

Certain compounds of Formulae (IA) and (IB) may exist in different tautomeric forms or as
different geometric isomers, and the present disclosure includes each tautomer and/or geometric

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

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

25 exist in different optically active forms, and the present disclosure includes each optically active
form of compounds of Formulae (IA) and (IB) and mixtures thereof. When compounds of
Formulae (IA) and (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 diastereoisometic 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 Formulac (1A) or (IB) contains
more than one chiral center, it may exist in diastereoisomeric forms, The diestereoisomeric

35 compounds may be separated by methods known to the art, for example, by chromatography or
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crystallization, and the individual enantiomers may be separated as described above. The present
disclosure includes each diastereoisomer of compounds of Formulae (IA) and (IB) and mixtures

thereof.

The term "{sotopically enriched" refers to & Compound of Formulae (IA) or (IB) that
5 contains an unnatural proportion of an isotope at one or more of the atoms constituting the
compound, and the present disclosure includes each isotopically enriched form of compounds of
Formulae (JA) 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), denterium (3IT), trittam (I, catbon-11 (*'C), carbon-12 (**C), 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 (’0), oxygen-18 (**0), fluorine-17 ('F), fluorine-18 (°F),
sulfir-32 (’8), sulfur-33 (*S), sulfur-34 ('8), sulfur-35 (*°S), sulfur-36 (*S), chlorine-35 (*CI),
chlorine-36 (*Cl), chlorine-37 ('CI), bromine-79 (®Br), bromine-81 (*'Br), iodine-123 (),
iodine-125 ("°1), iodine-127 (**'I), iodine-129 (***91), and iodine-131 (*'T), In another

15 embodiment, an isotopically enriched compound contains unnatural proportions of one or more
isotopes, including but not limited to 'H, *H, "¢, "C, “N, "N, "0, 0, "0, '"F, s, ¥'s, 5, ¥,
3501, %7¢t, PBr, *'Br, and 1. In another embodiment, an isotopically enriched compound is
radioactive. Tn another emhodiment, an isotopically enriched compound contains unnatural
proportions of one or more isotopes, including but not limited to 1, e, e, BN, Mo, o, B, S,

20 *clL 'L, ), %), and 'L In another embodiment, an isotopically enriched compound contains
unnatural proportions of 1, 1, or '**1 and another isotope selected from *H, "'C, “C, N, 0,
150, BE, 358, and *Cl. In another embodiment, an isotopically enriched compound contains an

unnatural proportion of %], 1

1, and/or *'L 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 '), In another embodiment, an

isotopically enriched compound contains an unnatural proportion of **'1,

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

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

The term "therapeutically cffective amount” refers to an amount of a Compound of

Formulae (IA) or (IB) or a combination of two or more such compounds that inhibits, totally or
partially, the progression of the treated condition or alleviates, at least partially, one or more

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

prophylactically effective. The amount which is therapeutically effective depends on the patient's
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gender and size, the condition to be treated, the condition's severity, and the result sought. Fora
given patient, a therapeutically effective amount can be determined by methods known to those in

the art.

The term "patient” refers to an animal, inclnding 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, (hrombocythemia, angiogenic myeloid
metaplasia, polycythemia vera, myelofibrosis, myelofibrosis with myeloid metaplasia, chronic

idivpathic myelofibrosis, the cylopenias, and pre-malignant myelodysplastic syndromes.

The term "hematologic malignancy" refers to cancer of the bone marrow and tymphatic
tissue - body's blood-forming and immune system. Examples of hematological malignancies
include but arc not limited to myelodysplasia, lymphomas, loukemias, lymphomas (non-Hodgkin's
tymphoma), Hodgkin's disease (also known as Hodgkin's lymphotna), and myeloma, such as acute
lymphocytic 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 Iymphocytic levkeraia, chronic myeloid leukemia, chronic
neutrophilic leukemia, juvenile myelomonocyetic leukemia, mixed lineage leukemia,
myeloproliferative disorders, myclodysplastic syndromes, multiple myeloma, and prolymphocytic

leukemia,

The term "leukemia" refers to malignant neoplasms of the blood-forming tissues including
but not limited to acute lymphoblastic leukemia, acute myeloid leukemia, acute myeloblastic
leukernia, 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 ocours 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 disease, diffuse Lewy body
disease, progressive supranuclear palsy (Steel-Richardson syndrome), multisystem degeneration
(Shy-Drager syndrome), motor neuron diseases including amyotrophic lateral sclerosis ("ALS"),
degenerative ataxias, cortical basal depeneration, ALS-Parkinson's-Dementis complex of Guam,

subacute sclerosing panencephalitis, Huntington's disease, Parcinson's disease, multiple sclerosis,
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synucleinopathies, primary progressive aphasia, striatonigral degeneration, Machado-Joseph
disease/spinocerebellar ataxia type 3 and olivopontocerebellar degenerations, Gilles De La
Tourette's disease, bulbar and pseudobulbar palsy, spinal and spinobulbar muscular atrophy
(Kennedy's disease), primary lateral sclerosis, familial spastic paraplegia, Wernicke-Korsakoff's
5 related dementia (alcohol induced dementia), Werdnig-Hoffmann disease, Kugelberg-Welander

disease, Tay-Sach's disease, Sandhof[ disease, familial spastic disease, Wohifart-Kugelberg-
Welander disease, spastic paraparesis, progressive multifocal leukoencephalopathy, and prion
diseases (including Creutzfeldt-Takob, Gerstmann-Straussler-Scheinker disease, Kuru and fatal
familial insomnia). Other conditions also included within the methods of the present disclosure

10 include age-related dementia and other dementias, and conditions with memory loss including
vascular dementia, diffusc whitc matter discasc (Binswanger's discasc), dementia of endoctine or
metabolic origin, dementia of head trauma and diffuse brain damage, dementia pugilistica, and
frontal lobe dementia. Also other neurodegenerative disorders resulting from cerebral ischemia or
infarction including embolic occlusion and thrombotic occlusion as well as intracranial hemorrhage

15 ofany 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 nvolving stroke, traumatic brain injury, schizophrenia,

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

20 In certain embodiments, the neurodegenerative disorder is selected from Alzheimer's
disease, Parkinson's disease, amyotrophic lateral sclerosis, age-related memory loss, senility, and
age-related dementia. In another embodiment, the neurodegenerative disorder is Alzheimer's
disease, also characterized as an amyloidosis. Thus, other embodiments of the disclosure relate to
the treatment or prevention of other amyloidosis disorders which share features, includin, but not

25  limited to, hereditary cerebral angiopathy, normeuropathic hereditary amyloid, Down's syndrome,
macroglobulinemia, secondary familial Mediterranean fever, Muckle-Wells syndrome, multiple
myeloma, pancreatic- and cardiac-related amyloidosis, chronic hemodialysis arthropathy, Finnish

amyloidosis, and Iowa amyloidosis,

The term "pharmaceutically acceptable carrier” refers to a pharmaceutically-acceptable
30  material, composition, or vehicle, such as a liquid or solid filler, diluent, solvent, or encapsulating
material. In one embodiment, each component is "pharmaceutically acceptable” in the sense of
being compatible with the other ingrodients of a pharmaceutical formulation, and suitable for use in
contact with the tissue or an organ of a paticnt without cxcessive toxicity, irritation, allcrgic
response, immunogenicity, or other problems or complications, commensurate with a reasonable
35  benefitrisk ratio. Pharmaceutically acceptable carriers 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 Ed., Mack
Publishing, Easton, PA, 1995); and Handbook of Pharmaceutical Excipients (Amer.
Pharmaceutical Ass'n, Washington, DC, 1986),

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

cmbodiment can be represented by Fornmla (1):

NH, Xs
N A N\
Y
x4)|\/r\1i”\3_ ‘QO\)O

M

10

or a pharmaceutically accoptable salt thereof, wherein:
YisCH;or S;
X4 is hydrogen or halogen;

15 R is a is straight-chain- or branched- substituted or unsubstituted alkyl, straight-chain- or
branched- substituted or unsubstituted alkenyl, straight-chain- or branched- substituted or
unsubstituted alkynyl, or substituted or unsubstituted cycloalkyl wherein the R group is interrupted
by -S(OIN(Ra)-, -NRAS(0)-, -SON(R)-, -NR SOy, -COINR)-, or -NRAC(O)-, and/or
terminated by -S(O)NR xRz, -NRAS(O)Rs, ~SONR Ry, -NR,S0Rg, -C(OJNR Ry, or -

20 NRAC(O)Rs, wherein each R, and R is independently selected from hydrogen, C;-Cg alkyl, Cp-C
alkenyl, C;-Cq alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, hetercaryl, alkylaryl,
arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalicyl; and

X, is as disclosed below,

C-L  Insome 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 Tand X,
is H. However, corresponding structures in which X; is F, Cl, or Br are within the scope of the
disclosure. Tn each of the structures in Table 1A, 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,
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Table 1A
Compound No. Structure Name
NH; |
N)\Tks o 2-[6-Amino-8-(6-inde-
SNE TN B benzo[1,3]dioxol-5-
1A-1 ) o ylsulfanyl)purin-9-y1]-
\SOZ ethanesulfonic acid
N isopropylamide
NH, I
SR = 2-[6-Amino-8-(6-iodo-
tN'/J\ \>_S‘Q\O benzo[1,3]dioxol-5-
1A-2 ¢} ylsulfanyl)-purin-9-y1}-
{ ethanesulfonic acid
HN/SO2 ethylamide
| " -
A 2-[6-Amino-8-(6-iodo-
bd\ IN\%‘S o benzo[1,3]dioxol-5-
1A3 N o’ ylsulfanyl)-purin-9-y1]-
o ethanesulfonic acid
N methylamide
N ;
N — 2-[6-Amino-8-(6-iodo-
LA 'LN/IN%S \ /\ j benzo[1,3]dioxol-5-
o ylsulfanyl)-purin-9-y1]-
80, ethanesulfonic acid amide
HoN
NFy 1
PN . .
ri I P o 2-{6-Amino-8-(6-iodo-
NN B benzo[1,3]dioxol-5-
1A-5 o vlsulfanyl)-purin-9-y1]-
50, ethanesulfonic acid tert-
HN butylamide
X
NFy "
N,
T s o 2[6-Amino-8-(6-iodo-
NN 0) benzo[1,3]dioxol-5-
1A-6 2 ylsulfanyl)-purin-9-y1]-
tSOQ ethanesulfonic acid
HN

isobutyl-amide

3



WO 2012/138894

PCT/US2012/032371

24
Compound No. Structure Nare
NH n
Nt)\iN\*S o 2-[6-Amino-8-(6-iodo-
NN B benzo[1,3]dioxol-5-
1A-7 2 o ylsulfanyl)-purin-9-ylJ-
50, ethanesulfonic acid
HN\]> cyclopropylamide
NH; |
Nk A N\%s@\o Propane-2-sulfonic acid
N7 N 3 {2-[6-amino-8-(6-iodo-
1A-8 2 o benzo[1,3]dioxol-5-
NH ylsulfanyl)-purin-9-yl]-
Ca8, sthyl}-amide
N )7
o Ethancsulfonic acid {2-6-
Loy ° o amino-8-(6-iodo-
1A-9 N ? o benzo[ 1,3]dioxol-5-
’ ylsulfanyl)-purin-9-y1]-
ozs'N ethyl}-amide
e — .
2 I
Aon N-{2-[6-Amino-§-(6-iodo-
N N 2}
t //\N> 5 0 benzo{1,3]dioxol-5-
1A-10 N ? o ylsulfanyl)-putin-9-y1]-
" ethyl}-
08 methanesulfonamide
\
NH, ;
|
NS 2-Methyl-propane-2-
tNﬁ‘N%Sng sulfonic acid {2-[6-amino-
1A-11 2 8-(6-iodo-
NH benzo[1,3]dioxol-5-
028, ylsulfanyl)-purin-9-yl]-
)T ethyl}-amide
NH
\2 N ' 2-Methyl-propane-2-
L - -5 sultinic acid {2-|6-amino-
NN ‘ 8-(6-iodo-
1A-12 o :
benzo[1,3]dioxol-5-
OSfNH ylsulfanyl)-purin-9-yl]-
)\7 cthyl}-amide
NH, 1
NENgY 2-Methyl-propane-1-
/J: \}-SQO sulfonic acid {2-[6-amino-
LA N, o 8-(6-iodu-
{ benzo[1,3]dioxol-5-
o ylsulfanyl)-purin-9-yI]-
- ethyl}-amide
NH; N
N’k BN \ s \f/ - Cyclopropz}nesulfqr{ic acid
N {2-[6-amino-8-(6-iodo-
1A-14 o benzo[1,3]dioxol-5-

yisulfanyl)-porin-9-vi]-
ethyl}-amide
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Compound No. Structure Name
NF
don ! o
U S o 3-{6-Amino-8-(6-iodo-
NN o benzol 1,3]dioxol-5-
1A-15 yisulfanyl)-purin-9-y13-
o propans-1-sulfonic acid
W isopropylamide
TH; 0
N‘)j Ng 3-[6-Amino-8-(6-iodo-
LN oj’ benzo[1,3]dioxol 5-
1A-16 ylsulfanyl)-purin-9-yi]-
propane-1-sulfonic acid
OzS\NH ethylamide
NHZ—/ .
)N/N\% o ‘ 3-[6-Amino-8-(6-iodo-
kN//\N jJ benzo[1,3]dioxol-5-
1A-17 o ylsulfanyl)-purin-9-yl]-
propane-1-sulfonic acid
Ozs\NH methylamide
NH; . ,
NJ-TN\ . 3-{6-Amino-8-(6-iodo-
N7 ) s j’ benzo[1,3]dioxol-5-
1A-18 '2 e ylsulfanyl)-purin-9-yl]-
propane-1-sulfonic acid
nzs{ amide
- NH l
NN ) 3-[6-Amino-8-(6-iodo-
L lN\%SQj benzo[1,3]1dioxol-5-
LA-19 < @ ylsulfanyl)-purin-9-yl]-
> propane-1-sulfonic acid
028, tert-butylamide
Y
TF; |
h’k)\/[ \f’_S‘Q—o 3-[6-Amino-8-(6-iodo-
NTTN o benzo[1,3]dioxol-5-
1A-20 ylsulfanyl)-purin-9-yl]-
ond propane-1-sulfonic acid
Zin isobutyl-amide
NFs 0
N = 3-[6-Amino-8-(6-iodo-
LIPS IS, benzof1,3]dioxol-5-
1A-21 z 8 ylsulfanyl)-purin-9-yl]-

propane-1-sulfonic acid
cyclopropylamide
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Compound No. Structure Name
NF; 0
’\i/i\i%s'@\‘) Propane-2-sulfonic acid
NN, O,J {3-[6-amino-8-(6-iodo-
1A-22 § benzo[1,3]dioxol-5-
i ylsulfanyl)-purin-9-y1]-
50, propyl}-amide
N i
Y = Ethanesulfonic acid {3-[6-
N
lt[v% SQj amino-8-(6-iodo-
1A-23 o benzo[ 1,3]dioxol-5-
ylsulfanyl)-purin-9-y1]-
HY —ami
*_/\302 propyl}-amide
NH ;
NN } N-{3-[6-Amino-8-(6-iodo-
lN/lfst benzo[1,3]dioxol-5-
1A-24 o ylsulfanyl)-purin-9-y!}-
propyl}-
HN, methanesulfonamide
802
NFI; 7
S| 2-Mcthyl-propane-2-
’fN:[\?_S j’ sulfonic acid {3-[6-amino-
1A-25 o 8-(6-indo-
benzo[1,3]dioxol-5-
HN ylsulfanyl)-purin-9-yl-
S02 propyl}-amide
NH; I
H)‘\I‘J\}‘ s o Z-Metll}fl-pz'upane-%-
Ly sulfinic acid {3-[6-amino-
R o 8-(6-iodo-
1A-26 benzo[1,3]dioxol-5-
HN ylsulfanyl)-purin-9-yl}-
S0 propyl}-amide
N, 1
SN 2-Methyl-propane-1-
EN/J\‘\?_SAQ)O sulfonic acid {3-[6-amino-
1A-27 o 8-(6~indo-
benzo[1,3]dioxol-5-
HN yisulfanyl)-purin-9-yl]-
>_/S°2 propyl}-amide
o 0
ﬁ j %73 -0 Cyclopropanesulfonic acid
N {3-[6-amino-8-(6-iodo-
1A-28 benzo{ 1,3]dioxol-5-

yisulfanyl)-purin-9-y1]-
propyl}-amidc
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Compound No. Structure Name
N .
SN
U L5+ o 3-{6-Amino-8-(6-iodo-
1429 N o . benzo[1,3]dioxol-5-
) iz ! ylsulfanyl)-purin-9-yi]-N-
H'>7o isopropyl-propionamide
NH; !
SN . .
WO SQ 3-[6-Amino-8-(6-indo-
1430 kN’IN% Oj) benzo[1,3]dioxol-5-
ylsulfanyl)-purin-9-y1]-N-
o ethyl-propionamide
- HNL
2 !
NI s,@\, 3-[6-Amino-8-(6-iodo-
1A-31 \NJ:N>_ \ ¢ j benzof1,3]dioxol-5-
o ylsulfanyl)-purin-9-y1]-N-
ol methyl-propionamide
H
NF5 A |
S = 3-[6-Amino-8-(6-iodo-
Y3 _
1A-32 'fNjiN% Y < /O benzo{1,31dioxol-5-
o ylsulfanyl)-purin-9-yl]-
o propionamide
LAY
o ;
WL\ 54 Amin i
LT 4 o 3{6-Amino-8-(6-iodo-
L - benzo[1,3 jdioxol-5-
1A-33 ) o enzo[1,3]dioxo
- >: ylsulfanyl)-purin-9-y1]-N-
N o tert-butyl-propionamide
N N .
M an
Y IN\%s&(}o 3-[6-Amino-8-(6-iodo-
1A-34 N o benzo[1,3]dioxol-5-
ylsulfanyl)-purin-9-y1]-N-
o O/ isobutyl-propionamide
L
AN - )
NL\ INVS N /0 3-[6-Amino-8-(6-iodo-
1A35 N Y o benzo[1,3]dioxol-5-
\): ylsulfanyl)-purin-9-y1}-N-
o © cyclopropyl-propicnamide
N b n
o ‘%s@}—? N-{2-[6-Amino-8-(6-iodo-
1A-36 o benzo[1,3]dioxol-5-

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

Structure

Name

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

1437 ! © yisulfany])-purin-9-yi]-
NH ethyl}-propionamide
o
NHZ:{— |
N'K\ s - N-{2-[6-Amino-8-(6-iodo-
1A38 NN B benzo[ 1,3]dioxol-5-
2 N ylsulfanyl)-purin-9-yl]-
:<\IH ethyl}-acetamide
o
NHy I
)\r { N-{2-[6-Amino-8-(6-iodo-
fﬂ\ 7 \N%S‘Qj) benzo[1,3]dioxol-5-
1A-39 o ylsulfanyl)-purin-9-y1]-
MH ethyl}-2,2-dimethyl-
o propionamide
NH; 1
SN N-{2-[6~Amino-8-(6-iodo-
N
q\i( S‘Qj benzof1,3]dioxol-5-
1A-40 g o ylsulfany1)-purin-9-y13-
NH ethyl}-3-methyl-
0‘< < butyramide
KM 0
NS - Cyclopropanecarboxylic
s
%/Lf N9 acid {2-[6-amino-8-(6-
1A-41 2 o iodo-benzo[1,3]dioxol-5-
NH ylsulfanyl)-purin-9-yl]-
o ethyl}-amide
M ;
N*\IN\> . N-{2-[6-Amino-8-(G-iodo-
A2 Ly )0 benzo[1,3]dioxol-5-
o ylsulfanyl)-purin-9-yl]-
NH ethyl}-formamide
o=’
H; T
i N‘)"S‘Qo N-(3~(G-amino-8-((6-
A3 { o iodobenzo[d][1,3]dioxol
) -5-ylythio)-9H-purin-9-
1”2_0 ylpropyl)pivalamide
NE
1\;:\%5 < N—(3-(6-Amino-8-((6-
| Add N 2 iodobenzo[d][1,3]dioxol
. " -5-yl)thio)-9H-purin-9-

yl)propyl)isobutyramide
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Compound No. Structure Name
NH
R ' N-3-(6-amino-8-((6-
L 3 iodobenzo[d][1,3]dioxol
1A-45 § -5-y1)thio)-9H-purin-9-
ANH yl)propyleyclopropane
i’% carboxamide
Pty N—(3-(6-Amino-8-((6-
L o iodobenzold|[1,3|dioxol
1A-46
iﬂ -5-ylthio)-9H-purin-9-
047,0:1 yl)propyl)isobutyramide
T, 1-((3-(6-Amino-8-((6-
'f:[;)—S*Qo iodobenzo[d][1,3]dioxol
LA s o -5-yl)thio)-9H-purin-9-
{ yhpropyl)amino)-2-
. e methyl-1-oxopropan-2-
) 9 yl acetate
NFz |
oS = N-(3-(6-Amino-8-((6-
l)NINH %8 iodobenzo[d][1,3]dioxol
1A-48 § -5-yl)thio)-9H-purin-9-
(:\H ylypropyl)-2-hydroxy-2-
Oﬁpu methylpropanamide
NFz : .
TS N-(3-(6-aminc-8-((2-
PAEEY)
LM’ N " iodo-5-
1A-49 mcthoxyphenylthio)-
o 9H-purin-9-
A{co ylpropyhpivalamide
NHs i A
L ?‘S W 6-(6-amino-8-((6-
1A-50 iodobenzo[d][1,3]dioxol
-5-yDthio)-9H-purin-9-
ylyhexanamide
)
NHy

Table 4A lists specific examples in which X, is halogen and X, is halogen. Tn each of the
structures as drawn, X, is I and X, is F. However, correspotiding structures in which X, is 11, Cl,
Br, or I 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 S 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
SN
NN >i> 2-(6-amino-2-fluaro-8
\ YN - -(6-amino-2-fluoro-8-((6-
F/J\N/J:N N /\ )O iodobenzo[d][1,3]dioxol-5-
4A-L o yhmethy!)-9H-purin-9-vl)-
'S0y N-isopropyl-'
HN ethanesulfonamide
2 [
I Ns/\QO 2-(6-amino-2-fluoro-8-((6-
4A2 FOONTN 3 iodobenzo[d][1,3]dioxol-5-
o yDmethyl)-9H-purin-9-yl)-
e N-ethylethanesulfonamide
2
HN
NHz |
N/\rN\ == 2-~(6-amino-2-fluoro-8-((6-
. ‘\N';\N N 4T iodobenzo[d][1,3]dioxol-5-
4A-3 ylimethyl)-9H-purin-9-yl)-
N-
s methylethanesulfonamide
HHy 1
Nl)\ R & - 2-~(6-amino-2-fluoro-&-((6-
A e NLS iodobenzo[d][1,3]dioxol-5-
' ) 0 y)methyl)-9H-purin-9-
<\302 yl)ethanesulfonamide
HoN
N, 3
NN A : .
| ji YN 2+(6-amino-2-fluoro-8-((6-
LA 9 iodobenzo[d][1,3]dioxol-5-
4A-5 (> o yhmethy)-9H-purin-9-y1)-
‘s0p N-(tert-
HN butyl)ethanesulfonamide
NHs 1.
AN 7=\
M {I > <§_<\o 2-(6-amino-2-fluoro-8-((6-
N o iodobenzo[d][1,3]dioxol-5-
4A-6 8 yl)methyl)-9H-purin-9-yl)-
802 N-
HN} isobutylethanesulfonamide
A
NF; |
f\:["'\ 3o 2-(6-amino-2-fluoro-8-((6-
FONTTN iodobenzo[d][1,3]dioxol-5-
4A7 ) o y)methy!)-9H-purin-9-y1)-
\,SOZ N-cyelopropyl-
ethanesulfonamide
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Compound No. Structure Name
NHp 1
J \ .
g ~N = N-(2-(6-amino-2-fluoro-8-
) DS g -
FNTTN ]
4A-8 3 o iodobenzold]|1,3]dioxol-5-
{ yDimethyl)-9H-purin-9-
NH Dethyl)propane-2-
) yhethyl)prop
02%_ sulfonamide
NH; :
NN N-(2-(6-amino-2-fluoro-8-
s o T s
4A-9 Foya o iodobenzo[d][1,3]dioxol-3-
8 yhmethyl)-9H-purin-9-
NH yl)ethyl)ethanesulfonamide
0,8
NF
o N N-(2-(6-amino-2-fluoro-8-
PP V\\/?\:/}\o i (6-
4A-10 N P iodohenzo[d][1,3]dioxol-5-
<> e yhmethyl)-9H-purin-9-
NH yhethyl)methane-
0.8 sulfonamide
NHz .
yp-N = N-(2-(6-amino-2-fluoro-8-
J\ ;LN‘ /0 ((6-
411 N o iodobenzo[d][1,3]dioxol-5-
B 8 yhmethyl)-9H-purin-9-
NH yl)ethyl)-2-methylpropane-
©a8, 2-sulfonamide
NH: /Kw
2 i
N Sxy-N )= N-(2-(6-amino-2-fluoro-8-
AT o ((s-
AL PN o iodobenzo[d][1,3]dioxol-5-
. { yhmethyl)-9H-purin-9-
NH yDhethyl)-2-methylpropane-
os\)v 2-sulfinamide
NF; |
N XN == ¢ N-(2-(6-amino-2-fluoro-8-
fIN\V\Q Jo (G-
A3 NN o . odobenzo[d][1,3]dioxol-5-
{ yDmethyl)-9H-purin-9-
NH . yDethyl)-2-methylpropane-
023L< | 1-sulfonamide
NFa N ‘
N, — | N-(2-(6-amino-2-fluoro-8-
AL e
4A-14 Fon iodobenzo[d][1,3]dioxol-5-

yl)methyl)-9H-purin-9-
yDethyl)cyclopropane-
sulfonamide
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Compound No. Structure Name
NH; N
NN Vi )
i ,\N>A\ /\>\o 3-(6-amino-2-flucro-8-((6-
FONTN o iodabenzo[d]{1,3]dioxol-5-
4A-13 ( ylmethyl)-9H-purin-9-y1)-
) N-isopropylpropane- 1 -
OZS\NH sulfonamide
\
N, )
NN = ami
[)j\/ Y\/E}\O 3-(6-amino-2-fluoro-8-((6-
,:)\N/ ~N N/ B iodobenzo[d][ 1,3]dioxol-5-
4A-16 ) S yDhmethyl)-911-purin-9-y1)-
g N-ethylpropane-1-
0.8 sulfonamide
NH
T |
NN / i
| B 3-(6-amino-2-fluoro-8-((6-
F)\N/IN N9 fodobenzo[d][1,3]ioxol-5-
4A-17 <> o ylymethy!)-9H-purin-9-y1)-
> N-methylpropane-1-
0.8 i sulfonamide
NH i
MH, )
N — i
PPN Y o | 3-(6-amino-2-fluoro-8-((6-
4A-18 N N~> - o }iodobcnzo[d][1,3]d1'0xol-5—
{ | yhmethyl)-9H-purin-9-
) " yl)propane-1-sulfonamide
OzSNH
NH, : 0
N i
!)T Y 3-(6-amino-2-fluoro-8-((6-
R Y 9 iodobenzo[d][1,3]dioxol-3-
4A-19 ) o yh)methyl)-9H-purin-5-yl)-
g N-(tert-butyl}propane-i-
0,8 sulfonamide
HN
Nz |
NJ\ N~ /T )
P N 0 -(6-amino-2-fluoro-8-((6-
\ N> N\ / 3-(6 2-fluoro-8-((6
FoONT R 0/5 iodobenzo[d][1,3]dioxol-5-
4A-20 yDmethyl)-9H-purin-9-yl)-

N-isobutylpropane-1-
sulfonamide
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Compound No. Structure Name
NHz
3-(6-amino-2-fluoro-8-((6~
/”)I >/\>} iodobenzo[d][1,3]dioxol-5-
4A-21 ymethyl)-9H-purin-9-yl)-
N-cyclopropylpropane-1-
0,8 sulfonamide
HN—<]
NHz
N-(3-(6-amino-2-fluoro-8-
J\ A V\QO ((6-
K iodobenzo[d][1,3]dioxol-5-
4422 <> yDmethyl)-91 I-purin-9-
HN yhpropylpropane-2-
50, sulfonamide
4<
L
N = N-(3-(6-amino-2-fluoro-8-
BSan W -
R o iodobenzo[d][1,3]diox0l-5-
4423 2 yDmethyl)-9H-purin-9-
) ylpropyljethane-
HN\SO sulfonamide
VG
N, ‘
NN N-(3-(6-amino-2-flyoro-8-
B R e (-
4A24 o iodobenzo[d]}[1,3]dioxol-5-
yDmethyl)-9H-purin-9-
yhpropylymethane-
HN\SO sulfonamide
2
NF; ‘
N XN N-(3-(6-amino-2-fluoro-8-
A LT ((6-
F 5 o iodobenzo[d][1,3]dioxol-5-
4A-25 { Dmethyl)-9H-purin-9-
Yy y! P
) yhpropyl)-2-
HN‘so methylpropane-2-
2 sulfonamide
NH; A
NN N-(3-(6-amino-2-fluoro-8-
)0 (-
FoN - iodobenzo[d][1,3]dioxol-5-
4A-26 2 yDmethyl)-SH-purin-9-
) yhpropyl)-2-
HNso methylpropane-2-

sulfinamide




WO 2012/138894

PCT/US2012/032371

34
Compound No. Structure Name
NHz
N-(3-(6~amino-2-tluoro-8-
/\ e m_%o «6-
iodobenzo[d][1,3]dioxol-5-
4A-27 yDmethyl)-9H-purin-9-
,> yDpropyl)-2-
HNS melhylpropune-1-
> S0 sulfonamide
NHz
N \ \>/ N-(3-(6-amino-2-fluoro-8-
* . ﬁ (-
iodobenzo[d][1,3]dioxol-5-
44-28 yDrmethyl)-OH-purin-9-
HN. yl)propyl)cyclopropane-
S0, sulfonamide
NHy 1
\>
N7 '
A ,;\N\V/\L/ko 3.(6-amino-2-fluoro-8-((6-
4A29 F ) o) iodobenzo[d][1,3]dioxol-5-
X yDmethyl)-OIl-purin-9-y1)-
HN):O N-isopropylpropanamide
NAz ]
N N
Sy = .
)'1\ LY o 3~(6-amino-2-fluoro-8-((6-
4A-30 F"ON" N B iodobenzo[d][1,3]dioxol-5-
‘ { 0 yhmethyl)-OH-purin-9-y1)-
=0 N-ethylpropanamide
HN
NHz |
N .
ﬁ)\:[ S o 3-(6-amino-2-fluoro-8-((6-
4A1 E7N N> ) iodobenzo[d][1,3]|dioxol-5-
i o yDmethyl)-9H-purin-9-y1)-
g:o N-methylpropanamide
HN
NHz L
N, .
T‘f Ty 3-(6-amino-2-fluoro-8-((6-
AT F)\),\,\//[( \ /79 iodobenzo[d][1,3]dioxol-5-
) 8 o yl)methyl)-9H-purin-9-
=0 y)propanamide
HoN
N - \
A
j® NN _/}o 3-(6-amino-2-fluoro-8-((6-
4A3 F \ o iodobenzo[d][1,3]dioxal-5-

i yDmethyl)-ST1-purin-9-y1)-

N-(terl-butyl)propanamide
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Compound No. Structure Name
NItz L
NN
P ‘INW\ Vs 3-(6-amino-2-fluoro-8-((6-
4A34 F Yodll iodobenzo[d][1,3]dioxol-5-
2 yDmethyl)-9H-purin-9-yl)-
HN>:0 N-isobutylpropanamide
== "
N — 5
J\/j ‘WQO 3-(6-amino-2-fluoro-8-((6-
TN P iodobenzo[d][1,3]dioxol-5-
47435 ! 0 ylmethyl)-9H-purin-9-yl)-
o i
HN>; cyclopropylpropanamide
W \
J‘f\ t ':\>/ \<\“ /? 0 N-(2-(6-am21(1§-2-ﬂuoro—8-
J -
4A-36 ) o iodobenzold}[1,3]dioxol-5-
QNH ylimethyl}-9H-purin-9-
ngi yljethyl)isobutyramide
N, ‘
;\1)\\\ N = N-(2-(6-amino-2-fluoro-8-
FJ\,N,/,LN WA ((6-
4A-37 Y o iodobenzo[d][1,3]dioxol-5-
4 yhmethy)-9H-purin-9-
NH ionami
o=( yDethyl)propionamide
NFz |
/L\ N~ N-(2-(6-amino-2-fluoro-8-
,T\NIN‘ \_70 ((6-
4A-38 2 o iodobenzo[d][1,3]dioxol-5-
S yhmethy)-9H-purin-9-
NH i
ot yDethyl)acetamide
NA; |
/'1\ N\)/ _ N—(2-(6-am?(1g-2-ﬂuoro-8-
P N -
4A-39 F7ON N> “ iodobenzo[d][1,3]dioxol-5-
{ yDmethyl)-9H-purin-9-
NH yl)ethyDformamide
0=/
)NHQ I,
)NI\ \t[ N\)/\(\i P N-(2-(6-amino-2-fluoro-8-
FONTTN B! ((6-
4A-40 0 iodobenzo[d][1,3]dioxol-5-
NH yDmethyl)-9H-purin-9-

yDethyDpivalamide
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ylmethyl)-purin-9-yl]-
propylearbamoyl}-1-
mcthyl-cthyl ester

36
Compound No. Structure Name
N, N
SN, = N-(2-(6-amino-2-fluoro-8-
DNV ((6-
4Ad] Fonn o iodobenzo[d][ 1,3]dioxol-5-
8 yl)methyl)-9H-purin-9-
NH yDhethyl)-3-
o=§ methylbutanamide
NH, N
N, = N-(2-(6-amino-2-fluoro-8-
/r\i > ,\?/\/Q:%\O (2 .
i FOoN 2 o iodobenzo[d][1,3]dioxdl-S-
) yhmethyl)-9H-purin-9-
NH yDethyl)eyelopropane-
carboxamide
NHz I ;
' N : N-{3-[6-Amino-2-fluoro-
AN 9 8-(6-iodo-
4A-43 € o benzo[1,3]dioxol-5-
’ ylmethyl)-purin-9-vi]-
H propyl}-2,2-dimethyl-
Q‘O propionamide
NH; :
S .
S WO N-{3-[6-Amino-2-fluoro-
FON 2 o 8-(6-iodo-
4A-44 benzo[1,3]dioxol-5-
N yimethyl)-purin-9-yl]-
o propyl}-isobutyramide
NHy N
ﬂ)j:N\ Cyclopropanecarboxylic
F)\N/ N j’ acid {3-[6-amino-2-fluoro-
4AA5 Q( o 8-(6-iodo-
benzo| 1,3 |dioxol-5-
NH ylmethyl)-purin-9-yl}-
o propyl}-amide
NH2 I
N)\I \ N-{3-[6-Amino-2-luoro-
AP 9 8-(6-iodo-
SALE S\ benzo[ 1,3]dioxol-5-
- yimethyl)-purin-9-yl]-
NH propyl}-2-hydroxy-
D§OH propionamide
NH; !
WJ\IN\ Acetic acid 1-{3-[6-amino-
A A 3 *2-fluoro-8-(6-iodo-
4AAT i benzo[1,3]dioxol-5-
OJ><O,AC
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Compound No. Structure Name
2 !
;\1)\]: N N-{3-[6-Amino-2-fluoro-
A Ly 0 8-(6-iodo-

F7ON o) . .
4A-48 benzo[1,3]dioxnl-5-
ylmethyl)-purin-9-y1]-
NH propyl}-2-hydroxy-2-
D'J7<OH 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 101A-28, 1A-43 to 1 A-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 attinity.

C-l. In some cmbodiments 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 hotoroaryl group, specifically a pyrazolyl group, and X4
is H. Corresponding structures in which X; is a different nitrogen-containing optionally substiruted
aryl group are within the scope of the disclosure. In each of the structures in ‘I'able 1C, Y is S and
X4 is H. However, corresponding structures in which Y is CH, 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
1C, corresponding structures in which X, is u nilrogen-containing optionally substituted ary] group
different from optionally substituted pyrazolyl, Y is CH,, and/or X, is F, Cl, Br, or I are also within

the scope of the disclosure.

Table 1C
Compound No. Structure Name
HNTY
NH =
P 2-{6-Amino-8-{6-(1H-
'\d \I > s o pyrazol-3-yl)-
11 NN ] benzo[1,3]dioxol-5-
2 0 ylsulfanyl|-purin-9-y1}-
‘30, ethanesulfonic acid
HN isopropylamide
NS
NHz N= 2-{6-Amino-8-[6-(1H-
r\f’ SN pyrazol-3-yl)-
. Ly 0 benzo[1,3]dioxol-5-
N o ylsulfanyl]-purin-9-yl}-
< ethanesulfonic acid
802 ethylamide
HN

PCT/US2012/032371
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Compound No. Structure Name
HNTX
NHz N 2-{6-Amino-8-[6-(1H-
N pyrazol-3-yl)-
o ﬁ‘,\,[h}fs b benzo 1 3]dioxol-s-
) [o] ylsulfanyl]-purin-9-y1}-
{ ethanesulfonic acid
80> methylamide
HN
HN N
M2 = 2-{6-Amino-8-|6-(1H-
NJ\IN\%S o pyrazol-3-yl)-
1C-4 SN P benzof1,3]dioxol-5-
o ylsulfanyl]-purin-9-yl} -
N ethanesulfonic acid amide
S0,
HaN
HNTy
e o 2-{6-Amino-8-[6-(1H-
N7 N pyrazol-3-yD)-
105 l\N/j\N>_S )0 benzo[1,3]dioxol-5-
> o ylsulfanyl]-purin-9-y1} -
\SOQ ethanesulfonic acid tert-
HN}ﬁ butylamide
HN A
NH, N=
N 2-{6~Amino-8-[6-( | H-
L b o] i pyrazol-3-y1)-
106 N N) 0) | benzo[1,3]dioxol-5-
{ ylsulfanyl]-purin-9-y1}-
50, ethanesulfonic acid
HN isobutyl-amide
HNTY ‘
NH N= .
N 2-{6-Amino-8-[6-(1H-
N j: S—s o pyrazol-3-y1)-
107 NN J benzo[1,3]dioxol-5-
> o ylsulfanyl]-purin-9-yl}-
\SOZ ethanesulfonic acid
HN{W> cyclopropylamide
HNTS
e = Propane-2-sulfonic acid (2-
"ﬁ/%fN\%S o {6-amino-8-[6-(1H-
o8 N b pyrazol-3-y1)-
’ 8 o benzo{ 1,3]dioxol-5-
NH ylsulfanyl]-purin-9-y1} -
0.8 ethyl)-amide
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Compound No. Structure Name
AN
NH;  N= -
I\”\ N Ethanesulfonic acid (2-{6-
T 3-8 -0 amino-8-[6-(1H-pyrazol-3-
1C-9 kN/J\N J yl)-benzo[1,3]dioxol-5-
) © yisulfanyl]-purin-9-y1}-
Nt ethyl)-amide
OZS,L
NN
NHz  N= ,
Y _ N-(2-{6-Amino-8-[6-(1H-
R o W pyrazol-3-yl)-
1C-10 NT TN o/\ benzo[1,3]dioxol-5-
) ylsulfanyl]-purin-9-y1} -
H cthyl)-methancsulfonamide
ozs'\
HN
NHz N=
NN 2-Methyl-propane-2-
| s ic aci i
L. N o sulfonic acid (2-{6-amino-
1C-11 N ) O) 8-[6-(1H-pyrazol-3-yl)-
{ benzo[1,3]dioxol-5-
NH ylsulfanyl}-purin-9-y1} -
028 ethyl)-amide
HN A
NH =
)\\2 N N 2-Methyl-propane-2-
N s sulfinie acid (2-{6-dmino-
1C-12 kN/J\N ) 8-[6-(TH-pyrazal-3-yl)-
> o benzo[ 1,3]dioxol-5-
NH ylsulfanyl] —purin&«yl} -
o ethyl)-amide
\
RN
NH; =
Iy ? N N 2-Methyl-propane-1-
"i I 38 \ o sulfonic acid (2-{6-amino-
1013 7N ] 8-[6-(1H-pyrazol-3-v1)-
) o benzo[ 1,3]dioxol-5-
NH ylsulfanyl}-purin-9-y1}-
0,8 : ethyl)-amide
HN X
NHz N= L
LN Cyclopropanesulfonic acid
Y O s o (2-{6-amino-8-[6-(111-
1C-14 N7, o pyrazol-S.-yl)-
2 benzo[1,3]dioxo0l-5-
NH ylsulfanyl]-purin-9-y1} -
OZS[b 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-
yisulfanyl]-purin-9-y1} -
propane-1-sulfonic acid
isopropylamide

1C-16

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

1C-17

3-{6-Aminc-8-[6-(1H-
pyrazol-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)-
henzo[1,3]dioxol-5-
ylsulfanyl}-purin-9-y1} -
propane-1-sulfonic acid
amide

1C-19

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

1C-20

3-{6-Amino-8-[6-(11I-
pyrazol-3-yl)-
benzol 1,3]dioxol-5-
ylsulfanyl]-purin-9-yl} -
propane-1-sulfonic acid
isobutyl-amide
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Compound No. Structure Name
HNTS
j‘:z N N= 3-{6-Amino-8-[6-(1H-
Sy pyrazol-3-yl)-
e riN/LN%S \_7/7¢ benzo[1,3]dioxol-5-
’ ) © ylsulfanyl]-purin-9-y1}-
> propane-1-sulfonic acid
08 cyclopropylamide
Hiv--<]
HN S
NHz =
X Propane-2-sulfonic acid (3~
’\d‘ A oS 0 {6-amino-8-{6-(1H-
N7 g pyrazol-3-yl)-
1c-22 ) o .
benzo[1,3]dioxol-5-
B ylsullanyl]-purin-9-y1} -
HN —ami
/\SOZ propyl)-amide
hY
HN/\?
NH, N-=
3N, Ethanesulfonic acid (3-{6-
T3 :
0 //\N> s Q‘O amino-8-[6-(1H-pyrazol-3-
1C-23 N ) o y)-benzo[1,3]dioxol-5-
{ ylsulfanyl]-purin-9-y1} -
HN> propyl)-amide
_/‘502
HN A
e, N-(3-{6-Amino-8-[6-(1H-
Nl\\’ Y—s \ﬁ o pyrazol-3-yl)-
1024 NN P benzo[1,3]dioxol-5-
o ylsulfanyl]-purin-9-y1}~
propyl)-
HN methanesulfonamide
50,
/
HNTN
NH N==
A e 2-Methyl-propane-2-
= i
| N\h&S{\ /\%o sulfonic acid (3-{6-smino-
1025 N ) O.) 8-{6-(1H-pyrazol-3-yl)-
benzo[1,3]dioxol-5-
\> ylsulfanyl]-purin-9-y1}-
HN

propyl)-amide
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Compound No. Structure Name
HN
NH; N=
S 2-Methyl-propane-2-
,\i P N\>_S o] sulfinic acid (3-{6-amino-
ey R o 8-[6-(1H-pyrazol-3-yl)-
{ benzo[1,3]dioxol-5-
ylsulfanyl]-purin-9-y1} -
HN\OO propyl)-amide
A
HNTS
NH, =5
2N, 2-Methyl-propane-1-
1 P N\% S 0 sulfonic acid (3-{6-amino-
127 N o 8-[6-(1H-pyrazol-3-y1)-
{ benzo[1,3]dioxol-5-
ylsulfanyl]-purin-9-y1}-
HN, propyl)-amide
N 80,
>_I
/
HN S
NH; N=
N — Cyclapropanesulfonic acid
L N W, 3 (3-{6-amino-8{6-(1H-
1028 2 o} pyrazol-3-yl)-
benzo[1,3]dioxol-5-
) ylsutfanyl]-purin-9-yl}-
H N\S - propyl)-amide
VTR
NHz NQ
Ao - 3-{6-Amina-8-[6-(1H-
'l ,J:N\>—S \ 40 pyrazol-3-yl)-
1C-29 N ) o benzo[1,3]dioxol-5-
Yo ylsulfanyl]-purin-9-y1}-N-
o isopropyl-propionamide
—
HNTS
e g 3-{6-Amino-8-[6-(1H-
"1/& Y54 - pyrazol-3-y)-
1C-30 KN/ N \ /O)D benzo[1,3]dioxol-5-
%: ylsulfanyl]-purin-9-y1}-N-
0 ethyl-propionamide
o
HNT S
e N 3-{6-Amino-8-[6-(1H-
l\/INys o= pyrazol-3-yl)-
1C31 NN 4 o benzo[1,3]dioxol-5-

{
o

HN

yisulfanyl]-purin-9-y1}-N-
methyl-propionamide
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Compound No.

