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PURINE DERIVATIVES USEFUL AS HSP90 INHIBITORS

Statement of Related Cases
This application is related to US Patent Application No. 12/307,063 filed 12/30/2008,
and US Patent Application No. 11/814,506, filed July 23, 2007 which are incorporated herein

by reference in their entirety for all purposes.

Background of the Invention

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

The Hsp90 family of proteins has four recognized members in mammalian cells:
Hsp90 a and B, Grp94 and Trap-1. Hsp90 a and B exist in the cytosol and the nucleus in-
association with a number of other proteins. Hsp90 in its various forms is the most ébundant
cellular chaperone, and has been shown in experimental systems to be required for ATP-
dependent refolding of denatured or “unfolded” proteins. It has therefore been proposed to
function as part of the cellular defense against stress. When cells are exposed to heat or other
environmental stresses, the aggregation of unfolded proteins is preveﬁted by pathways that
catalyze their refolding or degradation. This process depends on the association of the
unfolded protein in an ordered fashion with multiple chaperones (Hsp 60, 90 and 70 and
p23), forming a “refoldosome™ and ultimately the ATP-dependent release of the chaperones
from the refolded protein. .

Hsp90 may also play a role in maintaining the stability and function of mutated
proteins. It seems to be required for expression of mutated p53 and v-src to a much gréater _
extent than for their wild-type counterparts. It has been suggested that this occurs as a result
of Hsp90-mediated suppression of the phenotypes of mutations that lead to protein unfolding.

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

involved in the growth response of the cell to extracellular factors. These include the steroid
receptors as well as certain transmembrane kinases (i.e., Raf serine kinase, v-src and Her2).
The mechanism whereby Hsp90 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



WO 2011/04439%4 PCT/US2010/051872

2

binding of the steroid to the receptor. Thus, H5p90 could function as a physiologic regulator
of signaling pathways, even in the absence of stress.

Hsp90 has been shown to be overexpressed in multiple tumor types and as a function
of oncogenic transformation. Whether it plays a necessary role in maintaining transformation
is unknown, but it could have at least three functions in this regard. Cancer cells grow 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 cytotdxic chemotherapeutic agents. Thus,
the general role of Hsp90 in maintaining the stability of proteins under stress may be |
necessary for cell viability under these conditions. Secondly, cancer cells harbor mutated
oncogenic proteins. Some of these are gain-of-function mutations which are necessary for
the transformed phenotype. Hsp90 may be required for maintaining the folded, functionally-
active conformation of these proteins. Thirdly, activation of signaling pathways mediated by
steroid receptors, Raf and other Hsp90 targets is necessary for the growth and survival of
many tumnors which thus probably also require functional Hsp90.

Hsp90 has been recognized as a viable target for therapeutic agents. Hsp90 family
members possess a unique pqcket in their N-terminal region that is specific to and conserved
among all Hsp90s from bacteria to mamimals, but which is not present in other molecular
chaperones. The endogenous ligand for this pocket is not known, but it binds ATP and ADP
with low affinity and has weak ATPase activity. The ansamycin antibiotics geldanamycin
(GM) and herbimycin (HA) have been shown to bind to this conserved pocket, and this
binding affinity has been shown for 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 targeted cells. International Patent Publication No. WQO00/61578
relates to bifunctional molecules having two moieties which interact with the chaperone
protein Hsp90, including in particular homo- and heterodimers of ansamycin antibiotics.
These bifunctional molecules act to promote degradation and/or inhibition of HER-family
tyrosine kinases and are effective for treatment of cancers which overexpress Her-kinases.

Exemplary small molecule ltherapeutics_that bind to the same binding pocket
of Hsp90 as ATP and the ansamycin antibiotics are disclosed in PCT Publication Nos.
WO002/36075, W02006/084030, W009/042646 and WO09/065035, and US Patent
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Publications 2005/0113339, 2005/0004026, 2005/0049263, 2005/0256183, 2005/0119292,
2005/0113340, 2005/0107343, 2008/0096903, 2008/0234297, 2008/0234314 and
2008/0253965, all of which are incorporated herein by reference. 7

Many of thesé compounds are based on a scaffold of the type disclosed by Chiosis et
alin PCT Publicatién No. W002/36075, with variations in substituents. In some cases, the

compositions can be described by one of the folloWing two general formulas:

NH, %, NH, X
zZ7N Z, 3
XA xa - W Y Xa
N \ Z, N Xc
Xy £ h . X4 2 /
2 Xe Xb—Xd
R Xb (1A) or R (1B)

wherein Z1, Z2, Z3 are selected from C and N in which numerous options are disclosed for
each variable substituent, resulting in an astronomical number of combinations and
permutations. In other cases, the compositions can be described by a structural formula in
which Xa, Xb, Xc and Xd are not connected to one another but are simply substituents on the

benzene ring. These structures have the general formula:

(10)

wherein Z1, 72, 73 are selected from C and N. While these compounds are generally active
as inhibitors of Hsp90, the level of activity is extremely variable with measured values for

ECsp and ICsp being reported in both micromolar and nanomolar ranges.
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Summary of the Invention
The present application provides compounds useful in the inhibition of Hsp90, and

hence in the treatment of disease.

In a preferred embodiment, the present invention provides a compound of the formula:

Z
A g
)i A Aa
x; "z N .Xc
R Xb

wherein
(a) cach of Z,, Z, and Z; is N;
(b) Xa and Xb are O and Xc¢ 1s CH,;
() Y is -CH,- or -S-;
d) X4 18 hydrogen or halogen; and
() X, 1s an aryl, an alkynyl, a cycloalkyl, or a cycloalkenyl group and R is:
(a) hydrogen; or
(b) a straight-chain- or branched- C, to Cy, alkyl, C; to C4 alkenyl, or C, to Cq4
alkynyl, which is unsubstituted or substituted; or
(c) straight-chain- or branched- amino-alkyl, secondary or tertiary alkyl-
amino-alkyl, or trialkylammonioalkyl; or
. w O ‘ O
x-w(cHsg-}mwgw(cHg}nmﬁwéwmg xﬁ(mz}mﬂw(ce@}nmw:s;*w?
(d) ¢ . , or

H

>}

K""(C: H‘l tm-{“‘ N“{CH Qﬂ—‘(‘/ -
HN"OH  wherein m is 2-3, n is 1-6, and X is the site of ON

attachment.

In another preferred embodiment, the present invention provides a compound of the formula:
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wherein
(a)
(b)
(c)
(d)
(e)

and R is:

- 43 -

cachof Z;, Z, and Z; is N;

Xa-Xc-Xb is CH,-CH,-CH,, CH=CH-CH,, or CH,-CH=CH;
Y 1s -CH,- or -S-;

X4 1s hydrogen or halogen; and

X, 1s selected from the group consisting of alkynyl, aryl, cycloalkyl, or cycloalkenyl,

(a) hydrogen; or

(b) a straight-chain- or branched- C,; to Cyj alkyl, C, to C alkenyl, or C, to Cs

alkynyl, which is unsubstituted or substituted; or
(c) straight-chain- or branched- amino-alkyl, secondary or tertiary alkyl-

amino-alkyl, or trialkylammonioalkyl; or

. N O
) N H H 4 ‘ i )
Koo { By N~ {CHg =~ N‘*{:};* e P St P e g: =MHy
(d) 2 , 0 , or

i G
Ho
T
HN=OH | wherein m is 2-3, n is 1-6, and X is the site of 9N

attachment.

In another preferred embodiment, the present invention provides a compound of the formula:

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

NH
2

2 X
Z
Z'I ~ \
)l\ _ >_Y Xa
X7 “z; N
R Xb

cachof Z;, Z, and Z; is N;
one of Xa and Xb is O and Xc¢ and the other of Xa and Xb are -CH,-;
Y is -CH;- or -S-;
X4 1s hydrogen or halogen; and
X, 1s an aryl, an alkynyl, a cycloalkyl, or a cycloalkenyl group and R is:
(a) hydrogen; or
(b) a straight-chain- or branched- C; to Cyy alkyl, C, to Cg alkenyl, or C, to
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C¢ alkynyl, which is unsubstituted or substituted; or
(c) straight-chain- or branched- amino-alkyl, secondary or tertiary alkyl-

amino-alkyl, or trialkylammonioalkyl; or

H , H ?ﬁ ] b
X{CHy mﬁNW{G§}~{2}-n“N~$F*r¢E§; K—{CH g_}n*“ﬁ**%*"NHg
(d) C , G ,or
0

X~~{CHp Rtcrig—d
HN-OH , wherein m is 2-3, nis 1-6, and X is the site of 9N

attachment.

In another preferred embodiment, the present invention provides a compound of the formula:

wherein
(a)
(b)

5

each of Z,, Z, and Z; 1s N;
one of Xa and Xb is S, C(=0), C(=S), NH or substituted N, and Xc and the other of

Xa and Xb are -CH,-;

()

(d)

(e)
and

()

Y 1s -CH,- or -S-;
X, 1s hydrogen or halogen;
X, is selected from the group consisting of alkynyl, aryl, cycloalkyl, or cycloalkenyl;

Ris:

(a) hydrogen; or

(b) a straight-chain- or branched- C, to Cy, alkyl, C, to C; alkenyl, or C;, to Cq
alkynyl, which is unsubstituted or substituted; or

(c) straight-chain- or branched- amino-alkyl, secondary or tertiary alkyl-
amino-alkyl, or trialkylammonioalkyl; or

: g’ O
xm(cHsz}mmiif{mqm@ﬂn—ﬁéﬁ—«mg x“{cﬁg‘ﬁmﬂ»f::%wwé
(d) G , o , or
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O

4

X—{CropN— (G4
HN"OH wherein m is 2-3, n is 1-6, and X is the site of

9N attachment.

In another preferred embodiment, the present invention provides a compound of the formula:

wherein
(a)
(b)

Z
z7 4R
)I\ % N)_Y >$a
X4 Z, ,
) Xch
each of Z,, Z, and Z; 1s N;

Xa-Xc-Xb 1s CH=CH-O, CH=CH-NH, CH=CH-S, O-CH=CH, NH-CH=CH, S-

CH=CH, N=CH-0, N=CH-S, NH-CH=N, O-CH=N, S-CH=N, N=N-0, N=N-S, N=N-CH,, O-N=N,
NH-N=N, S-N=N, or CH,-N=N:

()

(d)

(e)
and

()

Y i1s -CH;»- or -S-;
X, 1s hydrogen or halogen;
X, is selected from the group consisting of alkynyl, aryl, cycloalkyl, or cycloalkenyl;

Ris:

(a) hydrogen; or

(b) a straight-chain- or branched- C, to Cy, alkyl, C, to C; alkenyl, or C;, to Cq
alkynyl, which is unsubstituted or substituted; or

(c) straight-chain- or branched- amino-alkyl, secondary or tertiary alkyl-

amino-alkyl, or trialkylammonioalkyl; or

H H D (I:!}
Xw{c;:Hsz_}mwh:mfcm,-~;*<|3~§-m~a2 }{““{QHE}B*{J*%;*NHQ
(d) Q , Q ,or

M 3
K""(CHQTSR‘HM“(G‘{Q"‘%‘ .
MN"OM wherein m is 2-3, nis 1-6, and X is the site of 9N

attachment.
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In another preferred embodiment, the present invention provides a compound of the formula:

7743
X, "z, N Xc
R Xb—Xd

wherein

(a) cachof Z;, Z, and Z; is N;

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

(c) Y is -CH,-, -O- or -S-;

(d) X, 1s hydrogen or halogen; and

(e) X, 1s selected from the group consisting of an aryl, an alkynyl, a cycloalkyl and an
cycloalkenyl and R is:

(a) hydrogen; or

(b) a straight-chain- or branched- C, to Cyy alkyl, C, to C alkenyl, or C, to Cs

alkynyl, which is unsubstituted or substituted; or
(c) straight-chain- or branched- amino-alkyl, secondary or tertiary alkyl-

amino-alkyl, or trialkylammonioalkyl; or

H H 0 ' 1]
X Gty N (Gl - SN X =~{CH gy~ 05 ~NH

i

(d) o L ,or

O

H

X~{GHy—N—(CHy .1—12
HN"OH | wherein m is 2-3, n is 1-6, and X is the site of 9N

attachment.

In another preferred embodiment, the present invention provides a compound of the formula:

NH» X5
77X 43
X, "z, N Xc
R Xb—Xd

wherein

(a) cachof Z;, Z, and Z; is N;
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(b) Xa, Xc, Xd and Xb are all carbon connected by single or double bonds;
() Y is -CH,-, -O- or -S-;
d) X, 1s hydrogen or halogen;
(e) X, 1s selected from the group consisting of alkynyl, aryl, cycloalkyl, or
cycloalkenyl; and
® Ris:
(a) hydrogen; or
(b) a straight-chain- or branched- C, to Cy, alkyl, C, to C4 alkenyl, or C, to
C¢ alkynyl, which is unsubstituted or substituted; or
(c) straight-chain- or branched- amino-alkyl, secondary or tertiary alkyl-

amino-alkyl, or trialkylammonioalkyl; or

H H 0 ' [T
Koo { gy N~ {CHg ), -N~§-NHZ H{GH 0 *E*N Hs
(d) o , O ,or

H L
Ko (Ot N—{CH gy
HNOH  wherein m is 2-3, n is 1-6, and X is the site of 9N

attachment.

In another preferred embodiment, the present invention provides a compound of the formula

NN
)'\)I >
x; N* N
R ORy

wherein

(a) R; is alkyl;

(b) Y is -CH,- or -S-;

(c) X4 1s H or halogen;

(d) X, 1s a cycloalkyl, a cycloalkenyl, an aryl, or an alkynyl; and

(e) R is hydrogen or linear, or branched alkyl, alkenyl, or alkynyl, optionally including
N, S, or O, and optionally part of an 8 to 10 member ring formed by joining the 2'-position X, and
R.
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Brief Description of the Figures
Fig. 1 shows examples of unsubstituted aryl groups, including some heterocyclic aryl

Fig. 2 shows examples of unsubstituted heterocyclic groups.
groups.
Fig. 3 shows average tumor volume in mice treated with compound 1B-1-HCI or with

vehicle.

Detailed Desciption of the Invention

The present invention provides compounds within the scope of Formula 1A, 1B or IC
with particular combinations of substituents that are effective to inhibit Hsp90. Inhibitors of
Hsp90 are recognized as effective in treatments of cancer, and also can be used in the
treatment of neurodegenerative diseases as described in PCT Patent Publication
W02008/005397. WO 2007/14360 discloses the use of Hsp90 inhibitors in treatment of
neurofibromatosis. Thus, the compounds of the invention can be used in therapeutic methods
in the same manner as used other known Hsp90 inhibitors, by administering a therapeutically
effective amount of a compound of the invention to an individual, including a human, in need
of treatment for cancer, neurodegenerative disease or other condition for which Hsp90
inhibition is relevant.

As used in this application, the term "treatment" refers to delaying the onset of
symptoms, reducing the severity or delaying the symptomatic progression of cancer,
neurodegenerative disease or other condition in the individual. A cure of the disease is not
required to fall within the scope of treatment. Further, it will be appreciated that the specific
results of these treatment goals will vary from individual to individual, and that some
individuals may obtain greater or lesser benefits than the statistical average for a
representative population. Thus, treatment refers to administration of composition to an

individual in need, with the expectation that they will obtain a therapeutic benefit.
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The term "administering" refers to the act of introducing into the individual the
therapeutic compound. In general, any route of administration can be used. Thus,
administration by oral, intrathecal, intravenous, intramuscular or parenteral injection is
appropriate depcnding on the nature of the condition to be treated. Administration may also
be done to the brain by inhalation because there is a compartment at the upper side of the
nose that connects with the brain without having the BBB capillaries. Compounds that cross |
the blood brain barrier are preferred for this mode of édministration, although this
characteristic is not strictly required.

The term "therapeutically effective amount" encompasses both the amount of the
compound administered and the schedule of administration that on a statistical basis obtains
the result of preventing, reducing the severity or delaying the progression of the disease in the
individual. As will be appreciated, pfeferred amounts will vary from compound to compound
in order to balance toxicity/tolerance with therapeutic efficacy and the mode of
administration. Determination of maximum tolerated dose and of the treatment regime in
terms of number and frequency of dosing is a routine part of early clinical evaluation of a
compound.

In all of the compounds of the present invention, the compound may be Vas deijicted,
or as a pharmaceutically acceptable salt or ester thereof.

In naming options for X, X4 and R, the name refers to the type of group that is
directly attached to the central structure, which group may include additional functionality.
Thus, “alkyl” group refers to a linear, cyclic or branched saturated hydrocarbon, for example
a hydrocarbon having from 1 to 10 carbon atoms, in which the atom directly attached to the
central structure is a carbon atom. Such an alkyl group may include substituents other than
hydrogen, for example an oxygen-containing group including without limitation hydroxyl
and alkoxy; a halogen group; a nitrogen-containing group including without limitation amino,
amido and alkylamino; an aryl group; a sulfur-containing group including without limitation
thioalkyl; and/or a non-aromatic cyclic group including heterocycles and carbocycles.

Carbon atoms in these substituents may increase the total number of carbon atoms in the
alkyl group to above 10 without departing from the invention. All references to alkyl groups '»
in the specification and claims hereof encompass both substituted and unsubstituted alkyl

groups unless the context is clearly to the contrary.
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“Alkenyl” group refers to a linear, cyclic or branched hydrocarbon, for example a
hydrocarbon having from 1 to 10 carbon atoms, and at least one double bond, in which the
atom directly attached to the central structure is a carbon atom. The alkenyl group may
include any of the substituents mentioned abox./e for an alkyl group. All references to alkenyl
groups in the specification and claims hereof encompass both substituted and unsubstituted
alkenyl groups unless the context is clearly to the contrary. |

“Alkynyl” group refers to a linear, cyclic or branched hydrocarbon, for example a
hydrocarbon having from 1 to 10 carbon atoms, and at least one triple bond, in which the
atom directly attached to the central structufe is a carbon atom. The alkynyl group may
include any of the substituents mentioned above for an alkyl grbup. All references to alkynyl
groups in the specification and claims hereof encompass both substituted and unsubstituted
alkynyl groups unless the context is clearly to the contrary. o

“Aryl” group refers to any group derived from a simple aromatic ring. Aryl group
includes heteroaryl.(See Fig. 1) Aryl groups may be substituted or unsubstituted. When Xs,
X4 and R is identified as an aryl group, an atom of the aryl ring is bo;lnd directly to an atom
of the central structure. An aryloxy substituent is an aryl group connected to the central
structure through an oxygen atom. The aryl group may include any of the substituents
mentioned above for an alkyl group, and in addition an aryl group may include an alkyl,
alkenyl or alkynyl group. All references to aryl groups in the specification and claims hereof
encompass both substituted and unsubstituted aryl groups unless the context is clearly to the
contrary. ‘
| “Amino” group refers to any group which consists of a nitrogen attached by single
bonds to carbon or hydrogen atoms. In certain instances, the nitrogen of the amino group is
directly bound to the central structure. In other instances, an amino group may be a
subtituent on or within a group, with the nitrogen of the amino group being attached to the
central structure through one or more intervening atoms. Examples of amino groups include
NH,, alkylamino, alkenylamino groups and N-containing non-aromatic heterocyclic moiety
(i.e., cyclic amines). Amino groups may be substituted or unsubstituted. All references to
amino groups in the specification and claims hereof encompass substituted and unsubstituted
amino groups unless the context is clearly to the contrary.

“Halogen” group refers to fluorine, chlorine, bromine or iodine.



WO 2011/044394 PCT/US2010/051872

7

“Heterocyclic” group refers to a moiety containing at least one atom of carbon, and at
least one atom of an element other than carbon, such as sulfur, oxygen or nitrogen within a
ring structure. These heterocyclic groups may be either aromatic rings or saturated and
unsaturated non-aromatic rings. Some examples are given in Fig. 2. Heterocylic groups may
be substituted or unsubstituted. All references to heterocyclic groups in the specification and
claims encompass substituted and unsubstituted heterocyclic groups unless thé context is
clearly to the contrary. v

In the compounds of the invention, all of the atoms have sufficient hydrogen or non-
hydrogen substituents to satisfy valence, or the compound includes a pharmaceutically
acceptable counterion, for example in the case of a quaternary amine. =~

In the structures set forth below examples are provided in which all of Z1, Z2 and Z3
are nitrogen. These examplés are intended as exemplary, and are not intended to exclude
options in which one or more of Z1, Z2 and 73 is carbon. In particular, corresponding
compositions in which Z2 or Z3 is carbén are considered to be within the scope of this
disclosure.

A.  Structures of formula 1A in which Xa or Xbis O

In accordance with a first-embodiment of the invention, the compounds have general
formula 1A, in which one of Xa or Xb is O, and Xc and the other of Xa and Xb is CH,. Thus,

the compounds of this embodiment may be represented by the general formula

NH2 xz
NN
IJI \>_Y Xa
kaN/ N J
, Sy - Xb-
R

@
wherein:
one of Xa and Xb is O and the other i1s -CH,-;
Y is -CH,- or -S-,
X4 is hydrogen or halogen; and
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X7 and R are in combinations as discussed below.

A-I.  Insome efnbodiments of the invention, X is halogen. In these embodiments,
R is suitably a primary aminoalkyl, a secondary or tertiary alkyl-amino-alkyl, an aryl-alkyl,
or a nonaromatic heterocycle-alkyl, with the proviso that R is not a piperidino moiety.
Specific R groups include without limitation 2-(methyl, t-butyl- amino) ethyl, 2-(methyl,
isoprdpyl amino) ethyl, 3-(neopentyl amino) propyl, 2-(isobutyl-amino) ethyl, 2-(ethyl,
isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-butyl- amino) propyl, 2-(isopropyl
amino) ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-(cyclopentylamino)-propyl, 3-
(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-(ethyl, methyl amino) propyl,
2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl, 3-(ethyl, isopropyl amino)
propyl, 3-(hydroxyethyl, isopropyl amino) propyl, 3-(methyl, propargyl amine) propyl, 2-
(methyl, propargyl amine) ethyl, 3~(allyl, methyl amino) propyl, 3-(propyl,
cyclopropylmethyl amino) propane, 3-(hydroxyethyl, cyclohexyl amino) propyl, 2-
(cyclopropylmethyl amino) ethyl, 2-(methyl, isobutyl amino) ethyl, 3-(N-morpholino) propyl,
and 3-(1H-imidazoyl) propyl.

Specific examples of compounds in accordance with th]s embodiment of the invention
are listed in Tables 1A and 1B (Compounds 1A-1 to 1A-4, 1A-6, 1A-11, 1A-18 to 1A-28,
1A-30, 1A-31, 1A-49, 1B-1 to 1B-5, 1B-18, 1B-23 to 1B-25, 1B-29 to 1B-32, 1B-34,1B-35,
1B-37, 1B-49, 1B-52 1B-56 and1B-57).

As shown, in preferred embodiments of formula (2), X4 is H, chlorine or fluorine.

Ina ﬁalticular preferred embodiment of formula (2), Yis S, Xsis H, X, is L.

In a particular preferred embodiment of formula (2), Y is CH,, X4 is Cl, Xy is L.

In a particular preferred embodiment of formula (2), Y is CH,, X4is F, X, is 1.

In a particular preferred embodiment of formula (2), Yis S, X4is F, X3 is L.

Tests were run on compounds in accordance with the first embodiment of the
invention, and the ECsg for Hsp90 binding in JNPL3 brain cell lysate and SKBr3 cell lysate
" was assessed. The results are summarized in Table 2A. While all of the compounds had
desirable low ECsq values, both compouilds tested in which Xb is O were superior to the
related compound in which Xa is O. In addition, compound 1B-1 was superior to an

otherwise identical compound in which both Xa and Xb are O (PU-HZ150 disclosed in US
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12/307,063) which has an ECs of 12-14.4 nM and compound 1B-2 was superior to an
otherwise identical molecule in which both Xa and Xb are O (PU-H71 disclosed in US
11/814,506) which has> an ECs of 30.8-54 nM in the same experimental system.

Animal Studies. Four- to 6-week-old nuw/nu athymic female mice were obtained from
Taconic Farms. Experiments were carried out under an Institutional Animal Care and Use
Committeé approved protocol, and institutional guidelines for the proper and humane use of
animals in research were followed. Before administration, a solution of 1B-1-HCl was
formulated in PBS (pH 7.4). All mice received Augmentin (amoxicillin/clavulanate
potassium; SmithKline Beecham) in their drinking water while on therapy. Mice were killed
by CO, euthanasia.

 Mice bearing MDA-MB-468 tumors (n=5) reaching a volume of 100-150 mm’ were
treated i.p. (i.p.) using 1B-1-HCI at 50 mg/kg 3 x week or vehicle. Tumor volume was
determined by measurement with Vernier calipers, and tumor volume was calculated as the
product of its length x width? x0.4. Tumor volume was expressed on indicated days as the
median tumor volume + SD indicated for groups of mice. The average tumor volumes are
summarized in Fig. 3. Asrshown, in the 35 days of the experiment the average tumor volume
in the control mice increased by about a factor of 3X, while the tumor size in the mice treated
with 1B-1-HCI decreased.

Table 2B shows measured values for ECso in JNPL3 brain cell lysates for compounds
1B-3, 1B-4 and 1B-25 in accordance with this embodiment of the invention which
incorporates a fluorine as X, and in which Y is -CH,-. Desirably low values of ECso were
observed.

In addition, Table 2B shows measured values for ECso in JNPL3 brain cell lysates for
compound 1B-24 in accordance with this embodiment of the invention which incorporates a

hydrogen as X4 and in which Y is S. Desirably low values of ECsq were observed.

A-II. In some embodiments of the invention, X» is an aryl group. In these
embodiments, R may be any of the groupé disclosed as a substituent at the 9-position nitrogen
in this application, or in the various patents and patenf applications cited herein. Table 8

prdvides a summary of the R groups from these patents and applications.
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In some embodiments within this group, R includes a heteroatom, such as nitrogen,
oxygen or sulfur. | v

In some embodiments, the heteroatom is nitrogen. In some of these embodiments, R is
a primary a.mind-alkyl, a secondary or tertiary alkyl-amino-alkyl, an aryl-alkyl,'or a
nonaromatic heterocycle-alkyl. Specific R groups include without limitation 2-(methyl, t-
butyl- amino) ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-
(isobutyl-amino) ethyl, 2-(ethyl, isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-
butyl- amino) propyl, 2-(isopropyl amino) ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-
(cyclopenfylamino)-propyl, 3-(Cyclopenty1, methyl amino) propyl, 3-(ethylamino) propyl, 3-
(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl,
3-(ethyl, isopropyl amino) propyl, 3-(hydroxyethyl, isopropyl amino) propyl, 3-(methyl,
propargyl amine) propyl, 2-(methyl, pfopargyl amine) ethyl, 3-(allyl, methyl amino) propyl,
3-(propyl, cyclopropylmethyl amino) propane, 3-(hydroxyethyl, cyclohexyl amino) propyl, 2-
(cyclopropylmethyl amino) ethyl, 2-(methyl, isobutyl amino) ethyl, 3-(N-morpholino) propyl,
and 3-(1H-imidazoyl) propyl.

In embodiments of formula (2) within this group, R has the formula:

site of 9N-attachment

- X X Ry
MO YO
N.
R

1
where R, iks selected from COH, COMe, COEt, COnPr, COiPr, SO;Me, CH,0X where X can

be H or oxygen, nitrogen, sulphur or halogen containing alkyl of linear, branched or cyclic
nature.

In embodiments of the invention within this group, R has the formula

site of 9N-attachment

; H Hn
. X_(CHQ) m—N—(CHy),— N—ﬁ— NH>
]
0
0

X—(CHz—0-S-NH,

where m= 2-3 and fl= 1-6.‘
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In embodiments within this group, R has the formula

site of 9N -attachment
O
H
X~(CHayr~N—(CH—4
HN—OH

where m= 2-3 and n= 1-6.

| In specific embodiments, X, is an aromatic heterocycle.

In specific embodiments, X; is a furan, thiophene, pyrazole, imidazole, byrrole,
oxazole or thiazole.

In specific embodiments, X; is a furan, thiophene, pyrazole, imidazole, oxazole or
thiazole.

In particular embodiments of formula (2), Y is S, X, is H, X; is 2~, 3~furan or 5-
methyl-2-furanyl.

In particular embodiments of formula (2), Y is CH,, X4 is Cl, X; is 2-, 3- furan or 5-
methyl-2-furanyl.

In particular embodiments of formula (2), Y is CHa, X4 is F, X5 is 2-, 3-furan or 5-
methyl-2-furanyl.

In particular embodiments of formula (2), Y is S, X4 is F, X5 is 2-, 3-furan or 5-
methyl-2-furanyl.

In particular embodiments of formula (2), Y is S, X4 is H, X is 2- or 3—fhiophene.

In particular embodiments of formula (2), Y is CHy, X, is Cl, X, is 2- or 3- thiophene.

In particular embodiments of formula (2), Y is CH,, X4 is F, X; is 2- or 3-thiophene.

In particular embodiments of formula (2), Y is S, X4 is F, X, is 2- or 3-thiophene.

In particular embodiments of formula (2), Y is S, X4 is H, X; is 2- or 3-pyrazole.

In particular embodiments of formula (2), Y is CH,, X, is Cl, X; is 2- or 3- pyrazole.

In particular embodiments of formula (2), Y is CHp, X4 is F, X; is 2- or 3-pyrazole.

In particular em‘bodiments of formula (2), Yis S, X4 is F, X, is 2- or 3-pyrazole.

In particular embodiments of formula (2), Y is S, X4 is H, X, is 2-thiazolyl, 5-methyl-
2-thiazolyl, 2-oxazolyl or Sfmethyl—Z-oxazolyl.
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In particular embodiments of formula (2), Y is CHy, X4 is Cl, X is 2-thiazolyl, 5-
methyl-2-thiazolyl, 2-0xazolyl or 5-methyl-2-oxazolyl..

In particular embodiments of formula (2), Y is CHy, X4 is F, X, 2-thiazolyl, 5-methyl-
2-thiazolyl, 2-oxazolyl or 5-methyl-2-oxazolyl.

In partlcular embodiments of formula (2), Y is S, X4 is F, X is 2-thiazolyl, 5-methyl-
2-thiazolyl, 2-oxazolyl or 5-methy1 2-oxazolyl.

In particular embodiments of formula (2), Y is S, X4 is H, Xz is 2-thiazolyl, 5-methyl-
2-thiazolyl, 2-oxazolyl or 5-methyl-2-oxazolyl.

TIn particular embodiments of formula (2), Y is CHa, X4 is Cl, Xz is 2-thiazolyl, 5-
methyl-2-thiazolyl, 2-0xazolyl or 5-methyl-2-oxazolyl.

In particular embodiments of formula (2), Y is CHy, X4 is F, X5 is 2-thiazolyl, 5-
methyl-2-thiazolyl, 2-oxazolyl or 5-methyl-2-oxazolyl.

In particular embodiments of formula (2), Y is S, X4 is F, X3 is 2-thiazolyl, 5-methyl-
2-thiazolyl, 2-oxazolyl or S-methyl-2-oxazolyl.

In these particular embodiments, R may be any one of the types of groups described
above. ’

Specific examples of compounds in accordance with this embodnnent of the invention
are hsted in Tables 1A and 1B (Compounds 1A-5, 1A-7, 1A-12, 1A-13, 1A-15 to 1A-17, 1A-
36, 1A-37, 1A-42, 1A-45 to 1A-48, 1A-50 to 1A-52, 1B-6, 1B-8, 1B-12, 1B-14, 1B-15, 1B-
17, 1B-26, 1B-27, 1B-33, 1B-42 to 1B-44, 1B-46, 1B-50, 1B-51, 1B-53 to 1B-55). As
shown, in preferred embodiments of formula (2) in which X5 is an aryl group, X4 is H,
chlorine or fluorine.

Table 2C shows measured values for ECso in JNPL3 brain cell lysates for compounds
1B-26 and 1B-27 in accordahce with this embodiment of the invention which incorporates a
hydrogen as X, and in which Y is S. Desirably low values of ECsy werc observed.

A-IIL. In some embodiments of fhe invention, X; is an alkynyl group. In these
embodiments, R may be any of the groups disclosed as a substituent at the 9-position nitrogen
in this application, or in the various patents and patent applications cited hérein. See Table 8.

In somc embodiments within this group, R includes a heteroatom, such as nitrogen,

oxygen or sulfur.
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In some embodifnents, the heteroatom is nitrogen. In some of these embodiments, R is
a primary amino-alkyl, a secondary or tertiary.alkyl-amino-alkyl, an aryl-alkyl, or a
nonaromatic heterocYcle—alkyl . Specific R groups include without limitation 2-(methyl, t- -
butyl- amino) ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-
(isobutyl-amino) ethyl, 2-(ethyl, isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-
butyl- amino) propyl, 2-(isopropyl amino) ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-
(cyclopentylamino)-propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-
(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl,
3-(ethyl, isopropyl amino) propyl, 3-(hydroxyethyl, isopropyl amino) propyl, 3-(methyl,
propargyl amine) propyl, 2-(methyl, propargyl amine) ethyl, 3-(allyl, methyl amino) propyl,
3-(propyl, cyclopropylmethyl amino) propane, 3-(hydroxyethyl, cyclohexyl amino) propyl, 2-
(cyclopropylmethyl amino) ethyl, 2-(methyl, isobutyl amino) ethyl, 3-(N-morpholino) propyl,
and 3-(1H-imidazoyl) propyl.

In embodiments of formula (2) within this group, R has the formula:

site of 9N-attachment

X X Ry
O, YOt
N :
R

y
where R; is selected from COH, COMe, COEt, COnPr, COiPr, SO;Me, CH,OX where X can

be H or oxygen, nitrogen, sulphur or halogen containing alkyl of lihear, branched or cyclic
nature. |

In embodiments of the invention within this group, R has the formula

site of 9N-attachment

o
H H n
X—(CHZ) m—N—(CHz)n—N—ﬁ—NHz
o)
q
X—(CHQ)n_O_SI—NHQ
O

where m= 2-3 and n= 1-6.

In embodiments within this group, R has the formula
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site of 9NV -attachment
. O
H
X—(CHyrN—(CH—4
HN-OH

where m= 2-3 and n= 1-6.

In specific embodiments, X, is acetylene.

In particular embodiments of formula (2), Y is S, X4 is H, X; is acetylene.

In particular embodiments of formula (2), Y is CH,, X, is Cl, X; is acetylene.

In particular embodiments of fofmula (2), Yis CH;,, X4is F, X; is acetylene.

In particular embodiments of formula (2), Y is S, X4 1s F, X is acetylene.

In these particular embodiments, R may be any one of the types of groups described
above.

Specific examples of compounds in accordance with this embodiment of the invention
are listed in Tables 1A and 1B (Compounds 1A-8, 1A-14, 1A-29, 1A-32 to 1A-35, 1B-10,
1B-13, 1B-16, 1B-19, 1B-28, 1B-36, 1B-38 to 1B-41, 1B-45 1B-47 and 1B-58). As shown,
in preferred embodiments of formula (2) in which X5 is an alkynyl group, X4 is H, chlorine or
fluorine.

Table 2D shows a measured value for ECsg in JNPL3 brain cell lysates for compound
1B-28 in accordance with this embodiment of the invention which incorporates a hydrogen as

X4 and in which Y is S. A desirably low value of ECsq was observed.

A-IV. In some embodiments of the invention, X; is a cyano group. In these
embodiments, R is suitably a primary amino-alkyl, a secondary or tertiary alkyl-amino-alkyl,
an aryl-alkyl, or a ﬁonaromatic heterocycle-alkyl , and with the proviso that R is not a
piperidino moiety. Specific R groups include without limitation 2-(methyl, t-butyl- amino)
ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-(isobutyl-amino)
ethyl, 2—(ethy1, isopropyl amino) ethyl, 3-(isop'ropy1 amino) propyl, 3-(t-butyl- amino)
propyl, 2-(isopropyl amino) ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3- '
{cyclopentylamino)-propyl, 3—(cyciopenty1, methyl amino) propyl, 3—(ethy1amino) propyl, 3-
(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropy! amino) propyl,
3-(ethyl, isopropyl amine) propyl, 3-(hydroxyethyl, isopropyl amino) propyl, 3-(methyl,
propargyl amine) propyl, 2—(méthy1, propargyl amine) ethyl, 3-(allyl, methyl amino) propyl,
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3-(propyl, cyclopropylmethyl amino) propane, 3-(hydroxyethyl, cyclohexyl amino) propyl, 2-
(cyclopropylmethyl amino) ethyl, 2-(methyl, isobutyl amino) ethyl, 3-(N-morpholino) propyl,
and 3-(1H-imidazoyl) propyl. o

In a particular preferred émbodiment of formula (2), Yis S, X, is H, X; is CN.

- In a particular preferred embodiment of formula (2), Y is CHz, X4 is Cl, Xz is CN.

In a particular preferred embodiment of formula (2), Yis CH;, X4 is F, X115 CN.

In a particular preferred embodiment of formula (2), Yis S, X4 is F, X, is CN.

Specific examples of compounds in accordance with this embodiment of the invention

arc listed in Table 1A and 1B (Compounds 1A-9, 1B-11 and 1B-20).

A-V, Insome embodiments of the invention, X; is an amino group. In these
embodiments, R may be any of the groups disclosed as a substituent at the S-position nitrogen
in this ap;ﬂication, or in the various patents and patent applications cited herein. See Table 8.

In some embodiments within this group, R includes a heteroatom, such as nitrogen,
oxygen or sulfur.

In some embo_diments, the heteroatom is nitrogen. In some of these embodiments, R
is a primary amino-alkyl, a secondary or tertiary alkyl-amino-alkyl, an aryl-alkyl, or a
nonaromatic heterocycle-alkyl . Specific R groups include without limitation 2-(methyl, t-
butyl- amino) ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-
(isobutyl-amino) ethyl, 2-(ethyl, isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-
butyl- amino) propyl, 2-(isopropyl amino) ethyl, 2-(hydroxyethyl, isopropy! amino) ethyl, 3—1
(cyclopentylamino)-propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-
(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl,
3-(ethyl, isopropyl amino) propyl, 3-(hydroxyethyl, isopropyl amino) propyl, 3-(methyl,
propargyl amine) propyl, 2-(methyl, propargyl amine) ethyl, 3-(allyl, methyl aminoj propyl,
3-(propyl, cyclopropylmethyl amino) propane, 3-(hydroxyethyl, cyclohexyl amino) propyl, 2-
(cyclopropylmethyl amino) ethyl, 2-(methyl, isobutyl amino) ethyl, 3-(N-morpholino) propyl,
and 3-(1H-imidazoyl) propyl. '

In embodiments of formula (2) within this group, R has the formula:
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site of 9V-attachment :
X X Ry
MGG
N \
- Ry

where R is selected from COH, COMe, COEt, COrPr, COiPr, SO;Me, CH,0X where X can
be H or oxygen, nitrogen, sulphur or halogen containing alkyl of linear, branched or cyclic
nature.

In embodiments of the invention within this group, R has the formula

site of 9N-attachment

H H
X—(CHZ) m—N—(CH,),— N—ﬁ—NHZ
\ 0
G
X—(CH z)n—O—ﬁ—N Ha
O

where m= 2-3 and n= 1-6.

In embodiments within this group, R has the formula

site of 9N -attachment :
@]
- H
X—(CHayr~N—(CHp, <
HN-OH

where m= 2-3 and n= 1-6.

In a particular preferred embodiment of formula (2), Y is S, Xy is H, X5 is
dimethylamino '

In a particular preferred embodiment of formula (2), Y- is CHj, X, is Cl, X; is
dimethylamino

In a particular preferred embodiment of formula (2), Y is CH,, X4 is F, X is
dimethylamino,

In a particular preferred embodiment of formula (2), Yis S, X; is F, X is

dimethylamino.
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In a particular preferred embodiment of formula (2), Y is S, X4 is H, X is aziridino.

In a particular preferred embodiment of formula (2), Y is CH;, X4 is Cl, X, is
aziridino,

In a particular preferred embodiment of formula (2), Y is CHa, X, is F, X; is aziridino,

In a particular preferred embodiment of formula (2), Y is S, X4 is F, X is aziridino.

Specific examples of compounds in accordance with this embodiment of the invention
are listed in Tables 1A and 1B (Compounds 1A-10, 1A-38 to 1A-41, 1A-43, 1A-44, 1B-7,
1B-21 and 1B-48). |

A-VI1. In some embodiments of the invention, X5 is a cycloalkyl or a cycloalkenyl. In
these embodiments, R may be any of the groups disclosed as a substituent at the 9-position
nitrogen in this application, or in the various patents and patent applications cited herein.

See Table 8.

In some embodiments within this group, R includes a heteroatom, such as nitrogen,
oxygen or sulfur. |

In some embodiments, the heteroatom is nitrogen. In some of these embodiments, R
is a primary amino-alkyi, a secondary or tertiary alkyl-amino-alkyl, an aryl-alkyl, or a
nonaromatic heterocycle-alkyl . Specific R groups include without limitation 2-(methyl, t-
butyl- amino) ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-
(isobutyl-amino) ethyl, 2-(ethyl, isopropyl aminb) ethyl, 3-(isopropyl amino) propyl, 3-(t-
butyl- amino) propyl, 2-(isopropyl amino) cthyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-
(cyclopentylamino)-propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-
(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl,
3-(ethyl, isopropyl amino) propyl, 3-(hydroxyethyl, isopropy! amino) propyl, 3-(methyl,
propargyl amine) propyl, 2-(methyl, propargyl amine) ethyl, 3-(allyl, methyl amino) propyl,
3-(propyl, cyclopropylmethyl amino) propane, 3-(hydroxyethyl, cyclohele amino) propyl, 2-
(cyclopropylmethyl amino) ethyl, 2-(methyl, isobutyl amino) ethyl, 3-(N-morpholino) propyl,
and 3-(1 H-imidazoyl) propyl. | ‘

In embodiments of formula (2) within this group, R has the formula:
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site of 9N-attachment

X X Ry
\/\O
N.

. Ry
where R, is selected from COH, COMe, COEt, COnPr, COiPr, SO,Me, CH,OX where X can
be H or oxygen, nitrogen, sulphur or halogen containing alkyl of linear, branched or cyclic
nature.

In embodiments of the invention within this group, R has the formula
site of 9N-attachment
H H. i =
X—(CHg)ri~N—(CHp)y—N-S—NH;

O
[}
X_(CH z)n_o —IS_N H2

@]

where m= 2-3 and n=1-6.

In embodiments within this group, R has the formula

site of 9N -attachment
0
H
X—(CHpyr-N—(CHp),—<
HN-OH

‘Where m= 2-3 and n= 1-6.

In specific embodiments, X; is a cycloalkyl with one ring.

In specific embodiments, X; is a cyclopropane, a cyclobutane or a cyclopentane.

In particular emBodiments of formmula (2), Y is S, X4 is H, X is cyclopentyl.

In particular embodiments of formula (2), Y is CH,, X4 is F, X; is cyclopentyl.

In particular embodiments of formula (2), Y is CHy, X4 is Cl, X is cyclopentyl.

In particular embodiments of forrhula (2), Yis S, X4is F, X; is cyclopentyl.

In these particular embodiments, R may be any one of the types of groups described

above.
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Specific examples of compounds in accordance with this embodiment of the invention
are listed in Table 1B (Compounds 1B-9, and 1B-22) although the embodiment is not limited

to the option in which Xb is O, and includes compounds in which Xa is O.

B. Structures of formula 1A in which Xa or Xb is S

In accordance with a second embodiment of the invention, the compounds have
general formula 1A, in which one of Xa or Xb is S, and Xc and the other of Xa and Xb is

CH;. Thus, the compounds of this embodiment may be represented by the general formula

NH 2 x2
NN
|)j: \>_Y Xa
Xy kN’ N J
| N . Xb
R
2
wherein:

one of Xa and Xb is S and the other is -CHy-;
Y is -CH,- or -S-,

X4 is hydrogen or halogen; and

X, and R are as discussed below.

In these embodiments, R may be any of the groups disclosed as a substituent at the 9-position
nitrogen in this application, or in the various patents and patent applications cited herein.
See Table 8. '

In some embodiments within this group, R includes a heteroatom, such as nitrogen,
oxygen or sulfur.

Tn some embodiments,\ the heteroatom is nitrogen. In some of these embodiments, R is

a primary amino-alkyl, a secondary or tertiary alkyl-amino-alkyl, an aryl-alkyl, or a
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nonaromatic heterocycle-alkyl . In some of these embodiments, R is a primary, secondary or
tertiary alkyl-amino-alkyl, alkyl-aryl, or an alkyl-nonaromatic heterocycle. Specific R groups
include without limitation 2-(methyl, t-butyl- amino) ethyl, 2-(methyl, isopropyl amino)
ethyl, 3-(neopentyl amino) propyl, 2-(isobutyl-amino) ethyl, . 2-(ethyl, isopropyl amino)
ethyl, 3-(isopropyl amino) propyl, 3-(t-butyl- amino) propyl, 2-(isopropyl amino) ethyl, 2-
(hydroxyethyl, isopropyl amino) ethyl, 3-(cyclopentylamino)-propyl, 3-(cyclopentyl, methyl
amino) propyl, 3-(ethylamino) propyl, 3-(ethyl, methyl amino) propyl, 2-(neopentyl amino)
| ethyl, 3-(methyl, isopropyl amino) propyl, 3-(ethyl, isopropyl amino) propyl, 3-
(hydroxyethyl, isopropyl amino) propyl, 3-(methyl, propargyl amine) propyl, 2-(methyl,
propargyl amine) ethyl, 3-(allyl, methyl amino) propyl, 3-(propyl, cyclopropylmethyl amino)
propane, 3-(hydroxyethyl, cyclohexyl amino) propyl, 2-(cyclopropylmethyl amino) ethyl, 2-
(methyl, isobutyl amino) ethyl, 3-(N-morpholino) propyl, and 3-(1H-imidazoyl) propyl. |
In embodiments of formula (2) within this group, R has the formula:
site of 9N-attachment
X\/\O x\/\(\)ﬁ*1
- N‘R1
where R; is selected from COH, COMe, COEt, COnPr, COiPr, SO,Me, CH,OX where X can

be H or oxygen, nitrogen, sulphur or halogen containing alkyl of linear, branched or cyclic

" nature.

In embodiments of the invention within this group, R has the formula

7 site of 9N-attachment

H H n
X—(CHZ).m—N—(CHg)n—N—ﬁ—NHz

" :
X—(CHg)—O=S—NH,
O .

where m= 2-3 and n=1-6.

 In embodiments within this group, R has the formula
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site of 9N -attachment
@]
H
X—(CHpr~N—(CH—4
HN-OH

where m= 2-3 an_d n=1-6.

In embodiments of formula (2) in which Xa or Xb is S, X, may be any group shown
to be attached to the same position as X; in any of the compounds disclosed herein or in the
various patents and patent applications cited above. Specifically, X, may be alkyl, alkenyl,
alkynyl, aryl, cycloalkyl, cycloalkenyl, saturated or unsaturated heterocycle, aryl, halogen,
aryloxy, alkoxy, halogenated alkoxy, alkenyloxy, hydroxyalkyl, ainino, alkylamino, '
dialkylamino, acylamino, carbamyl, amido, dialkylamido, alkylamido, alkylsulfonamido,
sulfonamido, trihalocarbon, -thioalkyl, SO;-alkyl, -COO-alkyl,- COalkyl, OH, NO,, CN or .
alkyl-CN, or part of a ring formed by R;

In particular embodiments of the invention, X is halogen, and R is an (alkylamino)
alkyl or (dialkylamino) alkyl. ‘

In particular embodiments, X; is halogen and R is 2-(methyl, t-butyl- amino) ethyl, 2-
(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-(isobutyl-amino) ethyl, 2-
(ethyl, isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-butyl- amino) propyl, 2-
(isopropyl amino) ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-(cyclopentylamino)-
propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-(ethyl, methyl amino)
propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl, 3-(ethyl, isopropyl
amino) propyl, 3-(N-morpholino) propyl, or 3-(hydroxyethyl, isopropyl amino) propyl.

In some embodiments of the invention, X, is an aryl group.

In particular embodiments, X, is aryl and R is 2-(methy1, t-butyl- amino) ethyl, 2-
(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-(isobutyl-amino) ethyl, 2-
(ethyl, isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-Buty1- amino) propyl, 2-
(isopropyl amino) ethyl, 2-(hydroxyethy1, isopropyl arniho) ethyl, 3-(cyclopentylamino)-
propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-(ethyl, methyl amino)
prof)yl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl, 3-(ethyl, isopropyl
amino) propyl, 3-(N-morpholino) propyl, or 3-(hydroxyethyl, isopropyl amino)'propyl.
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In some embodiments of the invention, X; is a heteroaryl group.

In some ernbbdiments, X, is a heteroaryl group and R is 2-(methyl, t-butyl- amino)
ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-(isobutyl-amino)
ethyl, 2-(ethyl, isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-butyl- amino)
propyl, 2-(isopropyl amino) ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-
(cyclopentylamino)-propyl, 3-(cyclopentyl, methyl afnino) propyl, 3-(ethylamino) propyl, 3-
(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl,
3-(ethyl, isopropyl amino) propyl, 3-(N-morpholino) propyl, or 3-(hydroxyethyl, isopropyl
amino) propyl.

In particular embodiments, X, is 2- or 3-furan and R is 2-(methyl, t-butyl- amino)
ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-(isobutyl-amino)
ethyl, 2-(ethyl, isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-butyl- amino)
propyl, 2-(isopropyl amino) ethyl, 2-(}1ydfoxyethyl, isopropyl amino) ethyl, 3-
(cyclopentylamino)-propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-
(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl,
3-(ethyl, isopropyl amino) propyl, 3-(N-morpholino) propyl, or 3-(hydroxyethyl, isopropyl
amino) propyl.