Structure

Name

1C-32

3-{6-Amino-8-[6-(1TI-
pyrazol-3-yl)-
benzo[1,3]dioxol-5-
ylsulfanyl}-purin-9-yl} -
propionamide

1C-33

3-{6-Amino-8-[6-(1H-
pyrazol-3-yl)-
benzo[1,3]dioxol-5-

"ylsulfanyl]-purin-9-y1}-N-

tert-butyl-propionamide

1C-34

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

1C-35

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

1C-36

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

1C-37

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

1C-38

N-(2-{6-Amino-8- 6-(1H-
pyrazol-3-yl)-
benzof1,3]dioxol-5-
ylsulfanyl]-purin-9-yl} -
ethyl)-acetamide
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Compound No. Structure Name
HNTS
NHz N N-(2-{6-Amino-8-[6-(1H-
SN pyrazol-3-yl)-
1C-39 LA 8 benzo{1,3]dioxol-5-
2 ylsulfanyl}-purin-9-yl} -
" ethyl)-formamide
o=/
HNTS
J‘% N= N-(2-{6-Amino-8-[6-( | H-
NS pyrazol-3-yl)-
1C-40 uN/ ‘N>vS j’ benzo[1,3]dioxol-5-
2 © ylsulfanyl)-purin-9-y1} -
NH ethyl)-2,2-dimethyl-
03% propionamide
Sy
M N N-(2-{6-Amino-8-[6-(1H-
NS pyrazol-3-yl)-
1041 lN” N>_S )O benzo[1,3]dioxol-5-
‘ 8 o yisulfanyl]-purin-9-y1}-
N ethyl)-3-methyl-
o bulyramide
ANy
NHz == Cyclopropanecarboxylic
i Vs o acid (2-{6-amino-8-[6-
1042 NN B (1H-pyrazol-3-yl)-
) 2 o benzo[1,3]dioxol-5-
NH ylsulfanyl}-purin-9-y1} -
o ethyl)-amide
HNTY
I N-(3-{6-Amino-8-[6-(LH-
Nlt Vs o pyrazol-3-yl)-
1c43 NN 0) benzo[1,3]dioxol-5-
) § ylsulfanyl]-purin-9-yl} -
" propyl}-2,2-dimethyl-
A?:o propionamide
N L by
2 N=
N N-(3-{6-Amino-8-[6-(1H-
Q \
l)NIN% s j pyrazol-3-yI)}-
1C-44 4 benzo[1,3]dioxol-5-

ylsulfanyl]-purin-9-yl} -
propyl)-isobutyramide
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Compound No. Structure Name
NN
NH =
\2 N Cyclopropanecarboxylic
DR o acid (3-{6-amino-8-[6-
1045 NN oJ (1H-pyrazol-3-yl)-
benzo[1,3]dioxol-5-
NH ylsulfanyl|-purin-9-yl} -
o propyl)-amide

N-(3-{6-Amino-8-{6-(1H-

NS
.
Sy
“\Nt?—s j pyrazol-3-yi)-

benzo[1,3]dioxol-5-

» o

1C-46 ylsulfany{]-purin-9-y!} -

NH propyl)-2-hydroxy-

o on propionamide
HNN
I Acetic acid 1-(3-{6-amino-

le : Y-8 8-[6-(1H-pyrazol-3-yl)-

1047 NN o’? benzo[ 1,3]dioxol-5-
ylsulfanylj-purin-9-yl} -

N propylcarbamoyl)-1-

04/7@,»@ methyl-ethyl ester

HN N
o N-(3-{6-Amino-8-[6-(1H-
'\i: s o pyrazol-3-yl)-
1048 N - benzo[1,3]dioxol-5-
ylsulfanyl}-purin-9-yl}-
NH propyl)-2-hydroxy-2-
o oH methyl-propionamide
HN
Ny N=
Py |
LS N-(3-(6-amino-8-((5-
1C-49 N o~ methoxy-2-(1H-pyrazol-3-
% yDphenyl)thic)-9H-purin-
" 9-yhpropyl)pivalamide
0

Table 1D lists specific 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 npitrogen 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. 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.
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Additionaily, 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 ID
Compound No. Slrut,ture Name
2
2-(6-amino-8-((6-(oxazol-
k Ay \>—s 2-ylbenzo[d][1,3]dioxol-
1D-1 S-ylythio)-9H-purin-9-yl)-
N-isopropyl-
HN'SOZ ethanesulfonamide
\ 2-{6-amino-8-((6-(oxazol-
D2 >‘S 2-yDbenzo[d][1,3]dioxol-
5-yhithio)-9H-purin-9-yh)-
N-ethylethanesulfonamide
,302
HN
(-
Zh
NH; o-4 .
N 2-(6-amino-8-((6-(oxazol-
"i\ \>—s \ P 2-yDbenzo[d][1,3]dioxol-
1D-3 N - 5-yl)thio)-9H-purin-9-y1)-
N-
50, methylethanesulfonamide
HN
\

NH; 0~4
N )ﬁ: N 2-(6~amino-8-((6-(oxazol-
D4 U, N‘>—s 0 2-yDbenzo[d][1,3]dioxol-
- 5-yl)thio)-9H-purin-9-
yDethanesul fonamide

NHz 04
N/'\IN 2-(6-amino-8-((6-(oxazol-
(" N\>_S 0 2-ylbenzo[d][ 1,3]dioxol-
1D-5 N o 5-y1)thio)-9H-purin-9-y1)-
N-(tert-

50> butyl)cthancsulfonamide
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Compound No. Structure Name
<
NH O(\/N
NlﬁN\)—S o 2-(6—amino—8—((6—(ogazol—
NN B 2-yhbenzo[d][1,3]dioxol-
1D-6 2 o 5-yl)thio)-9H-purin-9-yl)-
50, N-
HN isobutylethancsulfonamide
<
NH, O(\IN
N/&N\ 2-(6-amino-8-((6-(oxazol-
P - -ylbenzo ,3]dioxol-
lN N>_S j 2-yl)benzo[d][1,3]diozol
1D-7 e} 5-yl)thio)-9H-purin-9-yl)-
o N-cyclopropyl-
o ethanesulfonamide
N
e g ° N-(2-(6-amino-8-((6-
N ‘\j’ Vg (oxazol-2-
1D-8 kN/ \N>— Oj yl)benzold]{1,3]dioxol-5-
g yl)thio)-9H-purin-9-
NH ylethyl)propane-2-
ozs)__ sulfonamide
N
NHz 04 N-(2-(6-amino-8-({6-
N)\IN\ (oxazol-2-
Do LA O)O ylybenzo[d][1,3]dioxal-5-
yl)thio)-SH-purin-9-
N ylethyl)ethane-2-
o8 sulfonamide
(-
F2
we  LQ N-(2-(6-amnino-8-((6-
NN, (oxazol-2-
D10 LA ylybenzo[d[,3]dioxol-5-
2 5 yhthio)-SH-purin-9-
H yDethyl)methane-2-
023'\ sulfonamide
e,
Y g ° N-2-(6-amino-8-((6-
NHE‘)—S 5 (oxazol-2-
1D-11 NN 3 yl)benzo[d]{1,3]dioxol-5-
© yl)thio)-9H-purin-9-

ylethyl)-2-methylpropane-
2-sulfonamide
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Compound No. Structure Name
N
Nz 04 N-(2-(6-amino-8-((6-
NQJ\/N‘)— Sb\ o (oxazol-2-
1D-12 NN ! yl)benzo[d][1,3]dioxol-5-
2 yl)thio)-9H-purin-9-
NH ylethyl)-2-methylpropane-
OS}T 2-sulfinamide
Ny
N L ° 4 N-(2-(6-amino-8-((6-
N(j\"\)__s o (oxazol-2-
D3 NN I yDbenzo[d][1,3]dioxol-5-
: yhthio)-SH-purin-9-
NH yl)ethyl)-2-methylpropane-
OzS\_< 1-sulfonamide
o
NH; a4 .
" N-(2-(6-amino-8-((6-
"i/ S o (oxazol-z-'
1m-14 N7, - yl)benzo[d]}[1,3]dioxcl-5-
yl)thio)-9H-purin-9-
NH yDethyl)eyclopropane-
o,s}> sulfonamide
e
’I‘Hz 04
NS 3-(6-amino-8-((6-(0xazol-
lNj:r«l)—S:éj%j 2-ylybenzo[d][1,3]dioxol-
1D-15 o 5-yDthio)-9H-purin-9-y1)-
N-isopropylpropane-1-
ozs\NH sulfonamide
_<
=
NH, QN
N)i:N == 3-(6-amino-8-{(6-(oxazol-
L0\ /o 2-yl)benzo{d][1,3]dioxcl-
1D-16 N o 5-yDthio)-9H-purin-9-y1)-
N-ethylpropane-1-
o sulfonamide
NH
—/
7
NH, 0(\’N
NN = 3~(6-amino-8-((6-(oxazol-
P N 9 2-yl)benzo[d][1,3]dioxol-
1D-17

S-ythio)-9H-purin-9-yI)-
N-methylpropane-1-
sulfonamide
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Compound No. Structure Narme
<
NH, O A
N])\/N\\ s 3-(6-amino-8-((6-(oxazol-
D18 LA Bt 2-yDbenzo[d][1,3]dioxol-
o 5-yl)thio)-9H-purin-9-
yl)propane-1-sulfonamide
058
: NH,
2N
NH; o( P
NJ\/EN\ 3-(6-amino-8-((6-(oxazal-
LAy 9 2-yDbenzo[d][1,3]dioxol-
1D-19 N o 5-yD)thio)-9H-purin-9-yl)-
N-(tert-butyl)propane-1-
0.8 " sulfonamide
hH\NA<
NH» f\/N
N’&’N\)_S 3-(6-amino-8-((6-(oxazol-
L 9 2-yDbenzo[d][1,3]dioxol-
1D-20 o 5-y1)thio)-9H-purin-9-y1)-
N-isobutylpropane-1-
0,8, sulfonamide
HN
=
Nt D(\/
N 3-(6-amino-8-((6-(oxazol-
L s 0 2-yl)benzofd][1,3]dioxol-
1D-21 NN o 5-yl)thio)-OH-purin-9-y1)-
N-cyclopropylpropane-1-
od sulfonamide
*in—<]
=
w4 .
NS N-(3-(6-amino-8-((6-
| J_ s p-a (oxazol-2-
D22 N " yhbenzo[d][1,3]dioxol-5-
{ yDthio)-9H-purin-9-
w yl)propyl)propane-2-
_{soz sulfonamide
<2
NH, o(\/N - .
N-(3~(6-amino-8-((6-
[‘\LN\%S § Db (o;(azol-2d— 1
Ay ’ N
D23 N 0) yl)benzo[d][1,3]dioxol-5

yhthio)-9H-purin-9-
ylypropyl)ethane-
sulfonamide
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Compound No. Structure Name
i
)":2/ 0 N-(3-(6-armino-8-((6-
i Nes - {oxazol-2-
D24 NZN P! yl)benzojd]|1,3]dioxol-5-
- o yDthic)-9H-purin-9-
yl)propylymethane-2-
HN sulfonamide
P
Z
e g ° N-(3-(6-amino-8-((6-
N y—s (oxazol-2-
LN 9 yi)benzo[d][1,3]dioxol-5-
1D-25 o yDthio)-9H-purin-9-
yDpropyl)-2-
AN methylpropane-2-
7{ 2 sulfonamide
o
Nt 0 N-(3-(6-amino-8-((6-
NN (oxazol-2-
CN:[N\\H 3 yDbenzold] 1,3 [dioxol-5-
1D-26 o y)thio)-9H-purin-9-
yhpropyl)-2-
HN, methylpropane-2-
75 o sulfinamide
¢ N
NH, 0(\/ N-(3-(6-amino-8-((6-
NS (oxazol-2-
I)NJ:N%S 9 YDbenzo[d][1 3]dioxol-5-
1D-27 { o yl)thio)-9H-purin-9-
) yDpropyl)-2-
HN, methylpropane-1-
>_/302 sulfonamide
d
NHz O(JN
N - N-(3-(6-amino-8-((6-
N7y
L) >s— /o (oxazol-2-
D28 NN - | ylyhenza[d][1,3]dioxol-5-
- yl)thio)-9H-purin-9-
HN ylpropyl)cyclopropane-
<f\SO2 sulfonamide
LN
NH, O(JN
NN 3-(6-amino-8-((6-(oxazol-2-
s
D29 L™ C 3 yDbenzo[d][1,3]dioxol-5-

yhthio)-9H-purin-9-y1)-N-
isopropylpropanamide
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Compound No. Structure Name
NH; o(\/N
N/%,N\ 3-(6-amino-8-((6-(oxazol-
1D-30 lN/\N}— S )0 2-yl)benzo[d][1,3]dioxol-5-
[¢] ylythio)-9H-purin-9-y1)-N-
o ethylpropanamide
HN
AN
<
NH, D(\’N
NN 3~(6-amino-8-((6-(oxazol-
D31 lN/ N>— S )0 2-yl)benzo[d][1,3]dioxol-
9] 5-yDthio)-9H-purin-9-yI)-
o N-methylpropanamide
HN
- \
NH f\/N .
)jZ:N 3-(6-amino-8-({6-{oxazol-
NS 2-yDbenzo[d][1,3]dioxol-
N | Y-8 y
1D-32 kN/ e :j S-yDthio)-9H-purin-9-
o yl)propionarnide
0
HN
~
NHy O(>N
S 3-(6-amino-8-((6-(oxazol-
Y—s
D3 N\% e bﬁ 2-yD)benzo[d][1,3]dioxol-
; o 5-yl)thio)-9H-purin-9-y1)-
o N-(tert-butyl)propanamide
HN)L
=
J‘Hz g\/N
NS 3-(6-amino-8-((6-(oxazol-
s
. lNIJ_ 3 2-ylybenzofd][1,3]dioxol-
- © 5-y1)thio)-9H-purin-9-yl)-
o N-isobutylpropanamide
HN\_<
-
NHy 0(\’ N
N — . )
N 5:2} 3-(6-amino-8~((6-(oxazol-2-
D435 L VA /Oj’ yD)benzo[d][1,3]dioxcl-5-

yhthio)-9H-purin-9-y1)-N-
cyclopropylpropanamide
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Compound No. Structure Name
%N
T ”\>: @6 {6
N N-(2-(6-amino-8-((6-
N')jiN\% S o ; (oxazol-2-
1D-36 N o) ¢ yl)benzo[d][1,3]dioxol-5-
2 yl)thio)-9H-purin-9-
o J>Ni yhethylisobutyramide
NH CN
B N-(2-(6-amino-8-((6-
”ﬁ\\ s o (oxazol-2-
1D-37 NN yl)benzo[d]{1,3]dioxol-3-
' 2 e yl)thio)-9H-purin-9-
NH DethyDpropionamide
=" ylethyDprop
Fo
e, o N-(2-(6-atmino-8-((6-
Nl\ s o (oxazol-2-
1D-38 NZN B yh)benzo[d][ 1,3]dioxol-5-
2 © y)thio)-9H-purin-9-
NH T)ethylacetamide
o~ ylethyl)
N
NHa 04 N-(2-(6-amino-8-((6-
N/I\ ‘N\>_S (oxazol-2-
1D-39 lNJ\N ) yl)benzo[d][1,3]dioxol-5-
o y)thio)-9H-purin-9-
H yhethyDformamide
o=/
P
e 0 N-(2-(6-amino-8-((6-
N,k\ N\}s o (oxazol-2-
1D-40 NN J yl)benzo[d][1,3]dioxol-5-
2 ° yl)thio)-9H-purin-9-
NH yDethylypivalamide
03>L
75
o oo N-(2-(6-amino-8-((6-
N \:E‘g_s o (oxazol-2-
1D-41 i 3 yDhbenzo[d][1,3]dioxol-5-

yl)thio)-9H-purin-9-
yDethyl)-3-
methylbutanamide
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Compound No. Structure Name
NH, ()(\/N .
N N-(2-(6-amino-8-((6-
Nl)\j[ S5 o (oxazol-2-
N° N A ylhbenzo[d][1,3]dioxol-5-
1D-42 ! © 1)thio)-9H purin-9-
NH yDethylieyclopropane-
OX carboxamide
NH, ?N .
N _ N-{3-[6-Aminc-8-(6-
"ij s -0 oxazol-2-yl-
D43 N \% - benzof 1,3]dioxol-5-
ylsulfanyl)-purin-9-y{]-
N propyl}-2,2-dimethyl-
Q{ZO propionamide
4
NHa2 O(7 N
Y N-{3-[6-Amino-8-(6-
hi:;[\l\%sb\j oxazol-2-yl-
1D-44 o benzof1,3]dioxol-5-
% ylsulfanyl)-purin-9-yl]-
1220 propyl}-isobutyramide
=
NHa o(7 N .
Loy Cyclopropanecarboxylic
> o acid {3-[6-amino-8-(6-
1D-45 N o) oxazol-2-yl-
i benzo[1,3]dioxol-5-
H ylsulfanyl)-purin-9-v1]-
Ogb propyl}-amide
NHz (\/N .
N-{3-[6-Amino-8-(6-
fj:%—:\\ézxo oxazol-2-yl-
D46 NN - benzo[1,3]dioxol-5-
i ylsulfanyl)-purin-9-yl]-
NH propyl}-2-hydroxy-
Aoy propionamide
v 54
? M o Acetic acid 1-{3-[6-amino-
l):I s o 8-(6-oxazol-2-yl-
D47 NN - benzol [,3]dioxol-5-
% ylsulfanyl}-purin-9-yl]-
N propylearbamoyl}-1-

057@, Ac

methyl-ethyl ester
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Compound No. Structure Name
&N
NHz 0-4 .
N N-{3-[6-Amino-8-(6-
"t: g o oxazol-2-yl-
D48 NN o) benzo[1,3]dioxol-5-
- \( ylsulfanyl)-purin-9-y1]-
N propyl}-2-hydroxy-2-
04><0H methyl-propionamide
N
NH2 04
NJ\ N .
I //E S—s N-(3-(6-amino-8-{((5-
NN ) thoxy-2-(oxazol-2-
1D-49 07 jsthory = ,
o yhphenyl)thio)-9H-purin-
N 9-yl)propyl)pivalamide
g{:O

Table 1E lists specific cxamples of additional compounds within this embodiment. Tn each
of the structures as drawn therein, X is a nitrogen and sulfur-containing heteroaryl group,
specifically a thiazolyl group, and X, is H. Corresponding structures in which X; is a differcent

5 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 F, Cl, Br, or L are also within the scope of the disclosure.
Additionally, in comection with each of the structures in Table 1E, cotresponding structures in
which X; is a nitrogen and sulfur-containing optionally substituted aryl group different from

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

the disclosure.

Table 1E
Compound No. Structure Name
o
NH» S

"i)\\;[:N»_S:@ 2-(6-amino-8-((6-(thiazol-2-
Bl NN 9 yhbenzo[d][1,3]dioxol-5-
o yD)thio)-9H-purin-9-yl)-N-
50n isopropylethanesulfonamide

NH, 5-4
N == 2-~(6-amino-8-((6-(thiazol-
s til,?‘sz\:/k\j 2-yDybenzo[d][1,31dioxol-
Y 5-yDthio)-9H-purin-9-y1)-
N-ethylethanesulfonamide
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Compound No. Structure Name
7N
Y,
s 2-(6-amino-8-((6-(thiazol-
NS g o 2-yD)benzo[d][1,3]dioxol-
P . h
1E-3 N Ne 0) 5-yDthio)-9H-purin-9-yl)-
N-
HN’SOZ methylethanesulfonamide
\
>
w04
N 2-(6-amino-8-((6-(thiazol-
| s 0 2-ylybenzo[d][1,3]dioxol-
LE-4 NN 3 . .
o, 5-yD)thio)-9H-purin-9-
Z yl)ethanesulfonamide
HN'SOZ
2!
<
w64
NN 2-(6-amino-8-((6-(thiazol-
Pl 0 2-yl)benzo[d][1,3]dioxal-
1E-5 N o) 5-y)thio)-9H-purin-9-y1)-
N-(tert-
HN'SO’ butylethanesulfonamide
=~
NH S(\/N
Nl)\J:N%S o 2-(6-amino-8-((6-(thiazol-
kN/ N P 2-yl)benzo[d][1,3]dioxol-
1E-6 o 5-yl)thio)-9H-purin-9-y1)-
0. -
ir\é : isobutylethanesulfonamide
<
NH, S(\’N
NJ\IN\ 2-(6-amino-8-((6-{thiazol-
LA e M 2-ylybenzo[d][L,3]dioxol-
1E-7 ) O 5-yl)thio)-9H-purin-9-y1)-
- N-cyclopropyl-
W ethanesulfonamide
pZ
NH, S(\/N .
N-(2-(6-amino-8-((6-
'ﬁ\)\f'\‘\)—s o (thiazol-2-
1E$ NZ N B yl)benzo[d][1,3]dioxol-5-
- © yD)thio)-9H-purin-9-
NH yDethyl)propane-2-
08, sulfonamide
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Compound No. Structure Name
"
NH; § /! N-(2-(6-aminc-8~((6~
NN (thiazol-2-
_ t);lh}* Sbj yDbenzo[d][1,3]dioxol-5-
o yD)thio)-SH-purin-9-
NG yl)ethylethane-2-
1 sulfonamide
025\_
NH, f\/” N-(2-(6-amino-8-((6-
N)EN\ (thiazol-2-
LE-10 LA b yDbenzo[d]{,3]dioxal-5-
2 o yl)thio)-9H-purin-9-
N yl)ethyl)methane-2-
8 sulfonamide
NH, f\/N .
s N-~(2-(6-amino-8-{(6~
”ﬁ[N‘Hbo (thiazol-2-
1E-11 N7 N o/\ yl)benzp[d][l,3]di9xol—5~
yl)thio)-9H-purin-9-
NH ylethyl)-2-methylpropane-
0,5 2-sulfonamide
N
O
j‘f/ s N-(2-(6-amino-8-((6-
NS o (thiazol 2-
112 NZN ! yl)eenzo[d][1,3]dioxol-5-
2 1)thio)-9H purin-9-
NH yhetlyl)-2-methylpropane-
OS)\ 2-sulfinamide
@)
/”tzl S~ N-(2-(6-amino-8-((6-
N " s \* -0 (thiazol-2-
{13 NN o yl)benzo[d][1,3]dioxol-5-
2 ylythio)-9H-purin-9-
NH yl)ethyl)-2-methylpropane-
023\_< 1-sulfonamidc
NI (\/N
e N-(2-(6-amino-8-((6-
N,,\)j: Vs \‘ o (thiazol-2-
1E-14 NT TN - 0) yl)benzo[d][1,3]dioxol-5-
2 yl)thio)-9H-purin-9-
ANH yhethylcyclopropanc-
025W> sulfonamide
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Compound No. %tructure Name

3-(6-amino-8-((6-(thiazol-
2-yhbenzo[d][1,3]dioxol-
5-ybhthio)-9H-purin-9-yl)-
N-isopropylpropane-1-
sulfonamide

“i )
1E-15

ozs

\

NH

3-(6-amino-8~((6-(thiazol~
2-yDbenzo[d][1,3]dioxol-
5-yDthio)-9H-purin-9-yl)-
N-ethylpropane-1-
sulfonamide

1E-16

ozs

\

NH

N-methylpropanc-1-
sulfonamide

1E-17

nzs‘

NH

. 3-(6-amino-8-((6~(thiazol-
| 2-yl)benzo[d][1,3]dioxol-
5-yDthio)-9H-purin-9-
yhpropane-1-sulfonamide

3-(6-amino-8-((6-(thiazal-
'\i Z~N 2-yDbenzo[d][1,3]dioxol-
5-yDthio)-9H-purin-9-yl)-

1E-18

ozs

NH
3-(6-amino-8-((6-(thiazol-
2-yhbenzo(d][1,3]dioxol-
5-yhthio)-9H-purin-9-yl)-
N-(tert-butyl)propane-1-
sulfonamide

1E-19

NH2
2

0 S
2H‘N-¥
NH. (\’N

2 B3

NN 3-(6-amino-8-((6-(thiazol-
"ﬁ%ﬂi}oj’ 2-yDbenzofd]{1,3)dioxol-

5-y1)thio)-9H-purin-9-y1)
N-isobutylpropane-1-
sulfonamide

1E-20

0o

o
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Compound No. %’ucture Narne
3-(6-amino-8-((6-(thiazol-
2-ylybenzo[d1[1,3]dioxol-
1E-21 5-yDthio)-9H-purin-9-yl)-
N-cyclopropylpropane-1-
023 sulfonamide
N-(3-(6-amino-8-((6-
‘>—s (thiazol-2-
R yhbenzo[d][1,3]dioxol-5-
1E-22 )thio)-9H-purin-9-
HN yl)prop)‘rl)propane-Z-
_<502 sulfonamide
NHz (jN
o s N-(3-(6-amino-8-((6-
le/ﬁ: Y—s - (thiazol-2-
[E.23 NN 3 yhbenzo[d}[1,3]dioxol-5-
© yl)thio)-9H-purin-9-
yDpropyl)ethane-2-
HN sulfonamide
-
N
NH, 5(7’\ .
. N-(3-(6-amino-8-((6-
Nl)j s o (thiazol-2-
1E24 NN o yhbenzo[d][1,31dioxol-5-
yDthio)-S1-purin-9-
yl)propyl)methane-2-
HN sulfonamide
50
<4
NHy s(\/N .
N-(3-(6-amino-8-((6-
N"\)\j/hys o (thiazol-2-
N7 N B yDbenzo[d][ 1,3 |dioxol-5-
1E-25 { @ yl)thio)-9H-purin-9-
yDpropy)-2-
HN‘so methypropane-2-
: sulfonamide
o
e 54 N~(3-(6-amino-8-((6-
hi)iN\%s ) (thiazol-2-
L 9 vhbenzo[d][1,3]dioxol-5-
1E-26 © yDthio)-9H-purin-9-
yh)propyl)-2-
HN, methypropane-2-
50

7<

sulfinamide
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Compound No. Structure Name
=
N
j% 54 N-(3-(6-amino-8-((6-
NS (thiazol-2-
lN’ N>—S )O yl)benzo[d][1,3]dioxcl-5-
1E-27 o yl)thio)-9H-purin-9-
yDpropyl)-2-
HN, methyprupa‘ned—
>_/5°2 sulfonamide
~
NHy S(~\’N
N N-(3-(6-amino-8-((6-
NIKJIN\FSE:}O (thiazol-2-
|E28 N - yD)benzo[d][1,3]dioxol-5-
yhthio)-SH-purin-9-
o yhpropyl)eyclopropane-
<{‘so2 sulfonamide
#N
NH, 54
NJXN\ . 3-{6-anmino-8-((6-(thiazol-
E20 (s 9 2-ybenzo[d][1,3]dioxol-
) © 5-yDthio)-9H-purin-9-y1)-
o N-isopropylpropanamide
HN
7
NH, §~4
N)\/[N\ 3-(6-amino-8-((6-(thiazol-
1530 L Ay® 0 2-yDenzo[d][1,3]dioxol-
o~ 5-y1)thio)-9H-purin-9-yl)-
o N-ethylpropanamide
HN
N
NH, s(\/N
N)TN 3-(6-amino-8-((6-(thiazol-
S ;
1B-31 KN/ " ? 2-yl)benzo[d][1,3]dioxol-
) o~ S-yl)thio)-9H-purin-9-y1)-
o N-methylpropanamide
HN
\
=
NH, s(\/N ; ;
N 3-(6-amino-8-((6-(thiazol-
1 "{)ﬁ: S—g— 2-yl)benzo[d][1,3]dioxol-
1E-32 LA™ \r—/f 9 5.y])thio)-9H-purin--
o yl)propanamide
0
HalN
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Compound No.

Structure

Name

NH s(\’N
N
"t)NIN‘Hbj
o]
-

3-(6-amino-8-((6-{thiazol-
2-yDbenzo[d][1,3]dioxol-

1E-33 5-yD)thio)-9H-putin-9-y1)-
N-(tert-butyl)propanamide
HN)L
-
NH, s(\/N
N@ N\)_sbo 3-(6-amino-B~((6-(thiazol-
1E-34 NF N 3 2-yhybenzo[d][1,3]dioxol-
© 5-yhithio)-9H-purin-9-y1)-
o N-isobutylpropanamide
HN L<
=
Nl S(\/N
Y 3-(6-amino-8-((6-(thiazol-
[P 0 2-ylybenzo[d][1,3]dioxol-
18-35 N €: o 5-y])thio)-OH-purin-9-yl)-
N-
N N cyclopropylpropanamide
=
NH; s P
N N-(2-(6-amino-8-((6-
fIN%Sbo (thiazol-2-
1E-36 N Z o yDbenza[d][1,3]dioxol-5-
yl)thio)-9H-purin-9-
o :é“i ylethyl)isobutyramide
s
NHy S(~\/N :
AN N-(2-(6-amino-8-((6-
NS Y—s o (thiazol-2-
1E-37 NN P yhbenzo[d][1,3]dioxol-5-
e
! 1)thio)-9H-purin-9-
NH yhethyDpropionamide
o:§_
B z
NH; S(\;N \ .
N N-(2-(6-amino-8-{(6-
N‘k\ Y—s 5 (thiazol-2-
1E-38 NZ TN B! yl)benzo[d][1,3]dioxol-5-
o
2 yD)thio}-9H-purin-9-
:<\JH yDethyl)acetamide
o
P
NHg . 54 N—(2—(6h—amirllo—8—((6—
N \ (thiazol-2-
1B-39 P aaW y)benzo[d][1,3]dioxol-5-
o

yDthio)-9H-purin-9-
yDethyDformamide
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Compound No. Structure Name
@
e 54 N-(26-amitio-8-((6-
'i)\j[“‘\%s o (thiazol-2-
1E-40 NN B yl)benzo[d][1,3]dioxol-5-
e o y)thio)-OH-purin-9-
NH ylethyl)pivalamide
oy
7N
NH S(\/ N-(2-(6-amino-8-{(6-
"HTN‘%S o (thiazol-2-
1B-41 Nl 3 yhbenzo[d][1,3]dioxol-5-
© yDthio)-SH-purin-9-
NH yhethyl)-3-
0 methylbutanamide
NH, f\/N .
N N-(2-(6-amino-8-{(6-
"d\)\jr s o (thiazol-2-
1B-42 N7 N - yDbenzo[d][1,3]dioxol-5-
e yhthio)-9H-purin-9-
o NH yDethyl)cyclopropane-
Aﬁ> carboxamide
NHp @N .
Lo N-{3-[6-Aminc-8-(6-
'ﬂ\ T s 9 thiazol-2-yl-
(E43 NN o benzo[1,3]dioxol-5-
ylsulfanyl)-purin-9-yl]-
H§ propyl}-2,2-dimethyl-
A{to propionamide
-
NHz s /N
S N-{3-[6-Amino-8-(6-
'iilh?“s% thiazol-2-yl-
1E-44 benzo[1,3]dioxol-5-
§ ylsulfanyl)-purin-9-yl]-
iszo propyl}-isobutyramide
NHz s(\/N :
™ Cyclopropanecarboxylic
\i Y—s o acid {3-[6-amino-8-(6-
1545 % - thiazol-2-yl-

benzo[1,3]dioxol-5-
ylsulfanyl)-purin-9-yl]-
propyl}-amide
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Compound No. Structure Name

o

NH; s .

LN N-{3-|6-Amino-8-(6-
UL S 5 thiazol-2-yl-
NTTN ) benzo[ 1,3]dioxol-5-

1E-46 i ylsulfanyl)-purin-9-yl]-
N propyl}-2-hydroxy-
o on propionamide

NH; 5-4 L .
)\IV Aceng: aﬁcu%1 .1-{31-[26-alnnno-
3 (6t A2ayl-
“\ D \1>—S j (6-thiazol-2-y

benzof1,3]dioxol-5-

; o

147 ylsulfanyl)-purin-S-yl]-
propylcarbamaoyl}-1-

L Ac methyl-ethyl ester

N
,
NHz . S N-{3-[6-Aminc-8-(6-
I\f\j: S o thiazol-2-y1-
NN B benzo[1,3]dioxol-5-

- o
(B8 ylsulfanyl)-purin-9-y1}-
NH propyl}-2-hydroxy-2-
O&DH methyl-propionamide
~N
Ly N-(3-(6-amino-8-((5-
1B-49 N 0 methoxy-2-(thiazol-2-
{ yDphenyl)thio)-9H-purin-
N 9-yDpropyl)pivalamide

Table 1F lists specific examples of additional compounds within this embodiment. Tn each
of the structures as drawn therein, X; is an oxygen-containing heteroaryl group, specifically a
furanyl group, and X, is H. Corresponding structures in which X, is a different oxygen-containing
5 optionally substituted atyl group are within the scope of the disclosure. Tn each of the structutes in
Table 1F, Y is S and X, is H. However, corresponding structures in which Y is CH, and/or XyisF,
Cl, Br, or I arc 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 aryl group different from optionally substituted furanyl, Y is CH,, and/or X, is F, Cl, Br,

10 orIare also within the scope of the disclosure.

Table 1F

|__Compound No. | Structure Name ]
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Compound No. Structure Name
cal
My 54
NS 2-(6-amino-8-((6~(furan-2-
g ,N>— 8 0 yhbenzo[d][1,3]dioxol-5-
1F-1 N yDthio)-9H-purin-9-y1)-N-
o isopropyl-
el cthanesulfonamide
-
N 0-4
N N 2-(6-amino-8-((6-(furan-2-
1 P o yhbenzofd][1,3]dioxol-5-
2 o yDthio)-9H-purin-8-y1)-N-
50, ethylethanesulfonamide
A
=
Ny od
SN, 2-{6-amino-8-({6-(furan-2-
s h’k)NI;*S 9 yDbenzo[d][1,3]dioxol-5-
5} yhthio)-9H-purin-9-y1)-N-
50, methylethanesulfonamide
HN
"
Ny -4
N 2-(6-amino-8-((6~(furan-2-
15 1§ N\>—S 0 yl)benzo[d][1,3]dioxol-5-
o’ y)thio)-9H-purin-9-
- ylethanesulfonamide
20
HaN
—
M 04
N N 2-(6-amino-8-((6-(furan-2-
LA 0 yD)benzo[d]{1,3]dioxol-5-
175 N 2 o yDthio)-9H-purin-9-y1)-N-
(tert-
HNISOZ butyl)ethanesulfonamide
"
N 0
N
(s o 2-(6-amino-8-((6-(furan-2-
F6 o yDbenzo[d]{1,3]dioxol-5-

yDthio)-9H-purin-9-y1)-N-
isobutylethanesulfonamide
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Compound No. Structure Name
4
N
NN 2-(6-amino-8-((6-(furan-2-
LA b yl)benzo[d][1,3]dioxol-5-
1F-7 s} yl)thio)-9H-purin-9-y1)-N-
o cyclapropy'-
HN’T; cthanesulfonamide
Z
NHs o Vi .
y N-(2-(6-amino-8-((6-
N
! s (furan-2-
T8 N N b yl)benzo[d][1,3]dioxol-5-
2 o y)thio)-9T1-purin-9-
NH yDethyl)propane-2-
%S)__ sulfonamide
/
N 04 N-(2-(6-amino-8-((6-
N N (furan-2-
o NG Yy yD)benzo[d][1,3]dioxol-5-
2 2} yhthio)-9H-purin-9-
N yDethyl)ethane-2-
025’\— sulfonamide
=
N 5 f N-{2-(6-amino-8-((5-
N N (furan-2-
_— (P b ylybenzold][1,3]dioxol-5-
8 [ yithio)-9H-purin-9-
H yDethyl)methane-2-
OzS'\ sulfonamide
“d
N
Y N-(2-(6-amino-8-((6-
'\i, r?_ S\ /0 (furan-2-
1F-11 N 2 o yl)benzo[d][ 1,31dioxol-5-
yhthio)}-9H-purin-9-
oZS'NH yDethryl)-2-methylpropane-
)T 2-gulfonamide
7
N, 04 .
y N-(2-(6-amino-8-((6-
hi\/ Y—s o (firan-2-
1F-12 N yl)benzo[d][1,3]dioxol-5-

yhthio)-9H-purin-9-
yDethyl)-2-methylpropane-
2-sulfinamide
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Compound No.

Name

1F-13

N-(2-(6-amino-8-((6-
(furan-2-
yDbenzo[d][1,3]dioxol-5-
yhthio)-9H-purin-9-
yDethyl)-2-methylpropane-
1-sulfonamide

1¥-14

N-(2-(6-amino-8~((6-
(furan-2-
yl)benzo[dlf1,31dioxol-5-
y)thio)-9H-purin-9-
yhethyheyclopropane-
sulfonamide

1F-15

ZYZ
éﬁ@
8

3-(6-amino-8-((6-(furan-2-
yhbenzo[d][1,3]dioxol-5-
y1)thio)-9H-purin-9-y1)-N-
isopropylpropane-1-
sulfonamide

LF-16

fWeY

3-(6-amino-8-((6-(furan-2-
yhbenzo[d][1,3]dioxol-5-
yDthio)-9H-purin-9-y1)-N-
ethylpropane-1-
sulfonamide

1F-17

Lz
pe
ls]

3-(6-amino-8-((6-(furan-2-
yDbenzo[d][1,3]dioxol-5-
yDthio)-9H-purin-9-y1)-N-
methylpropane-1-
sulfonamide

1F-18

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

yDbenzo[d][1,3]dioxol-5-
yhythio)-9H-purin-9-

yl)propane-1-sulfonamide
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Compound No. Structure Name
=
Ny oed
NS 3-(6-amino-8-({6-{furan-2-
s 9 yDbenzold[ 1,3 |dioxol-5-
1F-19 N o yDthio)-9H-purin-9-y1)}-N-
(tert-butyl)propane-1-
o8 sulfonamide
S, ¥
HN
4
NHa fo) 4 :
N’%:N\ 3-(6-amino-8-((6-(furan-2-
lN’ N}—S 3 yhbenzo[d][1,3]dioxol-5-
1F-20 o yl)thio)-9H-purin-9-yb)-N-
isobutylpropane-1-
0,8, sulfonamide
"y
)
NH,
oy 3-(6-amino-8-((6-(furan-2-
1/ H-s 0 ylhbenzo[d][1,3]dioxol-5-
1F-21 N - ylythio)-9H-purin-9-y1)-N-
g cyclopropylpropanc-1-
sulfonamide
N-(3-(6-amino-8-((6-
(furan-2-
1F-22 yh)benzo[d][1,3]dioxol-5-
yl)thio)-9H-purin-9-
o yhpropyl)propanc-2-
‘<502 sulfonamide
")
NH; o] .
N-(3-(6-amino-8-((6-
l\f\j,N»—s (furan-2-
PN i y)benzo[d][1,3]dioxol-5-

1F-23 o)
yhthio)-9H-purin-9-
yDpropylethane-2-

HN sulfonamide
S0,
_/
T )
N Gl N-(3-(6-amino-8-((6-
N furan-2-
i s (

Foa Ll Uj’ yibenzo[d][1,3]dioxal-5-
y)thio)-9H-purin-9-
yDpropyl)methane-2-

HN sulfonamide
302
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Compound No, Structure Name
=
N 0-f N-(3-(6-aminc-8-((6-
N'K)j%—s o (furan-2-
NN 3 vhbenzo[d][1,3]dioxol-5-
IF-25 < yD)thio)-OH-putin-5-
yDprapyD)-2-
HN, methylpropane-2-
50, .
7< sulfonamide
-
NH o} g
NN N-(3-(6-amino-8-((6-
§ N\>—5 0 (furan-2-
1E-26 o yDbenzo[d][1,3]dioxol-5-
{ yhithio)-9H-purin-9-
o yDpropyl)propane-2-
7<50 sulfinamide
\/
e od N-(3-(6-amino-8-((6-
N N (foran-2-
L ‘N>—S j yhbenzo[d][1,3]dioxol-5-
1F-27 o y)thio)-9H-purin-9-
yDpropyl)2-
HN, methylpropane-1-
>_/SO2 sulfonamide
S I
N, 5f
N N-(3-(6-amino-8~((6-
1 ”\N\>— S 0 (furan-2-
1F-28 o) yDbenzo[d][1,3]dioxol-5-
< yD)thio)-9H-purin-9-
il ybhpropyl)cycloproparne-
<(‘soz sulfonamide
<
N, 5
N N\>_s o 3-(6-amino-8-((6-(furan-2-
1529 L g yD)benzo[d][1,3]dioxol-5-
o yD)thio)-9H-purin-9-y1)-N-
o isopropylpropanamide
HN)_
<
Ny 5
NS 3-(6-amino-8-((6~(furan-2-
Q 1)benzo[d][1,3]dioxol-5-
_ Y
1F-30 N o Y1)thie)-9T T-purin-9-yi)-N-

ethylpropanamide
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Compound No.