In particular embodiments, X is 2- or 3-thiophene and R is 2-(methyl, t-butyl-
amino) ethyl, 2-(methyl, isopropyl amino) efhyl, 3-(neopentyl amino) propyl, 2-(isobutyl-
amino) ethyl, 2-(ethyl, isopropyl amino) ethyl, 3-(isopropy1 amino) propyl, 3~(t-butyl-
~ amino) propyl, 2-(isopropyl amino) ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-
(cyclopentylamino)-propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-
(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl,
3-(ethyl, isopropyl amino) propyl, 3-(N-morpholino) propyl, or 3-(hydroxyethyl, isopropyl
amino) propyl.

In particular embodiments, X is 3-pyrazolyl and R is 2-(methyl, t-butyl- amino)
ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-(isobutyl-amino)
ethyl, 2-(ethyl, isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-butyl- amino)
propyl, 2-(isopropyl amino) cthyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-
(cyclopentylamino)-propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3~ »
(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl,
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3-(ethyl, isopropyl amino) propyl, 3-(N-morpholino) propyl, or 3-(hydroxyethyl, isopropyl
émino) propyl.

In some embodiments of the invention, X, is an alkynyl group.

In some embodiments of the invention, X; is an alkynyl group, and R is 2-(methyl, t-
butyl- amino) ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-
(isobutyl-amino) ethyl, 2-(ethyl, isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-
butyl- amino) propyl, 2-(isopropy1 amino) ethyl, 2-(hydroxyethyl, isopropy! amino) ethyl, 3-
(cyclopentylamino)-propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-
(ethyl, methyl amino) propyl, 2-(neopentyi amino) ethyl, 3-(methyl, isopropyl amino) propyl,
3-(ethyl, isopropyl amino) propyl, 3-(N-morpholino) propyl, or 3-(hydroxyethyl, isopropyl
amino) propyl.

Iﬁ particular embodiments of the invention, X is acetylene, and R is 2-(methyl, t-
butyl- amino) ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-
(isobutyl-amino) ethyl, 2-(ethyl, isoproi)yl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-
butyl- amino) propyl, 2-(isopropyl amino) ethyl, 2-(hydroxyethyl; isopropy.l amino) ethyl, 3-
(cyclopentylamino)-propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-
(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl,
3-(ethyl, isopropyl amino) propyl, 3-(N-morpholino) propyl, or 3~(hydroxyethyl, isopropyl |
amino) propyl.

In some embodiments of the invention, X;is CN.

In particular embodiments of the invention, X; is CN, and R is 2-(methyl, t-butyl-
amino) ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-(isobutyl-
amino) ethyl, 2-(ethyl, isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-butyl-
amino) propyl, 2-(isopropyl amino) ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-
(cyclopentylamino)-propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-
(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl,
3-(ethyl, isopropyl amino) propyl, 3-(N-morpholino) propyl, or 3-(hydroxyethyl, isopropyl
amino) propyl.

In some cmbodimenfs of the invention, X; is an amine.

In some embodiments of the invention, X; is an amine, and R is 2-(methyl, t-butyl-

amino) ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-(isobutyl-
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amino) ethyl, 2-(ethyl, isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-butyl-
amino) propyl, 2-(isopropyl amino) ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3--
(cyclopentylamino)-propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-
(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl,
3-(ethyl, isopropyl amino) propyl, 3-(N-morpholino) propyl, or 3-(hydroxyethyl, isopropyi
amino) propyl. '

In particular embodiments of the invention, X, is dimethyl amine, azetidino or
aziridino, and R is 2-(methyl, t-butyl- amino) ethyl, 2-(methyl, isopropyl amino) ethyl, 3-
(neopentyl amino) propyl, 2-(isobutyl-amino) ethyl, 2-(ethy1, isopropyl amino) ethyl, 3-
(isopropyl amino) propyl, 3-(t-butyl- amino) propyl, 2-(isopropyl amino) ethyl, 2-
(hydroxyethyl, isopropyl amino) ethyl, 3-(cyclopentylamino)-propyl, 3-(cyclopentyl, methyl
amino) propyl, 3-(ethylamino) propyl, 3-(ethyl, methyl amino) propyl, 2-(neopentyl amino)
ethyl, 3-(methyl, isopropyl amino) propyl, 3-(cthyl, isopropyl amino) propyl, 3-(N-
morpholino) propyl, or 3-(hydroxyethyl, isopropyl amino) propyl.

Specific examples of compounds in accordance with this embodiment of the invention

are listed in Tables 1C and 1D.

C. Structures of formula 1A in which Xa, Xb and Xc are all carbon

In accordance with a third embodiment of the invention, the compounds have general
formula 1A, in which Xa, Xb and Xc are all carbon, connected by two single or one single
bond and one double bond, and wherein

Y is -CH3- or -S-;

X4 is hydrogen or halogen; and

X, and R are in combinations as discussed below.

C-I. In some embodiments of the invention in which Xa, Xb and Xc are all carbon,
X5 is halogen.
In some embodiments within this group, R includes a heteroatom, such as nitrogen,

7 oxygen or sulfur with the proviso that R does not include a piperidino moiety.
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In some embodiments, R is suitably an optionally substituted primary alkyl-amino, an
optionally substituted se;condary or tertiary alkyl-amino-alkyl, alkyl-aryl, or an alkyl-
nonaromatic heterocycle, with the proviso that R is not a piperidino moiety.

In sorfie embodiments, the heteroatom is nitrogen. In some of these embodiments, R
is a primary, secondary or tertiary alkyl-amino-alkyl, alkyl-aryl, or an alkyl-nonardmatic
heterocycle, with the proviso that R does not include a piperidinobmoiety. Specific R groups
include without limitation 2-(methyl, t-butyl- amino) ethyl, 2-(methyl, isopropyl amino)
ethyl, 3-(neopentyl amino) propyl, 2-(isobutyl-amino) ethyl, 2-(ethyl, isopropyl amino)
ethyl, 3-(isopropyl amino) propyl, 3-(t-butyl- amino) propyl, 2-(isopropyl amino) ethyl, 2-
(hydroxyethyl, isopropyl amino) ethyl, 3-(cyclopentylamino)-propyl, 3-(cyclopentyl, methyl
amino) propyl, 3-(ethylamino) propyl, 3-(ethyl, methyl amino) propyl, 2-(neopentyl amino)
ethyl, 3-(methyl, isopropyl amino) propyl, 3-(ethyl, isopropyl amino) propyl, 3-
(hydroxyethyl, isopropyl amino) propyl, 3-(methyl, propargyl amine) propyl, 2-(methyl,
propargyl amine) ethyl, 3-(allyl, methyl amino) propyl, 3-(propyl, cyclopropylmethyl amino)
propéne, 3-(hydroxyethyl, cyclohexyl amino) propyl, 2-(cyclopropylmethyl amino) ethyl, 2-
(methyl, isobutyl amino) ethyl, 3-(N-morpholino) propyl, and 3-(1H-imidazoyl) propyl.

In embodirnents of the invention within this group, R has the formula

site of 9N-attachment

H H
X_(CHQ)m_N_(CHz)n_N_ﬁ"NH2
9
X—(CHah—O0-S-NH,
@]

where m= 2-3 and n= 1-6.

In embodiments within this group, R has the formula

site of 9N -attachment

(@)

H

X—(ChHayrN—(CH,—<
HN—OH
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where m=2-3 é.nd n=1-6.

Specific examples of compounds in accordance with this embodiment of the invention
are listed in Tables 1E (Compounds 1E-1 to 1E-4, 1E-6, 1E-18, 1E-21, 1E-23 to 1E-26, 1E-
35, 1E-38, 1E-39, 1E-42 to 1E-48, 1E-68 fo 1E-76). As shown, in preferred embodiments of
formula (2), X4 is H, chlorine or fluorine. ’

In a particular preferred embodiment of formula (2), Yis S, Xy is H, X, is L.

In a particular preferred _embodiment of formula (2), Y is CH,, X4 is Cl, X; is L.

In a particular preferred embodiment of formula (2), Y is CHy, X4is F, X is L.

In a particular preferred embodiment of formula (2), Yis S, X4is F, X is L.

Table 2E shows measured values for ECso in JNPL3 brain and SKBr3 cell lysates for
compound's' 1E-2, 1E21 and 1E-23 in accordance with this embodiment of the invention
which incorporates a hydrogen as X4 and in which Y is S. Desirably low values of ECsy were

observed.

C-II. In some embodiments of the invention, X; is an aryl group. In these
embodiments, R may be any of the groups disclosed as a substituent at the 9-position nitrogen
in this application, or in the various patents and patent applications cited herein. See Table 8.

In some embodiments within this group, R includes a heteroator, such as nitrogen,
oxygen or sulfur.

In some embodiments, the heteroatom is nitrogen. In some of these embodiments, R is
a primary amino-alkyl, a secondary or tertiary alkyl-amino-alkyl, an aryl-alkyl, or a
nonaromatic heterocycle-alkyl. Spéciﬁc R groups include without limitation 2-(methyl, t-
butyl- amino) ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-
(isobutyl-amino) ethyl, 2-(ethyl, isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-
butyl- arnirro) propyl, 2-(isopropyl amino) ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-
(cyclopentylamino)-propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-
(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl,
3-(ethyl, isopropyl amino) propyl, ’3-(hydroxyethyl, isopropyl amirro) propyl, 3-(methyl,
propargyl amine) propyl, 2—(methy1, propérgyl amine) ethyl, 3-(allyl, methyi amino) propyl,
3-(propyl, cyclopropylmethyl amino) propane, 3-(hydroxyethyl, cyclohexyl a.rnino) propyl, 2-
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(cyclopropylmethyl amino) ethyl, 2-(methyl, isobutyl amino) ethyl, 3-(N-morpholino) propyl,
and 3-(1H-imidazoyl) propyl.
In embodiments of formula (2) within this group, R has the formula:
site of 9N-attachment .
X X Ry
MACGTRA$
N. ,
. i

where R is selected from COH, COMe, COEt, COnPr, COiPr, SO,Me, CH,OX where X can
be H or oxygen, nitrogen, sulphur or halogen containing alkyl of linear, branched or cyclic
nature.

In embodiments of the invention within this group, R has the formula

site of 9NV-attachment

H H N
X—(CHgym=N—(CHy), —N—ﬁ— NH,
0]
%
X—(CH z)n-O-ISI—N H,
0]

where m= 2-3 and n= 1-6.

In embodiments within this group, R has the formula

site of ON -attachment

O

H

X—(CHpp=N—(OH),—4
: HN—OH

where m= 2-3 and n= 1-6.

In specific embodi_ments, X3 is an aromatic heterocycle.

In specific embodiments, X5 is a furan, thiophene, pyrazole, imidazole, pyrrole,
oxazole and thiazole.

In specific embodiments of the X, is a furan, thiophene, pyrazole, oxazole and

thiazole or imidazole.
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In specific embodiments, X is an aromatic heterocycle.

In specific embodiments, X is a furan, thiophene, pyrazole, imidazole, pyrrole,
oxazole or thiazole.

In specific embodiments, X; is a furan, thiophene, pyrazole, imidazolg:, oxazole or
thiazole. " ‘ .
| In particular embodiments of formula (2), Y is S, X4 is H, X; is 2-, 3-furan or 5-
methyl-2-furanyl.

In particular embodiments of formula (2), Y is CH;, X4 is Cl, X; is 2-, 3- furan or 5-
methyl-2-furanyl.

In particular embodiments of formula (2), Y is CHy, X4 is F, X; is 2-, 3-furan or 5-
methyl-2-fitranyl. _

In particular embodiments of formula (2), Y is S, X4 is F, X; is 2-, 3-furan or 5-
methyl-2-furanyl. ,

In particular embodiments of formula (2), Y is S, X4 is H, X; is 2- or 3-thiophene.

In particular embodiments of formula (2), Y is CHy, X4 is Cl, X, is 2- or 3- thiophene.

In particular embodiments of formula (2), Y is CHQ, X4 is F, X, is 2- or 3-thiophene.

In particular embodiments of formula (2), Y is S, X4 is F, X; is 2- or 3-thiophene.

In particular embodiments of formula (2), Y is S, X4 is H, X; is 2- or 3-pyrazole.

In particular embodiments of formula (2), Y is CH;, X4 is Cl, X; is 2- or 3- pyrazole.

In particular embodiments of formula (2), Y is CH;, X4 is F, X is 2- or 3-pyrazole.

In particular embodiments of formula (2), Y is S, X4 is F, X is 2- or 3-pyrazole.

In particular embodiments of formula (2), Y is S, X4 is H, X; is 2-thiazolyl, 5-methyl-
2-thiazolyl, 2-oxazolyl or 5-methyl-2-oxazolyl. ’

In particular embodiments of formula (2), Y is CH,, X4 is Cl, X; is 2-thiazolyl, 5-

‘ methyl-2-thiazolyl, 2-oxazolyl or 5-methyl-2-oxazolyl. .

In particular embodiments of formula (2), Y is CHy, X4 is F, X, 2-thiazolyl, 5-methyl-
2-thiazolyl, 2-oxazolyl or 5-methyl-2-oxazolyl.

In particular embodiments of formula (2), Y is S, X4 is F, X3 is 2-thiazolyl, 5-methyl-
2-thiazolyl, 2-oxazolyl or 5-methyl-2-oxazolyl. _ _

In particular embodiments of formula (2), Y is S, X4 is H, X; is 2-thiazolyl, 5-methyl-
2-thiazolyl, 2-oxazolyl or 5-methyl-2-oxazolyl. |
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In particular embodiments of foﬁnula (2), Y is CHy, X4 is Cl, X is 2-thiazolyl, 5-

methyl-2-thiazolyl, 2-oxazolyl or 5-methyl-2-o0xazolyl. _ v
- In particular embodiments of formula (2), Y is CHa, X4 is F, X, is 2-thiazolyl, 5-

methyl-2-thiazolyl, 2-oxazolyl or 5-methyl-2-oxazolyl.

In particular embodiments of formula (2), Yis S, X4 is F, X3 is 2-thiazolyl, 5-methyl-
2-thiazolyl, 2-oxazolyl or 5-methyl-2-oxazolyl.

In these particular embodiments, R may be any one of the types of groups described
above. |

Specific examples of compounds in accordance with this embodiment of the invention
are listed in Tables 1E (Compounds 1E-5, 1E-7, 1E-11 to 1E-13, 1E-15 to 1E-17, 1E-27, 1E-
29 to 1E-33, 1E-36, 1E-37, 1E-41, 1E-59 to 1E-76, 1E-84 and 1E-85). As shown, in
preferred embodiments of formula (2) in which Xz is an aryl group, X, is H, chlorine or

fluorine.

C-III. In some embodiments of the invention, X; is an alkynyl group. In these
embodiments, R may be as described above in Section CII.

In specific embodiments, X, is acetylene.

In particular embodiments of formula (2), Y is S, X4 is H, X; is acetylene.

In particular embodiments of formula (2), Y is CH,, X4 is Cl, X is acetylene.

In particular embodiments of formula (2), Y is CHy, X4 is F, X is acetylene.

In particular embodiments of formula (2), Yis S, X4 is F, X, is acetylene.

In these paxﬁcular embodiments, R may be any one of the types of groups described
above.

Specific examples of compounds in accordance with this embodiment of the invention
are listed in Tables 1E (Compounds 1E-8, 1E-14, 1E-19. 1E-20, 1E-22, 1E-40, iE—49 to 1E-
58 and 1E-77 to 1E-82). As shown, in preferred embodiments of formula (2) in which X is
an alkynyl group, X4 is H, chlorine or fluorine.

Table 2F shows a measured value for ECso in JNPL3 brain cell lysates for compound
1E-22 in accordance with this embodiment of the invention which incorporates a hydrogen as

X4 and in which Y is S. A desirably low value of ECso was observed.
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C-IV. In some embodiments of the invention, X, is a cyano group. In these
embodiments, R may be as described above in Section C-II, with the proviso that R does not
include a piperidino moiefy. ‘

~ In a particular preferred embodiment of formula (2), Y is S, X4 is H, X, is CN.

In a particular preferred embodiment of fdrm{lla (2), Y is CH,, X4 is Cl, X; is CN.

In a particular preferred embodiment of formula (2), Y is CHa, X4 is F, X5 is CN.

In a particular preferred embodiment of formula (2), Y is S, X is F, X, is CN.

In these particular embodiments, R may be any one of the types of groups described
above. ' '

A specific example of a compound in accordance with this embodiment of the
invention is listed in Table 1E (Compound 1E-9). _

C-_V. In some embodiments of the inVention, X, is an amino group. In these
particular embodiments, R may be any one of the types of groups described in Section C-IL

In a particular preferred embodiment of formula (2), Y is S, X is H, X» is azetidino.

In a particular preferred embodiment of formula (2), Y is CH, X4 is Cl, X is:
azetidino,

In a particular preferred embodiment of formula (2), Y is CH,, X4 is F, Xy is -
azetidino,

In a particular preferred embodiment of formula (2), Yis S, X4 is F, X, is azetidino.

Specific examples of compounds in accordance with this embodiment of the invention

are listed in Table 1E (Compound 1E-10, 1E-28 and 1E-34).

C-VI. In some embodiments of the invention, X, is a cycloalkyl or a cycloalkenyl.
In these particular embodiments, R may be any one of the types of groups described in
Section C-II. ’

In specific embodiments, X; is a cycloalkyl with one ring.

In specific embodiments, X, is a cyclopropane, cyclobutane or cyclopentane.

In particular embodiments of formula (2), Y is S, X4 is H, X, is cyclopentyl. \

In particular embodiments of formula (2), Y is CH,, X4 is Cl, X is cyclopentyl.

In particular embodiments of formula (2), Y is CHy, X4 is F, X is cyclopentyl.

| In particular embodiments of formula (2), Y is S, X4 is F, X; is cyclopentyl.
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In these particular embodiments, R may be any one of the types of groups described |

above.

D. Structures of formula 1A in which Xa or Xb is N

In accordance with a fourth embodiment of the invention, the compounds have
general formula 1A, in which one of Xa or Xb is N, and Xc and the other of Xa and Xb are
CH;. The N may be unsubstituted (i.e. NH) or substituted, for example with methyl, ethyl,

acetyl. Thus, the compounds of this émbodiment may be represented by the general formula

NH2 : x2
NN
IJI \>"Y Xa
Xy kN/ N %o B
‘ R
@)

wherein: ;

one of Xa and Xb is N bonded to H or a substituent, and the other is -CHa-;

Y is -CHa- or -S-, | |

X4 is hydrogen or halogen; and

X, and R are as discussed below.

In these embodiments, R may be any of the groups disclosed as a substituent at the 9-
position nitrogen herein or in the various patents and applications cited above. See Table 8.
In some embodiments, R includes a nitrogen heteroatom. In further embodiments, R is any of
the options discussed above in Section B.

X, may be any group shown to be attached to the same position in any of the
compounds disclosed in the various patents and patent applications cited above, or as
described above in Section B.

In particular embodiments of the invention, X5 is halogen, and R is an amino alkyl, an
a]kylaminoalkyl, dialkylaminoalkyl, or trialkylammonioalkyl group, in which each alkyl

portion may be linear, cyclic or branched, or an alkyl heterocycle, where the alkyl may be
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bound to a nitrogen in the heterocyclic group. Specific R groups include without limitation
2-(methyl, t-butyl- amino) ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl amino)
propyl, 2-(isobutyl-amino) ethyl, 2-(ethyl, isopropyl amino) ethyl, 3-(isopropyl amino)
‘propyl, 3-(t-butyl- amino) propyl, 2-(isopropyl amino) ethyl, 2-(thydroxyethyl, isopropyl
amino) ethyl, 3-(cyclopentylamino)-propyl, 3-(cyclopentyl, mefhyl amino) propyl, 3-
(ethylamino) propyl, 3-(ethyl, methyl amino) prépyl, 2-(neopentyl amino) ethyl, 3-(methyl,
isopropyl amino) propyl, 3-(ethyl, isopropyl amino) propyl, 3-(hydroxyethyl, isopropyl
amino) propyl, 3-(methyl, propargyl amine) propyl, 2—(methy1, propargyl amine) ethyl,‘ 3-
(allyl, methyl amino) propyl, 3-(propyl, cyclopropylmethyl amino) propane, 3-(hydroxyethyl,
cyclohexyl amino) propyl, 2-(cyclopropylmethyl amino) ethyl, 2-(methyl, isobutyl amino)
ethyl, and 3-(1H-imidazoyl) propyl.

In some embodiments of the invention, X, is an aryl group.

In particular embodiments, X is aryl and R is 2-(methyl, t-butyl- amino) ethyl, 2-
(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-(isobutyi—amino) ethyl, 2-
(ethyl, isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-butyl- amino) propyl, 2-
(isopropyl amino) ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-(cyclopentylamino)-
propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-(ethyl, methyl amino)
propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl, 3-(ethyl, isopropyl
amino) propyl, 3-(N-morpholino) propyl or 3-(hydroxyethyl, isopropyl amino) propyl.

In some embodiments of the invention, X, is a heteroaryl group.

In some embodiments, Xj is a heteroaryl group and R is 2-(methyl, t-butyl- amino)
ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-(isobutyl-amino)
ethyl, 2-(ethyl, isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-butyl- amino)
propyl, 2-(isopropyl amino) ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-

. (cyclopentylamino)-propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-
(ethy1, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl,
3-(ethyl, isopropyl amino) propyl, 3-(N-morpholino) propyl or 3-(hydroxyethyl, isopropyl
amino) propyl.

In particular embodiments, X, is 2- or 3-furan and R is 2-(methyl, t-butyl- amino)
cthyl, 2-(methyl, isopropy! amino) ethyl, 3-(neopentyl amino) propyl, 2-(isobutyl-amino)
ethyl, 2-(ethyl, isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-butyl- amino)
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propyl, 2-(isopropyl amino) ethyl, 2-(hjfd1"oxyethy1, isopropyl amino) ethyl, 3-
(cyclopentylamino)-propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-
(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl,
3-(ethyl, isopropyl amino) propyl, 3-(N-morpholino) propyl or 3-(hydroxyethyl, isopropyl
amino) propyl.

In'particular embodiments, X is 2- or 3-thiophene and R is 2-(methyl, t-butyl-
amino) ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-(isobutyl-
amino) ethyl, 2-(ethyl, isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-butyl-
amino) propyl, 2-(isopropyl amino) ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-
(cyclopentylamino)-propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-
(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl,
3-(ethyl, isopropyl amino) propyl, 3-(N-morpholino) propyl or 3-(hydroxyethyl, isopropyl
amino) propyl.

In particular embodiments, X, is 3-pyrazolyl and R is 2-(methyl, t-butyl- amino)
ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-(isobutyl-amino)
ethyl, 2-(ethyl, isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-butyl- amino)
propyl, 2-(isopropyl amino) ethyl, 2-(hydroxyéthy1, isopropyl amino) ethyl, 3-
(cyclopentylamino)-propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-
(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl,
3-(ethyl, isopropyl amino) propyl, 3-(N-morpholino) propyl, or 3-(hydroxyethyl, isopropyl
amino) propyl. |

In some embodiments of the invention, X is an alkynyl group.

In some embodiments of the invention, X is an alkynyl group, and R is 2-(methyl, t-
butyl- amino) ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-
(isobutyl-amino) ethyl, 2-(ethyl, isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-
butyl- amino) propyl, 2-(isopropy! amino) ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-
(cyclopentylamino)-propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-
(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl,
3-(ethyl, isopropyl ‘amino) propyl, 3-(N-morpholino) propyl or 3-(hydroxyethyl, isopropyl

amino) propyl.
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In particular embodiments of the invention, X is acetylene, and R is 2-(methyl, t-
butyl- amino) ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-
(isobutyl-amino) ethyl, 2-(ethyl, isolv)rop-yl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-
butyl— amino) propyl, 2-(isopropyl amino) ethyl, 2-(hydroxyethyl, isopropyl amino) cthyl, 3-
(cyclopentylamino) propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) Ipropyl, 3-
(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl,
3-(ethyl, isopropyl amino) propyl, 3-(N-morpholino) propyl or 3-(hydroxyethyl, isopropyl
amino) propyl. ‘

In some embodiments of the invention, X5 is CN.

In particular embodiments of the invention, X; is CN, and R is 2-(methyl, t-butyl-
amino) ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-(isobutyl-
amino) ethyl, 2-(ethyl, isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-butyl-
amino) propyl, 2-(isopropyl amino) ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-
(cyclopentylamino)-propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-
(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl,
3-(ethyl, isopropyl amino) propyl, 3-(N-morpholino) propyl or 3-(hydroxyethyl, isopropyl “
amino) propyl.

In some embodiments of the invention, X; is an amine.

In some embodiments of the invention, X; is an amine, and R is 2-(methyl, t-butyl-
amino) ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-(isobutyl-
amino) ethyl, 2-(ethyl, isopropyl amino) ethyl, 3—(isopropyl amino) propyl, 3-(t-butyl-
amino) propyl, 2-(isopropyl amino) ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-
(cyclopentylamino) propyi, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-
(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl,
3-(ethyl, isopropyl amino) propyl, 3-(N-morpholino) i)ropyl or 3-(hydroxyethyl, isopropyl
amino) propyl.

In particular embodim_entsvof the invention, X3 is dimethyl amine or aziridino, and R
is 2-(methyl, t-butyl- amino) ‘ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl amino)
propyl, 2-(isobutyl-amino) ethyl, 2-(ethyl, isopropyl amino) ethyl, 3-(isopropyl amino)
propyl, 3-(t-butyl- amino) propyl, 2-(isopropyl amino) ethyl, 2-(hydroxyethyl, isopropyl
aminb) ethyl, 3-(cyclopentylamino)-propyl, 3-(cyclopentyl, methyl amino) propyl, 3-
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(ethylamino) propyl, 3-(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl,
isopropyl amino) propyl, 3-(ethyl, isopropyl amino) propyl, 3-(N &norpholino) propyl or 3-

* (hydroxyethyl, isopropyl amino) propyl. | |
Specific examples of compounds in accordance with this embodiment of the invention

are listed in Tables 1F and 1G.

E. Structures of formula 1A in which Xa or Xb is carbonvl or thiocarbonyl

In accordance with a fifth embodiment of the invention, the compounds have general
formula 1A, in which one of Xa or Xb is carbonyl (C=0) or thiocarbonyl (C=S), and Xc¢ and
the other of Xa and Xb is CH,  Thus, the compounds of this embodiment may be

represented by the general formula

NH2 X2
NN
l _ >_Y Xa
X7 NN J
| N\ - Xb
R

v)

wherein: ‘

one of Xa and Xb is C=0 or C=S, and the other is -CHa-;

Y is -CH;- or -S-,

X4 is hydrogen or halogen; and

X5 and R are as discussed below.
In these embodiments, R may be any of the groups disclosed as a substituent at the 9-position
nitrogen in this application, or in the various patents and patent applications cited herein (See
Table 8), with the proviso that when X; is halogen or CN, R does not include a piperidino
moiety.

In some embodiments within this group, R includes a heteroatom, such as nitrogen,
oxygen or sulfur. In some embodiments, the heteroatom is nitro gen. In these embodiments, R

is suitably a primary amino-alkyl, a secondary or tertiary alkyl-amino-alkyl, an aryl-aryl, or a
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nonaromatic heterocycle-alkyl. Specific R groups include without limitation 2-(methyl, t-
butyl- amino) ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-
(isobutyl-amino) ethyl, 2-(ethyl, isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-
butyl- amino) propyl, 2-(isopropyl anﬁno) ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-
(cyclopentylamino) propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-
(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl,
3-(ethyl, isopropyl amino) propyl, 3-(hydroxyethyl, isopropyl amino) propyl, 3-(methyl,
propargyl amine) propyl, 2-(methyl, propargyl amine) ethyl, 3-(allyl, methyl amino) propyl,
3-(propyl, cyclopropylmethyl amino) propane, 3-(hydroxyethyl, cyclohexyl amino) propyl, 2-
(cyclopropylmethyl amino) ethyl, 2-(methyl, isobutyl amino) ethyl, 3-(N-morpholino) propyl,
and 3-(1H-imidazoyl) propyl.

In embodiments of formula (2) within this group when X is thiocarbonyl, R may have
the formula:

site of 9N-attachment ,
X X R4
MGG
N~R1 _ ' :

where R; is selected from COH, COMe, COEt, COrPr, COiPr, SO,Me, CH,OX where X can
be H or oxygen, nitrogen, sulphur or halogen containing alkyl of lineé.r, branched or cyclic
nature.

In embodiments of the invention within this group, R has the formula

site of 9N-attachment

H H 1 ‘
X—(CHy m—N—(CHz)n—N—ﬁ— NH,
O
S
X—(CHj),—O —%—N Hy
(0]

where m= 2-3 and n= 1-6.

In embodiments within this group, R has the formula
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site of 9V -attachment
O
H
X—(CHayr—N—(CH—4
o HN-OH

where m= 2-3 and n= 1-6. _

Xz may be any substituent shown to be attached at the same position in any of the
compounds disclosed in the various ‘patents and patent applications cited above, or as
described above in Section B.

In particular embodiments of thé invention, Xz is halogen, and R is suitably a primary
amino-alkyl, a secondary or tertiary alkyl-amino-alkyl, an aryl-alkyl, or a nonaromatic
heterocycle-alkyl Specific R groups include without limitation 2-(methyl, t-butyl- amino)
ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2~(isobutyl-amino)
ethyl, 2-(ethyl, isopropyl amino) ethyl, 3-(isopropyl amino) prop&l, 3-(t-butyl- amino)
propyl, 2-(isopropyl amino) ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-
(cyclopentylamino)-propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-
(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl,
3-(ethyl, isopropyl amino) propyl, 3-(hydroxyethyl, isopropyl amino) propyl, 3-(methyl,
propargyl amine) propyl, 2-(methyl, propargyl amine) ethyl, 3-(allyl, methyl amino) propyl,
3-(propyl, cyclopropylmethyl amino) propane, 3-(hydroxyethyl, cyclohexyl amino) propyl, 2-
(cyclopropylmethyl amino) ethyl, 2-(methyl, isobutyl amino) ethyl, 3-(N-morpholino) propyl
and 3-(1H-imidazoyl) propyl. |

In some embodiments of the invention, X i1s an aryl group. .

In particular embodiments, X is aryl and R is suitably a primary amino-alkyl, a
secondary or tertiary alkyl-amino-alkyl, an aryl-alkyl, or a nonaromatic heterocycle-alkyl.

- Specific R groups include without limitation 2-(methyl, t-butyl- amino) ethyl, 2-(methyl,
isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-(isobutyl-amino) ethyl, 2-(ethyl,
isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-butyl- amino) propyl, 2-(isopropyl
amino) ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-(cyclopentylamino)-propyl, 3-
(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-(ethyl, methyl amino) propyl,
2-(neopentyl amino) ethyl, 3-(methyl, isopropy! amino) propyl, 3-(ethyl, isopropyl amino)
propyl, 3-(hydroxyethyl, isopropyl amino) propyl, 3-(methyl, propargyl amine) propyl, 2-
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(methyl, propargyl amine) ethyl, 3-(allyl, methyl amino) propyl, 3-(propyl,
cyclopropylmethyl amino) propane, 3-(hydroxyethyl, cyclohexyl amino) propyl, 2-
(cyclopropylmethyl aminb) ethyl, 2-(methyl, isobutyl amino) ethyl, 3-(N-morpholino) propyl
and 3-(1H-imidazoyl) propyl.

In some embodiments of the invention, X3 is a heteroaryl group.

In some embodiments, X, is a heteroaryl group and R is suitably a primary amino-
alkyl, asecondary or tertiary alkyl-amino-alkyl, an aryl-alkyl, or a nonaromatic heterocycle-
alkyl. Specific R groups include without limitation 2-(methyl, t-butyl- amino) ethyl, 2-
(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-(isobutyl-amino) ethyl, 2-
(ethyl, isopropy! amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-butyl- amino) propyl, 2-
(isopropyl amino) ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-(cyclopentylamino)-
propyl, 3-(cyclopeﬁty1, methyl amino) propyl, 3-(ethylamino) propyl, 3-(ethyl, methyl amino)
propyl; 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl, 3-(ethyl, isopropyl
amino) propyl, 3-(hydroxyethyl, isopropyl amino) propyl, 3-(methyl, propargyl aminé) ’
propyl, 2-(methyl, propargyl amine) ethyl, 3-(allyl, methyl amino) propyl, 3-(propyl,

_ cyclopropylmethyl amino) propane, 3-(hydroxyethyl, cyclohexyi amino) lpropyl, 2~
(cyclopropylmethyl amino) ethyl, 2-(methyl, isobuty! amino) ethyl, 3-(N-morpholino) propyl
and 3-(1H-imidazoyl) prépyl.

In particular embodiments, X; is 2- or 3-furan and R is suitably a primary amino-
alkyl, a secondary or tertiary alkyl-amino-alkyl, an aryl-alkyl, or a nonaromatic heterocycle-
alkyl. Specific R groups include without limitation 2-(methyl, t-butyl- amino) ethyl, 2-
(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) prbpyl, 2-(isobutyl-amino) ethyl, 2-
(ethyl, isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-butyl- amino) propyl, 2-
(isopropyl amino) ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-(cyclopentylamino)-

- propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-(ethyl, methyl amino)
propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl, 3-(ethyl, isopropyl
amino) propyl, 3-(hydroxyethyl, isopropyl amino) propyl, 3-(methyl, propargyl amine)
propyl, 2-(methyl, propargyl amine) ethyl, 3-(allyl, methyl amino) propyl, 3-(propyl,
cyclopropylméthyl amino) propane, 3-(hydroxyethyl, cyclohexyl amino) propyl, 2-
(cyclopropylmethyl amino) ethyl, 2-(methyl, isobutyl amino) ethyl, 3-(N-morpholino) propyl
and 3-(1H-imidazoyl) propyl.
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In particular embodiments, Xj is 2- or 3-thiophene and R is suitably a primary amino-
alkyl, a secondary or tertiary alkyl-amino-alkyl, an aryl-alkyl, or a nonaromatic heterocycle- |
alkyl. Specific R groups include without limitation 2-(methyl, t-butyl- amino) ethyl, 2-
(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-(isobutyl-amino) ethyl, 2- 
(ethyl, isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-butyl- amino) propyl, 2- -
(isopropyl amino) ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-(cyclopentylamino)-
propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-(ethyl, methyl amino)
propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl, 3-(ethyl, isopropyl
amino) propyl, 3-(hydroxyethyl, isopropyl amino) propyl, 3-(methyl, propargyl amine)
propyl, 2-(methyl, propargyl amine) ethyl, 3-(allyl, methyl amino) propyl, 3-(propyl,
cyclopropylmethyl amino) propane, 3-(hydroxyethyl, cyclohexyl amino) propyl, 2-
(cyclopropylmethyl amino) ethyl, 2-(methyl, isobutyl amino) ethyl, 3-(N-morpholino) propyl
and 3-(1H-imidazoyl) propyl.

In particular embodiments, X; is 3-pyrazolyl and R is suitably a primary amino-alkyl,
a secondary or teftiary alkyl-amino-alkyl, an aryl-alkyl, or a nonaromatic heterocycle-alkyl.
Specific R groups include without limitation 2-(methyl, t-butyl- amino) ethyl, 2-(methyl,
isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-(isobutyl-amino) ethyl, 2-(ethyl,
isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-butyl- amino) propyl, 2-(isopropyl
amino) ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-(cyclopentylamino)-propyl, 3-
(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-(ethyl, methyl amino) propyl,
2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl, 3-(ethyl, isopropyl amino)
propyl, 3-(hydroxyethyl, isopropyl amino) propyl, 3-(methyl, propargyl amine) propyl, 2-
(methyl, propargyl amine) ethyl; 3-(allyl, methyl amino) propyl. 3-(propyl,
cyclopropylmethyl amino) propane, 3-(hydroxyethyl, cyclohexyl amino) propyl, 2-
(cyclopropylmethyl amino) ethyl, 2-(methyl, isobutyl amino) ethyl, 3-(N-morpholino) propyl
and 3-(1H-imidazoyl) propyl.

In some embodiments of the invention, X is an alkyny! group.

In some embodiments of the invention, X is an alkynyl group, and R is suitably a
primary amino-alkyl, a secondary or tertiary alkyl-amino-alkyl, an aryl-alkyl, or a
nonaromatic heterocycle-alkyl. Specific R groups include without limitation 2-(methyl, t-

butyl- amino) ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-
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(isobutyl-amino) ethyl, 2-(ethyl, isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-
butyl- amino) propyl, 2-(isopropyl amino) ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-
(cyclopentylamino)-propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-
(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl,
3-(ethyl, isopropyl amino) propyl, 3-(hydroxyethyl, isopropyl amino) propyl, 3-(methyl,
propargyl amine) propyl, 2-(methyl, propargyl amine) ethyl, 3-(allyl, methyl amino) propyl,
3-(propyl, cyclopropylmethyl amino) propane, 3-(hydroxyethyl, cyclohexyl amino) propyl, 2-
(cyclopropylmethyl amino) ethyl, 2-(methyl, isobutyl amino) ethyl, and 3-(1H-imidazoyl)
propyl. |

In particular embodiments of the invention, X; is acetylene, and R is suitably a
primary amino-alkyl, a secondary or tertiary alkyl-amino-alkyl, an aryl-alkyl, or a
nonaromatic heterocycle-alkyl. Specific R groups include without limitation 2-(methyl, t-
butyl- amino) ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-
(isobutyl-amino) ethyl, 2-(ethyl, isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-
butyl- amino) propyl, 2_—(isopropy1 amino) ethyl, 2-(hydroxyethyl, isopropyl amino) ethyln, 3-
(cyclopeﬁty]amino)—propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-
(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl,
3-(ethyl, isopropyl amino) propyl, 3-(hydroxyethyl, isopropyl amino) propyl, 3-(methyl,
propargyl amine) propyl, 2-(methyl, propargyl amine) ethyl, 3-(allyl, methyl amino) propyl,
3-(propyl, cyclopropylmethyl amino) propane, 3-(hydroxyethyl, cyclohexyl amino) propyl, 2-
(cyclopropylmethyl amino) ethyl, 2-(methyl, isobutyl amino) ethyl, and 3-(1H-imidazoyl)
propyl.

In some embodiments of the invention, X; is CN.

In particular embodiments of the invention, X, is CN, and R is suitably a primary
amino-alkyl, a secondary or tertiary alkyl-amino-alkyl, an aryl-alkyl, or a nonaromatic
heterocycle-alkyl, with the proviso f,hat R does not include a piperidinb moiety. Specific R
groups include without limitation 2-(methyl, t-butyl- amino) ethyl, 2-(methyl, isopropyl
amino) ethyl, 3-(neopentyl amino) propyl, 2-(isobutyl-amino) ethyl, 2-(ethyl, isopropyl
amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-butyl- amino) propyl, 2-(isopropyl amino)
ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-(cyclopentylamino)-propyl, 3-(cyclopentyl,
methyl amino) propyl, 3-(ethylamino) propyl, 3-(ethyl, methyl amino) propyl, 2-(neopentyl



WO 2011/044394 PCT/US2010/051872

4

amino) ethyl, 3-(methyl, isopropyl amino) propyl, 3-(ethyl, isopropyl amino) propyl, 3-
(hydroxyethyl, isopropyl amino) propyl, 3-(methyl, propargyl amine) propyl, 2-(methyl,
propargyl amine) ethyl, 3-(allyl, methyl amino) propyl, 3-(propyl, cyclopropylmethyl amino)
propane, 3-(hydroxyethyl, cyclohexyl amino) propyl, 2-(cyclopropylmethyl amino) ethyl, 2-
(methyl, isobutyl amino) ethyl, and 3—(1H-imidazoy1) propyl.

In some embodiments of the invention, X; is an amine.

In some embodiments of the invention, X5 is an amine, and R is suitably a primary
aminb—alkyl, a secondary or tertiary alkyl-amino-alkyl, an aryl-alkyl, or a‘nona.romatic
heterocycle-alkyl. Specific R groups include without limitation 2-(methyl, t-butyl- amino)
ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-(isobutyl-amino)
ethyl, 2-(ethyl, isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-butyl- amino)
propyl, 2-(isopropyl amino) ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-
(cyclopentylamino)-propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-
(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl,
3-(ethyl, isopropyl amino) propyl, 3-(hydroxyethyl, isopropyl amino) propyl, 3-(methyl,
propargyl amine) propyl, 2-(methyl, propargyl amine) ethyl, 3-(allyl, methyl amino) propyl,
3-(propyl, cyclopropylmethyl amino) propane, 3—(hydro§(yethy1, cyclohexyl amino) propyl, 2-
(cyclopropylmethyl amino) ethyl, 2-(iethyl, isobutyl amino) ethyl, and 3-(1H-imidazoyl)
propyl.

In particular embodiments of the invention, X, is dimethyl amine or aziridino, and R
is suitably a primary amino-alkyl, a secondary or tertiary alkyl-amino-alkyl, an aryl-alkyl, or
a nonaromatic heterocycle-alkyl. Specific R groups include without limitation 2-(methyl, t-
butyl- amino) ethyl, 2-(methyl, isopropyl amino) ethyi, 3-(neopentyl amino) propyl, 2-
(isobutyl-amino) ethyl, 2-(ethyl, isopropyl aminb) ethyl, 3-(isopropyl amino) propyl, 3-(t-
butyl- amino) propyl, 2-(isopropyl amino) ethyl, 2-(hydroxyethyl, isopropyl amino) ‘éthyl, 3-
(cyclopentylamino)-propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-
(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyi, 3-(methyl, isopropyl amino) propyl,
3-(ethyl, isopropyl amino) propyl, 3-(hydroxyethyl, isopropyl amino) propyl, 3-(methyl,
propargyl amine) propyl, 2-(methyl, propargyl amine) ethyl, 3-(allyl, methyl amino) propyl,
3-(propyl, cyclopropylmethyl amino) propane, 3-(hydroxyethyl, cyclohexyl amino) propyl, 2-
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(cyclopropylmethyl amino) ethyl, 2-(methyl, isobutyl amino) ethyl, and 3-(1H-imidazoyl)

propyl. '
Specific examples of compounds in accordance with this embodiment of the invention
~are listed in Tables 1H and 11.

F. Structures of formula 1A in which Xa., Xb and Xc include at least one non-

carbon atom and -Xa-Xc¢-Xb- includes a double bond

In accordance with a sixth embodiment of the invention, the compounds have general

formula 1A, with Xa, Xc¢, Xb and the bonds between them selected from a combination in the

following table:

Xa Bond | Xc bond Xb
C double C single 0]

C double C single N
C double C single S

o) single C double C

N single C double C

S single C double C

N double C single o

N double C single S

N single C double N

O ‘ single C | double 1N

S single | C double - |N

N double N single o)
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N double N single S
N . double N single C
0] single N double N
N single N double "IN
| S | single ; N double N
C single N double N

Y is -CHj;- or -S-,

X4 is hydrogen or halogen; and

X, and R are as discussed below.

In these embodiments, R may be any of the groups disclosed as a substituent at the 9-
position nitrogen herein or in the various patents and applications cited above. In some
embodiments, R includes a nitrogen heteroatom. In further embodiments, R is any of the
options discussed above in Section B.

X, may be any group shown to be attached at the same position in any of the
compounds disclosed in the various patents and patent applications cited above, or as
described above in B.

In particular embodiments of the invention, X is halogen, and R is an aminoalkyl
(alkylamino) alkyl or (dialkylamino) alkyl.

In particular em‘bodiments, X is halogen and R is suitably a primary amino-alkyl, a
secondary or tertiary alkyl-amino-alkyl, an aryl-alkyl, or a nonaromatic heterocycle-alkyl, .
Specific R groups include without limitation 2-(methyl, t-butyl- amino) ethyl, 2-(methyl,
isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-(isobutyl-amino) ethyl, 2-(ethyl,
isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-butyl- amino) propyl, 2-(isopropyl
amino) ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-(cyclopentylamino)-propyl, 3-
(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-(ethyl, methyl amino) propyl,
2-(neopentyl amino) ethyl, 3—(mefhy1, isopropyl amino) propyl, 3-(ethyl, isopropyl amino)
propyl, 3-(hydroxyethyl, isopropyl amino) propyl, 3-(methyl, propargyl amine) propyl, 2-
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(methyl, propargyl amine) ethyl, 3-(allyl, methyl amino) propyl, 3-(propyl,
cyclopropylmethyl amino) propane, 3-(hydroxyethyl, cyclohexyl amino) propyl, 2-
(cyclopropylmethyl drnino) ethyl, 2-(methyl, isobutyl amino) ethyl, 3-(N-morpholino) propyl
and 3-(1H-imidazoyl) propyl.

In some embodiments of the invention, X, is an aryl group.

In particular embodiments, X, is aryl and R is suitably an amino alkyl, a secondary or
tertiary alkyl-amino-alkyl, a trialkylari‘nnonioalkyl group, an aryl-alkyl, or a nonaromatic
heterocycle-alkyl, . Specific R groups include without limitation 2-(methyl, t-butyl- amino)
ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-(isobutyl-amino)

- ethyl, 2-(ethyl, isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-butyl- amino)
propyl 2-(isopropyl amino) ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-
(cyclopentylamino)-propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl 3-
(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropy! amino) propyl,
3-(ethyl, isopropyl amino) propyl, 3-(hydroxyethyl, isopropyl amino) propyl, 3-(methyl,
propargyl amine) propyl, 2-(methyl, propargyl amine) ethyl, 3-(allyl, methyl amino) propyl,
3-(propyl, cyclopropylmethyl amino) propane, 3-(hydroxyethyl, cyclohexyl amino) propyl, 2-
(cyclopropylmethyl amino) ethyl, 2-(methyl, isobutyl amino) ethyl, 3-(N-morpholino) propyl
and 3-(1H-imidazoyl) propyl. ‘ ‘

In some embodiments of the invention, X is a heteroaryl group.

In some embodiments, X, is a heteroaryl group and R is suitably an amino alkyl, a
secondary or tertiary alkyl-amino-alkyl, a trialkylammonioalkyl group, an aryl-alkyl, or a
nonaromatic heterocycle-alkyl. Specific R groups include without limitation 2-(methyl, t-
butyl- amino) ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-
(isobutyl-amino) ethyl, 2-(ethyl, isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-
butyl- amino) propyl, 2-(isopropyl amino) ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-
(cyclopentylamino)-propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-
(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl,
3-(ethyl, isopropyl amino) propyl, 3-(hydroxyethyl, isopropyl amino) propyl, 3-(methyl,
propargyl amine) propyl, 2-(methyl, propargyl amine) ethyl, 3-(allyl, methyl amino) propyl,
3-(propyl, cyclopropylmethyl amino) propane, 3-(hydroxyethyl, cyclohexyl amino) propyl, 2-
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(cyclopropylmethyl amino) ethyl, 2-(methyl, isobutyl amino) ethyl, 3-(N-morpholino) propyl
and 3-(1 H-imidazoyl) propyl.

In particular embodiments, Xj is 2- or 3-furan and R is suitably an amino alkyl, a
secondary or tertiary alkyl-amino-alkyl, a trialkylammonioalkyl group, an aryl-alkyl, or.a
nonaromatic heterocycle-alkyl, an aryl-alkyl, or a nonaromatic heterocycle-alkyl. Specific R
groups include without limitation 2-(methy1, t-butyl- amino) ethyl, 2-(methyl, isopropyl
amino) ethyl, 3-(neopentyl amino) propyl, 2-(isobutyl-amino) ethyl, 2-(ethyl, isopropyl
amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-butyl- amino) propyl, 2-(isopropyl amino)
ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-(cyclopentylamino)-propyl, 3-(cyclopentyl,
methyl amino) propyl, 3-(ethylamino) propyl, 3-(ethyl, methyl amino) propyl, 2-(neopentyl

‘amino) ethyl, 3-(methyl, isopropyl amino) propyl, 3-(ethyl, isopropyl amino) propyl, 3-
(hydroxyethyl, isopropyl amino) propyl, 3-(methyl, propargyl aminé) propyl, 2-(methyl,
propargyl amine) ethyl, 3-(allyl, methyl amino) propyl, 3-(propyl, cyclopropylmethyl amino)
propane, 3-(hydroxyethyl, cyclohexyl amino) propyl, 2-(cyclopropylmethyl amino) ethyl, 2-
(methyl, isobutyl amino) ethyl, 3-(N-morpholino) propyl and 3-(1H-imidazoyl) propyl.