Structure

Name

1F-31

=
N 0d

S

N
| s
(A

\-o

3-(6-amino-8-{(6-(fran-2-

yl)benzo[d][1,3]dioxol-S-

yhithio)-9H-purin-9-yl)-N-
methylpropanamide

1F-32

3-(6-amino-8-((6-(furan-2-
ylYbenzo[d][1,3]dioxol-5-
yhthio)-9H-purin-b-
ypropanamide

1F-33

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

yDhenza[d][1,3]dioxol-5-

yI)thio)-9H-purin-9-yl)-N-
(tert-butyl)propanamide

1F-34

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

yl)benzo[d]| 1,3|dioxol-5-

yDthio)-9H-purin-9-y1)-N-
isobutylpropanamide

1F-35

o

3-(6-amino-8-({6-(furan-2-
yl)benzo|d]| 1,3 ]|dioxol-5-

yDthio)-9H-purin-9-y1)-N-
cyclopropylpropanamide

1F-36

==
z =z

N T

I
Y
W Oy

Ji/j/w
O

N-(2-(6-amino-8-((6-
(furan-2-
yhbenzo[d][1,3]dioxol-5-
yDh)thio)-9H-purin-9-
yhethyl)isobutyramide

1F-37

N-~(2-(6-amino-8-({6-
(furan-2-
yhbenzo[d][1,3]dioxol-5-
yh)thio)-9H-purin-9-
yDethylypropanamide
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Compound No. Structure ‘ Name
“
v, ]
i N o i N-(2~(6~-amino-8-((6-
N'K: Sg o (furan-2-
1F-38 N~ TN enzo[d][1,3}dioxol-5-
3 ylybenzo[d][1,3]}dioxol-5
2 y1)thio)-9H-purin-9-
NH yDethylacetamide
o
N o-d N-(2-(6-amnino-8-((6-
N N\>73 o (furan-2- )
1F-39 LA ylyvenza[d] L,3]dioxol-5-
). o y)thio)-OH-purin-9-
oﬁ\NH ylethyl)formamide
w54 .
N N-(2-(6-amino-8-((6-
“ij Vs o (furan-2-
1F-40 NN B yl)benzo[d][1,3]dioxol-5-
! ° yl)thio)-9H-purin-9-
NH yl)ethyl)pivalamide
O:‘&L
— |
Az - { N-(2-(6f—1amino-8-((6-
N N g (furan-2-
1F41 lN’ N>_ j yhbenzo[d][1,31dioxol-5-
- 2 o yhthio)-9H-purin-9-
NH yhethyl)-3-
O:Q__< methylbulanamide
w04 ‘
N N-(2-(6-arnino-8-((6-
'[E[ H-5 0 (furan-2-
L¥-42 NTN - yDbenzo[d][1,3]dioxol-5-
: 2 yDthio)-9H-purin-9-
NH yhethyleyclopropane-
0;%> carboxaride
p
N 0f . )
2-(6-amino-8-((6-(5-
“i\ N\>_5 o methylfuran-2-
P43 NN B yDbenzo[d][1,3]dioxol-5-
- 2 o YD)thic)-ST-purin-9-yl)-N-
80, isopropyl-
HN ethanesulfonamide
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Compound No. Structure Name
o2
Ley ° { 2-(6-amino-8-((6-(5-
Nl\ >3 0 methylfuran-2-
1F-44 N 0) ylbenzo[d}[1,3]dioxol-5-
yDthio)-9H-purin-9-yl)-N-
S0, ethylethanesulfonamide
N
~. //
ey 2-(6-amino-8-((6-(5-
N'k/ 3-8 o methylfuran-2-
1F-45 N o yhbenzo[d][1,3]dioxol-5-
2 : yhithio)-9H-purin-9-yl)-N-
502 methylethanesulfonamide
HN
2-(6-amina-8-((6-(5-
methylfuran-2-
1F-46 yl)benzo[d]f1,3]dioxol-5-
yDthio)-SH-purin-9-
ylethanesulfonamide
2-(6-amino-8-((6-(5-
methylfuran-2-
1F-47 yl)bc?nzo[djll,S.Jdioxol-S-
ybthio)-9H-purin-9-y1)-N-
50, (tert-
HN butyl)ethanesulfonamide
'
NHy 4
i 2-(6-amino~8-{(6-(5-
lN" N\ s )O (methylfuralg(a-(
15-48 o ylbenzo[d][1,3]dioxol-5-
50, yl)thio)-9H-purin-9-yl)-N-
iNz isobulylethanesulfonamide
Z
I NX‘/ 2-(6-amino-8-((6-(5-
N'k g ° methylfuran-2-
1F-49 N o B yl)benzo[d][1,3]dioxol-5-
2 yl)thio)-9H-purin-9-yl)-N-
80, cyclopropyl-
HN ethanesulfonamide
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Compound No. Structure Name
=
/
e e N-(2-{6-amino-8-((6-(5-
“i\ s <o methylfuran-2-
NN Dbenzo[d][1,3]dioxol-5-
1F-50 o Y
2 ylythio)-SH-purin-9-
NH ylethyDpropane-2-
Ozs)_ sulfonamide
=
My o4 N-(2-(6-amino-8-((6-(5-
NN methylfuran-2-
1F-51 lN/ s j) yl)benzo[d]{1,3]dioxol-5-
O yl)thio)-9H-purin-9-
NH ylethyl)ethane-2-
ozs‘\_ sulfonamide
7
NH: 5.4 N-(2-(6-amino-8-((6-(5-
N N methylfuran-2-
. i o 3 yDbenzo[d][1,3]dioxol-5-
2 o} yDthio)-9H-purin-9-
N yljethyl)methane-2-
ozs’\ sulfonamide
"~
N od
N N N-(2-(6-amino-8-((6-(5-
[} N>_ § ? methylfuran-2-
17-33 2 o ylbenzo[d][ 1,3]dioxol-5-
yhithio)-9H-purin-9-
OZS/NH yl)ethyl)—2-methy1propanc-
2-sulfonamide
o
NH; -4 .
N N-(2-(6-amino-8-((6-(5-
Nl\ Y -, methylfuran-2-
1T-54 NN § yhbenzo[d][1,3]dioxol-5-
2 o yDthio)-9H-purin-9-
NH yl)ethyl)-2-methylpropane-
OS):“ 2-sulfinamide
~F
NH, b .
N N-(2-(6-amino-8-((6-(5-
"ij Y—s methylfuran-2-
1F-55 N7 TN j) ylbenzo[d][1,3]dioxol-5-
2 0 yDthic)-9H-purin-9-
NH yDethyl)-2-methylpropane-

1-sulfonamide
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Compound No. Structure Name
<
Y
e o ° N-(2-(6-amino-8-((6-(5-
DA a methylfuran-2-
NN P! yl)benzo[d][1,3]dioxol-5-
1F-56 ! © y1)thio)-OH-purin-9-
NH yDethyl)cyclopropane-
025\1> sulfonamide
=
N, 5
N N 3-(6~amino-8-((6-(5-
g ‘N\>“S 0 methylfuran-2-
IF.57 N o yl)benzo|d|| 1,3 |dioxol-5-
§ yDthio)-9H-purin-9-y1)-N-
ok isopropylpropane-1-
_’{VH sulfonamide
9
re ., ° 3-(6-amino-8-((6-(5-
’\i\ Y s o methylfuran-2-
1158 NN oA yl)benzo[d][1,3]dioxol-5-
yDthic)-9H-purin-9-y1)-N-
ethylpropane-1-
sulfonamide
3-(6-amino-8-((6-(5-
methylfuran-2-
1F-59 yhbenzo[d][1,3]dioxol-5-
yDthio)-91I-purin-9-yI)-N-
methylpropane-1-
0.8, sulfonamide
NH
/
NHy &T)// .
N 3-(6-amino-8-((6-(5-
PN S—s o methylfuran-2-
1F-60 N7 B ylybenzo[d][1,3]dioxol-5-
(&)
y)thio)-91-purin-9-
o yl)propane-1-sulfonamide
NH,
")
He $° 3-(6-amino-8-((6-(5-
"fﬁi s " methylfuran-2-
(P NN o ylbenzo[d][1,3]dioxol-5-

yhithio)-9H-purin-9-y)-N-
(tert-butyl)propane-1-
sulfonamide
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Compound No. Structure Name
o
e o 3-(6-amino-8-((6-(5
N -(6-amino-8~((6-(5-
N!Jj:'?—s ol methylfuran-2-
IF-62 N - yhbenzo[d][ 1,3]dioxol-5-
yDthio)-9H-purin-9-y1)-N-
s isobutylpropane-1-
HN sulfonamide
3+(6-amino-8-((6-(5-
methylfuran-2-
1F-63 yh)benzo[d][1,3]dioxol-5-
yDthio)-9H-purin-9-yl)-N-
cyclopropylpropane-1-
Olﬁ‘N—‘Q sulfonamide
"~
NH, A
N N-(3-(6-amino-8-{((6-(5-
I N\>_S -0 methylfuran-2-
LF64 -l yl)benzo[d][1,3]dioxol-5-
% yl)thio)-9H-purin-9-
ol yDpropyljpropane-2-
._<502 sulfonamide
7 )
re © N-(3-(6-amino-8-((6-(5-
“i\ s methylfuran-2-
1F-65 N7 N OS yhbenzo[d][1,3]dioxol-5-
yl)thio)-9H-purin-9-
{ yhpropyl)ethane-2-~
HN sulfonamide
o
e 0 N-(3-(6-amino-8-((6-(5-
"i N\>_s o methylfuran-2-
1F-66 N 0) yl)benzo[d][1,3]diox0l-5-
yl)thio)-9H-purin-9-
é yDpropyl)methane-2-
HN sulfonamide
50,
/
¢ )
M o N-(3-(6-amino-8-((6-(5-
N‘k\ N\)_S " methylfuran-2-
NN J yhbenzo[d][1,3]dioxol-5-
1F-67 vh)thio)-9H-purin-9-

yhpropyl)-2-
methylpropane-2-
sulfonamide
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Compound No. Structure Name
S F
NHz 4
N N-(3~(6-amino-8-((6-(5-
[y s o] methylfuran-2-
IF-68 N o yl)benzo[d][1,3]dioxol-5-
) i yhithio)-9H-purin-9-
" y])prnpyl)prnpanc—Z—
50 sulfinamide
A
<l
e o N-(3-(6-amino-8((6-(5-
N Y g methylfuran-2-
L 3 yhbenzofd][1,3]dioxol-5-
LF-69 0 yDthio)-9H-purin-9-
ylpropyl)2-
methylpropane-1-
sulfonamide
N-(3-(6-amino-8-({6~(5-
methylfuran-2-
1770 0) yl)benzo[d][1,3]dioxol-5-
yl)thio)-9H-purin-9-
HN yl)propylcyclopropane-
<{‘soz sulfonamide
4
e, o ( (6
N 3-(6-amino-8-{(6-(5-
Nl)jE\?_S 0 methylfuran-2-
1F-71 NT o yDbenzo[d][1,3]dioxol-5-
. yl).lhio)—9H—purin-9-yD-N-
N isopropylpropanamide
9
e, ° 3-(6-amino-8-((6-(5-
Nl\ Vs ° methylfuran-2-
1F-72 “N o yDbenzo[d][1,3]dioxol-5-
yl)thio)-8H-purin-9~yl)-N-
0 ethylpropanamide
N
9
e o 3-(6-amino-8-((6-(5-
NS o methylfuran-2-
1F-73 N o J ylbenzo[d][1,3]dioxol-5-

yhthio)-9H-purin-9-y1)-N-
methylpropanamide
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Compound No, Structure Name
=
N &4 .
NN 3-(6-amino-8-((6-(5-
P s methylfuran-2-
1F-74 N 03 yl)benzo[d][ 1,3]dioxol-5-
gz yDthio)-9H-purin-9-
o 0 yDpropanamide
2!
<
NHz o {
N N 3-(6-amino-8-({(6-(3-
[ 3—s ) methylfuran<2-
LF-75 NN o ylybenzo[d][1,3]dioxol-5-
{: yl)thio)-9H-purin-9-yl)-N-
HN)LO (tert-butyl)propanamide
P
NHy 04
NN 3-(6-amino-8-((6-(5-
i 4LN\>_S Q methylfuran-2-
1F-76 N o yDbenzo[d}[1,3]dioxol-5-
z_ yhthio)-SH-purin-9-y1)-N-
HNC°< isobutylpropanamide
4
N 0] ,
N SN 3-(6~amino-8-{{6-(5-
[ qp® N\>—s % methylfuran-2-
1F-77 N o ybenzo[d][1,3]dioxol-5-
g: yhthio)-9H-purin-9-yl)-N-
HN o cyclopropylpropanamide
4
N o _
N,l\ N N-(2-(6-amino-8-((6-(5-
I I s 0 methylfuran-2-
1F-78 N o yDbenzo[d][ ! 3]dioxal 5-
2 yDthio)-9H-purin-9-
03;1 ylethyl)isobutyramide
=
w0 N-(2-(6-amino-8-((6-(5-
Nl\ 3 g o methylfuran-2-
1E-79 N ) yhbenzo[d][1,3]dioxol-5-

yl)thio)-9H-purin-9-
yl)ethyl)propanamide
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Compound No. Structure Name
=
NH 54
el N-(2+(6-amino-8-{(6-(5-
'\i\/ s \7 2o methylfuran-2-
1F-80 NZTN o 3 yl)benzo[d][1,3]dioxol-5-
2 ylithio)-9H-purin-9-
:<4| 1 ylethyDacetamide
o
Jﬂ%::N o N-(2-(6-amino-8-((6-(5-
S methylfuran-2-
IF-81 L yDbenzofd][1,3]dioxol-5-
2 yhthio)-9H-purin-9-
\ yDethyl)formamide
o=/
NH,
' N-(2-(6-amino-8-((6-(5-
LN’ N ] methylfuran-2-
1F-82 2 0 yljbenzo[d][1,3]dioxol-5-
H ylythio)-9H-purin-9-
ng\lL yl)ethyl)pivalamide
9
e o N+(2-(6-amino-8-((6-(5-
i N e - methylfuran-2-
1F-83 NN 3 yhbenzold][1,3]dioxol-5-
2 © vljthio)-SH-purin-9-
NH ylethyl)-3-
o= methylbutanamide
(
J
I, ° N-(2~(6-amino-8-((6-(5-
"i/ s o methylfuran-2-
yhbenzo[d]{1,3]dioxol-5-
1F-84 ) o’ Dbenzold
2 y1)thio)-9H-purin-9-
yDethyl)eyclopropane-
carboxamide
N-(3-{6-Amino-8-{6-(5-
mcthyl-furan-2-yl)-
1F-85 benzo{1,3]dioxol-5-

ylsulfanyl]-purin-9-yl} -
propyl)-2,2-dimethyl-
propionamide
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Compound No,

Name

1F-86

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

ylsulfanyl]-purin-9-y1}-

propyl}-isobutyramide

1F-87

Cyclapropanecarboxylic
acid (3-{6-amino-8-{6-(5-
methyl-furan-2-yl)-
benzo[1,3]dioxol-5-
ylsulfanyl}-putin-9-y1}-
propyl)-amide

1F-88

@ OH

1F-89

NH; O i

o

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

ylsulfanyl]-purin-9-y1}-
propyl)-2-hydroxy-

propionamide

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

1F-90

=z,
o

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

1K-91

—

N-(3-(6-armnino-8-((5-
methoxy-2-(5-
methylforan-2-

yDphenyl)thio)-9H-purin-
9-yl)propyl)pivalamide
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C-III.  In some embodiments of the disclosure, X, is an alkynyl group, e.g., ethynyl, 1-
prop-1-ynyl, and 3-prop-1-ynyl. Table 1B lists specific examples of compounds within this
embodiment. In each of the structures as drawn, X, is ethynyl and X, is H, However,
corresponding structures in which X, is another alkynyl group, including specifically for example

5 propynyl or butynyl, are within the scope of the disclosure, In each of the structures in Table 1B, Y
is S. However, corresponding structures in which Y is CH; and/or Xy is F, Cl, Br, or I are also

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

1B, corresponding structures in which Xj is another alkynyl group, including specifically for

example propyny! or butynyl, and Y is CH; are also within the scape of the disclosure.

10 Table 1B
Compound No. Structure Narne
i N
NN 2-[6-Amino-8-(6-ethynyl-
QN/I 7S )0 benzo[1,3]dioxol-5-
1B-1 o ylsulfanyl)-purin-9-y]-
50, ethanesulfonic acid
{ isopropylamide
NHy N .
LN 2-[6-Amino-8-(6-ethynyl-
DR o benzo[1,3]dioxol-5-
1B-2 NN o ylsulfanyl)-purin-9-yl]-
2 ethanesulfonic acid
W ethylamide
BN N 2.[6-Amino-8-(6-ethynyl-
N Ss o benzo[ 1,3]dioxol-5-
1B-3 TN o ylsulfanyl)-purin-G-y1]-
2 ethanesulfonic acid
H‘fo? methylamide
V‘VHQ A\
N, C 2-[6-Amino-8-(6-slhynyl-
114 WKNJ\N\%S 4 j’ benzo[1,3]dioxol-5-
o ylsulfanyD)-purin-9-vi]-
S0, ethanesulfonic acid amide
H N
NHp N
S )= 2-[6-Amino-8-(6-ethynyl-
lNINﬁ SN\ 7 ﬁ benzo{1,3]dioxol-3-
1B-5 &4 yisulfanyl}-purin-9-yl]-
50y ethanesulfonic acid tert-
HN butylamide
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Compound No.

79

Structure

PCT/US2012/032371

Name

1B-6

N
I

N
\
N
25
HN

2-[6-Amino-8-(6-ethynyl-
benzo[1,3]dioxol-5-
yisulfanyl)-purin-9-yl}-
ethanesulfonic acid
isobutyl-amide

1B-7

iy e

2-[6-Amino-8-(6-ethynyl-
benzo[1,3]dioxol-5-
ylsulfanyl)-purin-9-y1]-
cthancsulfonic acid
cyclopropylamide

Propane-2-sulfonic acid
{2-[6-amino-8-(6-cthynyl-
benzo[1,3]dioxol-5-
ylsulfanyl)-purin-9-yl]-
ethyl}-amide

1B-9

Ethanesulfonic acid {2-[6-

amino-8-(6-ethynyl-
benzo[1,3]dioxol-5-
ylsulfanyl)-purin-9-y13-
ethyl}-amide

1B-10

N-{2-[6-Amino-8-(6-
ethynyl-benzo[1,3]dioxcl-
5-ylsulfanyl)-purin-9-yi]-
ethyl}-

mcthanesulfonamide

1B-11

sulfonic acid {2-[6-amino-

ylsulfanyl)-purin-9-y1]-

2-Methyl-propane-2-

8-(6-ethynyl-
benzo[ 1,3]dioxol-5-

ethyl}-amide

1B-12

sulfinic acid {2-[6-amino-

yisulfanyl)-purin-9-yl]-

2-Mcthyl-propanc-2-

8~(6-ethynyl-
benzol1,3]dioxol-5-

ethyl}-amide
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Compound No.

Structure

Name

1B-13

NH; A\
o
N o

¢

2-Methyl-propane-1-
sulfonic acid {2-[6-amino-
8-(6-ethynyl-
benzo{1,3]dioxol-5-
ylsulfanyl)-purin-9-yl]-
ethyl}-amide

1B-14

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

1B-15

3-[6-Amino-8-(6-ethynyl-
benzo(1,3]dioxol-5~
ylsulfanyl)-purin-9-yi]-
propane-1-sulfonic acid
isopropylamide

1B-16

3-[6-Amino-8-(6-ethynyl-
benzo[1,3]dioxol-5-
ylsulfanyl}-purin-9-yl}-
propane-1-sulfonic acid
ethylamide

1B-17

3-[6-Amino-8-(6-ethynyl-
benzo[1,3]dioxol-5-
ylsulfanyl)-purin-9-y1]-
propane-1-sulfonic acid
methylamide

1B-18

3-[6-Amino-8~(6-ethynyl-
benzo[1,3]dioxol-5-
yisulfanyl)-purin-9-yl]-
propane-1-sulfonic acid
amide

1B-19

3-[6-Amino-8-{6-ethynyl-
benzo[1,3]dioxol-5-
ylsulfanyl)-purin-9-yl]-
propane-1-sulfonic acid
tert-butylamide
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benzo[1,3]dioxol-5-

81
Compound No. Structure Narme
NHg A\
”L)\IN\H o 3-{6-Amino-8-(6-cthynyl-
NN B henzo[1,3]dioxol-5-
1B-20 o ylsulfanyl)-purin-9-y1]-
propane-1-sulfonic acid
°2;N} isobutyl-amide
NHz N
NS - 3-[6-Amino-8-(6-ethynyl-
Ly Y 9 benzo[1,3]dioxol-5-
1B-21 h o8 ylsulfanyl)-purin-9-y1]-
propane-1-sulfonic acid
o cyclopropylamide
OZH‘N%]
NH, N
NEEEN»_S o Propanev-Z—sulfonic acid
NN o {3-[6-amino-8-(6-ethynyl-
1B-22 ° benzo[1,3]dioxol-5-
ylsulfanyl)-purin-9-y1J-
HN :
,.<s ~ propyl}-amide
NH, N
NJ\IN\L Fthanesulfonic acid {3-[6-
lN/ N s j’ amino-8-(6-ethynyl-
1B-23 4 benzo[1,3]dioxol-5-
ylsulfanyl}-purin-9-yi]-
HN propyl}-amide
5o
NHp X
NN = N-{3{6-Amino-8-(6-
QN/ N e cthynyl-benzo{ 1,3 ]dioxol-
1B-24 o S-ylsulfanyl)-purin-9-yl]-
propyl}-
HN methanesulfonamide
50,
NH: N
NK\Z,N\ 2-Methyl-propane-2-
¥ ~0 sulfonic acid {3-{6-amino-
NN O)
1B-25 8-(6-cthynyl-
benzo[1,3]dioxol-5-
HI ylsulfanyl)-purin-9-y1]-
_7<<02 propyl} -amide
7
NH; N
™ = 2-Methyl-propane-2-
N
i):ENyS \_ /0 sulfinic acid {3-[6-amino-
N o 8-(6-cthynyl-
1B-26 z v
/

ylsulfanyl)-purin-9-yi]-
propyl}-amide
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Compound No.

Name

1B-27

2-Mcthyl-propane-1-
sulfonic acid {3-{6-amino-
8-(6-ethynyl-
benzo[1,3]dioxol-5-
ylsulfanyl)-purin-9-y1]-
propyl}-amide

1B-28

Cyclopropanesulfonic acid
{3-[6-amino-8-(6-ethynyl-
benzo[1,3]dioxal-5-
ylsulfanyl)-purin-9-yl]-
propyl}-amide

1B-29

3-[6-Amino-8-(6-cthynyl-
benzo[1,3]dioxol-5-
ylsulfanyl}-purin-9-yl]-N-
isopropyl-propionamide

1B-30

3-[6-Amino-8-(6-ethynyl-
benzo[1,3]dioxol-3-

ylsulfanyl)-purin-9-yl]-N-
cthyl-propionamide

1B-31

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

ylsulfanyl)}-purin-9-yl]-N-
methyl-propionamide

1B-32

3-[6-Amino-8-(6-ethynyl-
benzo[1,3]dioxol-5-
ylsulfanyl)-purin-9-y1]-
propionamide

1B-33

3-[6-Amina-8-(6-ethynyl-
benzo[1,3]dioxol-5-
ylsulfanyl)-purin-9-y1]-N-
tert-buty!-propionamide
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Compound No. Structure Name
NH; N
DR o 3-[6-Amino-8-(6-cthynyl-
1B-34 NN o benzo[1,3]dioxol-5-
ylsulfany!)-purin-9-yl]-N-
o o isobutyl-propionamide
NHz A
W s o 3-[6-Amino-8-(6-ethynyl-
B35 NN o benzo{1,3]dioxol-5-
ylsulfanyl)-purin-9-yl}-N-
N o cyclopropyl-propionamide
weo N
”.k)jIN\ys oM N-{2-[6-Atnino-8-(6-
1B.36 NTTN o ethynyl-benzo[1,3]dioxol-
8 S-ylsulfanyl)-purin-9-y1]-
o :§Ni ethyl}-isobutyramide
NH, X
N)“/[‘Ns—s N-{2-[6-Amino-8-(6-
1B-37 NN o/? ethynyl-benzo[1,3]dioxol-
8 3-ylsulfanyl)-purin-9-yl]-
o NH ethyl}-propionamide
e N
e N-{2-[6-Amino-8-(6-
1B-38 L~N»/ N E ethynyl-benzo[1,3]dioxol-
g © S-ylsulfanyl)-purin-9-y1]-
NH ethyl}-acetamide
o
NH; N
'TJ\ N N-{2-[6-Amino-8-(6-
B39 L Lo 9 ethynyl-benzof | 3 dioxol-
o S-ylsulfanyl)-purin-9-yi}-
" ethyl}-formamide
o=/
NH, N
S N-{2-[6-Amino-8-(6-
&N{ T ethynyl-benzo[ 1,3]dioxol-
1B-40 o S-ylsulfanyl)-purin-9-y1]-

cthyl}-2,2-dimethyl-
propionamide
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Compound No. Structure Name
NH;
N-{2-[6-Amino-8-(6-
'\il\/[ b \ 4 j’ ethynyl-benzo[ 1,3]dioxol-
1B-41 > 5-ylsulfanyl)-purin-9-y1]-
NH ethyl}-3-methyl-
butyramide
t Cyclopropanecarboxylic
L acid {2-[6-amino-8-(6-
1B-42 2 ethynyl-benzo[1,3]dioxol-
NH 3-ylsulfanyl)-purin-9-y1]-
o:%> ethyl} -amide
NH,
N .
N %s N-{3-[6-Amino-8-(6-
L ’J: ethynyl-benzo[ 1,3]dioxol-
1B-43 S-ylsulfanyl)-purin-9-yl]-
propyl}-2,2-dimethyl-
g?: propionamide
NH,
NN
. N>—S N-{3-[6-Amino-8-(6-
|B4d " ethynyl-benzo[ 1,3]dioxol-
S-ylsulfany!)-purin-9-yl]-
HN propyl}-isobutyramide
e
NHy N
Hji)_s Cyclopropanecarboxylic
NN bi acid {3-[6-amino-8-(6-
1B-45 ° ethynyl-benzo[1,3]dioxol-
5-ylsulfanyl)-purin-9-yl]-
NH propyl}-amide
NH,
k)I Ys N-{3-[6-Amino-8-(6-
ethynyl-benzo[ 1,3]dioxol-
1B-46 S-ylsulfanyl)-purin-9-yl]-
propyl}-2-hydroxy-
NH propionamide
5 OH
NHy N
NS Acetic acid 1-{3-[6-amino-
A8 j 8-(6-cthynyl-
\B.AT7 N o benzo[1,3]dioxol-5-

ylsulfanyl)-purin-9-yl]-
propylearbamoyl}-1-
methyl-ethyl ester
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Compound No, Structure Name
NHp AN
N - .
ﬂ)\I Yomg N-{3-[6-Amino-8-(6-
kN’ N>~ oj ethyny!-benzo[1,3]dioxol-
1B-48 S\ 5-ylsulfanyl)-putin-9-y1]-
propyl}-2-hydroxy-2-
e methyl-propionamide
CjSQOH
NH, N
S N N-(3-(6-amino-8-((2-
N » ethynyl-5-
iB-49 ° methoxyphenyl)thio)-9H-
putin-9-
HI : :
A<=0 vl)propyl)pivalamide

Hisp90 binding results are presented for Compounds 1B-28. 1B-43, and 1B-45 in Table 12

below, As can be noted therefrom, all compounds showed a high level of binding affinity.

5 C-IV. In some embodiments of the disclosure, X, is an amino group, i.e., -NRR,,
wherein R, and R, are each independently H, C;,-Cy alkyl, C3-Cy alkenyl, C5-Cy alkynyl, cycloalkyl,
heteroalkyl, heterocycloalkyl, aryl, hetervaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl,
or alkylheteroarylalkyl. Table 1G lists specific examples of compounds within this embodiment.
In each 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,
methylcth.ylamino or cyclopropylamino, are within the scope of the disclosure. In each of the
structures in Table 1G, Y is S, However, corresponding structures in which Y is CH, and/or X, is
E, Cl, Br, or I are alsc within the scope of the disclosure. Additionally, in connection with each of
the structures in Table 1G, cortesponding 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.

‘l'able 1G

Structure Name

NH2 -~y

Compound No.

Y 2-(6-amino-8-((6-
hli P %S‘Q\o (dimethylamino)benzofd]
1G-1 NN - [1,3]dioxol-5-yl)thio)-9H-
purin-9-y1)-N-isopropyl-
ethanesulfonamide
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Compound No. Structure Name
/
Yz N N 2-(6-amino-8-((6~
N‘(ﬁ: \}SQ\O (dimethylamino)benzo[d]
1G-2 NN o A [1,3]dioxol-5-y])thio)-9H-
2 purin-9-y}-N-
50, ethylethanesulfonamide
HN
N
/
NHz —~N 2-(6-amino-&-((6-
NQ.J:IN\*S‘{\:}\O (dimethylamino)benzo[d]
1G-3 N7 N, P [1,3]dioxol-5-yDthio)-911-
o .
2 purin-9-yl)-N-
: 50, methylethanesulfonamide
N
\
NH, / ;
2 —N 2-(6-amino-8-{(6-
NE\‘A/ Ys o (dimefhylamjno)ba.nzo[d]
1G4 NP TN 3 [1,3]dioxol-5-yl)thio)-9H-
o purin-9-
%0, yDethanesulfonamide
Hal
NH, - .
4 2-(6-amino-8-{(6-
L LS 0 (dimethylamino)benzold|
1G5 N o [1,3]dioxol-5-yl)thio)-9H-
purin-9-y1)-N-(tert-
N butyl)ethanesulfonamide
N
NS 2-(6-amino-8-((6-
I)NIN% SQ? (dimethylamino)benzo[d]
1G-6 g o [1,31dioxol-5-yl)thio)-9H-
<0, | purin-9-y1)-N-
i’\é isobutylethanesulfonamide
N
S 2-(6-amino-8-{(6-
|| s o (dimethylamino)benzo[d]
16-7 N [1,3]dioxol-5-yl)thic)-9H-

purin-9-yl)-N-cyclopropyl-
ethanesulfonamide
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Compound No. Structure Narme
NHy
N N-(2-(6-amino-8-((6-
L, ‘N\>—SQO (dimethylamino)benzo[d]
1G-8 N o [1,3]dioxol-5-y)thio)-9H-
purin-9-yl)ethyl)propane-
od 2-sulfonamide
N - )
LN N—(Z-(é—ammo—S—((é«
"i/ \)—SQO (dimethylamino)benzo|d]
1G-9 NN B [1,3]dioxol-5-ylythio)-9H-
2 o purin-9-ylethyl)ethane-2-
NH sulfonamide
[e5
N
NH, - .
RN N-(2~(6-ammo-8-((6-
L %S—Qo (dimethylamino)benzo[d]
1G-10 NN - [1,3]dioxol-5-yD)thio)-9H-
2 purin-S-ylethyDmethane-
OQS,NH 2-sulfonamide
A
NH, Ny .
N-(2-(6-amino-8-((6-
NCT N\)__SQ o (dimethylamino)benzo[ d]
1G-11 NE N 3 [1,3]dioxol-5-yl)thio)-9H-
2 o purin-9-yljethyl)-2-
NH methylpropane-2-
023T sulfonamide
NH, - .
N-(2-{6-amino-8~((6-
Vs _Qo (dimethylamino)benzo[d]
1612 N© N 3 [1,3]dioxol-5-y1)thio)-9H-
2 o purin-9-yl)ethyl)-2-
NH methylpropane-2-
o sulfinamide
NH;, - - ;
N-(2-(6-amino-8-((6-
N(%: s QO (dimcthylamino)benzo(d]
16-13 N7 N 3 [1,3]dioxol-5-y1)thio)-9H-

purin-9-ylethyl)-
2methylpropane-1-
sulfonamide
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Compound No. Structure Name
/
e N N-(2-(6-ammino-8-((6-
le)jN»_S QO (dimethylamino)benzo[d]
1G-14 NN o) [1,3]dioxol-5-yl)thio)-9H-
2 purin-9-
NH yDethyDeyclopropane-
05, sulfonamide
NH, - ]
N N 3-(6-amino-8-((6-
U Y—s o {dimethylamino)benzo[d]
1G-15 NN - [1,3]dioxol-5-yl)thio)-9H-
purin-9-y1)-N-
isopropylpropane-1-
OZS‘NH sulfonamide
_Q
e 3-(6-amino-8-((6-
N'k)j: %SQ‘O (dimethylamino)benzo[d]
1G-16 N [1,3]dioxol-5-y])thio)-9H-
o purin-9-y1)-N-
ethylpropane-1-
OZS\NH sulfonamide
iz ~ 3-(6-amino-8-((6-
N‘K)I Y8 o (dimethylamino)benzo[d]
1G-17 NN B [1,31dioxol-5-yl)thio)-9H-
purin-9-yl)-N-
methylpropane-1-
G258, sulfonamide
Jil
e P
N)\f’\g— C ' 3-(6-am11'10-8-((6-
i A 7S o] (dimethylamino)benzo[d]
1G-18 NN OJ [1,3]dioxol-5-yl)thio)-9H-
purin-9-yl)propane-1-
0 sulfonamide
: NHy
we 3-(6-amino-8-((6-
N‘JTN%S‘Q\O (ditmethylamino)benzo[d]
1G-19 kN/ N o) [1,3]dioxol-5-yl)thio)-9H-

025,
Y

purin-9-yl}-N-(tert-
butyl)propane-1-
sulfonamide
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Compound No. Structure Namne
e = 3-(6-amino-8-((6
-(6-amino-8-((6-
ij’\”\ysQo (dimethylamino)benzo[d]
1620 N o [1,3]dioxol-5-yl)thio)-OH-
{ purin-9-y1)-N-
o isobutylpropane-1-
foN sulfonamide
3 .
Ny 3-(6-armino-8-((6-
NN (dimethylamino)benzo[d]
6ol QJQ:NH*QB [1,3]dioxol-5-yT)thio)-9H-
0 purin-9-yl)-N-
cyclopropylpropane-1-
S sulfonamids
OzH‘Nﬂ °
N
NS = N-(3-(6-amino-8-((G-
l/NiN* SQ)O (dimethylamino)benzofd]
1G-22 o [1,3]dioxol-5-yl)thio)-9H-
purin-9-yhpropyl)propane-
HN 2-sulfonamide
Ve
N,
NS N-(3-(6-amino-8-((6-
[ \|\>—S 0 (dimethylamino)benzo[d]
1623 N o [1,3]dioxol-5-yl)thic)-9H-
purin-9-ylpropylethane-
N 2-sulfonamide
_/‘so2
/
BHe ~N N-(3~(6-amino-8-((6-
NIJ\TM»“SQO (dimethylamino)benzo[d]
"y Gy 3 [1,3]dioxol-5-yl)thio)-H-
° purin-9-
ylpropyl)methane-2-
HN) sulfonamide
502
N .
N N~(3-(6—an_11no-8-((6-
L s j (dimethylamino)benzo[ d]
1G-25 N o [1,3}dicxol-5-yDithio)-9H-

purin-9-yDpropyl)-2-
methylpropane-2-
sulfonamide
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Compound No. Structure Name
NH, -
N : N-(3-(6-armino-8-((6-
[ %S-Q\o (dimethylamino)benze[d]
1G26 NN - [1,3]dioxol-5-y)thio)-9H-
< purin-9-yl)propyl)-2-
methylpropane-2-
HN\SO sulfinamide
A
N,
5 N-(3-(6-amino-8-((6-
i %S'Q'O (dimethylamino)benzo[d]
G2 NN ) [1,3]dioxol-5-yl)thio)-OH-
purin-9-yljpropyl)-2-
methylpropane-1-
>ij~so2 sulfonamidc
NH; -
NJ\I\, N-(3-(6-amino-8-((6-
O N\)—sQo (dimethylamino)benzo[d]
1628 N - [1,3]dioxol-5-yl)thio)-9H-
purin-9-
N yh)propylcyclopropane-
d"soz sulfonamide
M ey
N 3-(6-amino-8-((6-
I s Q (dimethylamino)benzo[d]
1G-29 N o [1,3]dioxol-5-yljthio)-9H-
iz purin-9-yl)-N-
N 0 isopropylpropanamide
)W
/
N 3~(6-amino-8~((6-
N{j‘\%SQO (dimethylamino)benzo{d]
1G-30 N7 N B [1,3]dioxol-5-yl)thio)-9H-
o .
purin-9-yl)-N-
o} ethylpropanamide
w
/
W = 3-(6-amino-8-((6-
N \}.5_@0 (dimethylamino)benzo[d]
1G-31 N? N ! [1,3]dioxol-5-y])thio)-9H-
purin-9-yi)-N-
" o] methylpropanamide
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Compound No. Structure Name
NH  — )
N 3-(6-amino-8-((6-
1G-32 [ »‘S‘Q\o (dimethylamino)benzo[d]
- NN - [1,3]dioxol-3-yl)thio)-9H-
purin-9-yl)propanamide
<0
HN
NH, - .
N 3-(6-amino-8-((6-
0 ?‘S‘QO (dimethylamino)benzo[d]
16-33 L o [L,3]dioxol-5-y )thio)-9H-
§= putin-9-y1)-N-(tert-
0 N
HN)L butyl)propanamide
NH, - i
N 3-{6-amino-B8~((6-
(P s o} (dimethylamino)benzo{d]
1G-34 NN o [1,31dioxol-5-y1)thio)-9H-
L purin-9-yl)-N-
o . .
HN\_< isobutylpropanamide
NH, )
[K\ N\>_S<©\O 3-(6-amino-8~((6-
NN 2 (dimethylamino)benzo[d]
1G-35 0 [1,3]dioxol-5-y1)thio)-911-
Q purin-9-y1)-N-
HN\]> cyclopropylpropanamide
NHe ey .
N)\,N N—(Z-(6-arglno—8-((6-
NP o (dimethylamino)benzo[d]
16-36 N o [1,3]dioxol-5-yl)thio)-911-
2 purin-9-
°=‘§i yhethyDisobutyramide
NH ! .
2 —N N-(2-(6-amino-8-((6-
NL X »_SQO (dimethylamino)benzo[d]
1G-37 NTTN ! [1,3]dioxol-5-yl)thio)}-9H-
2 purin-9-
NH yl)ethyl)propanamide
- ylethylprop.
NH; ‘N/
N N\> Q N-(2-(6-amino-8-((6-
DRSS o . .
1633 I\N P 3 (dimethylamino)benzo[d]

[1,3]dioxol-5-yl)thio)-OT1-
purin-9-yl)ethyl)acetamide
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Compound No. Structure Name
NHz - )
NN N-(2-(6-amino-8-((6-
- N\)—SAQ\Q (dimethylamino)benzo[d]
1G-39 N o [1,3)dioxol-5-yl)thio)-911-
8 purin-9-
o= ylethyl)formamide
NH, -
N N-~(2-(6-amino-8-{(6~
[ NVSQO (dimethylamino)benzo[d]
1G-40 N o [1,3]dioxol-5-yDthio)-9H-
8 purin-9-
o :i‘z yhethyl)pivalamide
NH, -
N N N-(2-(6-amino-8-((6-
. N‘}—S—Q-? (dimethylamino)benzo[d]
1G-41 N ) o~ [1,3]dioxol-5-yl)thio)-9H-
L purin-9-ylethyl)-3-
o NI methylbutanamide
NH, -
N)\/[N\ N-(2-(6-amino-8-((6-
(§P S s W (dimethylamino)benzo[d]
1G-42 8 o’ [1,3}dioxol-5-yl)thic)-9H-
" purin-9-
o ylethyl)eyclopropane-
carboxamide
NHp -
N e N-{3-[6-Amino-8-(6-
WL)P;:N\)*S“{\_%\Q dimethylamino-
1643 o benzo[ 1,3]dioxol-5-
ylsulfanyl)-purin-9-y1]-
HK propyl}-2,2-dimethyl-
A{EO propionamide
NHz —
N, 0 .
NS SQ N-{3-[6-Amino-8-(6-
LAY 8 dimethylamino-
1G-44 benzof1,3]dioxol-5-
ylsulfanyl)-purin-9-y1]-
HN ; :
_{z o propyl}-isobutyramide
N
N Cyclopropanecarboxylic
T N ) acid {3-[6-amino-8-(6-
1G-45 N 0) dimethylamino-
benzo[1,3]dioxol-5-
NH ylsulfamyl)-purin-9-yl]-
o propyl}-amide
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Compound No. Structure Name
7
NH -
Ny N-{3-[6-Amino-8-(6-
I\{k P >’S 0 dimethylamino-
1G-46 N 0) henzo[1,3]dioxol-5-
i ylsulfanyl)-purin-9-y1]-
N propyl}-2-hydroxy-
OoH propionamide
N,
Acetic acid 1-{3-{6-amino-
1P ha 0 8-(6-dimethylamino-
1G-47 N oJ benzof1,3]dioxol-5-
ylsulfanyl)-purin-9-yI]-
NH propylcarbamoyl}-1-
03}<0»A° methyl-ethyl ester
NHZ — {
N-{3-{6-Amino-8-(6-
SN
'\EIN\)_ Sb‘o dimethylamino-
1G-48 N o benzo[ 1,3 ]dioxol-5-
ylsulfanyl)-purin-9-y1]-
NH propyl}-2-hydroxy-2-
o oH methyl-propionamide
P
A j:h'»—sAQ N-(3-(6-amino-8-((2-
N7 TN - (dimethylamino)-5-
1G-49 methoxyphenyl)thio)-9H-
purin-9-
1%0 yDpropyDpivalamide

Hsp90 binding results arc presented for Compounds 1G-28, 1G-43, and 1G-45 in Table 12

below. As can be noted therefrom, all compounds showed a high level of hinding affinity.

D. Compounds of Formula (IA) in Which Xa ot Xb is O

In accordance with another embodiment of the disclosure, the compounds are of Formula

(TA) 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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NH2 XZ
NN
/& P >_ Y Xa
XEONTN xB)
‘ R
@

or a pharmaceutically acceptable salt thereof, wherein:
5 one of Xa and Xb is O and the other is CHy;
YisCHyor 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 alkeny!, straight-chain- or branched- substituted or

10 unsubstituted alkynyl, or substituted or unsubstituted cycloalkyl wherein the R group is interrupted
by -S(OIN(R4)-, -NR1S(O0)-, -SON(R,)-, -NRASO;-, -C(O)N(R,)-, or -NRAC(0)-, and/ox
terminated by -S(O)NR Rz, -NRAS(O)Rz, -SO,NRARs, -NRsSORg, -C(O)NR 4R, or -
NRAC(O)Rp, wherein each R, and Ry is independently selected from hydrogen, C;-Cy alkyl, C-Cg
alkenyl, C,-Cy alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl,

15 arylalkyl, atkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; and

X, is as disclosed below.