In particular embodiments, X; is 2- or 3-thiophene and R is suitably an amino alkyl, a
secondary or tertiary alkyl-amino-alkyl, a trialkylammonioalkyl group, an aryl-alkyl, or a
nonaromatic heterocycle-alkyl. Specific R groups include without limitation 2-(methyl, t-
butyl- amino) ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-
(isobutyl-amino) ethyl, 2-(ethyl, isoprdpyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-
butyl- amino) propyl, 2-(isopropyl amino) ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-
(cyclopentylamino)-propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-
(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl,
3-(ethyl, isopropyl amino) propyl, 3-(hydroxyethyl, isopropyl amino) propy!, 3-(methyl,
propargyl amine) propyl, 2-(methyl, propargyl amine) ethyl, 3-(allyl, methyl amino) propyl,
3-(propyl, cycldpropylmethyl amino) propane, 3-(hydroxyethyl, cyclohexyl aminoj propyl, 2-
(cyclopropylmethyl amino) ethyl, 2-(methyl, isobutyl alﬁino) ethyl, 3-(N-morpholino) propyl
and 3—(1H-imidazoy1) propyl. '

In some embodiments of the invention, X, is an alkynyl group, and R is suitably an
amiﬁo alkyl, a secondary or tertiary alkyl-amino-alkyl, a trialkylammonioalkyl group, an

aryl-alkyl, or a nonaromatic heterocycle-alkyl. Specific R groups include without limitation
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2-(methyl, t-butyl- amino) ethyl, 2-(methyl, is_opropyl amino) ethyl, 3-(neopentyl amino)
propyl, 2-(isobutyl-amino) ethyl, 2-(ethyl, isopropyl amino) ethyl, 3-(isopropyl amino)
propyl, 3-(t-butyl- amino) propyl, 2-(isopropyl amino) ethyl, 2-(hydroxyethyl, isopropyl
amino) ethyl, 3-(cyclopentylamino)-propyl, 3-(cyclopentyl, methyl amino) propyl, 3;
(ethylamino) propyl, 3-(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl,
isopropyl amino) propyl, 3-(ethyl, isopropyl amino) propyl, 3-(hydroxyethyl, isopropyl
amino) propyl, 3-(methyl, propargyl amine) propyl, 2-(methyl, propargyl amine) ethyl, 3-
(allyl, methyl amino) propyl, 3-(propyl, cyclopropylmethyl amino) propane, 3-(hydroxyethyl,
cyclohexyl amino) propyl, 2~(cyclopropylmethyl amino) ethyl, 2-(methyl, isobutyl amino)
ethyl, 3-(N-morpholino) propyl and 3-(1H-imidazoyl) propyl.

In particular embodiments of the invention, Xz is acetylene, and R is suitably an
amino alkyl, a secondary or tertiary alkyl-amino-alkyl, a'trialkylammonioalkyl group, an
aryl-alkyl, or a nonaromatic heterocycle-alkyl. Specific R groups include without limitation
2-(methyl, t-butyl- amino) ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl amino)
propyl, 2—(isobutyl—amino) ethyl, 2-(ethyl, isopropyl amino) ethyl, 3-(isopropyl amino)
propyl, 3-(t-butyl- amino) propyl, 2-(isopropyl amino) ethyl, 2-(hydroxyethyl, isopropyl
amino) ethyl, 3-(cyclopentylamino)-propyl, 3-(cyclopentyl, methyl amino) propyl, 3-
(ethylamino) propyl, 3-(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl,
isopropyl amino) propyl, 3-(ethyl, isopropyl amino) propyl, 3-(hydroxyethyl, isopropyl
amino) propyl, 3-(methyl, propargyl amine) propyl, 2-(methyl, propargyl amine) ethyl, 3-
(allyl, methyl amino) propyl, 3-(propyl, cyclopropylmethyl amino) propane, 3-(hydroxyethyl,
cyclohexyl amino) propyl, 2-(cyclopropylmethyl amino) ethyl, 2-(methyl, isobutyl amino)
ethyl, 3-(N-morpholino) propyl and 3-(1H-imidazoyl) propyl. |

In some embodiments of the invention, X;is CN.

In particular embodiments of the invention, X is CN, and R is suitably an amino
alkyl, a secondary or tertiary alkyl-amino-alkyl, a trialkylammonioalkyl group, an aryl-alkyl,
or a nonaromatic heterocycle-alkyl. Specific R groups include without limitation 2-(methyl, t-
butyl- amino) ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-
(isobutyl-amino) ethyl, 2-(ethyl, isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-
butyl- amino) propyl, 2-(isopropyl amino) ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-
(cyclopentylamino)-propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-
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(ethyl, methyl amino) propyl, 2-(necpentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl, -
3-(ethyl, isopropyl amino) propyl, 3-(hydroxyethyl, isopropyl amino) propyl, 3-(methyl, o
propargyl amine) propyl, 2-(methyl, propargyl amine) ethyl, 3-(allyl, methyl amino) propyl,
3-(propyl, cyclopropylmethyl amino) propane, 3-(hydroxyethyl, cyclohexyl amino) propyl, 2-
(cyclopropylmethyl amino) ethyl, 2-(methyl, ’isobut’yl amino) ethyl, 3-(N-morpholino) propyl
and 3-(1H-imidazoyl) propyl.

In some embodiments of the invention, X, is an amine.

In some embodiments of the invention, X, is an amine, and R is suitably an amino
alkyl, a secondary or tertiary alkyl-amino-alkyl, a trialkylammonioalkyl group, an aryl-alkyl,
or a nonaromatic heterocycle-alkyl. Specific R groups include without limitation 2-(methyl, t-
butyl- amino) ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-
(isobutyl-amino) ethyl, 2-(cthyl, isopropyl amino) ethyl, 3-(isopr6pyl amino) propyl, 3-(t-
butyl- amino) propyl, 2¥(isopropyl amino) ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-

- (cyclopentylamino)-propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-
(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl,
3-(ethyl, isopropyl amino) propyl, 3-(hydroxyethyl, isopfopyl amino) propyl, 3-(methyl,
propargyl amine) propyl, 2-(methyl, propargyl amine) ethyl, 3-(allyl, methyl amino) propyl,
3-(propyl, cyclopropylmethyl amino) propane, 3-(hydroxyethyl, cyclohexyl amino) propyl, 2-
(cyclopropylmethyl amino) ethyl, 2-(methyl, isobutyl amino) ethyl, 3-(N-morpholino) propyl
and 3-(1H-imidazoyl) propyl.

In particular embodiments of the invention, X; is dimethyl amine or aziridino, and R
is suitably an amino alkyl, a secondary or tertiary alkyl-amino-alkyl, a trialkylammonioalkyl
group, an aryl-alkyl, or a nonaromatic heterocycle-alkyl. Specific R groups include without
limitation 2-(methyl, t-butyl- amino) ethyl, 2-(methyl, isoi)ropyl amino) ethyl, 3-(neopentyl
amino) propyl, 2-(isobutyl-amino) ethyl, 2-(ethyl, isopropyl amino) ethyl, 3-(isopropyl
amino) propyl, 3-(t-butyl- amino) propyl, 2-(isopropyl amiﬁo) ethyl, 2-(hydroxyethyl,
isopropyl amino) ethyl, 3-(cyclopentylamino)-propyl, 3-(cyclopentyl, methyl amino) propjrl,
3-(ethylamino) propyl, 3-(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl,
isopropyl amino) propyl, 3-(ethyl, isopropyl amino) propyl, 3-(hydroxyethyl, isopropyl
amino) propyl, 3-(methyl, propargyl amine) propyl, 2-(methyl, propargyl amine) ethyl, 3-
(allyl, methyl amino) propyl, 3-(propyl, cyclbpropylmethyl amino) propane, 3-(hydroxyethyl,
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cyclohexyl amino) propyl, 2-(cyclopropylmethyl amino) ethyl, 2-(methyl, isobutyl amino)
ethyl, 3-(N-morpholino) propy! and 3-(1H-imidazoyl) propyl. '

Specific examples of compounds in accordanc'e with this embodiment of the invention
are listed in Tables 3A-3F.

G.  Structures of formula 1A in which Xa and Xb are both O
In accordance with a seventh embodiment of the invention, the compounds have
general formula 1A, in which Xa and Xb are O and Xc is CH,, Thus, the compounds of this

embodiment may be represented by the general formula

NH; X,
NN
QJI \>_Y Xa
X{ N N )
| N - Xb
R
(2
wherein:

in which Xa and Xb are O,
Y is -CH;- or -S-,

X4 is hydrogen or halogen; and

X, and R are in combinations as discussed below.

G-I. In some embodiments of the invention, X is an aryl group. In these
embodiments, R may be any of the groups disclosed as a substituent at the 9-position nitrogen
in this application, or in the various patents and patent applications cited herein. See Table 8.

In some embodiments within this group, R includes a heteroatom, such as nitrogen,
oxygen or sulfur. _

In some embodiments, the heteroatom is nitrogen. In some of these embodiments, R
is suitably a primary amino-alkyl, a secondary or tertiary alkyl-amino-alkyl, an aryl-alkyl, or

a nonaromatic heterocycle-alkyl. Specific R groups include without limitation 2-(methyl, t-



WO 2011/044394 PCT/US2010/051872

49

butyl- amiho) ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl amiho) .propyl, 2-
(isobutyl-amino) ethyl, 2-(ethyl, isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-
butyl- amino) propyl, 2-(isopropyl amino) ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-
(cyclopentylamino)-propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-
(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl,
3-(ethy1, isopropyl amino) propyl, 3-thydroxyethyl, isopropyl amino) propyl, 3-(methyl,
propargyl amine) propyl, 2-(methyl, propargyl amine) ethyl, 3-(allyl, methyl amino) propyl,
3-(propyl, cyclopropylmethyl amino) propahe, 3-(hydroxyethyl, cyclohexyl amino) propyl, 2-
(cyclopropylmethyl amino) ethyl, 2-(methyl, isobutyl amino) ethyl, 3-(N-morpholino) propyl,
and 3-(1H-imidazoyl) propyl. |

| Iﬁ embodiments of formula (2) within this group, R has the formula:

site of 9N-attachment

X X Ry
\/\O
\/\[}\L

Ry
where R1 is selected from COH, COMe, COEt, COnPr, COiPr, SO,Me, CH,OX where X can
be H or oxygen, nitrogen, sulphur or halogen containing alkyl of linear, branched or cyclic
nature.

In embodiments of the invention within this group, R has the formula

site of 9N-attachment

' H H T
X—(CHaym~N—(CHz)h—N-S—NH, -
: O

S
X_(CH Z)n—O-ﬁ—N H2
(0]

where m= 2-3 and n= 1-6.

In embodiments within this group, R has the formula

site of 9N -attachment

. O

H

X—(C HZ)m"'N_(CHZ)n /<
v HN-OH
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where m= 2-3 and n= 1-6.

In specific embodiments, X i$ a heterocycle.

In specific embodiments, X; is phenyl, furan, thiophene, pyrazole, imidazole,
thiazole, oxazole or pyrrole.

In specific embodiments of the X is phenyl, furan, methylfuran, thiophene, pyrazole,
thiazole, oxazole or imidazole. _ |

In particular embodiments of formula (2), Y is S, X4 is H, X; is 2-, 3-furan or 5-
methyl-2-furanyl.

In particular embodiments of formula (2), Y is CHy, X, is Cl, X; is 2-, 3- furan or 5-
methyl-2-furanyl.

In particular embodiments of formula (2), Y is CH;, X, is F, X; is 2-, 3-furan or 5~
methyl-2-furanyl.

In particular embodiments of formula (2), Y is S, X4 is F, X5 is 2-, 3-furan or 5-
methyl-2-furanyl.

In particular embodiments of formula (2), Y is S, X, is H, X, is 2- or 3-thiophene.

In particular embodiments of formula (2), Y is CH;, X4 is Cl, X; is 2- or 3- thiophene.

In particular embodiments of formula (2), Y is CH,, X4 is F, X, is 2- or 3-thiophene.

In particular embodiments of formula (2), Y is S, X4 is F, X; is 2- or 3-thiophene.

In particular embodiments of formula (2), Y is S, X4 is H, X; is 2- or 3-pyrazole.

In particular embodiments of formula (2), Y is CH;, X4 is Cl, X; is 2- or 3- pyrazole.

In particular embodiments of formula (2), Y is CHj, X4 is F, X; is 2- or 3-pyrazole.

In particular embodiments of formula (2), Y is S, X4 is F, X, is 2- or 3-pyrazole.

In particular embodiments of formula (2), Y is S, X4 is H, X is 2-thiazolyl, 5-methyl-
2-thiazolyl, 2-oxazolyl or 5-methyl-2-oxazolyl.

- In particular embodiments of formula (2), Y is CHy, X4 is Cl, X, is 2-thiazolyl, 5-
methyl-2-thiazolyl, 2-0xazolyl or 5-methyl-2-oxazolyl.

In particular embodiments of formula (2), Y is CH,, X4 is F, X, is 2-thiazolyl, 5-
methyl-2-thiazolyl, 2-oxazolyl or 5-methyl-2-oxazolyl.

In particular embodiments of formula (2), Y is S, X4 is I, Xz is 2-thiazolyl, 5-methyl-
2-thiazolyl, 2-oxazolyl or 5- methyl -2-oxazolyl.
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In particular embodiments of formula (2), Y is S, X4 is H, X, is optionally substituted
phenyl.

In particular embodiments of formula (2), Y is CH,, X4 is Cl, X is optionally
substituted phenyl. ‘ ‘

In particular embodiments of formula (2), Y is CH,, X4 is F, X is optionally
substituteci phenyl. ‘

In particular embodiments of formula (2), Y is S, X, is F, X; is optionally substituted
phenyl.

In particular embodiments of formula (2), Y is S, X4 is H, X is optionally substituted
pyridine. |

In particular embodiments of formula (2), Y is CH,, X, is Cl, X3 is optionally
substituted pyridine.

In particular embodiments of formula (2), Y is CHy, X, is F, X, is optionally
substituted pyridine.

In particular embodiments of formula (2), Y is S, X4 is F, X5 is optionally substituted
pyridine.

In particular embodiments of formula (2), Y is S, X4 is H, X is optionally substituted
isooxazole. ’

In particular embodiments of formula (2), Y is CH,, X4 is Cl, Xz is optionally
substituted isooxazole.

In particular embodiments of formula (2), Y is CHy, X4 is F, X, is optionally
substituted isooxazole. '

In particular embodiments of formula (2), Y 1s S, X, is F, X is optionally substituted
isooxazole.

In particular embodiments of formula (2), Y is S, X, is H, X; is optionally substituted
imidazole.

In particular embodiments of formula (2), Y is CH;, X4 is Cl, X, is optionally
substituted imidazole. ’

In particular embodiments of formula (2), Y is CH,, X, is F, X; is optionally

substituted imidazole.
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In particular embodiments of formula (2), Y is S, X4 is F, X» is optionally substituted
imidazole. |

In these particular embodirﬁents, R ‘may be any one of the types of groups described
above. '

Specific examples of compounds in accordance with this embodiment of the invention
are listed in Tables 4A, 4C, 4D, 4F, 4G and 4H. As shown, in preferred embodiments of
formula (2) in which X2 is an aryl group, X, is H, chlorine or fluorine. ‘

Table 2G shows measured values for ECsy in JNPL3 brain cell lysates and in SKBr3
cell lysate for compounds 4A-1 to 4A-8, 4C1 to 4C-11, 4C14, 4C-16, 4C-38 to 4C-41, 4D-1
to 4D-3, 4D-16, 4D-17, 4F-1, 4G-1 to 4G-7, 4G-9, 4H-1 to 4H-7 in accordance with this
embodiment of the invention which incorporates a hydrogen as X4 and in which Yis Sora
fluorine as X, and in which Y is —CHZ-. Desirably low values of ECsy were observed for

several examples.

G-II. In some embodiments of the invention, X; is an alkynyl group. In these
embodiments, R may be any of the groups disclosed as a subst1tuent at the 9-position nitrogen
in this application, or in the various patents and patent applications cited herein. See Table 8.

In some embodiments, when X, is alkynyl, R includes a nitrogen heteroatom.

Ina fmther embodiment, when X is alkenyl, R is suitably an amino alkyl, a
secondary or tertiary alkyl-amino-alkyl, a trialkylammonioalkyl group, an aryl-alkyl, or a
nonaromatic heterocycle-alkyl.

Specific R groups include without limitation 2- (methyl t-butyl- amino) ethyl, 2-
(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-(isobutyl-amino) ethyl, 2-
(ethyl, isopropyl amino) ei:hyl, 3-(isopropyl amino) propyl, 3-(t-butyl- amino) propyl, 2-
(isopropyl amino) ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-(cyclopentylamino)-
propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-(ethyl, methyl amino)
propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl, 3-(ethyl, isopropyl
amino) propyl, 3-(hydroxyethyl, isopropyl amino) propyl, 3-(methyl, propargyl amine)
propyl, 2—(methy1, propargyl amine) ethyl, 3-(allyl, methyl amino) propyl, 3-(propyl,
cyclopropylmethyl amino) propane, 3-(hydroxyethyl, cyclohexyl amino) propyl, 2-
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(cyclopropylmethyl amino) ethyl, 2-(methyl, isobutyl amino) ethyl, 3-(N-morpholino) propyl
and 3-(1H-imidazoyl) propyl.
In embodiments of formula (2) when X; is alkynyl, R has the formula:
site of 9N-attachment

X X R
\/\ON !
N.

Ry
where R; is selected from COH, COMe, COEt, COnPr, COiPr, SO,Me, CH,OX where X can
be H or oxygen, nitrogen, sulphur or halogen containing alkyl of linear, branched or cyclic
nature.

In embodiments of the invention when X; is alkynyl, R has the formula

site of 9N-attachment

H H N
X—(CHz)m—N—(CHz)n—N—ﬁ—NH2
‘ 0]
?
X—(CH 2)n—O—T<I‘,—NH2
@]

Where m=2-3 and n=1-6.

In embodiments when X is élkynyl, R has the formula

site of ON -attachment .
@]
H
X—(CHyyr=N—(CHp)—4
HN-OH

where m= 2-3 and n= 1-6.
In sbeciﬁc embodiments, X; is acetylene.
In particular embodiments of formula (2), Y is S, X4 is H, X; is acetylene.
In particular embodiments of formula (2), Y is CH;, X4 is Cl, X is acetylene.
In particular embodiments of formula (2), Y is CH,, X4 is F, X; is acetylene.
In particular embodiments of formula (2), Y is S, X4 is F, X; is acetylene.
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In these particular embodiments, R may be any one of the types of groups described
above. '
Specific examples of compounds in accordance with this embodiment of the invention
are listed in Tables 4B. As‘ shown, in preferred embodiments of formula (2) in which X is an
alkynyl group, X4 is H, chlorine or fluorine.
| Table 2H shows measured values for ECso in JNPL3 brain cell lysates and in SKBr3
cell lysate for compounds 4B-1 to 4B-4, 4B13 and 4B-14 in accordance with this
embodiment of the invention which incorporates a hydrogen as X, and in which Yis S, ora

fluorine as X4 and in which Y is —CH,-. Desirably low valucs of ECs; were observed.

G-1II. In some embodiments of the invention, X is a cyano or cyanoalkyl group. In
these embodiments, R is suitably an amino alkyl, a secondary or tertiary alkyl-amino-alkyl, a
. tﬁalkylarmnonioalkyl group, an aryl-alkyl, or a nonaromatic heterocycle-alkyl Specific R
groups include without limitation 2-(methyl, t-butyl- amino) ethyl, 2-(methyl, isopropyl
amino) ethyl, 3-(neopentyl amino) propyl, 2-(isobutyl-amino) ethyl, 2-(ethyl, isopropyl
amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-butyl- amino) propyl, 2-(isopropyl amino)
ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-(cyclopentylamino) propyl, 3-(cyclopentyl,
methyl amino) propyl, 3-(ethylamino) propyl, 3-(ethyl, methyl amino) propyl, 2-(neopentyl
amino) ethyl, 3-(methyl, isopropyl amino) propyl, 3-(ethy1, isopropyl amino) propyl, 3-
(hydroxyethyl, isopropyi amino) propyl, 3~-(methyl, propargyl amine) propyl, 2-(methyl,
propargyl amine) ethyl, 3-(allyl, methyl amino) propyl, 3-(propyl, cyclopropylmethyl amino)
propane, 3-(hydroxyethyl, cyclohexyl amino) propyl, 2-(cyclopropylmethyl amino) ethyl, 2-
(methyl, isobutyl amino) ethyl, 3-(N-morpholino) propyl and 3-(1H-imidazoyl) propyl.

In a particular preferred embodiment of formula (2), Y is S, X, is H, X, is CN.

In a particular preferred embodiment of formula (2), Y is CH,, X4 is Cl, X; is CN.

In a particular preferred embodiment of formula (2), Y is CH,, X4 is T, X, is CN.

In a particular preferred embodiment of formula (2), Y is S, X4 is F, X, is CN.
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In other embodiments in which X is cyano or cyanoalkyl group, R is

site of 9N-attachment

H H T
X—(CHZ) m—N—(CH,)— N—ﬁ—NHz

O
S
X—(CHzh—0-S—NH,
O
where m= 2-3 and n= 1-6, or
site of 9N -attachment
O
H
X—~(CHayN—(CH—<

HN-OH

where m= 2-3 and n= 1-6.

A specific example of a compound in accordance with this embodiment of the
invention is listed in Table 4E.

Table 21 shows measured values for ECsq in JNPL3 brain cell lysates and in SKBr3
cell lysate for compounds (4E-1 to 4E-4) in accordance with this embodiment of the
invention which incorporates a hydrogen as X4 and in which Y is S or a fluorine as X4 and in

which Y is —CHz-. Desirably low values of ECs¢ were observed for several examples.

_ G-1V. In some embodiments of the invention, X is a cycloalkyl (saturated
carbocyclic) or cycloalkenyl. In these embodiments, R may be any of the groups disclosed as
a substituent at the 9-position nitrogen ih this application, or in the various patents and patent
applications cited herein. (See Table &)

~ In some embodiments within this group, R includes a nitrogen heteroatom.

'In a further embodiment within this group, R is suitably an amino alkyl, a secondary
or tertiary alkyl-amino-alkyl, a trialkylammonioalkyl group, an aryl-alkyl, or a nonaromatic
heterocycle-alkyl. Spéciﬁc R groups include without limitation 2-(methyl, t-butyl- amino) |
ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-(isobutyl-amino)
ethyl, 2-(ethyl, isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-butyl- amino)
propyl, 2-(isopropyl amino) ethyl, 2—(hydroxyethyl, isopropyl amino) ethyl, 3-
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(cyclopentylamino)-propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-
(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl,
- 3~(ethyl, isopropyl amino) propyl, 3-(hydroxyethyl, isopropyl amino) propyl, 3-(methyl,
propargyl amine) propyl, 2~(methyl, propargyl amine) ethyl, 3-(allyl, methyl amino) propyl,
3-(propyl, cyclopropylmethyl amino) propane, 3-(hydroxyethyl, cyclohexyl amino) propyl, 2-
(cycloprbp_yhnethyl amino) ethyl; 2-(methyl, isobutyl amino) ethyl, 3-(IN-morpholino) propyl
and 3—(1H—imidazdyl) propyl. |
‘ In embodiments of formula (2) within this group, R has the formula:
site of 9N-attachment

X X .Ry
MO YU
: N.
R .

4
where R, is selected from COH, COMe, COEt, COnPr, COiPr, SO,Me, CH,OX where X can

be H or oxygen, nitrogen, sulphur or halogen containing alkyl of linear, branched or cyclic
nature.

In embodiments of the invention within this group, R has the formula

site of 9N-attachment

O -

H H 1
X—(CHgy i~ N—(CHa),— N—ﬁ— NH.
(@]
9
X—(CHz)n—O-SI»-NHZ
(0]

where m= 2-3 and n= 1-6.

In embodiments when X is aryl, R has the formula

site of 9N -attachment
O

H
X—(CHayr—N—(CHp—4
HN-OH

where m= 2-3 and n=1-6.

In specific embodiments, X, is a cycloalkyl with one ring.
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In specific embodiments, X; is a cyclopropane, cyclobutane or cyclopentanc.

In particular embodiments of formula (2), Y is S, X4 is H, X; is cyclopentyl.

In particular embodiments of formula (2), Y is CHz, X4 is F, X5 is cyclopentyl.

. In particular embodiments of formula (2), Y is S, X4 is F, X; is cyclopentyl.

In particular embodiments of formula (2), Y is CH,, X4 is Cl, X is cyclop.entyl.

In these particular embodiments, R may be any one of the types of groups described
above.

Specific examples of compounds of this type are shown in Table 41.

Table 2J shows measured values for ECsp in J'NPL3 brain cell lysates and in SKBr3
cell lysate for cofnpound 4I-12 in accordance with this embodiment of the invention which
incorporates a hydrogen as X4 and in which Y is S. Desirably low values of ECso were
observed for several examples.

Table 2G shows results for ECsp measured in SKBr3 breast cancer cells and JNPL3 |
brain cell lysates for compounds listed in Table 4A. As shown, compounds of this type are
generally more active with respect to brain cancer cells. As shown, the greatest activity was
observed for compound 4A-1, in which there is no substituent on the X, phenyl group, and
the least activity is seen for compounds 4A-3 and 4A-4 in which electron withdrawing CF3
substituents are at the meta positions.

An embodiment of the invention therefore has the structure (2) shown above, in which
Y is S, Xy is hydrogen, X, is phenyl, optionally substituted at the para position, and R
includes a nitrogen heteroatom, and therefore is an alkylamino, an (alkylamino) alkyl or
(dialkylamino) alkyl. Preferred R groups of this type are as listed above.

Examples of compounds within this seveni:h embodiment of the invention, in which
X, is alkynyl are shown in Table 4B. Table 2H shows results for ECsy for Hsp90 binding in
JNPL3 brain cell lysates. As shown, all of the compounds tested were active, however, those
with an acetylene su‘bstituent, such as 4B-1, 4B-4, 4B-13 and 4B-14, Were most active.

Examples of compounds within this sevénth embodiment of the _invention, in which
X, is an aryl group containing an oxygen atom are shown in Table 4C. Specific éuitable
substituent groups are 2-furanyl, 3-furanyl and 5-methy1—2-fu1;anyl. '

Table 2G shows results for ECsy for Hsp90 binding in SKBr3 breast cancer cells and
JNPL3 brain cell lysates for some of the compounds shown in Table 4C. All of the
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compounds show good activity in both experimental systems. In Table 4C, compound 4-C11
has X»= isoxazole, whereas 4C-11, 4C-38 and 4C-39 have X,= oxazofyl, including both a
nitrogen and an oxygen. Compounds with X, = 2-oxazolyl (4C-38 and 4C-39) were more
active than those with X, = iso-oxazolyl (4C-11). ‘

Examples of compounds within this séventh embodiment of the invention, in which
X5 is.an aryl group containing a sulfur atom in the aryl ring are shown in Table 4D. Table 2G
shows results for ECso for Hsp90 binding in SKBr3 breast cancer cells and JNPL3 brain cell
lystates for some of the compounds shown in Table 4D. All of the compounds show good
activity in both cxpeﬁmcntal systems. In Table 4D, compéunds 4D-16 and 4D-17 have X;=
2-thiazolyl, including both a nj\trogen and an oxygen.

Examples of compounds within this seventh embodiment of the invention, in which
X3 1is -CN or cyanoalkyl are shown in Table 4E. Table 21 shows results for ECsp for HspS0

- binding in JNPL3 brain cell lystates for the two -CN compounds shown in Table 4E. Both of
the compbunds show good activity in both experimental systems.

An example of a compound within this seventh embodiment of the invention, in
which X; is a 6-membered aryl ring containing a nitrogen atom in the aryl ring, with the
proviso that there is not also an oxygen in the ring, is shown in Table 2 (labeled as 4F-1). In
Compound 4F-1, X, is 4-pyridinyl. X could also be 2-pyridinyl, 3-pyridinyl, or pyrazinyl, 4-
pyrimidinyl, 5- pyrimidinyl, 3-pyridazinyl or 4-pyridazinyl. ‘

ECsy for Hsp90 binding in SKBr3 breast cancer cells and INPL3 brain cells were
determined for compound 4F-1 to be 9,620 nM and 4,120 nM, respectively.

Exafnples of compounds within this seventh embodiment of the invention, in which
X5 is a S-membered aryl rings containing 2 nitrogens in the ring are shown in Table 4G. The
specific X, groups shown are 3-, 4- and 5-pyrazolyl. Other examples of X, groups in this
category are 4- or 5-imidazolyl.

ECso for Hsp90 binding in SKBr3 breast cancer cells and JNPL3 brain cell lysates
were determined for some of the compounds listed in Table 4G. The results are summarized
in Table 2K Particularly good results were observed for compounds 4G-3, 4G-6 and 4G-9
in which the substituent is a 3-pyrazolyl.
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Examples of compounds within this seventh embodiment of the invention, in which
X, is a pyrrolyl group are shown in Table 4H. The specific X, groups shown are 2 or 3-
pyrrolyl. | |

ECs, for Hsp90 binding in SKBr3 breast cancer cells and JNPL3 brain cell lysates
were determined for some of the compounds listed in Table 4H. The results are summarized

in Table 2L.

H. Structures of formula 1B _in which Xa and Xb are O

In accordance with an eighth embodiment of the invention, the compounds have
general formula 1B, in which both Xa and Xb are O, and X¢ and Xd are CH;. Thus,

compounds‘of this embodiment are represented by the formula:

Q ©
IR,
NN
R

xg” "NT N

R

(3
wherein _
Y is -CH,-, -O- or -S-;
X4 is hydrogen or halogen; and

X, and R are as discussed below.

H-I. In some embodiments of compouﬁds in accordance with formula (3), X; is
halogen. In these embodiments, R is suitably an amino-alkyl, a secondary or tertiary alkyl-
amino-alkyl, a trialkjrlammonioalkyl group, an aryl-alkyl, or a nonaromatic heterocycle-alkyl,

with the proviso that R does not include a piperidino moiety.
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Specific R groups include without limitation 2-(methyl, t-butyl- amino) ethyl, 2~
(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-(isobutyl-amino) ethyl, 2-
(ethyl, isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-buty1- amino) propyl, 2-
(isopropyl amino) ethyl, 2-(hydroxyethyl, isopropyl a.rhino) ethyl, 3-(cyclopentylamino)-
propyl, 3-(cyclopentyl, methyl amino) propyl,‘ 3-(éthy1amino) propyl, 3-(ethyl, methyl amino)
propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl, 3-(ethyl, isopropyl
amino) propyl, 3-(hydroxyethyl, isopropyl amine) propyl, 3-(methyl, propargyl amine)
propyl, 2-(methyl, propargyl amine) ethyl, 3-(allyl, methyl amino) propyl, 3-(propyl,
cyclopropylmethyl amino) propane, 3-(hydroxyethyl, cyclohexyl amino) propyl, 2-
(cyclopropylmethyl amino) ethyl, 2-(methyl, isobutyl amino) ethyl, 3-(N-morpholino) propyl"
and 3-(1H-imidazoyl) propyl.

In specific embodiments of the invention, X, is 1.

In particular embodiments of the invention X3 is I, Y is S and X4 is H.

Specific examples of compounds within this group are shown in Table 5A.

Examples of compounds within this group, in which X; is a halogen, are shown in
Table SA (5A-1 to SA-19). Table 2M shows ECs values for binding of Hsp90 in JNPL3
brain cells for some of the compounds of Table SA. All show values of less than 100 nM.

H-II. In some embodiments of compounds in accordance with formula (3), X is
aryl. In these embodiments, R may be any of the groups disclosed as a substituent at the 9-
position nitrogen in this application, or in the various patents and patent applications cited
herein. See Table 8. , ‘

In some embodiments, when X3 is aryl, R includes a nitrogen heteroatom.
In these embodiments, R is suitably an amino-alkyl, a secondary or tertiary alkyl-amino-
alkyl, a trialkylammonioalkyl group, an aryl-alkyl, or a nonaromatic heterocycle-alkyl.
Specific R groups include without limitation 2-(methyl, t-butyl- amino) ethyl, 2-(methyl,
isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-(isobutyl-amino) ethyl, 2—(ethyl,
isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-butyl- amino) propyl, 2-(isopropyl
amino) ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-(cyclopentylamino) propyl, 3-
(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-(ethyl, methyl amino) propyl,
2-(neopentyl amiﬁo) ethyl, 3-(methyl, isopropy! amino) propyl, 3-(cthyl, isopropyl amino)
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propyl, 3-(hydroxyethyl, isopropyl amino) propyl, 3-(methyl, propargyl amine) propyl, 2-
(methyl, propargyl amine) ethyl, 3-(allyl, methyl amino) propyl, 3-(propyl,
cyclopropylmethyl amino) propane, 3-(hydroxyethyl, cycloheiyl amino) propyl, 2-
(cyclopropylmethyl amino) ethyl, 2-(methyl, isobutyl amino) ethyl; 3-(N-morpholino) propyl
and 3-(1H-imidazoyly propyl. .
In embodiments of formula (2) when X is aryl, R has the formula:

site of 9N-attachment

X X R4
MGG
N-
R

4
where R, is selected from COH, COMe, COEt, COnPr, COiPr, SO,Me, CH,OX where X can

be H or oxygen, nitrogen, sulphur or halogen containing alkyl of linear, branched or cyclic
nature.

In embodiments of the invention when X; is aryl, R has the formula

site of 9N-attachment

H H 1
X—(CHgy—N—(CHy), —N—ﬁ—N Ho
(@]
9
X—(CH,),—0 -ﬁ—N Ho
0]

where m= 2-3 and n= 1-6.

In embodiments when X is aryl, R has the formula

site of 9V -attachment

O

H

X—~(CHr—N—(CHp,—4
HN—OH

where m= 2-3 and n= 1-6.
In specific embodiments, X, is an aromatic heterocycle. N
In specific embodiments, X, is a furan, thiophene, pyrazole, imidazole, pyrrole,

oxazole or thiazole.
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In specific embodiments, X; is a furan, thiophene, pyrazole, imidazole, oxazole or
thiazole.

In particular embodiments of formula (2), Y is S, X4 is H, X» is 2-, 3-furan or 5-
methyl-2-furanyl. ' o '

In particular embodiments of formula (2), Y is CH,, X4 is Cl, X; is 2-, 3- furan or 5-
methyl-2-furanyl. \

In particular embodirhents of formula (2), Y is CHa, X4 is F, X; is 2-, 3-furan or 5-
methyl-2-furanyl. |

In particular embodiments of formula (2), Y is S, X4 is F, X; is 2-, 3-furan or 5-
methyl-2-furanyl.

) In particular embodiments of formula (2), Y is S, X4 is H, X; is 2- or 3-thiophene.

In particular embodiments of formula (2), Y is CH,, X4 is Cl, X; is 2- or 3- thiophene.

In particular embodiments of formula (2), Y is CH;, X4 is F, X5 is 2- or 3-thiophene.

In particular embodiments of formula (2), Y is S, X4 is F, X; is 2- or 3-thiophene.

In particular embodiments of formula (2), Y is S, X. is H, X; is 2- or 3-pyrazole.

In particular embodiments of formula (2), Y is CH,, X, is Cl, X3 is 2- or 3- pyrazole.

In particular embodiments of formula (2), Y is CH,, X4 is F, X; is 2- or 3-pyrazole.

In particular embodiments of formula (2), Y is S, X4 is F, X; is 2- or 3-pyrazole.

In particular embodiments of formula (2), Y is S, X, is H, X; is 2-thiazolyl, 5-methyl-
2-thiazolyl, 2-oxazolyl or 5-methyl-2-oxazolyl.

In particular embodiments of formula (2), Y is CH;, X4 is Cl, X; is 2-thiazolyl, 5-
methyl-2-thiazolyl, 2-oxazolyl or 5-methyl-2-oxazolyl.

In particular embodiments of formula (2), Y is CH,, X4 is F, X is 2-thiazolyl, 5-
methyl-2-thiazolyl, 2-o0xazolyl or 5-methyl-2-oxazolyl.

In particular embodiments of formula (2), Y is S, X4 is F, X; is 2-thiazolyl, 5-methyl-
2-thiazolyl, 2-oxazolyl or 5-methyl-2-oxazolyl.

In particular embodiments of formula (2), Y is S, X, is H, X; is 2-thiazolyl, 5-methyl-
2-thiazolyl, 2-oxazolyl or 5-methyl-2-oxazolyl.

In particular embodiments of formula (2), Y is CH,, X, is Cl, X, is 2-thiazolyl, 5-
methyl-2-thiazolyl, 2-oxazolyl or 5-methyl-2-oxazolyl. '



WO 2011/044394 PCT/US2010/051872

63

In particular embodiments of formula (2), Y is CHj, X4 is F, X is 2-thiazolyl, 5-
methyl-2-thiazolyl, 2-oxazolyl or 5-methy1-2—of<azolyl. ‘

In particular embodiments of formula (2), Y is S, X4 is F, X; is 2-thiazolyl, 5-methyl-
2-thiazolyl, 2-oxazolyl or 5-methyl-2-oxazolyl. ‘

In these particular embodiments, R may be any one of the types of groups described
above. _ ’

Examples of compounds in which X is an aryl group containing an oxygen atom in
the aryl ring, are shown in Table 5B.

Table 2N shows measured values for ECsp in JNPL3 brain cell lysates for compounds
5B-1, 5B-7, 5B-33 and 5B-34 in accordance with this embodiment of the invention which
incorporates a fluorine as X4 and in which Y is -CH»- or a hydrogen as X4 and in which Y is
S. Desirably low values of ECso were observed.

Examples of compounds in which X is an aryl group containing a sulfur atom in the
aryl ring are shown in Table 5C.

. Examples of compounds in which X, 1s a 5-membered aryl rings containing 2
nitrogens in the ring are shown in Table Sb.

Table 20 shows measured values for ECsp in JNPL3 brain cell lysates for compounds
5D-2 and 5D-4 in accordance with this embodiment of the invention which incorporates a
fluorine as X4 and in which Y is -CH,- or a hydrogen as X4 and in which Y is S. Desirably
low values of ECsy were observed.

An embodiment of the invention has the structure shown in formula (3), in which Y is
-CHz- or S, X4 is hydrogen of fluorine, X; is X; is a pyrazolyl, particularly a 3-pyrazolyl, or an
imidazolyl. Preferred R groups of this type are as listed above. '

H-I1I. In some embodiments of the invention, X is an alkynyl group. In these
embodiments, R may be as described above in Section H-II.

In specific embodiments, X, is acetylene.

In particular embodiments of formula (2), Y is S, X4 is H, X; is acetylene.

In particular embodiments of formula (2), Y is CH,, X4 is Cl, X; is acetylene.

In particular embodiments of formula (2), Y is CH;, X4 is F, X; is acetylene.

In particular embodiments of formula (2), Y is S, X4 is F, X; is acetylene.
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In these particular embodiments, R may be any one of the types of groups described
above.

Specific examples of compounds in accordance with this embodiment of the invention
are listed in Tables SE. As shown, in preferred embodiments of formula (2) in which X; isan -

alkynyl group, Xs4 is H, chlorine or fluorine.

H-IV. In some embodiments of the invention, X5 is a cyano group. In these
embodiments, R is suitably an amino alkyl, a secondary or tertiary alkyl-amino-alkyl, a
trialkylammonioalkyl group, an aryl-alkyl, or a nonaromatic heterocycle-alkyl, with the
proviso that R does not contain a piperidino moiety. Specific R groups include without
limitation 2-(methyl, t-butyl- amino) ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl
amino) propyl, 2—(isobutyl-arﬁmo) ethyl, 2-(ethyl, isopropyl amino) ethyl, 3-(isopropyl
amino) propyl, 3-(t-butyl- amino) propyl, 2-(isopropyl amino) ethyl, 2-(hydroxyethyl,
isopropyl amino) ethyl, 3-(cyclopentylamino) propyl, 3-(cyclopentyl, methyl amino) propyl,
3-(ethylamino) propyl, 3-(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl,
isopropyl amino) propyl, 3-(ethyl, isopropyl amino) propyl, 3-(hydroxyethyl, isopropyl
amino) propyl, 3-(methyl, propargyl amine) propyl, 2-(methyl, propargyl amine) ethyl, 3-
(ailyl, methyl amino) propyl, 3-(propyl, cyclopropylmethyl amino) propane, 3-(hydroxyethyl,
cyclohexyl amino) propyl, 2-(cyclopropylmethyl amino) ethyl, 2-(methyl, isobutyl amino)
ethyl, 3-(N-morpholino) propyl and 3-(1H-imidazoyl) propyl.

In a particular preferred embodiment of formula (2), Y is S, X4 is H, X, is CN.

In a particular preferred embodiment of formula (2), Y is CH,, X4 is Cl, X, is CN.

In a particular preferred embodiment of formula (2), Y is CHj, X4 is F, X, is CN.

In a particular preferred embodiment of formula (2), Yis S, X4 is F, X, is CN.

In other embodiments in which X; is cyano or cyanoalkyl group, R is
site of 9N-attachment

X—(CHar—N—(CHg)o— H—%—NHZ
. 0]

o)
1]

X—(CH)y—O~S~NH,
o)
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where m= 2-3 and n= 1-6, or
site of 9N -attachment
A 0]
H
X—(C Hz)m—N—(CHz)n—q

HN-OH

where m=2-3 and n=1-6.
Specific examples of compounds in accordance with this embodiment of the invention

are listed in Table 5F.

H-V. In some embodiments of the invention, X; is an amino group. In these
particular embodiments, R may be any of the R groups described in Section H-IL

In a particular preferred embodiment of formula (2), Y is S, X4 is H, X is azetidino.

In a particular preferred embodiment of formula (2), Y is CH,, X4 is Cl, X3 is
azetidino v

In a particular preferred embodiment of formula (2), Y is CHy, X4 is F, X, is
ézetidino_ »

In a particular preferred embodiments of formula (2), Yis S, X4is F, X, is azetidino.

A specific examples of a compounds in accordance with this embodiment of the

invention is listed in Table 5G

H-VI. In some embodiments of the invention, X is a cycloalkyl or cycloalkenyl. In
these particular embodiments, R may be any of the R groups described in Section H-II.

In specific embodiments, X; is a cycloalkyl with one ring.

In specific embodiments, X; is a cyclopropane, cyclobutane or cyclopentane.

In particular embodiments of formula (2), Y is S, X4 is H, X is cyclopentyl.

In particular embodiments of formula (2), Y is CHj, X4 is Cl, X is cyclopentyl.

In particular embodiments df formula (2), Y is CH,, X, is F, X; is cyclopentyl.

In particular embodiments of formula (2), Y is S, X, is F, X; is cyclopentyl.

A specific examples of a compounds in accordance with this embodimeﬁt of the

.in_vention is listed in Table SH
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1. Structures of formula 1B in which Xa and/or Xb is a heteroatom, but not both O

In accordance with a ninth embodiment of the invention, the compounds have general
formula 1B, in which one or both of Xa or Xb is a heteroatom such as O, N or S, with the
proviso that both of Xa and Xb are not O (see Section H). Specific examples of compounds

~within this group are shown in Table 6A.

I-I.  In some embodiments of compounds in accordance with formula (3), X, is
halogen. In these embodiments, R is suitably an amino-alkyl, a secondary or tertiary alkyl-
amino-alkyl, a trialkylammonioalkyl group, an aryl-alkyl, or a nonaromatic heterocycle-alkyl,
with the proviso that R is not a piperidino moiety. . '

Specific R groups include without limitation 2-(methyl, t-butyl- amino) ethyl, 2-
(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-(isobutyl-amino) ethyl, 2-
(ethyl, isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-butyl- amino) propyl, 2-
(isopropyl amino) ethyl, 2—(hydroxyethyl, isopropyl amino) ethyl, 3-(cyclopentylamino)-
propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-(ethyl, methyl amino)
propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl, 3-(ethyl, isopropyl
amino) propyl, 3-(hydroxyethyl, isopropyl amino) propyl, 3-(methyl, propargyl amine)
propyl, 2-(methyl, propargyl amine) ethyl, 3-(aily1, methyl amino) propyl, 3-(propyl,
cyclopropylmethyl amino) propane, 3-(hydroxyethyl, cyclohexyl amino) propyl, 2-
(cyclopropylmethyl amino) ethyl, 2-(methyl, isobutyl amino) ethyl, 3-(N-morpholino) propyl
and 3-(1H-imidazoyl) propyl.

In specific embodiments of the invention, X is I.

In particular embodiments of the invention X, is I, Y is S and X, is H.

L. In some embodiments of compounds in accordance with formula (3), X; is
aryl.
In these embodiments, R may be any of the groups disclosed as a substituent at the 9-position
nitrogen herein or in the various patents and applications cited above. See Table 8.

In some embodiments, when Xj is aryl, R includes a nitrogen heteroatom.
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In these embodiments, R is suitably an amino alkyl, a secondary or tertiary alkyl-
amino-alkyl, a trialkylammonioalkyl group, aryl-alkyl, or a nonaromatic heterocycle-alkyl.
Specific R groups include without limitation 2-(methyl, t-butyl- amino) ethyl, 2-(methyl,
isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-(isobutyl-amino) ethyl, 2-(ethyl,
isopropyl amino) éthyl, 3-(isopropyl amino) propyl, 3-(t-butyl- amino) propyl, 2-(isopropyl
amino) ethyl, 2-(hydroxyethyl, bisopropyl amino) ethyl, 3-(cyclopentylamino) propyl, 3-
(cyclopentyl, methylb amino) propyl, 3-(ethylamino) propyl, 3-(ethyl, methyl amino) propyl,
2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl, 3-(ethyl, isopropyl amino)
propyl, 3-(hydroxyethyl, isopropyl amino) propyl, 3-(methyl, propargyl amine) propyl, 2-
(methyl, propargyl amine) ethyl, 3-(allyl, methyl amino) propyl, 3-(propyl,
cyclopropylmethyl amino) propane, 3-(hydroxyethyl, cyclohexyl amino) propyl, 2-
(cyclopropylmethyl amino) ethyl, 2-(methyl, isobutyl amino) ethyl, 3-(N-morpholino) propyl
and 3-(1 H-imidazoyl) propyl. -

In embodiments of formula (2) when X; is aryl, R has the formula:

site of 9N-attachment
X\/jg X\/\ON—R1
N\R1
where R, is selected from COH, COMe, COEt, COrPr, COiPr, SO-Me, CH,OX where X can
be H or oxygen, nitrogen, sulphur or halogen containing alkyl of linear, branched or cyclic
nature.

In embodiments of the invention when X is aryl, R has the formula

site of 9N-attachment

H Hn
X—(CHz)m-N—(CHZ)n—N—ﬁ—NHZ
@]
| Q
X—(CH»5),—0O _ﬁ_NHZ
(@]

where m= 2-3 and n= 1-6.

In embodiments when X5 is aryl, R has the formula
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site of 9N -attachment
O
H
X—(CHayr—N—(CHa,—4
HN-OH

where m=2-3 énd n=1-6. |

In specific embodiments, X; is an aromatic heterocycle.

In specific embodiments, X; is a furan, thiophene, pyrazole, imidazolc, pyrrole,
oxazole or thiazole. ' |

In speciﬁc embodiments, X; is a furan, thiophene, pyrazole, imidazole, oxazole or
thiazole.

In particular embodiments of formula (2), Y is S, X4 is H, X; is 2-, 3-furan or 5-
methyl-2-furanyl.

In particular embodiments of formhla (2), Y is CHy, X4 1s Cl, X, 1s 2-, 3- furan or 5-
methyl-2-furanyl. , ‘

In particular embodiments of formula (2), Y is CHy, X4 is F, X; is 2-, 3-furan or 5-
methyl-2-furanyl.

In particular embodiments of formula (2), Y is S, X4 is F, Xz 1s 2-, 3-furan or 5-
methyl-2-furanyl.

In particular embodiments of formula (2), Y is S, X4 is H, X; is 2- or 3-thiophene.

In particular embodiments of formula (2), Y is CHj, X4 is Cl, X; is 2- or 3- thiophene.

In particﬁlar embodiments of formula (2), Y is CHy, X4 1s F, X5 1s 2- or 3-thiophene.

In particular embodiments of formula (2), Y is S, X, is F, Xz is 2- or 3-thiophene.

In particular embodiments of formula (2), Y is S, X4 is H, X; is 2- or 3-pyrazole.

In particular embodiments of formula (2), Y is CH,, X4 is Cl, X; is 2- or 3- pyrazole.

In particular embodiments of formula (2), Y is CH, X4 1s F, X; is 2- or 3-pyrazole.

In particular embodiments of formula (2), Y is S, X4 is F, X is 2- or 3-pyrazole.

In particular embodiments of formula (2), Y is S, X4 is H, X; is 2-thiazolyl, S-methyl—
2-thiazolyl, 2-oxazolyl or 5-methyl-2-oxazolyl. |

In particular embodimen‘;s of formula (2), Y is CH,, X4 is Cl, X is 2-thiazolyl, 5-
methyl—2—tfu'azo]y1, 2-oxazolyl or 5-methyl-2-oxazolyl.
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In particular embodiments of formula (2), Y is CH, X4 is F, X; is 2-thiazolyl, 5-
methyl-2-thiazolyl, 2-oxazolyl or 5-methyl-2-oxazolyl. k

In particular embodiments of formula (2), Y is S, X4 is F, X; is 2-thiazolyl, S-methyl-
2-thiazolyl, 2-oxazolyl or 5-methyl-2-oxazolyl.

In particular embodiments of formula (2), Y is S, X4 is H, X is 2-thiazolyl, 5-methyl-
2-thiazolyl, 2-oxazolyl or 5-methyl-2-oxazolyl.

In particular embodiments of formula (2), Y is CH;, X4 is Cl, X; is 2-thiazolyl, 5-
methyl-2-thiazolyl, 2-oxazolyl or 5-methyl-2-oxazolyl.

In particular embodiments of formula (2), Y is CHa, X4 is F, X; is 2-thiazolyl, 5-
methyl-2-thiazolyl, 2-oxazolyl or 5-methy1-2-oxazdlyl.

In particular embodiments of formula (2), Y is S, X4 is F, X; is 2-thiazolyl, 5-methyl-
2-thiazolyl, 2-oxazolyl or 5-methyl-2-oxazolyl.

In these particular embodiments, R may be any one of the types of groups described

above.

I-III. In some embodiments of the invention, X; is an alkynyl group. In these
embodiments, R may be as described above in Section I-11.

In specific embodiments, X, is acetylene.

In particular embodiments of formula (2), Y is S, X4 is H, X; is acetylene.

In particular embodiments of formula (2), Y is CHy, X4 is Cl, X; is acetylene.

In particular embodiments of formula (2), Y is CHy, X4 is F, X; is acetylene.

Ih particular embodiments of formula (2), Y is S, X4 is F, X; is acetylene.

In these particular embodiments, R may be any one of the types of groups described

above,

I-IV. In some embodiments of the invention, X, is a cyano group. In these
embodiments, R is suitably an amino alkyl, a secondary or tertiary alkyl-amino-alkyl, a.
trialkylammonioalkyl group, an aryl-alkyl, or a nonaromatic heterocycle-alkyl, with thé
proviso that R doés not include a piperidino moiety. Specific R groups include without
limitation 2-(methyl, t-butyl- amino) ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl
amino) propyl, 2-(isobutyl-amino) ethyl, 2—(ethy1, isopropyl amino) ethyl, 3-(isopropyl
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amino) propyl, 3-(t-butyl- amino) propyl, 2-(isopropyl amino) ethyl, 2-(hydroxyethyl,
isopropyl amino) ethyl, 3-(cyclopentylamino) propyl, 3-(cyclopentyl, methyl amino) propyl,
3-(ethylamino) propyl, 3-(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl,
isopropyl amino) propyl, 3-(ethyl, isopropyl amino) propyl, 3-(hydroxyethyl, isopropyl
amino) propyl, 3-(methyl, propargyl amine) propyl, 2-(methyl, propargyl amine) ethyl, 3-
(allyl, methyl amino) propyl, 3-(propyl, cyclopropylmethyl amino) propane, 3-(hydroxyethyl,
cyclohexyl amino) propyl, 2-(cyclopropylmethyl amino) ethyl, 2-(methyl, isobutyl amino)
ethyl, 3-(N-morpholino) propyl and 3-(1H-imidazoyl) propyl.

In a particular preferred embodiment of formula (2), Y is S, X4 1s H, X5 is CN.

In a particular preferred embodiment of formula (2), Y is CHj, X4 is Cl, X5 is CN.

In a particular preferred embodiment of formula (2), Y is CH,, X4 is F, X5 is CN.

In a particular preferred embodiment of formula (2), Yis S, X415 F, X; is CN.

In other embodiments in which X; is ¢yano or cyanoalkyl group, R is

site of 9N-attachment

H H I
X_(CHZ) m_N_(C Hz)n_ N_ﬁ"‘ NH2

O
S
X—(CH)—O0-S—NH,
where m=2-3 and n=1-6, or
site of 9NV -attachment
0
H
X—(CHayr~N—(CH—4
HN-OH

where m= 2-3 and n= 1-6.

I-V. In some embodiments of the invention, X; is an amino group. In these
particular embodiments, R may be any of the R groups described in Section I-II.

In a particular preferred embodiment of formula (2),Yis S, Xsis H, Xy is a.ziridino.‘

In a particular preferred embodiment of formula (2), Y is CH,, X4 is Cl, X is

.aziridino,
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In a particular preferred embodiment of formula (2), Y is CHy, X4 is F, X5 is aziridino,
In a particular preferred embodiment of formula (2), Y is S, X4 is F, X is aziridino.

J. Structures of formula 1B _in which Xa, X¢, Xd and Xb are all carbon

_ In accordance with a tenth embodiment of the invention, the compounds have general
formula 1B, in which Xa, Xc¢, Xd and Xb are all carbon connected by single or double bonds.
In these embodiments, R may be any of the groups disclosed as a substituent at the 9-position
nitrogen herein or in the various patents and applications cited above. (See Table 8)

In some embodiments, when X5 is aryl, R includes a nitrogen heteroatom.

In these embodiments, R is suitably an aminoalkyl, alkylaminoalkyl,
dialkylaminoalkyl, or trialkylammonioalkyl group, in which each alkyl portion may be linear,
cyélic or branched, or an alkyl heterocycle, where the alkyl may be bonded to a nitrogen in
the heterocyclic group. Specific R groups include without limitation 2-(methyl, t-butyl-
amino) ethyl, 2-(methyl, isopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-(isobutyl-
amino) ethyl, 2-(ethyl, isopropyl amino) ethyl, 3-(isopropy! amino) propyl, 3-(t-butyl-
amino) propyl, 2-(isopropyl amino) ethyl, 2-(hydroxyethyl, isopropyl amino) ethyl, 3-
(cyclopentylamino) propyl, 3-(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-
(ethyl, methyl amino) propyl, 2-(neopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl,
3-(ethyl, isopropyl amino) propyl, 3-(hydroxyethyl, isopropyl amino) propyl, 3-(methyl,
propargyl amine) propyl, 2-(methyl, propargyl amine) ethyl, 3-(allyl, methyl amino) propyl,
3-(propyl, cyclopropylmethyl amino) propane, 3-(hydroxyethyl, cyclohexyl amino) propyl, 2-
(cyclopropylmethyl amino) ethyl, 2-(methyl, isobutyl amino) ethyl, 3-(N-morpholino) propyl
and 3-(1H-imidézoy1) propyl.

In embodiments of formula (2) when X is aryl, R has the formula:

site of 9N-attachment

X X R
0
V\O\L

R1
where R; is selected from COH, COMe, COEt, COnPr, COiPr, SOsMe, CH>OX where X can

be H or oxygen, nitrogen, sulphur or halogen containing alkyl of linear, branched or cyclic

. nature.
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In embodiments of the invention when X, is aryl, R has the formula

site of 9NV-attachment

N=0

H H '
X_(CHz) m_N_(CHg)n_N— ] —N H2

0]

1]
X—(CHgl—0-$-NH
0

where m= 2-3 and n=1-6. -

In embodiments when X5 is aryl, R has the formula

site of 9 -attachment
‘ O
H
X—(CHpyy=N—(CH,—4
HN—CH

where m= 2-3 and n= 1-6.

Specific examples of compounds within this embodiment of the invention are shown
in Table 6B.

Table 2P shows measured values for ECsp in JNPL3 brain cell lysates for compounds
6B-25 in accordance with this embodiment of the invention which incbrporates a hydrogen as

X4 and in which Y is S. Desirably low values of ECsy were observed.

K. Structures of formula 1C

In some embodiments of the present invention having the general formula 1C, the

compounds of the invention can be represented by the general formula:
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NH, X,
NN
\
)CE %YQ
X~ NN
‘ R ORy
@
in which
R1 is alkyl, for example methyl or ethyl,
Y is S or CHa,
X4 is H or halogen,

X, is saturated or unsaturated non-aromatic carbocycle or heterocycle, aryl,

alkylamino, dialkylamino, alkynyl or part of a ring formed by R; and

| R is hydrogen, alkyl, alkenyl, or alkynyl, linear, branched or cyclic, optionally
including heteroatoms such as N, S or O, optionally connected to the 2'-position to form an 8
to 10 member ring.

In some embodiments, R is suitably an alkylaminoalkyl, dialkylaminoalkyl, or
trialkylammonioalkyl group, in which each alkyl portion may be linear, cyclic or branched, or
an alkyl heterocycle, where the alkyl may be bonded to a nitrogen in the heterocyclic group.
Specific R groups include without limitation 2-(methyl, t-butyl- amino) ethyl, 2-(methyl,
1sopropyl amino) ethyl, 3-(neopentyl amino) propyl, 2-(isobutyl-amino) ethyl, 2-(ethyl,
isopropyl amino) ethyl, 3-(isopropyl amino) propyl, 3-(t-butyl- amino) propyl, 2-(isopropyl
amino) ethyl, 2-(hydroxyethyl, isopfopyl amino) ethyl, 3-(cyclopentylamino) propyl, 3-
(cyclopentyl, methyl amino) propyl, 3-(ethylamino) propyl, 3-(ethyl, methyl amino) propyl,
2-(ncopentyl amino) ethyl, 3-(methyl, isopropyl amino) propyl, 3-(ethyl, isopropyl amino)
propyl, 3-(hydroxyethyl, isopropyl amino) propyl, 3-(methyl, propargyl amine) propyl, 2-
(methyl, propargyl amine) ethyl, 3-(allyl, methyl amino) propyl, 3-(propyl,
cyclopropylmethyl aniino) propane, 3-(hydroxyethyl, cyclohexyl amino) propyl, 2-
(cyclopropylmethyl amino) ethyl, 2-(methyl, isobutyl amino) ethyl, 3-(N-morphelino) propyl
and 3-(1H-imidazoyl) propyl.

In embodiments of formula (3), R has the formula:
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site of 9N-attachment

X . X Ry
MO GTERAE
N.
R

1
where R; is selected from COH, COMe, COEt, COrPr, COiPr, SO,Me, CH,OX where X can

be H or oxygen, nitrogen, sulphur or halogen containing alkyl of linear, branched or cyclic
nature.

In embodiments of formula (3), R has the formula

site of 9N-attachment

H H 1
X—(CH2) m—N—(CH2)n—N—ﬁ—NH2
@)

O
fi

X—(CH2)—0=$-NH;
o)

where m=2-3 and n=1-6.

In embodiments of formula (3) R has the formula

site of ON -attachment )
o)

. H
X—(CHayn=N—(CHp—4
: HN-OH

where m= 2-3 and n= 1-6.
In some embodiments, X, is alkynyl, such as acetylene. Exainples of such structures
are shown in Table 7A
" In some embo.diments, X, is cyano or cyanomethyl. Examples of such structures are
shown in Table 7B.

In some embodiments, X; is a heterocycle, including without limitation éziridine,
azetidine, oxetane, thietane, tetrahydrofuran, tetrahydropyrrole, tetrahydrothiophane,
imidazolidine, oxazolidine, thiazolidine, azirine, oxirine, pyrroline, pyrrole, dihydroﬁlran,
furan, dihydrothiophene, thiophene, pyrazole, imidazole, oxazole, isoxazole, thiazole,
isothiazole, 1,2,3-triazole, 1,2,4-triazole, dithiazole, tetrazole, pyridine, pyran, thiine, diazine,

thiazine, dioxin, triazine, tetrazine. Examples of such structures are shown in Tables 7C-7F.
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Table 2Q shows measured values for ECso in JNPL3 brain and SKBr3 cell lysates for
compounds (7A-20, 7C-13, 7D-3 and 7E-6) in accordance with this embodiment of the
invention which incorporates a hydrogen as X, and in which Y is S. Desirably low values of
ECso were observed, although X5 = -OCH; was observed to be less active than X; = -O-CH,-
O- in every shown instance: 4C-5 vs 7C-13 (6.5 nM vs 84nM), 4D-3 vs 7D-3 (18.5nM vs
240nM) and 4G-9 vs 7E-6 (5.5nM vs 32nM).

L. Structures in which X, is alkynyl

In accordance with a further aspect of the present invention, compounds are provided
in accordance with any of formulas (1A), (1B) or (1C) in which X; is alkynyl. In these
compounds, _ 3

Y is CHy, S, O, C=0, C=85, N or any other linking group disclosed in a compound
with the same scaffold structure herein or in the patents and patent applications cited above;

X4 is H or halogen or any other group disclosed at this position in a compound with
the same scaffold structure heréin or in the patents and patent applications cited above; \

Xa, Xb, Xc and Xd are any groﬁp(s) disclosed at this position herein or in the patents
and patent applications cited above; and

R is any R group disclosed at this position of the same scaffold structure herein or in
the patents and patent applications cited above. (See Table 8)

In s.ome embodiments, Z1, Z2, and Z3 are all nitrogen.

In some embodiments, Z1 and Z3 are nitrogen and Z2 is carbon.

In some embodiments, Z3 is carbon.

M.  Structures in which X, is Furan, Thiophene, Pvrazole, Oxazole or

Thiazole '

In accordance with a further aspect of the present invention, compounds are provided
in accordance with any of formulas (1A), (1B) or (1C) in which X is a furan, thiophene, 3-
pyrazole, oxazole or thiazole. In these compounds,

Y is CHy, S, O, C=0, C=8, N or any other linking group disclosed in a compound

with the same scaffold structure herein or in the patents and patent applications cited above;
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X4 1s H or halogen or any other group disclosed at this position in 2 compound with
the same scaffold structure herein or in the patents and patent applications cited above;

Xa, Xb, Xc and Xd are any group(s) disclosed at this position herein or in the patents
~ and patent applications cited above; and

R is any R group disclosed at this iaosition of the same scaffold structure herein or in
the patents and patent applications cited above.

In some embodiments, Z1, Z2, and Z3 are all nitrogen.

In some embodiments, Z1 and Z3 are nitrogen and Z2 is carbon.

In some embodiments, Z3 is carbon.

Synthetic Methods

Compounds in accordance with formulas (1A) and (1B) can be made through the

application of the following methodologies.

NH; . NHz X4
N
|© N)\IN ab N/%[\
A\ H _— | >_S
Q + lN/ N>_S kN/ N Q
i) H
5 or 6 member ring
NH, X4 NH y X2
c,d N € X
X N
ey IR
P
NTTN \) NT N
( )n=1’2 ( )n=1,2
NR4R; NR4R;

(a) Cul, neocuproine, NaO¢-Bu, DMF, 110 °C; (b) NIS, acetonitrile, RT; (c) Cs,C0;3, 1,2-dibromoethane or 1,3-
dibromopropane; (d) HNR4R,, DMF, rt; (€) X;M, Pd (cat.), DMF, 50-100 °C.

Scheme 1.
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NH, NH,

HOOG \_© NJ\/ENHZ a.b N/S:N\
| — L
[+ A S
i " -

2

5 or 6 member ring

NH, X,
N
c,de N)\t[Ny\@ f N)\/[ \>/\©
—_ . | N —_— |
F)\N/ N Q F)\N/ N Q

({1 n=1,2 ‘2)n=1,2

NR{R» NR1R;z

(a) triphenyl phosphite, pyridine, microwave; (b) HF-pyridine, NaNO,; (c) NIS, acetonitrile, rt; (d)
Cs,CO;3, 1,2-dibromoethane or 1,3-dibromopropane; (€) HNR;R,, DMF, rt; (f) X;M, Pd (cat.), DMF,
50-100 °C.

Scheme 2.

General Methods: 'H and *C NMR spectra were recorded on a Bruker 500 MHz
instrument. Chemical shifts are reported in & values in ppm downfield from TMS as the
internal standard. "H data are reported as follows: chemical shift, multiplicity (s = singlet, d =
doublet, t = triplet, q = quartet, br = broad, m = multiplet), coupling constant (Hz),
integration. *C chemical shifts are repdrted in d values in ppm downfield from TMS as the
internal standard. High resolution mass spectra were recorded on a Waters LCT Premier
system. Low resolution mass spectra were obtained on a Waters Acquity Ultra Performance
LC with electrospray ionization and SQ detector. High-performance liquid chromatography
analyses were performed on a Waters Autopurification sysfem with PDA, MicroMass ZQ,
and ELSD detector, and a reversed phase column (Waters X-Bridge C18, 4.6 x 150 mm, 5
um) using a gradient of; method A (a) H,O + 0.1% TFA and (b) CH3CN + 0.1% TFA, 5 to
95% b over 10 minutes at 1.2 mL/min; method B (é) H;0 +0.1% TFA and (b) CH;CN +
0.1% TFA, 20 to 90% b over 16 minutes at 1.0 mL/min. Column chromatography was
performed using 230-400 mesh silica gel (EMD).

Specific compounds were synthesized as follows;
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NH2 | NHZ X2
[oe o uy Y-+

t S | S

kN/ N o) @ kN §N O)

}NH - | )Ni
PU-H71

Reagents and conditions: (a) RB(OH),, PdCl,(PPh;),, NaHCO;, H,0, DMF, 90°C.
Scheme 3. Suzuki coupling of PU-H71.

9-(3-(isopropylaminoe)propyl)-8-(6-phenylbenzo[d][1,3]dioxol-5-ylthio)-9H-purin-6-
amine [DZ2-388]. Phenylboronic acid (10.7 mg, 0.0876 mmol) was added to PU-H71 (30
mg, 0.0585 mmol) and NaHCOj; (14.7 mg, 0.1755 mmol). DMF (0.5 mL) was added and the
reaction mixture was evacuated and back filled with nitrogen. This was repeated four times
then nitrogen was bubbled through the reaction mixture for 10 minutes. Then H,O (0.1 mL)
and Pd(PPhs;),Cl, (4 mg; 0.00584 mmol) were added and the reaction mixture was heated
under nitrogen at 90°C for 4 h. Solvent was removed under reduced pressure and the
resulting residue was purified by preparatory TLC (CH2CL:MeOH-NH; (7N), 10:1) to give
19.8 mg (73%) of DZ2-388. '"H NMR (500 MHz, MeOH-d,) § 8.14 (s, 1H), 7.28-7.34 (m,
3H), 7.17-7.21 (m, 2H), 7.12 (s, 1H), 6.90 (s, 1H), 6.09 (s, 2H), 4.03 (t, /= 6.4 Hz, 2H), 3.27
(septét, J=6.6 Hz, 1H), 2.72 (t, J= 6.6 Hz, 2H), 2.13 (m, 2H), 1.40 (d, J = 6.5 Hz, 6H); °C
NMR (125 MHz, MeOH-dy) 6 156.0, 153.4,152.1, 151.1, 150.3, 149.4, 142.3, 141.8, 130.4,
129.1,128.7,120.3,119.8, 115.7, 112.2, 103.8, 52.2>, 43.2,41.1,27.6,19.3; HRMS (ESI) m/z
[M+H]+ caled. for C4H27Ng¢O28S, 463.1916; found 463.1905; HPLC: method A R, = 6.50,
method B R, = 7.40. '

8-(6-(4-tert-butylphenyl)benzo[d][1,3]dioxol-5-ylthio)-9-(3-(isopropylamino)propyl)-9H-
~ purin-6-amine [DZ2-390]. 4-tert-Butylphenylboronic acid (15.6 mg, 0.0876 mmol) was
added to PU-H71 (30 mg, 0.0585 mmol) and NaHCO3 (14.7 mg, 0.1755 mmol). DMF (0.5

mL) was added and the reaction mixture was evacuated and back filled with nitrogen. This
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was repeated four times then nitrogen was bubbled through the reaction mixture for 10
minutes. Then H,O (0.1 mL) and Pd(PPh;),Cl, (4 mg, 0.00584 mmol) were added and the
reacﬁon mixture was heated under nitrogen at 90°C for 3 h. Solvent was removed under
reduéed pressure and the resulting residue was purified by preparatory TLC ‘
(hexane:CH;Clz:EtOAc:MeOH-NHg (7N), 4:5:2:1) to give 25.0 mg (83%) of DZ2-390. 'H
NMR (500 MHz, MeOH-d,) 6 8.11 (s, 1H), 7.27 (d, /= 8.4 Hz, 2H), 7.14 (s, 1H), 7.12 (d, J
= 8.4 Hz, 2H), 6.86 (s, 1H), 6.06 (s, 2H), 3.93 (t,.7= 6.9 Hz, 2H), 2.92 (septet, /= 6.5 Hz,
1H); 2.61 (t, J= 7.3 Hz, 2H), 1.86 (m, 2H), 1.28 (s, 9H), 1.12 (d, J = 6.5 Hz, 6H); °C NMR
(125 MHz, MeOH-d,) & 155.9, 153.3, 151.9, 151.8, 150.9, 150.2, 149.2, 141.9, 138.8, 130.0,
125.9,120.4,120.3,115.4, 112.3, 103.6, 50.6, 44.0, 41.8, 35.4, 31.8, 29.3, 21.1; HRMS (ESIj
m/z [M+H]" calcd. for CagHssNeO2S, 519.2542; found 519.2545; HPLC: method A R, = 7.43,
method B R, = 9.45.

8-(6-(3,5-bis(trifluoromethyl)phenyl)benzo[d][1,3]dioxol-5-ylthio)-9-(3-
(isopropylamino)propyl)-9H-purin-6-amine [DZ2-391]. 3,5-
Bis(trifluoromethyl)phenylboronic acid (22.6 mg, 0.0877 mmol) was added to PU-H71 (30
mg, 0.0585 mmol) and NaHCO; (14.7 mg, 0.1755 mmol). DMF (0.5 mL) was addcd and the
reaction mixture was evacuated and back filled with nitrogen. This was repeated four times
then nitrogen was bubbled through the reaction mixture for 10 minutes. Then H>O (0.1 mL)
and Pd(PPh;),Cl, (4 mg, 0.00584 mmol) were added and the reaction mixture was heated
under nitrogen at 90°C for 3 h. Solvent was removed under reduced pressure and the
resulting residue was purified by preparatory TLC (hexane:CH,Cl:EtOAc:MeOH-NH; (7N),
4:5:2:1) to give 24.4 mg (70%) of DZ2-391. "H NMR (500 MHz, CDCls) 3 8.22 (s, 1H), 7.79
(s, 3H), 7.12 (s, 1H), 6.86 (s, 1H), 6.09 (s, 2H), 5.71 (br s, 2H), 4.07 (t, /= 6.6 Hz, 2H), 2.82
(septet, J = 6.2 Hz, 1H), 2.49 (t,J = 6.5 Hz, 2H), 1.95 (m, 2H), 1.12 (d, /= 6.3 Hz, 6H); °C
NMR (125 MHz, CDCl3) § 154.1, 152.3, 151.5, 149.6, 148.6, 147.5, 142.1, 137.2,131.2 (q, J
=33 Hz), 129.6, 123.1 (q, /=270 Hz), 121.3,119.6, 119.4, 114.9, 110.8, 102.4, 49.5, 42.8,
40.6, 28.8, 21.7; HRMS (ESI) m/z [M+H]" calcd. for C26H,sFsN¢O,S, 599.1664; found
599.1653; HPLC: method A R; = 7.45, method B R; = 9.38.
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8-(6-(4-(dimethylamino)phenyl)benzo[d][1,3]dioxol-5-ylthio)-9-(3-
(isopropylamino)propyl)-9H—purih-6—amine [DZ2-392].' 4-(Dimethylamino)phénylboronic
acid (14.5 mg, 0.0877 mmol) was added to PU-H71 (30 mg, 0.0585 mmol) and NaHCO;
(14.7 mg, 0.1755 mmol). DMF (1 mL) was added and the reaction mixture was evacuated
and back filled with nitrogén. This was repeated four times then nitrogen was bubbled
through the reaction mixture for 10 minutes. Then H,O (0.1 mL) and Pd(PPh;),Cl, (4 mg,
0.00584 mmol) were added and the reaction mixture was heated under nitrogen at 90°C for 3
h. Solvent was removed under reduced pressure and the resulting residue was purified by
preparatory TLC (hexane:CH,Cly:EtOAc:MeOH-NH;3 (7N), 4:5:2:1) to give 25.3 mg (85%)
of DZ2-392. '"H NMR (500 MHz, CDCl;) § 8.24 (s, 1H), 7.13 (d, /= 8.7 Hz, 2H), 6.93 (s, -
1H), 6.83 (s, 1H), 6.67 (d, J=28.7 Hz, 2H), 6.01 (br s, 2H), 5.98 (s, 2H), 4.02 (t,J=6.7 Hz,
2H), 2.97 (s, 6H), 2.78 (septet, J = 6.3 Hz, 1H), 2.44 (t, J = 6.7 Hz, 2H), 1.87 (m, 2H), 1.10
(d,J=6.3 Hz, 6H); °C NMR (125 MHz, CDCls) § 154.4, 152.4, 151.5, 149.9, 148.5, 148.0,
147.1, 139.6, 130.0, 127.8, 120.5,119.7,112.8,111.7, 111.0, 101.7, 49.3, 43.1, 40.9, 40.4, '

28.9, 21.9; HRMS (ESI) m/z [M+H]" calcd. for CosH:N70,S, 506.2338; found 506.2330;
HPLC: method A R, =5.72, method B R;=5.12.

9-(3-(isopropylamino)propyl)-8-(6-(thiophen-2-yl)benzo[d][1,3]dioxol-5-ylthio)-9H-
purin-6-amine [DZ2-395]. 2-Thienylboronic acid (11.2 mg, 0.0877 mmol) was added to
PU-H71 (30 mg, 0.0585 mmol) and NaI—iC03 (14.7 mg, 0.1755 mmol). DMF (1 mL) was
addéd and the reaction mixture was evacuated and back filled with nitrogen. This was
repeated four times then nitrogen was Bubbled through the reaction mixture for 10 minutes.
- Then H,O (0.1 mL) and Pd(PPh;3),Cl; (4 mg, 0.00584 mmol) were added and the reaction

- mixture was heated under nitrogen at 90°C for 5 h. Solvent was removed under reduced
pressure and the resulting residue was purified by preparatory TLC (CH,Cl,:MeOH-NH;
(7N), 12.5:1) to give 12.4 mg (45%) of DZ2-395. 'H NMR (500 MHz, CDCly/MeOH-d,) §
8.17 (s, 1H), 7.33 (dd, J=1.4, 4.9 Hz, 1H), 7.07 (s, 1H), 7.04 (s, 1H), 7.00-7.02 (m, 2H),
6.09 (s, 2H), 4.12 (t, J= 6.6 Hz, 2H), 2.95 (septet, J= 6.6 Hz, 1H), 2.62 (t, J= 6.8 Hz, 2H),
2.00 (m, 2H), 1.19 (d, J = 6.6 Hz, 6H); °C NMR (125 MHz, CDClyMeOH-d,) & 154.2,
152.0, 151.1, 149.4, 148.8, 148.4, 140.5, 132.9, 127.8, 126.9, 126.3, 119.2, 119.0, 114.6,
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111.8, 102.3, 49.6, 42.5, 40.6, 27.8, 20.7; HRMS (ESI) m/z [M+H]" calcd. for C2;Hz5Ns02Ss,
469.1480; found 469.1461; HPLC: method A R; = 6.38, method B R, =7.18.

'8-(6;-(furan-2-yl)benzo [d][1,3]dioxol-5-ylthio)-9-(3-(isopropylamine)propyl)-9H-purin-6-
amine [DZ3-4]. 2-Furanylboronic acid (9.8 mg, 0.0877 mmol) was added to PU-H71 (30 _
mg, 0.0585 mmol) and NaHCO; (14.7 mg, 0.1755 mmol). DMF (1 mL) was added and the
reaction mixture was evacuated and back filled with nitrogen. This was repeated four times
then nitrogen was bubbled through the reaction mixture for 10 minutes. Then H,O (0.1 mL)
and Pd(PPh;),Cl; (4 mg, 0.00584 mmol) were added and the reaction mixture was heated
under nitrogen at 90°C for 3.5 h. Solvent was removed under reduced pressure and the
resulting residue was purified by preparatory TLC (CHzClzZMGOH-NH3 (7N), 12.5:1) to give
19.1 mg (72%) of DZ3-4. "H NMR (500 MHz, CDCl3/MeOH-d,) 3 8.18 (s, 1H), 7.49 (d, J =
1.8 Hz, 1H), 7.25 (s, 1H), 6.96 (s, 1H), 6.71 (d, /= 3.3 Hz, 1H), 6.47 (dd, /= 1.8, 3.2 Hz,
1H), 6.06 (s, 2H), 4.20 (t, /= 7.0 Hz, 2H), 2.87 (m, 1H), 2.61 (t, /= 6.9 Hz, 2H), 2.00 (m,
2H), 1.14 (d, J= 6.3 Hz, 6H); °C NMR (125 MHz, CDCls/MeOH-d,) 5 154.3, 152.2, 151.2,
150.9,149.5, 148.14, 148.08, 1424, 129.0, 119.2, 117.5, 114.5, 111.5, 110.0, 109.0, 1023,
42.8,41.0,28.5, 21.2; HRMS (ESI) m/z [M+H]" calcd. for C,;H,sNs05S, 453.1709; found
453.1705; HPLC: method A R; = 6.23, method B R; = 6.82.

9-(3-(isopropylamino)propyl)-8-(6-(4-methoxyphenyl)benzo[d][1,3]dioxol-5-ylthio)-9H-
purin-6-amine [DZ3-3]. 4-Methoxyphenylboronic acid (13.3 mg, 0.0877 mmol) was added
to PU-H71 (30 mg, 0.0585 mmol) and NaHCO; (14.7 mg, 0.1755 mmol). DMF (1 mL) was
added and the réaction mixture was evacuated and back filled with nitrogen. This was
repeated four times then nitrogen was bubbled through the reaction mixture for 10 minutes.
Then H,O (0.1 mL) and Pd(PPh;),Cl; (4 mg, 0.00584 mmol) were added and the reaction
mixture was heated under nitrogen at 90°C for 4 h. Solvent was removed under reduced
pressure and the resulting residue was purified by preparatory TLC (CH,Cl;:MeOH-NHj3
(7N), 12.5:1) to give 20.5 mg (71%) of DZ3-3. "H NMR (500 MHz, CDCl;) § 8.25 (s, 1H),

- 7.19(d, J=8.7 Hz, 2H), 6.95 (s, 1H), 6.86 (d, J= 8.7 Hz, 2H), 6.82 (s, 1H), 6.00 (s, 2H),
5.92 (brs, 2H), 4.61 t,J=6.7 Hz, 2H), 3.82 (s, 3H), 2.75 (septet; J=6.3 Hz, 1H), 2.43 (t, J
= 6.7 Hz, 2H), 1.85 (m, 2H), 1.07 (d, /= 6.3 Hz, 6H); *C NMR (125 MHz, CDCl3) 159.2,
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154.3,152.5, 151.5, 148.6, 147.8, 147.5,139.0, 132.5, 130.4, 120.6, 119.8, 113.5, 113.0,
111.0,101.8, 55.3, 49.1, 43.2, 40.9, 29.2, 22.2; HRMS (ESI) m/z [M+H]" calcd. for
C2sHaoN60s8S, 493.2022; found 493.2010; HPLC: method A R: = 6.57, method B R. = 7.55.

9-(3-(isopropylamino)propyl)-8-(6-(pyridin-4-yl)benzo[d][1,3]dioxol-5-ylthio)-9H-purin-
6-amine [DZ3-5]. 4-Pyridinylboronic acid (10.8 mg, 0.0877 mmol) was added to PU-H71
(30 mg, 0.0585 mmol) and NaHCOs3 (14.7 mg, 0.1755 mmol). DMF (1 mL) was added and
the reaction mixture was evacuated and back filled with nitrogen. This was repeated four
times then nitrogen was bubbled through the reaction mixture for 10 minutes. Then H20 (0.1

. mL) and Pd(PPhs),Cl; (4 mg, 0.00584 mmol) were added and’the reaction mixture was
heated under nitrogen at 90°C for 3.5 h. Solvent was removed under reduced pressure and
the resulting residue was purified by preparatory TLC (CH,Cl;:MeOH-NH; (7N), 12.5:1) to
give 14.8 mg (55%) of DZ3-5. "H NMR (500 MHz, CDCl;/MeOH-d,) & 8.53 (dd, J = 1.6, 4.8
Hz, 2H), 8.19 (s, 1H), 7.25 (dd, J= 1.6, 4.5 Hz, 2H), 7.11 (s, 1H), 6.89 (s, 1H), 6.11 (s, 2H),
4.07 (t,J=6.8 Hz, 2H), 2.82 (m, 1H), 2.51 (t, /= 6.8 Hz, 2H), 1.91 (m, 2H), 1.13 (d,J=6.3
Hz, 6H); *C NMR (125 MHz, CDCl;/MeOH-d,) § 154.1, 152.0, 151.2, 150.0, 148.90,
148.85, 148.69, 137.9, 124.5, 119.1, 117.7, 115.3, 110.6, 102.5, 49.2, 42.8, 40.7, 28.4, 21.2;
HRMS (ESI) m/z [M+H]" caled. for Co3sHsN;0,S, 464.1869; found 464.1848; HPLC:
method A R; = 5.13, method B R, = 2.57. '

8-(6-(4-bromophenyl)benzo[d][1,3]dioxol-5-ylthio)-9-(3-(isopropylamino)propyl)-9H-
purin-6-amine [DZ3-6]. 4-Bromophenylboronic acid (17.6 mg, 0.0877 mmol) was added to
PU-H71 (30 mg, 0.0585 mmol) and NaHCO;s (14.7 mg, 0.1755 mmol). DMF (1 mL) was
added and the reaction mixture was evacuated and back filled with nitrogen. This was
repeated four times then nitrogen was bubbled through the reaction mixture for 10 minutes.
Then H,0 (0.1 mL) and Pd(PPh;),Cl; (4 mg, 0.00584 mmol) were added and the reaction
mixture was heated under nitrogen at 90°C for 4 h. Solvent was removed under reduced
pressure and the resulting residue was purified by preparatory TLC
(hexane:CH,Cl;:EtOAc:MeOH-NHj; (7N), 4:5:2:1) to give 13.9 mg (44%) of DZ3-6. 'H
NMR (500 MHz, CDCl3) 6 8.23 (s, 1H), 7.44 (d, J= 8.2 Hz, 2H), 7.13 (d, /= 8.2 Hz, 2H),
7.01 (s, 1H), 6.81 (s, 1H), 6.05 (s, 2H), 5.69 (br s, 2H), 4.08 (t, J = 6.0 Hz, 2H), 2.91 (m, 1H),
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2.50 (t, J=5.9 Hz, 2H), 1.98 (m, 2H), 1.20 (d, / = 6.4 Hz, 6H); *C NMR (125 MHz,
CDCly/MeOH-d,) 5 154.2, 152.0, 1512, 149.8, 149.1, 148.2, 139.8, 139.1, 131.2, 131.0,
122.0,119.0, 117.9, 115.0, 111.1, 102.4, 50.1, 42.1, 40.2, 27.3,20.2; HRMS (EST) m/z
[M+H]" caled. for Cy4HzsBrNgO,S, 541.1021/ 543.1001; found 541.1016/543.1004; HPLC:
method A R; = 6.93, method B R; = 8.30. ' ‘

8-(6-(furan-3-yl)benzo[d][1,3]dioxol-5-ylthio)-9-(3-(isopropylamino)propyl)-9H-purin-6-
amine [DZ3-27]. 3-Furanylboronic acid (9.8 mg, 0.0877 mmol) was added to PU-H71 (30
mg, 0.0585 mmol) and NaHCO; (14.7 mg, 0.1755 mmol). DMF (1 mL) was added and the
reaction mixture was evacuated and back filled with nitrogen. This was repeated four times
then nitrogen was bubbled through the reaction mixture for 10 minutes. Then H,0 (0.1 mL)
and Pd(PPh;),Cl; (4 mg, 0.00584 mmol) were added and the reaction mixture was heated
under nitrogen at 90°C for 4 h. Solvent was removed under reduced pressure and the resulting
residue was purified by preparatory TLC (CH,Cl,:MeOH-NHj3; (7N), 20:1) to give 23.9 mg
(90%) of DZ3-27. "H NMR (500 MHz, CDCl;/MeOH-d,) 8 8.17 (s, 1H), 7.51 (s, 1H), 7.44
(s, 1H), 7.07 (s, 1H), 6.97 (s, 1H), 6.49 (s, 1H), 6.08 (s, 2H), 4.17 (t, J= 6.9 Hz, 2H), 2.93
(septet, J = 6.4 Hz, 1H), 2.64 (t,J = 7.1 Hz, 2H), 2.02 (m, 2H), 1.17 (d, J = 6.4 Hz, 6H); *C
NMR (125 MHz, CDCl;/MeOH-d,) § 154.1, 151.8, 151.0, 149.7, 149.0, 147.8, 142.6, 140.4,
131.7,124.2,118.9, 117.8, 114.8, 111.5, 110.7, 102.1, 49.2, 42.6, 40.6, 28.0, 20.7; HRMS
(ESD) m/z [M+H]+‘ caled. for C,nH2sNs0sS, 453.1709; found 453.1711; HPLC: method A R, =
6.18, method B R; = 6.67. |

5-'(6-(6-amino-9-(3-(is0propylamim_))pr0pyl)-9H—purin—8—ylthio)benzo [d}[1,3]dioxo0l-5-
yDfuran-2-carbaldehyde [DZ3-33]. 2-Formyl-5 -furanylboronié acid (12.3 mg, 0.0877
mmol) was added to PU-H71 (30 mg, 0.0585 mmol) and NaHCO; (14.7 mg, 0.1755 mmol).
DMEF (1 mL) was added and the reaction mixture was evacuated and back filled with
nitrogen. This was repeated four times then nitrogen was bubbled through the reaction
mixture for 10 minutes. Then H;O (0.1 mL) and Pd(PPh;),Cl, (4 mg, 0.00584 mmol) were
added and the reaction mixture was heated under nitrogen at 90°C for 4 h. Solvent was
removed under reduced pressure and the resulting residue was purified by preparatory TLC

(hexane:CH,Cl,:EtOAc:MeOH-NH; (7N), 2:2:1:0.5) to give 9.5 mg (34%) of DZ3-33. 'H
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NMR (500 MHz, CDCl3/MeOH-dy) & 9.57 (s, 1H), 8.18 (s, 1H), 7.36 (d, /= 3.8 Hz, 1H),
7.32 (s, 1H), 7.07 (s, 1H), 6.98 (d, /= 3.8 Hz, 1H), 6.12 (s, 2H), 4.32 (t, /= 6.7 Hz, 2H), 3.31
(septet, .J= 6.6 Hz, 1H), 2.93 (t, /= 6.8 Hz, 2H), 2.30 (m, 2H), 1.42 (d, J= 6.6 Hz, 6H); *C

- NMR (125 MHz, CDCl3;/MeOH-d,) & 177.5, 156.8, 154.5, 152.2, 151.9, 151.4, 150.1, 149.7,
148.1,127.5,124.3,119.2,118.7,115.7,112.7, 109.9, 102.9, 51.3, 41.8; 40.4,26.4,19.2;
HRMS (EST).m/z [M+H]" calcd. for Cp3sHasNgQ,4S, 481.1658; found 481.1657; HPLC:
method A R, =5.87, method B R; =5.93.

8-(6-(1H-pyrrol-2-yl)benzo[d]|1,3]dioxol-5-ylthio)-9-(3-(isopropylamino) propyl)-9H-
purin-6-amine [DZ3-29]. 1-N—Boc-pyrrole_-2-boronié acid (18.5 mg, 0.0877 mmol) Was
added to PU-H71 (30 mg, 0.0585 mmol) and NaHCOs (14.7 mg, 0.1755 mmol). DMF (1
mL) was added and the reaction mixture was evacuated and back filled with nitrogen. This
was repeated four times then nitrogen was bubbled through the reaction mixture for 10
minutes. Then H,O (0.1 mL) and Pd(PPh3),Cl; (4 mg, 0.00584 mmol) were added and the
reaction mixture was heéted under nitrogen at 90°C for 4 h. DMF was removed under
reduced pressure and to the resulting residue was added CH,Cl, (1.5 mL) and TFA (0.3 mL).
The mixture was stirred for 5 h at rt, then solvent was removed under reduced pressure and
the resulting residue Was purified by preparatory TLC I(hexane:CH2C12:EtOAc:MeOH—NH3
(7N), 4:9:2:1) to give 5.8 mg (22%) of DZ3-29. 'H NMR (500 MHz, CDCly/MeOH-d,) &
8.17 (s, 1H), 7.04 (s, 1H), 7.01 (s, 1H), 6.88 (m, 1H), 6.27 (m, 1H), 6.21 (m, 1H), 6.03 (s,
2H), 4.17 (t, J= 6.8 Hz, 2H), 3.29 (septet, J = 6.6 Hz, 1H), 2.80 (t,J= 6.7 Hz, 2H), 2.15 (m,
2H), 1.41 (d, J = 6.6 Hz, 6H); HRMS (EST) m/z [M+H]" caled. for C2HzsN70,S, 452.1869;
found 452.1872; HPLC: method A Ry=6.13, method B R¢ ='6.43.

8—(6—(.1H—pyrazol-4-yl)benzo [d][1,3]dioxol-5-ylthio)-9-(3-(isopropylamino)propyl)-9H-
purin-6-amine [DZS-30].' 1-Boc-pyrazole-4-boronic acid pinacol ester (25.8 mg, 0.0877
mmol) was added to PU-H71 (30 mg, 0.0585 mmol) and NaHCO; (14.7 mg, 0.1755 mmol).
DMF (1 mL) was added and the reaction mixture was evacuated and back filled with
nitrogen, This‘waé repeated four times then nitrogen was bubbled through the reaction
mixture for 10 minutes. Then H,O (0.1 mL) and .Pd(PPh3)2C12 (4 mg, 0.00584 mmol) were

added and the reaction mixture was heated under nitrogen at 90°C for 4 h. Solvent was
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removed under reduced pressure and the resulting residue was purified by preparatory TLC
(hexane:CH,Cl;:EtOAc:MeOH-NH;3 (/7N), 2:2:1:0.5) to give 13.7 mg (53%) of DZ3-30. 'H
NMR (500 MHz, CDCls/MeOH-d,) 6 8.17 (s, 1H), 7.58 (s, 2H), 7.10 (s, 1H), 6.95 (s, 1H),
6.06 (s, 2H), 4.08 (t, J= 6.9 Hz, 2H), 2.89 (septet, /= 6.4 Hz, 1H), 2.57 (t, /= 7.2 Hz, 2H),
1.91 (m, 2H), 1.14 (d, J = 6.4 Hz, 6H); *C NMR (125 MHz, CDCly/MeOH-d,) § 154.0,
152.1, 151.2, 149.7, 148.9, 147.5, 133.6, 132.0, 119.8, 119.1, 117.9, 115.3, 110.9, 102.1,
49.2,42.9, 40.8, 28.3, 21.3; HRMS (ESI) m/z [M+H]" caled. for C21HysNg0,S, 453.1821;
found 453.1819; HPLC: method A R, = 5.60, method B R, = 4.87.

9-(3-(isopropylamino)propyl)-8-(6-(5-methylfuran-2-yl)benzo|d][1,3]dioxol-5-ylthio)-

' 9H-purin-6-amine [DZ3-35]. 4,4,5,5-Tetramethy1-2-(5-methyl-ﬁ1ran—2;y1)-
(1,3,2)dioxaborolane (21.9 mg, 0.1053 mmol) was added to PU-H71 (30 mg, 0.0585 mmol)
and NaHCO; (14.7 mg, 0.1755 mmol). DMF (1 mL) was added and the reaction mixture was
evacuated and back filled with nitrogen. This was repeated four times then nitrogen was
bubbled through the reaction mixture for 10 minutes. Then H,O (0.1 mL) and Pd(PPh3),Cl,

- (8 mg, 0.0117 mmol) were added and the reaction mixture was heated under nitrogen at 30°C

for 4 h. Solvent was removed under reduced pressure and the resulting residue was purified

by preparatory TLC (hexane:CH,Cl,:EtOAc:MeOH-NH; (7N), 4:9:2:1) to give 11.5 mg

(42%) of DZ3-35. "H NMR (500 MHz, CDCls) & 8.25 (s, 1H), 7.19 (s, 1H), 6.84 (s, 1H), 6.63

(d,J=3.1 Hz, 1H), 6.07 (d, J=2.5 Hz, 1H), 5.98 (s, 2H), 5.93 (br s, 2H), 4.22 (t, /= 6.6 Hz,

2H), 2.94 (m, 1H), 2.59 (1, J= 6.6 Hz, 2H), 2.34 (s, 3H), 2.05 (m, 2H), 1.20 (d, /= 6.3 Hz,

6H); HRMS (ESI) m/z [M+H]" calcd. for C,3H,7Ns0;38S, 467.1865; found 467.1869; HPLC:
method A R, = 6.49, method B R, = 7.53. |

2-(6-(6-amino-9-(3-(isopropylamino)propyl)-9H-purin-8-ylthio)benzo[d][1,3] dioxol-5-
yl)acetonitrile [DZ.3-39]. 4-Isoxazoleboronic acid pinacol ester (20.5 mg, 0.1053 mmol) was
added to PU-H71 (30 mg, 0.0585 mmol) and NaHCOs (14.7 mg, 0.1755 mmotl). DMF (1.2
mL) was added and the reaction mixture was evacuated and back filled with nitrogen. This
was repeated four times then nitrogen was bubbled through the reaction mixture for 10
minutes. Then H,0 (0.1 mL)‘ and Pd(PPh;),Cl; (8 mg, 0.0117 mmol) were added and the )

reaction mixture was heated under nitrogen at 90°C for 4 h. Solvent was removed under
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reduced pressure and the resulting residue was purified by preparatory TLC
(hexane:CH,Cly:EtOAc:MeOH-NH; (7N), 2:2:1:0.5) to give 10.3 mg (%) of DZ3-39. 'H
NMR (500 MHz, CDClQ/MeOH-d,,) 8 8.17 (s, 1H), 7.14 (s, 1H), 7.12 (s, 1H), 6.10 (s, 2H),
4.35 (t, J= 6.9 Hz, 2H), 3.99 (s, 2H), 3.08 (septet, /= 6.5 Hz, 1H), 2.82 (t, /= 7.0 Hz, 2H),
2.25 (m, 2H), 1.27 (d, J = 6.5 Hz, 6H); *C NMR (125 MHz, CDCly/MeOH-d,) § 154.2,
152.1, 152.0, 151.5, 150.8, 148.6, 147.7,129.5,119.2,117.6, 116.2, 110.3, 102.7, 49.8, 42.5,
40.7,27.7,22.9, 20.4; HRMS (ESI) m/z [M+H]".L caled. for C20H24N70,S, 426.1712; found
426.1712; HPLC: method A R; = 5.69, method B R, =4.57.

8-(6-(1H-pyrrol-3-yl)benzo[d][1,3] diox0l-5-ylthio)-9-(3-(isopropylamino)propyl)-9H-
purin-6-amine [DZ3-41]. 1-Boc-pyrrole-3-boronic acid pinacol ester (30.9 mg, 0.1053
mmol) was added to PU-H71 (30 mg, 0.0585 mmol) and NaHCO; (.14.7 mg, 0.1755 mmol).
DMEF (1.2 mL) was added a.nd the reaction mixture was evacuated and back filled with
nitrogen. This was repeated four times then nitrogen was bubbled through the reaction
mixture for 10 minutes. Then H,O (O.i mL) and Pd(PPh;),Cl, (8 mg, 0.0117 mmol) were
added and the reaction mixture was heated under nitrogen at 90°C for 4 h. Solvent was
removed under reduced pressure and the rcsulﬁng residue was purified by preparatory TLC
(hexane:CH,Cly:EtOAc:MeOH-NH;3 (7N), 2:2:1:0.5) to give 7.9 mg (30%) of DZ3-41. 'H
NMR (500 MHz, CDCL:/MeOH-d,) 6 8.16 (s, 1H), 7.02 (s, 1H), 6.99 (s, 1H), 6.86 (m, 1H),
6.76 (m, 1H), 6.21 (m, 1H), 6.02 (s, 2H), 4.07 (t, /= 6.9 Hz, 2H), 2.95 (septet, J = 6.4 Hz,
1H), 2.59 (t, J= 7.1 Hz, 2H), 1.96 (m, 2H), 1.19 (d, J = 6.4 Hz, 6H); *C NMR (125 MHz,
CDCl13/MeOH-d,) 6 154.4, 152.1,152.0, 151.0, 149.4, 146.7, 1359, 131.6, 122.1, 119.1,
117.8,117.5,114.6, 111.0, 109.2, 101.9, 53.6, 42.6, 40.6, 27.8, 20.6; HRMS (ESI) m/z
[M+H]" caled. for Co,HasN70,S, 452.1869; found 452.1862; HPLC: method A R, = 6.02,
method BR, = 6.27. '

9-(3-(isopropylamino)propyl)-8-(6-(1-methyl-1H-pyrazol-5-yl)benzo[d][1,3]dioxol-5-
ylthio)—9H—purin-6-amii1e [DZ3-44]. 1-Methyl-1-H-pyrazole-5-boronic acid pinacol ester
» (18.2 mg, 0.0877 mmol) was added to PU-H71 (30 mg, 0.0585 mmol) and NaHCO; (14.7
mg, 0.1755 mmol). DMF (1.2 mL) was added and the reaction mixture was evacuated and

back filled with nitrogen. This was repeated four times then nitrogen was bubbled through the
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reaction mixture for 10 minutes. Then H,O (0.1 mL) and Pd(PPh3),Cl, (8 mg, 0.0117 mmol)
were added and the reaction mixture was heated under nitrogen at 90°C for 2 h. Solvent was
removed under reduced pressure and the resulting residue was purified by preparatory TLC
(hexane:CH2C12:EtOAc:MeOH—NH3 (7N), 2:2:1:0.5) to give 20.1 mg (74%) of DZ3-44. 'H
NMR (500 MHz, CDCl3) 8 8.25 (s, 1H), 7.40 (d, /= 1.8 Hz; 1H), 7.05 (s, 1H), 6.80 (s, 1H),
6.08 (s, 2H), 6.06 (d, J= 1.8 Hz, 1H), 5.91 (brs, 2H), 4.10 (t, J= 6.7 Hz, 2H), 3.67 (s, 3H),
2.85 (septet, J= 6.3 Hz, 1H), 2.53 (t, /=6.7 Hz, 2H), 1.97 (m, 2H), 1.13 (d, .J= 6.3 Hz, 6H);
13C NMR (125 MHz, CDCl;) & 154.4, 152.7, 151.7, 149.3, 149.0, 147.0, 140.6, 138.5, 127.7,
123.3,120.0, 113.8, 111.7, 107.4, 102.5, 49.6, 43.2, 41.1, 37.1, 29.1, 22.0; HRMS (ESI) m/z
[M+H]" calcd. for C22Hy7N3O;8, 467.1978; found 467.1985; HPLC: method A R. =5.74,
method B R;=5.20.