D-I.  Insome embodiments of the disclosure, X, is halogen. Table 2A lists specific
examples of compounds within this embodiment. In each of the structures as drawn, X, is [ and Xy
1§ H. However, corresponding structures in which X, is F, Cl, or Br are within the scope of the
20 disclosurc. In cach of'the structures in Table 2A, Y is 8. However, corresponding structurcs 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 ZA, 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. Structure Name
NH |
NS 2-[6-Amino-8-(5-iodo-2,3-
SN N dihydro-benzofuran-6-
2A-1 ) o ylsulfanyl)-purin-9-yi]-
0. ethanesulfonic acid
al isopropylamide
NF; )
S = 2-[6-Amino-8-(5-iodo-2,3-
L 2 }SQJ dihydro-benzofuran-6-
2A-2 (o} ylsulfanyl}-purin-9-yij-
ethanesulfonic acid
HN'SOZ ethylamide
Nz 0 ;
N)\ -N = 2-[6-Amino-8-(5-iodo-2,3-
T4
LAy N\ / dihydro-benzofuran-6-
2443 N o ylsulfanyl)-purin-9-yl}-
ethanesulfonic acid
HN/S°2 methylamide
A
b o
N 2-[6-Amino-8-(5-iodo-2,3-
L L sy
9A4 NN dihydro-benzofuran-6-

: 2 o yisulfanyl)-purin-9-yl]-
S0 ethanesulfonic acid amide
=02

HpN
NF |
N/l\ N = i i
I S—s W 2~[§—Aﬂnno—8—(5—1edo—2,3-
N° N > dihydro-benzofuran-6-
2A-5 2 o ylsulfanyl)-purin-9-yl]-
sG ethanesulfonic acid tert-
N butylamide
NH
Aon e
[ L Y-s= )~ 2-[6-Amino-§-(5-iodo-2,3-
N o dihydro-benzofuran-6-
2A-6 2 ylsulfanyl)-purin-9-yi}-
S0, ethanesulfonic acid
i’é isobutyl-amide
NHz |
i N\\ﬁs4\ ) 2{6-Amino-8-(5-i0do-2,3-
NN dihydro-benzofuran-6-
2A-7 visulfanyl)-purin-9-yl}-

ethanesulfonic acid
cyclopropylamide
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Compound No. Structure Name
NHp |\
“i)\fN\f S,< - ) Propane-2-sulfonic acid
SNEN L) {2-{6-amino-8-(5-iodo-2,3~
2A-8 2 o dihydro-benzofuran-6-
\H ylsulfanyl)-purin-9-yl]-
02357 othyl}-amide
NHz .
NN = Ethanesulfonic acid {2-[6-
”\)NIN\%S{% amino-8-(5-iodo-2,3-
2A9 > o dihydro-benzofuran-6-
{ ylsullanyl)-purin-9-yl1]-
NH } ami
0,8 ethyl}-amide
N, ;
N
il ﬁ \%S‘Q - N{2(6-Amino-8-(5-iodo-
NN B | 23-dihydro-benzofuran-6-
2A-10 O
) ylsulfanyl)-purin-9-yl)-
NH ethyl)-methanesulfonamide
0,8
NHz |
NS 2-Methyl-propane-2-
[ s sulfonic acid {2-[6-amino-
N~ N
JALI1 o 8-(5-iodo-2,3-dihydro-
benzofuran-6-ylsulfanyl)-
NH urin-9-yl]-ethyl}-amide
Ozsk— p yl]-ethyl}
NH3 7
NN o)
‘ S 2-Methyl-propanc-2-
W N>_ \ 4 ) sulfinic acid {2-[6-amino-
2A-12 ) o 8-(5-iodo-2,3-dihydro-
QNH benzofuran-6-ylsulfanyl)-
o%’ﬁ purin-9-yl]-ethyl} -amide
TH, I
NS S—s 2-Methyl-propane-1-
NN J sulfonic acid {2-[6-amino-
24-13 ) o 8-(5-iodo-2,3-dihydro-
QNH benzofuran-6-ylsulfanyl)-
OZSL purin-9-yl]-ethyl }-amide
NF; ;
Nt \J: L)‘S‘Q Cyclopropanesulfonic acid
W7 N B {2-[6-amino-8-(5-iodo-2,3-
2414 ! o dihydro-benzofuran-6-
"N ylsulfanyl)-purin-9-yl]-
0,8 ethyl}-amide
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Compound No, Structure Name
NHz }
NS ==
u\):[ N\%S% 3-[6-Amino-8-(5-iodo-2,3-
N Y o dihydro-benzofuran-6-
2A-15 { ylsulfanyl)-purin-9-y1]-
> propane-1-sulfonic acid
OZS\NH isopropylamide
NHz |
le - \%S@\) 3-[6-Amino-8-(5-i0d0-2,3-
NN g dihydro-benzofuran-6-
2A-16 ) o ylsulfanyl)-purin-9-yl|-
> propane-1-sulfonic acid
08, ethylamide
NH
!
il ‘j\’”\%s 3.[6-Amino-8-{5-iodo-2,3-
NN dihydro-benzofuran-6-
2A-17 <> © ylsulfanyl)-purin-9-yi]-
> propane-1-sulfonic acid
055 methylamide
NH
NHy |
N 3-[6-Amino-8-(5-iodo-2,3-
NN dihydro-benzofuran-6-
2A-18 2 0 ylsulfanyl)-purin-9-y1]-
> propane-1-sulfonic acid
0.5 amide
NH
L
b TN\%S 3-[6-Amino-8-(5-iodo-2,3-
NN ) dihydro-benzofuran-6-
2A-19 <> 0 ylsulfanyl)-purin-9-y1]-
> propane-1-sulfonic acid
0,5 tert-bulylamide
HiN
NHz2 |
Xy N
] //T\N\> s Qj 3-[6-Amino-8-(5-iodo-2,3-
N ) o dihydro-benzofuran-6-
2A-20 { yisulfanyl)-purin-9-yl]-
o propane-1-sulfonic acid
2!

isobutyl-amide
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Compound No, Structure Name
oy
NS ~ 3-[6-Amino-8-(5-iodo-2,3-
S >
&N/ N>~ N dihydro-benzofuran-6-
2A-21 ) o ylsulfanyl)-purin-g-yl}-
> propane-1-sulfonic acid
oS cyclopropylamide
HN-—<]
NHz |
N,
L N\%S@\j Propane-2-sulfonic acid
> o {3-[6-amino-8-(5-iodo-
2A-22 { 2,3,3a,7a-tetrahydro-
> benzofuran-6-ylsulfanyl)-
HN purin-9-yl]-propyl }-amide
e
NF 0
B N
NS ic aci
i S8 Ethanesulfonic acid {3-[6-
N J:N\ Qj ammino-8-(S-iodo-2,3-
2423 o dihydro-henzofuran-6-
ylsulfanyl)-purin-9-y1]-
HN propyl}-amide
80;
N, ]
N'k\ N s N-{3-[6-Amino-8-{5-iodo-
NN 2,3-dihydro-benzofaran-6-
2A-24 ) o ylsulfanyl)-purin-9-y1]-
N propyl}-
HN methanesulfonamide
80,
Ry X
PN | S
o 54, 2-Methyl-propane-2-
N> oj sulfonic acid {3-[6-amino-
2A-25 8-(5-10do-2,3-dihydro-
3 benzofuran-6-ylsulfanyl)-
HN purin-9-yl]-propyl}-amide
50,
NH2 |
NN
1§ /J:N%S{%j 2-Methyl-propanc-2-
N ) o sulfinic acid {3{6-amino-
2A-26 ¢ 8-(5-iodo-2,3-dihydro-
> benzofuran-6-ylsulfanyl)-
HN,

purin-9-yl]-propyl}-amide
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Compound No, Structure Name
NF; 1
NJ\\ N
li /J: s 2-Methyl-propane-1-
NTN o sulfonic acid {3-[6-amino-
2A-27 8-(5-i0do~2,3-dihydro-
benzofuran-6-ylsulfanyl)-
HN\SOZ purin-9-yl]-propyl}-amide
>__/
NHa |
NS N
. ‘N> 8 Cyclopropanesulfonic acid
N o {3-[6-amino-8-(5-iodo-2,3-
2A-28 i dihydro-benzofuran-6-
ylsulfanyl)-purin-9-yl]-
HN\S o propyl}-amide
/ 2
<
NFZ )
N 1
o0 \>‘S@j | 3{6-Amino-8-(5-iodo-2,3-
9429 NN o dihydro-benzofuran-6-
ylsulfanyl)-purin-9-yl}-N-
N ° isopropyl-propionamide
NHz 1
L \>_S‘Q\ 3-[6-Amino-8-(5-iodo-2,3-
NN } dihydro-benzofuran-6-
2A-30 o
ylsulfanyl)-purin-9-yl]-N-
o ethyl-propionamide
HN
R |
NSt = 3-[6-Amino-8-(5-iodo-2,3-
| ’
2A31 LN N N /o B dihydro-benzofuran-6-
ylsulfanyl}-purin-9-yl]-N-
o methyl-propionamide
HN
TH; : ]
NN 3-[6-Amino-8-(5-iodo-2,3-
A2 tN;[ ‘e Sv@j dihydro-benzofuran-6-
o ylsulfanyl)-purin-9-yl]-
o propionamide
e
R -
L >s - 3-{6-Amino-8-(5-iodo-2,3-
A3 N o dihydro-benzofuran-6-
) o ylsulfanyl)-purin-9-y1]-N-

tert-butyl-propionamide
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Compound No.

Structure

Name

3-[6-Amino-8-(5-iodo-2,3-
dihydro-benzofuran-6-

B o~
2434 Q ylsulfanyl)-purin-9-yl]-N-
HNLD< isobutyl-propionamide
NF T
SN
NK/IN\HQ] 3-[6-Amino-8-(5-iodo-2,3-
935 o dlhydro-benz?furan-(S-
ylsulfanyl)-purin-9-yI]-N-
HNbO cyclopropyl-propionamide
Jh\‘H7 |
il \j:\/_s{%j N-{2-[6-Amino-8-(5-iodo-
2A.36 NN " 2,3-dihydro-benzofuran-6-
g 2 ylsulfanmyl}-purin-9-yl]-
NH ethyl}-propionamide
e
2 I
] s N\>_S N-{2-[6-Amino-8-(5-iodo-
9A-37 NN 2,3-dihydro-benzofuran-6-
! { o yisulfanyl)-purin-9-yl]-
NH cthyl}-propionamide
=
2 !

i N s N-{2-[6-Amino-8-(5-iodo-
2A-38 NN 2,3-dihydro-benzofuran-6-
: 2 ° yisulfanyl)-purin-9-yi]-

MH ethyl}-acetamide
NHO:<
2 i
HJ\( N N-{2-[6-Amino-8-(5-iodo-
L >s )
SNE N j 2,3-dihydro-benzofuran-6-
2A-39 g 0 yisul fanyl)-purin-9-yl]-
NH ethyl}-2,2-dimethyl-
0} propionamide
N5 ;
S N-{2-{6-Amino-8-(5-iodo-
3
HLN"N% S‘Qj 2,3-dihydro-benzofuran-6-
2A-40 2 ylsulfanyl)-purin-9-yl]-
NH ethyl}-3-methyl-
°:§_< butyramide
NFs )
NN Cyclopropanecarboxylic
¢ ’)\Nﬁs% acid {2-{6-amino-8-(5-
24-41 2 iodo-2,3-dihydro-
NH benzofuran-6-ylsulfanyl)-
°:< purin-9-ylij-ethyl} -amide
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Compound No, Structure Name
NF2 )
N/K,/N\%S N-{2-[6-Amino-8-(5-iodo-
DAL L 2,3-dihydro-benzofuran-6-
o” ylsullanyl)-purin-9-yl]-
NH ethyl}-formamide
=/
NHz !
ij%—ij N-{3-[6-Amino-8-(5-iodo-
NN > 2,3-dihydro-benzofuran-6-
2A-43 { ylsulfanyl)-purin-9-y1]-
N propyl}-2,2-dimethyl-
Azzo propionamide
NFp )
N .
h'L)NI‘\?—SQ] Ne{3-[6-Amino-8-(5-iodo-
o 2,3-dihydro-benzofuran-6-
28-44 ylsulfany!)-purin-9-yl}-
H propyl}-isobutyramide
o
N, .
hi)t[ ‘)—st Cyclopropanecarboxylic
NTTN - acid {3-[6-amino-8-(5-
2A-45 iodo-2,3-dihydro-
N benzofuran-6-ylsulfanyl)-
putin-9-yt]-propyl}-amide
NF; :
fj\ys@j N-{3-[6-Amino-8-(5-iodo-
NN - 2,3-dihydro-benzofuran-6-
2A-46 ylsulfanyl)-purin-9-yl]-
o propyl}-2-hydroxy-
o propionamide
Nz i ‘
N, i Acetic acid 1-{3-[6-amino-
'lN/ N‘>—S‘Qj 8-(S-iodo-2,3-dihydro-
o benzofuran-6-ylsulfanyl)-
2A-47 oy 4
purin-9-yl]-
NH propylearbamoyl}-1-
o o™ methyl-ethyl ester
Nz ;
fj:“»_S N-{3-[6-Amina-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

scope of the disclosure. Additionally, in connection with each of the structures in Table 5A,

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

disclosure.
Table SA
Compound No. Structure Name
NFAz N
NN = 2-(6-amino-2-fluoro-8-((5-
| P N\/\/\<\ Y ] iodo-2,3-
sA. NN o dihydrobenzofuran-6-
B < yh)methyl)-$H-purin-9-y1)-
HN,SOZ N-isopropyl-
ethanesulfonamide
NH; I
NN = 2-(6-amino-2-fluoro-8-((5-
] \NJ\N\/ Ve i0do-2,3-
5A2 N o dihydrobenzofuran-6~
{ y)methyl)-SH-purin-9-y1)-
HN,SO2 N-ethylethanesulfonamide
NH | .
Y \ 2-(6-amino-2-fluoro-8-{(5-
DR  iodo-2,3-
5A3 FTONTTN ) dihydrobenzofuran-6-
- g ° yl)ymethyl)-9H-purin-9-y1)-
80, N-
HN methylethanesulfonamide
WA |
N)‘\ N \k 2-(6-amino-2-fluoro-8-((5-
R iodo-2,3-
5A-4 F N o dihydrobenzofuran-6-
yhmethyl)-9H-purin-9-
S0, yl)sulfonamide
HoN
NH R
N7 SN = 2-(6-amino-2-fluoro-8-((5-
LT iodo-2,3-
SA.S N Yo dihydrobenzofuran-6-
g { yhmethyl)-9H-purin-9-y1)-
80, N-(tert-
HI, butyl)ethanesulfonamide
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Compound No. Structure Narne
Nz |
N/KVN\ * 2-(6-amino-2-fluoro-8-((5-
| /
F/X\N'; \Ny/\ﬁ\' 1 iodo-2,3-
SALG > 0 dihydrobenzofuran-6-
- yDmethyl)-9H-purin-9-y1)-
50,
HN -
‘<\ isobutylethanesulfonamide
NHa» 1
NN ¢ 2-(6-amino-2-fluoro-8-((5-
Pyt <Qj ‘ iodo-2,3-
SA7 F N o dihydrobenzofuran-6-
{ . yhmethyl)-9H-purin-9-y1)-
HN’SOZ N-cycloptopyl-
\ ethanesulfonamide
NH; )
W\ N — N-2~(6-amino-2-Auoro-8-
P N N\ / ] ((5-indo-2,3-
SALS NN o dihydrobenzofuran-6-
{ y)methyl)-9H-purin-9-
NH yDethyl)propane-2-
028, sulfonamide
NH: |
An = N-(2-(6-amino-2-fl
e = +(2-(6- -2-fluoro-8-
/bli A /}j ((5-iodo-2,3-
5A-9 ) [¢) dihydrobenzofuran-6-
{ yDmethyl)-9H-purin-9-
o S,NH yl)ethyl)ethanesulfonamide
2
N
NH | N )
LN _ -(2-(6-amino-2-fluoro-8-
i Ty {(5-iodo-2,3-
SAA10 F ‘N”\N\ o dihydrobenzofuran-6-
< yDmethyl)-9H-purin-9-
M yDethyl)methane-
048, sulfonamide
L
fl\\/N‘ = N-(2-(6-amino-2-fluoro-8-
N 1
Py /,\Nf N/ B ((5-icdo-2,3-
SALLL LA o dihydrobenzofuran-6-
{ yDmethyl)-911-purin-9-
NH yDethyl)-2-methylpropane-
G5, 2-sulfonamide
Nz |
NS — N-(2-(6-amino-2-fluoro-8-
A Ay W/ ((5-iodo-2,3-
SA12 o o dihydrobenzofuran-6-
yDmethyl)-9H-purin-9-
OS,NH ylethyl)-2-methylpropane-

2-sulfinamide
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Compound No. Structure Name
R
N 7= N-(2-(6-amino-2-fluoro-8-
i JLNJ\N\V\\\ jj ((5-i0d0-2,3-
SA-13 o dihydrobenzofuran-6-
yDmethyl)-9H-purin-9-
NH yDethyl)-2-methylpropane-
045, 1-sulfonamide
NH;
\
N7 SN, = N-(2-(6-amino-2-fluoro-g-
A \V\Q:}j ((5-i0do-2,3-
SA-14 N o dihydrobenzofuran-6-
yl)methyl)-9H-purin-9-
o s’NH yhethyl)cyclopropanc-
z \D sulfonamide
NHz
'ﬁ)ﬁ/N\}/\\(\ ) 3-(6-amino-2-fluoro-8-((5-
N N » iodo-2,3-
SA-1S ; O dihydrobenzofuran-6-
g yDmethyl)-9H-purin-9-yl)-
0,5 N-isopropylpropane-1-
NH sulfonamide
NHa
NN )= 3-(6-amino-2-fluoro-8-((5-
PPNy N iodo-2,3-
SA-16 NN o dihydrobenzofuran-6-
{ yhmethyl)-OH-purin-9-yl)-
/ N-ethylpropane-1-
OES~NH sulfonamide
NN = 3-(6-amino-2-fluoro-8-((5-
07 Ny iodo-2,3-
$A-17 NN o dihydrobenzofuran-6-
( yDmethyl)-9H-purin-9-yl)-
/ N-methylpropane-1-
OQS~NH sulfonamide
NHz
NJ\\\/N\>/\ /\ = 3-(6-amino-2-fluoro-8((5-
A i \—%j iodo-2,3-
SA-18 ) ¢} dihydrobenzofuran-6-
yhmethyl)-9H-purin-9-
0.8 yl)propane-1-sulfonamide
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Compound No. Structure Name
NFz T
JIJ\VNV\*Q\\ 3-(6-amipo&2-ggom-8{(5~
o W, iodo-2,3-
A1 FONTTN o dihydrobenzofuran-6-
yDmethyl)-9H-purin-9-yl)-
o N-(tert-butyl)propane-1-
22 sulfonamide
NS - 3-(6-amino-2-fluorc-8~((5-
E 1 N \N\)/\/\\ Y ) iodo-2,3-
5A-20 ) o dihydrobenzofuran-6-
g yDmethyl)-9H-purin-9-yl)-
08 N-isobutylpropane-1-
HM—>; sulfonamide
NHz L
NTSN = 3-(6-amino-2-fluoro-8-((5-
PP Y iodo-2,3-
SAD F N o dihydrobenzofuran-6-
’ ymethyl)-9H-purin-9-yi)-
; N-cyclopropylpropane-1-
045, sulfonamide
HN—]
NHz |\_\
NS~ N-(3-(6-amino-2-fluoro-&-
F’J\N{ N\y \%‘—/(\X ((5-iodo-2,3-
SA22 ) o” dihydrobenzofuran-6-
g yDmethyl)-SH-purin-9-
HN yhpropyl)propane-2-
50, sulfonamide
NA> |
Nl N = N-(3-(6-amino-2-fluoro-8-
A N/ ((5-iodo-2,3-
5A-23 P 0'] dihydrobcnzofurap—&
yDmethyl)-SH-purin-9-
ol ylypropyl)ethane-
w0, sulfonamide
_/
NH; ,
N, — N-(3-(6-amino-2-fluoro-§-
NI ((5-iodo2.3-
sA24 N dihydrobenzofisran-6-

ylmethyl)-SH-purin-9-
yl)propyl)methane-
sulfonamide
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Compound No. Structure Name
NH, L
NN - N-(3-(6-amino-2-flucro-8-
AL ™4 ((5-todo-2,3-
F7ON o dihydrobenzofuran-6-
5A-25 Iymethy!)-9H-purin-9-
¥y Y P
yDpropyl)-2-
HN\SO methylpropane-2-
7< 2 sulfonamide
N |
N SN N-(3-(6-amino-2-fluoro-8-
L N\ ] ((5-iodo-2,3-
FrOoNT N o dihydrobenzofuran-6-
5A-26 < yl)ymethyl)-9H-purin-9-
/ yhpropyD)-2-
HN\so methylpropane-2-
sulfinamide
NH, L
NN = N-(3-(6-amino-2-fluoro-8-
/H\JI \\/NQj ((5-iodo-2,3-
FooN N\ o dihydrobenzofuran-6-
5A27 < ylymethyl)-9H-purin-9-
/ yDpropyl)-2-
HN\S o methylpropane-1-
2 sulfonamide
NHp .
NN = .
| PR N-(3-(6-amino-2-fluoro-8-
F)\NIN Q\/& ((5-iodo-2,3-
5428 { o dihydrobenzofuran-6-
yhmethyt)-9H-purin-9-
HN{ yDpropyljcyclopropane-
502 sulfonamide
NF; I
N $ - P 3-(6-amino-2-fluoro-8-((5-
FNT TN Y P iodo-2,3-
SA-29 < o dihydrobenzofuran-6-
—0 yDmethyl)-9H-purin-9-y1)-
HN( N-isopropylpropanamide
NH; :
NSNS 3-(6-amino-2-fluoro-8-((5-
. )‘\JNIN\} A iodo-2,3-
5A-30 Y (¢} dihydrobenzofuran-6-
< yDmethyl)-9H-purin-9-y1)-
/0 N-ethylpropanamide
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Compound No. Structure Name
NH |
N)\TN\ = 3-(6-amino-2-fluoro-8-((5-
A \N\/\Q\C/h iodo-2,3-
5A-31 3 o dihydrobenzofuran-6-
Q yl)methyl)-9H-purin-9-y1)-
e 0 N-methylpropanamide
N
W, I
N/l\ N 3-(6-amino-2-fluoro-8-({5-
0 iodo-2,3-
5A-32 F7oNTTN o dihydrobenzofuran-6-
{: yl)ymethyl)-9H-purin-9-
=0 yDpropanamide
HoN
NH, |
N)\j:N\‘ = 3-(6-amino-2-fluoro-8-((5
| -(6- -2- -8-((5-
F)\‘N/ N\)/ N4 ] iodo-2,3-
5A-33 <’ o dihydrobenzofuran-6-
=0 ‘ yl)methyl)-QH—purin—Q-yl)—
HN, | N-(tert-butyDpropanamide
™,
)N‘:YN»/" 3-(6-amino-2-fluoro-8-((5-
NN ) iodo-2,3-
SA-34 ) O dihydrobenzofuran-6-
Q:o yhmethyl)-9H-purin-9-yl)-
HN N-isobutylpropanamide
N‘ o N\y’* v 3-(6-amino-2-fluoro-8-((5-
F N/p‘N\ iodo-2,3-
5A-35 © dihydrobenzofuran-6-
0 yDmethyl)-9H-purin-9-yl)-
HNi N-cyclopropylpropanamide
NHZ )
VRN N — N
‘)I B N-(2-(6-amino-2-fluoro-&-
s Y B ((5-iodo-2,3-
5A-36 ( o dihydrobenzofuran-6-
i yDmethyl)-9H-purin-9-
o yhethylisobutyramide
HF; ,
Aon ) N-(2 i
NS = ~(2-(6-amino-2-fluoro-8-
B /IN\V\/\\ /}] ((5-iodo-2,3-
5A-37 ) o dihydrobenzofuran-6-
{ yhmethyl)-9H-purin-9-

yDethyl)propionamide
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Compound No. Structure Name
NH; 1.
NJ\/N\ N-(2-(6-amino-2-fluoro-8-
. iN//\N/ B {(5-iodo-2,3-
5A-38 ) e} dihydrobenzofuran-6-
( ylmethyl)-9H-purin-9-
NH :
yl)ethylacetamide
o
NHz I,
N/K\V-N N-(2-(6-amino-2-fluoro-8-
N W ((5-iado-2,3-
5A-39 F7 N N\) o dihydrobenzofuran-6-
ylymethyl)-9H-purin-9-
O:/NH yDethyhformamide
NHz |
N =
N Y ) N-(2-(6-amino-2-fluoro-8-
F NN ) ((54odo-2,3-
5A-40 2 0 dihydrobenzofuran-6-
NH yl)methyl)—?Hpurin—Q-
o:( ylethyl)pivalamide
NFz i
5 .
NN e N-(2-(6-amino-2-fluoro-8-
PINPNNY b ((5-ivdo-2,3-
SAAl NN o dihydrobenzofuran-6-
yDmethyl)-9H-purin-9-
. NH ethyl)-3-
ylethyl)
O{ methylbutanamide
NH ;
N \FN\ S N-(2-(6~amino-2-fluoro-8-
. ' N ) ((5-icdo-2,3-
5A-42 S o dihydrobenzofuran-6-
yhmethyl)-9H-purin-9-
o NH ylethyl)cyclopropane-
carboxamide
>
NIT; :
j\);:”{)/\Qj N-{3-[6-Amino-2-fluoro-
F " 8-(5-indo-2,3-dihydro-
SA-43 benzofuran-6-ylmethyl)-
N purin-9-yl]-propyl}-2,2-
o dimethyl-propionamide
Wz T
/"[\J:[N\ N-{3-[6-Amino-2-{lucro-
F7om 8-(5-i0do-2,3-dihydro-
SA-44 benzofuran-6-ylmethyl)-
N purin-9-yl]-propyl} -
_<Eo isobutyramide
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Compound No. . Structure Natne
W, ;
SN, . .
J\)Pi '?/\Qj C.yclopropanfacarboxyhc
FO - acid {3-[6-amino-2-fluoro-
5A-45 8-(5-iodo-2,3-dihydro-
in benzofuran-6-ylmethyl)-
O;% purin-9-yl|-propyl }-amide
W !
fj:% N-{3-{6-Amino-2-fluoro-
FOONTN 8-(5-iodo-2,3-dihydro-
5A-46 i benzofuran-6-ylmethyl)-
N purin-9-yl]-propyl} -2~
on hydroxy-propionamide
N2 !
W):VLN\ Acetic acid 1-{3-[6-amino-
A 2-fluoro-8-(5-iodo-2,3-
SA4T i o (hhydro-benzo.furan-é—
ylmethyl)-purin-9-y1]-
NH propylcarbamoyl}-1-
O&O’AC methyl-ethyl ester
T, 7
W/E[N\ = N-{3-[6-Amino-2-fluoro-
Ay \W 8-(5-i0do-2,3-dihydro-
SAAS [<} benzoluran-6-ylmethyl)-

!

NH
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 prescnted for Compounds 2A-11, 2A-12, 2A-26 and 2A-45 in

5 Table 12 below. As can be noted therefrom, the compounds showed a high level of binding

affinity.

D-ll.  In some embodiments of the disclosure, X, is an optionally substituted aryl.

Specitic examples of compounds within the scope of this aspect of the disclosure correspond to the

compounds disclosed in T'ables 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-

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

D-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
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the disclosure correspond to the compounds disclosed in Tables 2A and 5A, or variations thereof as

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

D-IV. Insome cmbodiments of the disclosure, X; is an amino group, i.e., -NRR,,
wherein R, and R, are each independently H, C;-Cs alkyl, C,-Cq alkenyl, C,-Cq atkynyl, 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 5A, or varations thereof 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
(TA) in which one of Xa and Xb is C(=Q) and Xc and the other of Xa and Xb is CH,. Thus, the

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

NH2 x2
NN
IJI Y X
XJIKN/ N 3
A A . Xp
R
3

or a pharmaccutically 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 cycloatkyl wherein the R group is interrupted
by -S(O)N(R4)-, -NRAS(0)-, -SONR4)-, -NRASO;-, -C(O)N(R,)-, or -NRAC(O)-, and/or
terminated by -S(O)NRsRs, -NR4S(O)Rg, -SO,NR 4Ry, -NR4SO,Ry, -C(OYNR 4Ry, or -
NR,C(O)Rp, wherein each R4 and Ry is independently selected from hydrogen, C;-Cq alkyl, C,-Cy
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alkenyl, C,-Cy alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl,
arylalkyl, alkylheteroaryl, heteroarylaliyl, and alkylhetercarylalkyl; and

X, is as disclosed below,

E-L In some embodiments of the disclosure, X; is halogen. Table 7A lists specific
examples of compounds within this embodiment. In each of the structures as drawn, X, is 1 and X4
is H. However, cotresponding structures in which X; is F, CI, or Br are within the scope of the
disclosure. In each of the structures in Table 7A, Y is S. However, cotresponding structures in
which Y is CH, and/or X, is F, Cl, Br, or I are also within the scope of the disclosure. In each of
the structures in Table 7A, Xb is C(=Q) and Xa is CH,. However, cotresponding structures where
Xa is 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 Naune
NF, |
ij“»_s | 2-(6-amino-8-((6-iodo-3-
NZ N | 0x0-2,3-dihydro-1H-inden-
7A-1 2 | 5yl)thio)-OH-purin-9-y1)-
Q |
S0, i N-
HN | isopropylethanesulfonamide
NH, |
N
U s 2-(6-amino-8-((6-iodo-3-
742 >N " 0x0-2,3-dihydro-111-inden-
d 5-y1)thio)-9H-purin-9-yl)-
50, N-ethylethanesulfonamide
HN
LN
NHz |
N
N'k)ji S—s 2-(6-amino-8-({6-iodo-3-
743 NTTN, o0x0-2,3-dihydro-1H-inden-
2 4 5-yl)jthio)-9H-purin-9-yl)-
50, N-methylethanesulfonamide
HN
\
NH, |
NS “\%S 2-(6-amino-8-((6-iodo-3-
7A4 L~ N 0x0-2,3-dihydro-1H-inden-
S-yl)thio)-9H-purin-9-
50, o yl)ethanesulfonamide
PY
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Compound No. Structure Name
NH; |
f\/[ Vs 2-(6-amino-8-((6-iodo-3-
N7 N 0x0-2,3-dihydro-1H-inden-
7A-5 5-yDthio)-9H-purin-9-yl)-
50, o N-(tert-
HN butylethanesul fonarnide
NF; ‘
NN
P N>—8 2-(6-amino-8-((6-iodo-3-
N o0x0-2,3-dihydro-1H-inden-
1A-6 e} 5-yDthio)-91 l-purin-9-yl)-
50, N-
HN isobutylethanesulfonamide
NH, |
Ny~ N . .
P P 2-(6-amino-8-((6-iodo-3-
N ) 0%0-2,3-dihydro-1H-inden-
TA-T 5-yDthio)-91I-purin-9-yl)-
© N-cyclopropyl
50, -cycloprapyl-
HN ethanesulfonamide
NH; |
N
Nl\ Vs N-(2-(6-amino-8-((6-iodo-
N 3-ox0-2,3-dihydro-1H-
7A-8 2 inden-5-yl)thio)-9H-purin-
NH o 9-yl)ethyl)propane-2-
0,8 sulfonamide
NH; |
NS N\>_S N-(2-(6-amino-8-((6-iodo-
l PN 3-0x0-2,3-dihydro-1H-
7A-9 2 inden-5-yljthio)-9H-purin-
0 9-
NH yl)ethyl)ethanesulfonamide
0,8
N
N, |
NHj:N»_S N-(2-(6-amino-8-{(6-iodo-
kN/ N 3-0x0-2,3-dihydro-LH-
7A-10 inden-5-yl)thic)-9T I-purin-
0o 9-yDethymethane-
NH sulfonamide
0,8
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Compound No, Structure Name
NH, |
N7 ’ N-(2-(6-amino-8-((6-iodo-
&N/ N>_ s 3-0x0-2,3-dihydro-1H-
TA-11 inden-~5-yl)thio)-9H-purin-
: o S-yl)ethyl)-2-
NH methylpropane-2-
OZS)R“ sulforamide
NF; "
NI = \>_ s N-(Z—(G—aming—S—((G-iodo—
kN/ N 3-0x0-2,3-dithydro-1H-
TA-12 inden-5-ylythio)-9H-purin-
) o 9-yDethyl)-2-
NH methylpropane-2-
OS)v sulfinamide
NH, |
NN N-(2-(6-amino-8-((6-iodo-
”\ P ‘N\>—S 3-0x0-2,3-dihydro-1H-
TA-13 inden-5-y1)thio)-9H-purin-
: 2 0 9-yl)ethyl)-2-
NH methylpropane-1-
025, < sulfonamide
NF; |
DR N-(2-(6-amino-8-((6-iodo-
N7 TN 3-0x0-2,3-dihydro-111-
TA-14 d inden-5-ylythio)-9H-purin-
NH 9-y1)ethyl)cyclo_propane-
0,8 sulfonamide
N, |
NN
LAy 3-(6-amino-8-((6-iodo-3-
0x0-2,3-dihydro- | H-inden-
TA-15 I 5-yDthio)-9H-purin-9-y1)-
N-isopropylpropane-1-
0,85, sulfonamide
NH
NH, |
NN , .
L Y -8 3-(6-amino-8-((6-iodo-3-
NN 0x0-2,3-dihydro-1H-inden-
TA-16 5-ylthio)-9H-purin-9-yI)-
e N-ethylpropane-1-
0.9 sulfonamide
2
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Compound No, Structure Name
NH, \
i N 3-(6-amino-8-((6-iodo-3-
NZ N 0x0-2,3-dihydro-1H-inden-
TA-17 3-yDithio)-9H-purin-9-yl)-
© N-methylpropane-1-
0,8 sulfonamide
NH
/
NH, ]
N7
L s 3-(6-amino-R-((6-iodo-3-
7A-18 NTTN o0xo-2,3-dihydro-1H-inden-~
o 4 5-yDthio)-9H-purin-9-
yDpropane-1-sulfonamide
0,8
NH,
NF; ;
SN == 3-[6-Amino-8-(6-iodo-3-
1/1 . S{\:’h oxo-indan-5-ylsulfanyl)-
7A-19 > J purin-9-yi]-propane-1-
) sulfonic acid tert-
OzﬁN butylamide
N ;
NS =
[ N\H'@w 3-[6-Amino-8-(6-iodo-3-
7420 oxo-indan-5-ylsulfanyl)-
) Y ° purin-9-y{]-propane-1-
CuS sulfonic acid isobutyl-amide
HN—,
=
N 0
NS == 3-[6-Amino-8-(6-iodo-3-
‘ N/J:;)—s—% oxo-indan-5-ylsulfanyl)-
7A-21 ) purin-9-yl]-propane-1-
<) e sulfonic acid
08 cyclopropylamide
<]
T ‘
NS =\
H\N7‘N>_S A Propanc-2-sulfonic acid {3-
TA22 2 [6-amino-8-(6-iodo-3-0x0-
B s e indan-5-ylsulfanyl)-purin-9-
HN yl]-propyl}-amide
50,
N, ;
NN = N
I\JI D=8\ / Ethanesulfonic acid {3-[6-
7A23 N atnino-8-(6-iodo-3-0%o-
o 0 indan-5-ylsulfanyl)-purin-9-

yl}-propyl}-amide
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Compound No.

Structure

Name

TA-24

NG ,
Rty
DR
L
< o

e
FN
50,

N-{3-[6-Amino-8-(6-iodo-
3-oxo-indan-5-ylsulfanyl)-
purin-9-yl]-propyl}-
methanesulfonamide

TA-25

/
NH2

y N
WNI;&S%
b

w,z\,/\

2-Methyl-propane-2-
sulfonic acid {3-[6-amino-
8-(6-iodo-3-oxo-indan-5-
yisulfanyl)-purin-9-yi]-
propyl}-amide

TA-26

2-Methyl-propane-2-
sulfinic acid {3-{6-amino-8-
(6-iodo-3-oxo-indan~5-
ylsulfanyl)-purin-9-yl]-
propyl}-amide

7A-27

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

TA-28

Cyclopropanesulfonic acid
{3-{6-amina-8-(6-indo-3-
oxo-indan-3-ylsuifanyt)-

purin-9-yi}-propyl} -amide

TA-29

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

oxo-indan-5-ylsulfanyl)-

purin-9-yl]-N-isopropyl-
propionamide

7A-30

3-[6-Amino-8-(6-iodo-3-
oxo-indan-5-ylsulfanyl)-
purin-9-yl]-N-ethyl-
propionamide
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Compound No. Structure Name
NHg \
N, = R .
VT -4 2 3-[6-Amino-8-(6-iodo-3-
N 1 OX0-mdan-3-ytsuiran =
7A31 SN indan-5-ylsulfany!
I purin-9-yI]-N-methyl-
o propionamide
HN
NH; 0
P
N d
T () 3.[6-Amino-8-(6-iodo-3-
TA-32 NTTN P oxo-indan-5-ylsulfanyl)-
o purin-9-yl]-propionamide
o}
HN
NF, |
P!
SN =
HLIN\fS W 3-[6-Amino-8-(6-iodo-3-
7A.33 N ) oxo-indan-5-ylsulfany!)-
: 0 putin-9-yl]-N-lert-butyl-
" 0 propionamide
L
NS
P 3-[6-Amino-8-(6-iado-3-
TA34 ) oxo-indan-5-ylsulfanyl)-
i 0 purin-9-yl]-N-isobutyl-
o =0 propionamide
i
A ‘
N —
NLJIN\ 3@5 3-[6-Amino-8-(6-iodo-3-
7A-35 ) oxo-indan-5-ylsulfanyl)-
0 purin-9-y1]-N-cyclopropyl-
" 0 propionamide
>
NF, [
A
LA S\ 7 N-{2-[6-Amino-8-(6-iodo-
7A36 N ) 3-oxo-indan-5-ylsulfanyl)-
2 o purin-9-yi]-cthyl}-
C‘:§NH isobutyramide
NHz |
'fj S N- (2-{6-Amino-8-(6-iodo-
7037 3-oxo-indan-5-ylsulfanyl)-
purin-9-yl]-ethyl}-

propionamide
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Compound No. Structure Name
NHg 0
“{Lj s })S N-{2[6-Amino-8~(6-iodo-
TA38 N 3-oxo-indan-5-ylsulfanyl)-
2 g purin-9-yl]-ethyl}-
WH acetamide
~
NF; |
NS 4N\ —
LA S N-{2-[6-Amino-8-(6-iodo-
7839 N 4 3-oxo-indan-5-ylsulfanyl)-
: 2 o purin-9-yl]-ethyl}-2,2-
o %i dimethyl-propionamide
NMo |
N —
LT S5 N-{2{6-Amino-8-(6-iodo-
NN . 3-0x0-indan-5-ylsulfanyl
7A-40 ) -oxo-indan-5-ylsulfany )
purin-9-yl]-ethy!}-3-
o :<‘t< methyl-butyramide
N 0
N —
I\(EEN\}S \_4 Cyclopropanecarboxylic
AL N acid {2-[6-amino-8-(6-iodo-
0 3-oxo-indan-5-ylsulfanyl)-
o MR purin-9-yl]-ethyl} -amide
S
NS = N-{2-{6-Amino-8-(6-iodo-
I j\N>— RN /%] 3-0x0-indan-5-ylsulfanyl)-
TA-42 N !
2 purin-9-yl]-ethyl}-
N o formamide
o=/

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

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

Br, or 1 are 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 structures 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, cormresponding 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 Xy is H, C1, Br, or L, Y is S, Xa is C(=0), and Xb is CH, are also within the

scape of the disclosure.
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Table 9A
Compound No. Structure Name
NH; |
)N‘\)TN\ 2-(6-amino-2-fluoro-8-((6-
F7ONE N iodo-3-0x0-2,3-dihydro-1H-
9A-1 2 ) inden-5-ylymethy!)-9H-
S50, purin-9-yl)-N-
H!\&_ isopropylethanesulfonamide
NH, |
N/‘\IN\ 2-(6-amino-2-fluoro-8-((6-
r J‘\N/ N iodo-3-0x0-2,3-dihydro-1H-
SA-2 inden-5-ylymethyl)-9H-
0 purin-9-yl)-N-
S0, ethylethanesulfonamide
HN
N
NHq |
N)\IN\ o 2-(6-amino-2-fluoro-8-((6-
B N4 i0d0-3-0%0-2,3-dihydro-1H-
9A-3 inden-5-yl)methyl)-9H-
0 purin-9-yi)-N-
HN’SOZ methylethanesulfonamide
\
NH; 0
NN 2-(6-amino-2-fluoro-8-((6-
P N\ iodo-3-ox0-2,3-dihydro-1H-
9A-4 F™°N inden-5-yl)methyl)-9H-
2 purin-9-
yl)ethanesulfonamide
2-(6-amino-2-fluoro-8-({6-
iodo-3-0x0-2,3-dihydro-1H-
SA-5 inden-5-ylymethyl)-9H-
purin-9-yl)-N-(tert-
butylethanesulfonamide
H, |
NN
A N 2-(6-amino-2-fluoro-8-((6-
F7 N iodo-3-0x0-2,3-dihydro-1H-
SA-6 8 o] inden-5-yl)methyl)-9H-
80, purin-9-yl)-N-
HN

isobutylethanesulfonamide
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Compound No.

Structure

Name

9A-7

NH,

|
N

0y

F7NT TN
{1
702

2-(6-amino-2-fluoro-8-((6-
iodo-3-0x0-2,3-dihydro-1H-
inden-5-yl)methyl)-9H-
purin-9-yl)-N-cyclopropyl-
ethanesulfonamide

9A-8

N-(2-(6~amino-2-fluora-8-
((6-todo-3-0x0-2,3-dihydro-
1H-inden-5-yDmethyl)-9H-
purin-9-ylethyl)propane-2-
sulfonamide

9A-9

N-(2-(6~amino-2-fluora-8-
({6-iodo-3-0x0-2,3-dihydro-
1H-inden-5-yhmethyl)-9H-
purin-9-
yl)ethyl)ethanesulfonamide

9A-10

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

((6-iodo-3-0x0-2,3-dihydro-
1H-inden-5-yl)methy!)-9H-
purin-9-yhDethylymethane-
sulfonamidc

9A-11

N-(2-(6-amino-2-fluoro-8-
((6-iodo-3-0x0-2,3-dihydro-
1H-inden-5-yl)methyl)-9H-
purin-9-yl)ethyl)-2-
methylpropane-2-
sulfonamide

9A-12

N-(2-(6-amino-2-fluoro-8-
((6-iodo-3-0x0-2,3-dihydro-
1H-inden-5-yDimethyl)-9H-
purin-9-yl)ethyl)-2-
methylpropane-2-
sulfinamide
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Compound No, Structure Name
NH; 1
NS N\ N-(2-(6-amino-2-fluoro-8-
P N ((6-iodo-3-0%0-2,3-dihydro-
A1 N | H-inden-5-yl)methyl)-9H-
: 2 G purin-9-yl)ethyl)-2-
NH methylpropane-1-
05, i sulfonamide
NH; ;
N7 SyN, N-(2-(6-amino-2-fluoro-8-
Y N
LAy {(6-indo-3-0x0-2,3-dihydro-
N 2 1H-inden-5-yhmethy!)-9H-
9A-14 .
o} purin-5-
Ne yDethyl)eyclopropane-
OZSL\ sulfonamide
NH; ,
“}Jﬁ:N\ 3-(6-amino-2-fluoro-8-((6-
F)\N/ N iodo-3-0x0-2,3-dihydro-1H-
inden-5-yDmethyl)-9H-
9A-15 { o purin-9-yI)-N-
0,8 isopropylpropane-1-
“NH sulfonamide
NH 1
Ny~ ~(6-amino-2-fluoro-8-((6-
‘)I 3 3-(6-amino-2-fluoro
F)\N/ N>/ \% iodo-3-0x0-2,3-dihydro-1H-
9A-16 inden-5-yl)methyl)-9H-
© purin-9-y1)-N-ethylpropane-
0,8 1-sulfonamide
NH
—t
NH; |
NS 3-(6-amino-2-fluoro-8-((6-
gl ~N iodo-3-0x0-2,3-dihydro-1H-
9A-17 N inden-5-yl)methyl)-9H-
; o purin-9-y)-N-
methylpropane-1-
OZS\NH sulfonamide
T NH; |
N7 N\ — 3-(6-amino-2-fluoro-8-{(6-
A N4 indo-3-0x0-2,3-dihydra-1 H-
9A-18 inden-5-yljymethyl)-9H-
O purin-9-yl)propane-1-
058 sulfonamide
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Compound No. Structure Name
N, |
NS 3-(6-amino-2-fluoro-8-((6-
AL Ay ; iodo-3-0x0-2,3-dihydro-1H-
9A-19 FFON inden-5-yl)methyl)-9H-
) é 0 putin-9-y1)-N-(tert-
butyl)propane-1-
028, A< sulfonamide
HN
(2 \
NS 3-(6-amino-2-fluoro-8-((6-
F*N/ “N iodo-3-0x0-2,3-dihydro-1H-
2 inden-5-ylymethyl)-9H-
9A-20 g o purin-9-yl)-N-
0.8 isobutylpropane-1-
HN sulfonamide
NH; )
NS N — _3»(6»amino-2—ﬂu.oro—8-((6-
PPN \ 4 iodo-3-0x0-2,3-dihydro-1H-
0AD] F7ONTTN inden-5-yl)methyl)-9H-
) 4 purin-9-y1)-N-
cyclopropylpropanc-1-
OZSN——Q sulfonamide
i i
N SN
A N N-(3-(6-amino-2-fluoro-8-
FoON ((6-iodo-3-0x0-2,3-dihydro-
9A-22 4 1H-inden-5-yl)methyl)-9H-
purin-2-yDpropyl)propane-
HN‘SOQ 2-sulfonamide
NF, |
N N\>/‘ N-(3-(6-amino-2-fluoro-8-
NN ((6-iodo-3-0x0-2,3-dihydro-
9A-23 1H-inden-5-yl)methyl)-OTL-
o purin-9-ylypropyl)ethane-
HN sulfonamide
o
NHy |
j‘{\ A N-(3-(6-amino-2-fluoro-8-
FONE N ((6-iodo-3-0x0-2,3-dihydro-
9A-24 |H-inden-S-yl)methy!)-9H-
purin-9-yl)propyl)methane-
HN sulfonamide
/‘so2
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Compound No, Structure Name
NHz I
NJ‘\ N ;
! I 3 N-(3-(6-amino-2-fluoro-§-
F)\N/ N ((6-iodo-3-0x0-2,3-dihydro-
1H-inden-5-ylymethyl)-9H-
9A-25 ymetay
i o purin-9-yl)propyl)-2-
HN methylpropane-2-
7{302 sulfonamide
NH, :
Nl)j:N\ N-(3-(6-amino-2-fluoro-§-
FJ\N/ N ((6-i0do-3-0x0-2,3-dihydro-
9A-26 1H-inden-5-yl)ymethy!)-9H-
o purin-9-yl)propyl)-2-
HN methylpropane-2-
7{80 sulfinamide
NFp
i)ﬁ:N\ N-(3-(6-amino-2-fluoro-8-
FoNT N ((6-iodo-3-0x0-2,3-dihydro-
9A27 2 1H-inden-5-yDmethy])-9H-
S o purin-9-ylpropyl)-2~
HN methylpropane-1-
>_/‘so2 sulfonamide
NH; |
)NL\ N N-(3-(6-amino-2-fluoro-8-
EONE N ((6-iodo-3-0x0-2,3-dihydro-
DA28 | 1H-inden-5-yl)methyl)-911-
purin-9-
HN ylpropyl)cyclopropane-
S0z sulfonamide
NH |
j‘ﬁjN\ 3-(6-amino-2-fluoro-8-((6-
7NN iodo-3-0x0-2,3-dihydro-1H-
9A-29 g inden-5-yl)methyl)-OH-
o purin-9-y1)-N-
HN)__ isopropylpropanamide
NF; "
NN 3-(6-amino-2-fluoro-8-((6-
3 .
E AN/ N j iodo-3-0x0-2,3-dihydro-1H-
9A-30 inden-5-ylymethyl)-9H-

purin-9-yI)-N-
ethylpropanamide
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Compound No. Structure Name
NH, |
NS 3-(6-amino-2-fluoro-8-((6-
. )‘\N/ N iodo-3-0x0-2,3-dihydro-1H-
9A-31 inden-5-ylymethyl)-9H-
Q ; purin-9-yl)-N-

methylpropan-amide

N,

HN
AY
|
N')\/[N\ 3-(6-amino-2-fluoro-8-((6-
9A-32 F*N/ N iodo-3-0x0-2,3-dihydro-1H-
{Z ) inden-5-yHmethyl)-9H-
Q

purin-9-yDpropanamide

HyN
NH, ;
)NL\ N 3-(6-amino-2-fluoro-8-((6-
NG N iodo-3-0%0-2,3-dihydro-1H-
9A-33 inden-5-yl)methy[}-9H-
o © purin-9-yl)-N-(tert-
HN)L butyl)propanamide
NHg

purin-9-yl)-N-

1
)N‘\ NN 3-(6-amino-2-fluoro-8-((6-
F7 NP N icdo-3-ox0-2,3-dihydro-1H-
9A-34 {: ) inden-5-y1methyl)-9H-
0

HN : isobutylpropanamide
[ NH, |
' N @ 3-(6-amino-2-fluoro-8-((6-
FNE N - iodo-3-0x0-2,3-dihydro-1H-
9A-35 4 inden-5-y1)methyl)-9H-
o purin-9-y1)-N-
HN\> cyclopropylpropanaride
NH, |
)NL S N-(2~(6-amino-2-fluoro-§-
F7ONT N ((6-iodo-3-0x0-2,3-dihydro-
9A-36 1H-inden-5-yl)methyl)-9H-
o] 1.0
\H purin-9-
03/7 yDethyl)isobutyramide
NF; 1
N7 SN N-(2-(6-amino-2-fluoro-8-
. JI\N/ N {(6-iodo-3-0x%0-2,3-dihydro-
9A-37 1H-inden-S-y)methyl)-9H-
o} purin-9-

yDethyl)propionamide
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Compound No. Structure Name
NH; i
N
J\/\/[ 3 N-(2-(6-amino-2-fluoro-8-
9A.38 F7oNTN {(6-iodo-3-0x0-2,3-dihydro-
e 4 1H-inden-5-yDmethyl)-9H-
NH purin-9-yhethyljacetamide
i
1,
N‘)\/[N\ N-(2-(6-amino-2-fluoro-8-
9A-39 F’J\N/ N {{6-iodo-3-0x0-2,3-dihydro-
2 1H-inden-5-yl)methyl)-9H-
W o purin-9-ylethyl)formamide
o=/
NH, 1

NS .

P Ny N-(2-(6-amino-2-fluoro-8-
9AL0 FmoN {(6-i0d0-3-0%0-2,3-dihydro-
i 2 o 1H-inden-5-yl)methyl)-9H-

o ASI\Z purin-9-yl)ethyl)pivalamide
NH; 1

)NI\\ A\ N-(2-(6-amino-2-fluoro-8-

E NP N ((6-iodo-3-0x0-2,3-dihydro-
9A-41 2 1H-inden-5-yDmethyl)-OH-

NH 0 purin-9-yl)ethyl)-3-
0=<_< methylbutanamide
N X

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

£ A N ((6-iodo-3-0x0-2,3-dihydro-
A2 N . IH-inden-5-yD)methyl)-SII-
i s} purin-9-

NH ylethyl)cyclopropane-
carboxamide

E-II.  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-L above,

5 inwhich 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.

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

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

the disclosure correspond (o the compounds disclosed in Tables 7A and 9A, or variations thereol as

10 described in A. and E-I. abave, in which X, is an alkynyl group.
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E-TIV. In some embodiments of the disclosure, X; is an amino group, i.e., -NR{R;,
wherein R, and R; are each independently H, Cy-Cg alkyl, C,-Cg alkenyl, Cp-Cy alkynyl, cycloalkyl,
heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, hetercarylalkyl,
or alkylheteroarylalkyl. Specific examples of compounds within the scope of this aspect of the

5 disclosurc 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 Forrmula (IA) in Which Xa and Xb Each Comprise Hydrocarbon
In accordance with another embodiment of the disclosure, the compounds are of Formula
10 (IA) in which Xa, Xb and Xc all comprise hydrocarbon and are connected by two single bonds or

one single bond and one double bond. Thus, the compounds of this embodiment can be represented

by Formula (4):
NH, X,
N S
/fI Y
% N N /\\
R Xb

.2 XC
“)
15 or a pharmaceutically acceptable salt thereof, wherein:
Xa-Xe-Xb is CH,-CH,-CH,, CH=CH-CH,, or CH,-CH=CH
YisCHyor S;
X, is hydrogen or halogen;

R is a i3 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,)-, -NRLS(0)-, -SO;N(R,)-, -NRaSO,-, -C{O)N(R,)-, or -NR,C(O)-, and/or
terminated by ~S(OJNR Ry, -NRS(O)Rg, -SO,NR 4Ry, -NR4SO,R g, -C(O)NR 4Rg, or -
NRAC(O)Rp, wherein each R, and Ry is independently selected from hydrogen, C-Cs alkyl, Co-Cy
25 alkenyl, C-Cq alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl,
arylallcyl, alkytheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl; and

X, is as disclosed below.

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

examples of compounds within this embodiment. In each of the stractures as drawn, X; is Tand X,
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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 3A, 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,
in connection with each of the structurss in Table 34, corresponding structures in which X, is F, Cl,

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

Table 3A
Compound No. Structure Name
NHz2 |
NG =
L. N\>— SN\ /4 2-[6-Amino-8-(6-iodo-indan-
3A1 NTOR A S.ylsulfanyl)-purin-9-yl]-
ethanesulfonic acid
HN'Soz isopropylamide
NFz

|
N —
'ﬁ)\j: e W 2-[6-Amino-8-(6-iodo-indan-
SN \N} S-ylsulfanyl)-purin-9-yi}-
€

342 ethanesulfonic acid
50, ethylamide
HN
\
NF; 0
U \IN\%SQJ 2-{6-Amino-8-(6-iodo-indan-
1A N N\) 5-ylsulfanyl)-purin-9-y1]-
: ( ethanesulfonic acid
50, methylamide
HN
NHz |

NN —
DR 2-[6-Amino-8-(6-iodo-indan-
3A-4 NN 5-ylsulfanyl)-purin-9-yl}-

ethanesulfonic acid amide

N/J\/"i
[ 78N 2-[6-Amino-8~(6-iodo-indan-
NTTN .
3AS N 5-ylsulfanyl)-purin-9-yl]-
< ethanesulfonic acid tort-
S0z butylamide
HN\
NHy |
N
$—s
L N\>— \ 7 2-[6-Amino-8-(6-iodo-indan-
A6 4 S-ylsulfanyl)-purin-9-yl}-
S0 ethanesulfonic acid isobutyl-
HN’ 2 amide
\
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Compound No. Structure Name
NF> 0
BaTy
L anW, 2-[6-Amino-8-(6-iodo-indan-
3A7 ) 5-ylsuhhnyl)-pu'rin-?-yl]—
< ethanesulfonic acid
HN/SOZ cyclopropylamide
NF7 "
0 N% S Propane-2-sulfonic acid {2-
IA-8 N Y [6-amino-8~(6-iodo-indan-3-
: { yisulfanyl)-purin-9-y1]-
o S’NH ethyl}-amide
ol \
NA
N J‘\z N |
. /J: Y—s Ethancsulfonic acid {2-[6-
340 N~ TN amino-8-(6-iodo-indan-5-
) ylsulfanyl)-purin-9-y1}-
NH ethyl}-amide
025,
NH; - I
N — . ,
hi T Vs, N-{2-[6-Amino-8-(6-iodo-
3A-10 NTTN indan-S-ylsulfanyl)-purin-9-
- ( yl]-cthyl}-
NH methanesulfonamide
0.8,
N
N
L0 .
NT N . 2-Methyl-propane-2-sulfonic
3A-11 <\ acid {2-[6-amino-8-(6-iodo-
NH indan-S-ylsulfanyl)-purin-9-
0.8 yl]-ethy!} -amide
NH; I
N7 XN,
U\Jj/\N\% S‘@j 2-Methyl-propane-2-sulfinic
3A-12 NN - acid {2-[6-amino-8-(6-iodo-
{ indan-5-ylsulfanyl)-purin-9-
OS,N H yl]-ethyl}-amide
N
NF; 0
NN =
L N>“S \ 4 2-Methyl-propane-1-sulfonic
3A-13 NN acid {2-[6-smino-8-(6-iodo-
’ €
NH

0,8
25 7(/

yl]-ethyl}-amide
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Compound No. Structure Name
NFZ ;
NS =
t/Nj\ N>~ S‘QW Cyclopropanesulfonic acid
- {2-[6-amino-8-(6-iodo-
3A-14
8 indan-5-ylsulfanyl)-purin-9-
NH yl]-ethyl} -amide
028.‘b
NHa |
NS =
e
LA % 3-[6-Amino-8-(6-iodo-indan-
3A-15 <> 5-ylsulfanyl)-purin-9-yI]-
Y propane-1 -sulfonic acid
OZS‘NH isopropylamide
NH, |
NN e
K:I:L N />j 3-[6-Amino-8-(6-iodo-indan-
34-16 ) 5-ylsulfanyl)-purin-9-y1}-
propane-1-sulfonic acid
ethylamide
02S‘NH
N SN —
'LNJ\ N%SQj 3-{6-Amino-8-(6-iodo-indan-
3A-17 ) 5-ylsulfanyl)-purin-9-y1}-
( propane-1-sulfonic acid
/ methylamide
OZS\NH
NHp i
[V =\
U‘)l N\%s@/\j 3.[6-Amino-8-(6-iodo-indan-
3A-18 NN 5 -ylsulfanyl)—purip~9-yl]~
< propane-1-sulfonic acid
) amide
0.8,
NH;
NFZ 1
Py
NN
lNI N\)- 5% 3-[6-Amino-§-(6-iodo-indan-
3A-19 <\ S-ylsulfanyl)-purin-9-yl]-

butylamide
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Compound No. Structure Name
NF
v—8
>_ AQT 3-[6-Amino-8-(6-iodo-indan-
g S-ylsulfanyD-purin-9-y1]-
3420 propane-1-sulfonic acid
o 23{ isobutyl-amide
HN—>—'
NHz
5\/[ \%s@j 3-[6-Amino-8-(6-iodo-indan-
1421 5-ylsulfanyl)-purin-9-y1]-
) propate--sulfonic acid
’) cyclopropylamide
Cz8
ZHN—Q
Nz
L/‘i »‘S‘z\j@ Propane-2-sulfonic acid {3-
[6-amino-8-(6-iodo-
3A-22 2,3,3a,7a-tetrahydro-1H-
: inden-5-ylsulfanyl)-purin-9-
H N\ yi]-propyl} -amide
S0z
NHz
‘li&st Tthanesulfonic acid {3-[6-
amino-8-{6-iodo-indan-5-
3423 ylsulfanyl)-purin-9-y1]-
HN propyl}-amide
50,
NFz 0
N =\
(IN\%S e N-{3-[6-Amino-8-(6-iodo-
3424 N ) indan-5-ylsulfanyl)-purin-9-
{ yl]-propyl}-
" methanesulfonamide
50,
I
T30
L N N4 \] 2-Methyl-propane-2-sulfonic
325 i acid {3-[6-amino-8-(6-iodo-

y1}-propyl} -amide
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Compound No. Structure Name
NFz i
NS N —
\ s
N/J\N>_ N ¢ J 2-Methyl-propane-2-sulfinic
3426 ) acid {3-[6-amino-8-(G-iodo-
3 indan-5-ylsulfanyl)-purin-9-
HN y1]-propyl}-amide
50
NFp 0
o N
\ -8
ka \N>>‘ {@ 2-Methyl-propane-1-sulfonic
A2 acid {3-[6-amino-8-(6-iodo-
7 3 indan-5-ylsulfanyl)-purin-0-
HN yil-propyl} -amide
\)_/SOZ
/
NHa |
N
\ >
¢ IN \ //j Cyclopropanesulfonic acid
1A% / {3-[6-amino-8-(6-iodo-
) indan-5-ylsulfanyl)-purin-9-
HN yl]-propyl}-amide
50,
NHz I
NN =
LA™Y 3-[6-Amino-8-(6-iodo-indan-
3A-29 / S-ylsulfanyl)-purin-9-y1]-N-
>:o isopropyl-propionamide
HN
NFz |
N)ﬁ\/N\ ——
U\Nf N N | 3-[6-Amino-8-(6-iodo-indan-
3A-30 Y S-ylsulfanyl)-purin-9-y{]-N-
< cthyl-propionamide
0
HN
Nz 1
kN/ N \_7 ] 3-[6-Amino-8-(6-iodo-indan-
3A-31 2 5-ylsulfanyl)-purin-9-y1]-N-
o methyl-propionamide
HN
NFz |
AN
NS =
L /jiN\> SN 7 ] 3-[6-Amino-8-(6-iodo-indan-
3A-32 N 5-ylsulfanyl)-purin-9-yl]-
2 propionamide
=0
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Compound No. Structure Name
NHz |
XN
T s o
N~ TN 3-{6-Amino-8-(6-iodo-indan-
3A-33 <> 5-ylsulfanyl)-purin-9-yl]-N-
=0 tert-butyl-propionamide
HN
NAz 1
N —
W)I s
LA A ) 3[6-Amino-8-(6-iodo-indan-
3A-34 2 S-ylsulfanyl)-purin-9-yl]-N-
0 isobutyl-propionarnide
HN\_&/
N, |
)\ N
NS =
[ v
TN \J 3-[6-Amino-8-(6-iodo-indan-
3A-35 ) S-ylsulfanyl)-purin-9-y1]-N-
g:O cyclopropyl-propionamide
HN
N 0
N —
kJ:[N\*S@C N-{2-[6-Amino-8-(6-iodo-
3A-36 ) indan-5-ylsulfanyl)-purin-9-
yi]-ethyl}-propionamide
NH
N
N SN =
'NJ\N*S \_/ N-{2-|6-Amino-8-(6-iodo-
3A-37 ) indan-5-ylsulfanyl)-purin-9-
<NH yl]-ethyl}-propionamide
Nz 0
NS
Ly s 4y N-{2-[6-Amino-8-(6-iodo-
3A-38 Y indan-5-ylsulfanyl)-purin-9-
<NH yli]-ethyl}-acetamide
o=
L
NS
I s N-{2-[6-Amino-8-(6-iodo-
NN : .
3419 ) indan-5-ylsulfanyl)-purin-9-
¢ yl]-ethyl}-2,2-dimethyl-
NH

propionamide
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Compound No. Structure Name
NHz
k)t[ ‘%8@7 N-{2-[6-Amino-8-(6-iodo-
indan-§-ylsulfanyl)-purin-9-
3A-40 yl]-ethyl}-3-methyl-
NH butyramide
05(
NH
k)i VS‘QJ Cyclopropanecarboxylic acid
3AA1 {2-[6-amino-8-(6-iodo-
indan-5-ylsulfanyl)-purin-9-
0—( yl]-ethyl}-amide
NHz
Et[ Ss— N-{2-[6-Aminc-8-(6-iodo-
3A-42 N indan-5-ylsulfanyl)-purin-9-
yl]-ethyl}-formamide
0:/
NE N\
N7 SN = .
U)I S5 s N-{3-[6-Amino-8-(6-
343 NN ethynyl-indan-5-ylsulfanyl)-
< putin-9-yl]-propyl}-
) methanesulfonamide
HN
50,
NH; ]
(pas
LU N-{3-[6-Amino-8-(6-iodo-
3444 indan-5-ylsulfanyl)-purin-9-
yl]-propyl}-2,2-dimethyl-
HN propionamide
A{ZO
NH; N
N
I \>_st
NN N-{3-[6-Amino-8-(6-iodo-
3A-45 indan-S-ylsultanyl)-purin-9-
" yl]-propyl} -isobutyramide
0
Nz :
A
“:Ni,\?_S‘Cb Cyclopropanecarboxylic acid
3A-46 {3-{6-amino-8-(6-iodo-
: indan-5-ylsulfanyl)-purin-9-
NH y1]-propyl}-amide
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Compound No. Structure Name
NIT; !
Ry,
fg;: S{b N-{3-[6-Amino-8-(6-iodo-
347 indan-5-ylsultanyl)-purin-9-
- y1]-propyl} -2-hydroxy-
NH propionamide
i
NH; 1
"E:IN\ s Acetic acid 1-{3-[6-amino-8-
N (6-iodo-indan-5-ylsulfanyl)-
3A-48 purin-9-yl]-
propylcarbamaoyl}-1-methyl-
NH
O;)Q Ao ethyl ester
o
NH, .
=
f;[ 9—5‘% N-{3-{6-Amino-8-(G-indo-
3A-49 indan-5-ylsulfanyl)-purin-9-
yl]-propyl}-2-hydroxy-2-
] methyl-propionamide
0’[><0H

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

structures as drawn, X, is Tand X, is F, However, corresponding structures in which X, is H,q,

Br, or I are within the scope of the disclesure. In cach of the structures in Table 6A, Y is CHy.

However, corresponding structures in which Y is S 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 Tablc 6A,

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

disclosure.
Table 6A
Compound No, Structure Name
NH:
Aow
N ~S -
| I 3 ) 2-(6-amino-2-fluoro-8-((6-
e e Qj iodo-2,3-dihydro-1H-inden-
6A-1 2 S-yl)methyl)-91L-purin-9-y1)-
50, N-
H'\S— isopropylethanesulfonamide
NH» 1
N7 SN — .
B N\)/ S />\\ .2~(6—amm4o-2-ﬂuoro-§-((6-
6A-2 F7ON P mdo-2,3-d1hydro-IH—mden-
g 5-yTymethy1)-9H-purin-9-y1)-
S0, N-ehtylethanesulfonamide

HN




WO 2012/138894

PCT/US2012/032371

134
Compound No. Structure Name
NH; |
N7 N — .
D ) 2-(6-amino-2-fluore-8-((6-
6A3 F NL N \ ’>:J iodo-2,3-dihydro-1H-inden-
: S-yDmethy!)-9H-purin-9-y1}-
50, N-methylethanesulfonamide
HNI\
NH2 |
NN 2-(6-amino-2-fluoro-8-((6~
A F)[\N/I‘N W iodo-2,3-diaydro-1H-indén-
<\ 5-ylymethyl)-9H-purin-9-
50, yl)ethanesulfonamide
HoN
NF, |
/N&\ N\>/A T 2-(6-amino-2-fluoro-8-((6-
N N 4 iodo-2,3-dihydro-1H-inden-
6A-5 ( S-yDmethy!)-9H-purin-9-yl)-
50, N-{tert-
HN butyl)ethanesulfonamide
H, \
N7 2, -
B \N‘//\z\:/b 2-(6-amino-2-fluoro-8-((6-
FoON iodo-2,3-dihydro-1H-inden-
6A-6 3-yDmethyl)-9H-purin-9-y1)-
50, N-
HN isobutylethanesulfonamide
N 0
o e |
1 L 3 N 2-(6-amino-2-fluoro-8-((6-
NN ‘Y iodo-2,3-dihydro-1H-inden-
6A-7 S-yDmethyl)-9H-purin-9-y1)-
50, N-cyclopropyl-
HN'\ ethanesulfonamide
>
NHz |
N ™ — .
,)I \y\% N-(2-(6-amino-2-fluoro-8-
N /\>j ((6-i0d0-2,3-dihydro-1T1-
6A-8 inden-5-yl)methyl)-9H-
\H purin-9-yl)ethyl)propane-2-
025/\ sulfonamide
2,
NSNS N-(2-(6-amino-2-fluoro-8-
. /lN/j\N/ \_/ ((6-iodo-2,3-dihydro-1H-
6A-9 N inden-5-yl)methyl)-9H-
< purin-9-
02§NH ylethyl)ethanesulfonamide
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Compound No. Structure Name
NHy 1
N7 SN N-(2-(6-amino-2-fluoro-8-
. )LN,AN‘V \ >\} ((6-iodo-2,3-dihydro-1H-
6A-10 2 inden-5-ylymethyl)-SH-
purin-9- .
o S/NH ylyethyl)methanesulfonamide
G
NH» |
’ N'*\ N, = N-(2~(6-amino-2-fluoro-3-
AL Ay \ ((6-iodo-2,3-dihydro-1H-
AL NN inden-5-yl)methyl)-9H-
( purin-9-yDethyl)-2-
NH methylpropane-2-
a5, sulfonamide
NH, |

,\1 SN, = N-(2-(6-amino-2-fluoro-8-
. /L‘N'/ N \ /zj ({6-iodo-2,3-dihydro-1H-

inden-5-yl)methyl)-9H-

6A-12 < purin-9-yljethyl)-2-
NH methylpropane-2-
03, sulfinamide
e
L
NN = N-(2-(6-amino-2-fluoro-8-
)LIN\/ /™ {(6-iodo-2,3-dihydro-1H-
6A-13 NN inden-5-yl)methyl)-9H-
purin-9-yDethyl)-2-
NH methylpropane-1-
OQS\_< sulfonamide
NHs |
NJ*\ N\ — N-(2-{6-amino-2-flucro-8~
. /MN;[N \_/ ((6-t0do-2,3-dihydro-1H-
6A-14 ) 1nden-5-y1)methy1)—9H-
( purin-9-
NH yDethyl)cyclopropane-
023\D sulfonamide
NF, 0
| —
N| > \ ,>\ 3-(6-amino-2-fluoro-8-((G-
FONTN iodo-2,3-dihydro-1H-inden-
6A-15 < 5-yl)methyl)-9H-purin-9-yl}-
; N-isopropylpropane-1-
025, sulfonamide
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Compound No. Structure Name
NF; 0
Ao —
J\j\\ @ 3+(6-amino-2-finoro-8-((6-
F7ON N\ J iodo-2,3-dihydro-1H-inden~
6A-16 < S-yl)methyl)-9H-purin-9-y1)-
N-ethylpropane-1-
ozs\/ sulfonamide
JNH
NH, ’
NS 3-(6-amino-2-fluora-8-((6-
o B - (6-amino-2-fluoro-8-((
FNT TN indo-2,3-dihydro-1H-inden-
6A-17 5-yl)methyl)-9H-purin-9-y1}-
N-methylpropane-1-
058 sulfonamide
NH
NFz 0
SN,
Ji\ P 7\1\}/\ N />\‘ '3-(6—amhlp-Z-ﬂuoro-?-((é-
6A-18 F \ iodo-2,3-dihydro-1H-inden-
S-yhmethyl)-9H-purin-9-y1)-
N-propanesulfonamide
0,8
kg
N
l/jj\‘\ \_/ \ 3-(6-amino-2-fluoro-8-((6-
7N N P iodo-2,3-dihydro-1H-inden-
6A-19 5-ylymethyl)-9H-purin-9-y1)-
N-(tert-butyl)propane-1-
08\ / sulfonamide
HN
=
AN =
L //.LN\VA W 3-(6-amino-2-{luoro-8-((6-
FooN iodo-2,3-dihydro-1H-inden-
6A-20 5-ylymethy!)-9H-purin-9-y1)-
N-isobutylpropane-1-
0a5, sulfonamide
HN
TF; ‘
Y - ,
N7 B 3-(6-amino-2-fluoro-8-((6~
e Gy i040-2,3-dihydro-1H-inden-
6A-21 5-ylymethy!)-9H-purin-9-y1)-
N-cyclopropylpropane-1-
053 sulfonamide
HN—<]
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Compound No. Structure Name
NH; 1
N7 SN =
L LY T N-(3-(6-amino-2-fluoro-8-
N R ((6-iodo-2,3-dihydro-1H-
6A-22 < inden-S-yl)methyl)-9H-
; purin-9-yl)propyl)propane-2-
HN\SO sulfonamide
2
NFz .
j“\)ﬁ/N\ \* N-(3-(6-amino-2-fluoto-8-
N N / ((6-iodo-2,3-dihydro-1H-
6A-23 < inden-5-ylymethyl)-OH-
h purin-9-
HN ylypropylcthanesulfonamide
50,
NH
Ko e
)N,\ $o y N-(3-(6-amino-2-fluoro-8-
ENE N ‘P ((6-i0do-2,3-dihydro-1H-
6A-24 inden-5-ylymethyl)-9H-
purin-9-yl)propyl)methane-
HIN sulfonamide
50,
NF; ‘
NS /“\/ = N-(3-(6-amino-2-fluoro-8-
N YA ((6-iodo-2,3-dihydro-1H-
A.25 uldc{x-S-yl)methyl)-QH—
6 { purin-9-yl)propyl)-2-
HN methylpropanc-2-
7<SOQ sulfonaride
NHo |
N)\f“‘\y\ = N-(3-(6-amino-2-fluoro-8-
F Y4 ((6-iodo-2,3-dihydro-1T-
B inden-5-yDmethy!)-9H-
6A-26 purin-9-yDpropyl)-2-
HN methylpropane-2-
50 sulfinamide
A
NHz |
Ao .
N‘ j/\ 3 N-(3-(6-amino-2-fluoro-8-
O ((6-i0do-2,3-dihydro-1H-
- :
AT 1nder'1-5-y1)methy1)u9H—
6 § purin-9-yl)propyl)-2-
HN methylpropane-1-

sulfonamide
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Compound No. Structure Name
NF |
N7 SN — .
|)I b N N-(3-(6-amino-2-flucro-8-
AT N ‘@ {(6-iodo-2,3-dihydro-1H-
6A28 inden-5-yDmethyl)-9H-
purin-9-
HY yl)propyl)cyclopropane-
S0, sulfonamide
<
NFz |
NN =
)'\)I?/\Q\ 3{6-amino-2-faoro-8-((6-
A9 P S iodo-2,3-dihydro-1H-inden-
& 5-yDmethyl)-9H-purin-9-y1)-
H\l/_'o N-isopropylpropanamide
NF |
N =
)Nl\ j by 3-(6-amino-2-fluoro-8-((&-
6A30 F7ONTTN A iodo-2,3-dihydro-1H-inden-
S-yDmethyl)-9H-purin-9-yl)-
o N-ethylpropanamide
HN
NHz |
NTx—N — .
LY . 3~(6-amino-2-fluoro-8~((6-
6A31 PN \ ) iodo-2,3-dihydro-1H-inden-5-
yhmethyl)-9H-purin-9-y[)-N-
o methylpropanamide
HN
N )
T’\I o™ 3-(6-amino-2-1luora-8-((6-
6A32 NN N/ iodo-2,3-dihydro-1H-inden-
5-yl)methyl)-9H-purin-9-yl)-
o N-propanamide
HoN
NFy |
NG
s ;[N‘V TS 3-(6-amino-2-fluoro-8-((6-
6A33 o iodo-2,3-dihydro-1H-inden-
S-ylymethyl}-9H-purin-9-y1)-
" o N-(tert-butyl)propanamide
[z |
NN =
/U\):[ N\}/\Q\ 3~(6-amino-2-fluoro-8-((6-
6A34 N J iodo-2,3-dihydro-1H-inden-
ézo

N-isobutylpropanamide
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Compound No. Structure Name
NH; |
O
A L0 4 />‘] 3-(6-amino-2-fluoro-8((6-
6A35 MO iodo-2,3-dihydro-1H-inden-
( 5-yDmethyl)-9H-purin-9-y)-
HN/’:O N-cyclopropylpropanamide
A
s
NFz ;
! e N\ / N-(2-(6-amino-2-fluoro-8-((6-
6A-36 N odo-2,3-dihydro-1H-inden-5-
ylmethyl)-9H-purin-9-
o :<NH yDethyl)isobutyramide
NFz X
N)\/N\ /\{: N-(2-(6-amino-2-fluoro-8-
Mo @ ((6-i0do-2,3-dihydro-TH-
6A-37 3y inden-~5-y)methyl)-9H-
< purin-9-
NH ; i
o :< yl)ethyl)propionamide
NFz
N> N — .
| //[\)/ W N-(2-(6-amino-2-fluoro-8-
6A-38 FOONTTN ((6-iodo-2,3-dihydro-1H-
( inden-5-yl)methyl)-9H-
NH purin-9-ylethyl)acetamide
o
NH2:§ ]
NSNS N-(2-{6-amino-2-flucro-8-
A3 F)I\)NZKN/ \_4 B ((6-i0d0-2,3-dihydro-1 -
) inden-5-ylmethyl)-9H-
(NH purin-9-ylethyl)formamide
NHOZ/
2 I
N'/L\ N\ ~
P P / N-(2-(6-amino-2-flucro-8-
6A-40 NN ((6-iodo-2,3-dihydto-1H-
{ inden~5-ylmethyl)-9H-
5 ;4/\NH purin-9-yDethypivalamide
L
/"]‘,\/j:\ & N—(2.-(g-amin072-ﬂu0ro-8—
FONTTN ({6-iodo-2,3-dihydro-1H-
6A-41 ( inden-5-yl)methyl)-OH-

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

Structure

Name

6A-42

B

Z|
I

2 |
MW
N/\Ng o
H

o~

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

10

15

20

25

>

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.

F-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 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, |H-pyrazol-3-
1, oxazolyl, oxazol-2-yl, thiazolyl, thiazol-2-yl, furanyl, furan-2-yl, and S-mcthylfuran-2-yl.

E-IIL.  In some embodiments of the disclosure, X, is an alkynyl group, e.g., ethynyl, 1-
prop-1-ynyl, and 3-prop-f-ynyl. Specific examples of compounds within the scope of this aspect of
the disclosure correspond to the compounds disclosed in Tables 3A and 6A, or variations thereof as
described in A. and F-I. above, in which 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
showed a high level of binding affinity.

F-IV.  In some embodiments of the disclosure, X, is an amino group, i.e., -NR Ry,
wherein Ry and R are each independently H, C;-Cg alkyl, C5-Cy alkenyl, C,-Cs 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 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 onc of Xa and Xb is CHF or CT',

In accordance with another embodiment of the disclosure, the compounds are of Formula
(TA) in which at least one of Xa and Xb is CHF or CF,, the other of Xa and Xb is CHF, CF,, or
CHz, and Xc¢ is CH,. Thus,rthe compounds of this embodiment can be represented by Formula (5):
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NHZ X2

NN
L
x4 N N\ _J
) o - Xb

R

©)]

or a pharmaceutically acceptable salt thercof, wherein:
at least one of Xa and Xb is CHF or CF, and the other is CHF, CF,, or CHy;
5 Yis CH;, O, 0r 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
unsubstituted allynyl, or substituted or unsubstituted cycloalkyl wherein the R group is interruptcd

10 by -S(ON(R4)-, -NRAS(O)-, -SO,N(R)-, -NRASO;-, -C(O)NR,)-, or -NRAC(0O)-, and/or
terminated by -S(O)NR 4R, -NRAS(O)Rs, -SO,NR Ry, -NR4SO:R s, -C(OINR Ry, o -
NRAC(O)Rg, wherein each R4 and Ry, is independently selected from hydrogen, C;-Cg alkyl, C,-Cs
alkenyl, C;-Cs alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl,
arylalkyl, alkylheteroaryl, hetcroarylalkyl, and alkylheteroarylalkyl; and

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

20 G-I In some embodiments of the disclosure, X is halogen. Table 8A lists specific
examples of compounds within this embodiment. In each of the structurcs as drawn, X, is Tand 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 8A, Y is S. However, corresponding structures in
which Y is CH; or O and/ar X, is F, Cl, Br, or I are also within the écope of the disclosure, In each

25  ofthe structures in Table 84, Xb is CHF und 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 CHa, Xb is CF, and Xa is CH,, Xa is CHF
and Xb is CF, Xb is CHF and Xa is Ct,, 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, corresponding structures in which X, is F, Cl, or Br, Y is CH; or O, and Xa is CHF

5 and Xb is CH,; Xa is CF, and Xb is CH,, Xb is CF; and Xa is CH,, Xa is CHF and Xb is Ck,, Xbis
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
Nz 1
NN ==\
L. N% ENY 2-[6-Amino-8-(3-fluoro-6-
8A-1 N > iodo-indan-5-ylsulfanyl)-
< F purin-9-ylj-ethanesulfonic
SOz acid isopropylamide
HN
NF 0
N
N[j Y s 2-{6-Amino-8-(3-fluoro-6-
8A.2 NTTN iodo-indan-5-ylsulfanyl)-
8 4 purin-9-yl]-ethanesulfonic
'S0, acid ethylamide
HN
e,
- N SN
il jl S5 2-[6-Amino-8-(3-fluoro-6-
8A3 NN iodo-indan-5-ylsulfanyl)-
<> ¢ purin-9-yl]-ethanesulfonic
50, acid methylamide
HN
NHz ]
NN = 2+{6-Amino-8-(3-Hluoro-6-
Yy g \ 2
RA4 ]H‘N/J: N> \_4 >\l iodo-indan«5-ylsulfunyl)-
2 7 purin-9-yl]-ethanesulfonic
F . .
50, acid amide
HoN
Ny ,
NN =
UL o= /) 2-[6-Amino-8-(3-fluoro-6-
N | L
SA-S N iodo-indan-5-ylsulfanyl)-
{ F purin-9-yl]-ethanesulfonic
HNSOQ acid tert-butylamide
N
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Compound No. Structure Name
NH i
)
\ »—s
[EPRvar i @ 276-Amino-8-(3-fluoro-6-
" ) iodo-indan-5-ylsulfanyl)-
\SO F purin-9-yl]-ethanesulfonic
s acid isobutyl-amide
NF 7
O
L. i \ 7/ 2-[6-Amino-8-(3-fluoro-6-
N N
8A7 > Y iodo-indan-5-ylsulfanyl)-
4 F purin-9-y1]-ethanesulfonic
HNISO? acid cyclopropylamide
NH; |
NN -
L N>~ 574 /\j Propane-2-sulfonic acid {2-
RA-R > e [6-amino-8-(3-fluoro-6-iodo-
{ F indan-5-ylsulfanyl)-purin-9-
028(NH yl]-ethyl}-amide
NH; ]
Xy N —\
NN § ,/\ Ethanesul fonic acid {2+[6-
" NN Q amino-8-(3-fluoro-6-iodo-
) ¢ indan-5-ylsulfany!)-purin-9-
NH yl]-ethyl}-amide
o
NF, |
N .
N Y g N-{2-[6-Amino-8~(3-fluoro-
LD sy
8A-10 N7 TN 6-iodo-indan-5-ylsulfanyl)-
<> purin-9-yl]-ethyl}-
"WH methanesulfonamide
0,
NH |
N —
Ny N 2-Methyl-propanc-2-sulfonic
L IN% =y acid {2-[6-amin0-8-(3-
8A-11 <> fluoro-6-iodo-indan-5-
"NH ylsulfanyl)-purin-9-yl]-
025'>\ ethyl}-amide
NH; |
<y N = .
N >_S,z:\ 2-Methyl-propane-2-sulfinic
H(/LN ey acid {2-[6-amino-8-(3-
8A-12 ) 2’ fluoro-6-iodo-indan-5-

ylsulfanyl)-purin-9-yl]-
ethyl}-amide
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Compound No. Structure Name
% I
N N\ ) H
N Y g 2-Methyl-propane-1-sulfonic
L rg_ N4 acid {2-[6-amino-8-(3-
8A-13 fiuoro-6-iodo-indan-5-
‘NH F ylsulfanyl)-purin-9-y13-
02§\ ethyl}-amide
NH, )
N, —\
'{iN\%S A Cyclopropancsulfonic acid
8A-14 N ) {2-6-amino-8-(3-fluoro-6-
4 F iodo-indan-5-ylsulfanyl)-
NH in-9-v11- _ami
Ozs,b purin-9-yl]-ethyl}-amide
NH, |
A
Van
NLNIN% \ 7 3-{6-Amino-8-(3-fluoro-6-
QAL ! iodo-indan-5-ylsulfanyl)-
F purin-9-yl]-propane-1-
08 sulfonic acid isopropylamide
NH
_l
NH, )
AN =
| g :
L /lN \_/ 3-[6-Amino-8-(3-fluoro-6-
N ) iedo-indan-5-ylsulfanyl)-
8A-16 .
< F purin-9-yl}-propane-1-
> sulfonic acid ethylamide
0,8
NH
NF |
NS N\ o .
U\N/ <N> 5 4 3-[6-Amino-8-(3-fluoro-6-
iodo-indan-53-ylsulfanyl)-
8a-17 <> ?/ purin-9-yl]-propane-1-
0 sulfonic acid methylamide
§ NH
NFo i
R N =
’f:( S—s—( 3[6-Amino-8-(3-fluoro-6-
NN iodo-indan-5-ylsulfanyl)-
8A-18 ) ,
{ ¢ purin-9-yl|-propane-1-
> sulfonic acid amide
025,
NH»
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Compound No. Structure Name
2N —
il :LN\%S W 3-[6-Amino-8-(3-fluoro-6-
8A-19 N ) iodo-indan-5-ylsulfanyl)-
F purin-9-yl]-propane-1-
sulfonic acid tert-butylamide
023\ \
HN
N, |
e —
N S
'\iN{ N> \ 4 3-[6-Amino-8-(3-fluoro-6-
SA20 ) jodo-indan-5-ylsulfanyl)-
F purin-9-yl}-propane-1-
4 sulfonic acid isobutyl-amide
H
A2y
SN, — .
N 3-[6-Amino-§-(3-fluoro-6-
s -
[\IKNJ\N>~ \_¢ iodo-indan-5-ylsulfanyl)-
8A-21 > purin-9-yl]-propanc-1-
> F sulfonic acid
oS, cyclopropylamide
HN_ <
NH, )
NS N =
1)7: s -
KN’ N>_ \ ¢ J Propane-2-sulfonic acid {3-
SA-2D [6-amino-8-(3-fluoro-6-iado-
> F indan-5-ylsulfanyl)-purin-9-
HN yl]-propyl}-amide
50,
N
NH i
NS N =
U\):[N\%S A\ />\1 Fthanesulfonic acid {3-[6-
8A-23 N ) b amino-8-(3-fluoro-6-iodo-
\> F indan-5-ylsulfanyl)-purin-9-
11- i
o yl]-propyl} -amide
50,
N> ]
AN
NS =
g N\>" S‘z\j@ N-{3-[6-Amino-8-(3-fluorc-
RA24 N ) 6-iodo-indan-5-ylsulfanyl)-
< F purin-9-yl]-propyl}-
methanesulfonamide
HN
/802
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Compound No. Structure Natme
N2 0
N/ X ,’\l\ —
L N%S \ / 2-Methyl-propane-2-sulfonic
N ) v acid {3-[6-amino-8-(3-
8A-25 : fhuoro-G-iode-indan-5-
) ylsulfanyl)-purin-9-y1}-
HN\S . propyl}-amide
2
A
N, |
SN Gl
rm/ N\>“S \ ,/F] 2-Methyl-propane-2-sulfinic
N ) v acid {3-[6-amino-8-(3-
8A-26 { 4 flnoro-6-icdo-indan-5-
> ylsulfanyl)-purin-9-yl}-
HN\SO propyl}-amide
7
NH |
NN =
0 s \ 2-Mcthyl-propane-1-sulfonic
N N> y acid {3-[6-amino-8-(3-
8A-27 { I fluoro-6-iodo-indan-5-
> ylsulfanyl)-purin-9-yl}-
HN, SO propyl}-amide
S0z
Cyclopropanesulfonic acid
QA28 {3-[6-amino-8-(3-flucro-6~
iodo-indan-5-ylsulfanyl)-
HN purin-9-yl]-propyl}-amide
50,
NH, |
SN =
1 P s \ /7 3-[6-Amino-8-(3-fluoro-6-
N~ N
8A.29 > » iodo-indan-5-ylsulfanyl)-
< F purin-9-yl}-N-isopropyl-
HN>;O propionamide
>_
NHgy 1
ﬁﬁ%_s o~ 3-| 6-Amino-8-(3-fluoro-6-
NN &S 7) iodo-indan-5-ylsulfanyl)-
8A-30 >

purin-9-yl]-N-ethyl-
propionamide
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Compound No. Structure Name
NH |
N7 N — .
UL s 4 3-[6-Amino-8-(3-fluoro-6-
8A-31 NN iodo-indan-5-ylsulfanyl)-
2 / purin-9-yl]-N-methyl-
Yo propionamide
HN
N, |
] IN‘>—S {7 3-6-Amino-8-(3-fluoro-6-
8A-32 N N r iodo-indan-5-ylsulfanyl)-
¢ F purin-9-yl]-propionamide
=0
HoN
NH, 2 |
NS =\
1§ IN%SC’/“ 3-[6-Amino-8-(3-fluoro-6-
8A-33 ) )) iodo-indan-5-ylsultanyl)-
{ g purin-9-yl]-N-ler{-butyl-
HN>:0 propionamide
NF; |
P
NTSpN =\
1§ /J:N\>— S@“ 3-[6-Amino-8-(3-fluoro-6-
8A34 NN 5) iodo-indan-5-ylsulfanyl)-
¢ F purin-9-yl]-N-isobutyl-
=0 propionamide
HNM_« /
NHz |
SN
l/NiN\%S Y /> 3-[6-Amino-8-(3-fluora-6-
RA-35 2 iuc}o-indan-S-ylsulfanyl)-
F purin-9-y1]-N-cyclopropyl-
HN>:O propionamide
N |
NS —
U\)\,[N\%S*z\j{ | N-{2-[6-Amino-8-(3-fluoro-
8A-36 N N 7) 6-iodo-indan-5-ylsulfanyl)-
< F purin-9-yl]-ethyl}-
or:<NH isobutyramide
NH )‘ |
- N —
N s N-{2-{6-Amino-8-(3-fluoro-
8A37 N7 TN 6-iodo-indan-5-ylsulfanyl)-
<> J purin-9-ylJ-ethyl}-
NH propionamide
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Compound No,