8-(6-(1H-pyrazol-3-yl)benzo[d][1,3] dioxol-5-ylthio)-9-(3-(isopropylamino)propyl)-91I-
purin-6-amine [DZ3-46]. 1H-pyrazole-3-boronic acid (33 mg, 0.293 mmol) was added to
PU-H71 (50 mg, 0.0975 mmol) and NaHCO; (24.6 mg, 0.293 mmol). DMF (2 mL) was
added and the reaction mixture was evacuated and Back filled with nitrogen. This was
repeated four times then nitrogen was bubbled through the reaction mixture for 10 minutes.
Then H,0O (0.2 mL) and Pd(PPh3),Cl; (7 mg, 0.0098 mmol) were added and the reaction
mixture was heated under nitrogen at 90°C for 4 h. Solvent was removed under reduced
pressure and the resulting residue was purified by preparatory TLC
(hexane:CHZCIZ:EtOAc:MeOH-NH3 (7N), 2:2:1:0.5) to give 3.7 mg (8%) of DZ3-46. 'H
NMR (500 MHz, CDCl3;/MeOH-dy) & 8.17 (s, 1H), 7.59 (d, /= 2.0 Hz, 1H), 7.10 (‘s, 1H),
7.07 (s, 1H), 6.38 (d, J = 2.0 Hz, 1H), 6.08 (s, 2H), 4.19 (t, J = 6.8 Hz, 2H), 3.31 (septet, J =
6.6 Hz, 1H), 2.89 (t,J= 7.2 Hz, 2H), 2.10 (m, 2H), 1.39 (d, J = 6.6 Hz, 6H); *C NMR (125
MHz, CDCL:/MeOH-d,) & 154.5, 152.2, 152.1, 150.7, 149.5, 148.5, 148.3, 119.3, 119.1,
114.6,114.5,111.0, 110.9, 106.1, 102.3, 51.1, 41.7, 40.3; 26.0, 18.7; HRMS (ESI) m/z
[M+H]" calcd. for C31HasNgO3S, 453.1821; found 453.1826; HPLC: method A R; = 5.65,
method B R; =4.83.

9-(3-(isopropylamino)propyl)-8-(6-(isoxazol-4-yl)benzo[d] [1,3]di0xol—5{ylthi0)-9H-

purin-6-amine [DZ3-49]. 4-Isoxazoleboronic acid pinacol ester (20.5 mg, 0.1053 mmol) was
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added to PU-H71 (30 mg, 0.0585 mmol) and ﬁaHCOg (14.7 mg, 0.1755 mmol). DMF (1.2
mL) was added and the reaction mixture was evacuated and back filled with nitrogen. This
was repeated four times then nitrogen was bubbled through the reaction mixture for 10
minutes. Then H,O (0.1 mL) and Pd(PPh;),Cl; (8 mg, 0.0117 mmol) were added and the
reaction mixture was heated under nitrogen at 60°C for 4 h. Solvent was removed under
reduced pressuré and the resulting residue was attempted to be purified by preparatory TLC
(hexane:CH,Cl,:EtOAc:MeOH-NHj3 (7N), 4:7:2:1) to give 7.4 mg (28%) of an inseparable
mixture of DZ3-49 and DZ3-39 in a ratio of approximately 71:29, respectively, as
determined by HPLC. 'H NMR (500 MHz, CDCly/MeOH-d,) & 8.66 (s, 1H), 8.45 (s, 1H),
8.17 (s, 1H), 7.18 (s, 1H), 7.01 (s, 1H), 6.13 (s, 2H), 4.37 (t, /= 7.0 Hz, 2H), 3.27 (septet, J =
7.1 Hz, 1H), 2.89 (t, J=7.1 Hz, 2H), 2.22 (m, 2H), 1.38 (d, /= 6.5 Hz, 6H); MS (ESI) m/z
[M+H]" 454.1; HPLC: method AR; = 5.67 (DZ3-39, 29%) and 5.87 (DZ3-49, 71%); method
B R, =4.58 (DZ3-39, 34%) and 5.57 (DZ3-49, 66%).

4-(6-(6-amino-9-(3-(isopropylamino)propyl)-9H-purin-8-ylthio)benzo[d][1,3]dioxol-5-
yl)benzaldehyde [DZ3-50]. 4-Formylphenylboronic acid (13 mg, 0.0877 mmol) was added
to PU-H71 (30 mg, 0.0585 mmol) and NaHCOs (14.7 mg, 0.1755 mmol). DMF (1.2 mL) was
added and the reaction mixture was evacuated and back filled with nitrogen. This was
repeated four times then nitrogen was bubbled through the reaction mixture for 10 minutes.
Then H,O (0.1 mL) and Pd(PPh;),Cl; (8 mg, 0.0117 mmol) were added and the reaction
mixture was heated under nitrogen at 90°C for 4 h. Solvent was removed under reduced
pressure and the resulting residue was purified by preparatory TLC
(hexane:CH,Cly:EtOAc:MeOH-NHj; (7N), 2:2:1:0.5) to give 18.8 mg (66%) of DZ3-50. 'H
NMR (500 MHz, MeOH-4,) 8 10.01 (s, 1H), 8.15 (s, 1H), 7.85 (d, /= 8.1 Hz, 2H), 7.47 (d, J
=8.1 Hz, 2H), 7.14 (s, 1H), 6.93 (s, 1H), 6.13 (s, 2H), 4.05 (t, /= 6.8 Hz, 2H), 2.99 (septet, J
= 6.4 Hz, 1H), 2.62 (t, J= 6.9 Hz, 2H), 1.99 (m, 2H), 1.24 (d, J = 6.4 Hz, 6H); *C NMR (125
MHz, MeOH-d,) § 192.3, 154.1, 151.9, 151.0, 149.8, 148.8, 148.5, 146.4, 139.5, 135.3,
130.0,129.4,119.0, 117.7,115.0, 110.8, 102.4, 49.9, 42.2, 40.3, 27.4, 20.2; HRMS (ESI) m/z
[M+H]+ caled. for Cy5H;7N6O5S, 491.1865; found 491.1877; HPLC: method A R; = 6.23,
method BR;=6.83.
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tert-Butyl 6-(3-(6-amino-8-(6-(3,5-bis(triflucromethyl)phenyl)benzo[d][1,3]dioxel-5-
ylthio)-9H-purin-9-yl)propylaminojhexylcarbamate [TT-V-43A].
Bis(trifluoromethyl)phenylboronic acid (22.7 mg, 0.0878 mmol) was added to PU-H71-C6-
linker (39.2 mg, 0.0585 mmol) _and NaHCO; (14.7 mg, 0.1755 mmol). DMF (1 mL) was
added and the reaction mixture was evacuated and back filled with nitrogen. This was
repeated four times then nitrogen was bubbled through the reaction mixture for 10 minutes.
Then H,O (0.1 mL) and Pd(PPh3),Cl» (4 mg, 0.00584 mmol) were added and the reaction
mixture was heated under nitrogen at 90°C for 3 h. Solvent was removed under reduced
pressure and the resulting residue was purified by preparatory TLC (hexane:CH,CL:MeOH-
NH; (7N), 10:1) to give 27.7 mg (63%) of TT-V-43A. 'H NMR (500 MHz, CDCls) § 8.17 (s,
1H), 7.78 (s, 3H), 7.14 (s, 1H), 6.89 (s, 1H), 6.12 (s, 2H), 5.80 (br s, 2H), 4.68 (br s, 1H),
4.16 (t, J=6.3 Hz, 2H), 3.10 (m, 2H), 2.81 (t, J= 7.7 Hz, 2H), 2.67 (t, J= 6.2 Hz, 2H), 2.21
(m, 2H), 1.81 (m, 2H), 1.30-1.53 (m, 15H); HRMS (ESI) m/z [M+H]" calcd. for
C34HaoFsN704S, 756.2767; found 756.2753; HPLC: method A R; = 8.17, method B R; =
11.00.

Nl—(3—(6—amino—8—(6—(3,5-bis(triﬂuoromethyl)phenyl)benzo [d][1,3]dioxol-5-ylthio)-9H-
purin-9-yl)propyl)hexane-1,6-diamine [TT-V-47B]. TT-V-43A (26 mg, 0.0344 mmol) was
dissolved in CH,Cl, (1.2 mL) and TFA (0.3 mL) was added and stirred at rt for 45 min. Then
solvent was removed under reduced pressure and residue dried under high vacuum for 2 h to
give TT-V-47B. Purified by preparatory TLC (hexane:CH,Cl,:MeOH-NH; (7N), 7:1) to give
mg (%) of TT-V-47B. 'H NMR (500 MHz, CDCly/MeOH-d,) & 8.04 (s, 1H), 7.67 (s, 1H),
7.64 (s, 2H), 7.12 (s, 1H), 6.84 (s, 1H), 6.04 (s, 2H), 3.97 (t,J=6.7Hz,2H), 2.85 (t, /= 7.0
Hz, 2H), 2.84 (t, /= 6.9 Hz, 2H), 2.77 (t,.J= 7.0 Hz, 2H), 2.06 (m, 2H), 1.71 (m, 2H), 1.63
(m, 2H), 1.28 (m, 4H); HRMS (ESI) m/z [M+H]" calcd. for C2sH3F¢N;O,S, 656.2242; found
656.2242; HPLC: method A Ry = 6.98, method B R; = 8.38.
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Scheme 4. Suzuki coupling of PU-DZ13.

2-fluoro-8-((6-(furan-2-yl)benzo[d}[1,3]dioxol-5-yl)methyl)-9-(2-(isobutylamino)ethyl)-
9H-purin-6-amine [DZ3-25]. 2-Furanylboronic acid (9.8 mg, 0.0877 mmol) was added to
PU-DZ13 (30 mg, 0.0585 mmol) and NaHCO; (14.7 mg, 0.1755 mmol). DMF (1 mL) was
added and the reaction mixture was evacuated and back filled with nitrogen. This was
repeated four times then nitrogen was bubbled through the reaction mixture for 10 minutes.
Then H,O (0.1 mL) and Pd(PPh3),Cl; (4 mg, 0.00584 mmol) were added and the reaction
mixture was heated under nitrogen at 90°C for 4 h. Solvent was removed under reduced
pressure and the resulting residue was purified by preparatory TLC (CH2Cl,:MeOH-NH;3
(7N), 20:1) to give 19.1 mg (72%) of DZ3-25. 'H NMR (500 MHz, CDCly/MeOH-d,) 5 7.46
(d,J=1.4Hz, 1H), 7.08 (s, 1H), 6.64 (s, 1H), 6.46 (dd, /=1.4,3.2 Hz, 1H), 6.34 (d, J=3.2
Hz, 1H), 6.00 (s, 2H), 4.34 (s, 2H), 4.08 (t,.J= 6.3 Hz, 2H), 2.85 (t, /= 6.3 Hz, 2H), 2.38 (d,
J=6.8 Hz, 2H), 1.70 (m, 1H), 0.88 (d, J = 6.7 Hz, 6H); >C NMR (125 MHz, CDCly/MeOH-
ds) 8 158.9 (d, J=208.5 Hz), 156.2 (d, J=20.2 Hz), 152.6, 152.3 (d, J = 18.3 Hz), 151.9,
147.9, 147.1,142.1, 126.1, 124.3, 115.8, 111.3, 110.0, 108.7, 108.2, 101.6, 57.0, 48.1, 42.3,
32.0,27.7,20.2; HRMS (ESI) m/z [M+H]Jr caled. for Cy3Hy6FNgO3, 453.2050; found
45‘3.2041; HPLC: method A R;=7.10, method B R, = 8.52.
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2-fluoro-8-((6-(furan-3-yl)benzo[d][1,3]dioxol-5-yI)methyl)-9-(2-(isobutylamino)ethyl)-
9H-purin-6-amine [DZ3-26]. 3-Furanylboronic acid (9.8 mg, 0.0877 mmol) was added to
PU-DZ13 (30 mg, 0.0585 mmol) and NaHCO; (14.7 mg, 0.1755 mmol). DMF (1 mL) was
added and the reaction mixture was evacuated and back filled with nitrogen. This was
fepeated four times then nitrogen was bubbled through the reaction mixture for 10 minutes.
Then H,0 (0.1 mL) and Pd(PPh3),Cl, (4 mg, 0.00584 mmol) were added and the reaction
mixture was heated undér nitrogen at 90°C for 4 h. Solvent was removed under reduced
pressure and the resulting residue was purified by preparatory TLC (CH2Cl,:MeOH-NH;
(7N), 20:1) to give 23.4 mg (88%) of DZ3-26. "H NMR (500 MHz, CDCI3) & 7.49 (m, 1H),
7.46 (m, 1H), 6.82 (s, 1H), 6.63 (s, 1H), 6.46 (m, 1H), 5.96 (s, 2H), 5.70 (br s, 2H), 4.22 (5,
2H), 3.91 (t,./= 6.1 Hz, 2H), 2.75 (t,J= 6.1 Hz, 2H), 2.29 (d, /= 6.5 Hz, 2H), 1.70 (m, 1H),
0.83 (d, J=6.7 Hz, 6H); °C NMR (125 MHz, CDCl3) & 158.9 (d, J=208.5 Hz), 156.2 (d, J
'=20.3 Hz), 152.7 (d, /= 18.2 Hz), 152.2, 147.5, 146.9, 143.1, 140.1, 127.0, 125.7, 124.7,
116.6,111.8, 110.2, 109.4, 101.4, 57.5, 48.5, 43.0, 31.9, 28.1, 20.4; HRMS (ESI) m/z
[M+H]" caled. for Cp3Hy6FN6O3, 453.2050; found 453.2044; HPLC: method A R, =7.10,
method B R = &8.50.

8-((6-(1H-pyrrol-2-y)benzo[d][1,3]dioxol-5-yl)methyl)-2-fluoro-9-(2-
(isobutylamino)ethyl)-9H-purin-6-amine [DZ3-31]. 1-N-Boc-pyrrole-2-boronic acid (18.5
mg, 0.0877 mmol) was added to PU-DZ13 (30 mg, 0.0585 mmol) and NaHCO; (14.7 mg,
0.1755 mmol). DMT (1 mL) was added and the reaction mixture was evacuated and back
filled with nitrogen. This was repeated four times then nifrogen was bubbled through the
reaction mixture for 10 minutes. Then H»0 (0.1 fnL) and Pd(PPh3),Cl, (4 mg, 0.00584 mmol)
were added and the reaction mixture was heated under nitrogen at 90°C for 4 h. DMF was
removed under reduced pressure and to the resulting residue was added CH,Cl; (1.5 mL) and
TFA (0.3 mL). The mixture was stirred for 5 h at rt, then solvent Was removed under reduced
pressure and the resulting residue was purified by preparatory TLC
(hexane:CHgClz:EtOAc:MeOH-NH;; (7N), 4:15:2:1) to give 5.2 mg (20%) of DZ3-31."'H
NMR (500 MHz, CDCl3/McOH-dy) & 6.91 (s, 1H), 6.84 (dd, /= 1.4, 2.5 Hz, 1H), 6.65 (s,
1H), 6.22 (m, 1H), 6.08 (dd, J=1.4,3.3 Hz, 1H), 5.97 (s, 2H), 4.26 (s, 2H), 4.06 (t, J= 6.7
Hz, 2H), 2.80 (t, /= 6.7 Hz, 2H), 2.55 (d, J="7.0 Hz, 2H), 1.88 (m, 1.H), 0.96 (d, /=6.7 Hz,
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6H); >C NMR (125 MHz, CDCly/MeOH-d,) § 158.8 (d, J=208.1 Hz), 156.4 (d, J=20.0
Hz), 152.9, 152.3 (d, J= 21.2 Hz), 147.4,129.8, 127.9, 126.7, 118.5, 110.5, 109.3, 108.7,
108.6,101.5, 56.6, 47.4, 41.1, 31.6, 27.1, 20.2; HRMS (ESI) m/z [M+H]" calcd. for
Ca3Hy7FN;0,, 452.2210; found 452.2212; HPLC: method A R, =7.02, method B R; = 8.30.

5-(6-((6-amino-2-fluoro-9-(2-(isobutylamino)ethyl)-9H-purin-8-
yl)methyl)benzo[d][1,3]dioxol-S;yl)furan-2-cérbaldehyde [DZ3-34]. 2-Formyl-5-
furanylboronic acid (12.3 mg, 0.0877 mmol) was added to PU-DZ13 (30 mg, 0.0585 mmol)
and NaHCO; (14.7 mg, 0. 1755 mmol). DMF (1 mL) was added and the reaction mixture was
evacuated and back filled with nitrogen. This was repeated four times then nitrogen wés
bubbled through the reaction mixture for 10 minutes. Then H,O (0.1 mL) and Pd(PPh;),Cl,
(4 mg, 0.00584 mmol) were added and the reaction mixture was heated undér nitrogen at
90°C for 4 h. Solvent was removed under reduced pressure and the resulting residue was
purified by preparatory TLC (hexane:CH,Cly:EtOAc:MeOH-NH;3 (7N), 2:2:1:0.5) to give 2.0
mg (7%) of DZ3-34. 'H NMR (500 MHz, CDClg/l\/IeOH;d4) 5947 (s, 1H), 7.27 (d, J=3.7
Hz, 1H), 7.20 (s, 1H), 6.77 (s, 1H), 6.63 (d, J= 3.7 Hz, 1H), 6.06 (s, 2H), 4.45 (s, 2H), 4.32
(t, /J=6.3 Hz, 2H), 2.83 (t, /= 6.3 Hz, 2H), 2.54 (d, /= 6.8 Hz, 2H), 1.83 (m, 1H), 0.93 (d, J
= 6.7 Hz, 6H); HRMS (ESI) m/z [M+H]" calcd. for Co4HasFNsQ4, 481.2000; found 481.1984;
HPLC: method A R; = 6.61, method B R; =7.62.

8-((6-(1H-pyrazol-4-yl)benzo[d][1,3]dioxol-5-yl)methyl)-2 -ﬂu0r0-9;(2-
(isobutylémino)ethyl)—9H-purin-6—amine [DZ3-32]. 1-Boc-pyrazole-4-boronic acid pinacol
ester (25.8 mg, 0.0877 mmol) was added to PU-DZ13 (30 mg, 0.0585 mmol) and NaHCO3
(14.7 mg, 0.1755 mmol). DMF (1.5 mL) was added and the reaction mixture was evacuated
and back filled with nitrogen. This was repeated four times then nitrogen was bubbled
through the reaction mixture for 10 minutes. Then H»O (0.15 mL) and Pd(PPh;3).Cl; (4 mg,
0.00584 mmol) were added and the reaction mixture was heated under nitrogen at 90°C for 5
~ h. Solvent was removed under reduced pressure and the resulting residue was purified by
preparatory TLC (hexane:CH,Cly:EtOAc:MeOH-NH; (7N), 2:2:1:0.5) to give 10.6 mg (40%)
of DZ3-32. 'TH NMR (500 MHz, CDCl:/MeOH-d,) § 7.50 (s, 2H), 6.83 (s, 1H), 6.69 (s, 1H),
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5.98 (s, 2H), 4.18 (s, 2H), 4.01 (t, J= 6.6 Hz, 2H), 2.78 (t,.J= 6.6 Hz, 2H), 2.40 (d, J=7.0
Hz, 2H), 1.71 (m, 1H), 0.88 (d, J= 6.7 Hz, 6H); °C NMR (125 MHz, CDCI;/MeOH-d4) )
158.6 (d, J=208.3 Hz), 156.3 (d,.7=19.6 Hz), 1523, 152.1 (d,.J=21.2 Hz), 147.3,147.1,
126.4, 126.2, 120.1, 115.8, 110.7, 109.9, 101.4, 56.3, 47.3, 40.8, 31.9, 27.0, 20.0; HRMS
(EST) m/z [M+H]" caled. for CopHy6FNsO», 453.2163; found 453.2162; HPLC: method A R; =
6.23, method B R; = 6.55. |

2-fluore-9-(2-(isobutylamino)ethyl)-8-((6-(5-methylfuran-2-yl)benzo[d][1,3] dioxol-5-
yl)methyl)-9H-purin-6-amine [DZ.3-36]. 4,4,5,5-Tetramethyl-2-(5-methyl-furan-2-y1)-
(1,3,2)dioxaborolane (21.9 mg, 0.1053 mmol) was added to PU-DZ13 (30 mg, 0.0585 mmol)
and NaHCO; (14.7 mg, 0.1755 mmol). DMF (1 mL) was added and the reaction mixture was
evacuated and back filled with nitrogen. This was repeated four times then nitrogen was
bubbled through the reaction mixture for 10 minutes. Then H;O (0.1 mL) and Pd(PPh;),Cl
(8 mg, 0.0117 mmol) were added and the reaction mixture was heated under nitrogen at 90°C
for 4 h. Solvent was removed under reduced pressure and the resulting residue was purified
by preparatory TLC (hexane:CH;Cl»: EtOAc:MeOH-NH; (7N), 4:15:2:1) to give 15.6 mg
(57%) of DZ3-36. 'H NMR (500 MHz, CDC13) & 7.04 (s, 1H), 6.53 (s, 1H), 6.26 (d, /=3.1
Hz, 1H), 6.21 (br s, 2H), 6.05 (d, /= 3.1 Hz, 1H), 5.94 (s, 2H), 4.37 (s, 2H), 3.98 (, /= 6.3
Hz, 2H), 2.80 (t, J= 6.2 Hz, 2H), 2.34 (s, 3H), 2.31 (d, /= 6.8 Hz, 2H), 1.64 (m, 1H), 0.83
(d, J=6.7 Hz, 6H); HRMS (EST) m/z [M+H]" calcd. for C2sH,sFN6O3, 467.2207; found
467.2200; HPLC: method A R;=7.29, mcthod B R, : 9.13.

8-((6-(1H-pyrrol-3-yl)benzo|d][1,3]dioxeol-5-yl)methyl)-2-fluoro-9-(2-
(isobutylamino)ethyl)-9H-purin-6-amine [DZ3-38]. 1-Boc-pyrrole-3-boronic acid pinacol
ester (30.9 mg, 0.1053 mmol) was added to PU-DZ13 (30 mg, 0.0585 mmol) and NaHCO; .
(14.7 mg, 0.1755 mmol). DMF (1.2 mL) was added and the reaction mixture was evacuated
and back filled with nitrogen. This was repeated four times then nitrogen was bubbled '
through the reaction mixture for 10 minutes. Then H,O (0.2 mL) and Pd(PPh;),Cl;, (8 mg,
0.0117 rninol) were added and the reaction mixture was heated under nitrogen at 90°C for 4
h, then at 120°C for 6.5 h. Solvent was removed under reduced pressure and the resulting

residue was purified by preparatory TLC (hexane:CHzClé:EtOAc:MeOH—NH3 (7TN), 4:7:2:1)
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 to give 20.9 mg (79%) of DZ3-38. 'H NMR (500 MHz, CDCl;) 8 8.72 (br s, 1H), 6.85 (s,
1H), 6.83 (m, 1H), 6.76 (m, 1H), 6.62 (s, 1H), 6.34 (br s, 2H), 6.23 (m, 1H), 5.91 (s, 2H),
429 (s, 2H), 3.84 (t, J = 6.3 Hz, 2H), 2.67 (t, J = 6.3 Hz, 2H), 2.28 (d, . = 6.8 Hz, 2H), 1.60
(m, 1H), 0.82 (d, J = 6.6 Hz, 6H); °C NMR (125 MHz, CDCl5) § 158.8 (d, J=208.0 Hz),
156.4 (d, J= 19.8 Hz), 153.0, 152.9 (d, J=21.3 Hz), 146.82, 146.76, 130.0, 126.5, 123.3,
118.4,116.9, 116.6, 110.6, 109.8, 109.3, 101.3, 57.6, 48.7, 43.0, 32.0, 28.3, 20.7; HRMS
(EST) m/z [M+H]" caled. for CasHarFN;Os, 452.2210; found 452.2204; HPLC: method A R, =
6.77, method B R, = 7.93.

2-(6-((6-amino-2-fluoro-9-(2-(isobutylamino)ethyl)-9H-purin-8-
yhmethyl)benzo[d][1,3]dioxol-5-yl)acetonitrile [DZ3-40]. 4-Isoxazoleboronic acid pinacol
ester (20.5 mg, 0.1053 mmol) was added to PU-DZ13 (30 mg, 0.0585 mmol) and NaHCOj
(14.7 mg, 0.1755 mmol). DMF (1.2 mL) was added and the reaction mixture was evacuated
and back filled with nitrogen. This was repeated four times then nitrogen was bubbled
through the reaction mixture for 10 minutes. Then H>O (0.1 mL) and Pd(PPh;),ClL, (8 mg,
0.0117 mmol) were added and the reaction mixture was heated under nitrogen at 90°C for 4
h. Solvent was removed under reduced pressure and the resulting residue was purified by
preparatory TLC (hexane:CH,Cly:EtOAc:MeOH-NHj; (7N), 4:7:2:1) to give 8.3 mg (%) of
DZ3-40. '"H NMR (500 MHz, CDCl:/MeOH-d,) § 6.94 (s, 1H), 6.70 (s, 1H), 6.00 (s, 2H),
4.39 (t,J=6.7 Hz, 2H), 4.31 (s, 2H), 3.84 (s, 2H), 3.18 (t, J=6.6 Hz, 2H),2.65 (d, J="7.1
Hz, 2H), 1.94 (m, 1H), 0.99 (d, J = 6.7 Hz, 6H); °C NMR (125 MHz, CDCly/ MeOH-d,) §
"158.7 (d, J=210.4 Hz), 156.6 (d, J=20.1 Hz), 152.1 (d, J= 18.2 Hz), 150.5, 148.1, 147.7,
126.7,122.4,117.9, 116.1, 110.6, 109.9, 101.8, 56.5, 47.4, 41.2, 31.3, 27.1, 21.5, 20.0;
HRMS (ESI) m/z [M+H]" calcd. for C2HasFN;0,, 426.2054; found 426.2048; HPLC:
method A R; = 6.48, method B R;=7.10. '

8—((6—(1H-pyrazol—3—yl)benzo [d]1.3] dioxol-S-yl)méthyl)—2—ﬂuoro—9—(2-
(isubutylamino)ethyi)—9H—purin-6-amine [DZ3-43]. 1H-pyrazole-3-boronic acid (11.8 mg,
0.1053 mmol) was added to PU-DZ13 (30 mg, ’0.0585 mmol) and NaHCO; (14.7 mg, 0.1755
mmol). DMF (1.2 mL) was added and the reaction mixture was evacuated and back filled

with nitrogen. This was repeated four times then nitrogen was bubbled through the reaction
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mixture for 10 minutes. Then H,O (0.1 mL) and Pd(PPh;),Cl; (8 mg, 0.0117 mmol) were
added and the reaction mixture was heated under nitrogen at 90°C for 4.5 h. Solvent was
removed under reduced pressure and the resulting residue was purified by preparatory TLC .
(hexane:CH,ClL:EtOACc:MeOH-NH; (7N), 2:2:1:0.5) to give 3.5 mg (13%) of DZ3-43. 'H
NMR (500 MHz, CDCl3/MeOH-dy) & 7.63 (d, J=2.15 Hz, 1H), 6.95 (s, 1H), 6.82 (s, 1H),
6.34 (d, J=2.15 Hz, 1H), 6.01 (s, 2H), 4.35 (t, /= 6.8 Hz, 2H), 4.29 (s, 2H), 2.98 (t, /= 6.9
Hz, 2H), 2.64 (d, J = 7.0 Hz, 2H), 1.96 (m, 1H), 0.99 (d, J=6.7 Hz, 6H); >C NMR (125
MHz, CDCl;/ MeOH-d,) § 158.8 (d, J=208.7 Hz), 156.6 (d, /= 19.3 Hz), 152.4,152.2 (d,J
=18.7 Hz), 148.3, 147.3, 127.1, 115.94, 115.93,110.3, 110.1, 105.6, 101.8, 56.3, 47.4, 40.5,
31.5,27.0,20.2; HRMS (EST) m/z [M+H]" caled. for CosHyeF N3O, 453 2163; found
453.2149; HPLC: method A R;=6.37, method B R¢=6.93.

Z-ﬂuoro-9-(2-(isobutylamino)ethyl)-s-((6-(l-methyl-IH-pyrazol-S-
yl)benzo[d][1,3]dioxol-5-ylymethyl)-9H-purin-6-amine [DZ3-45]. 1-Methyl-1-H-pyrazole-
S-boronic acid pinacol ester (18.2 mg, 0.0877 mmol) was added to PU-DZ13 (30 mg, 0.0585
mmol) and NaHCO; (14.7 mg, 0.1755 mmol). DMF (1.2 mL) was added and the reaction
mixture was evacuated and back filled with nitrogen. This was repeated four times then
nitrogen was bubbled through the reaction mixture for 10 minutes. Then H,O (0.1 mL) and
PA(PPh;).Cl, (8 mg, 0.0117 mmol) were added and the reaction mixture was heated under
nitrogen at 90°C for 2 h. Solvent was removed under reduced pressure and the resulting
residue was purified by preparatory TLC (héxane:CHZCIZ:EtOAc:MeOH—NH3 (7TN), 4:7:2:1)
to give 26.5 mg (97%) of DZ3-45. "H NMR (500 MHz, CDCl3) & 7.49 (d, J= 1.5 Hz, 1H),
6.76 (s, 1H), 6.74 (s, 1H), 6.28 (br s, 2H), 6.17 (d, J= 1.5 Hz, 1H), 6.01 (s, 2H), 3.99 (s, 2H),
3.90 (t, J= 6.3 Hz, 2H), 3.66 (s, 3H), 2.76 (t, /= 6.3 Hz, 2H), 2.31 (d, /= 6.8 Hz, 2H), 1.72
(m, 1H), 0.84 (d, J = 6.7 Hz, 6H); *C NMR (125 MHz, CDCl3) & 159.0 (d, J = 208.7 Hz),
156.4 (d, J=20.0 Hz), 152.8 (d, J= 18.5 Hz), 151.5, 149.0, 147.1, 141.3, 138.8, 129.4,
123.4,116.6, 110.7, 109.9, 106.9, 101.9, 57.8, 48.7, 43.1, 36.9, 31.8, 28.3, 20.6; HRMS (ESI)
m/z [M+H]" caled. for Cp3HsFNgO,, 467.2319; found 467.2323; HPLC: method A R, = 6.37,
method B R, = 6.90. ‘
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2-flu0r0-9-(2-(is0buty15mino)ethyl)—8-((6-(thi0phen-2-yl)benzo [d][1,3]dioxol-5-
yDmethyl)-9H-purin-6-amine [DZ3-48]. 2-Thienylboronic acid (11.2 mg, 0.0877 mmol)
was added to PU-DZ.13 (30 mg, 0.0585 mmol) and NaHCO; (14.7 mg, 0.1755 mmol). DMF
(1.2 mL) was added and the reaction mixture was evacuated and back filled with nitrogen.
This was repeated four times then nitrogen was bubbled through the reaction mixture for 10
minutes. Then H>O (0.1 mL) and Pd(PPh3),Cl> (8 mg, 0.0117 mmol) were added and the
reaction mixture was heated under nitrogen at 90°C for 2 h. Solvent was removed under
reduced pressure and the resulting residue was purified by preparatory TLC
(hexane:CH,Cly:EtOAc:MeOH-NH; (7N), 2:2:1:0.5) to give 18.3 mg (67%) of DZ3-48. 'H
NMR (500 MHz, CDCl;/MeOH-d,) & 7.31 (d, J= 5.0 Hz, 1H), 7.03 (dd, J= 3.1, 5.0 Hz, 1H),
6.92 (s, 1H), 6.87 (d, J=3.0 Hz, 1H), 6.74 (s, 1H), 6.01 (s, 2H), 4.19 (s, 2H), 3.99 (t, J=6.5
Hz, 2H), 2.78 (t, J= 6.5 Hz, 2H), 2.37 (d, /= 6.9 Hz, 2H), 1.70 (m, 1H), 0.88 (d, /= 6.7 Hz,
6H); >C NMR (125 MHz, CDCl3/MeOH-d,) § 158.7 (d, J=209.4 Hz), 156.4 (d, J=19.6
Hz), 152.21 (d, /= 18.4 Hz), 152.20, 148.1, 147.0, 141.5, 127.7, 127.3, 127.0, 126.0, 125.8,
115.9,111.3, 110.0, 101.6, 57.1, 48.1, 42.2, 32.0, 27.8, 20.3; HRMS (ESI) m/z [M+H]" calcd.
for C3H6FN6O,S, 469.1822; found 469.1830; HPLC: method A R;=7.21, method B R, =
8.93.

2-fluoro-9-(2-(isobutylamino)ethyl)-8-((6-(isoxazol-4-yl)benzo[d] [1,3]dioxol-5-
yl)methyl)-9H-purin-6-amine [DZ3-51]. 4-Isoxazoleboronic acid pinacol ester (20.5 mg,
0.1053 mmol) was added to PU-DZ13 (30 mg, 0.0585 mmol) and NaHCO;3 (14.7 mg, 0.1755
mmol). DMF (1.2 mL) was added and the reaction mixture was evacuated and back ﬁlled
with nitrogen. This was repeated four times then nitrogen was bubbled through the reaction
mixture for 10 minutes. Then H>O (0.1 mL) and Pd(PPhs),Cl, (8 mg, 0.0117 mmol) were
added and the reaction mixture was heated under nitrogen at 60°C for 4 h. Solvent was
removed under reduced pressure and the resulting residue was purified by preparatory TLC
(hexane:CH>Cl:EtOAc:MeOH-NH; (7N), 2:2:1:0.5) to give 7.8 mg (29%) of an inseparable
mixture of DZ3-51 and DZ3-40 in a ratio of approximately 44:56, respectively, as
determined by HPLC. MS (ESI) m/z [M+H]" 454.4; HPLC: method A R; = 6.46 (DZ3-40,
56%) and 6.65 (DZ3-51, 44%); method B R; =7.08 (DZ3-40, 65%) and 7.52 (DZ3-51, 35%).
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Reagents and conditions: (a) RB(OH),, PdCl,(PPhs),, NaHCO3, H,0, DMF, 90°C.
Scheme 5. Suzuki coupling of PU-HZ151.

8-(6-(furan-2-yl)benzo[d][1,3]dioxol-5-ylthio)-9-(2-(neopentylamino)ethyl)-9H-purin-6-
amine [TT5-53A]. 2-Furanylboronic acid (42.4 mg, 0.379 mmol) was added to PU-HZ151
(66.4 mg, 0.126 mmol) and NaHCOQj; (63.6 mg, 0.756 mmol). DMF (2 mL) was added and
the reaction mixture was evacuated and back filled with nitrogen. This was repeated four
| times then nitrogen was bubbled through the reaction mixture for 10 minutes. Then H,O (0.4
mL) and Pd(PPh;);Cl; (17.6 mg, 0.025 mmol) were added and the reaction mixture was
heated under nitrogen at 90°C for 3.5 h. Solvent was removed under reduced pressure and the
resulting residue was purified by preparatory TLC (CH,Cl:MeOH-NH; (7N), 20:1) to give
25.2 mg (43%) of TT5-53A. "H NMR (500 MHz, CDCl;) § 8.30 (s, 1H), 7.49 (d,J=1.3 Hz,
1H), 7.17 (s, 1H), 6.84 (s, 1H), 6.75 (d, /= 3.3 Hz, 1H), 6.48 (dd, /= 1.8, 3.3 Hz, 1H), 5.97
(s, 2H), 5.89 (br s, 2H), 4.18 (t,J= 6.5 Hz, 2H), 2.86 (t, J= 6.5 Hz, 2H), 2.25 (s, 2H), 0.83 (s,
9H); *C NMR (125 MHz, CDCl3) & 154.6, 153.0, 151.7, 151.1, 148.4, 147.9, 146.8, 142.2,
127.2,120.8,120.0,112.8,111.5,110.0, 108.7, 101.9, 61.9, 49.6, 43.9, 31.5, 27.6; HRMS
(ESI) m/z [M+H]" caled. for C23H,7N505S, 467.1865; found 467.1870; HPLC: method A R, =
6.78, method B R, = 7.83.
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8-(6-(5-methylfuran-2-yl)benzo[d][1,3]dioxol-5-ylthio)-9-(2~(neopentylamino)ethyl)-9H-
purin-6-amine [DZ3-56]. 4,4,5,5-Tetramethyl-2-(5-methyl-furan-2-y1)-(1,3,2)dioxaborolane
(17.7 mg, 0.0853 mmol) was added to PU-HZ151 (30 mg, 0.0569 mmol) and NaHCOs (14.3
mg, 0.1707 mmol). DMF (1.2 mL) was added and the reaction mixture was evacuated and
back filled with nitrogen. This was repeated four times then nitrogen was bubbled through the
reaction mixture for 10 minutes. Then H>O (0.1 mL) and Pd(PPh;3),Cl; (8 mg, 0.0113 mmol)
were added and the reaction mixture was heated under nitrogen at 90°C for 4.5 h. Solvent
was removed under reduced pressure and the resulting residue was purified by preparatory
TLC (CH2Cla:MeOH-NH; (7N), 15:1) to give 9.3 mg (34%) of DZ3-56. '11 NMR (500 MHz,
CDCl3/MeOH-dy) & 8.19 (s, 1H), 7.24 (s, 1H), 6.89 (s, 1H), 6.62 (d, /= 3.2 Hz, 1H), 6.05 (d,
J=3.2 Hz, 1H), 6.03 (s, 2H), 4.36 (t, /= 6.0 Hz, 2H), 3.04 (t, /= 6.0 Hz, 2H), 2.47 (5, 2H),
2.33 (s, 3H), 0.95 (s, 9H); “C NMR (125 MHz, CDCl;/MeOH-d,) & 154.5, 152.4, 152.3,
151.2,149.4, 149.2, 148.5, 147.7, 129.1, 119.4, 117.4, 114.3, 111.2, 108.6, 107.8, 102.2,
61.4,49.3,43.2,31.4,27.7, 13.7; HRMS (ESI) m/z [M+H]" caled. for CosHoNeO;38S,
481.2022; found 481.2002; HPLC: method A R;= 6.89, method B R, =7.58.

9-(2-(neopentylamino)ethyl)-8-(6-(thiophen-2-yl)benzo[d][1,3]dioxol-5-ylthio)-9H-purin-
6-amine [DZ3-58]. 2-Thiopheneboronic acid (10.9 mg, 0.0853 mmol) was added to PU-
HZ151 (30 mg, 0.0569 mmol) and NaHCO; (14.3 mg, 0.1707 mmol). DMF (1 mL) was
added and the reaction mixture was evacuated and back filled with nitrogen. This was
repeated four times then nitrogen was bubbled through the reaction mixture for 10 minutes.
Then H,0 (0.1 mL) and PA(PPh3),Cl; (8 mg, 0.0113 mmol) were added and the reaction
mixture was heated under nitrogén at 90°C for 4 h. Solvent was removed under reduced
pressure and the resulting residue was purified by preparatory TLC (CH,Cl,:MeOH-NH;
(7N), 20:1) to give 16.0 mg (58%) of DZ3-58. 'H NMR (500 MHz, CDCly/MeOH-d,) 5 8.18
(s, 1H), 7.32 (dd, J = 1.6, 4.7 Hz, 1H), 6.98-7.03 (m, 4H), 6.07 (s, 2H), 4.29 (t,J= 5.4 Hz,
2H), 3.03 (t, J = 5.4 Hz, 2H), 2.48 (s, 2H), 0.97 (s, 9H); °C NMR (125 MHz, CDCl/MeOH-
dys) 8 154.3,152.0, 150.8, 149.2, 148.9, 148.3, 140.5,132.5, 127.8, 127.0, 126.3, 120.1,
119.2,114.4,111.8,102.2, 61.1, 49.0, 42.9, 31.2, 27.6; HRMS (ESI) m/z [M+H]" caled. for
Cy3H27N0,S5, 483.1637; found 483.1621; HPLC: method A R; = 7.14, method B R, = 7.73.
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8-(6-(1H-pyrrol-3-yl)benzo[d][1,3]dioxol-5-ylthio)-9-(2-(neopentylamino)ethyl)-9H-
purin-6-amine [DZ3-59]. 1-Boc-pyrrole-3-boronic acid pinacol ester (25 mg, 0.0853 mmol)
was added to PU-HZ151 (30 mg, 0.0569 mmol) and NaHCO; (14.3 mg, 0.1707 mmol). DMF
(1 mL) was added and the reaction mixture was evacuated and back filled with nitrogen. This
was repeated four times then nitrogen was bubbled through the reaction mixture for 10
minutes. Then H>O (0.1 mL) and PA(PPh;),Cl; (8 mg, 0.0113 mmol) were added and the
reaction mixture was heated under nitrogen at 90°C for 4 h. Solvent was removed under

" reduced pressure and the resulting residue was purified by preparatory TLC (CH,Cl,:MeOH-
NHj; (7N), 20:1) to give 10.1 mg (38%) of DZ3-59. 'H NMR (500 MHz, CDCl;/MeOH-d,) 6
8.15 (s, 1H), 7.03 (s, 1H), 6.95 (s, 1H), 6.85 (m, 1H), 6.76 (m, 1H), 6.20 (dd, /= 1.7, 2.4 Hz,
1H), 6.01 (s, 2H), 4.24 (t,.J=5.7 Hz, 2H), 2.98 (t, J=5.7 Hz, 2H), 2.50 (s, 2H), 0.98 (s, 9H);
BBC NMR (125 MHz, CDCls/MeOH-d,) § 154.3,152.1, 149.6, 149.3, 146.8, 135.7, 122.3,
119.3,118.6,117.9,117.4,114.5, 111.1, 109.4, 101.9, 61.0, 49.3, 42.7, 31.2, 27.7; HRMS
(ESD) m/z [M+H]+ calcd. for C23H23N7028, 466.2025; found 466.2016; HPLC: method A R; =
6.86, method B R, = 7.20.

8-(6-(furan-3-yl)benzo[d] [1,3]dioxol—S-ylthio)-9-(2-(nec;pentylamino)ethyl)-9H-purin-6-
amine [DZ3-60]. 3-Furanylboronic acid (9.5 mg, 0.0853 mmol) was added to PU-HZ151 (30
mg, 0.0569 mmol) and NaHCO3 (14.3 mg, 0.1707 mmol). DMF (1.2 mL) was added and the
reaction mixture was evacuated and back filled with nitrogen. This was repeated four times
then nitrogen was bubbled through the reaction mixture for 10 minutes. Then H,O (0.1 mL)
and Pd(PPh3),Cl, (8 mg, 0.0113 mmol) were added and the reaction mixture was heated
under nitrogen at 90°C for 4 h. Solvent was removed under reduced pressure and the resulting
residue was purified by preparatory TLC (CH,Cl>:MeOH-NH; (7N), 20:1) to giv'e 13.8 mg
(52%) of DZ3-60. "H NMR (500 MHz, CDCly’MecOH-d,) 8 8.17 (s, 1H), 7.50 (s, 1H), 7.43
(d, /J=1.5Hz, 1H), 7.02 (s, 1H), 6.94 (s, 1H), 6.49 (d, /= 1.5 Hz, 1H), 6.06 (s, 2H), 4.29 (t, J
= 5.9 Hz, 2H), 3.02 (t, /= 5.8 Hz, 2H), 2.46 (s, 2H), 0.94 (s, 9H); °C NMR (125 MHz,
CDCl3/MeOH-d,) 8 154.3,152.0, 151.1, 149.6, 149.3, 147.9, 142.8, 140.6, 131.5, 124.3,
119.3,118.8,114.7,111.7, 110.9, 102.2, 61.4, 49.1, 43.0, 31.3, 27.6; HRMS (ESI) m/z
[M+H]" caled. for Co3Hy7N6O38S, 467.1865; found 467.1845; HPLC: method A R, = 6.65,
method B Ry = 7.09.
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8-(6-(1H-pyrazol-3-yl)benzo[d][1,3] dioxol—S-ylthio)-9-(2-(neopentylamino)ethyl)-9H-
purin-6-amine [DZ3-61]. 1H-Pyrazole-3-boronic acid (19 mg, 0.1707 mmol) was added to
PU-HZ151 (30 mg, 0.0569 mmol) and NaHCOs (14.3 mg, 0.1707 mmol). DMF (1.2 mL)
was added and the reaction mixture was evacuated and back filled with nitrogen. This was
repeated four times then nitrogen was bubbled through the reaction mixture for 10 minutes.
Then H,0 (0.1 mL) and Pd(PPh3),Cl, (8 mg, 0.0113 mmol) were added and the reactién
mixture was heated under nitrogen at 90°C for 4 h. Solvent was removed under reduced
pressure and the resulting residue was purified by preparatory TLC (CH,Cl,:MeOH-NH;
(7N), 15:1) to give 6.5 mg (25%) of DZ3-61. "H NMR (500 MHz, CDCls/MeOH-d,) & 8.18
(s, 1H), 7.58 (d, /= 2.0 Hz, 1H), 7.05 (s, 2H), 6.40 (d, J=2.0 Hz, 1H), 6.06 (s, 2H), 4.36 (t, J
=6.0 Hz, 2H), 3.01 (t, J= 6.0 Hz, 2H), 2.51 (s, 2H), 0.97 (s, 9H);‘ BCNMR (125 MHz,
CDCl3/MeOH-dy) & 154.6, 152.3, 150.8, 149.4, 148.6, 148.5, 120.1,119.2, 114.5, 110.9,
106.0, 102.3, 61.2,49.1, 42.5, 31.1, 27.5; HRMS (ESI) m/z [M+H]" caled. for C2;HzNgO,S,
467.1978; found 467.1972; HPLC: method A R: = 6.50, method B R: = 6.61.
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Reagents and conditions: (a) NaNO,, KI, AcOH/TFA, 0°C; (b) 8-mercaptoadenine, Cs,CO3,
PdCl,(dppf), DMF, 80°C, 48h; (c) NIS, TFA, CH;CN, rt, 2h ;(d) 1,3-dibromopropane or 1,2-
dibromoethane, Cs,CO3, DMF, rt; (¢) isopropylamine or isobutylamine or neopentylamine,
DMF, 1t; (f) DDQ, dioxane, 100°C.

Scheme 6. Synthesis of PU-WS4, PU-WS9 and PU-WS21.

6-iodo-2,3-dihydrobenzofuran (S6-2). A solution of 2,3-dihydrobenzofuran-6-amine (S6;1 ;
0.74 g, 5.5 mmol) in acetic acid (25 mL) and TFA (2 mL) was cooled in an ice bath for 5 -
minutes. NaNO; (0.454g, 6.6 mmol) was added in 3 portions followed by K1 (2.73 g, 16.4 .
mmol). The resulting mixture was stirred at 0°C for 15 minutes and quenched with H,O (20

mL). The mixture was extracted with EtOAc (3 x 150 mL) and the organic layer was washed
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with NaS;0s, brine, dried over MgSO; and filtered. The filtrate was condensed under reduced
pressure and the residue was purified by ‘ﬂash chromatography (hexane:EtOAc, 90:10 to
40:60) to yield S6-2 (0.82 g, 61%) as a pale-yellow solid. "H NMR (500 MHz, CDCl;) & 7.14
(d,J=7.6 Hz, 1H), 7.11 (s, 1H), 6.89 (d, J= 7.6 Hz, 1H), 4.54 (t, /= 8.7 Hz, 2H), 3.14 (t, J =
8.7 Hz, 2H); *C NMR (125 MHz, CDCl3) § 161.1, 129.4, 127.1, 126.4,118.7,91.7,71.6,
29.4. ‘

8-(2,3-dihydrobenzofuran-6-ylthio)-9 H-purin-6-amine (S6-3). To a solution of §6-2 (50
mg, 0.2 mmol) in DMF (2 ml.) was added 8-mercaptoadenine (34 mg, 0.2 mmol), Cs;COs
(99.4 mg, 0.3 mmol) and PdCly(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,Cl;:MeOH, 100:0 to 90:10) to yield S6-3 (25 mg, 44%) as a yellow
solid. "H NMR (500 MHz, CD;0D) & 8.14 (s, 1H), 7.24 (d, J=7.6 Hz, 1H), 7.07 (d, /= 7.3
Hz, 1H), 6.97 (s, 1H), 4.62 (t, /= 8.7 Hz, 2H), 3.25 (t, J= 8.7 Hz, 2H); MS (ESD) m/z 285.8
[M+H]"; BRMS (ESI) m/z [M+H]" calcd. for C;3H1,NsOS, 286.0763; found 286.0768.

8-(5-iodo-2,3-dihydrobenzofuran-6-ylthio)-9H-purin-6-amine (S6-4) To a solution of S6-
‘ 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 rt for 2 h. The reaction mixture was concentrated
under reduced pressure and the residue was purified by flash chromatography
(CH,Cl,:MeOH, 100:0 to 90:10) to afford S6-4 (48 mg, 53%) as a yellow gum. IH NMR
(500 MHz, CDCIs) & 8.26 (s, 1H), 7.79 (s, 1H), 7.12 (s, 1H), 4.65 (t, J = 8.8 Hz, 2H), 3.28 (4,
J=28.7 Hz, 2H); MS (ESI) m/z 412.0 (M+H)".

8-(5-iodo-2,3-dihydro-benzofuran-6-ylsulfanyl)-9-(3-isopropylamino-propyl)-9H-purin-
6-ylamine (PU-WS84). A mixture of S6-4 (54 rﬁg, 0.13 mmol), Cs;CO3 (127 mg, 0.39 mmol)
and 1,3-dibromopropane (202 mg, 0.65 mmol) in anhydrous DMF (2 mL) was stirred at 1t for
2 h. Splvent was removed under reduced pressure and the residue purified by
chromatography (CH,Cl;:MeOH:AcOH). The resulting solid was dissolved in DMF (2 mL)

and isopropylamine (0.347 g, 0.5 mL, 5.9 mmol) was added and the solution stirred overnight



WO 2011/044394 PCT/US2010/051872

103

at rt. The reaction afforded PU-WS4 (13 mg, 20%; over two-steps) as a yellow solid after
purification. 'H NMR (500 MHz, CDCl/CD3;0D) & 8.26 (s, 1H), 7.77 (s, 1H), 7.07 (s, 1H),
4.65 (t, /=8.7 Hz, 2H), 4.47 (t, J= 6.9 Hz, 2H), 3.20-3.33 (m, 3H), 3.01 (t, /= 7.5 Hz, 2H),
2.33 (m, 2H), 1.34 (d, J = 6.5 Hz, 6H); MS (ESI) m/z 511.2 [M+H]"; HRMS (ESD) m/z
[M—FH]Jr caled. for CoH24INgOS, 511.0777; found 511.0779.