Name

Structure
NHz

S

\Nf}‘\N

ZJ

N-{2-{6-Amino-8-{3-fluoro-

8A-38 ) 6-iodo-indan-5-ylsulfanyl)-
" purin-9-yl]-ethryl } -acetamide
o=
NH.
/l\z N ! =
1§ IN\%S Wa N-{2-[6-Amino-8-(3-fluoro-
8A-39 N ) 6-iodo-indan-5-ylsulfanyl)-
{ F purin-9-yl]-ethyl}-2,2-
Oﬁ,NH dimethyl-propionamidc
NHz |
oM ==
flw\%s‘@ N-{2-[6-Aminc-8-(3-fluoro-
8440 N ) 6-iodo-indan-5-ylsulfanyl)-
{ F purin-9-y1]-ethyl}-3-methyl-
5 NH butyramide
HF; 0
N)\/[N‘> R == ) )
L Ay N\ / Cyclopropanecarboxylic acid
SA-4] N ) {2-[6-amino-8-(3-fluoro-6-
C F iodo-indan-5-ylsulfanyl)-
o:(/NH purin-9-y1}-ethyl}-amide
A ,
Sy N-{2-[6-Amino-8-(3-flucro-
SA42 WLN/J\N% SNy 6-iodo-indan-5-ylsulfanyl)-
> purin-9-y1]-ethyl}-
\NH F formamide
0=/

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

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

Br, or I 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 CHs.
However, corresponding structures in which Xa is CHF and Xb is CHy, Xa is CI'; 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 CHT 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 X, is H, CL,
Br,or I, 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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and Xb is CF, are also within the scope of the disclosure.
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Table 10A
Compound No. Structure Nare
NH; |
JNl\)TN\V\C%J 2-(6-amino-2-fluoro-8-((3-
FONT N fluoro-6-iodo-2,3-dihydro-
10A-1 2 1H-inden-5-yl)methyl)-9H-
50, F purin-9-yI)-N-
Hr\}_ isopropylethanesulfonamide
([ |
N)iN\ 2-(6-amino-2-fluoro-8-((3-
F’JLN/ N fluoro-6-iodo-2,3-dihydro-
10A-2 1H-inden-5-yl)methyl)-9H-
2 F purin-9-y1)-N-
HN/SOE ethylethanesulfonamide
LN
N, |
N/ﬁN\ 2-(6-amino-2-fluoro-8-((3-
A A flucro-6-iodo-2,3-dihydro-
10A-3 1H-inden-5-yl)methyl)-9H-
2 F purin-9-yl)-N-
HN’SOZ methylethanesulfonamide
\
NH, |
N)\ N 2-(6-amino-2-fluoro-8-((3-
L fluoro-6-iode-2,3-dihydro-
10A-4 F7ONTTN 1H-inden-5-yl)methyl)-9H-
2 E purin-9-
50, yl)ethanesulfonamide
HaN
NH» i
"})\/N\y 2-(6-amino-2-fluoro-8-((3-
FONTN fluoro-6-iodo-2,3-dihydro-
10A-5 2 1H-inden-5-yTmethyl)-9H-
50, F purin-9-yl)-N-(tert-
Hl\ﬁv butyl)ethanesulfonamide
NHz 0
NS
PN 2-(6-amino-2-fluoro-8-((3-
F N fluoro-6-iodo-2,3-dihydro-
10A-6 2 4 1H-inden-5-yl)methyl)-9H-
50, purin-9-yl)-N-
HN isobutylethanesulfonamide
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Compound No. Structure Name
NH; !
/“L‘,JIN\ 2-(6-amino-2-fluoro-8((3-
F" NN fluoro-6-iodo~2,3-dihydro-
10A-7 ! 1H-inden-5-yl)methyl)-9H-
0, purin-9-yl)-N-cyclopropyl-
HN ethanesulfonamide
NE; |
NN N-(2-(6-amino-2-fluoro-8-
A A {(3-fluoro-G-iodo-2,3-
L0A8 o dihydro-1H-inden-5-
F yDmethyl)-9H-purin-9-
NH yDethyl)propane-2-
025 sulfonamide
NHz i
N7 N-(2-(6-amino-2-tluoro-8-
; *'N/ N\>/ ((3-fluoro-6-indo-2,3-
10A-9 dihydro-1H-inden-5-
F yl)methyl)-9H-purin-9-
O?S'NH ylethyl)ethanesulfonamide
N :
N N\> N-(2-(6-amino-2-flucro-8-
. /“\N/ N ((3-fluoro-6-iodo-2,3-
10A-10 dihydro-1H-inden-5-
2 F yDmethyl)-9H-purin-9-
o S,NH yhethyl)methanesulfonamide
2
NHg
NN N-(2-(6-amino-2-fluoro-8-
PP ((3-fluoro-6-indo-2,3-
10A-11 N 2 dihydro-1H-inden-5-
F yDmethyl)-9H-purin-9-
NH yh)ethyl)-2-methylpropane-2-
Ozsk sulfonamide
NH, |
N)\E/LN NN-(2-(6-amino-2-fluoro-8-
PP N\ {(3-fluoro-6-iodo-2,3-
10A-12 Fo N 2 dihydro-1H-inden-5-
) F ylimethyl)-9H-purin-9-
NH yl)cthyl)-2-methylpropane-2-
OS>§— sulfinamide
NH; |
NJEN\ N—(2-(6~amino—.2—ﬂuoro—8—
Mo N ((3-fluoro-6-iodo-2,3-
L0A-13 PN 2 dihydro-1H-inden-5-
F yDmethyl)-9H-purin-9-
OZS/NH ylethyl)-2-methylpropanc-1-
: \_< sulfonamide
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Compound No. Structure Name
NH, 1
NS N-(2-(6-amino-2-fluoro-8-
. )LN/ N ((3-Nuoro-6-iodo-2,3-
10A-14 dihydro-1H-inden-5-
F ylmethyl)-9H-purin-9-
NH yhethyl)eyclopropane-
OES\I> sulfonamide
NH, |
)NLJTN\ 3-(6-amino-2-fluorc-8-((3-
e N7 N fluoro-6-iodo-2,3-dihydro-
1H-inden-5-yl)methyl)-9H-
10A-15 i ¢ Surin Oy
05 isopropylpropane-1-
NH sulfonamide
NH; |
)NI\JTN\ 3-(6-amino-2-fluoro-8-((3-
EoNEN B Tlyoro-6-iodo-2,3-dihydro-
10A-16 1H-inden-5-yDmethyl)-9H-
F purin-9-y|)-N-ethylpropane-
Q.8 1-sulfonamide
NH
NH; |
N ,N\ 3-(6-amino-2-fluoro-8-((3-
M N fluoro-6-iodo-2,3-dihydro-
N 1H-inden-5-yl)methy1)-0H-
10A-17 ;
F purin-9-y1)-N-
methylpropane-1-
025, sulfonamide
NH
/
NF; 0
N(S/:N\ 3-(6-amino-2-fluoro-8-((3-
AP fluoro-6-iodo-2,3-dikydro-
10A-18 1H-inden-5-ylymethyl)-OH-
F purin-9-yl)propane-1-
0 sulfonamide
NH,
[ ;
)Nl\ S 3-(6-amino-2-fluoro-8-((3-
FNE TN fluoro-6-iodo-2,3-dihydro-
10A-19 IH-inden-S-yl)methyl)-9H-
F purin-9-y1)-N-(tert-
0.8 butyl)propane-1-sulfonamide
HN¥
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Compound No. Structure Name
NHo ;
N 3-(6-amino-2-fluoro-8-((3-
F’J\N{ N fluoro-6-iodo-2,3-dihydro-
10A-20 lH—inden—§-yl)methyl)—9H-
purin-9-y1)-N-
0.8, isobutylpropane-1-
HN~>; sulfonamide
N 0
N7 XM 3-(6-amino-2-fluoro-8-((3-
PP fluoro-6-iodo-2,3-dihydro-
FONTTN 1H-inden-5-yymethyl)-9H-
10A-21 )
purin-9-y1)-N-
cyclopropylpropane-1-
0,8, i
H—<] sulfonamide
NFz |
)N]\ NN N-(3-(6-amino-2-fluoro-8-
F NN ((3-fluoro-6-iodo-2,3-
R dihydro- | H-inden-5-
10A-22 { yl)methyl)-9H-purin-9-
HN yl)propyl)propane-2-
_{s@ sulfonamide
NH, ]
D N N-(3-(6-2mino-2-fluaro-8-
NN ((3-fluoro-6-iodo-2,3-
10A-23 dihydro-1H-inden-5-
ylmethyl)-9H-purin-9-
HN yDpropyl)ethanesulfonamide
>
2 0
N)\/[N\ N-(3-(6-amino-2-fluoro-8-
A N ((3-fluoro-6-iodo-2,3-
10A-24 FooN dihydro-1H-inden-5-
ylmethyl)-9H-purin-9-
/ yhpropyl)methane-
HN sulfonamide
50, su
NH; "
N')\IN\ N-(3-(6-amino-2-fluoro-8-
F)\N/ ~N ((3-fluoro-6-iodo-2,3-
dihydro-1H-inden-5-
10A-25 yhmethy!)-9H-purin-9-
HN, yDpropyl)-2-methylpropane-
S0, 2-sulfonamide
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Compound No, Structure Name
NH, |
iJTN\ N-(3-(6-amino-2-fluoro-8-
FONE N ((3~flucro-6-iodo-2,3-
dihydro-1H-inden-5-
10A-26 % F yl)ymethyl)-9H-purin-9-
HN yl)propyl)-2-methylpropane-
‘so 2-sulfinamide
NH;
NIJ\IN\ N-(3-(6-amino-2-fluoro-8-
F)\N/ N ((3-flyoro-6-iodo-2,3-
dihydro-1H-inden-5-
10A-27 i F 1)methyl)-9H-purin-9-
HN yl)propyl)-2-methylpropane-
: 50, 1-sulfonamide
NH,
N,
iﬁ 3 N-(3-(6-amino-2-fluoro-8-
F N N ((3-flucro-6-iodo-2,3-
dihydro-1H-inden-5-
10A-28 F yl)methyl)-9H-purin-9-
HN yDpropyl)cyclopropane-
50, sulfonamide
NH; 0
)N'\JTN\ 3-(6-amino-2-fluoro-8-((3-
B ONE TN fluoro-6-iodo-2,3-dihydro-
10A-29 1TT-inden-5-y1)methyl)-9H-
o F purin-9-y1)-N-
UN isopropylpropanamide
NIT; :
NS 3-(6-amino-2-fluoro-8-((3-
. )LN/ N O. fluoro-6-iodo-2,3-dihydro-
10A-30 1H-inden-5-yl)methyl)-9H-
F purin-9-yl)-N-
N 0 ethylpropanamide
N
NF; |
N)\j:N\ 3-(6-amino-2-fluoro-8-((3-
. )LN/ N flaoro-6-iodo-2,3-dihydro-
10A-31 1H-inden-5-yl)methyl)-9H-
F purin-9-y1)-N-
" 0 methylpropanamide
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Compound No. Structure Name
NH, |
Nl)\/[N\ 3-(6-amino-2-flucro-8-((3-
10A-32 F)\N/ N fluoro-6-iodo-2,3-dihydro-
1H-inden-5-ylymethyl)-9H-
o F purin-9-yl)propanamide
H N
N, 0
/le)\/[N\ 3-(6-amino-2-fluoro-8-((3-
E7 N N fluoro-6-iodo-2,3-dihydro-
10A-33 1H-inden-5-yl)methyl)-9H-
o F purin-9-y1)-N-(tert-
H'}L butyl)propanamide
N |
)N!:%[N\ 3-(6-amino-2-fluoro-8-((3-
FNT N fluoro-6-iodo-2,3-dihydro-
[0A-34 1H-inden-5-yl)methyl)-9H-
o F purin-9-y1)-N-
HN isobutylpropanamide
NF; |
)“"\/&N\ 3-(G-amino-2-fluora-8-((3-
EZSNT TN, fluoro-6-iodo-2,3-dihydro-
10A-35 1H-inden-5-yl)methyl)-9H-
F ;
0 purin-9-y1)-N-
HN}> cyclopropylpropanamide
NH, .
B |
)I\ I 3 N-(2-(6-amino-2-fluoro-8-
E7 SN N ((3-fluoro-6-iodo-2,3-
10A-36 2 dihydro-1H-inden-5-
NH F ylymethyl)-9H-purin-9-
o:&f yDethyl)isobutyramide
NH; |
NS N-(2-6-amino-2-flucro-§-
. iN/ N ((3-fluoro-6-ioda-2,3-
10A-37 dihydro-1H-inden-5-
F yhmethyl)-9H-purin-9-
NH Dethyl i ids
o =§_ yDethyDpropionamide
NF, |
N N\ N-(2-(6-amino-2-flucro-g-
. )l\N/ N {(3-fluoro-6-iodo-2,3-
10A-38 dihydro-1H-inden-5-
F yDmethyl)-9H-purin-9-

yl)ethyDacetamide
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Compound No. Structure Name
NHo
o N-(2-(6-amino-2-fluoro-8-
PP p {(3-fluoto-6-iodo-2,3-
10A-39 F7oNTTN dihydro-1H-inden-5-
2 F ylmethyl)-9H-purin-9-
o_/NH yDethyl)formamide
NH, |
)Nl\ = NV\C@ N-(2-(6-amino-2-fluoro-8-
[ ((3-fluoro-6-indo-2,3-
10A-40 2 dihydro-1H-inden-5-
NH F ylmethyl)-9H-purin-9-
ozsL yhethyl)pivalamide
NHz |
NN N-(2-(6-amino-2-fluoro-8-
M N\ ((3-flucro-6-iodo-2,3-
10A41 N 2 dihydro-1H-inden-5-
. F yDmethyl)-9H-purin-9-
NH yhethy!)-3-
O:<_< methylbutanamide
NH, |
N/‘ﬁiN\ N-(2-(6-amino-2-fluoro-8-
A N ((3-fuoro-6-iodov-2,3-
10A-42 FooN 2 dihydro-1H-inden-5-
: F ylmethyl)-9H-purin-9-
NH yDethyleyelopropane-
O:%> carboxamide

G-II. In some embodiments of the disclosure, X; is an optionally substituted aryl.

10

15

Specific examples of compounds within the scope of this aspect of the disclosure carrespond 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 substituled aryl, including bul 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-I, 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 (o 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 alkynyl group.

G-IV. Insome embodiments of the disclosure, X, is an amino group, i.e., -NRR;,
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. Specific examples of compounds within the scope of this aspect of the
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disclosure correspond to the compounds disclosed in Tables 8A and 10A, or variations thereof as

described in A., G. and G-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, (he 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 T'ormula (6):

NH, %,
NS N\ Z 2
x‘)l\)NI N\>—‘ ' —C>
R 0

©
10 or a pharmaceutically acceptable salt thereof, wherein:
Y is CHy, O, 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

15 unsubstituted alkynyl, or substituted or unsubstituted cycloalky! wherein the R group is interrupted
by -S{OIN(RA)-, NR4S(0)-, -SO:N(Ry)-, -NRuSO;-, -C(OIN(R )-, or -NRAC(0)-, and/or
terminated by -S(O)NRsRu, -NRAS(O)Ry, -SONRRy, -NRASO;Rg, -C{O)NR Ry, or -
NRLC(O)Rg, 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,

20 arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkytheteroarylalkyl; and

X5 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.
25 In another cmbodiment, 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 [and X,
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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 114, Y is S. However, cotresponding structures in
which Y is CH; or O 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 | LA, corresponding structures in

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

Tahle 11A
Compound No. Structure Name
NFz 0
NN ==
[ A5 g 2-(6-amino-8-((7-iodo-2,3-
AL N ) o dihydtobenzo[b][ 1,4]dioxin-
{ 6-yl)thio)-9H-purin-9-y[)-N-
%N,Soz isopropylethanesulfonamide
NH2 |
N7 SN == . .
R 0, 2-(6-amino-8-((7-iodo-2,3-
A2 \NIN N7 Y, dihydrobenzo[b][ 1, 4]dioxin-
/ o 6-yDthio)-OH-purin-9-y1)-N-
50, ethylethanesulfonamide
HN
NHz 1,
> N —
ijj’ \}s-<i—> o 2-(6-amino-8-((7-iodo-2,3-
11A3 N"TN L( J dihydrobenzo[b][ L ,4]dioxin-
) °© 6-y1)thio)-9H-purin-9-y1)-N-
50, methylethanesulfonamide
N
NFz 0
N)ﬁ \ = 26-amino-8-{(7-iodo-2,3-
S ¢
1A L ‘N>_ %Q} dihydrobenzo[b][1,4]dioxin-
] ) o 6-yl)thio)-9H-purin-9-
0 yl)ethanesulfonamide
502
T
2 I,
N/K ,N\ —
{ {I,N> s & o 2-(6-emino-8-((T-iodo-2,3-
11A5 oj dihydrobenzo[b][1,4]dioxin-
6-yDthio)-9H-purin-9-y1)-N-
HN,Soz (tert-butyl)ethanesulfonamide
-
NFz I
o
kN/ ~N " \O) 2-(6-amino-8-((7-lodo-2,3-
1As ) 0 dihydrobenzo[b][1,4]dioxin-
o 6-yD)thio)-911-purin-9-y1)-N-
w2 isobulylethanesulfonamide
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Compound No. Structure Name
NHz
)\f \>—s—< o 2-(6-amino-8-((7-iodo-2,3-
\—( dihydrobenzo[b][1,4]dioxin-
11A-7 6-yl)thio)-9H-purin-9-y1)-N-
\502 cyclopropyl-
HN’ ethanesulfonamide
NHz
N-(2-(6-amino-8-((7-iodo-
L)l \HQ 23
11A-8 dihydrobenzo{b][1,4]dioxin-
6-yDthio)-9H-purin-9-
NH ylethyl)propane-2-
023}7 sulfonamide
NH2 ]
N7 SN = N~(2-(6-amino-8-((7-iodo-
'\N/j\ - i_( Mo -2 e ((
[TA-9 ) 0- ) dihydrobenzo[b][1,4]dioxin-
{ 6-y])thio)-9H-purin-9-
o S,NH yhethyl)ethanesulfonamide
2
N
Nz |
N (2-(6-amino-8-((7-iodo-
\A \>~S%\ ) N-(2+( dmmo‘8 ((7-icdo:
N 3
11A-10 ) 0 dihydrobenzo[b][1,4]dioxin-
< 6-ylythio)-9H-purin-9-
o s’NH yljethyl)methanesulfonamide
2
NF; 0
AN N-(2-(6-ami i
| Sog - -(2-(6-amino-8-((7-iodo-
Loy 25
L1A-11 ) © dihydrobenzo[b][1,4]dioxin-
NH 6-yD)thio)-9H-purin-9-
023’ ylethyl)-2-methylpropane-2-
sulfonamide
NH2
N-(2-(6-amino-8-((7-iodo-
L)I ‘*H\ / 9 23-
11A-12 dihydrobenzo[b][ 1,4]dioxin-
\ 6-ylythio)-9H-purin-9-
NH yl)ethyl)-2-methylpropane-2-
\ sultinamide
NH»
N-(2-(6-amino-8-((7-iodo-
Lt \HG\O 23-
11A-13 dihydrobenzo[b][1,4]dioxin-
6-y1)thio)-9H-purin-9-
NH

yDethyl)-2-methylpropane-1-
sulfonamide
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Compound No. . Structure Name
33 0
1 .
N = N-(2-(6-amino-8-((7-iodo-
QNIN\H“@FO (6-amino-8-((
1LA-14 2 G dihydrobenzo[b]{1,4]dioxin-
6-yDthio)-9H-purin-9-
o S,NH yDethylcyclopropane-
2 sulfonamide
NFz !
N N =
I \N%S \ /0 3-(6-amino-8-((7-ioda-2,3-
o dihydrobenzo[b][1,4]dioxin-
11A-15 6-yl)thio)-9H-purin-9-yl)-N-
isopropylpropane-1-
Go8, sulfonamide
NH
NHa |>_\
i N SN
L, pe NS Walt 3-(6-ammino-8-((7-iodo-2,3-
11A-16 o) dihydrobenzo{b][1,4]dioxin-
g 6-yl)thio)-9H-purin-9-y1)-N-
0.6 ethylpropane-1-sulfonamidc
: ;NH
U 5
NS =
LA \FSM 0 3(6-amino-8-((7-iodn-2,3-
11A-17 o) dihydrobenzo[b][1,4]dioxin-
6-yl)thio)-9H-purin-9-yl)-N-
ol methylpropane-1-sulfonamide
H
NFz |
N =
N'\)I %sﬂo 3-(6-amino-8-((7-iodo-2,3-
11A-18 NTN \_<o J dihydrobenzo[b][ L,4]dioxin-
6-yDthio)-91I-purin-9-
o yl)propane-1-sulfonamide
- N,
2
N’ \:’N\% S*b’ o ??-(G-amino—S ~((7-i0do-2,3-
NN N b dihydrobenzo[b][ 1,4]dioxin-
11A-19 ) o- 6-y])thio)-9H-purin-9-y1)-N-
(tert-butyl)propane-1-
058 N\ sulfonamide
HN
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Compound No. Structure Name
NHz 1
Y )
u)/t N‘%S W 3-(6-amino-8-((7-iodo-2,3-
) dildrobenzo[b][ L 4]dioxin-
11A-20 6-yDthio)-9H-purin-9-y1)-N-
isobulylpropane-1-
05 sulfonamide
HN“‘\
NH2 |>_\
o "“ 3-(6-amino-8-((7-iodo-2,3-
N g . ,
L N% U§ dihydrobenzo[b][1,4]1dioxin-
11A-21 Q 6-yhthio)-9H-purin-9-yl)-N-
cyclopropylpropane-1-
0,8 sulfonamide
2
HN—]
NHz N
NS Vam N-(3-(6-amino-8-((7-iodo-
KNIN\%S*\ { f’) 0 23- @
11A-22 C dihydrobenzo[b][1,4]dioxin-
6-yD)thio)-9H-purin-9-
HN yl)propylpropane-2-
50, sulfonamide
NA; |
NS - N-(3-(6-amino-8-((7-iodo-
kN/INHWQj (-(Gamin 3¢
11A-23 © dihydrobenzo[b][1,4]dioxin-
6-yl)thio)-9H-purin-9-
HN yl)propyl)ethanesulfonamide
NHJSO2
2 |
N = N-(3-(6-amino-8-((7-iodo-
11A-24 ' OJ dihydrobenzo[b][1,4]dioxin~
6-yl)thio)-9H-purin-9-
" y])propy])‘me.thane-
\ sulfonamide
50,
=
NS — N-(3-(6-amino-8-((7-iodo-
lNIkSC%\O) G 23- (
"o i {oxin-~
11A-25 2 dihydrobenzo[b][1,4]dioxin

ylypropyl)-2-methylpropane-
2-sulfonamide
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Compound No. Structure Name
!
N’\IN\}SJ“ N-(3-(6-amino-8-((7-iodo-
L oLy 24
11A-26 ) o dihydrobenzo[b][1,4]dioxin-
- > 6-yl)thio)-9H-purin-9-
HN yDpropyl)-2-methylpropane-
/‘so 2-sulfinamide
A
NH )
NI \/ \:\%S J\_\\Q\O N-(3-(6-amino-8-{(7-iodo-
N Y o
1ADT 7 0 dihydrobenzo[b][1,4]dioxin-
o > 6-yDthio)-91-putin-9-
HN yDpropyl)-2-methylpropane-
\>_/\SOZ 1-sulfonamide
NHz "
s N\st:L N-(3-(6-amino-8-((7-iodo-
L Ay u O} 2,3-
11A28 ° dihydrobenzo[b][1,4]dioxin-
- 6-yDthio)-9H-purin-9-
HN yDpropyDeyclopropane-
/‘502 sulfonamide
NP 1
N
’l P N\%SMO 3-(6-amino-8-((7-iodo-2,3-
11429 ) o) dihydrobenzo[b][1,4]dioxin-
e 6-yl)thio)-9H-purin-9-y1)-N-
Hh\l>:o isopropylpropanamide
Nz 1
- N —
N \>_S_\\}“/ o 3-(6-amino-8-((7-iodo-2,3-
11430 NN Jj dihydrabenzo[h][1,4]dioxin-
A © 6-yl)thic)-9H-purin-9-y1)-N-
) ethylpropanamide
HN
NF; |
B ysj\q/ o 3+(6-4mino-8-((7-iodo-2,3-
11A-31 N \—(j dihydrobenzo[b][1,4]dioxin-
: © 6-yl)thio)-9H-purin-9-yl)-N-
o methylpropanarmide
HN
NFAz 0
s 3-(6-amino-8-((7-ioda-2,3-
11A-32 N Oj dihydrobenzo[b][1,4]dioxin-

6-yDthio)-9H-purin-9-
ylypropanamide
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| Compound No. Structure Name
Nz T
NS
4 N\%s \_ /0 3-(6-amino-8-((7-iodo-2,3-
114-33 ) o dihydrobenzo[b][1,4]dioxin-
€-yD)thio)-9H-purin-9-yl)-N-
HN\)—O (tert-butyl)propanamide
NN =
Loy S0 3-(6-amino-8-((7-iodo-2,3-
LA ) o) dihydrobenzofb][1,4]dioxin-
: { 6-yl)thio)-9H-purin-9-y1)-N-
>: o isobutylpropanamide
HN
NFz ;
NS =
[ N\>‘5“<\_[ 3(6-amino-8-((7-iodo-2,3-
[1A-35 ) o dihydrobenzo[b][1,4]dioxin~
{ 6-y1)thio)-91T-purin-9-y1}-N-
HN>:O cyclopropylpropanamide
>
L
"ij N\>—S \“ o N-(2-{6-amino-8-((7-iodo-
11A-36 ) o dihydrobenzo[b][ 1,4]dioxin-
“NH 6-yD)thio)-9H-purin-9-
O*>7 yDethyDisobutyramide
NHz ]
B = ; ;
NS N-(2-(6-amino-8-((7-iodo-
KN/IN\}SJ\\_/(O 23-
11A-37 > o ) dihydrobenzo[b][1,4]dioxin-
£ 6-yD)thio)-9H-purin-9-
NH i i
o _< yhethylpropionamide
NHz ] K
> N ~(2-(6-anuino-8-((7-1 -
;ﬁ\ :[N\>“S o N-(2-(6 4n111310~8 ((7-i0do
11A-38 ) o dihydrobenzo[b][1,4]dioxin-
{ 6-yl)thio)-9H-purin-9-
NH :
o :(\ ylethyDacetamide
T
lNlNy_s \ /-0 N-(2-(6 alD_lZ’l;)-S {((7-iodo:
11A-39 ) o- dihydrobenzo[b][ | 4]dioxin-
“NH 6-yl)thio)—9‘H-puri.n-9-
o~ yhethyl)pivalamide
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Compound No. Structure Name
N ;
- N — . .
N’L i N\>_S_4Q‘ o N-(2-(6-amino-8-((7-iodo-
W 3-
11A-40 ) 0/ dilrydrobenzo[b][1,4]dioxin-
\NH 6-yD)thio)-9H-purin-9-
o= .| vDethyl)-3-methylbutanamide
A\“< Y Y. 'y
NI, 1
N N = N-(2-(6-amino-8-((7-iodo-
L Lo AW 23
T N 2 ot dihydrobenzo[b][ 1,4]dioxin-
6-yDthio)-9H-purin-9-
NH ylethyleyclopropane-
0:% carboxamide
>
NFz |
SN — N-(2-(6-amino-8-((7-iodo-
L >s4 2o 2,3-
11A-42 . N \_<o dihydrobenzo[b][1,4]dioxin-
8 G-yDthio)-9H-purin-9-
NH ylethylYformamide
o=/

10

15

H-II.  In some embodiments of the disclosure, X; is an optionally substituted aryl.
Specific cxamples of compounds within the scope of this aspect of the disclosure correspond to the
compounds discloscd in Table 11A, or variations thereof as described in A., H. and H-1, 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.

H-TT.  Tn 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 disclosurc correspond to the compounds disclosed in Table 1 1A, or variations thereof as

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

H-TV. In some embodiments of the disclosure, X is an amino group, i.¢., -NR Ry,
wherein R; and R; are each independently H, C,-Cy alkyl, C,-Cs alkenyl, C,-Cy alkynyl, cycloalkyl,
heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylalkyl,
or alkytheteroarylalkyl. Specific examples of compounds within the scope of this aspect of the
disclosure correspond to the compounds disclosed in Table 11A, or variations thereof as described

in A., H. and H-IL above, in which X, is an amino group.
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I Additional Embodiments

Each of the following embhodiments relates 1o the compounds of Fornmlae (IA) and (IB)
and, particularly, to each of the appropriate embodiments C-1 through H-IV of the compounds of
Formulae (1) through (6).

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

In another embodiment, X, is H. In anothcr cmbodiment, X, is halogen. Tn another
embodiment, X4 is F, Cl, or Br. In another embodiment, X, is F, Cl, or L. In another embodiment,
X418 ¥, Br, or I In another embodiment, X, is Cl, Br, or I. In another embodiment, X, isFor L. In
another embodiment, X4 is F or Br. In another embodiment, X, is F or Cl. In another cmbodiment,
X;is Clor I In another embodiment, X, is Cl or Br, In another embodiment, X4 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, 1s I. In another embodiment, X4 is H, F, Cl, or Br. In another
embodiment, X; is H, F, Cl, or I. In another embodiment, X, is H, F, Br, or I. In znother
cmbodiment, Xy is H, Cl, Br, or I. In another embodiment, X, is H, F, or I. In another
embodiment, X4 is H, F, or Br. In another embodiment, X, is H, F, or C1. Tn another embodiment,
X,is H, Cl, or I. In ancther embodiment, X, is H, Cl, or Br. Tn another embodiment, X, is H, Br,
or I. In another embodiment, X, is H or 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
halogen, aryl, or amino. In 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, X; is halogen. In another embodiment, X, is aryl. In anothcr embodiment,
X is alkynyl. In another embodiment, X, is amino. In another embodiment, X, is halogen,
heteroaryl, allynyl, 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. In another embodiment, X, is halogen or heteroaryl. In another embodiment, X,
is heteroaryl. In another embodiment, X, is alkyl-substituted heteroaryl, In another embodiment,
X is Cy-Cg alkyl-substituted heteroaryl. In another embodiment, X, is methyl-, ethyl-, n-propyl-,
or isopropyl-substituted heteroaryl. In another embodiment, X, is methyl- or ethyl-substituted
heteroaryl. In another embodiment, X3 is methyl-substituted heteroaryl. In another embodiment,

X; is ethyl-substituted heteroaryl.

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

embodiment, X; is F or I. In another embodiment, X; is ¥ or Br. In another embodiment, 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, X5 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 .

In another embodiment, X, is optionally substituted heteroaryl. In another embodiment, X,
5 is unsubstituted 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, oxazol-2-yl, 5-
methyloxazol-2-yl, thiophene-2-yl, thiophene-3-yl, 1H-imidazo-2-yl, 1H-imidazo-4-yl, or 1H-
imidazo-5-yl. In another embodiment, X, is furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, 1H-
pyrazol-2-yl, IH-pyrazol-3-yl, thiazol-2-yl, S-methylthiazol-2-yl, oxazol-2-yl, or 5-methyloxazol-2-
10 yl. Inanother embodiment, X, is furan-2-yl, furan-3-yl, or 5~methylfuran-2-yl. In another
embodiment, X5 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-vl, thiophene-3-yl, [H-imidazo-2-yl, |H-imidazo-4-vl, or
1H-imidazo-3-y]. In another embodiment, X, is thiophene-2-y1 or thiophene-3-yl. In another
15 embodiment, X, is 1H-imidazo-2-yl, IH-imidazo-4-y1, or 1H-imidazo-5-yl.

In another embodiment, X; is ethynyl, propyny!, or butynyl. In another embodiment, X, is
ethynyl or propynyl. In another embodiment, X, is ethynyl or butynyl. In another embodiment, X,
is propynyl or butynyl. In another embodiment, X, is ethynyl, In another embodiment, X, is
propynyl. In another embodiment, X, is butynyl.

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

methylethylamino. In another embodiment, X, is cyclopropylamino.

In another embodiment, X, is Br, I, furan-2-yl, furan-3-yl, 5-methylfuran-2-y1, 1H-pyrazol-
2-yl, 1H-pyrazol-3-yl, thiazol-2-yl, 5-methylthiazol-2-yl, oxazol-2-yl, 5-methyloxazol-2-yl,
ethynyl, propynyl, dimethylamino, diethylamino, or methylethylamino. In another embodiment, X,

35 isl, 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 B, furan-2-yl, furan-3-yl, S-methylfuran-2-yl, ethynyl, or dimethylamino. In another

5  embodiment, X, is 1, IH-pyrazol-2-yl, 1H-pyrazol-3-yl, sthynyl, dimethylamine, diethylamino, or
methylethylamino. In another embodiment, X, is Br, 11-pyrazol-2-yl, 1H-pyrazol-3-yl, ethynyl,
dimethylamino, diethylamino, or methylethylamino. In another embodiment, X is I, 1H-pyrazol-2-
y1, IH-pyrazol-3-yl, ethynyl, or dimethylamino. In another cmbodiment, X, is Br, 1H-pyrazol-2-yl,
1H-pyrazol-3-yl, ethynyl, or dimethylamino. In another cmbodiment, X, is I, thiazol-2-yl, 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
melhylethylamino. In another embodiment, X, is I, thiazol-2-yl, 5-methylthiazol-2-y1, ethynyl, or
dimethylamino. In another embodiment, X, is Br, thiazol-2-yl, 5-methylthiazol-2-yl, ethynyl, or
dimethylamino. Tn another emhodiment, X; is I, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl,

15 dimethylamino, diethylamino, or methylethylamino. In another embodiment, X, is Br, oxazol-2-y1,
S-methyloxazol-2-yi, 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, S-methyloxazol-2-yl, cthynyl, or dimethylamino,

In another embodiment, X, is halogen, aryl, or alkynyl and Y is 8. Tn another embodiment,
20 X, is halogen, aryl, or amino and Y is 8. In ancther embodiment, X, is halogen, alkynyl, or amino
and Y ts 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 emhodiment, X, is halogen or alkynyl
and Y is 8. In another embodiment, X, is halogen or aryl and Y is S. In another emhodiment, X, is
halogen and Y is S, In another embodiment, X, is aryl and Y is S. In another embodiment, X, is
25  alkynyland Y is S. In another embodiment, X; is amino and Y is S. In another embodiment, X, is
halogen, heteroaryl, alkynyl, 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
Y is 8. In another embodiment, X, is heteroaryl, alkynyl, or amino and Y is 8. 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
mgcthyl-, ethyl-, n-propyl-, or isopropyl-substituted heteroaryl and Y is S. In another embodiment,
Xp 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 heteroaryl and Y
35 is 8. Inanother embodiment, X; is Br, I, furan-2-yl, furan-3-yl, S-mcthylfuran-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-y}, 5-
methylfuran-2-yl, ethynyl, dimethylamino, diethylamino, or methylethylamino and Y is 8. In
another embodiment, X, is I, furan-2-yl, furan-3-yl, S-methylfuran-2-yl, ethynyl, or dimethylamino
and Y is 8. In another embodiment, X, is Br, furan-2-yl, furan-é—yl, S-methylfuran-2-yl, ethynyl, or
dimethylamino and Y is S. In another embodiment, X, is I, 1H-pyrazol-2-yl, 1H-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, ethyny!, 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 S. 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 Y is S, In
another embodiment, X, is Br, thiazol-2-yl, S-methylthiazol-2-yl, ethynyl, dimethylamino,
diethylamino, or methylethylamino and Y is S. In another embodiment, X, is T, thiazol-2-y1, 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 Yis S. In another embodiment,
X, is 1, oxazol-2-yl, 5-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, diethylamino, or methylethylamino and Y is S. In another embodiment,
X, is I, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl, or dimethylamine and Y is S. In another
embodiment, X; is Br, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl, or dimethylamino and Y is S.

Tn ancther embodiment, X, is halogen, aryl, or alkynyl and Y is CH,. 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,. In another embodiment, X, is halogen or amino and Y is CH,. Tn another embodiment, X, is
halogen or alkynyl and Y is CH,. In 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
CH,. In another cmbodiment, X, is halogen, heteroaryl, alkynyl, or amino and Y is CH;. In
another embodiment, X; is halogen, heteroaryl, or alkynyl and Y is CH,. Tn another embodiment,
X, is halogen, heteroaryl, or amino and Y is CHp. In another embodiment, X is heteroaryl,
alkynyl, or amino and Y is CH. In another embodiment, X5 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
heteroaryl 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 CHy. 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,
Xz is Br, 1, 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 1, faran-2-yl,
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, S-methylfuran-2-yl, cthynyl,
dimethylamino, diethylamino, or methylethylamino and Y is CH,. In another embodiment, X, is I,
Turan-2-yl, furan-3-yl, S-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 Y
is CHy. 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, IH-pyrazol-2-
yl, 1H-pyrazol-3-yl, ethynyl, dimethylamino, diethylamino, or methylethylamino and Y is CH,. In
another cmbodiment, X, is I, IH-pyrazol-2-yl, 11I-pyrazol-3-yl, ethynyl, or dimethylamino and Y is
CH,. In another embodiment, X, is Br, 1H-pyrazol-2-yl, 1l-pyrazol-3-yl, ethynyl, or
dimethylamino and Y is CH,. In another embodiment, X, is 1, thiazol-2-yl, S-methylthiazol-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, dicthylamino, or
methylethylamino and Y is CH,. In another embodiment, X, is I, thiazol-2-yl, S-methylthiazol-2-
yl, ethynyl, or dimethylamino and Y is CH;. In another embodiment, X, is Br, thiazol-2-v, 5-
methylthiazol-2-yl, ethynyl, or dimethylamino and Y is CH,, In another embodiment, X, is T,
oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl, dimeihylamino, diethylamino, or methylethylamino and
Y is CH;. In another embodiment, X; is Br, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl,
dimethylamino, dicthylamino, or methylethylamino and Y is CH,. Tn another embodiment, X, is I,
oxazol-2-yl, 5-methyloxazol-2-yl, cthynyl, or dimethylamino and Y is CI,. In another
embodiment, X, is Br, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl, or dimethylamino and Y is CH,.

In another embodiment, X; is Hand Y is S. In another embodiment, X, is halogen and Y is
S. In another embodiment, X; is F, Cl, or Brand Y is S. In another embodiment, X, is F, Cl, or I
and Y is S. In another embodiment, X, is F, Br, or Iand Y is S. In another embodiment, Xy is Cl,
Br,or land Y is S, In another embodiment, X is F or T and Y is S. Tn another embodiment, X, is F
or Brand Yis 8. In another cmbodiment, X4 is F or Cland Y is 8. 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
BrorIandY is S. In another embodiment, X, is F and Y is 8. In another embodiment, X, is Cl
and Y is 8. In another embodiment, X, is Brand Y is S. In another embodiment, X, is Land Y is
S.
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In another embodiment, X4 is H, F, Cl, or Brand Y is S. In another embodiment, X, is H,
F,Cl,orland Y is S. In another embodiment, X, is H, F, Br, or Iand Y is S. In another
embodiment, X4 is H, Cl, Br, or I and Y is S. In another embodiment, X4 is H, F, or I and Y is S.

In another embodiment, X4 is H, F, or Brand Y is S. In another embodiment, X, is H, F, or C1 and
Y is 8. In another embodiment, X4 is H, Cl, or L and Y is 8. In another embodiment, X, is H, Cl, or
Brand Yis S. In another embodiment, X, is H, Br, or I and Y is S. In another embodiment, X, is
HorFand Yis S. In another embodiment, X, is H or Cland Y is S. In another embodiment, X, is
HorBrand Yis 8. In another embodiment, X,is HorIand Y is S.

In another embodiment, X, is H and Y is CH,. In another embodiment, X is halogen and
Y is CH;. In another embodiment, X4 is T, Cl, or Br and Y is CH,. In another embodiment, X, is
F, Cl,orIand Y is CHy. In another embodiment, X, is F, Br, or I and Y is CH,. Tn another
embodiment, X, is C1, Br, or Iand Y is CH,, In another embodiment, X, is F or 1 and Y is CH,. Tn
another embodiment, X, is F or Br and Y is CH,. In another embodiment, X;is F or Cland Y is
CH,. In another embodiment, Xy is Cl or I and Y is CH,. In another embodiment, X, is Cl or Br
and Y is CH,. In another embodiment, X, is Br or I and Y is CH;. In another embodiment, X, is F
and Y is CH,. In another embodiment, X, 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 i3 CH,, In another embodiment, X4 is
H, F, Cl, orTand Y is CH,. In another embodiment, X4is H, F, Br, or Land Y is CHy. In another
embodiment, X, is H, Cl, Br, or 1and Y is CH,. In another embodiment, X, is H, F, or L 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, X4 is H, Cl, or Tand Y is CH,. In another
embodiment, X4 is H, C1, or Br and Y is CH,. In another embodiment, X, is H, Br, or Tand Y is
CH,. In another embodiment, Xy is Hor F and Y is CH,, In another embodiment, X, is H or Cl
and Y is CH,. In another embodiment, Xy is 11 or Brand Y is CHy. In another embodiment, X, is
HorIandY is 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, Xy is H or F, and Y is S, In another embodiment, X, is
halogen, alkynyl, or amino, X4 is Hor F, and Y is 8. In another embodiment, X, is aryl, alkynyl, or
amino, X4is Hor F, and Y is 8. In another embodiment, X, is halogen or amino, X, is H or F, and
Y is S. In another cmbodiment, X is halogen or alkynyl, Xy is Hor F, and Y is S. In another
embodiment, X, is halogen or aryl, X, is H or F, and Y is S. In another embodiment, X, is halogen,
XsisHorF,and Y is 8. In another cmbodiment, X, is aryl, X4is [T or T, and Y is 8. Tn another
embodiment, X, is alkynyl, X, is Hor F, and Y is S. In another embodiment, X, is amino, X is IT
orF,and Y is S. In another embodiment, X, is halogen, heteroaryl, alkynyl, or amino, X, is H or 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 H or F, and Y is S. In another
embadiment, X, is heteroaryl, alkynyl, ar amine, Xy is H or F, and Y is S. Tn another emhodiment,
X, is halogen or heteroaryl, X4 is Hor F, and Y is S. In another embodiment, X, is heteroaryl, X, is
HorF,and Y is S, In another embodiment, X, is alkyl-substituted heteroaryl, XsisHorF, and Y
is S, In another embodiment, X; is C,-Cgq alkyl-substituted hetercaryl, Xs is Hor F, and Yis S. In
another embodiment, X, is methyl-, ethyl-, n-propyl-, or isopropyl-substituted heteroaryl, X4 is H or
F,and Y is 8. In another embodiment, X; is methyl- or ethyl-substituted heteroaryl, Xyis Hor F,
and Y is S. In another embodiment, X, is methyl-substituted heteroaryl, Xy is Hor F, and Y is S.

In another embodiment, X, is ethyl-substituted heteroaryl, X, is Hor F, and Y is S. In another
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, S-methyloxazol-2-yl, ethynyl, propyayl,
dimethylamine, diethylamino, or methylethylamine, Xy isHor F, and Y is S. In another
embodiment, X3 is T, furan-2-yl, faran-3-yl, 5-methylfuran-2-yl, ethynyl, dimethylamino,
diethylamino, or methylethylamino, Xsis Hor F, and Y is S. In another emboditent, X, is Br,
furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, cthynyl, dimethylamino, dicthylamino, or
methylethylamino, X, is Hor F, and Y i3 S. In another embodiment, X, is I, furan-2-yl, furan-3-yi,
S-methylfuran-2-yl, ethynyl, or dimethylamino, 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, or dimethylamino, Xy is Hor F, and Y
is S. In another embodiment, X, is I, IH-pytazol-2-yl, I1H-pyrazol-3-yl, ethynyl, dimethylamino,
diethylamino, or methylethylamino, Xy is Hor F, and Y is S, In another embodiment, X, is Br, 1H-
pyrazol-2-yl, IH-pyrazol-3-yl, ethynyl, dimethylamine, diethylamino, or methylethylamino, Xy is
HorF, and Y is 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 8. In another embodiment, X, is Br, 1H-pyrazol-2-yl, 1H-
pyrazol-3-yl, ethynyl, or dimethylamino, X;is Hor F, and Y is S. In another embodiment, X, is I,
thiazol-2-yl, 5-methylthiazol-2-yi, ethynyl, dimethylamino, diethylamino, or methylethylamino, X,
isHorF,and Y is S. In another embodiment, X, is Br, thiazol-2-yl, 5-methylthiazol-2-yl, ethynyl,
dimethylamino, diethylamino, or methylethylamino, X. is Hor F, and Y is S, In another
embodiment, X, is I, thiazol-2-y], 5-methylthiazol-2-yl, ethynyl, or dimethylamino, Xy is Hor F,
and Y is S. In another embodiment, X, is Br, thiazol-2-yl, 5-methylthiazol-2-y1, ethyayl, or
dimethylamino, X, is Hor F, and Y is S. In another embodiment, X, is I, oxazol-2-yl, 5-
methyloxazol-2-yl, ethynyl, dimethylamino, diethylamino, or methylethylamino, X4 is H or F, and
Y is S. Inanother embodiment, X, is Br, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl,
dimethylamino, diethylamino, or methylethylamino, X, is Hor F, and Y is S. In another
embadiment, X; is I, oxazal-2-yl, 5-methvloxazol-2-yl, ethynyl, or dimethylamino, X4isHor F,
and Y is S. In another embodiment, X; is Br, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl, or
dimethylamino, X4 is H or F, and Y is S.
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In another embodiment, X, is halogen, aryl, or alikynyl, X, is H or ¥, and Y is CH,. In
another embodiment, X, is halogen, aryl, or amino, X, is H or F, and ¥ is CH,. In another
embodiment, X; is halogen, alkynyl, or amino, X, is H or F, and Y is CH,. In another embodiment,
X3 is aryl, alkynyl, or amino, Xy is Hor F, and Y is CH;. In another embodiment, X, is halogen or
amino, X4 is H or F, and Y is CH,. In another embodiment, X; is halogen or alkynyl, X, is H or F,
and Y is CH,. Tn 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,
XyisHorF,and Y is CHy. In anather embodiment, X; is alkynyl, X4 is Hor F, and Y is CH,. In
another embodiment, X; is amino, X, is H or T, and Y is CH,. In another embodiment, X, is
halogen, heteroaryl, alkynyl, or amino, X4 is Hor F, and Y is CH,. Tn another embodiment, X, is
halogen, heteroaryl, or alkynyl, X4 is Hor F, and Y is CH,. In another embodiment, X, is halogen,
heteroaryl, or amino, X, is Hor F, and Y is CH,. In another cmbodiment, X, is heteroaryl, alkynyl,
or amino, Xy is Hor ¥, 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 CIL,. In
another embodiment, X; is alkyl-substituted heteroaryl, X, is H or F, 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, is 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 CH,. In another embodiment, X; is methyl-substituted heteroaryl, X, is Hor 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 Bt, I, furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, 11l-pyrazol-2-yl, 1H-pyrazol-3-
vl, thiazol-2-yl, 5-methylthiazol-2-yl, axazol-2-yl, 5-methyloxazol-2-yl, ethynyl, propynyl,
dimethylamino, diethylamino, or methylethylamino, X4 is H or F, and Y is CH,. In another
embodiment, X; is T, furan-2-yl, furan-3-yl, S-methylfuran-2-yl, ethynyl, dimethylamino,
diethylamino, or methylethylamino, X, is H or F, and Y is CH,. Tn another embodiment, X, is Br,
furan-2-yl, furan-3-yl, S-methylfuran-2-yl, ethynyl, dimethylamino, diethylamino, or
methylethylamino, Xy is Hor F, and Y is CH,. 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 CH,. In another
embodiment, X; is Br, furan-2-yl, furan-3-yl, 5-methylfuran-2-yl, ethynyl, or dimethylamino, Xy is
HorF, and Y is CHz. 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, [H-pyrazol-3-yl, cthynyl, dimethylamino, diethylamino, or
methylethylamino, X, is Hor F, and Y is CH,. In another embodiment, X, is I, 1H-pyrazol-2-yl,
1H-pyrazol-3-yl, ethynyl, or dimethylamino, X4 is H or F, and Y is CH,. In anothcr embodiment,
X, is Br, 1H-pyrazol-2-yl, 1H-pyrazol-3-yl, ethynyl, or dimethylamino, X, is H or F, and Y is CI,.
In another embodiment, X, is I, thiazol-2-yl, 5-methylthiazol-2-yl, ethynyl, dimethylamino,
diethylamino, or methylethylamino, X, is Hor F, and Y is CH,. In another embodiment, X; is Br,
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thiazol-2-yl, 5-methylthiazol-2-yl, ethynyl, dimethylamino, diethylamino, or methylethylamino, X,
is Hor F, and Y is CH,. In another embodiment, X; is I, thiazol-2-yl, 5-methylthiazol-2-vl,
ethynyl, or dimethylamino, Xy is H or F, and Y is CH,. In another embodiment, X, is Br, thiazol-2-
yl, S-methylthiazol-2-yl, ethynyl, or dimethylamino, Xy is H or F, and Y is CH,. In another
5 cmbodiment, X; is I, oxazol-2-yl, 5-methyloxazol-2-yl, ethynyl, dimethylamine, diethylamino, or

methylethylamino, X4is Hor ¥, and Y is CH,. In another embodiment, X; is Br, oxazol-2-yl, 5-
methyloxazol-2-yl, ethynyl, dimethylamino, dicthylamino, or methylethylamino, X, is H or T, and
Y is CH.. In another embodiment, X, is I, oxazol-2-yl, S-methyloxazol-2-yl, ethynyl, or
dimethylamino, X, is H or F, and Y is CH,. In another embodiment, X, is Br, oxazol-2-yl, 5-

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

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

corresponding structure in which the sulfonamide has the reverse orientation or in which R contains
a sulfinamide or an amide (each of eithet orientation) is within the scope of the disclosure as if each
was specifically disclosed herein. In cormection 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 eithet 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 -
S0,N(R)- structure should also be considered as a disclosure of a compound in which the R group
contains an -NR,80;-, -S(O)N(R4)-, -NRAS(O)-, -C(O)N(R,)-, or -NR4C(O)- structure in place of
the -SO,N(R,)- structure.

25 Specific R groups include without limitation: 2-ethanesullonic acid isopropylamide, i.e.,
0
\\ /n CHy
N
0 cH,

2-ethanesulfonic acid ethylamide, i.e.,

Q, H
\\ N CHy
T
)

2-cthancsulfonic acid methylamide, i.e.,
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2-ethanesulfonic acid amide, i.e.,

CH,
S CH,
9, "z,/\/ N\ :
2-ethanesulfonic acid cyclopropylamide, i.e.,

\\S/"‘ -
HﬂL/\/ \O

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

o /\/H\S//O
A

CHs

ethanesulfonic acid 2-cthylamide, i.e.,

HE/\/“\S//O
I~

CHs

s

N-2 ethyl methanesulfonamide, i.e.,
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/\/“\S//O
O

2-methyl-propane-2-sulfonic acid 2-ethylamide, 7.e.,

A SN

2-methyl-propanc-2-sulfinic acid 2-ethylamide, i.e.,

m&/\/“\ﬁ/\(%

5 o] CHy

3
2

B

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

‘12?_/\/ L’\S// 7
O// T\CHG
Hs s

cyclopropanesufonic acid 2-cthylamide, i.e.,

4

™~

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

5 CHy
/\/\ /
a £
I e
3-propane-1-sulfonic acid ethylamide, i.e.,
0
LLLL/\//\S//
O// \H/\CHa

s

3-propane-1-sulfonic acid methylamide, i.e.,
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2 /\/\s//O cH
2 // \H/ N
g

»

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

mi/\/\s// o,

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

]
RN
“ u\
J
10 propane-2-sulfonic acid 3-propylamide, i.e.,
9
CH,
PN >\'\/\/ )
] N
cthancsulfonic acid 3-propylamide, i.e.,

0,

L,E/\/\N/ 5\\0 e

»

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

O\\S Chs
L‘E/\/\H/ QH/

H

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

ﬁ CHa
LLLL/\/\N/S\)\CHE

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

WIL/\/\/\\\)\/ -

o}

cyclopropanesulfonic acid 3-propylamide, i.e.,

°\\A

NN

10 3-N-isopropyl propionamide, i.e.,

/\/i]\)CH\3
K ¥ e

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

Q H
CHy
\\c/“\/

e

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

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

3-N-isobutyl propionamide, i.c.,
o
/\)L crts
bLLL " /Y
H
CHy s

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

A

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

Cils

m/\/“\(\cm |

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

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

Y

o]

5

N-2-ethy] formamide, i.e.,
/\/ i T "
o 5
N-2-ethyl 2,2-dimethyl-propionamide, i.c.,
CHy
b CHy
‘1LL/\/ CHy
a >

N-2-ethyl 3-methylbutyramide, i.c.,

H
N NWCW
o CH
)

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

N W\/A

cyclopropane carboxylic acid 3-propyl-amide, i.e.,
s !
N-3-propyl 2,2-dimethyl-propionamide, i.e.,

CHy
" CHy
55 f
SN CH,

>

N-propyl-2-methyl-propane-2-sulfinamide, i.e.,

PCT/US2012/032371
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I
/\/\ 3 CHsy
K v
CH,
CHg ,and
t-butanesulfonic acid 3-propylamide, i.e.,
CHs
o CHy

\\S CH,
dLL/\/\H/ \ s |

In connection with each of the X, 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 ', useful as imaging tools. Exemplary leaving groups include
without limitation trialkyl tin, for example trimethy!, or tributyl tin, trialkyl silicon, trialkyl
geranium, or fluorus analogs of trialkyl tin such as -Sn(CH;CHy(CF3)sCF3)s, aryl boronic acids,
thalium trifluroacetates, triazines, and metallated arenes. Techniques for radioiodination are well
known in the art, for example from Seevers, et al. Chem. Rev., 1982, 82 (6), pp 575-590 and
McIntee et al., J. Org. Chem. 2008, 73, 8236-8243 wghich are incorporated herein by reference.

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 *I or *'I in the time immediately prior
to nse 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 (TA) or (IB) and a pharmaceutically acceptable carrier by a method known in the arf.
Thus, another embodiment relates to a pharmaceutical composition comprising a Compound of
Formulae (IA) or (IB) and a pharmaceutically acceptable carrier. Such a composition is useful for
treating or preventing cancer or a neurodegenerative disorder, e.g., in a patient in need thereof,

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

effective amount of a Compound of Formulae (IA) and/or (IB). Another embodiment relates to a



WO 2012/138894 PCT/US2012/032371

180

method for trealing 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 Tormulae (IA) and/or (IB). Another embadiment relates to a method
for treating cancer or a neurodegenerative disorder, comprising administering to a patient in need
5 thercof a therapeutically effective amount of a Compound of Formulae (IA) and/or (IB). Another

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

10 patient in need thereof a therapeutically effective amount of a Compound of Formulae (IA) and/or
(IB). Another embodiment relates to a method for preventing cancer or a neurodegenerative
disorder, cornprising adminislering (o a palient in need thereof a therapeutically effective amount of
a pharmaceutical composition comprising 2 Compound of Formulae (IA) and/or (IB). Another
embodiment relates to the use of a Compound of Formulae (IA) or (IB) in the manufacture of a

15 medicament useful for treating cancet o a neurodegenerative disorder or for preventing cancer or a

neurodegenerative disorder.

Another embodiment relates to 2 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 fimction inhibiting amount is provided in the example below

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

Assay" provided herein is less than 10 uM. In another embodiment, the ICsy determined by the
"Hsp90 Binding Assay" provided herein is less than | pM. In another embodiment, the ICso
determined by the "Hsp90 Binding Assay" provided herein is <0.1 uM. 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 tollowing examples are set forth to assist in understanding the invention and should not
be construed as specifically limiting the invention as described and claimed hercin, Variations of
the invention, including the substitution of all equivalents now known or later developed, that
would be within the purview of those in the art, and changes in formulation or changes in

30 experimental design, are to be considered to fall within the scope of the invention incorporated

herein.

4. EXAMPLES

Certain examples below relate to the synthesis of illustrative compounds of the disclosure.

35  Synthetic Methods:
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M;-M;-R is -S(O)NR xRz, -NRAS(O)Rg, -SONR.Rz, -NRxSO;Ry, -C(O)NR ARy, of -
NRAC(O)Rg, wherein each R, and Ry is independently selected from H, C;-Cs alkyl, C,-Cy alkenyl,
Cy-Cs alkynyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl,
alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl,

5
Scheme 1. Synthesis of S-linker Adenine Derivatives
NH; NH;
< e *f O
/) + L)IN\%SH R DA <\ D
i Wow
5 or 6 member ring
NH, % NH,
o )t ¢ )I
B —— - N
s LA *{7 S
MR \/
=14 (<) n=1-4 () n=1-4
/M1 My
M2 Ma
é R
(a) Cul, neccuproine, NaOt-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
NH; NHz
HOOG, — A NHy ab )\
N 22, N \I S
WA i BNV
N HaN™ "N~ “NH, H
5 or 6 member ring
HZ NH2 XQ

S Ny IO
Br/\(fM1M'2R (2’ n=14 ‘<] n=1-4 !

n=14 My
v v
R R

(a) triphenyl phosphite, pyridine, microwave; (b) HF-pyridine, NaNOg; (c) NIS, acetonitrile, tt; (d)
Cs,C04; {€)X,M, 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 abave.)

NS NO, HaNPME NS NO, FefHCl NH; CSz KOH
PMB >:S
NHy |,
NH, @N% Cul, nBu4NBrtBuON Hy HoN
— S N
AN - \>—3
EYEREL ﬁ 4

I-1 |

12
0

NH, H.N NH,
Cs,CO;, R-Br N 2 R1)!\R2 )\/N
N N7\

— Pha U

# N NaBH,CN N
R R

General Methods:

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

10 m= multuplet), coupling constant (Hz), integration. ''C chernical shifts are repotted in 3 values in
ppm downfield from TMS as the internal standard. High resolution mass spectra were recorded on
a Watets LC1' Premier system. Low resolution mass spectra were obtained on a Waters Acquity
Ultra Performance LC with clectrospray 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 um),

N-(3~(6-amino-8-(6-indo-benzo[1,3]dioxol-5-ylsulfanyl)-purin-9-y1)-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 mixturs was stirred at a temperature of
about 25°C for 30 min, then covled down at 0°C, methanesulfonic chloride (0.83 mL, 10,7 mmol)
was added dropwise, kept stitring 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-lodobenzo[d][1,3]dioxol-5-yl)thio)-9H-purin-6-amine (150 mg, 0.36
mmol) in 10 mL of dry DMF was added N-(3-bromopropyl)methanesulfonamide (300 mg, 1.4
5 mmol) and Cs;CO5 (190 mg, 0.58 mmol). The resulling mixlure 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-4,/CDCL;, 3): 8.21 (s, LH), 7.41 (s, 1H), 7.10 (s, 1H), 6.08 (s,
2H), 4.34 (¢, J = 7.2 Hz, 2H), 3.16 (t, J = 6.5 Hz, 2H), 2.96 (s, 3H), 2.09 (m, 2H).

10 HRMS (EST) m/z [M+H]" calc'd, for CiabliglNgOsS, = 548.9876; found 548.9858.

Scheme 4, Synthesis of WS34 and WS35

NH |
”\N/ N>_S Oj )\/EN
H WKN/ Na b
a b &)
Br‘(\)/\NHZBr —» BR; NHSO,Me — é) )
n=1,2 n=d,2 N n=1,2

Ms  n=1, wsas
n=2, WS34

(a) triethylamine, MsCl, RT; (b) Cs;COs, RT

15 N-(2-(6-amino-8-(6-iodo-benzo[1,3]dioxol-5-yIsulfanyl)-purin-9-yl)-ethyl)-methanesul fonamide
{WS835):

To a solution of 8-({6-iodobenzo[d][1,3]dioxol-5-yl)thio)-9H-purin-6-amine (100 mg, 0.24
mmol) in 5 mL of dry DMF was added N-(2-bromoethyl)methanesulfonamide (150 mg, 0.7 mmal)
and Cs,CO; (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-d,/CDCl;, 8): 8.19 (s, LH), 7.41 (s, {H), 7.18 (s, 1H), 6.07 (s,
2H), 4.23 (m, 2H), 3.65 (m, 2H), 2.97 (s, 3H).

HRMS (ESI) m/z [MHH]" calc'd. for CisH,6IN;0,4S, = 534.9719; found 534.9709.

25
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Scheme 5. Synthesis of WS36, WS37, and WS38

o, Yy
HoN HoN I
s S-3

82
NHa HoN NHp |
B oaTl pa Sy SN o
— '\f H—s "i \>—S
l v N W N
54 s <%
NH, \t\
NH, |
AN

ws38
N s
n=1,2 h Br

Reagents and conditions: (a)Ac,0, dioxane, 0°C to tt; (b)) KNO,, H,S0,, 0°C to 1t; (c) NaNO,, KT,
AcQH, 0°C to t; (d) Fe, NH,Cl, isopropanol, reflux; {¢) 8-mercaptoadenine, Cul, nBuyNBr, NaOt-
Bu, mv; (f) NaNO,, K1, AcOH, 0°C; (g) 1,3-dibromopropane or 1,2-dibromoethane, Cs,CO5, DMF,
1t; (h)triethylamine, MsCl, 0°-rt; (i) Cul, PdCl,(PPhs),, trimethylsilanylacetylene, Kt;N, DMFE, 90°C,

S-Amino-6-nitro-indane (S-2):

5 A solution of S-aminoindune (S-1; 10 g, 75 mmol) in 100 mL of dioxane cooled in ice bath
was added acetic anhydride (15 mlL) 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 11,80, cooled in ice bath. KNOy in 15 mL of concenlrated
H;80, was added dropwise. The resulting solution was stirred at 0°C for 2 h and then at &

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).

T NMR (500 MHz, CCl,, 8): 7.94 (s, 1H), 6.65 (s, LI, 6.02 (br, 2H), 2.83 (m, 4H),
2,06 (m, 2LD).

15 C NMR (125 MHz, CDCly, 8): 1544, 14422, 134.1, 131.2, 120.8, 113.5, 33.1, 31.4, 25.7.
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5-Iodo-6-nitro-indane (S-3):

To a solution of $-2 (0.14 g, 0.78 mmol) in acetic acid cooled in ice bath was added NaNQO,
(65 mg, 0.94 mmol). The reaction mixture was stirred for 2 minutes. X1 (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 ethy! acetate (2 x 20 mL). The
organic layer was washed with saturated aqueous Na,S,0; solution, washed with brine and dried
over MgS0, 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) asa

yellow solid.

'HNMR (500 MHz, CDCls, 8): 7.83 (s, 1H), 7.71 (s, 1H), 2.95 (m, 4H), 2.1 (m, 2H).
5-Amino-6-iodo-indane (S-4):

To a solution of $-3 (1.65 g, 5.7 mmol) in isoptopanol (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%) tu provide S-4 (1.36 g, 92% yield) as a
grapiy (etlry P

pale yellow solid.

"HNMR (500 MHz, CDCly, 8); 7.44 (s, 1H), 6.59 (s, 1H), 3.88 (s, 2H), 2.74 (m, 4H), 1.98
(m, 2H).

C NMR (125 MHz, CDCly, 8): 146.2, 144.9, 136.5, 134.1, 111.0, 32.8, 31.8, 26.1.

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

The mixture of 8-mercaptoadenine (64 mg, 0.38 mmol), 8-4 (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/metharol, gradient 0% to 10%) to provide S-5 (54 mg, 47% yield) as a while
3 p

solid.

"HNMR (500 MHz, MeOH-d,/CDCL,, 8): 8.11 (s, 1H), 7.36 (s, 1H), 6.81 (s, 1H), 2.85 (m,
4H), 2.06 (m, 2H).

MS (ESI): m/z=299.02 [M+H]".
B8-((6-Iodo-2,3-dihydro- L H-inden-5-yl)thio)-9-H-purin-6-amine (5-6):

To a solution of §-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 XI (90 mg, 0.54 minol), The reaction mixture was stirred

PCT/US2012/032371
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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 mI.). 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 chloride/methanol, gradient 0% to 10%) to provide S-6 (42 mg, 56%

vield) as a white solid.

'H NMR (500 MHz, CDCly, 8); 8.12 (s, 1H), 7.84 (s, 1E), 7.39 (5, 1H). 2.91 (m, 4H), 2.11
(m, 2H).

MS (BSD: m/z=410.10 [M~H]",
N~{(3-(6-amino-8-(f-iodo-indan-5-ylsulfanyl)-purin-9-y1)-propyl)-methanesulfonamide (WS36):

To a solution of $-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 chromalography to provide compound WS36 as a white
solid (30 mg, 30% yield).

"HNMR (500 Miz, CDCL, 8): 8.33 (s, 1H), 7.78 (s, 1H), 7.17 (s, 1H), 5.89 (br, 2FD), 4.37
(t,J= 6.2 He, 2H), 2.99 (q, 2H), 2.90 (1, /= 7.5 Hz, 2H), 2.81 (1, /= 7.5 Hz, 2H), 2.08 (m, 2H),
1.94 (m, 2H).

13C NMR (125 MHz, CDCl, 8): 154.7, 153.0, 151.9, 147.6, 146.6, 136.1, 132.6, 127.9,
119.9,98.4,40.7, 40.2, 39.1, 32.5, 32.3, 30.3, 25.5.

HRMS (ESI) m/z [MHH]" calc'd. for CigHpINGO,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 S-6 (50 mg, 0.12 mmol) in 3 mL of dry DMF was added N-(3-
bromopropylymethanesulfonamide (200 mg, 0.99 mmol) and Cs;CO;5 (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,, 5): 8.29 (s, LH), 7.74 (s, IH), 7.01 (s, 1H), 6.91 (br, 1H), 5.96
(br, 2H), 4.41 (1,7 = 5.4 Hz, 2H), 3.60 (m, 2H), 2.88 (m, 2H), 276 (t, J = 10.2 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, 254,

HRMS (ESD) m/z [M+H]" calc'd. for C7HzplN¢O,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); (2.6 mg, 0.004 mmol), ethynylirimethylsilane (8.6 uL, 0.06 mmol) and
triethylamine (25 pL). The resulting mixture was stirred at 60°C for 15 min, condensed and
purified by chromatography. The intermediate was treated with KOH (5 mg) in methanol (1 mL)

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

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

"HNMR (500 MHz, CDCL, 8): 8.25 (s, 1H), 7.36 (s, 1H), 7.11 (s, 11I), 6.33(br, 1T1), 5.54
(br, 2H), 4.30 {t, T = 6.1 Hz, 2H), 3.25 (5, 1H), 2.89 (g, 2H), 2.80 (m, 4H), 2.00 (m, 2H), 1.88 (m,
2H),

10 HRMS (EST) m/z [M+HH]” calc'd. for CyoHpNg0,8, = 443.1324; found 443.1328.

Scheme 6. Synthesis of Dihydrobenzofuran Intermediate

NHy

O =0 Ty oo e (O =

HN 0 el L - %S‘Q

NN o
8§21 S$2-2 82-3

NH; |
NN —
L A0s 4
NN -
S2-4

Reagents and conditions: (a) NaNO,, KI, AcOH/TFA, 0°C; (b) 8-mercaptoadenine, Cs,CO4,
PACly(dppf), DMF, B0°C, 48h; (c) NIS, TFA, CH,CN, tt, 2h

15 6-Iodo-2,3-dihydrobenzofuran (S2-2):

A solution of 2,3-dihydrobenzoluran-6-amine (S2-1; 0.74 g, 5.5 mmol) in acetic acid 23
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 K1(2.73 g, 16.4 mmol). The resulling mixture was stirred at 0°C
for 15 minutes and quenched with HyO (20 mL). The mixture was extracted with EtOAc (3 x 150
20 mL} and the organic layer was washed with NayS;0s, washed with brine, dried over MgSQO, and

filtered. The filtrate was condensed under reduccd pressure and the residue was purified by flash
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chromatography (hexane:EtOAc, 90:10 to 40:60) to provide S2-2 (0.82 g, 61% yield) as a pale-
yellow solid.

'HNMR (500 MHz, CDCl, 8): 7.14 (d, 7= 7.6 Hz, [H), 7.11 (s, 1H), 6.89 (d, /= 7.6 Hz,
1H), 454 (t, J = 8.7 Hz, 2H), 3.14 (t, J = 8.7 Hz, 2H).

BCNMR (125 MHz, CDCly, 8): 161.1, 1294, 127.1, 126.4, 118.7, 91.7, 71.6, 29.4.
8-(2,3-Dihydrobenzofuran-6-ylthio)-9 H-purin-6-amine (§2-3):

To a solution of $2-2 (50 mg, 0.2 mmol) in DMF (2 mL) was added 8-mercaptoadenine (34
mg, 0.2 mmol), Cs,CO5 (99.4 mg, 0.3 mmol) and PACh(dppf) (33 mg, 0.02 mmol). The mixture
was degassed for 5 minutes with argon and stirred at 80°C under argon protection for 48 h. The
resulting mixture was concentrated under reduced pressure and the residue was purified by flash
chromatography (CH;Clo:MeOH, 100:0 to 90:10) to provide $2-3 (25 mg, 44% yield) as a yellow
solid.

"HNMR (500 MH7, CD;0D, 8): 8.14 (s, 1H), 7.24 (d, /= 7.6 Hz, 1H), 7.07 (d, /= 7.3
Hz, 1H), 6.97 (s, 111), 4.62 (t, J = 8.7 Hz, 2H), 3.25 (1, J= 8.7 Hz, 2H).

MS (BSD): m/z=285.8 [M+H]".

HRMS (ESD m/z [M+H]" cale'd. for C3H,N508 = 286.0763; found 286.0768.
8-(5-1odo-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 about 25°C for
2 h. The reaction mixture was concentrated under reduced pressure and the residue was purified by
flash chromatography (CHzCL:MeOT], 100:0 to 90:10) to provide $2-4 (48 mg, 53% yield) as a
yellow gum.

"HNMR (500 Miz, CDCls, 8): 8.26 (s, 1H), 7.79 (5, 1H), 7.12 (s, LH), 4.65 (t, /= 8.8 Hz,
2H), 3.28 (t, J= 8.7 Hz, 2H).

MS (ESI): m/z=412.0 [M+HT"
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Scheme 7. Synthesis of Compounds from WS39 through WS44
NH, |
’m)\/IN»— s‘<:>\Xa
b NN XbJ
4\ HNé Xa=Xb=0, WS39

c L O Xa=Xb=GHa, WS40
Xa=CH,, Xb=0, WS41

é X8
RN Xa=Xb=0, W§42
0, Xa=Xb=CH,, WS43
Xa=CHy, Xb=0, WS44

(a): triethylamine, tbutylsulfinic chiorice; (b) adenine intermediates, Cs,CQg; () MCPBA

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

5 To a solution of 2-bromoethaneamomium bromide (410 mg, 2 mmol) in 20 mL of CH,Cl,
was added triethylamine (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
10 flash chromatography to provide 2-methyl-propane-2-sulfinic acid (2-bromo-ethyl)-amide as a
while solid (0.42g, 86% yield).

"HNMR (500 MHz, CDCly, 8): 3.80 (br, 1H), 3.45-3.56 (m, 4IT), 1.20 (s, 9H).
BCNMR (125 MHz, CDCl, 8): 56.1, 47.3, 33.4, 22.6.
2-Methyl-propane-2-sulfonic acid (2-bromo-ethyl)-amide:

15 To a solution of 2-methyl-propane-2-sulfinic acid (2-bromo-ethyl)-amide (0.8g, 3.5 mmol)
was added mCPBA (77%, 0.95g, 4.2 mmol) and stirred at a temperature of about 25°C for 2 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,/CDCls, 8): 3.87-3.97 (m, 2H), 3.36-3.47 (m, 21, 1.32 (s,
20 om),
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BC NMR (125 MHz, CDCls, 8): 42.8, 29.6, 25.6, 23.2.

2-Mcthyl-propanc-2-sulfinic acid (2-(6-amino-8-(6-iodo-benzof 1,3]dioxol-5-ylsulfanyl)-purin-9-
yl)-ethyl)-amide (WS39):

To a solution of 8-((6-iodobenzo[d][1,3]dioxol-5-yl)thio)-9H-purin-6-amine (100 mg, 0.24
mmol) in 3 mL of dry DMF was added 2-methyl-propane-2-sulfinic acid (2-bromo-ethyl)-amide
(90 mg, 0.37 mmol) and Cs,C0O; (159 mg, 0.49 mmol). The resulting mix{ure 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/CDCl,, 8): 8.21 (s, 1H), 7.39 (s, 1E), 7.04 (5, 1H), 6.06 (s,
2H), 4.81 (m, 1H), 4.35-4.44 (m, 2H), 3.63 (m, 1H), 3.46 (m, 1H), 1.11 (s, 9H).

BC NMR (125 MHz, MeOH-d/CDCls, 8): 154.8, 153.2, 151.9, 149.4, 149.1, 146.1, 128.0,
120.1, 119.2, 112.0, 102.4, 90.6, 56.0, 45.1, 44.4, 22.6.

MS (BSI): mfz=561.0 [M+H]".
HRMS (ESD) m/z [M+H]" calc'd. for CigH,,IN50+8, = 561.0239; found 561.0233.

2-Methyl-propane-2-sulfinic acid {2-[6-amino-8-(6-iodo-indan-5-ylsulfanyl)-purin-9-y1]-ethyl}-
amide (WS40):

To a solution of $-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
under reduced pressure and purified by flash chromatography to provide compound WS40 as pale
yellow solid (35 mg, 51% yield).

"H NMR (500 MHz, MeQH-d,/CDCl;, 8): 8.22 (s, 1H), 7.82 (s, 1H), 7.34 (s, 1), 4.36-
4.44 (m, 2H), 3.60 (m, 1H), 3.44 (tm, 1H), 2.92 (t, T =7.4 Hz, 2H), 2.86 (1, J = 7.5 Hz, 2H), 2.10 (m,
2H), 1,10 (s, 9H).

MS (BSI): m/fz=557.0 [M+H]".

HRMS (ESI) m/z [M+H]" calc'd. for CooHpeINGOS, = 557.0654; found 557.0676.

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

To a solution of S2-4 (10 mg, 0.02 mmol) in 1 mL of dry DMF was added 2-methyl-
propane-2-sulfinic acid (2-bromo-ethyl)-amide (27 mg, 0.12 mmol) and Cs,CO; (16 mg, 0.05
mmol). The resulting mixture was stirred at a temperaturc 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% vield).
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MS (ESI): m/z=559,0 [M+H]",
HRMS (ESI) m/z [M+H]' calo'd, for CioHyINgO2S: = 559.0447; found 559.0439.

N-(2-(6-umino-8-((6-iodobenzo[d][1,3]dioxol-5-y!)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 Mz, CDCls, 8): 8.16 (s, 1H), 7.19 n(s, 2H), 6.83 (br, 1H), 5.90 (br, 211),
5.88 (s, 2H), 4.32 (t, T = 5.6 Hz, 2H), 3.68 (rq, 2H), 1.23 (5, 9H).

MS (ESI): m/z=577.1 [M+H]".
HRMS (EST) m/z [MH]" cale'd, for CigHp,INGO,S, = 577.0189; found 577.0172.

N-(2-(6-amino-8-((6-iodo-2,3-dihydro-  H-inden-5-yl)thio)-9H-purin-9-yl)ethyl)-2-methylpropane-
15 2-sulfonamide (WS43):

To a solution of S2-4 (25 mg, 0.06 mmol) in 2 mL of dry DMF was added 2-methyl-
propane-2-sulfonic acid (2-bromo-ethyl)-amide (90 mg, 0.37 mmol) and Cs,CO; (60 mg, 0.18
mmol). The resulting mixture was stirred al a lemperalure 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).

HNMR (500 MHz, CDCl, 8): 8.25 (s, LH), 7.56 (s, 1H), 6.42 (s, 1H), 5.88 (brs, 1H),
5.58 (brs, 2H), 4.49 (m, 2H), 4.31 (m, 2H), 3.51 (m, 2H), 3.11 (mm, 2H), 1,12 (5, 9H).

MS (ESI): m/z=575.0 [M+H]".

HRMS (EST) m/z [M+H]" cale'd. for CioH,yIN058; = 575.0396; found 575.0399.

25 N-(2-(6-amino-8-((5-iodo-2,3-dihydrobenzofuran-6-yl)thio)-9H-purin-9-yl)ethyl)-2-
methylpropane-2-sulfonamide (WS44);

To a solution of $-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 asa
white powder (11 mg, 31% vield).
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HNMR (500 MHz, CDCly, 8): 8.34 (s, 1H), 7.74 (s, 1H), 6.89 (s, 1H), 6.58 (brs, 1H),
5.78 (brs, 2H), 4.42 (m, 2H), 3.71 (m, 2H), 2.89 (m, 2H), 2.75 (m, 2H), 2.06 (m, 2H), 1.32 (s, 9H).
MS (ESI): m/z=573.1 [M+H]".

HRMS (EST) nvz [M+H]" cale'd. for CyH,eINz0,8, = 573.0603; found 573.0597.

Scheme 8. Synthesis of S-linked dimethylamino derivatives.
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R = cyclopropane carbonyl MRP4-28

R = t-butylcarbonyl MRP-1-29
R = cyclopropane suifonyl  MRP-l-31

HR

Reagents and conditions: () AcyO, AcOH, 1t; (b) ICl, CH,Cl,, AcOH, 1t; (¢) NaOH, EtOH, H,0,
reflux; (d) paraformeldehyde, NaBH;CN, MeOH, 50°C; (e) 8-mercaptoadenine, neocuproine, Cul,
NaOtBu, DMF, 115°C; (£) 2-(3-bromopropylisoindoline-1,3-dione, Cs,CO4, DMF, 1t; (g)
hydrazine hydrate, CH,Cl,/MeOH, rt; (h) TEA, cotresponding acid chlorides or sulfonamide,
DMF;

10 2-(3-(6-Amino-8-(6-(dimethylamino)benzo[d][1,3]dioxol-5-ylthie)-9H-purin-9-
yhpropylisoindoline-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 DMF (15 mL) was stirred for
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2 hat tt, The mixture was dried under reduced pressure and the residue purified by column
chromatography (CH>Cla:MeOH:AcOH, 15:1:0.5) to give 0.72 g (63%) of the titled
compound. 'H NMR (500 MHz, CDCLy/MeOH-dq): § 8.16 (s, 1H), 7.85-7.87 (m, 2H),
7.74-7.75 (m, 2H), 6.87 (s, 1H), 6.71 (s, 1H), 5.88 (s, 2H), 4.37 (t, /= 6.4 Hz, 2H), 3,73 (,

5 J=061Hz, 2H), 2.69 (s, 6H), 2.37-2.42 (m, 2H); HRMS (EST) m/z [M+H]" calcd. for
CasHpN70,4S, 518.1610; found 518.1601,

9-(3-Aminopropyl)-8-(6-(dimethylamino)benzo[d] [1,3]dioxol-5-yIthio)-9H-purin-6-
amine, 2-(3-(6-Amino-8-(6-(dimethylamino)benzo[d][ 1,3 |dioxol-5-yithio)-9H-purin-9-

10 yhpropyl)isoindoline-1,3-dione {0.72 g, 1.38 mmol), hydrazine hydrate (2.86 g, 2.78 mL,
20.75 minol), in CH,ClL;:MeOH (4 mL:28 mL) was stirred for 2 h at rt. The mixturc was
dried under reduced pressure and the residue purified by column chromatography
(CH3Cly:MeOH-NH;(7N), 20:1) to give 430 mg (80%) of the titled compound. "H NMR
(500 MHz, CDCly): 8 8.33 (s, 1H), 6.77 (s, 1H), 6.49 (5, 1H), 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 1z, 21T), 1.89-1.95 (m, 2H); "C NMR
(125 MHz, CDCls): 8 154.5,153.1, 151.7, 148.1, 147.2, 146.4, 144.8, 120.2, 120.1, 109.3,
109.2,101.7, 45.3, 45.2, 40.9, 38.6, 33,3, HRMS (ESI) m/z [M+H]" caled. for
C17H22N70,8, 388.1556; found 388.1544.

20 N-(3-(6-Amino-8-(6-(dimethylamino)benzo[d][1,3]dioxol-5-ylthio)-9H-purin-9-
ypropyleyclopropanecarboxamide (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 uL, 0.170 mmol), cyclopropane carbonyl chloride (16 mg, 14 pL
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,Cl,:MeOH-NH3(7N) ,
20:1) to give MRP-X-28 (66 mg, 93%). "H NMR (600 MHz, CDCls): § 8.33 (s, LH), 7.40 t,
J=06.1Hz, 1I1), 6.77 (s, 1H), 6.52 (s, 1H), 6.40 (br's, 2H), 5.90 (s, 2H), 4.29 (t, J= 6.2 Hz,
2H), 3.11 (q, J = 6.0 Hz, 2H), 2.68 (s, 6H), 1.87-1.91 (m, 2H), 1.45-1.49 (m, 1H), 0.98-
0.96 (m, 2H), 0.77-0.74 (m, 2H); C NMR (150 MHz, CDCL): § 173.7, 154.9, 153.0,151.8

30 148.3,147.5,146.6,144.7,119.9, 119.5, 109.6, 102.5, 101.7, 45.3, 40.6, 35.3, 29.1, 14.9,
7.1 HRMS (ESI) m/z [M+H]" caled. for CoHygN;04S, 456.1818; found 456.1812,

2

N-(3-(6~Amino-8-(6-(dimethylamino)benzo[d][1,3] dioxol-5-ylthio)-9H-purin-9-
y)propyl)pivalamide (MRP-I-29). 9-(3-Aminopropyl)-8-(6-
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(dimethylamino)benzo[d][1,3]dioxol-5-ylthio)-9H-purin-6-amine (60 mg, 0.155 mmol),
triethylamine (17 mg, 24 pL, 0.170 mmol), pivaloyl chloride (19 mg, 19 pL , 0.155 mmol)
in CH;Cl; (3 mL) was stitred for 2 h at it. 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, TH), 7.65 (t, /= 6.2 Hz,
1H), 6.77 (s, 111), 6.50 (s, TH), 6.39 (br s, 2H), 5.90 (s, 2H), 4.26 (i, J= 6.0 Hz, 2H), 3.04
(9, = 6.0 Hz, 2H), 2.68 (s, 611, 1.83-1.87 (m, 2H), 1.27 (s, 9H); °C NMR (150 MHz,
CDCl3): 8 178.8,154.9,152.9, 151.9, 148.3, 147.5, 146.6, 144.7, 119.8, 119.7, 109.5,
102.5,101.7,45.3,40.3, 38.8, 34.8, 28.9, 27.7; (ESI) m/z [M+H]" caled. for CHagN,038,

10 472.2131; found 472.2128.

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

15 triethylamine (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 rt. The mixture was dried under
reduced pressure and the residue purified by preparatory TLC (CH,Cl:MeOH-NH;(7N) ,
20:1) to give MRP-I-31 (55 mg, 71%). "H NMR (600 MHz, CDCL): 5 8.30 (s, 1H), 6.78 (5,
1H), 6.66 (t, /= 6.8 Hz, 1H}, 6.51 (s, 1H), 6.29 (brs, 2H), 5.91 (s, 2H), 431 (t, /= 6.0 Hz,

20 2H),3.02(q,/=6.1 Hz, 2H), 2.70 (s, 61I), 2.34-2.38 (m, 1H), 1.95-1.99 (m, 2H), 1.15-

1.17 (m, 2H), 0.93-0.96 (m,2H); *C NMR (150 MHz, CDCly): § 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+HJ+ caled. for CygHagN704S,, 452.1488; found 492.1463.

25  Scheme 9. Synthesis of S-linked amide, sulfonamide or sulfinamide derivatives
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Xa=Xb=0, R = t-butylcarbonyl WS45

. Xa=CHg, Xb=0, R= cyclopropanecarbonyl WS61
Xa=Xb=0, R = i-prapylcarbonyl WS46 X=CH2, Xb=0, R= t-butylsulfinyl WS62
Xa=Xp=0, R = |-propylsuifonyl WS48 Xa=Xb=CHj, R= t-butylsulfinyl W8§63
Xa=Xb=0, R = t-butylsulfinyl WS49 Xa=H, Xb=Q, R= t-butylcarbonyl WS84

Xa=Xb=0, R = isobutylsulfonyl WS&0
Xa=Xb=0, R = cyclopropanecarbony| WS51
Xa=Xb=0, R = t-butylsulfonyl WS52

Xa=Xb=0, R = lactyl WS558
Xa=Xb=0, R = cyclopropanesulfonyl WS56
Xa=Xb=0, R =2-hydroxy-2-methylpropany| WS58

Reagents and conditions: (a) triethylamine, acid chloride 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
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, CDCl;): 8 (5.97 (br s, 1H), 3.40 (m, 4H),
2.07 (m, 2H), 1.17 (s, 9H); PC NMR (125 MHz, CDCly): 8 178.7, 37.2, 32.1, 31.1, 27.6.

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.