8-(5-iode-2,3-dihydre-benzofuran-6-ylsulfanyl)-9-(2-isobutylamine-ethyl)-9 H-purin-6-
ylamine (PU-WS9). A mixture of S6-4 (30 mg, 0.073 mmol), Cs,CO; (71 mg, 0.22 mmol)
and 1,2-dibromoethane (69 mg, 0.365 mmol) in anhydrous DMF (1 mL) was stirred at rt for 2
h. Solvent was removed under reduced pressure and the residue purified by chromatography
(CH,Cl,:MeOH:AcOH). The resulting solid was dissolved in DMF (2 mL) and isobutylamine
(0.241 g, 0.33 mL, 3.3 mmol) was added and the solution stirred overnight at rt. The reaction
afforded PU-WS9 (15 mg, 40%; over two-steps) as a pale yellow solid. 'H NMR (500 MHz,
CDCl;) 6 8.26 (s, 1H), 7.63 (s, 1H), 6.56 (s, 1H), 6.27 (br s, 2H), 4.57 (t, /= 8.5 Hz, 2H),
4,50 (t, J=5.5 Hz, 2H), 3.20 (t, /= 8.5 Hz, 2H), 3.12 (t, /= 5.5 Hz, 2H), 2.59 (d, /= 7 Hz,
2H), 1.99 (m, 1H), 0.97 (d, J="7 Hz, 6H); HRMS (ESI) m/z [M+H]" calcd. for C1sHxINOS,
511.0777; found 511.0790.
8—((5-iod0-2,3-dihydrobénzofuran-6-yl)thi0)—9—(2-(neopentylamino)ethyl)—9H—purin~6—
amine (PU-WS21). Following the procedure to make PU-WS9, compound PU-WS21 was
obtained as a white solid. "THNMR (500 MHz, CDCl;3, 8): 7.56 (s, 1H), 6.60 (s, 1H), 4.47 (t,J
= 8.7 Hz, 2H), 4.37 (m, 2H), 3.06-3.11 (m, 4H), 2.45 (s, 2H), 0.83 (s, 9H); HRMS (m/2):
[M+H]" caled for CagHasINsOS 525.0933; found 525.0927.
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Reagents and conditions: () NIS, CH;CN, 0°C, 20 min.; (b) 8-mercaptoadenine, neocuproine, Cul,
NaOt-Bu, DMF, 110°C; (¢) NaNO,, KI, AcOH/TFA, 0°C; (d) 1,3-dibromopropane, Cs,CO5, DMF,
rt; (e) isopropylamine, DMF, rt.

Scheme 7. Synthesis of PU-WS10.

S-iedo-2,3-dihydrobenzofuran-6-amine (S7-1). To a solution of 2,3-dihydrobenzofuran-6-
amine (S6-1; 95 mg, 0.7 mmol) in acetonitrile (3 mL) cooled in an ice-bath was added NIS
(158 mg, 0.7 mmol). After stirring at 0 °C for 20 min, the mixture was condensed and
purified by flash chromatography (hexane:EtOAc, 90:10 to 20:80) to yield S7-1 (180 mg,
98%) as a yellow solid. "H NMR (500 MHz, CDCl;) § 7.38 (s, 1H), 6.26 (s, 1H), 4.53 (t, J=
8.5 Hz, 2H), 3.09 (t, J = 8.4 Hz, 2H); MS (ESI) m/z 261.9 [M+H]". |

8-(6-amino-2,3-dihydrobenzofuran-5-ylthio)-9/1-purin-6-amine (87-2). Thc mixture of
S7-1 (80 mg, 0.31 mrhol), 8-mercaptoadenine (52 mg, 0.3 mmol), neocuproine (7 mg, 0.03
mmol), Cul (7 mg, 0.03 mmol) and sodium #-butoxide (100 mg, 1.04 mmol) was suspended
in 10 mL of DMF and stirred at 110 °C overnight. The mixture was concentrated under
reduced pressure and the residue purified by flash chromatography (hexane:EtOAc, 90:10 to
20:80) to yield S7-2 (50 mg, 56%) as a pale yellow solid. "H NMR (500 MHz, CDCls) & 8.15
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(s, 1H), 7.33 (s, 1H), 6.35 (s, 1H), 4.57 (t, /= 8.5 Hz, 2H), 3.14 (t, J= 8.4 Hz, 2H); MS (ESI)
m/z 301.0 [M+H]".

8-(6-iodo-2,3-dihydrobenzofuran-5-ylthio)-9H-purin-6-amine (S7-3). To a solution of
S7-2 (25 mg, 0.08 mmol) in acetic acid/TFA (5 mL/1 mL) cooled in ice-bath was added
NaNO; (7 mg, O;lmmol) and KI (27 mg, 0.16 mmol). The mixture was stirred at 0°C for 10
minutes and condensed under reduced pressure. The residue was purified by flash
chromatography (CH,Cl,:MeOH, 100:0 to 90:10) to yield S7-3 (13 mg, 41%) as a yellbw
solid. "H NMR (500 MHz, CDs0D) & 8.13 (s, 1H), 7.57 (s, 1H), 7.44 (s, 1H), 4.66 (t, J=8.5
Hz, 2H),3.22 (t,J= 8.6 Hz, 2H); MS (ESI) m/z 411.9 [M+H]".

9-(3-bromopropyl)- 8-(6-iodo-2,3-dihydrobenzofuran-5-ylthio)-9 H-purin-6-amine (S7-
4). To a solution of §7-3 (13 mg, 0.03 mmbl) in DMF (2 mL) was added 1,3-dibromopropane
(16 uL, 0.16 mmotl) and Cs,CO3 (20 mg, 0.06 mmol) and the resulting mixture was stirred at
1t for 40 minutes. The mixture was condensgd under reduced pressure and the residue was
purified by flash chromatography to yield $7-4 (6.2 mg, 34%). "H NMR (500 MHz, CDCl;) &
8.31 (s, 1H), 7.37 (s, 2H), 6.00 (br s, 2H), 4.62 (t, /= 8.7 Hz, 2H), 4.36 (t, /= 6.7 Hz, 2H),
342 (t,J=6.2 Hz, 2H), 3.18 (t, /= 8.9 Hz, 2H), 2.39 (m, 2H); MS (ESI) m/z 531.9/533.9
[M+H]".

8-(6-iodo—2,3-dihydro-benzofuran-5—ylsulfanyl)—9—(5-isobutylamino-ethyl_)-9H—purin—6—
ylamine (PU-WS10). A solution of S7-4 (6.2 mg, 0.012 mmol) and isopropylamine (0.2 mL)
in DMF (1 mL) was stirred for 12 h. Solvent was removed under reduced pressure and the
residue purified by preparative thin layer chromatography (CHCl;:MeOH-NH; (7N), 20:1) to
afford PU-WS10 (4.0 mg, 60%) as a pale yellow solid. 'H NMR (400 MHz, CDCl;) § 8.27
(s, 1H), 7.69 (s, 1H), 7.27 (s,ylH), 5.93 (br s, 2H), 4.66 (t, J = 8.8 Hz, 2H), 4.29 (t,J =7 Hz,
2H), 3.33 (t, /= 8.7 Hz, 2H), 2.74 (septet, /= 6.2 Hz, 1H), 2.58 (t, /= 6.8 Hz, 2H), 1.98 (m,
2H), 1.05 (d, J= 6.5 Hz, 6H); >°C NMR (100 MHz, CDCl5) 8 162.0, 154.4, 152.7, 151.9,
147.8,141.7,130.2, 128.6,121.1, 120.0, 74.1, 71.7, 48.9, 44 0, 41.6, 30.9, 30.2; MS (ESI)
m/z 511.1 [M+H]".
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PU-WS3 X;=CH,, X,=F, X53=CN, n=2, R= isopropyl
PU-WS5 X;=8, X;=H, X3=CN, n=2, R=isopropyl
PU-WS6 X,=S, X,=H, X3=CCt-Bu, n=2, R= isopropyl
PU-WS7 X;=8, X,=H, X3=CCPh, n= 2 R=isopropyl
PU-WS8 X,;=§, X,=H, X3=CCH, n= 2, R= isopropyl

PU-WS16 X;=S, X;=H, X3=CCH, n= 1, R= isobutyl
PU-W819 X,=8, X,=H, X3=CCH, n=1, R= neopenty!
PU-WS20 X;=CH,, X,=F, X3=CCH, n=1, R=isobutyl

Reagents and conditions: (a) Boc,0, Et;N, THF, rt, 12h; (b) PdCl,(dppf), Zn(CN),, Zn, DMF,
130°C; (c) 10% TFA-CH,Cl,, rt, 2-5h; (d) Cul, PdCl,(PPhs),, t-butylacetylene or phenylacetylene
or trimethylsilanylacetylene, Et;N, DMF, 90°C, 24h; (¢) KOH, MeOH, rt, 2h.

Scheme 8. Synthesis of PU-WS3, PU-WSS5, PU-WS6, PU-WS7 and PU-WSS, PU-WS16,

PU-WS19 and PU-WS20.

6-[6-amino-2-ﬂu0r0-9-(3-isopropylamiho-pr0pyl)-9H-puﬁn-s-ylmethyl]-
benzo[1,3]dixole-5-carbeonitrile (PU-WS3). A solution of PU-DZ8 (118 mg, 0.231 mmol),
(Boc),0 (55 mg, 0.254 mmol) and triethylamine (16 mg, 0.231 mmol) in THF (2 mL) was
stirred at room temperature for 12 h. Following solvent removal, the residue was purified by
preparative thin layer chromatography (CHCl;:MeOH-NH; (7N), 20:1) to afford Boc-
protected PU-DZ8 (120 mg, 85%; MS (ESI) m/z 613.05 [M+H]"). To a solution of Boc-
protected PU-DZ8 (26 mg, 0.04 mmol) in DMF (3 mL) was added PdCl,(dppf) (17 mg, 0.02
mmol), Zn(CN); (10 mg, 0.08 mmol) and Zn (3 mg, 0.04 mL) and the resulting mixture was

stirred at 130°C overnight. The reaction mixture was condensed under reduced pressure and
the residue was purified by flash chromatography (CHCl;:MeOH-NH; (7N), 20:1) to yield
Boc-protected PU-WS3 as a white solid. To a solution of this in 2 ml of CH,Cl; was added
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0.2 mL of TFA and the mixture was stirred at room temperature for 5 h. The reaction mixture
was condensed under reduced pressure and the residue purified by flash chromatography
(CHCl13:MeOH-NH; (7N), 20:1) to yield PU-WS3 as a white solid in quantitative yield (12
mg, 59% for three steps). 'H NMR (500 MHz, CD;0D) 6 7.13 (s, 1H), 6.96 (s, 1H), 6.03 (5,
2H), 4.31 (s, 2H), 4.25 (t, J = 7 Hz, 2H), 3.26 (n, 1H), 3.01 (t, J=7.5 Hz, 2H), 2.14 (m, 2H),
1.23 (d, J= 6.5 Hz, 6H); BCNMR (125 MHz, CD;0D) & 160.4 (d, J =208 Hz), 158.5 (d, J=
19 Hz), 153.8,153.5(d, /=19 Hz), 151.7,149.1, 137.2,119.1, 117.4, 112.6, 112.4, 106.3,
104.4,52.3,43.4, 40.8, 33.2,27.7, 19.3; MS (ESIj m/z 412.3 [M+H]". |

6-[6-amino-9-(3-isopropylamino-propyl)-9H-purin-8-ylsulfanyl]benzo[1,3]dixole-5-
carbonitrile (PU-WS5). The procedure for the preparation of PU-WS3 was followed starting
from PU-H71. The reaction afforded PU-WS5 (6.5 mg, 32% for three steps) as a white solid.
_ '"H NMR (500 MHz, CDCl3/CD;0D) § 8.21 (s, 1H), 7.22 (s, 1H), 7.19 (s, 1H), 6.19 (s, 2H),
4.40 (t, /=7 Hz, 2H), 3.09 (septet, /= 6.5 Hz, 1H), 2.83 (t, J=7.5 Hz, 2H), 2.26 (m, 2H),
1.25 (d,J = 6.5 Hz, 6H); MS (ESI) m/z 412.2 [M+H]"; HRMS (ESI) m/z [M+H]" calcd. for
CisH22N705S, 412.1556; found 412.1560.

8-[6-(3,3-dimethyl-but-1-ynyl)-benzo[1,3]dioxol-5-ylsulfanyl]9-(3-isopropylamino-
propyl)-9H-purin-6-ylamine (PU-WS6). A solution of PU-H71 (70 mg, 0.137 mmol),
(Boc),0 (35 mg, 0.161 mmol) and triethylamine (13 mg, 0.137 mmol) in THF (2 mL) was
stirred at room temperature for 12 h. Following solvent removal, the residue was purified by
preparative thin layer chromatography (CHCL;:MeOH-NH; (7N), 20:1) to afford Boc- »
protected PU-H71 (74 mg, 88%; MS (ESI) m/z 612.89 [M+H]"). To a solution of Boc-
protected PU-H71 (0.24 g, 0.39 mmol) in DMF (2 mL) was added Cul (4 mg, 0.1 mmol),
PdCl,(PPhs); (14 mg, 0.02 mmol), -butylacetylene (72 pL, 0.59 mmol) and triethylamine
(137 uL) and the mixture was stirred at 90 °C for 24 h. The reaction mixfure was condensed
under reduced pressure and purified by chromatography to afford a solid. To a solution of the
solid in 15 mL of CH,Cl; was added TFA (1.5 mL) and stirred at RT for 2 hrs. The mixture
was condensed and purified by flash chromatography to afford PU-WS6 (97 mg, 52 % for
three steps) as a white solid. '"H NMR (500 MHz, CDCl;/CDgOD) 0 8.25 (s, 1H), 6.99 (s,
1H), 6.97 (s, 1H), 6.05 (s, 2H), 4.41 (t, /=7 Hz, 2H), 3.29 (m, 1H), 2.98 (t, J = 7.5 Hz, 2H),



WO 2011/044394 PCT/US2010/051872

108

2.24 (m, 2H), 1.34 (d, J = 6.5 Hz, 6H), 1.18 (s, 9H); >°C NMR (125 MHz, CDCl3/CD;0D) §
50.5,41.3,40.2, 30.3, 27.8, 25.9, 18.5; MS (ESI) m/z 467.3 [M+H]"; HRMS (EST) m/z
[M+H]" caled. for C2aH31N6O4S, 467.2229; found 467.2233.

9-(3-isopropylamino-propyl)—8—(6-phenylethynyl;benzo[1,3]dixool-S-ylsulfanyl)—9H—
purin-6-ylamihe (PU-WS7). The procedure for the preparation of PU-WS6 was followed
with phenylacetylene (65 pL, 0.59 mmol) to afford PU-WS7 (46 mg, 34% in three steps) as a |
white solid. "H NMR (500 MHz, CDCl;/CD;OD) & 8.2 (s, 1H), 7.30-7.40 (m, 5H), 7.08 (s,
1H), 6.96 (s, 1H), 6.06 (s, 2H), 4.27 (m, 2H), 2.69 (m, 1H), 2.51 (m, 2H), 1.97 (m, 2H), 1.01
(d,J= 6.5 Hz, 6H); *C NMR (125 MHz, CDCls/CD;0D) § 154.3, 152.3, 151.1, 148.8,
147.3,131.3, 128.7, 128.3, 124.4, 122.4, 120.4, 119.3, 112.9, 112.4,102.3, 94.2, 86.6, 50.5,
43.1,41.3,29.2, 21.7; MS (ESI) m/z 487.2 [M+H]*; HRMS (ESI) m/z [M+H]" calcd. for
CasH27N605S, 487.1903; found 487.1913.

8-(6-ethyny]-benzo[1,3]dioxol-S-ylsu]fanyl)-9-(3-fsopropylamino—propyl)-9H—purin-6-
ylamine (PU-WS8). The procedure for the preparation of PU-WS6 was followed with
trimethylsilanylacetylene (82 pL, 0.59 mmol), and following coﬁpling a white solid was
obtained and used without further purification. To this was added MeOH (10 mL) and KOH
{90 mg) and was stirred at rt for 2 hrs. The reaction mixture was concentrated under reduced
pressure and to the resulting residue was added 2 mL of 10% TFA~CH:Cl; and was stirred at
rt for 2 hrs. The mixture was concentrated under reduced pressure and the residue
chromatographed to afford PU-WS8 (5.2 mg, 26% for four steps) as a pale yellow solid. 'H
NMR (500 MHz, CDCl:) & 8.32 (s, 1H), 6.99 (s, 1H), 6.84 (s, 1H), 6.00 (s, 2H), 5.61 (brs,
2H), 4.31 (t, /=7 Hz, 2H), 331 (s, 1H), 2.71 (m, 1H), 2.56 (t, J =7 Hz, 2H), 1.97 (m, 2H),
1.02 (d, J= 6.5 Hz, 6H); MS (ESI) m/z 411.2 [M+H]"; HRMS (ESI) m/z [M+H]" calcd. for
C20H23N6O5S, 411.1603; found 411.1605.

8- ((6-ethynylbenzd [d:l [1,3]dioxol-5-y])thio)-9-(2-(isobutylamino)ethyl)-9H-purin-6-
amince (PU-WS16). Following the procedure to make PU-WS8, PU-WS16 was obtained as a
white solid. 'H NMR (500 MHz, CDCl3) & 8.24 (s, 1H), 6.91 (s, 1H), 6.77 (s, 1H), 6.01 (s,
2H), 5.78 (brs, 2H), 4.33 (t,J=6.1 Hz, 2H), 3.24 (s, 1H), 2.92 (t, /= 6.1 Hz, 2H), 2.38 (d, J
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= 6.8 Hz, 2H), 1.63 (m, 1H), 0.77 (d, J = 6.6 Hz, 6H); >C NMR (125 MHz, CDCl3) § 155.1,
153.5,151.9,149.6,148.5, 147.0, 128.0, 124.1, 117.0, 114.8, 111.3, 102.6, 82.9, 81.4, 57.9,
493,442, 288 28.4,20.9; HRMS (ESI) m/z [M+H]" caled. for CooHpNeO,S, 411.1603;
found 411.1606. -

8-(6-ethynylbenzo[d][1,3] dioxol—S-yithio)-Q-(Z-(neopentylamino)ethyl)-9H-purin-6-
amine (PU-WS19). Following the procedure to make PU-WS8, PU-WS19 was cobtained as a
white solid. "H NMR (500 MHz, CDCL;) & 8.32 (s, 1H), 6.97 (s, 1H), 6.83 (s, 1H), 5.98 (s,
2H), 5.76 (br s, 2H), 4.35 (m, 2H), 3.06 (s, 1H), 2.97 (m, 2H), 2.33 (s, 2H), 0.82 (s, 9H); 1*C
NMR (125 MHz, CDCl;) & 154.5, 152.9, 151.5, 149.1, 147.9, 146.5, 120.1, 117.7, 112.9,
111.9,102.2,82.3,81.0,61.9,49.8,43.9, 31.5,27.7; HRMS (ESI) m/z [M+H]" calcd. for
C21H25N605S, 425.1760; found 425.1753.

8-((6-ethynylbenzo[d][1,3]dioxol-5-yl)methyl)-2-fluoro-9-(2-(isobutylamino)ethyl)-9H-
purin-6-amine (PU-WS20). Following the procedure to make PU-WSS8, PU-WS20 was
obtained from PU-DZ13 as a white solid. '"H NMR (MeOH-d,, 500 MHz) 8: 6.98 (s, 1H),
6.70 (s, 1H), 6.02 (s, 2H), 4.36 (s, 2H), 4.20 (t, J=6.4 Hz, 2H), 2.92 (t,] = 6.4 Hz, 2H), 2.42
(d, T = 6.9 Hz, 2H), 2.03 (s, 1H), 1.69 (m, 1H), 0.87 (d, J = 6.8 Hz, 6H); *C NMR (MeOH-
ds, 125 MHz) 8: 159.8, 158.1, 152.6, 151.4, 149.8, 147.2, 134.3, 116.2, 114.2, 112.5, 109.8,
102.3, 80.9, 57.5, 43.0, 32.6, 29.8, 28.2, 20.5.
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§9-5 X=CH,CH, ~ PU-RK11 X=CH,CH,, R= isopropyl
PU-RK12 X=CH,CH,, R= 1-imidazoyl

Reagents and conditions: (a) NaNO,, 10% HCI, 0°C; K1, 0°C to rt; (b) 8-mercaptoadenine,
neocuproine, Cul, NaOz-Bu, DMF, 110°C, 24 h; (¢) NIS, TFA, CH;CN, rt; (d) 1,2-dibromoethane
or 1,3-dibromopropane, Cs,CO5, DMF, 1t; (¢) isobutylamine or neopentylamine or isopropylamine
or imidazole, DMF, rt. '

Scheme 9. Synthesis of PU-HT165, PU-HT175, PU-RK11, PU-RK12.

6-Iodo-2,3-dihydrobenzo[b][1,4]dioxine (S9-2). 2,3-dihydrobenzo[b][ | ,4]dioXin-6-amine
(89-1; 5 g, 33 mmol) was dissolved in 10% HCI solution and cooled to 0°C. Then, 30 mL of
a cold aqueous solution of NaNO; (4.6 g, 66 mmol) was added over a period of 15 min and
fhe reaction mixture was stirred at 0°C for an additional 10 min, followed by the addition of
urea (1.6 g, 27 mmol). After 15 min, 40 mL of a suspension of KI (16.5 g, 100 mmol) in
water/CH,Cl; (1:1) was added. The reaction mixture was stirred overnight at room
temperature then extrécted with CH,Cl,, dried over MgSO,. And condensed under reduced
pressure and the residue was purified by flash chromatography (hexane:EtOAc, 100:0 to
90:10) to afford S9-2 (7.4 g, 86%) as a colorless oil. '"H NMR (500 MHz, CDCl3) & 7.28 8 (5,
1H), 7.13 (d, J=8.5 Hz, 1H), 6.63 (d, /= 8.5 Hz, 1H), 4.27-4.24 (m, 4H).
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8-(7-Iodo-2,3-dihydrobenzo|b|[1,4]dioxin-6-ylthio)-9 H-purin-6-amine (89-3). To a

- solution of $9-2 (1.26 g, 4.8 mmol) in DMF (15 mL) was added 8-mercaptoadenine (0.400 g,
2.4 mmol), neocuproine (0.056 g, 0.24 mmol), Cul (0.044 g, 0.24 mmol) and NazOBu (0.460
g, 4.8 mmbl). The reaction mixture was stirred at 110 °C for 24h. Solids were filtered and the
filtrate was condensed under reduced pressure. The residue was flash chromatographcd
(CHCIL3:MeOH:AcOH, 60:0.5:0.5 to 30:0.5:0.5) to yield 0.578 g (80%) of interfnediate
coupling product (MS (ESI) m/z 301.9 [M+H]". To 0.400 g (1.4 mmol) of this and NIS
(0.945 g, 4.2 mmol) in acetonitrile (15 mL) was added TFA (540 uL, 0.800 g, 7 mmol) and
the mixture was stirred at room temperature overnight. The solvent was removed under
reduced pressure and the residue was purified by flash chromatography
(CHCIl3:MeOH:AcOH, 60:0.5:0.5 to 30:0.5:0.5) to give 89-3 (0.436 g, 73%). '"H NMR
(DMSO—dg, 500 MHz) 6 8.37 (s, 1H), 8.03 (br s, 2H), 7.47 (s, 1H), 7.10’ (s, 1H), 4.25-4.27
(m, 4H); MS (ESI) m/z 427.9 [M+H]".

9-(2-Bromocthyl)-8-(7-iodo-2,3-dihydrobenzo[b}[1,4]dioxin-6-ylthio)-9H-purin-6-amine
(89-4). A mixture of §9-3 (0.213 g, 0.5 mmol), 1,2-dibromoethane (0.500 g, 2.5 mmol) and
Cs;CO; (0.184 g, 0.75 mmol) in anhydrous DMF (6 mL) was stirred at room temperature for
3h. Solids were filtered and the filtrate was condensed under reduced pressure to give a
residue that was purified by preparative thin layer chromatography (CHCls:MeOH-NH; (7N),
20:1) to give $9-4 (0.107 g, 40%). "H NMR (CDCls, 500 MHz) & 8.29 (s, lH), 7.36 (s, 1H),
7.00 (s, 1H), 6.23 (br s, 2H), 4.62 (t, J= 7.0 Hz, 2H), 4.16-4.24 (m, 4H), 3.69 (t, /="7.0 Hz,
2H); MS (ESI) m/z 533.9/535.9 [M+H]".

9-(3-Bromopropyl)-8-(7-iode-2,3-dihydrobenzo[b] [1,4]dioxin-6-ylthi6)—9H—purin-6-
amine (89-5). A mixture of $9-3 (0.213 g, 0.5 mmol), 1,3-dibromopropane (0.512 g, 2.5
mmol) and Cs3CO; (0.184 g, 0.75 mmol) in anhydrous DMF (6 mL) was stirred at room
temperature for 3h. Solids were filtered and the filtrate was condensed under reduced
pressure to give a residue that was purified by preparative thin layer chromatography
(CHCl;:MeOH-NH; (7N), 20:1) to give $9-5 (0.104 g, 38 %). "H NMR (CDCl;, 500 MHz) &
8.26 (s, 1H), 7.32 (s, 1H), 6.94 (s, 1H), 5.6 (br s, 2H), 4.27 (t, J = 7.0 Hz, 2H), 4.10-4.17 (m,
4H), 3.32 (t, J= 7.0 Hz, 2H), 2.26 (m, 2H)-; MS (ESI) m/z 547.9/549.8 [M+H]".
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8-(7-Iodo-2,3-dihydrobenzo[b][1,4]dioxin-6-ylthie)-9-(2-(isebutylamino)ethyl)-5,9-
dihydro-4H-purin-6-amine (PU-HT165). S9-4 (0.052 g, 0.097 mmol) and isobutylamine
(0.354 g, 4.9 mmol) in DMF (1 ml) was stirred overnight at rt. Solvent was removed under
reduced pressure and the resulting residue was purified by chromatography (CH,>Cl,:MeOH)
to give 0.040 g, 78%) of PU-HT165 as a yellow solid. '"H NMR (500 MHZ, CDCl) 6’ 8.24 (s,
1H), 7.37 (s, 1H), 6.94 (s, 1H), 6.24 (brs, 2H), 4.44 (br s, 2H), 4.22-4.24 (m, 4H), 3.08 (m,
2H), 2.52 (d, J=5.7 Hz, 2H), 1.92 (m, 1H), 0.92 (d, J = 6.0 Hz, 6H); °C NMR (125 MHz,
CDCl3) 6 155.4,152.8, 151.4, 147.7, 145.5, 145.2, 128.9, 127.5, 122.0, 120.5, 91.6, 64.9,
64.7,57.3,49.0, 43.9, 28.0, 21.0; MS (EST) m/z 527.1 [M+H]".

8-(7-Iodo-2,3-dihydrobenzo[b][1,4]dioxin-6-ylthio)-9-(2-(neopentylamino)ethyl)-5,9-
dihydro-44-purin-6-amine (PU-HT175). S9-4 (0.052, 0.097 mmol) and neopentylamine
(0.426 g, 4.9 mmol) in DMF (1 mL) was stirred overnight at rt. Solvent was removed under
reduced pressure and the resulting residue was purified by chromatography (CH>Cl,:MeGH)
to give 0.038 g (73%) of PU-HT175 as a yellow solid. 'H NMR (500 MHz, CDCl5) & 8.31 (s,
1H), 7.37 (s, 1H), 6.94 (s, 1H), 5.79 (br s, 2H), 4.33 (t, J=6.5 Hz, 2H), 4.20-4.24 (m, 4H),
2.99 (t, J= 6.5 Hz, 2H), 2.34 (s, 2H), 0.84 (s, 9H); °C NMR (125 MHz, CDCl3) § 154.5,
152.9,151.7, 147.0, 144.7, 144.6, 128.2, 127.8, 121.2, 120.2, 90.7, 64.3, 64.2, 62.0, 49.8,
44.0, 31.6, 27.7; MS m/z 541.1 [M+H]".

8-(7-1odo-2,3-dihydrobenzo[b][1,4]dioxin-6-ylthio)-9-(3-(isopropylamino)propyl)-9H-
purin-6-amine (PU-RK11). §9-5 (0.045 g, 0.082 mmol) and isopropyfamine (0.242 g, 4.1
mmol) in DMF (1 mL) was stirred overnight at rt. Solvent was removed under reduced
pressure and the resulting residue was purified by chromatography (CH2Cl,:MeOH) to give
0.038 g (88%) of PU-RK11. "H NMR (500 MHz, CDCl3) & 8.30 (s, 1H), 7.38 (s, 1H), 6.95
(s, 1H), 5.65 (br s, 2H), 4.32 (t, /= 6.9 Hz, 2H), 4.22-4.24 (m, 4H), 2.80 (septet, J= 6.7 Hz,
1H), 2.61 (t, J= 6.7 Hz, 2H), 2.07 (m, 2H), 1.11 (d, J = 6.7 Hz, 6H); °C NMR (125 MHz,
CDCl5) § 154.4,152.8,151.7, 146.7, 144.8, 144.6, 128.3, 127.8, 121.3, 120.1, 91.0, 64.3,
64.2, 49.0, 43.6, 41.6, 29.8, 22.5; MS (ESI) m/z 527.1 [M+H]".
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9-(3~( 1H-imidazol-1 -yD)propyl)-8-(7-iodo-2,3-dihydrobenzo[b][1.,4]dioxin-6-ylthio)-9H-
purin-6-amine (PU-RK12). S9-5 (0.045 g, 0.082 mmol) and imidazole (0.056 g, 0.82

mmol) in DMF (1 mL) was stirred overnight at rt. Solvent was removed under reduced

* pressure and the resulting residue was purified by chromatography (CH;Cl,:MeOH) to give
0.029 g (67%) of PU-RK12. 'H NMR (500 MHz, CDCl;) § 8.34 (s, 1H), 7.62 (s, 1H), 7.39
(s, 1H), 7.09 (s, 1H), 6.98 (s, 1H), 6.94 (s, 1H), 5.70 (br s, 2H), 4.19-4.28 (m, 6H), 4.00 (t, J =
7.5 Hz, 2H), 2.25 (m, 2H); 3C NMR (125 MHz, CDC13) 6 154.5,153.2,151.8, 146.3, 145.0,
144.7,137.1, 129.6, 128.3, 126.9, 121.3, 120.1, 118.7, 90.9, 64.3, 64.2, 44.3, 41.0, 31.8; MS
(ESD) m/z 536.1 [M+H]".
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Reagents and conditions: (a) sulfur, morpholine, 140°C, 14 h; (b) 10% KOH (aq.), reflux, 12 h; (¢)
2.4,5,6-tetraaminopyrimidine, triphenyl phosphite, pyridine, microwave irradiation at 220°C, 75 min.;
(d) HF/pyridine, NaNO,, 0 °C to rt, 1 h; (¢) NIS, TFA, CH;CN, rt overnight; (f) Cs,CO;, 1,2-
dibromoethane, DMF, rt, 3.5 h; (g) isobutylamine or #-butylaminc, DMF, ovcrnight, rt.

Scheme 10. Synthesis of DZ3-73 and DZ4-84.
2-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)acetic acid (§10-2). A mixturc of 1,4-

benzodioxan-6-yl methyl ketone (S10-1; 5.5 g, 30.9 mmol), sulfur (1.98 g, 61.8 mmol) and
morpholine (6.73 g, 6.76 mL, 77.3 mmol) was refluxed at 140°C for 14 h. After cooling to tt,
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the reaction mixture was diluted with 150 mL of CH,Cl,, transferred to a seperatory funnel
and washed with 25 mL of ice-cold brine. The aqueous layer was further extracted with
CH,CI; (2 x 75 mL). The organic layers were combined, dried with Na,SOy, and filtered.
Activated charcoal was added to the filtrate and after several minutes was filtered and
concenirated to give 12.7 g of a brown oil. A mixture of this in 75 mL of 10% KOH (aq.) was
refluxed for 12h. After cooling the reaction mixture was transferred to a seperatory funnel
and washed with ether (30 mL), The aqueous layer was acidified with 6N HCl (~25mL) to
PH 2 and extracted with CH;Cl, (4 x 100 mL). The organic layers were combined, washed
with distilled water (100 ml), dried with Na,SO, and filtered. This was treated with charcoal,
filtered, and solvent removed under reduced pressure and the resulting residue was purified
by chromatography (hexane:EtOAc, 90:10 to 70:30) to give 3.90 g (65%) of $10-2. 'H NMR
(500 MHz, CDCl5) & 6.80-6.82 (m, 2H), 6.74 (dd, J= 2.0, 8.2 Hz, 1H), 4.24 (s, 4H), 3.53 (s,
2H); MS (ESI) m/z 195.1 [M+H]". '

8-((2,3-dihydrobehzo[b] [1,4]dioxin-6-yl)methyl)-9H-purine-2 6-diamine (S10-3). A
mixture of $10-2 (1.00 g, 5.15 mmol), 2,4,5,6-tetraaminopyrimidine (0.868 g, 6.19 mmol),
triphenyl phosphite (1.92 g, 1.63 mL, 6.19 mmol) in 15 mL of pyridine was sonicated for
several minutes. It was then subjected to microwave irradiation at 220°C for 75 minutes. The
mixture was concentrated and the resulting residue was purified by chromatography
(CH,Cl,:MeOH:MeOH-NH; (7N), 60:0.5:0.5 to 20:0.5:0.5) to give 1.12 g (73%) of S10-3.
'H NMR (500 MHz, CDCly/MeOH-d4) 5 6.75-6.84 (i, 3H), 4.24 (s, 4H), 3.98 (s, 2H); MS
(ESID) m/z 299.3 [M+H]".

8-((2,3-dihydrobenzo[b][1,4]dioxin-6-yl)methyl)-2-fluoro-9H-purin-6-amine (S10-4). To
a solution of S10-3-(1.00 g, 3.35 mmol) in HF/pyridine (2.4 mL) at 0 °C, NaNO, (0.3 g, 4.36
mmol) was slowly added. The reaction was brought to room temperature and further stirred
for 1 h. Following dilution with CH,Cl, (20 mL), the excess HF was quenched by stirring for
1 h with CaCOs (1.19 g). The mixture was dried under reduced pressure and subsequently
purified by chromatography (CH,Cl,:MeOH:AcOH, 90:1:0.5) to give 1.15 g (96%) of S10-4.
"H NMR (500 MHz, CDCly/MeOH-d4) 8 6.75-6.84 (m, 3H), 4.24 (s, 4H), 4.04 (s, 2H); MS
“(ESI) m/z 302.3 [M+H]".
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2-fluoro-8-((7-iodo-2,3-dihydrobenzo[b][1,4] dioxin-6-yl)methyl)-9H-purin-6-amine
(S10-5). S10-4 (0.310 g, 1.03 mmol), NIS (0.301 g, 1.34 mmol), CH;CN (20 mL), TFA (2.34
g, 1.56mL, 20.5 mmol) was stifred at rt overnight. The mixture was dried under reduced
pressure and the residue chromatographed (CHZC]Q:MeOH:ACOH, 120:1:0.5 to0 90:1:0.5) to
give 0.340 g (77%) of a mixture of S10-5 (m/z 428.2 [M+H]") along with diiodinated
compound (m/z 554.1 [M+H]"). LC-MS shows ratio of S10-5 to diiodinated compound to be
83:17. This mixture was not separated but used further in the following step. 'H NMR (500
MHz, CDCl3/MeOH-d4) & 7.37 (s, 1H), 6.82 (s, 1H), 4.25 (s, 4H), 4.18 (s, 2H); MS (ESI) m/z
428.2 [M+H]".

9-(2-brori10 ethyl)-2-fluoro-8-((7-iodo-2,3-dihydrobenzo[b][1,4]dioxin-6-yl)methyl)-9H-
purin-6-amine (S10-6). S10-5 (0.340 g, 0.796 mmol), Cs,CO3 (0.337 g, 1.035 mmol), 1,2~
dibromoethane (0.747 g, 0.343 mL, 3.99 mmol) in DMF (10 mL) was stirred at rt for 3.5 h.
The mixture was dried under reduced pressure and the residue chromatographed
(CH,C1,:MeOH:AcOH, 200:1:0.5 to 120:1:0.5) to give 0.360 g (85%) of a mixture of S10-6
(m/z 534.0/536.2 [M+H]") along with diiodinated compound (m/z 659.5/661.9 [M+H]"). LC-
MS shows ratio of titled compound to diiodinated compound to be 80:20. This mixture was
not separated but used further in the following step.

2-fluoro-8-((7-iodo-2,3-dihydrobenzo[b}[1,4]dioxin-6-yl)methyl)-9-(2-
(isobutylamin0)ethy])—9H‘-purin—6-amine [DZ3-73]. S10-6 (0.360 g, 0.674 mmol) and
isobutylamine (2.46 g, 3.38 ml) in DMF (8 mL) was stirred overnjght at rt. Solvent was
removed under reduced pressure and the resulting residue was chromatographed
(CH,Cl:MeOH:MeOH-NH; (7N), 120:0.5 :0.5 to 60:0.5:0.5) to givc 0.220 g of a mixture of
DZ3-73 along with the diiodinated éompound. This mixture was separated by reverse phase
HPLC ((a) H20 + 0.1% TFA and (b) CH3;CN +0.1% TFA, 10 to 75% b over 22 minutes at 16
mL/min) to give 0.196 g (58%) of DZ3-73. "H NMR (500 MHz, CDCl5) § 7.35 (s, 1H), 6.57
(s, 1H), 6.37 (br s, 2H), 4.24 (s, 2H), 4.20 (s, 4H), 4.08 (t, /= 6.4 Hz, 2H), 291 (t, J=6.4 Hz,
2H), 2.37 (d, J= 6.3 Hz, 2H), 1.64 (m, 1H), 0.85 (d, J = 6.2 Hz, 6H); *C NMR (125 MHz,
CDCl3) 0 158.8 (d, J=208.1 Hz), 156.4 (d, /= 19.5 Hz), 152.8 (d, /= 18.8 Hz), 151.2,
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144.2,143.6,131.5, 127.6,117.9,116.7, 88.3, 64.5, 57.8, 48.8, 43.5, 38.6, 28.4, 20.5; HRMS
(ESD) m/z [M+H]" calcd. for CaoHsFINGO,, 527.1068; found 527.1066; HPLC: method A R,
=6.91, method B R, =8.48.

9-(2-(tert-butylanﬁno)ethyl)—Z-ﬂimro—S-((7—i6d0-2 ,3-dihydrebenzo[b]|[1,4]dioxin-6-
yl)methyl)-9H-purin-6-amine [DZ4-84]. S10-6 (8 mg, 0.0149 mmol) and fert-butylamine
(109 mg, 157 pl) in DMF (0.5 mL) was stirred overnight at rt. Solvent was removed under
reduced pressure and the resulting residue was purified by preparatory TLC
(hexane:CH,Cly:EtOAc:MeOH-NH; (7N), 7:2:1:0.5) to give 6 mg (77%) of DZ4-84. 'H
NMR (500 MHz, CDCls) 8 7.36 (s,' 1H), 6.55 (s, 1H), 5.86 (br s, 2H), 4.29 (s, 2H), 4.17-4.23
(m, 4H), 4.04 (1, /= 6.4 Hz, 2H), 2.85 (t, /= 6.4 Hz, 2H), 0.99 (s, 9H); MS (ESI) m/z 527.1
[M+H]*.

O — O @J - ﬁ]—~

s11-1 $11-2 s11-3 s114
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O O O - 00
$11-5 S11-6 s11.7 s118
NH, /
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s11-9 o Br NHR
$11-10 S1111 -

Reagents and conditions: (a) NaBH,, AcOH, THF, rt; (b) dibromoethane, acetone, H,O, K;CO;,
reflux; (c) NBS, DMF, 80°C; (d) KNQOs, HSO4; (e) Nal, Cul, N,N-dimethy]eﬂly]enediamine, dioxane,
110°C; (f) Fe, NH,C, isopropanol, reflux; (g) 8-mercaptoadenine, neocuproine, Cul, NaOtBu, DMF,
115°C; (h) NaNO,, K1, AcOH, 0°C; (i) Cs,CO3, 1,2-dibromoethane or 1,3-dibromopropane, DMF rt;
() NHLR, DMF, rt.



WO 2011/044394 PCT/US2010/051872

117

Scheme 11. Synthesis of Morpholine-type compounds S11-11.
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‘Reagents and conditions: (a) 1,2-dibromoethane, K,CO5, DMF, 125°C; (b) Mel, DMF,
0°C then rt; (c) Pd/C, H,, MeOH, rt; (d) NaNO,, AcOH, KI, 0°C; (e) 8-mercaptoadenine,
neocuproine, Cul, NaOtBu, DMF, 115°C; (f) NIS, CH5CN, rt; (g) Cs,CO;5, 1,3-
dibromopropane or 1,2-dibromoethane, DMF, rt; (h) NH,R, DMF, rt.

Scheme 12. Synthesis of Morpholine-type compounds S12-9.

6-N itro-3,4-dihydro-2H-benzo[b][1,4]oxazine [S12-2]. To a solution of 2-amino-4-
nitrophenol (S12-1; 1.5 g, 9.7 mmol) in 50 mL of DMF was added K,CO3 (4.04 g, 29.2
mmol) and 1,2-dibromoethane (1 mL, 11.7 mmoi). The resulting mixture was stirred at 125
°C under argon overnight. The resulting mixture was concentrated under vacuum and purified
by flash chromatography to give S12-2 (1.2 g, 68%) as a yellow solid. 'H NMR (CDCl3, 500
MHz) 6 7.55-7.58 (dd, J=2.7,8.9 Hz, 1H), 7.48 (d, /= 2.6 Hz, 1H), 6.81 (d, /= 8.9 Hz,
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1H), 4.34 (m, 2H), 4.12 (br s, 1H), 3.47 (m, 2h); *C NMR (CDCls, 125 MHz) § 149.4, 141.8,
133.8, 115.0, 114.8, 110.2, 65.6, 40.0.
4-Methyl-6-nitro-3,4-dihydro-2H-benzo[b]1,4]oxazine [S12-3]. To a solution of $12-2
(0.66 g, 3.7 mmol) in 30 mL of DMF was added NaH (106 mg, 4.4 mmol) and stirred at 0 °C
for 30 min. To the resulting mixture was added Mel (229 uL, 3.7 mmol) and kept stirring at rt
for 2 h. The reaction mixture was concentrated in vacuum and purified by flash
chromatdgraphy to give compound $12-3 (564 mg, 79%) as yellow solid. "H NMR (CDCl;,
500 MHz) 6 7.56 (d, J = 8.8 Hz, 1H), 7.45 (s, 1H), 6.76 (d, /= 8.8 Hz, 1H), 4.36 (m, 2H),
3.32 (m, 2H), 2.95 (s, 3H); C NMR (CDCls, 125 MHz) 6: 149.7, 142.2, 136.5, 115.4, 114.5,
106.9, 65.3, 47.9, 38.6; MS (ESI) m/z 194.8 (M+H)". | ‘

4- Methyl-3,4-dihydro-2H-benzo[b][1,4]oxazin-6-amine [S12-4]. To a solution of S12-3
(560 mg, 2.9 mmol) in 20 mL of methanol was added Pd/C powder (10%, 96 mg). The
resulting suspension was stirred at rt under hydrogen overnight. The reaction mixture was
filtered, concentrated in vacuum and purified by flash chromatography to give S12-4 (420
mg, 89%) as a yellow solid. "H NMR (CDCls, 500 MHz) § 6.56 (d, .J = 8.3 Hz, 1H), 6.04 (d,
J=2.5Hz, 1H), 5.98 (dd, /=2.5,8.3 Hz, 1H), 4.19 (t, /=4.4 Hz, 2H), 3.21 (t, /=4.5 Hz,
2H), 2.82 (s, 3H); °C NMR (CDC13, 125 MHz) 6 140.8, 137.4, 137.0, 116.2, 104.8, 100.4,
64.6, 49.5, 38.7.

6-TIodo-4-methyl-3,4-dihydro-2H-benzo[b][1,4]oxazine [S12-5]. To solutioh of S12-4 (2.1
g, 12.8 mmol) in 50 mL of acetic acid cooled in ice bath was added NaNO; (1.77g, 26.9
mmol) slowly in portions. The resulting mixture was stirred at 0 °C for 10 min and was added
KI (4.24 g, 38.4 mmol) in portions. The reaction mixture was stirred at 0 °C for 30 min,
allowed to warm up to rt and stirred for 2 h. The resulting mixture was quenched with 100
mL of water, extracted with ethyl acetate (3 x 150 mL). The organic layer was combined,
treated with Na,S,03, washed with brine, dried over MgSQO, and purified by flash
chromatography to give S12-5 (1.86 g, 53%) as a yellow solid. 'H NMR (CDCl;, 500 MHz) &
6.64 (d,.J=8.3 Hz, 1H), 6.56 (s, 1H), 6.48 (d, /= 8.4 Hz, 1H), 4.25 (m, 2H), 3.24 (m, 2H),
2.85 (s, 3H); '*C NMR (CDCl;, 125 MHz) § 138.1, 126.6, 120.5,117.6,111.9, 83.7, 64.8,
48.7, 36.5. :
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Reagents or conditions: (a) (C¢H;0),P(O)N3, +-BuOH, Et;N, toluene, reflux; (b) #-BuLi, THF,
-20°C, then ICH,CH,]I, -78°C to rt; (c) TFA, CH,Cl,, 1t; (d) 8-mercaptoadenine, neocuproine,
Cul, NaOtBu, DMF, 115°C; (e) KI, NaNO,, HCl, H,0, < 5°C; (f) 1,3-dibromopropane,
Cs,CO;3, DMF, 1t; (g) isopropylamine, DMF, rt.

Scheme 13. Synthesis of DZ4-52-NO.

tert-Butyl naphthalen-2-ylcarbamate (S13-2). 2-Naphthoic acid (S13-1; 2.5 g, 14.3 mmol)
in tert-BuOH (85 mL) and toluene (85 mL) was treated with Et;N (2.3 mL, 16.4 mmol), 3 A
molecular sieves (16.7 g) and diphenyl phosphorylazide (3.5 mL, 16.4 mmol). The reaction
mixture was refluxed for 24 h. After cooling to rt, solid was filtered off through Celite and

the solvent Wé.s removed under reduced pressure. The residue was dissolved in EtOAc (75
mL) and washed with 1N aqueous HCI (2 x 50 mL), saturated aqueous NaHCOj3 (2 x 50 mL),
dried over sodium sulfate and concentrated under reduced pressure. Chromatography (10%

EtOAc in hexanes) afforded 2.5 g (71%) of S13-2. YH NMR (500 MHz, CDCl5) § 7.99 (s,
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1H), 7.72-7.78 (m, 3H), 7.44 (t, J= 7.8 Hz, 1H), 7.31-7.38 (m, 2H), 6.61 (br s, 1H), 1.55 (s,
9H); MS (ESI) m/z 244.02 [M+H]".

2-Aniino-3—iodonaphthalene (Sl3—3). To a solution of S13-2 (1.0 g, 4.11 mmol) in 20 mL
dry THF under argon at -20°C was added tert-butyl lithium (1.5 M solution in pentane, 6.9
mL, 10.27 mmol) dropwise and was stirred for 2 h at -20 °C. After cooling to -78°C, a
solution of diiodoethane (2.9 g, 10.27 mmol) in 10 mL dry THF was added dropwise and
then allowed to warm to 1t for 3 h. A saturated aqueous NH4C1 solution was added, and the
solution was extracted with diethyl ether. The organic layer was washed with 10% sodium
thiosulfate solution and dried over MgSO,. The solvents were evaporated uﬁder reduced
pressure and the residue was purified by chromatography (3% EtOAc in hexanes) to afford
1.1 gof a79/21 mixture (NMR) of regioisonieric 3-iodo éﬁd 1-iodo Boc-protected 2-
aminonaphthalene, respectively. This mixture (1.1 g) was dissolved in dichloromethane (12.5
mL), and trifluoroacetic acid (12.5 mL) was added dropwise at rt. After stirring for 1 h at rt,
the solution was neutralized with a concentrated NaOH solution. The organic layer was
separated and the aqueous layer was extracted with dichloromethane. The organic layers were
combined, dried over MgSO,, concentrated under reduced pressure and thé resulting residue
was purified by chromatography (0.5% EtOAc in hexanes) to afford 0.50 g (45%) of S13-3.
"H NMR (500 MHz, CDCl3) § 8.25 (s, 1H), 7.59 (d, J= 8.3 Hz, 1H), 7.56 (d, J= 8.3 Hz, 1H),
737 (dt, J=1.0,7.5 Hz, 1H), 7.22 (dt, J=0.8, 7.5 Hz, 1H), 7.09 (s, 1H), 4.23 (br s, 2H); 13C
NMR (125 MHz, CDCl3) 6 144.3, 139.5, 135.3, 129.9, 127.5, 127.2, 126.3, 123.7, 109.0,
88.7; MS (ESI) m/z 269.96.

8-(3-aminonaphthalen-2-ylthio)-9H-purin-6-amine (S13-4). A mixture of 8-
mercaptoadenine (20.7 mg, 0.124 mmol), neocuproine hydrate (3.9 mg, 0.0185 mmol), Cul
(3.5 mg, 0.0185 Ihmol), sodium tert—butoxide (23.7 mg, 0.24 mmol), S13-3 (100 mg, 0.37
mmol) and DMF (2 mL) were heated at 115°C for 20 h. The solvent was removed under
reduced pressure and the residue was purified by preparatory TLC (CH2Cl,:MeOH-NH;
(7N), 10:1) to give 14 mg (37%) of S13-4 as a solid. "H NMR (500 MHz, CDCl/McOH-d,)
3 8.18 (s, 1H), 8.12 (s, 1H), 7.71 (d; /= 8.3 Hz, 1H), 7.62 (d, /= 8.1 Hz, 1H), 7.40-7.46 (m,
1H), 7.24-7.30 (m, 1H), 7.20 (s, 1H); MS (ESI) m/z 308.95 [M+H]".
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8-(3-iodonaphthalen-2-ylthio)-9H-purin-6-amine (S13-5). To a suspension of S13-4 (14
mg, 0.0454 mmol) in water (150 puL) at 5°C was added 6 M HCI (140 pL) over 5 min. Then a
solution of NaNO; (6.3 mg, 0.0908 mmol) in water (70 pL) was added dropwise over 30 min.
at below 5°C. The mixture was stirred for an additional 10 min., then urea (1.9 mg, 0.0317
mrhol) was added slowly. After 10 minutes, a solution of KI (22.6 mg, 0.136 mmol) in water
(70 uL) was added dropwise over 5 min. and the mixture was stirred overnight. The solvent
was removed under reduced pressure and the residue was purified by preparatory TLC
(CH,Cl::MeOH-NH; (7N), 8:1) to give 8 mg (42%) of S13-5 as a solid. 'H NMR (500 MHz,
CDCl3/MeOH-ds) 6 8.51 (s, 1H), 8.17 (s, 2H), 7.75-7.80 (m, 2H), 7.52-7.60 {m, 2H); MS
(ESI) m/z 420.01 [M+H]".

9-(3-bromopropyl)-8-(3-iodonaphthalen-2-ylthio)-9H-purin-6-amine (S13-6). S13-5 (3
mg, 0.019 mmol), Cs,CO; (7.4 mg, 0.0228 mmol), 1,3-dibromopropane (19.2 mg, 9.7 uL,
0.095 mmol) in DMF (0.2 mL) was stirred for 30 min. Then additional Cs,COs; (7.4 mg,
0.0228 mmol) and 1,3-dibromopropane (19.2 mg, 9.7 pL, 0.095 mmol) was added and the
mixture stirred for 30 min. The mixture was dried under reduced pressure and the residue
purified by preparatory TLC (CH,Cl,:MeOH:AcOH, 15:1:0.5) to give 4.6 mg (45%) of S13-
6. "H NMR (500 MHz, CDClyMeOH-ds) § 8.51 (s, 1H), 8.27 (s, 1H), 8.05 (s, 1H), 7.74-7.80
(m, 2H), 7.53-7.60 (m, 2H), 4.42 (t,J=7.1 Hz, 2H), 3.45 (t, J= 6.6 Hz, 2H), 2.45 (m, 2H);
MS (ESI) m/z 539.84/541.89 [M+H]".

| 8-(3-iodonaphthalen-2-ylthio)-9-(3-(isopropylamine)propyl)-9H-purin-6-amine [DZ4-
52-N9]. S13-6 (4.6 mg, 0.0085 mmol) and isopropylamine (100 pL) in DMF (100 pL) was
stirred overnight at rt. Solvent was removed under reduced pressure and the resulting residue
was purified by preparatory TLC (CH,Cl,:MeOH-NHj3 (7N), 10:1) to give 4.0 mg (91%) of
DZ4-52-N9. 'H NMR (500 MHz, CDCl3) & 8.44 (s, 1H), 8.34 (s, 1H), 7.77 (s, 1H), 7.70-7.74
(m, 1H), 7.64-7.68 (m, 1H), 7.45-7.54 (m, 2H), 4.36 (t, /= 6.9 Hz, 2H), 2.74 (septet, J=6.1
Hz, 1H), 2.58 (t, /= 6.8 Hz, 2H), 2.06 (m, 2H), 1.05 (d, J= 6.3 Hz, 6H); MS (ESI) m/z
518.82 [M+H]".



WO 2011/044394 PCT/US2010/051872

122

—_—

$14-1 $14-2 §14-3
N NH2 - HzN NHZ
2 e N s N :
O+ L - é[
| N N
H
S144 S$14-5 S14-6

_ A
g m . \>—S
Sn—tz D=1,2

Br RHN
$14-7 S$14-8

Reagents and conditions: (a)Ac,0, dioxane, 0°C to rt; (b) KNO;, H>SO,, 0°C to rt; (¢) NaNO,, K1,
AcOH, 0°C to rt; (d) Fe, NH,4Cl, isopropanol, reflux; (e) 8-mercaptoadenine, Cul, nBu/NBr, NaOt-
Bu, mv; (f) NaNO,, KI, AcOH, 0°C; (g) 1,3-dibromopropane or 1,2-dibromoethane, Cs,CO3, DMF,
rt; (h) amine, DMF, rt.

Scheme 14.
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Reagents and conditions: (a)Ac,O, dioxane, 0°C to rt; (b) KNO;, H,SO,, 0°C to t; (c) NaNO,, K1,
AcOH, 0°C tort; (d) Fe, NH,Cl, isopropanol, reftux; (¢) 8-mercaptoadenine, Cul, nBu,NBr, NaOt-
Bu, mv; (f) NaNO,, KI, AcOH, 0°C; (g) 1,3-dibromopropane or 1,2-dibromoethane, Cs,CO5, DMF,
1t; (h) isopropylamine or isobutylamine or neopentylamine, DMF, rt; (i) Cul, PACL,(PPhs),,
trimethylsilanylacetylene, Et;N, DMF, 90°C.

Scheme 15. Synthesis of PU-WS25, PU-WS26, PU-WS29 and PU-WS27.

5-amino-6-nitro-indane (S15-2). A solution of 5-aminoindane (S15-1; 10 g, 75 mmol) in
100 mL of dioxane cooled in ice bath was added acetic anhydride (15 mL) dropwise and kept
stirring at room temperature for 2 days. The resulting mixture was condensed and dried under
vacuum. The residue was dissolved in 100 mL of concentrated H,SO,, cooled in ice bath.
KNO; in 15 mL of concentrated H,SO, was added dropwise. The resulting solution was
stirred at 0 °C for 2 h and then at 1t 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 give S15-2
(7.1 g, 43%). "H NMR (500 MHz, CDCl3) 8 7.94 (s, 1H), 6.65 (s, 1H), 6.02 (br, 2H), 2.83 (fn,
4H), 2.06 (m, 2H); 13CNMR (125 MHz, CDCls) § 154.4,144.2, 134.1, 131.2, 120.8, 113.5,
33.1,31.4, 25.7. '
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S-iodo-6-nitro-indane (815-3). To a solution of S15-2 (0.14 g, 0.78 mmol) in acetic acid
qooled in ice bath was added NaNO; (65 mg, 0.94 mmol). The reaction mixture was stirred
for 2 minutes. KI (0.39g, 2.45 mmol) was added and the mixture was stirred at rt for 20 -
minutes. The resulting suspension was quenched with water (15 mL) and extracted with ethyl
acetate (2 x 20 mL). The organic layer was washed with saturated aqueous Na,S;0; solution,
brine and dried over MgSO4 and evaporated to drynesé to give a residue that was purified by
flash chromatography (ethyl acetate/hexane, gradient 0 to 50%) to give S15-3 (0.12 g, 65%)
as a yellow solid. THNMR (500 MHz, CDCl3) 6 7.83 (s, 1H), 7.71 (s, 1H), 2.95 (, 4H), 2.11
(m, 2H). ' '

S-amino-6-iodo-indane (S15-4). To a solution of $15-3 (1.65 g, 5.7 mmol) in isopropanol
(100 mL) and saturated aqueous NH4Cl1 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 (ethy! acetate/hexane, gradient 0 to
50%) to give S15-4 (1.36 g, 92%) as a pale yellow solid. 'H NMR (500 MHz, CDCl;) & 7.44
(s, 1H), 6.59 (s, 1H), 3.88 (s, 2H), 2.74 (m, 4H), 1.98 (m, 2H); >CNMR (125 MHz, CDCl;) §
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-1 H-inden-5-yl)thio)-9-H-purin-6-amine (S15-5). The mixture of
8-mercaptoadenine (64 mg, 0.38 mmol), S15-4 (100 mg, 0.38 mmol), Cul (14.7 mg, 0.07
mmol), sodium t-butoxide (111 mg, 1.15 mmol) and tetrabutylammonium bromide (24.9 mg,
0.07 mmol) in anhydrous DMF (4 mL) was vortexed and heated at 190 °C under microwave
for 1h. The resulting mixture was condensed and purified by flash chromatography
(methylene chloride/methanol, gradient 0 to 10%) to give S15-5 (54 mg, 47%) as a while
solid. "HNMR (500 MHz, MeOH-d,/CDCl3) § 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]".
8-((6-iodo-2,3-dihydro-1H-inden-5-yl)thio)-9- H-purin-6-amine (S15-6). To a solution of
S15-5 (54 mg, 0.18 mmol) in acetic acid (5 mL) cooled in ice bath was added NaNO; (15 mg,
0.22 mmol) followed by KI (90 mg, 0.54 mmol). The reaction mixture was stirred at 0 °C for

15 min and quenched with water (10 mL). The resulting mixture was extracted with
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methylene chloride (2 x 20 mL). The organic layer was washed with saturated aqueous
Na,S,03, brine, dried over MgSOy and evaporated to dryness. The residue was purified by
flash chromatography (methylene chloride/methanol, gradient 0 to 10%) to give S15-6 (42
mg, 56%) as a white solid. "HNMR (500 MHz, CDCl;) § 8.12 (s, 1H), 7.84 (s, 1H), 7.39 (s,
1H), 2.91 (m, 4H), 2.11 (m, 2H); MS (ESI) m/z 410.10 [M+H]". |

9-(2-bromoethyl)-8-((6-iodo-dihydro-1H-inden-5-yl)thio)-9 H-purin-6-amine (S15-7A).

~ To a solution of §15-6 (70 mg, 0.17 mmol) in DMF (3 mL) was added 1,2-dibromoethane
(74 uL, 0.86 mmol) and Cs;CO;3 (111 mg, 0.34 mmol). The resulting mixture was stirred at rt
for 2 h. S15-7A (36 mg, 41%) was obtained following preparatory TLC (methylene
chloride/methanol, 20/1) as a white solid. 'HNMR (500 MHz, CDCls) § 8.36 (s, 1H), 7.75 (s,
1H), 7.18 (s, 1H), 4.62 (t, 2H), 3.68 (t, 2H), 2.88 (t, 2H), 2.81 (t, 2H), 2.06 (m, 2H); BCNMR
’(125 MHz, CDCls, 6): 155.9, 153.9, 152.4, 149.8, 148.9, 148.1, 137.6, 132.8, 131.1, 101.7,
46.3, 33.9, 29.7, 26.8; MS (ESI): m/z 516.15, 518.16 [M, M+2]".

8-((6—iodo-2,3-dihydro-lH-inden-S-yl)thio)-9-(2-(neopentylamino)ethyl)-9H-purin—6-
amine (PU-WS25). To a solution of S15-7A (31 mg, 0.06 mmol) in DMF (1.5 mL) was
added neopentylamine (250 ul.). The reaction mixture was stirred at rt overnight and
condensed under vacuum. PU-WS25 (28 mg, 89%) was obtained following preparatory TLC
(methylene chloride/methanol, 10/1) as a white solid. '"H NMR (500 MHz, CDCl;) & 8.32 (s,
1H), 7.73 (s, 1H), 7.1 (s, 1H), 5.63 (br, 2H), 4.38 (m, 2H), 3.03 (m, 2H), 2.87 (t, /=7.4 Hz,
2H), 2.78 (t, J= 7.4 Hz, 2H), 2.37 (s, 2H), 2.04 (m, 2H), 0.93 (s, 9H); C NMR (125 MHz,
CDCls, 8):154.7, 152.9, 151.6, 147.1, 146.7, 146.4, 135.9, 133.5, 127.5, 120.2, 97.7, 61.8,
50.7,49.7, 43.9, 32.5, 32.2, 31.5, 27.7, 25.5; HRMS (m/z): [M+H]" caled for C;;HzsIN6S,
523.1141; found 523.1140. |

8-((6-iodo-2,3-dihydro-1H-inden-5-yl)thio)-9-(2-(isobutylamino)ethyl)-9 H-purin-6-
amine (PU-WSZ6). To a solution of S15-7A (6 mg, 0.01 mmol) in DMF (1 mL) was added
isobutylamine (150 uL). The reaction mixture was stirred at rt overnight and condensed under
vacuum. PU-WS26 (5.9 mg, 99%) was obtained following preparatory TLC (methylene
chloride/methanol, 10/1) as a white solid. 'HNMR (500 MHz, CDCls) 8 8.31 (s, 1H), 7.74 (s,
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1H), 7.11 (s; 1H), 5.73 (br, 2H), 4.43 (m, 2H), 3.04 (m, 2H), 2.87 (t, J = 7.4 Hz, 2H), 2.78 (%,
J=17.4Hz, 2H), 2.49 (d, J = 6.6 Hz, 2H), 2.05 (m, 2H), 1.81 (m, 1H), 0.92 (m, 6H); HRMS
(m/z): [M+H]" calcd for CaoHasINsS 509.0984; found 509.0990.

9—(3-br0m0propyl)-8-((6—iodo-2,3-dihydro-lH—iﬁden—5-yl)thio)-9H—purin-6—amine (S15-
7B). To a solution of $15-6 (30 mg, 0.07 mmol) in DMF (3 mL) was added 1,3-
dibromopropane (37 uL, 0.86 mmol) and Cs,CO; (46 mg, 0.14 mmol). The resulting mixture
was stirred at rt for 2 h. S15-7B (8 mg, 21%) was obtained following preparatory TLC
(methylene chloride/methanol, 20/1) as a white solid. "H NMR (500 MHz, CDCls) § 8.27 (s,
1H), 7.75 (s, 1H), 7.12 (s, 1H), 6.55 (br s, 2H), 4.33 (m, 2H), 2.88 (m, 2H), 2.79 (t, J=7.4
Hz, 2H), 2.29 (m, 2H), 1.97 (m, 2H); MS (ESI): m/z 530.3, 532.3[M, M+2]".

8-((6-iodo-2,3-dihydro-1H-inden-5-yl)thio)-9-(3-(isopropylamino)propyl)-9H-purin-6-
amine (PU-WS29). To a solution of S15-7B (8 mg, 0.015 mmol) in DMF (3 mL) was added
isopropylamine (100 pL), stirred at rt overnight and condensed under vacuum. PU-WS29
(5.9 mg, 99%) was obtained following preparatory TLC (methylene chloride/methanol, 10/1)
as a white solid. "H NMR (500 MHz, CDCl:)3 8.32 (s, 1H), 7.75 (s, 1H), 7.12 (s, 1H), 5.73
(brs, 2H), 4.29 (t, 2H), 2.87 (t, /=7.4 Hz, 2H), 2.7-2.79 (m, 3H), 2.55 (t, 2H), 2.03-2.09 (m,
4H), 1.05 (d, J=11.2 Hz, 6H); “C NMR (125 MHz, CDCl3)  154.5, 152.9, 151.7, 147.2,
146.5,135.9,133.1, 127.6, 120.2, 97.9, 488, 43.7, 41.7, 32.5,32.2, 30.0, 25.5, 22.7; HRMS
(m/z): [M+H]" caled for C,oH26INsS 509.0984; found 509.1003.

8-((6-ethynyl-2,3-dihydro-1H-inden-5-yl)thio)-9-(2-(neopentylamino)ethyl)-9H-purin-6-
amine (PU-WS27). Following the procedure to make PU-WS8, PU-WS27 was obtained
from PU-WS25 as a white solid. "H NMR (CDCls, 500 MHz) & 8.32 (s, 1H), 7.41 (s, 1H),
7.13 (s, 1H), 5.67 (br s, 2H), 4.42 (m, 2H), 3.48 (s, 1H), 3.02 (m, 2H), 2.77-2.91 (m, 4H),
2.39 (s, 2H), 2.06 (m, 2H), 0.89 (s, 9H); HRMS (ESI) m/z [M+H]" calcd. for Ca3HasNeS,
421.2174; found 421.2164.
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Scheme 16. Synthesis of PU-WS17, PU-WS18, PU-WS22.

Ethyl 2-(3-hydroxyphenyl)acetate (S16-2). To a solution of 2-(3-hydroxyphenyl)acetic acid
(816-1; 10 g, 65.8 mmol) in 200 mL of ethanol was added 8 mL of concentrated sulfuric acid.
The resulting mixture was refluxed overnight and condensed under vacuum. The residue was

dissolved in ethyl acetate and washed with water. The organic layer was combined, washed
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with brine, dried over MgSQO,, evaporated to dryness and purified by flash chromatography to
give S16-2 as a colorless oil in quantitative yield. 'H NMR (500 MHz, CDCls) § 7.35 (br,
1H), 7.12 (m, 1H), 6.69-6.78 (m, 3H), 4.12 (m, 2H), 3.53 (s, 2H), 1.21 (m, 3H).

Diethyl 2-((3-ethoxy-2-oxoethyl)phenox)methyl)malonate (S16-3). To a solution of S16-2
(11.8 g, 65.5 mmol) in 150 mL of DMEF cooled in ice bath was added NaH (2.36 g, 98 mmol)
and stirred at 0 °C under argon for 20 min. To the resulting mixture was added diethyl 2-
bromomethylmalonate (11.8 mL, 78 mmol) dropwise. The reaction mixture was stirred at 110
°C overnight, evaporated to dryness and purified by flash chfomatography to give compound
S16-3 (15.2 g, 66%) as a colorless oil. 'H NMR (500 MHz, CDCl5) 6 7.19 (1, 1H), 6.80-6.86
(m, 3H), 4.81 (m, 1H), 4.12 (m, 2H), 3.97 (m, 2H), 3.74 (m, 2H), 3.63 (m, 2H), 3.55 (s, 2H),
1.19 (m, 9H); *C NMR (125 MHz, CDCl;) & 171.3, 158.8, 135.6, 129.5, 121.8, 115.6, 113.3,
100.5, 68.5, 62.5, 60.7, 41.3, 15.4, 14.1.

Ethyl 2-(benzofuran-6-yl) acetate (S16-4). To a solution of $16-3 (6 g, 17 mmol) in 100
mL of toluene was added 3 g of polyphosphoric acid. The resulting mixture was refluxed
overnight, condensed and purified by flash chromatography to give $16-4 (1.42 g, 41%) as
colorless oil. 'H NMR (500 MHz, CDCls) 6 7.31-7.42 (m, 3H), 6.95 (m, 1H), 6.51 (s, 1H),
3.94 (m, 2H), 3.51 (s, 2H), 1.02 (m, 3H); *C NMR (125 MHz, CDCl3) 5 171.6, 155.2, 145.1,
. 130.6,126.4,124.3,121.1, 112.2, 106.4, 60.9, 41.5, 14.2.

2-(benzofuran-6-yl) acetic acid (S13-5). To a solution of S16-4 (3 g, 14.7 mmol) in 100 mL
methanol was add 25 mL of 1 N NaOH. The resulting mixture was stirred at rt for 2 h,
neutralized with concentrated HCI, and adjusted pH to 2. The reaction mixture was
condensed, purified by flash chromatography to yield S16-5 as a white solid in quantitative
yield. "H NMR (500 MHz, MeOH-d,) 8 7.73 (s, 1H), 7.53 (d, J= 7.9 Hz, 1H), 7.43 (s, 1H),

7.15 (d, J= 8.0 Hz, 1H), 6.79 (s, 1H), 3.70 (s, 2H); *C NMR (125 MHz, MeOH-d,) § 175.7,
| 156.6, 146.6,132.5,127.7,125.4,121.9, 113.0, 107.4, 41.9. |

2-(2,3-dihydrobenzofuran-6-yl)acetic acid (S16-6). To a solution of S16-5 (1.8 g, 10 mmol)
in 20 mL of methanol was added Pd/C (10%, 120 mg) and stirred at rt under H; (2 atm)
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overnight. The reaction mixture was filtered, washed with cold methanol, evaporated to
dryness and purified by flash chromatography to give $16-6 (1.6 g, 88%) as a white solid. 'H
NMR (500 MHz, MeOH-d,) 6 7.12 (d, /= 7.6 Hz, 1H), 6.73 (d, /=7.9 Hz, 1H), 6.71 (s, 1H),
4.55 (m, 2H), 3.56 (s, 2H), 3.16 (m, 2H); *C NMR (125 MHz, MeOH-d,) § 177.9, 160.4,
133.3,126.2, 124.8, 121.5, 110.5, 71.5, 41.1, 29.4.

8-((2,3-dihydrobenzofuran-6-yl)methyl)-9H-purine-2,6-diamine (S16-7). The mixture of
2,4,5,6-tetraaminopyrimidine (200 mg, 1.4 mmol), $16-6 (254 mg, 1.4 mmol) and triphenyl
phosphite (451 pL, 1.7 mmol) in 2 mL of pyridine was irradiated in the microwave for 15
min at 210 °C. After cooling, the reaction mixture was concentrated under vacuum and the
residue purified by flash chromatography to give $16-7 (350 mg, 89%) as a yéllow solid. 'H
NMR (500 MHz, MeOH-d,) & 7.16 (m, 1H), 6.79 (m, 1H), 6.73 (s, 1H), 4.57 (m, 2H), 4.12
(s, 2H), 3.18 (m, 2H); MS: m/z 283.2 (M+H)".

8-((2,3-dihydrobenzofuran-6-ylymethyl)-2-fluore-9 H-purin-6-amine (S16-8). A plastic
tube charged with S16-7 (0.72 g, 2.5 mmol) was cooled in ice bath, added HF/pyridine (73%,
1.76 mL) and stirred to dissolve. To the resulting mixture was added NaNO, (0.23 g, 3.3
mmol) in portions and kept stirring for 5 min. The reaction mixture was allowed to warm up
to 1t and stirred for 3 h. CaCO; (0.68 g) was added to quench excess HF. The resulting
suspension was stirred for 1 h, filtered, concentrated in vacuo and purified by flash
chromatography to give S16-8 ( 0.45 g, 62%) as a yellow solid. "H NMR (500 MHz, MeOH-
dyg) 8: 7.16 (m, 1H), 6.77 (m, 1H), 6.71 (s, 1H), 4.57 (m, 2H), 4.12 (s, 2H), 3.19 (m, 2H); MS:
m/z 286.0 (M-+H)". |

2- fluoro-8-((5-iodo-2,3-dihydrobenzofuran-6-yl)methyl)-9H-purin-6-amine (S16-9). To
a suspension of $16-8 (0.45 g, 1.6 mmol) in 50 mL acetonitrile was added 1 mL of TFA. To

the resulting solution was added NIS (1.06 g, 4.7 mmol) and the reaction mixture was stirred
at rt for 3 h. It was then evaporated to dryﬁess and purified by flash chromatography to give

S16-9 (0.408 g, 63%) as a yellow solid. '"H NMR (500 MHz, MeOH-d,) & 7.67 (s, 1H), 6.76

(s, 1H), 4.59 (m, 2H), 4.28 (s, 2H), 3.21 (m, 2H); MS: m/z 412 (M+H)+.
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9- (3-bromopropyl)-2-fluoro-8-((5-iodo-2,3-dihydrobenzofuran-6-ylymethyl)-9H-purin-
6-amine (S16-10A). To a solution of §16-9 (50 mg, 0.12 mmol) in 2 mL of DMF was added
1,3-dibromopropane (150 pL) and Cs,CO; (80 mg, 0.24 mmol). The resulting mixture was
stirred at rt for 2 h, evaporated to dryness and purified by preparatory TLC to give S16-10A
(23 mg, 36%) as a white soIid.‘ "H NMR (500 MHz, MeOH-d,) & 7.48 (s, 1H), 6.31 (s, 1H),
4.35 (m, 2H), 4.12 (s, 2H), 3.92 (m, 2h), 3.14 (m, 2H), 3.01 (m, 2H), 2.03 (m, 2H); MS: m/z
530, 532 (M, M+2)". '

2-fluoro-8-((5-iodo-2,3-dihydrobenzofuran-6-ylymethyl)-9-(3-(isoprepylaminoe)propyl)-
9H-purin-6-amine (PU-WS18). To a solution of §16-10A (15 mg, 0.03 mmol) in 1 mL of
DMEF was added isopropylamine (0.5 mL), stirred at rt overnight, evaporated to dryness and
purified by flash chromatography to give PU-WS18 (13 mg, 90%) as a white solid. "H NMR
(500 MHz, MeOH-d,) § 7.67 (s, 1H), 6.72 (s, 1H), 4.63 (m, 2H), 4.26 (m, 4H), 3.22-3.29 (m,
3H), 2.93 (t, J=7.1 Hz, 2H), 2.27 (t,J= 7.0 Hz, 2H), 1.38 (d, /= 6.5 Hz, 6H); HRMS (ESI)
m/z [M+H]" caled. for CpoHysNgOFI, 511.1119; found 511.1103.

2-fluoro-8-((5-iodo-2,3-dihydrobenzofuran-6-yl)methyl)-9-(2-(isobutylamino)ethyl)-9H-
purin-6-amine [PU-WS17]. Toa solﬁtion of S16-9 (70 mg, 0.17 mmol) in 2 mL of DMF
was added 1,2-dibromoethane (150 pL) and Cs,CO; (110 mg, 0.34 mmol). The reSulting
mixture was stirred at 1t for 2 h, evaporated to dryness and purified by preparatory TLC to
give bromide intermediate S16-10B. To a solution of S16-10B (10 mg, 0.19 mmol) in 1 mL
of DMF was added isobutylamine (100 uL), stirred ét rt overnight, evaporated to dryness and
~ purified by flash chrorhatography to give PU-WS17 as a white solid. 'H NMR (MeOH-
ds/CDCl;, 500 MHz) &: 7.67 (s, 1H), 6.62 (s, 1H), 4.59 (t, J = 8.7 Hz, 2H), 4.29 (s, 2H),4.15
(t, J=6.5Hz, 2H), 3.22 (t, J= 8.7 Hz, 2H), 2.93 (t, J=6.5Hz, 2H), 2.45 (d, T = 6.9 Hz, 2H),
1.69 (m, H—I), 0.88 (d, J = 6.8 Hz, 6H); HRMS (ESI) m/z [M+H]" calcd. for Cy0H,sFIN6O,
511.1119; found 511.1113.

2-fluoro-8-((5-iodo-2,3-dihydrobenzofuran-6-yl)methyl)-9-(2-(neopentylamino)ethyl)-
9H-purin-6-amine [PU-WS22]. To a solution of $16-9 (70 mg, 0.17 mmol) in 2 mL of DMF
was added 1,2-dibromoethane (150 pL) and Cs,CO; (110 mg, 0.34 mmol). The resulting
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mixture was stirred at rt for 2 h, evaporated to dryness and purified by preparatory TLC to
give bromide intermediate S16-10B. To a solution of S16-10B (65 mg, 0.13 mmol) in 1 mL
of DMF was added neopentylamine (50 pL), stirred at rt overnight, evaporated to dryness and
purified by flash chromatography to give compound PU-WS22 as a white solid. 'HNMR
(CDCl;, 500 MHz) 6 7.46 (s, 1H), 6.53 (s, 1H), 5.79:(s, 2H), 5.52 (br, 2H), 4.52 (m, 2H), 4.09
(m, 2H), 3.19 (mm, 2H), 2.94-3.02 (m, 2H), 2.34(s, 2H), 0.91 (s, 9H); HRMS (ESI) m/z
[M+H]" caled. for Cy Hy7FINGO, 525.1275; found 525.1249.

FeslRess B o R
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N N N N
H H
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NH,

L)NHIZ%Qf °. ﬁI@ @0

( ) n=1,2 NHR
Br

S17-7 $17-8

Reagents and conditions: (a) HNO;, H,SOy4; (b) Nal, Cul, N.N'-dimethylethylenediamine, dioxane,
110°C; (C) Fe, HCI; (d) 8-mercaptoadenine, neocuproine, Cul, NaOtBu, DMF, 115°C; () KI, NaNO,,
HC], < 5°C ; (f) Cs,CO;, 1,3-dibromopropane, DMF, rt; (g) isopropylamine, DMF, rt.

Scheme 17.
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mercaptoadenine, neocuproine, Cul, NaOtBu, DMF, 115°C; (g) Kl, NaNO,, HCI, <5°C ; (h) Cs,CO;,
1,3-dibromopropane, DMF, rt; (i) isopropylamine, DMF, rt.

Scheme 18.
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PU-HJP18 X=H, Z= S n=2, R= isopropyl, X=2-furanyl
PU-RK11 X=H,Z=S, n= 2, R=isopropyl PU-HJP19 X=H, Z= §, n=2, R= isopropyl, X= 3-pyrazoly!
PU-HT185 X=H,Z=§, n=1, R= isobuty! PU-HJP23 X=H,Z=S§, n= 1, R= isobutyl, X= 2-furanyl
DZ3-73 X=F, Z= CHy, n=1, R= isobutyl TT-VI-83A X=F, Z= CH,, n= 1, R= isobutyl, X= 2-furany!

TT-VI-64A X=F, Z= CH,, n=1, R= isobutyl, X= 3-pyrazolyl

PU-HJP20 X=H, Z=§, n=2, R= isopropyl, X= 2-oxazolyl

Reagents or conditions: (&) boronic acid, PACL,(PPh;),, NaHCO3, H,0, DMF; (b) XSn(Bu);, LiCl,
Pd(PPhs),, DMF, 90°C .
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Scheme 19. Cross-coupling reactions of PU-RK11, PU-HT165 and DZ3-73.

8-((7-(furan-2-yl)-2,3-dihydrobenze[b][1,4]dioxin-6-yl)thie)-9-(3-
(isopropylamino)propyl)-9H-purin-6-amine [HJP18]. 2-Furanylboronic acid (8 mg,
0.0712 mmol) was added to PU-RK11 (25 mg, 0.0475 mmol) and NaHCO; (12 mg, 0.1425
mmol). DMF (1 mL) was added and the reaction mixture was evacuated and back filled with
niﬁogen. This was repeated four times then nitrbgen was bubbled through the reaction
mixture for 10 minutes. Then H>O (0.1 mL) and Pd(PPh3),Cl; (6.7 mg, 0.0095 mmol) were
added and the reaction mixture was heated under nitrogen at 90°C for 12 h. Solvent was
removed under reduced pressure and the resulting residue was purified by preparatory TLC
(CH,Cl:MeOH-NHj3 (7N), 20:1) to give 10.2 mg (45%) of HIP18. "H NMR (500 MHz,
CDCl3/MeOH-d,) & 8.29 (s,1H), 7.47 (s, 1H), 7.26 (d, J=3.8 Hz, 1H), 6.89 (s, 1H), 6.73 (d,
J=3.9 Hz, 1H), 6.46 (m, 1H), 4.25 (m, 4H), 4.16 (t, /= 6.2 Hz, 2H), 2.67 (m, 1H), 2.47 (t, J
= 7.1 Hz, 2H), 1.86 (m, 2H), 1.01 (d,J = 6.2 Hz, 6H); C NMR (125 MHz, CDCl3/MeOH-
d4) 3 154.4,152.8,151.7,151.0, 146.7, 144.2, 143.7, 142.2, 126.6, 122‘.1, 1199, 1193,
117.6,111.5, 109.5, 64.4, 64.3, 48.6, 43.8, 41.6, 30.1, 22.8; MS (ESI) m/z 467.14 [M+H]".

8-((7-(1H-pyrazoel-3-yl)-2,3-dihydrobenzo[b]|1,4]dioxin-6-yl)thio)-9-(3-
(isopropylamino)propyl)-9H-purin-6-amine [HJP19]. 1H-Pyrazole-3-boronic acid (6.4
nﬁg, 0.057 mmol) was added to PU-RK11 (20 mg, 0.038 mmol) and NaHCO; (9.8 mg, 0.117
mmol). DMF (1 mL) was added and the reaction mixture was evacuated and back filled with
nitrogen. This was repeated four times then nitrogen was bubbled through the reaction
mixture for 10 minutes. Then H>O (0.1 mL) and Pd(PPh;),Cl; (5.3 mg, 0.0076 mmol) were
added and the reaction mixture was heated under nitrogen at 90°C for 12 h. Solvent was
removed under reduced pressurc and the resulting residue was purified by preparatory TLC
(CH,Cl5;:MeOH-NH; (7N), 15:1) to give 7.6 mg (43%) of HJP19. Additionally, 15.9 mg of

| unreacted PU-RK 11 was recovered for an actual yield of 86%. 'H NMR (500 MHz,
CDCl3/MeOH-d,) 6 8.18 (s, 1H), 7.53 (d, /= 2.4 Hz, 1H), 7.15 (s, 1H), 7.14 (s, 1H), 6.36 (d,
J=2.4Hz, 1H), 4.29 (m, 4H), 4.19 (1, /= 6.6 Hz, 2H), 2.75 (septet, /= 6.1 Hz, 1H), 2.52 (%,
J= 6.6 Hz, 2H), 1.93 (m, 2H), 1.06 (d, J = 6.1 Hz, 6H); MS (ESI) m/z 468.0 [M+H]".
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8-((7-(furan-2-yl)-2,3-dihydrobenzo[b][1,4]dioxin-6-yl)thie)-9-(2-(isobutylamino)ethyl)-
9H-purin-6-amine [HJP23]. 2-Furanylboronic acid (5.4 mg, 0.0486 mmol) was added to
PU-HT165 (9 mg, 0.0171 mmol) and NaHCO; (5.7 mg, 0.0684 mmol). DMF (1 mL) was
added and the reaction mixture was evacuated and back filled with nitrogen. This was
repeated four times then nitrogen was bubbled through the reaction mixture for 10 minutes.

~Then H,O (0.1 mL) and Pd(PPh3),Cl, (2.4 mg, 0.0034 mmol) were added and the reaction
mixture was heated under nitrogen at 90°C for 12 h. Solvent was removed under reduced
pressure and the resulting residue was purified by preparatory TLC (CH,Cl,:MeOH-NH;
(7N), 20:1) to give 1.8 mg (23%) of HJP23. "H NMR (500 MHz, CDCl3) § 8.29 (s, 1H), 7.48
(d, J=1.8 Hz, 1H), 7.26 (s, 1H), 6. 90 (s, 1H), 6.74 (d, /=3.2 Hz, 1H), 6.47 (m, 1H), 5.63
(br s, 2H), 4.20-4.30 (m, 6H), 2.90 (t, /= 6.0 Hz, 2H), 2.38 (d, /= 6.8 Hz, 2H), 1.65 (m, 1H),
0.85 (d, J = 6.9 Hz, 6H); HRMS (ESI) m/z [M+H]" calcd. for Cp3sH»NeO3S, 467.1865; found
467.1884.

2-fluoro-8-((7-(furan-2-yl)-2,3-dihydrobenzo[b][1,4]dioxin-6-yl)methyl)-9-(2-

: (isnbutylamino)ethyl)-9H-pun'n-6-amine [TT-VI-53A]. 2-Furanylboronic acid (8 mg,
0.0712 mmol) was added to DZ3-73 (25 mg, 0.0475 mmol) and NaHCO; (12 mg, 0.1425
mmol). DMF (1 mL) was added and the reaction mixture was evacuated and back filled with
nitrogen. This was repeated four times then nitrogen was bubbled through the reaction
mixture for 10 minutes. Then H,O (0.1 mL) and Pd(PPh3),Cl, (6.7 mg, 0.0095 mmol) were
added and the reaction mixture was heated under nitrogen at 90°C for 12 h. Solvent was
removed under reduced pressure and the resulting residue was purified by preparatbry TLC
(CH,Cl,:MeOH-NH; (7N), 20:1) to give 20.9 mg (94%) of TT-VI-53A. "H NMR (500 MHz,
CDCly/MeOH-d,) § 7.45 (d, J= 1.8 Iz, 1H), 7.13 (s, 110), 6.60 (s, 11), 6.44 (dd, J= 1.8,3.3
Hz, 1H), 6.35 (d, J=3.3 Hz, 1H), 4.34 (s, 2H), 4.26 (s, 4H), 4.05 (1, J= 6.4 Hz, 2H), 2.85 (1,
J=6.4 Hz, 2H), 2.35 (d, /= 6.9 Hz, 2H), 1.67 (m, 1H), 0.85 (d, J= 6.7 Hz, 6H); >*C NMR
(125 MHz, CDCl13/MeOH-d4) & 158.8 (d, J=209.1 Hz), 156.3 (d,./=19.5 Hz), 152.8, 152.2, -
143.9, 142.9, 142.2, 126.0, 124.1, 118.7, 117.7,117.6,116.3, 111.6, 108.2, 64.6, 57.5, 48.6,
43.1, 31.8, 28.2, 20.6; HRMS (ESI) m/z [M+H]" caled. for Co4HagFN4O3, 467.2207; found
467.2203; HPLC: method A R;=7.05, method B R; = 8.74.
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8-((7-(1H-pyrazol-3-y1)-2,3-dihydrobenzo[b][1,4] dioxin-6-yD)methyl)-2-fluoro-9-(2-
(isobutylamino)ethyl)-9H-purin-6-amine [TT-VI-54A]. 1 H-Pyrazole-3-boronic acid (26
mg, 0.228 mmol) was added to DZ3-73 (30 mg, 0.0570 mmol) and NaHCO; (29 mg, 0.342
mmol). DMF (1 mL) was added and the reaction mixture was evacuated and back filled with |
nitrogen. This was repeated four times then nitrogen was bubbled through the.reaction
mixture for 10 minutes. Then H,O (0.2 mL) and Pd(PPh;),Cl, (8 mg, 0.0114 mmol) were
added and the reaction mixture was heated under nitrogen at 90°C for 12 h. Solvent was
removed under reduced pressure and the resulting residue was purified by preparatory TLC
(CH,Cl,:MeOH-NH; (7N}, 15:1) to give 1 1.3 mg (42%) of TT-VI-54A. Additionally, 15.9
mg of unreacted DZ3-73 was recovered for an actual yield of 90%. "H NMR (500 MHz,
CDCl3/MeOH-dy) 8 7.60 (d, J= 2.1 Hz, 1H), 7.02 (s, 1H), 6.82 (s, 1H), 6.33 (d, J=2.1 Hz,
1H), 4.32 (t, /= 6.8 Hz, 2H), 4.29 (s, 2H), 4.28 (s, 4H), 2.96 (t, /= 6.8 Hz, 2H), 2.59 (4, /=
7.0 Hz, 2H), 1.92 (m, 1H), 0.96 (d, J= 6.7 Hz, 6H); *C NMR (125 MHz, CDCl3/MeOH-d,)
6 158.2 (d,J=210.1 Hz), 156.5 (d, /= 19.9 Hz), 152.6, 152.2, 152.1, 144.0, 143.0, 126.5,
119.1,118.9,115.94, 115.91, 105.4, 64.65, 64.56, 56.5,47.7,41.0,31.1, 27.2, 20.3; HRMS
(ESI) m/z [M+H]" caled. for Co3H,sFNRO,, 467.2319; found 467.2323; HPLC: method AR, =
6.39, method B R, = 7.03.

9-(3-(isopropylamino)propyl)-8-((7-(oxazol-2-yl)-2,3-dihydrobenzo[b][1,4]dioxin-6-
yDthio)-9H-purin-6-amine [HJP20]. 2-(Tributyltin)oxazole (54 mg, 0.1518 mmol) was
added to PU-RK11 (20 mg, 0.038 mmol) and LiCl (3.2 mg, 0.076 mmol). DMF (1 mL) was
added and the reaction mixture was evacuated and back filled with nitrogen. This was
repeated four times then nitrogen was bubbled through the reaction mixture for 10 minutes.
Then Pd(PPhs)4 (6.7 mg, 0.0095 mmol) was added and the reaction mixture was heated under
nitrogen at 90°C for 12 h. Solvent was removed under reduced pressure and the resulting
residue was purified by preparatory TLC (CH2Cl;:MeOH-NH; (7N), 20:1) to give 4.7 mg
(27%) of HIP20. Additionally, 7 mg of unreacted PU-RK11 was recovered for an actual
yield of 45%. "H NMR (500 MHz, CDCl;) § 8.32 (s, 1H), 7.70 (s, 1H), 7.54 (s, 1H), 7.26 (s,
1H), 6.59 (s, 1H), 5.79 (br s, 2H), 4.20-4.34 (m, 6H), 2.67 (m, J=6.1 Hz, 1H), 2.50 (t, /=
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6.8 Hz, 2H), 1.93 (m, J=7.1 Hz, 2H), 0.99 (d, /= 64Hz 6H); MS (ESI) m/z 468.15
[M+H]".

NH, NH;
d @ & e,
QCHj; OCH;s
HN HN
EC102

Reagents or conditions: (a) RB(OH),, PdCl,(PPhs),, NaHCO3, H,O, DMF; (b) Cul, PdCl,(PPh;),,
trimethylsilanylacetylene, Et;N, DMF, 90°C.

Scheme 20. Cross-coupling reactions of EC102.

8-(2-(furan-2-yl)-5-methoxyphenylthio)-9-(2-(neopentylamino)ethyl)-9H-purin-6-amine
[TT-V-138]. 2-Furanylboronic acid (8.2 mg, 0.0732 mmol) was added to EC102 (25 mg,
0.0488 mmol) and NaHCOs3 (12.3 mg, 0.1464 mmol). DMF (1 mL) was added and the
reaction mixture was evacuated and back filled with nitrogen. This was repeated four times
then nitrogen was bubbled through the reaction mixture for 10 minutes. Then H,O (0.1 mL)
and Pd(PPh;),Cl, (6.8 mg, 0.00976 mmol) were added and the reaction mixture was heated
under nitrogen at 90°C for 5 h. Solvent was removed under reduced pressure and the resulﬁng
residue was purified by preparatory TLC (CH,Cl;:MeOH-NHj; (7N), 20:1) to give 20.7 mg
(94%) of TT-V-138. '"H NMR (500 MHz, CDCl;) & 8.31 (s, l(H), 7.62 (d,J=8.7 Hz, 1H),
7.50 (d,J=1.8 Hz, 1H), 6.86 (dd, /= 2.6, 8.7 Hz, 1H), 6.70-6.73 (m, 2H), 6.49 (dd, J= 1.8,
3.3 Hz, 1H), 5.98 (bf s, 2H), 4.26 (t, J= 6.2 Hz, 2H), 3.70 (s, 3H), 2.89 (t,J= 6.2 Hz, 2H),
2.28 (s, 2H), 0.84 (s, 9H); BC NMR (125 MHz, CDCl5) & 159.4, 154.8, 153.2, 151.6, 151.2,
145.4,142.0,130.9,130.2, 124.3, 120.1, 116.5, 113.4,111.4, 109.1, 61.8, 55.3, 49.6, 43.9,
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31.5, 27.6; HRMS (ESI) m/z [M+H]" caled. for CysHasNgO,S, 453 2073; found 453.2071;
HPLC: method A R, = 6.76, method B R, = 7.29.

8—(5-methoxy-2-(thiophen-2-yl)phenylthio)-9-(2-(neopentyla-min‘o)éthyl)—9H—purin-6- |
amine [TT-V-139]. 2-Thiopheneboronic acid (18.8 mg, 0.147 mmol) was added to EC102
(25 mg, 0.0488 mmol) and NaHCOj; (24.6 mg, 0.293 mmol). DMF (1 mL) was added and the
reaction mixture was evacuated and back filled with nitrogen. This was repeated four times
then nitrogen was bubbled through the reaction mixture for 10 minutes. Then H,O (0.25 mL)
and Pd(PPh3)2C12 (10.4 mg, 0.0148 mmol) were added and the reaction mixture was heated
under nitrogen at 90°C for 5 h. Solvent was removed under reduced pressure and the
resulting residue was purified by preparatory TLC (CH;Cl;:MeOH-NH; (7N), 20:1) to give
16.2 mg (71%) of TT-V-139. 'H NMR (500 MHz, CDCl;/MeOH-d,) & 8.19 (s, 1H), 7.45 (d,
J=28.5 Hz, 1H), 7.30-7.33 (m, 1H), 6.99-7.04 (m, 3H), 6.97 (dd, J=2.6, 8.5 Hz, 1H), 4.24 (t,
J=6.1 Hz, 2H), 3.82 (s, 3H), 2.97 (1, J= 6.1 Hz, 2H), 2.41 (s, 2H), 0.91 (s, 9H); *C NMR
(125 MHz, CDCl3/MeOH-d,) 3 159.9, 154.6, 152.4, 150.9, 147.6, 140.4, 133.2, 130.8, 129.3,
127.6,127.1,126.2, 1195, 118.9, 114.6, 61.4, 55.6, 49.3, 43.3, 31.3, 27.6; HRMS (ESD) m/z
[M+H]" calcd. for C23Ha9NeOS,, 469.1844; found 469.1830; HPLC: method A R, = 6.84,
method B R, =7.48.

8-(5-methoxy-2-(1H-pyrazol-3-yl)phenylthio)-9-(2-(neopentylamino)ethyl)-9H-purin-6-
aminc [TT-V-140]. 1H-Pyrazole-3-boronic acid (26.2 mg, 0.234 mmol) was added to EC102
(30 mg, 0.0585 mmol) and NaHCO; (29.5 mg, 0.351 mmol). DMF_(l mL) was added and the
reaction mixture was evacuated and back filled with nitrogen. This was repeated four times
then nitrogen was bubbled through the reaction mixture for 10 minutes. Then H,O (0.2 mL)
and Pd(PPh;),Cl, (8.2 mg, 0.0117 mmol) were added and the reaction mixture was heated
under nitrogen at 90°C for 7 h. Solvent was removed under reduced pressure and the resulting
residue was purified by preparatory TLC (CH,Cl,:MeOH-NH;3 (7N), 15:1) to give 6.2 mg
(23%) of TT-V-140. Additionally, 16.4 mg of unreacted EC102 was recovered for an actual
yield of 52%. 'H NMR (500 MHz, CDClngeOH—‘d‘,) 5 8.19 (s, 1H), 7.58 (d, J=2.1 Hz,
1H), 7.50 (d, J= 8.5 Hz, 1H), 7.03 (d, J=2.4 Hz, 1H), 6.99 (dd, J= 2.6, 8.6 Hz, 1H), 6.40 (d,
J=2.1Hz, 1H),4.42 (t, J= 6.1 Hz, 2H), 3.81 (s, 3H), 3.02 (t, /= 6.1 Hz, 2H), 2.52 (s, 2H),
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0.98 (s, 9H); *C NMR (125 MHz, CDCl3/MeOH-d,) § 154.6, 152.3, 150.8, 149.4, 148.6,
148.5,120.1, 119.2, 114.5, 110.9, 106.0, 102.3, 61.2, 49.1, 42.5, 31.1, 27.5; HRMS (ESI) m/z
[M+H]" caled. for C,,HasNgOS, 453.2185; found 453.2186; HPLC: method A R, = 6.61,
method B R, = 6.82. |

8- ((2-ethynyl-5-methoxyphenyl)thio)-9-(2-(neopentylamino)ethyl)-9H-purin-6-amine
(PU-WS31). Following the procedure to make PU-WS8, PU-WS31 was obtained from
EC102 as a white solid. "H NMR (CDCl;, 500 MHz) &: 8.35 (s, 1H), 7.46 (d, J= 8.4 Hz,
1H), 6.75 (m, 2H), 5.65 (br, 2H), 4.35 (t,J = 6.3 Hz, 2H), 3.72 (s, 3H), 3.30 (s, 1H), 2.97 (t, J
=6.3 Hz, 2H), 2.31 (s, 2H), 0.87 (s, 9H); MS (ESI) m/z 411.3 (M+H)".

NH, NH,

é%}ﬂ@ Qo t§

X X
PU-H71
PU-DZ13

Reagents and conditions: (a) RSn(Bu)s, LiCl, Pd(PPhs),, DMF, 90°C.
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Scheme 21. Stille coupling of PU-H71 and PU-DZ13.