N-(3-(6-amino-8-((6-iodobcenzo[d][1,3]dioxol-5-yl)thio)-9H-purin-9-
yDpropylpivalamide (WS45). To a solution of 8-((6-iodobenzo[d][1,3]dioxol-5-y])thio-
9H-purin-6-amine (74 mg, 0.18 mmol) in DMF ( 2 mL) was added N-(3-
bromopropylypivalamide (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,Cly:NH;-MeOH
(7N), 20:1) to yield WS45 as a white solid (18 mg, 18%). 'H NMR (500 MHz, CDCl;): 8
8.23 (s,1H), 7.45 (br s, 1H), 7.19 (s, 1H), 6.88 (s, 1H), 5.93 (s, 2H), 5.69 (br s, 2H), 4.20 (t,
J=6.1 Hz, 2H), 3.00 (m, 2H), 1.80 (i, 2H), 1.21 (s, 9H); HRMS (EST) m/z [M+H]" caled.
for CpHa4IN¢O58, 555.0675; found 555.0681.

N—(3-(6-Amino-8-({6-iodobenzo{d][1,3]dioxol-5-yl)thio)-9H-purin-9-
YDpropyl)isobutyramide (WS46). To a solution of 8-((6-iodobenzo[d][1,3]dioxol-5-
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 WS46 as a white solid (22 mg, 34%). "H NMR (500 Mz,
CDCl;/MeOH-d): 8 8.22 (s,1H), 7.61 (br s, 111), 7.41 (s, 1), 7.08 (s, 1H), 6.07 (s, 2H),
4.27 (m, 2H), 3.21 (m, 2H), 2.45 (s, 1H), 2.02 (m, 2H), 1.19 (d, J = 6.9 Hz, 6H); HRMS
(ESD) m/z [M+H]" caled. for CioHINGO5S, 541.0519; found 541.0508.

N- ( 3-(6-Amino-8-((6-iodobenzo[d][1,3]dioxol-5-yl)thie)-9 H-purin-9-
yDpropyl)propanc-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;COs
(188 mg, 0.56 mmol). The resulting mixture was stirred at room temperature overnight.
The reaction mixture was condensed under vacuum and the residue was purified by Prep
TLC (CH,Cl,:NH;-MeOH (7N}, 20:1) to yield WS48 as a white solid (33 mg, 20%). n
NMR (500 MHz, CDCly/McOH-dy): § 8.20 (s, 11T), 7.41 (s, 1H), 7.09 (s, 1 H), 6.08 (s, 2H),
4.35 (t,7="7.0 Hz, 2H), 3.10-3.22 (m, 3H), 2.07 (m, 2H), 1.37 (d, /= 6.9 Hz, 6H); *C
NMR (125 MHz, CDCly/MeOH-d,): § 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 (ESD) m/z [M+H]"
caled. for C1gHyINgO4S,, 577.0189; found 577.0193,

N-3-(6-Amino-8-((6-iodobenzo[d][1,3]dioxol-5-yl)thio)-9H-purin-9-yl)propyl)-2-
methylpropane-2-sulfinamide (W849). To a solution of 8-((6-iodobenzo[d][1,3]diox0l-5-
yDthio-9H-purin-6-amine (118 mg, 0.07 mmol) in DMF ( 2 mL) was added N-(3-
bromopropyl)-2-methipropane-2-sulfinamide (50 mg, 0.21 mmol) and Cs,CO; (23 meg,
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0.14 mmol). The resulting mixture was stirred at room temperature overnight, The reaction
mixture was condensed under vacunm and the residue was purified by Prep TLC
(CH,Cly:NH;-MeOH (7N), 20:1) to yield WS49 as a white solid (14 mg, 35%). '"H NMR
(600 MHz, CDCls): & 8.31 (s, 1H), 7.33 (s, 1H), 6.94 (s, 1H), 6.02 (s, 2H), 5.87 (br 5, 2H),

5 491 (t,J=6.7Hz, 1H), 4.40-4.45 (m, 1H), 431-4.36 (m, 1H), 3.10-3.17 (m, 1H), 2.97-
3.04 (m, 110, 2.11-2.17 (1, 1H), 1.96-2.08 (m, 1H), 1.26 (s, 9H); '*C NMR (150 MHz,
CDCly): 8 154.5,152.9,151.9, 149.3, 149.2, 146.5, 127.3, 119.9, 119.3, 112.6, 102.4, 91.8,
55.9,42.1,40.5,31.1, 22.8; HRMS (ESI) m/z [M+H]" caled. for C1oHpuINgO38,, 575.0396;
found 575.0379.

10
N-3-(6-Amino-8-((6-iodubenzo[d][1,3]dioxol-5-yI)thio)-9H-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,

15 0.12 mmol). The resulting mixture was stirred at room temperature overnight. The reaction
mixturc was condensed under vacuum and the residue was purified by Prep TLC
(CH,Cly:NH;-MeOH (7N), 20:1) o yield WS50 as a white solid (16 mg, 46%). 'H NMR
(500 MHz, CDCly/MeOH-d,): 3 8.07 (s, LH), 7.25 (s, LH), 6.94 (s, 1H), 5.93 (s, 2H), 4.20
(t,./=6.2 Hz, 2H), 2.97 (t, /= 5.6 Hz, 2H), 2.78 (d, J= 6.5 Hz, 2H), 2.05-2.16 (m, 1H),

20 1.87-1.97 (m, 2H), 0.98 (d, /= 6.7 Hz, 6H); *C NMR (125 MHz, CDClyMeOH-d,): §
158.3, 156.2, 155.1, 153.9, 153.4, 151.6, 129.3, 123.5, 1232, 117.9, 106.6, 98.3, 64.2, 44.7,
43.4,34.0,28.8, 26.3; BRMS (BESD) m/z [M+H]" calcd. for CjoHpuINg0,4S,, 591.0345;
found 591.0333.

25 N-3-(6-amino-8-((6-iodobenzo[d][1,3]dioxol-5-yl}thie)-9 H-purin-9-
yhpropyl)cyclopropane carboxamide (WS51). To a solution of 8-((6-
iodobenzo[d][1,3]dioxol-5-y)thio-9/7-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
Cs2C0;s (48 mg, 0.14 mmol). The resulting mixture was stirred at room temperature

30  overnight. The reaction mixture was condensed under vacuum and the residue was purified
by Prep TLC (CH;Cl;:NH3-MeOH (7N), 20:1) to yield WS51 as a white solid (14 mg,
35%). "H NMR (500 MHz, CDCly/ McOH-d,): 8 8.16 (s,1H), 7.31 (s, 1H), 6.99 (s, 11T),
5.98 (s, 2H), 4.21 (t, /= 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, CDCly/MeOH-d,): &
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179.1,1747, 154.3,152.2, 151.2, 149.9, 149.4, 147.7, 1254, 119.5, 113.9, 102.6, 94.3,
41.1,35.9, 28.9, 14.5, 7.0; HRMS (EST) m/z [M-+H]" calcd. for C1oHzING058S, 539.0362;
found 539.0362,

5 N-3-(6-Amino-8-((6-iodobenzo[d][1,3]divxol-5-yl}thic)-9H-purin-9-yl)propyl)-2-
methylpropane-2-sulfonamide (WS52). To a solution of 8-((6-iodobenzo[d][1,3]dioxol-
5-yDythio-9H-purin-6-amine (37 mg, 0.09 mmol) in DMF ( 1.5 mL) was added N-(3-
bromapropyl)-2-methylpropane-2-sulfonamide (70 mg, 0.27 mmol) and Cs,CO;5 (59 mg,
0.18 mmot). The resulting mixture was stirred at room tempcraturc overnight. The reaction

10 mixture was condensed under vacuum and the residuc was purified by Prep TLC
(CH,ClL:NH;-MeOH (7N), 20:1) 1o yield WS52 as a white solid (9 mg, 16%). ‘H NMR
(600 MHz, CDCl,): 8 8.20 (s, 1H), 7.25 (s, 1H), 6.89 (s, 1H), 6.35 (t,.J = 6.7 Hz, 1H), 5.94
(3, 2H), 5.69 (br's, 2H), 4.32 (t, ./ = 6.0 Hz, 2H), 2.93-2.99 (m, 2H), 1.87-1.99 (m, 2H),
1.28 (s, 9H); PCNMR (150 MHz, CDClL): § 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 CrgH24INs04S2, 591.0345; found 591.0353.

(5)-IN-3-(6-Amino-8-((6-iodobenzo|d][1,3]dioxol-5-yl)thio)}-9H-purin-9-yl)propyl)-2-
hydroxypropanamide (WS55). To a solution of 8-((6-iodobenzo[d][1,3]dioxol-5-yl)thio-

20  9H-purin-6-amine (71 mg, 0.17 mmol) in DMF ( 2 mL) was addcd (S)-1-(3-
bromopropyl)amino)}-1-oxopropa-2-yl acetate (130 mg, 0.51 mmol) and Cs,CO;3 (112 mg,
0.34 mmol). The resulting mixture was stirred at room temperature over night, The reaction
mixture was condensed under vacuum and the residue was purified by Prep TLC
(CH,Cly:NH;-MeOH (7N), 20:1) to yield WS55 as a white solid (13 mg, 14%). 'TH NMR

25 (600 MHz, CDCly): & 8.23 (s,1H), 7.64 (t, J = 6.0 Hz, 1H), 7.26 (s, 1H), 6.90 (s, 1H), 5.94
(s, 2H), 5.73 (br 5, 2H), 4.10-4.23 (m, 3H), 3.05-3.25 (m, 2H), 1.85-1.95 (m, 211, 1.39 (dd,
J=15.1, 6.8 Hz, 3H); HRMS (EST) m/z [M+H]" calcd. for C1gHzINO4S, 543.0312; found
543.0310.

30 N-3-(6-Amino-8-((6-iodobenzo|d]|1,3]dioxol-5-yhthic)-9 H-purin-9-
yl)propylyeyclopropanesulfonamide (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)eyclopropanesulfonamide (120 mg, 0.44 mmol) and Cs,CO;3
(71 mg, 0.22 ramol). The resulting mixturc 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,Clo:NH3-MeOH (7N), 20:1) to yield WS56 as a white solid (12 mg, 19%). "H NMR
(600 MHz, CDCL/MeOH-d,): 5 8.13 (s, 1H), 7.32 (s, 1H), 7.00 (s, 1H), 5,99 (s, 2H), 4.26
(t,/="7.0 Hz, 2H), 3.08 (1, J= 6.3 1Tz, 211), 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 C,3HaoINeO4Ss,

5 575.0032; found 575.0042.

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

10 mL) was added 1-((3-bromopropyl)amino)-2-methyl-1-oxopropan-2-yl acetate (120 mg,
0.48 mmol) and Cs,CO; (93 mg, 0.28 mmol). The resulting mixture was slirred at Toom
temperature overnight. The reaction mixture was condensed under vacuum and the residue
was purified by Prep TLC (CH,ClyNHs-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 (t, J= 6.0 Hz, 1H), 7.26 (s,

15 1H), 6.85(s, 1H), 5,95 (s, 2H), 5.54 (br 5, 2H), 4.21 (t, J= 5.9 Hz, 2H), 2.93-2,99 (m, 2H),
2.08 (s, 3H), 1.83-1.90 (m, 2H), 1.59 (s, 6H); HRMS (ESI) m/z [M+H]" caled. for
CarH24INgOs8, 599.0574; found 599.0579.

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

20 hydroxy-2-methylpropanamide (WS58). To a solution of WS57 in MeOH/THF/H,0 (0.3
mL/0.3 mL/0.3 mL) was added LiOH (5 mg). The reaction mixture was stirred at room
temperature for 2 hrs. The resulting mixture was condensed, purified by Prep TLC
(CHCL:NH;-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, 1 H), 7.25 (s, 1H), 6.88 (s, 1), 5.94 (s, 2H),

25 5.67 (brs, 2H), 4.20 (t, /= 6.4 Hz, 2H), 3.02-3.20 (1, 2H), 1.83-1.96 (m, 2H), 1.43 (s, 6H);
BCNMR (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 [MI H]*
calcd. for CioHpnINgO4S, 557.0468; found 557.0447.

30 N-(3-(6-Amino-8-((5-iodo-2,3-dihydrobenzofuran-6-yl)thio)-9 H-purin-9-
yDpropyleyclopropanecarboxamide (WS61). To a solution of 8-((5-iodo-2,3-
dihydrobenzofuran-6-yl)thio)-9d-purin-6-amine (26 mg, 0.06 mmal) in DMF ( 1.5 mL)
was added N-(3-bromopropyl) cyclopropanecarboxamide (39 mg, 0.18 mmol) and Cs;CO3
(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 yield WS61 as a white solid (12 mg, 35%). 'H NMR

(600 MHz, CDCL): § 8.30 (s, 1H), 7.57 (s, 1H), 7.16 {m, 16, 6.55 (s, 1H), 5.67 (br s, 2H),

450 (t, J=8.8 Hz, 2H), 4.22 (t, /= 6.3 Tz, 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
5 (ESD m/z [M+H]" caled. for CooHasINGO,S, 537.0570; found 537.0567.

N-(3-(6-Amino-8-((5-iodo-2,3-dihydrobenzofuran-6-yhthio)-9 H-purin-9-yl)propyl)-2-
methylpropanc-2-sulfinamide (WS62). To a solution of 8-((5-iodo-2,3-
dihydrobenzofuran-6-yl)thio)-9H-purin-6-amine (26 myg, 0.06 mmol) in DMF ( 1.5 mL)

10 was added N-(3-bromopropyl)-2-methlpropane-2-sulfinamide (49 mg, 0,18 mmol) and
Cs,CO3 (41 mg, 0.12 mmol). The resulting mixture was stirred at room temperature
overnight. The reaction mixture was condensed under vacuum and the residue was purified
by Prep TLC (CH,Cly:NHs-MeOH (7N), 20:1) to yield WS62 as a white solid (11 mg,
30%). "H NMR (600 MHz, CDCls): 8 8.33 (s, 1H), 7.66 (s, 1H), 6.61 (s, 1H), 5.85 (br s,

15 2H),4.84 (t,J- 6.7 Hz, 1H), 4.59 (t, /= 8.7 Hz, 2H), 4.37-4.44 (m, 1H), 4.29-4.35 (m,
1H),3.22 (t, /= 8.5 Hz, 2H), 3.09-3.16 (m, 1H), 2.95-3.02 (m, 1H), 2.06-2.15 (m, 1H),
1.93-2.05 (m, 1H), 1.29 (s, 9H); HRMS (ESI) m/z [M+H]" calcd. for CaoHagINO,S,,
573.0603; found 573.0620.

20 N-(3-(6-Amino-8-((6-ivde-2,3-dihydro-1H-inden-5-yl)thio)-9 H-purin-9-yl)propyl)-2-
methylpropane-2-sulfinamide (WS63). To a solution of 8-({6-i0do-2,3-dihydro-1H-
inden-5-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 stitred at room temperature overnight. The reaction

25  mixture was condensed under vacuum and the residue was purified by Prep TLC
(CHClp:NH;-MeOH (7N), 20:1) to yield WS63 as a white solid (5 mg, 27%). "H NMR
(600 MHz, CDCl3): 8 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 (m, 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 (i, 9H); HRMS

30 (ESDm/iz [M+H]+ caled. for Co1HysIN6OS,, 571.0811; found 571.0809,

V-(3-(6-Amino-8-((2-iodo-5-methoxyphenyl)thio)-9H-purin-9-yl)propyl)pivalamide
(WS64). To a solution of 8-((2-iodo-5-methoxyphenyl)thio)-9H-putin-6-amine (200 mg,
0.5 mmol) in DMF (3 mL) was added N-(3-bromopropyl)pivalamide (445 mg, 2 mmol)



WO 2012/138894 PCT/US2012/032371

201

and Cs,CO; (326 mg, | 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 (CH2Cly:NH;-MeOH (7N), 20:1) to yield WS64 as a white solid (53 mg,
20%). "H NMR (500 MHz, CDCls): § 8.26 (s,1H), 7.66 (d, J=8.7 Hz, 1H), 7.43 (br s, 1H),
5 6.66 (s, 1H), 6.50 (d, J= 8.7 Hz, 1H), 5.86 (br s, 2H), 4.20 (t, / = 6.1 Hz, 2H), 3.61 (s, 3H),
2.78 (m, 2H), 1.82 (m, 2H), 1.21 (s, 9H); *C NMR (125 MHz, CDCls): § 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]" caled. for CagHasIN6O;S, 541.0883; found 541.0898,

10 Scheme 10. Synthesis of S-linked reversed sulfonamide derivatives
NH, |
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n=0,1 Hl}‘,
R R=tbutyl, n=0 WS47
R =t-butyl, n=1 WS53

R =isopropyl, n= 1 WS54

15 2-(6-Amine-8-((6-iodobenzo[d][1,3]dioxol-5-yI)thio)-9H-purin-9-yl)-N-(tert-
butyljcthanesulfonamide (W847). To a solution of 8-((6-iodobenzo[d]{1,3]dioxol-3-
y)thio-9H-purin-G-amine (56 mg, 0.13 mmol) in DMF ( 2 mL) was added N-t-butyl-2-
chloroethanesulfonamide (50 mg, 0.25 mmot) and Cs,CO; (88 mg, 0.27 mmol). The
resulting mixturc was stirred at room temperature overnight. The reaction mixture wus

20  condensed under vacuum and the residue was purified by Prep TLC (CH,Cly:NH;-MeOH
(7N), 20:1) to yield WS47 as a white solid (10 mg, 13%). 'H NMR (500 MHz,
CDCl/MeOH-dy): 8 8.22 (s,1H), 7.39 (s, 1H), 7.08 (s, 1H), 6.06 (s, 2H), 4.69 (t, /= 7.0 Hz,
2H), 3.57 (t, J= 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]" caled. for CigHzIN60,S,, 577,0189; found 577.0217.
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3-(6-Amino-8-((6-iodobenzo[d][1,3]dioxol-5-yl)thio)-9H-purin-9-yl)-N-(tert-
butyl)propanc-1-sulfonamide (WS53). To a solution ot 8-((6-iodobenzo[d][1,3]dioxol-5-
yhthio-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;CO; (88 mg, 0.27 mmol).
The rosulting mixture was stitred at toom 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 WSS3 as a white solid (18 mg, 22%). 'H NMR (600 MHz,
CDCl3/MeOH-dy): 6 8.21 (s, 1H), 7.40 (s, 1H), 7.06 (s, 1H), 6.06 (s, 2H), 4.38 (t, /= 7.3
He, 2H), 3.12 (t, J = 7.4 Hz, 2H), 2.13-2,44 (m, 2H), 1.33 (s, 9H); *C NMR (150 MHz,
CDCl3/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
C15Ha4IN04S,, 591.0345; found 591.0361.

3-(6-Amino-8-((6-iodobenzo[d][1,3]dioxol-5-y1)thiv)-9H-purin-9-yl)-/V-
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;CO3
(62 mg, 0.19 mmol). The resulting mixture was stirred at room temperature overnight. The
reaction mixture was condcnscd under vacuum and the residue was purified by Prep TLC
(CHClL:NH;-MeCOH (7N), 20:1) to yield WS54 as a white solid (14 mg, 26%). 'H NMR
(500 MHz, CDCls/MeOH-d,): § 8.00 (s,1H), 7.19 (s, 1H), 6.86 (s, 1H), 5.86 (s, 2H), 4.17 (t
J=17.3 Hz, 2H), 3.34 (septet, J = 6.6 Hz, 1H), 2.89 (t, /= 7.6 Hz, 2H), 2.05-2.13 (m, 2H),
0.99 (d, J= 6.6 Hz, GH); HRMS (EST) m/z [M+H]" caled. for CigHy,ING04S,, 577.0189;
found 577.0194,

>

Scheme 11. Synthesis of methylene-linked amide, sulfonamide and sulfinamide derivatives
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R = t-butylsulfinyl WS80

R=H WS65

R = t-butylcarbonyl WS66

R = cyclopropanecarbonyl WS71
R = cyclopropanesulfonyl WS72

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

t-Butyl (3-bromopropyl)carbamate. To a suspension of 3-bromopropylamine
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 addcd
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-
bromopropyl)carbamate (9.8 g, 90%). '"H NMR (500 MHz, CDCl3/MeOH-d,): 8 4.75 (br s
1H), 3.44 (t, /= 6.6 11z, 2H), 3.27 (m, 2H), 2.05 (m, 2H), 1.45 (s, 9H).

H

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[ ][ 1,3]dioxol-5-yl)methyl)-9H-
purin-6-amine (3.3 g, 8 mmol) in DMF ( 50 mL) was added t-butyl (3-
bromopropyl)carbamate (9.6 g, 40 mmol) and Cs,CO;5 (5.26 g, 16 mmol). The resulting
mixture was stirred at room temperature for 1 day. The reaction mixture was condensed
and purified by flash chromatography to yield t-butyl (3-(6-amino-2-fluoro-8-{(6-
iodobenzo[d][1,3]dioxol-5-yDmethyl)-9H-purin-9-yl)propyl)carbamate as white solid (3.1
g, 66%). The solution of t-butyl (3-(6-amino-2-fluoro-8-((6-iodobenzo[4][1,3]dioxol-5-
yl)methyl)-9 H-purin-9-yl)propyljcarbamate (1.9 g, 3.3 mmol) in the mixture of
TEA/CH,Cl; (10 mL/2 mL) was stirred at room temperature for 2 hrs, The reaction mixture

PCT/US2012/032371
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was condensed, purified by flash chromatography to yield 9-(3-aminopropyl)-2-fluoro-§-
((6-iodobenzo[ ][ 1,3]dioxol-5-ylimethyl)-9H-purin-6-amine as yellow solid (1.4 g, 89%).
'H NMR (600 MHz, CDClL/MeOH-d,); § 7.28 (s, 1H), 6.70 (s, 1H), 5.98 (s, 2H), 4.21 (s,
2H),4.13 (t,J=7.1 Hz, 2H), 2.67 (t, /= 6.8 Hz, 2H), 1.89 (m, 2H); “C NMR (150 MHz,
CDCL/MeOH-dy): § 160.8, 159.4, 157.8, 153.7, 152.1, 150.4, 149.4, 132.4, 120.1, 117.2,
111.3,103.4, 89.8, 41.7, 40.4, 39.3, 33.6; HRMS (ESI) m/z [M+H]" caled. for
C16H17IFNgO3, 471.0436; found 471.0442,

N-(3-(6-Amino-2-fluoro-8-((6-iodobenzo[d][1,3]dioxol-5-yhmethyl)-9 H-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)-9H-purin-6-amine (80 mg, 0.17 rmol)
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, CDCL): § 7.28 (s, 1H), 6.62 (s, 1H), 6.04
(brs, 2H), 5.97 (s, 2H), 4.60 (t, J = 6.5 Hz, 1H), 4.24 (s, 21), 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 (ESL) m/z
[M+H]" caled. for CoHpsFINGO5S, 575.0725; found 575.0738.

N-(3~(6-Amino-2-fluoro-8-((6-iodobenzo[4][1,3]dioxol-5-yl)methyl)-9 H-purin-9-
yDpropylpivalamide (WS66). To a solution of WS65 (100 mg, 0.21 mmol) in DMF
(3mL) was added trimethylacetyl chlotide (40 pL, 0.32 mmol) and triethylamine (50 pL,
0.96 mmol), The resulting mixture was stirred at room temperature overnight. The reaction
mixture was condensed and purified by flash chromatography to yield WS66 as white solid
(80 mg, 68%). 'H NMR (500 MHz, CDCL;): § 7.22 (s, 1H), 6.58 (s, 1H), 6,37 (br s, 2H),
5.90 (s, 2H), 4.17 (s, 2ID), 4.00 (t, J = 6.1 Hz, 2H), 3.10 (m, 2H), 1.66-1.73 (m, 2H), 1.16 (s,
SH); HRMS (EST) m/z [M—H]" calcd. for C1HasIFNgQ3, 555.1017; found 555.1015.

N-(3-(6-Amino-2-fluoro-8-((6-iodobenzo[d][1,3]dioxol-5-yl)methyl)-9 H-purin-9-
yDpropyl)cyclopropanecarboxamide (WS71). To a solution of 9-(3-aminopropyl)-2-
fluoro-8-((6-iodobenzo[][1,3]dioxol-5-yl)methyl)-9H-purin-6-amine (100 mg, 0.21 mmol)
in DMF ( 3 mL) was added cyclopropanecarbonyl chloride (29 plL, 0.32 mmol) and
triethylamine (90 pL, 0.96 mmol). The resulting mixture was stirred at room tempetature
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, CDCls/MeOH-dy): 8 7.32
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(s, LH), 6.77 (5, 1H), 6.02 (s, 2H), 4.24 (s, 2H), 4.16 (t, J =7.3 Hz, 2H), 3.26 (t, J= 6.2 Iz,
2H), 1.91-2.01 (m, 2H), 1.50-1.57 (m, 1H), 0.50-0.95 (m, 2H), 0.76-0.82 (m, 2H); HRMS
(BST) m/z [M+H]" caled, for CaoHa FINGOs, 539.0704; found 539.0705.

N-(3-(6-Amino-2-fluoro-8-((6-iodobenzo[d][1,3] dioxol-5-yl)methyl)-9H-purin-9-
yDpropyl)cyclopropanesulfenamide (WS72). To a solution of 9-(3-aminopropyl)-2-
fluoro-8-((6-iodobenzo[d][1,3]dioxol- 5-yl)methyl)-9 H-purin-6-amine (100 mg, 0.21 mmol)
in DMF ( 3mL) was added cyclopropanesulfonyl chloride (89 mg, 0.32 mmol) and
triethylamine (50 uL, 0.96 mmol). The resulting mixture was stirred at room lemperature
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, CDCl:/MeOH-d,): & 7.32
(s, TH), 6.79 (s, LH), 6.02 (s, 2H), 4.27 (s, 2H), 4.22 (t, J="7.3 Hz, 2H), 3.18 (t, J= 6.4 Hz,
2H), 2.45-2.50 (m, 1H), 2.00-2.06 (m, 2H), 1.12-1.17 (m, 2H), 0.99-1.04 (m, 2H); °C
NMR (150 MHz, CDCl3/MeOH-d,): 3 159.0 (d, J=209.8 Hz), 156.9 (d, /= 19.7 Hz),
152.4 (d, /=18.511z), 151.2 (d, /=2.3 Hz), 149.3, 1484, 1314, 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 C1oHnFIN6O4S, 575.0374; found 575.0390.

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

I \
N N NHZ \
mNﬁN\*SQj . N;k)\/IN\>—s .
i o] — NZ N o)
NHR i
NHR

R = cyclopropanecarbonyl WS68
R = t-butylcarbonyl WS69

R = cyclopropanesulfonyl WS70

Reagents and conditions: (a) Cul, PdCI,(PPhg)p, trimethylsilanylacetylene, Et;N,

DMF, 60°C; (b) KOH.
N-(3-(6-Amino-8-((6-ethynylbenzo{d][1,3]dioxol-5-yl)thio)-9H-purin-9-
yDpropyl)eycloprepanecarboxamide (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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PdCl(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 vield WS68 as a white solid (42 mg, 35%). "H NMR (600 MHz,
CDClL/MeOH-d,): § 8.11 (s,1H), 6.96 (s, 1H), 6.89 (s, 1H), 5.98 (s, 21), 4.21 (t, /= 7.3 Hz,
2H), 345 (s, 1H), 3.18 (m, 2H), 1.88-1.96 (m, 2H), 1.43-1.49 (m, 1H), 0.78-0.84 (m, 2H),
0.65-0.71 (m, 2H); HRMS (ESD) m/%z [M+H]" caled. for CyHa Ne0s8, 437.1396; found

10 437.1393.

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

15 mmol}, Cul (5 mg, 0.03 mmol) and tricthylamine (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
CHCly/MeOH (1 mL/ 1 mL). To the resulting mixture was added KOH (20 mg) and
stirred for 3 hrs. The reaction mixture was condensed and purified by flash chromatography

20 to yield WS69 as a white solid (53 mg, 43%). "H NMR (600 MHz, CDCL;): & 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 (br s, 2E1), 4.29 (t, J =
5.9 Hz, 2H), 3.30 (s, 1H), 3.02-3.09 (m, 2H), 1.86-1.94 (m, 2H), 1.28 (s, 9H); HRMS (ESI)
m/z [MHH]" caled. for CryHysNs04S, 453,1709; found 453.1721,

25 N-(3-(6-Amino-8-((6-ethynylbenzo[d}[1,3]dioxol-5-yl)thio)-9H-purin-9-
yl)propyhcyclopropancsulfonamide (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 filirate was concentrated under reduced pressure and the resulting
residue was dissolved in CH;Cl,/MeOH (1 mI/ 1 mL). To the resulting mixture was added
KOH (20 mg) and stirred for 3 hrs. The reaction mixture was condensed and purified by
flash chromatography to yield WS70 as a white solid (43 mg, 52%). "H NMR (600 MHz,
CDCls/MeOH-d,): & 8.20 (s, 1H), 7.06 (s, 1H), 7.00 (s, 1H), 6.08 (s, 2H), 4.37 (t, /= 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]" caled. for CaoHa N:Q:Sa,
473.1066; found 473.1053.

NH, |
POy
| N
NH, | . " \ "
Syl - g
NH.
kN/ N o A DMF

§13-1 $13-2 O=
NH,

5 DZ5-49-N9

Scheme 13. Synthesis of DZ5-49-N9,

10 6-(6-Amino-8-(6-iodobenzo[d][1,3]dioxol-5-ylthio)-9H-purin-9-yl)hexanamide [DZ5-
49-N9]. 50 mg (0.121 mmol) of 8-(6-iodobenzo[d]{1,3]dioxol-5-ylthio)-9H-purin-6-amine
(813-1) was dissolved in DMF (2 mL). 47 mg (0.145 mmol) of Cs,CO; and 117.4 mg
(0.605 mmol) ot 6-bromohexanamide (S13-2) were added and the mixture was stirred at tt
for 2 h. Solvent wus removed under reduced pressure and the resulting residue was purified

15 by preparatory TL.C (CH2Cl;:MeOH-NH; (7N), 10:1) to give 12.7 mg (20%) of DZ5-49-
N9. 'H NMR (500 M1z, CDCl3/MeOH-d,): § 8.13 (s, 1H), 7.31 (s, 1H), 6.97 (s, 1H), 5.98
(s, 2H),4.13 (t, /= 7.6 Hz, 2H), 2.14 (t, J= 7.6 Hz, 2H), 1.71-1.80 (m, 2H), 1.55-1.65 (m,
2H), 1.28-1.39 (m, 2H); HRMS (ESD) 7/z [M+H]" caled. for CieHagINgO5S, 527.0362;
found 527.0364.

20
Hsp9%0 Binding Assay:

For the binding studies, fluorescence polarization (FP) assays were performed similarly as
was previously reported [Du et al. (2007) "High-throughput screening fluorescence polarization
assay for tumor-specific Hsp90" J. Biomol. Screen 12:915-924]. Briefly, FP measurements were

25 performed on an Analyst G1 instrument (Molecular Devices, Sunnyvale, CA). Measurements were
taken in black 96-well microtiter plates (Corning # 3650) where both the excitation and the
emission occurred from the top of the well. A stock of 10 pM cy3B-GM was prepared in DMSO
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and diluted with JTFB buffer (20 mM Hepes (K}, pH 7.3, 50 mM KC1, 2 mM DTT, 5 mM MgCl,,
20 mM Na;MoQ,, and 0.01% NP40 with 0.1 mg/mL BGG). The test compounds were dissolved in
DMSO and added at several concentrations to the HFB assay buffer containing both 6 oM cy3B-
GM and transgenic mouse brain lysate (6 pg JNPL3 lysate) or human cancer cell lysate (3 pg
SKBr3 lysate} in a final volume of 100 uL. Drugs were added to triplicate wells. Tree cy3B-GM
(6 nM ¢y3B-GM), bound cy3B-GM (6 1M ¢y3B-GM + lysate, as indicated above) and buffer only
containing wells (background) were included as controls in each plate. Plates werc incubated on a
shaker at 4°C, and polarization values measured at 24 h. Percentage inhibition was calculated as
follows: (% Control) =100 - ((mP, - mP/(mP, - mPg)) x 100, where mP, is the recorded mP from
compound wells, mP;is the average recorded mP from cy3B-GM-only wells, and mPy 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 us implemented in
Prism 4.0 (GraphPad Software).

hERG Fluorescence Polarization Assay:

Following the manufacturer’s protocol, the hERG assay was performed using Predictor
hERG Fluorescence Polarization Assay kit (catalog no. PV5365) from Invitrogen, Briefly, FP
measurements were performed on an Analyst GT instrument (Molecular Devices, Sunnyvalc, CA).
Measurements were taken in black 384-well plates (Corning # 3677), where both the cxcitation and
the emission occurred from the top of the well. The test compounds were dissolved in DMSO and
added al several concentrations to the Predictor hRERG FP assay buffer containing 4 nM Predictor
hERG tracer red and 10 uL of Predictor hERG membrane in a final volume of 20 uL. Drugs were
added to triplicate wells. B-4031 as positive control was included in each plate. Plates were then
kept on a shaker at room temperature and polarization values were measured aller 4 hrs. The
inhibition concentration at which 50% of tracer ted gets displaced was obtained by fitting the data

using a nonlinear regression analysis as implemented in Prism 5.0 (GraphPad Software).

Table 12 shows results of testing for various representative compounds for their activity in
Hsp90 binding assays and hERG fluorescence polarization assay. In interpreting these test results,
it will be appreciated that binding to Hsp90 is desirable for activity in the treatment of cancer or
ncurodegenerative disorders. In contrast, it is generally undersirable to have binding (o 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 structurs
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has a Hsp90 binding value of 20 nM and an hERG assay result of I uM . Many of the
compounds of the invention tested, have hERG values morc 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 715 NA
1A-12 WS35 33 NA
1A-15 w554 20.5 >100
1A-19 WSs3 44 NA
1A-22 WS48 47 >100
1A-24 WS34 11.5 NA
1A-25 WSs2 24 NA
1A-26 WS49 12 >100
1A-27 WS50 64 NA
1A-28 W856 19.7 NA
1A-43 W845 11 >100
1A-44 WS46 68 NA
1A-45 WsSs1 9.8 >100
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Compound Synthetic Hsp90 Binding hERG assay
! Designation No. Designation Assay (nM) (M)
1LA-46 WSs5 242 NA
1A-47 WS57 165 NA
1A-48 WS58 22.1 12
1A-49 WS64 283 NA
LA-5 WS17 78 NA
1A-50 DZ5-49-K9 76.5 NA
1B-28 WS70 53 >100
1B-43 WS69 28 >100
1B-45 WS68 37 >100
1G-28 MRP-I-31 22 NA
1G-43 MRP-1-29 11 >100
1G-45 MRP-I-28 15 76
2A-11 WS43 51 i "NA
2A-12 WS41 68 NA
2A-26 WS62 17 NA
2A-45 Wwse1 11.8 NA
3A-10 WS36 3.5 NA
3A-11 WS44 68 NA
3A-12 ‘WS40 29.6 NA
3A-24 W837 8.1 NA
3A-26 WS63 20.1 NA
3A-43 Ws38 374 NA
4A-26 WS60 26.2 >100
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Compound Synthetic HspY0 Binding hERG assay
Designation No. Designation Assay (aM) (M)
4A-28 WS72 24 >100
4A-43 WS66 33.1 >100
4A-45 WS71 20 >100
5 The invention is not to be limited in scope by the specific embodiments disclosed in the

10

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,
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AMENDED CLAIMS
received by the International Bureau on 20 October 2012 (20.10.12)

1. - A Compound of Formula (IA) or (IB):
NH2 x2 NH2 X2
N 77X 23
ZI1 Z\>—Y X )i 7Y Xa
/k ~ ‘a P N X
Xi 2 '\\l Xc Xy 4 \ ‘ AC
R Xb R Xb—Xd
5 (1) (IB)

or a pharmaceutically acceptable salt thereof, wherein:

(a) eachof Z;, 7, and Z; is N;
() YisCH,, O, or S;
(c) Xa, Xb, Xc and Xd are independently selected from CH, CH,, O, N, NH, §,
10 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) X, is hydrogen or halogen; and

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

15 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 morte ~S(OYN(R,)-, -NRAS(0)-, -SO;N(R,)-, -

NRASO;-, -C(O)N(R,)-, or -NRAC(O)- groups, and/or terminated by an -S(O)NRRp, -
NRAS(O)Rg, -SO;NR AR, -NRASO;Rg, -C(O)NRsRg, or -NR,C(O)Rg group, wherein

20 each R, and Rp is independently selected from hydrogen, C;~Cg alkyl, C,-Cs alkenyl,
C,-C; alkynyl, cycloalkyl, heteroalkyl, heterocyeloalkyl, aryl, heteroaryl, alkylaryl,
arylalkyl, alkylheteroaryl, heteroarylalkyl, and alkylheteroarylalkyl.

2. The compound as in claim 1 which is a Compound of Formula (1):

NH, %
N SN
N—v
&)‘\/,\tl;n?— Qj
R
1)

25.

AMENDED SHEET (ARTICLE 19)
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or a pharmaceutically acceptable salt thereof, wherein Y is CH, or S.

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

NH2 x2

NN
v)I >Y
X7 l\N/ Nf— ¥

)

Xb
R
)
5 or a pharmaceutically acceptable salt thereof, wherein:
one of Xa and Xb is O and the other is CH,; and
Y isCH; or S.
4. The compound as in claim 1.which is a Compound of Formula (3):
NH
2 X2
NN
/l P Y Xa
: Xb
R
10 3

ora pharmaceuticaliy acceptable salt thereof, wherein:
one of Xa and Xb is C(=0) and the other is CHj; and

Y is CH, or S.

AMENDED SHEET (ARTICLE 19)
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5. The compound as in claim 1 which is a Compound of Formula (4):
NH, X,
NN N\:
)l\ = ! A
X N .N\ ‘,'é(c
R Xb
®
or a pharmaceutically acceptable salt thereof, wherein:
5 Xa-Xc-Xb is CHy~-CH,-CH,, CH=CH-CH,, or CH,-CH=CH; and
YisCH,or S,
6. The compound as claim 1 which is a Compound of Formula (5):
NH 2 x2
NS
A\
/l “Z >— Y Xa
X7 N 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 claim 1 which is Compound of Formula (6):
NH, X,
NT T N\
)]\ >—Y °
/ i
X, ~N N\ )
R (]
(6)
15 or a pharmaceutically acceptable salt thereof,

AMENDED SHEET (ARTICLE 19)
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8. The compound of any of claims 1 to 7, wherein R is interrupted by one or more -
S(O)N(Ra)-, -NRAS(0)-, ~SO:N(Ra)-, -NRxSO;-, -C(O)N(R,)-, or -NRAC(O)- groups.

0. The compound of ény of claims 1 to 8, wherein R is terminated by
an -S(O)NR zRp, -NRAS(O)Rg, -SO,NR Rp, -NRASO;Rp, ~C(O)NR 4R, or -NRAC(O)Rp group.

10. The compound as in one of claims 1-7, wherein R is 2-ethanesulfonic acid
isépropylamide, 2-ethanesulfonic acid ethylamide, 2-ethanesulfonic acid methylamide, 2-
ethanesulfonic acid amide, 2-ethanesulfonic acid t-butylamide, 2-ethanesulfonic acid
isobutylamide, 2-ethanesulfonic acid cyclopropylamide, isopropanesulfonic acid 2-ethylamide,
ethanesulfonic acid 2-ethylamide, N-2 ethyl methanesulfonamide, 2-methyl-propane-2-sulfonic
acid 2-ethylamide, 2-methyl-propane-2-sulfinic acid 2-ethylamide, 2-methyl-propane-1-sulfonic
acid 2-ethylamide, cyclopropanesufonic acid 2-ethylamide, 3-propane-1-sulfonic acid
isopropylamide, 3-propane-1-sulfonic acid ethylamide, 3-propane-1-sulfonic acid methylamide, .3-
propane-1-sulfonic acid amide, 3-propane-1-sulfonic acid t-butylamide, 3-propane-1-sulfonic acid
isobutylamide, 3-propane-1-sulfonic acid cyclopropylamide, propane-2-sulfonic acid 3-
propylamide, ethanesulfonic acid 3-propylamide, N-3-propyl methanesulfonamide, 2-méthyl-
propane-2-sulfonic acid 3-propylamide, 2-methyl-propane-2-sulfinic acid 3-propylamide, 2-methyl-
propane-1-sulfonic acid 3-propylamide, cyclopropanesulfonic acid 3-propylamide, 3-N-isopropyl
propionamide, 3-N-ethy! propionamide, 3-N-methyl propionamide, 3-propionamide, 3-N-t-butyl
propionamide, 3-N-isobutyl propionamide, 3-N-cyclopropyl propionamide, N-2-ethyl
isobutyramide, N-2-ethyl propionamide, N-2-ethyl acetamide, N-2-ethyl formamide, N-2-ethyl 2,2-
dimethyl-propionamide, N-2-ethyl 3-methylbutyramide, or cyclopropane carboxylic acid 2-ethyl-
amide.

11. | The compound as in one of claims 1-7, 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.

12. The compound as in one of claims 1-11, wheréin XsisHorF.

13. The compound as in one of claims 1-12, wherein Y is S.

14, The compound as in one of ¢laims 1-12, wherein Y is CH,.

15. The compound as in one of claims 1-14, wherein X, is optionally substituted
~ heteroaryl.

16. The compound as in claim 15, wherein 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, oxazol-2-yl, or 5-
methyloxazol-2-yl.
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17. The compound as in one of claims 1-14, wherein X; is alkynyl.

18. The compound as in claim 17, wherein X, is ethynyl.

19. The compound as in one of claims 1-14, wherein X, is halo.

20. The compound as in claim 19, wherein X; is I.

21. The compound as iﬂ one of claims 1-14, wherein X, is amino.

22, The compound as in claim 21, wherein X, is dimethylamino.

23. A pharmaceutical composition comprising the compound as in one of claims 1-22
and a pharmaceutically acceptable carrier.

24. 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 claims 1-22.

25. Use of a compound as in one of claims 1-22 in formulating a phaﬁnaceutical

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

26. A method for the inhibition of Hsp90, comprising contacting Hsp90 with an Hsp90

function inhibiting amount of a compound as in one of claims 1-22.

27. Use of a compound as in one of claims 1-22 in formulating a pharmaceutical

composition for the inhibition of Hsp90.,
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28, A Compound of Formula (IA) or (IB):

NH; Xo NH> Xp
X2 24
¥ 1 3v PR Xa
/J\Z/ N xe x4)\z/ N X
’ 2 \ )
X4 2 \ bXC R Xb—=Xd
(IA) (IB)

or a salt thereof, wherein:

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

(b) YisCH,, O, 0r §;

(c) Xa, Xb, Xc aﬁd 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;

(e) X, is hydrogen or halogen; and

(6 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(OIN(R4)-, -NRAS(0)-, -SO,N(RA)-, -
NRASO;-, -C(O)N(R4)-, or -NRAC(O)- groups, and/or terminated by an -S(O)NRaRp, -
RAS(O)Rp, -SONR4Rg, -NRASO,R g, ~C(O)NRARE, or -NRAC(O)Rp group, wherein
each R and Rp 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,

29.  The compound of claim 28, or a salt thereof, wherein X, is trialkyl tin
or —Sn(CHzCHz(CF2)5CF3)3. '

30. Use of a compound of claims 28 or 29, or a salt thereof, as a precursor for the

formation of a radiolabeled compound.
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