9-(3-(isopropylamino)propyl)-8-(6-(oxazol-2-yl)benzo[d] [1,3]dioxol-S—ylthio)—9H-puriﬂ—
6-amine [DZ4-20]. A mixture of PU-H71 (30 mg, 0.0585 mmol), 2-(tri-n~
butylstannyl)oxazole (83.8 mg, 49 ul, 0.234 mmol), LiCl (5 mg, 0.117 mmol) and Pd(PPh3)4
(6.7 mg, 0.0058 mmol) in DMF (1 mL) was evacuated and back filled with nitrogen. This
was repeated four times then the reaction mixture was heated under nitrogen at 90°C for 18 h.
Solvent was removed under reduced pressure and the resulting residue was purified by
preparatory TLC (hexane:CH,Cly:EtOAC:MeOH-NH; (7N), 2:2:1:0.5) to give 20.8 mg
(78%) of DZ4-20. "H NMR (500 MHz, CDCl:/MeOH-d,) § 8.25 (s, 1H), 7.75 (s, 1H), 7.46
(s, 1H), 7.27 (s, 1H), 6.71 (s, 1H), 6.06 (s, 2H), 4.26 (t, J= 6.9 Hz, 2H), 2.75 (septet, J=6.3
Hz, 1H), 2.53 (t, J= 6.9 Hz, 2H), 1.98 (m, 2H), 1.06 (d, /= 6.3 Hz, 6H); HRMS (ESI) m/z
[M+H]" caled. for C2;H4N,03S, 454.1661; found 454.1650; HPLC: method A R, = 5.77,
method B R:=5.28. '

9-(3-~(isopropylamino)propyl)-8-(6-(thiazol-2-yl)benzo[d][1,3]dioxo}-5-ylthio)-9H-purin-
6-amine [DZ4-21]. A mixture of PU-H71 (30 mg, 0.0585 mmol), 2-(tri-»-
butylstannyl)thiazole (87.6 mg, 72.4 pl, 0.234 mmol), LiCl (5 mg, 0.117 mmol) and
Pd(PPhs)4 (6.7 mg, 0.0058 mmol) in DMF (1 mL) was evacuated and back filled with
nitrogen. This was repeated four times then the reaction mixture was heated under nitrogen at
90°C for 18 h. Then additional 2-(tri-n-butylstannyl)thiazole (21.9 mg, 18 pl, 0.0585 mmol)
was added and the reaction mixture was heated under nitrogen at 90°C for an additional 18 h.
Solvent was removed under reduced pressure and the resulting residue was purified by
preparatory TLC (hexane:CH,Cl,:EtOAC:MeOH-NH; (7N), 2:2:1:0.5) to give 17.6 mg
(64%) of DZ4-21. "H NMR (500 MHz, CDCls/MeOH-d,) § 8.20 (s, 1H), 7.87 (d, J= 3.3 Hz,
1H), 7.45 (s, 1H), 7.44 (d,J= 3.3 Hz, 1H), 6.98 (s, 1H), 6.11 (s, 2H), 4.21 (t, /= 6.9 Hz, 2H),
2.78 (septet, J=6.3 Hz, 1H), 2.55 (t, /= 6.9 Hz, 2H), 1.98 (m, 2H), 1.09 (d, J= 6.3 Hz, 6H); |
HRMS (ESI) m/z [M+H]+ calcd. for C; H24N70,S,, 470.1433; found 470.1438; HPLC:
method A R;=5.86, method B R; = 5.66.
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2-fluoro-9-(2-(isobutylamino)ethyl)-8-((6-(oxazol-2-yl)benzo[d] [1,3]di0xol-5-yl) methyl)-
9H-purin-6-amine [DZ4-23]. A mixture of PU-DZ13 (20 mg, 0.039 mmol), .2-(tri-n-
butylstannyl)oxazole (55 9 mg, 32.7 pl, 0.156 mmol), LiCl (3.3 mg, 0.078 mmol) and
PA(PPh;), (4.5 mg, 0.0039 mmol) in DMF (1 mL) was évacuated and back filled with
nitrogen. This was repeated four times then the reaction mixture was heated under nitro gen at
90°C for 18 h. Then additional LiCl (3.3 mg, 0.078 mmol) and Pd(PPh3), (4.5 mg, 0.0039
mmol) were added and the reaction mixture was heated under nitrogen at 90°C for an
additional 18 h. Solvent was removed under reduced pressure and the resulting residue was
purified by preparatory TLC two times (hexane:CH,Cl,:EtOAC:MeOH-NH3 (7N), 2:2:1:0.5
then CH,Cl,:MeOH-NHj3; (7N), 20:1) to give 5.5 mg (31%) of DZ4-23. 'H NMR (500 MHz,
CDCl3/MeOH-d,) 6 7.68 (s, 1H), 7.53 (s, 1H), 7.12 (s, 1H), 6.84 (s, 1H), 6.07 (s, 2H), 4.74 (s,
2H), 441 (t, J= 6.4 Hz, 2H), 3.15 (t, /= 6.4 Hz, 2H), 2.59 (d, /= 6.9 Hz, 2H), 1.88 (m, 1H),
0.96 (d, J = 6.8 Hz, 6H); HRMS (EST) m/z [M+H]" calcd. for Co;HasFN;03, 454.2003; found
454.1995; HPLC: method A R;=6.61, method B R; = 7.58.

2-fluoro-9-(2-(isobutylaminoe)ethyl)-8-((6-(thiazol-2-yl)benzo[d][1,3]dioxol-5-y)methyl)-
9H-purin-6-amine [DZ4-24]. A mixture of PU-DZ13 (20 mg, 0.039 mmol), 2-(tri-n-
butylstannyl)thiazole (58.3 mg, 48.2 pl, .0.156 mmol), LiCl (3.3 mg, 0.078 mmol) and
PdA(PPhs)s (9 mg, 0.0078 mmol) in DMF (1 mL) was evacuated and back filled with nitrogen.
This was repeated four times then the reaction mixture was heated under nitrogen at 90°C for
18 h. Solvent was removed under reduced pressure and the resulting residue was purified by
preparatory TLC two times (hexane:CH,Cl,:EtOAC:MeOH-NH; (7N), 2:2:1:0.5 and
CH,Cl:MeOH:AcOH, 20:1:0.5) to give 10.2 mg (56%) of DZ4-24. '"H NMR (500 MHz,
CDCL;/MeOH-cL,) 8777 (d, J=3.3 Hz, 1H), 7.36 (d, /= 3.3 Hz, 1H), 7.17 (s, 1H), 6.80 (s,
1H), 6.05 (s, 2H), 4.58 (s, 2H), 4.15 (t, /= 6.6 Hz, 2H), 2.85 (t,J = 6.6 Hz, 2H), 2.35 (d, /=
6.8 Hz, 2H), 1.64 (m, 1H), 0.86 (d, /= 6.8 Hz, 6H); HRMS (ESI) m/z [M+H]J' calcd. for
Co2H3sFN,O,S, 470.1774; found 470.1770; HPLC: method A R: = 6.68, method B R;=7.79.
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PU-H71

Reagents and conditions: (a) alkene (R), Pd(PPhs),, i-Pr,NEt, NMP, 55-100°C.
Scheme 22. Heck coupling of PU-H71.

8-(6-(cyclopent-2-enyl)benzo[d][1,3]dioxol-5-ylthio)-9-(3-(isopropylamino)propyl)-9H-
purin-6-amine [TT-VI-116]. A solution of PU-H71 (30 mg, 0.0585 mmol) in NMP (1 mL)
was evacuated and back filled with nitrogen. This was repeated four times, then DIEA (15.1
mg, 21 pL, 0.117 mmol), cyclopentene (80 mg, 103 pL, 1.171 mmol) and PA(PPh3)4 (6.8 mg,
0.00586 mmol) were added and the reaction mixture was heated under nitrogen at 100°C for
20 h. Solvent was removed under reduced pressure and the resulting residue was purified by
preparatory TLC two times (CH,Cl;:MeOH-NH; (7N), 15:1 then CH,Cl;:MeOH, 7:3) to give
9.2 mg (35%) of TT-VI-116. '"H NMR (500 MHz, CDCl/MeOH-d,) & 8.16 (s, 1 H), 6.99 (s,
1H), 6.82 (s, 1H), 6.01 (s, 2H), 5.98 (m, 1H), 5.63 (m, 1H), 4.41 (t, /= 6.4 Hz, 2H), 3.39 (m,
1H), 3.34 (septet, J= 6.6 Hz, 1H), 2.95 (t, J= 6.4 Hz, 2H), 2.22-2.52 (m, SH), 1.50-1.59 (m,
1H), 1.44 (4, J = 6.6 Hz, 6H); HRMS (ESI) m/z [M+H]" caled. for C23H2oNs0,S, 453.2073;
found 453.2064; HPLC: method A R: = 6.51, method B R; = 7.79. |

8-(6-(2,5-dihydro-1H-pyrrol-2-yl)benzo[d][1,3]dioxol-5-ylthio)-9-(3-
(isopropylamino)propyl)-9H-purin-6-amine [DZ3-141]. A solution of PU-H71 (30 mg,
0.0585 mmol) and N-Boc-2,3-dihydro-1H-pyrrole (19.8 mg, 20.2 pL, 0.117 mmol) in NMP
(1.5 mL) was evacuated and back filled with nitrogen. This was repeated four times, then
DIEA (15.1 mg, 21 pL, 0.117 mmol) and Pd(PPhs), (13.5 mg, 0.0117 mmol) were added and

the reaction mixture was heated under nitrogen at 100°C for 20 h. Solvent was removed
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under reduced pressure and the resulting residue was purified by preparatory TLC
(CH,Cl,:MeOH-NH; (7N), 15:1) and the resulting residue was dissolved into 2 mL of
CH,CL: TFA (4:1) and stirred for 1 h. Solvent was removed under reduced pressure and the
resulting residue was purified by preparatory TLC (CH,Cl,:MeOH-NH; (7N), 10:1) to give
6.0 mg (23%) of DZ3-141. 'H NMR (500 MHz, CDCl3/MeOH-d,) 6 8.19 (s, 1H), 6.98 (s,
2H), 6.04 (m, 1H), 6.01 (s, 2H), 5.74 (m, 1H), 5.62 (d, /=2.0 Hz, lH), 431 (t,J=6.9 Hz,
2H), 3.81-3.88 (Ih, 1H), 3.89-3.95 (m, 1H), 2.87 (septet, J=6.3 Hz, 1H), 2.68 (t, /= 6.7 Hz,
2H), 2.14 (m, 2H), 1.15 (d,J =63 Hz, 6H); HRMS (ESI) m/z [M+H]" calcd. for
CpHpsN705S, 454.2025; found 454.2046; HPLC: method A Ry = 5.27, method B R; = 2.72.

8-(6-(2,3-dihydrofuran-2-yl)benzo[d][1,3]dioxol-5-ylthio)-9-(3-(isopropylamine)propyl)-
9H-purin-6-amine [DZ3-142]. A solution of PU-H71 (30 mg, 0.0585 mmol) in NMP (1.5
ml) was evacuated and back filled with nitrogen. This was repeated four times, then DIEA
(15.1 mg, 21 pL, 0.117 mmol), 2,3-dihydrofuran (82 mg, 88 pL, 1.17 mmol) and Pd(PPhs),
(13.5 mg, 0.0117 mmol) were added and the reaction mixture was heated under nitrogen at
55°C for 20 h. Solvent was removed under reduced pressure and the resulting residue was
purified by preparatory TLC two times (hexane:EtOAc:CH,Cl,:MeOH-NH; (7N), 2:1:2:0.5,
then CH,Cl,:MeOH-NH; (7N), 15:1) to give 7.0 mg (26%) of DZ3-142. "H NMR (500 MHz,
CDCl) 6 8.23 (s, 1H), 7.06 (s, 1H), 6.96 (s, 1H), 6.43 (m, 1H), 6.01 (s, 2H), 5.94 (dd, /= 8.1,
10.8 Hz, 1H), 5.72 (br s, 2H), 4.93 (m, 1H), 4.35 (t, J= 6.8 Hz, 2H), 2.95-3.55 (m, 2H), 2.70
(t, J= 6.5 Hz, 2H), 2.39-2.47 (m, 1H), 2.22 (m, 2H), 1.25 (d, J= 6.2 Hz, 6H); HRMS (ESI)
 m/z [M+H]" caled. for Co;Hy7N4O3S, 455.1865; found 455.1865; HPLC: method A R; = 6.07,
method B R;= 6.49.

8-(6-(2,3-dihydrofuran-3-yl)benzo[d]|1,3] dioxol-5-ylthio)-9-(3-(isopropylamino)propyl)-
9H-purin-6-amine [DZ3-143]. A solution of PU-H71 (30 mg, 0.0585 mmol) in NMP (1.5
mL) was evacuated and back filled with nitrogen. This was repeated four times, then DIEA
(15.1 mg, 21 pL, 0.117 mmol), 2,5-dihydrofuran (82 mg, 88 ul., 1.17 mmol) and PA(PPhs;),
(13.5 mg, 0.0117 mmol) were added and the reaction mixture was heated under nitrogen at
55°C for 20 h. Solvent wés removed under reduced pressure and the resulting residue was

purified by preparatory TLC two times (CH,Cl,:MeOH-NH; (7N), 10:1, then
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hexane:EtOAc:CH,Cl:MeOH-NH;3 (7N), 2:1:2:0.5) to give 5.0 mg (19%) of DZ3-143. 'H
NMR (500 MHz, CDClyMeOH-d4)  8.18 (s, 1H), 7.02 (s, 1H), 7.00 (s, 1K), 6.55 (m, 1ED),
6.04 (s, 2H), 4.99 (m, 1H), 4.64-4.69 (m, TH), 4.45 (m, 1H), 431 (t, J=6.8 Hz, 2H), 4.05
(dd, J=62, 9.2 Hz, 1H), 3.40 (m, 1H), 2.67 (t, J = 6.4 Hz, 2H), 2.14 (m, 2H), 1.16 (&, = 6.1
Hz, 6H); HRMS (ESI) m/z [M+H]" caled. for CaoHarNeOsS, 455.1865; found 455.1862;
HPLC: method A R; = 6.04, méthod B R =6.32.

NH, NH,

I R
HNg HNS
< ~<

PU-WS23 R= 2-furanyl
PU-WS21 PU-WS24 R=2-thiopheny!
. PU-WS28 R=CCH

Reagents and conditions: (a) RB(OH),, PdCl,(PPhs),, NaHCO;, H,O, DMF, 90°C; (b)
Cul, PdCl,(PPhs),, trimethylsilanylacetylene, Et;N, DMF, 90°C; (c) KOH, MeOH, rt.

Scheme 23. Cross coupling reactions of PU-WS21.

8-(5-(furan-2-yl)-2,3-dihydrebenzofuran-6-ylthio)-9-(2-(neopentylamino)ethyl)-9H-
purin-6-amine [PU-WS23]. Following the procedure to make PU-DZ3-4, compound PU-
WS23 was obtained as a white solid. '‘HNMR (500 MHz, CDCl3) 6 8.31 (s, 1H), 7.49 (5, 2H),
6.68 (d, J=3.4 Hz, 1H), 6.58 (s, 1H), 6.49 (m, 1H), 5.60 (br s, 2H), 4.58 (t, J= 8.7 Hz, 2H),
4.25 (m, 2H), 3.22 (t, J= 8.7 Hz, 2H), 2.86 (m, 2H), 2.25 (s, 2H), 0.86 (s, 9H); HRMS (m/z):
[M~+H] caled for C24H-29N602 465.2073; found 465.2077.
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9-(2-(neopentylamino)éthyl)-S-(S-(thiophen—2-yl)-2,3-dihydrobenzofuran-6~ylthio)-9H—
purin-6-amine [PU-WS24]. Following the procedure to make PU-DZ2-395; compound PU-
WS24 was obtained as a white solid. 'HNMR (500 MHz, CDCls) § 8.31 (s, 1H), 7.32 (m,
1H), 7.27 (s, 1H), 7.03-7.07 (m, 2H), 6.67 (s, 1H), 5.59 (br s, 2H), 4.58 (t, J= 8.7 Hz, 2H),
4.15 (m, 2H), 3.21 (t, /= 8.7 Hz, 2H), 2.86 (m, 2H), 2.25 (s, 2H), 0.83 (s, 9H); HRMS (m/z):
[M+H]" caled for Cy4H,oN6O, 481.1844; found 481.1825.

8-(5-ethynyl-2,3-dihydrobenzofuran-6-ylthio)-9-(2-(neopentylamino)ethyl)-9H-purin-6-
amine [PU—WSZS]. Following the procedure to make PU-WS8, compound PU-WS28 was
obtained as a white solid. 'HNMR (500 MHz, CDCls, 8): 8.33 (s, 1H), 7.36 (s, 1H), 6.59 (s,
1H), 5.70 (br, 2H), 4.58 (t, /= 8.7 Hz, 2H), 4.41 (m, 2H), 3.33 (t, /= 8.7 Hz, 2H), 3.49 (m,
2H), 3.02 (s, 2H), 2.44 (s, 2H), 0.91 (s, 9H); HRMS (m/z): [M+H]" calcd for C,,H»7NsOS
423.1967; found 423.1968.

2N\©[2> LACHN\@Z> LAcHN >_’ D:> a4

' S24-4
$24-1 $24-2 §24-3

NH, NH,

ij %%@Pﬁ;\ﬂﬂpﬁb— @b
s245 ‘ (Mn=1,2 é]n 1,2

$24-6
$24-7 S24-8

Reagents and conditions: (a) Ac,0, AcOH, rt; (b) ICI, CH,Cl,, AcOH, rt; (c) NaOH, EtOH, H,0,
reflux; (d) paraformaldehyde, NaBH;CN, MeOH, 50°C; (e) 8-mercaptoadenine, neocuproine,
Cul, NaOtBu, DMF, 115°C; (f) Cs,CO;, 1,3-dibromopropane or 1,2-dibromoethane, DMF, 1t; (g)
amine, DMF, rt.

" Scheme 24.

Similarly,
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Scheme 25. Synthesis of various bromides required for alkylation of the purine skeleton.
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Table 1A
No. Name
1A-1 PU-WS10 '
8-((6-iodo-2,3-dihydrobenzofuran-5-yl)thio)-9-(3-
(isopropylamino)propyl)-9H-purin-6-amine
1A-2 8-((6-10do-2,3-dihydrobenzofuran-5-yl)thio)-9-(2-(isobutylamino)ethyl)-
9H-purin-6-amine
1A-3 1-(6-amino-8-(6-i0do-2,3-dihydrobenzofuran-5-ylthio)-9H-purin-9-yl)-3-
(tert-butylamino)propan-2-ol
1A-4 2-fluoro-8-((6-iodo-2,3-dihydrobenzofuran-5-yl)methyl)-9-(2-
(isobutylamino)ethyl)-9H-purin-6-amine
1A-5 2-chloro-8-((6-(furan-2-yl)-2,3-dihydrobenzofuran-5-yl)methyl)-9-(3-
(isopropylamino)propyl)-9H-purin-6-amine
1A-6 2-fluoro-8-((6-iodo-2,3-dihydrobenzofuran-5-yl)ymethyl)-9-(3-
(isopropylamino)propyl)-$H-purin-6-amine
1A-7 8-((6-(furan-2-yl)-2,3-dihydrobenzofuran-5-yl)thio)- 9 (3-
(isopropylamino)propyl)-9H-purin-6-amine
1A-8 8-((6-ethynyl-2,3-dihydrobenzofuran-5-yl)thio)-9-(3-
(isopropylamino)propyl)-9H-purin-6-amine .
1A-9 5-((6-amino-9-(3-(isopropylamino)propyl)-9H-purin-8-yl)thio)-2,3-
dihydrobenzofuran-6-carbonitrile
1A-10 8-((6-(aziridin-1-yl)-2,3-dihydrobenzofuran-5-yl)methyl)-2-fluoro-9-(2-
{neopentylamino)ethyl)-9H-purin-6-amine
1A-11 8-((6-iodo-2,3-dihydrobenzofuran-5-yl)thio)-9-(2-(isobutylamino)ethyl)-
9H-purin-6-amine
1A-12 3-(2-(6-amino-8-(6-(5-methylfuran-2-yl)-2,3-dihydrobenzofuran-5-
ylithio)-9H-purin-9-yl)ethyl)piperidine-1-sulfonamide
1A-13 1-(3-(2-(8-(6-(1H-pyrazol-3-yl)-2,3-dihydrobenzofuran-5-ylthio)-6-
) amino-9H-purin-9-yl)ethyl)piperidin-1-yl)ethanone
1A-14 4-(3-(6-amino-8-(6-ethynyl-2,3-dihydrobenzofuran-5-ylthio)-9H-purin-9-
yDpropyl)piperidine-1-carbaldehyde
1A-15 1-(3-(2-(6-amino-2-fluoro-8-((6-(furan-2-yl)-2,3-dihydrobenzofuran-5-
yhmethyl)-9H-purin-9-yl)ethyl)piperidin-1-yl)ethanone
1A-16 N-(2-((2-(6-amino-8-((6-(furan-2-yl)-2,3- dihydrobenzoﬁlran-S-yl)thio)-
9H-purin-9-yl)ethyl)amino)ethyl sulfamide
1A-17 3-((2-(6-amino-8-((6-(furan-2-yl)-2,3-dihydrobenzofuran-5 -yl)th10) 9H—
purin-9-yl)ethyl)amino)-N-hydroxypropanamide
1A-18 2-fluoro-8-((6-iodo-2,3-dihydrobenzofuran-5-yl)thio)-9-(3-
(isopropylamino)propyl)-9H-purin-6-amine .
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1A-19 2-chloro-8-((6-iodo-2,3-dihydrobenzofuran-5-yl)methyl)-9-(2-
(isobutylamino)ethyl)-9H-purin-6-amine

1A-20.- | 9-(2-aminoethyl)-2-fluoro-8-((6-iodo-2,3- d1hydrobenzofuran—5-
yDmethy!)-9H-purin-6-amine

1A-21 9- (3 aminopropyl)-S—((é—iodo—Z 3-dihydrobenzofuran-5-yl)thio)-9H-
purin-6-amine

1A-22 - | 9-(2-aminoethyl)-8-((6-iodo-2,3-dihydrobenzofuran-5- yl)thlo) 9H-purin-

| 6-amine

1A-23 9-(3-(tert butylammo)propyl) 8-((6-i0do-2,3 d1hydrobenzoﬁ1ran—5-
y)thio)-9H-purin-6-amine

1A-24 1-(6-amino-8-((6-10do-2,3-dihydrobenzofuran-5-yl)thio)-9H-purin-9-yl)-
3-(isopropylamino)propan-2-ol

1A-25 1-(3-(6-amino-2-fluoro-8-({6-iodo-2,3-dihydrobenzofuran-5-yl)methyl)-
9H-purin-9-yl)propyl)pyrrolidin-3-one

1A-26 1-(3-(6-amino-8-(6-i0do-2,3-dihydrobenzofuran-5-ylthio)-9H-purin-9-
yDpropyl)pyrrolidin-3-one

1A-27 5-(6-amino-8-(6-iodo-2,3-dihydrobenzofuran-5-ylthio)-9H-purin-9-
yl)pentane-1-sulfonamide

1A-28 1-(6-amino-2-fluoro-8-((6-iodo-2,3-dihydrobenzofuran-5-yl )methyl)-9H-
purin-9-yl)-3-(isopropylamino)propan-2-ol

1A-29 8-((6-ethynyl-2,3-dihydrobenzofuran-5-yl)methyl)-2-fluoro-9-(5-
(methylsulfonyl)pentyl)-9H-purin-6-amine

1A-30 2-fluoro-8-((6-iodo-2,3-dihydrobenzofuran-5-yl)methyl)-9-(2-(1-
(methylsulfonyl)pyrrolidin-3-yl)ethyl)-9H-purin-6-amine

1A-31 N-(4-(6-amino-2-fluoro-8-((6-iodo-2,3-dihydrobenzofuran-5-yl)methyl)-
9H-purin-9-yl)butyl)methanesulfonamide

1A-32 1-(6-amino-8-((6-ethynyl-2,3-dihydrobenzofuran-5-yl)methyl)-2-fluoro-
9H-purin-9-y1)-3-(isopropylamino)propan-2-ol

1A-33 6-(6-amino-8-((6-ethynyl-2,3-dihydrobenzofuran-5-yl)methyl)-2-fluoro-
9H-purin-9-yl)hexanamide

1A-34 1-(4-(2-(6-amino-8-((6-ethynyl-2,3-dihydrobenzofuran-5-yl)methyl)-2-
fluoro-9H-purin-9-yDethyl)piperidin-1-yl)ethanone

1A-35 8-((6-ethynyl-2,3-dihydrobenzofuran-5-yl)methyl)-

2-fluoro-9-(2-(1-(methylsulfonyl)piperidin-3-
yDethyl)-9H-purin-6-amine

9-(3-(isopropylamino)propyl)-8-((6-(5-
methylfuran-2-yl)-2,3-dihydrobenzofuran-5-
yD)thio)-9H-purin-6-amine

9-(3-(tert-butylamino)propyl)-8-((6-(5-methylfuran-
2-y1)-2,3-dihydrobenzofuran-5- yl)thlo) 9H—pur1n 6-
amine

9-(3-(tert-butylamino)propyl)-8-((6-
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(dimethylamino)-2,3-dihydrobenzofuran-5-yl)thio)-
9H-purin-6-amine ‘
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1-(4-(2-(6-amino-8-((6-(dimethylamino)-2,3-
dihydrobenzofuran-5-yl)thio)-9H-purin-9- -
yl)ethyl)piperidin-1-yl)ethanone
1A-40 8-((6-(dimethylamino)-2,3-dihydrobenzofuran-5-yl)thio)-9-(2-(1-

(methylsulfonyl)piperidin-3-yl)ethyl)-9H-purin-6-amine

1A-41 4-(3-(6-amino-8-(6-(aziridin-1-y1)-2,3-dihydrobenzofuran-5-ylthio)-9H-
purin-9-yl)propyl)piperidine-1-carbaldehyde
1A-42 8-((6-(furan-2-yl)-2,3-dihydrobenzofuran-5-yl)thio)-9-(2-(1-
(methylsulfonyl)piperidin-3-yl)ethyl)-9H-purin-6-amine
1A-43 8-((6-(dimethylamino)-2,3-dihydrobenzofuran-5-yl)methyl)-2-fluoro-9-(2-
(isobutylamino)ethyl)-9H-purin-6-amine .
1A-44 8-((6-(dimethylamino)-2,3-dihydrobenzofuran-5-yl)thio)-9-(2-
(neopentylamino)ethyl)-9H-purin-6-amine
1A-45 9-(3-(tert-butylamino)propyl)-8-((6-(oxazol-2-yl)-2,3-dihydrobenzofuran-5-
yDthio)-9H-purin-6-amine
1A-46 1-(3-(2-(6-amino-8-(6-(oxazol-2-yl)-2,3-dihydrobenzofuran-5-ylthio)-9H-purin-
9-yDethyl)piperidin-1-ylethanone
1A-47 4-(3-(6-amino-8-(6-(oxazol-2-yl)-2,3-dihydrobenzofuran-5-ylthio)-9H-purin-9-
ylpropyDpiperidine-1-carbaldehyde
1A-48 9-(2-(1-(methylsulfonyl)piperidin-3-yl)ethyl)-8-((6-(oxazol-2-y1)-2,3-
dihydrobenzofuran-5-yD)thio)-9H-purin-6-amine
1A-49 1-(2-(3-(6-amino-8-(6-iodo-2,3-dihydrobenzofuran-5-ylthio)- 9H-pur1n—9-
' yDpropyDpyrrolidin-1-yl)ethanone
1A-50 9-(3-(tert-butylamino)propyl)-8-((6-(5-methyloxazol-2-yl)-2,3-
dihydrobenzofuran-5-yl)thio)-9H-purin-6-amine
1A-51 9-(3~(tert-butylamino)propyl)-8-((6-(thiazol-2-y1)-2,3~ dlhydrobenzoﬁlran-S-
yDthio)-9H-purin-6-amine
1A-52 9-(3-(tert-butylamino)propyl)-8-((6-(5-methylthiazol-2-yl)-2,3-
' dihydrobenzofuran-5-yl)thio)-9H-purin-6-amine
Table 1B
No. Name
1B-1 PU-WS9
8- ((5-10do-2 3-dihydrobenzofuran-6-yl)thio)-9-(2- (1sobutylam1no)ethyl) 9H-purin-
6-amine
1B-2 PU-WwS4
: 8- ((5-1odo-2 3-dlhydrobenzofuran-é-yl)thlo) 9-(3-(isopropylamino)propyl)-9H-
purin-6-amine
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1B-3 PU-WS17
2-fluoro-8-((5-iodo-2,3-dihydrobenzofuran-6-yDmethyl)-9-(2-
(isobutylamino)ethyl)-3H-purin-6-amine

1B-4 PU-WS18
2-fluoro-8-((5-iodo-2,3-dihydrobenzofuran- 6-y1)methy1) 9-(3-
(isopropylamino)propyl)-9H-purin-6-amine

1B-5 2-chloro-8-((5-iodo-2,3-dihydrobenzofuran-6-yl)methy1)-9-(3-
(isopropylamino)propyl)-9H-purin-6-amine

1B-6 8-((5-(furan-2-yl)-2,3-dihydrobenzofuran-6-yl)thio)-9-(3-(isopropylamino)propyl)-
9H-purin-6-amine

1B-7 8-((5-(dimethylamino)-2,3-dihydrobenzofuran-6-yl)methyl)-2-fluoro-9-(2-
neopentylamino)ethyl)-9H-purin-6-amine ‘

1B-8 8-((5-(1H-pyrazol-3-y1)-2,3-dihydrobenzofuran-6-yl)thio)-9-(2-
(isobutylamino)ethyl)-9H-purin-6-amine

1B-9 8 ((5-cyclopentyl-2 3-dihydrobenzofuran-6-y1)thio)-9-(3 (1sopr0py1am1no)pr0pyl)
9H-purin-6-amine

1B-10 8-((5-ethynyl-2,3-dihydrobenzofuran-6-yl)methyl)-2-fluoro-9-(2-
(isobutylamino)ethyl)-9H-purin-6-amine

1B-11 6-((6-amino-2-fluoro-9-(3-(isopropylamino)propyl)-9H-purin-8-yl)methyl)-2,3-
dihydrobenzofuran-5-carbonitrile

1B-12 2-chloro-9-(3-(isopropylamino)propyl)-8-({5-(5-methylfuran-2-yl)-2,3-
dihydrobenzofuran-6-yDmethyl)-9H-purin-6-amine

1B-13 4-(2-(6-amino-8-((5-ethynyl-2,3-dihydrobenzofuran-6-yl)thio)-9H-purin-9-
yDethyDpiperidine-1-carbaldehyde

1B-14 1-(4-(2-(6-amino-2-fluoro-8-((5-(furan-2-yl)-2,3- dlhydrobenzofuran- -yl)methyl)-
9H-purin-9-yl)ethyl)piperidin-1-yl)ethanone

1B-15 N-(2-((2-(6-amino-8-((5- (furan-Z-yl)-Z 3-dihydrobenzofuran-6-yl)thio)-9H-purin-

9-yl)ethyl)amino)ethyl)sulfamide

1B-16 3+((2-(6-amino-8-((5-ethynyl-2,3-dihydrobenzofuran-6-yl)thio)-SH-purin-9-
yDethyl)amino)-N-hydroxypropanamide

1B-17 9-(2- (1sobutylam1no)ethvl) -8-((5-(thiophen-2-yl1)- 2 ,3-dihydrobenzofuran-6 -yl)thlo)
9H-purin-6-amine

1B-18 3-(3-(6-amino-8-(5-iodo-2,3- dlhvdrobenzoﬁlran 6-ylthio)-9H-purin-9-yl)propyl)-2-
oxoimidazolidine-1-carbaldehyde

1B-19 2-chloro-8-((5-ethynyl-2,3-dihydrobenzofuran-6-yl)methyl)-9-(2-
isobutylamino)ethyl)-9H-purin-6-amine '

1B-20 6-((6-amino-2-chloro-9-(3-(isopropylamino)propyl)-9H-purin-8-yl)methyl)-2,3-
dihydrobenzofuran-5-carbonitrile

1B-21 2-chloro-8-((5-(dimethylamino)-2,3-dihydrobenzofuran-6-yl)methyl)-9-(2-
(neopentylamino)ethyl)-9H-purin-6-amine

1B-22° 8-((5-cyclopentyl-2,3-dihydrobenzofuran-6-yl)thio)-2-fluoro-9-(3-
(isopropylaminc)propyl)-SH-purin-6-amine

1B-23 1-(3-(6-amino-8-(5-iodo-2,3-dihydrobenzofuran-6-ylthio)-9H-purin- 9-
yDpropyDpyrrolidin-3-one

1B-24 PU-WS21
8-((5-i0do-2,3- dlhydrobenzofuran- -yl)thio)-9- (2 (neopentylamino)ethyl)-OH-
purin-6-amine
PU-WS22

1B-25

2-fluoro-8~((5-iodo-2,3-dihydrobenzofuran-6-yl)methyl)-9-(2-
(neopentylamino)ethyl)-9H-purin-6-amine
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1B-26 PU-WS23

8-((5-(furan-2-y1)-2,3-dihydrobenzofuran- 6-y1)th10) 9-(2-(neopentylamino)ethyl)-
‘ S9H-purin-6-amine .
1B-27 PU-WS24 .
9-(2- (neopentylannno)ethyl) 8- ((5 -(thiophen-2-y1)-2,3-dihydrobenzofuran-6-

yDthio)-9H-purin-6-amine

1B-28 PU-wS28
8-((5-ethynyl-2,3-dihydrobenzofuran-6-yl)thio)-9-(2-(neopentylamino)ethyl)-9H-
purin-6-amine

1B-29 9-(3-aminopropyl)-8-((5-iodo-2,3-dihydrobenzofiiran-6-y1)thio)-9H-purin-6-amine

1B-30 5- (2 aminoethy!)-2-fluoro-8-((5-iodo-2,3-dihydrobenzofuran-6 -yl)methyl) -9H-
purin-6-amine

1B-31 9-(2-aminoethyl)-8-((5-iodo-2,3 -dihydrobenzofuran-6-ylthio)- 9H—pur1n 6-amine

1B-32 9-(3-(tert-butylamino)propyl)-8-((5-iodo-2,3-dihydrobenzofuran-6-yl)thio)-9H-
-purin-6-amine

1B-33 2-fluoro-8-((5-(5-methylfuran-2-yl}-2,3-dihydrobenzofuran-6-yl)methyl)-9-(2-(1-
(methylsulfonyl)piperidin-3-yl)ethyl)-9H-purin-6-amine

1B-34 1-(3-(6-amino-8-(5-i0do-2,3-dihydrobenzofuran-6-ylthio)-9H-purin-9-yl)propyl}-4-
hydroxypyrrolidin-2-one

1B-35 N-(3-(6-amino-8-((5-iodo-2,3-dihydrobenzofuran-6-yl)thio)-9H-purin-9-
yDpropyl)methanesulfonamide

1B-36 1-(3-(6-amino-8-(5-ethynyl-2,3-dihydrobenzofuran-6-yithio)-9H-purin-9-
yDpropyl)pyrrolidin-3-one

1B-37 8-(5-iodo-2,3-dihydrobenzofuran-6-ylthio)-9-(2-(1 -(methylsulfonyl)pyrrolidin-3-
yDethyl)-9H-purin-6-amine

1B-38 N-(3-(6-amino-8-((5-ethynyl-2,3-dihydrobenzofuran-6-yl)thio)-9H-purin-9-
yDpropyl)methanesulfonamide

1B-39 1-(4-(2-(6-amino-8-((5-ethynyl-2,3-dihydrobenzofuran-6-yl)thio)-9H-purin-9-

yDethyl)piperidin-1-yl)ethanone




WO 2011/044394 PCT/US2010/051872

154
1B-40 8-((5-ethynyl-2,3-dihydrobenzofuran-6-yl)thio)-9-(2-( 1-(methylsulfonyl)piperidin-
3-yDethyl)-9H-purin-6-amine
1B41 . | 5-(6-amino-8-(5-ethynyl-2,3-dihydrobenzofuran-6-ylthio)-9H-purin-9-yl)pentane-
1-sulfonamide
1B-42 1-(4-(2-(6-amino-8-((5-(furan-2-y1)-2,3-dihydrobenzofuran-6-y1)thio)-9H-purin-9-
yDethyl)piperidin-1-yl)ethanone
1B-43 8-(5-(5-methylfuran-2-yl)-2,3-dihydrobenzofuran-6-ylthio)-9-(2-(1-
(methylsulfonyl)piperidin-3-yl)ethyl)-9H-purin-6-amine
1B-44 2-(3-(6-amino-8-(5-(5-methylfuran-2-y1)-2,3-dihydrobenzofuran-6-ylthio)-9H-
purin-9-yl)propyl)pyrrolidine-1 -carbaldehyde
1B-45 N-(2-(6-amino-8-((5-ethynyl-2,3-dihydrobenzofuran-6-yl)thio)-9H-purin-9-
ylethyl) N'-methyl-sulfuric diamide
1B-46 9-(3-(tert-butylamino)propyl)-8-((5-(oxazol-2-y1)-2,3-dihydrobenzofuran-6-
yl)thio)-9H-purin-6-amine
1B-47 9-(3-(tert-butylamino)propyl)-8-((5-ethynyl-2,3-dihydrobenzofuran-6-yl)thio)-9H-
purin-6-amine
1B-48 9-(3-(tert-butylamino)propyl)-8-((5-(dimethylamino)-2,3-dihydrobenzofuran-6-
yD)thio)-9H-purin-6-amine
1B-49 1-(6-amino-8-((5-iodo-2,3-dihydrobenzofuran-6-yl)thic)-9H-purin-9-y1)-3-
- | (isopropylamino)propan-2-ol
1B-50 1-(4-(2-(6-amino-8-((5-(oxazol-2-yl)-2,3-dihydrobenzofuran-6-y1)thio)-9H-purin-
9-yl)ethyDpiperidin-1-yl)ethanone
1B-51 9-(2-(1-(methylsulfonyl)piperidin-3-yl)ethyl)-8-((5-(oxazol-2-y1)-2,3-
dihydrobenzofuran-6-yl)jthio)-9H-purin-6-amine
1B-52 | 3-(3-(6-amino-8-(5-iodo-2,3-dihydrobenzofuran-6-ylthio)-9H-purin-9-
yl)propyl)pyrrolidine-1-sulfonamide
1B-53 9-(3~(tert-butylamino)propyl)-8-((5-(5-methyloxazol-2-yl)-2,3-dihydrobenzofuran-
6-yD)thio)-9H-purin-6-amine ‘
1B-54 9-(3-(tert-butylamino)propyl)-8-((5-(thiazol-2-yl)-2,3-dihydrobenzofuran-6-
ythio)-9H-purin-6-amine
1B-55 9-(3-(tert-butylamino)propyl)-8-((5-(5-methylthiazol-2-y1)-2,3-dihydrobenzofuran-
6-y1)thio)-9H-purin-6-amine
1B-56 6-(6-amino-8-(5-iodo-2,3-dihydrobenzofuran-6-ylthio)-9H-purin-9-yl)hexanamide
1B-57 5-(6-amino-8-(5-iodo-2,3-dihydrobenzofuran-6-ylthio)-9H-purin-9-yl)pentane-1-
sulfonamide
1B-58 3-(6-amino-8-(5-ethynyl-2,3-dihydrobenzofuran-6-ylthio)-9H-purin-9-yl)propyl
sulfamate ’
Table 1C
No. Name
1C-1 8-((6-i0odo-2,3-dihydrobenzo[b]thiophen-5-yl)thic)-9-(3-
(isopropylamino)propyl)-9H-purin-6-amine
1C-2 8-((6-iodo-2,3-dihydrobenzo[b]thiophen-5-yl)thio)-9-(2-(isobutylamino)ethyl)-
9H-purin-6-amine
1C-3 8-((6-iodo-2,3-dihydrobenzo[b]thiophen-5-yl)thio)-9-(3-
: * (isopropylamino)propy}-9H-purin-6-amine
1C4 2-flyoro-8-((6-iodo-2,3-dihydrobenzo[b]thiophen-5-yl)methyl)-9-(2-
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(isobutylamino)ethyl)-9H-purin-6-amine

1C-5 2-chloro-8-((6-(furan-2-y1)-2,3-dihydrobenzo[blthiophen-5-yl)methyl)-9-(3-
(isopropylamino)propyl)-9H-purin-6-amine
1C-6 8-((6-(1H-imidazol-4-y1)-2,3-dihydrobenzo[b]thiophen-5-yl)methyl)-2-fluoro-9-
(3-(isopropylamino)propyl)-9H-purin-6-amine
1C-7 8-((6~(furan-2-y1)-2,3-dihydrobenzo[b]thiophen-5-yl)thio)-9-(3-
(isopropylamino)propyl)-9H-purin-6-amine
1C-8 8-({6-ethynyl-2,3-dihydrobenzo[b]thiophen-5-y1l)thio)-9-(3-
(isopropylamino)propy!)-9H-purin-6-amine
1C9 5-((6-amino-9-(3-(isopropylamino)propyl)-9H-purin-8-yl)thio)-2,3-
dihydrobenzo[b]thiophene-6-carbonitrile
1C-10 8-((6-(aziridin-1-y1)-2,3-dihydrobenzo[b}thiophen-5-yl)methyl)-2-fluoro-9-(2-
(neopentylamino)ethyl)-9H-purin-6-amine
1C-11 8-((6-i0do-2, 3-d1hydrobenzo[b]thlophen-S-yl)thlo) -9-(2- (1sobutylam1no)ethyl)
9H-purin-6-amine
1C-12 1-(4-(2-(6-amino-8~((6-(furan-2-yl)-2, 3-d1hydrobenzo[b]th10phen -5-yl)thio)-9H-
' purin-9-yl)ethyl)piperidin-1-yl)ethanone .
1C-13 4-(2-(8-((6-(1H-pyrazol-3-yl1)-2,3-dihydrobenzo[b}thiophen-5-yl)thio)-6-amino-
9H-purin-9-yl)ethyl)piperidine-1-carbaldehyde
1C-14 4-(2-(6-amino-8-((6-ethynyl-2,3-dihydrobenzo[ b]thiophen-5-yl)thio)-9H-purin-9-
‘yDethyl)piperidine-1-carbaldehyde '
1C-15 1-(4-(2-(6-amino-2-fluoro-8-((6-(furan-2-yl)-2,3-dihydrobenzo[b]thiophen-5-
yDmethy!)-9H-purin-9-yl)ethyl)piperidin-1-yl)ethanone
1C-16 N-(2-((2-(6-amino-8-((6-(furan-2-y1)-2,3- d1hydrobenzo[b]thlophen-5-y1)th10)
9H-purin-9-yDethyl)amino)ethyl)sulfamide
1C-17 3-((2~-(6-amino-8-((6-(furan-2-y1)-2,3 dlhydrobenzo[b]th10phen—5—y1)th10)—9H-
purin-9-yl)ethyl}amino)-N-hydroxypropanamide
1C-18 9-(3-armnopropyl) -8-((6-10do-2 3-dlhydrobenzo[b]thlophen-S-yl)thlo) 9H-pur1n-
6-amine
1C-19 9-(2-aminoethyl)-2-fluoro-8-((6-iodo-2,3-dihydrobenzo[blthiophen-5-yl)methyl)-
9H-purin-6-amine
1C-20 9-(2-aminoethy!)-8-((6-iodo-2,3-dihydrobenzo[b]thiophen-5-yl)thio)-OH-purin-6-
amine
1C-21 9-(3-(tert-butylamino)propyl)-8-((6-iodo-2,3-dihydrobenzo[b]thiophen-5-yl)thio)-
9H-purin-6-amine
Table 1D
No. Name
1D-1 8-((5-i0odo-2,3-dihydrobenzo[b]thiophen-6-yl)thio)-9-(2-(isobutylamino)ethyl)-
9H-purin-6-amine ‘
1D-2 8-((5-iodo-2,3-dihydrobenzo[b]thiophen-6-yl)thio)-9-(3-
(isopropylamino)propyl)-9H-purin-6-amine
1D-3 2-fluoro-8~((5-iodo-2,3-dihydrobenzo[b]thiophen-6-yl)methyl)-9-(2-
(isobutylamino)ethyl)-9H-purin-6-amine
1D-4 2-fluoro-8-({5-iodo-2,3-dihydrobenzo[b]thiophen-6-yl)methyl)-9-(3-
(isopropylamino)propyl)-9H-purin-6-amine
1D-5 8-((5-iodo-2,3-dihydrobenzo[b]thiophen-6-yl)thio)-9-(2-(isobutylamino)ethyl)-
SH-purin-6-amine
1D-6 8-((5-(furan-2-y1)-2,3-dihydrobenzo[b]thiophen-6-y1)thio)-9-(3-
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(isopropylamino)propyl)-9H-purin-6-amine

1D-7 8-((5-(dimethylamino)-2,3-dihydrobenzo[b]thiophen-6-yl)methyl)-2-fluoro-9-
(2-(neopentylamino)ethyl)-9H-purin-6-amine
1D-8 8-((5-(1H-pyrazol-3-yl)-2,3-dihydrobenzo[b]thiophen-6-yl)thio)-9-(2-
(isobutylamino)ethyl)-9H-purin-6-amine
1D-9 8-((5-cyclopentyl-2,3-dihydrobenzo[blthiophen-6-yl)thio)-9-(3-
(isopropylamino)propyl)-9H-purin-6-amine
1D-10 8-((5-ethynyl-2,3-dihydrobenzo[b]thiophen-6-y1)methyl)-2-fluoro-9-(2-
(isobutylamino)ethyl}-9H-purin-6-amine
1D-11 6-((6-amino-2-fluoro-9-(3-(isopropylamino)propyl)-9H-purin-8-yl)methyl)-2,3-
dihydrobenzo[bjthiophene-5-carbonitrile
1D-12 2-chloro-8-((5-(furan-2-y1)-2,3-dihydrobenzo[b]thiophen-6-yl)methyl)-9-(3-
(isopropylamino)propyl)-9H-purin-6-amine
1D-13 4-(2+(6-amino-8-((5-ethynyl-2,3-dihydrobenzo[b]thiophen-6-yl)thio)-9H-purin-
9-yDethyl)piperidine-1-carbaldehyde
1D-14 1-(4-(2-(6-amino-2-fluoro-8-((5-(furan-2-yl)-2,3-dihydrobenzo[ b]thiophen-6-
yDmethyl)-9H-purin-9-yl)ethyl)piperidin-1-yl)ethanone
1D-15 N-(2-((2-(6-amino-8-((5-(furan-2-y1)-2,3-dihydrobenzo[b]thiophen-6-yl)thio)-
9H-purin-9-yl)ethyl)amino)ethyl)sulfamide
1D-16 3-((2-(6-amino-8-((5-ethynyl-2,3-dihydrobenzo[b]thiophen-6-yl)thio)-9H-

purin-9-yDethyl)amino)-N-hydroxypropanamide
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1D-17 2-chloro-8-((5-i0do-2,3-dihydrobenzo[ b]thiophen-6-yl)methyl)-9-(3-
(isopropylamino)propyl)-9H-purin-6-amine
1D-18 9-(3-aminopropyl)-8-((5-iodo-2,3-dihydrobenzo[b]thiophen-6-yl)thic)-9H-
purin-6-amine
1D-19 9-(2-aminoethyl)-2-fluoro-8-((5-todo-2,3-dihydrobenzo[b]thiophen-6-
yDmethyl)-9H-purin-6-amine
1D-20 9-(2-aminoethyl)-8-((5-i0do-2,3-dihydrobenzo[b]thiophen-6-yl)thio)-9H-purin-
6-amine
1D-21 9-(3- (tert-butylammo)propyl) -8-((5-i0do-2 3-d1hydrobenzo[b]thlophen—é—
yDthio)-9H-purin-6-amine
Table 1E
No. Name
1E-1 1-(6-amino-8-(6-iodo-2,3-dihydro-1H-inden-5-ylthio)-9H-purin-9-yl)-3-(tert-

butylamino)propan-2-ol

1E-2 | PU-WS26
8-((6-i0do-2,3-dihydro-1H-inden-5-yl)thio)-9-(2-(isobutylamino)ethyl)-9H-purin-6-
amine
1E-3 1-(3-(6-amino-8-(6-iodo-2,3-dihydro-1H-inden-5-ylthio)-9H-purin-9-
ylpropyl)pyrrolidin-3-one
1E-4 | 2-fluoro-8-((6-iodo-2,3-dihydro-1H-inden-5-yl)methyl)-9-(2-(isobutylamino)ethyl)-9H-
purin-6-amine
1E-5 | 2-chloro-8-((6-(furan-2-y1)-2,3-dihydro-1H-inden-5-yl)methy1)-9-(3-
(isopropylamino)propyl)-9H-purin-6-amine
1E-6 | 2-fluoro-8-((6-iodo-2,3-dihydro-1H-inden-5-yl)methyl)-9-(3-(isopropylamino)propyl)-
9H-purin-6-amine
1E-7 | 8-((6-(furan-2-yl)-2,3-dihydro-1H-inden-5-yl)thio)-9-(3-(isopropylamino)propyl)-9H-
urin-6-amine
" 1E-8 8-((6-ethynyl-2,3-dihydro-1H-inden-5-yl)thio)-9-(3- (1sopropylarmno)propyl)-9H-pur1n-
6-amine
1E-9 | 6-((6-amino-9-(3-(isopropylamino)propyl)-9H-purin-8-yl)thio)-2,3-dihydro-1H-indene-
5-carbonitrile
1E-10 | 8-((6-(azetidin-1-yl)-2,3-dihydro-1H-inden-5-yl)methyl)-2-fluoro-9-(2-
neopentylamino)ethyl)-9H-purin-6-amine -
1E-11 - | 9-(3-(isopropylamino)propyl)-8-((6-(cxazol-2-y1)-2,3-dihydro-1H-inden-5-yDthio)-9H- -
purin-6-amine
1E-12 | 1-(3-(2-(6-amino-8-(6-(oxazol-2-yl)-2,3-dihydro-1H-inden-5-ylthio)- 9H—punn -9-

yDethyDpiperidin-1-yl)ethanone
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1E-13 | 3-(2-(8-(6-(1H-pyrazol-3-y1)-2,3-dihydro-1H-inden-5-ylthic)-6-amino-9H-purin-9-
yl)ethyl)piperidine-1-carbaldehyde

1E-14 | 1-(3«2-(6-amino-8-(6-ethynyl-2,3-dihydro-1H-inden-5-ylthio)-9H-purin-9-
yDethyl)piperidin-1-yl)ethanone

1E-15 | 2-fluoro-9-(3-(1-(methylsulfonyl)pyrrolidin-3-yl)propyl)-8-((6-(oxazol-2-y1)-2,3-
dihydro-1H-inden-5-yl)methyl)-9H-purin-6-amine

1E-16 | N-(2-((2-(6-amino-8-({6-(oxazol-2-y1)-2,3-dihydro-1H-inden-5-yl)thio)-9H-purin-9-
ylethyl)amino)ethyl)sulfamide

1E-17 | 3-(2«(6-amino-8-(6-(oxazol-2-yl)-2,3-dihydro-1H-inden-5-ylthio)-9H-purin-9-
yDethylamino)-N-hydroxypropanamide

1E-18 | 1-(3-(3-(6-amino-8-(6-iodo-2,3-dihydro-1H-inden-5-ylthio)-9H-purin-9-
ylpropyl)pyrrolidin-1-yl)ethanone

1E-19 | 1-(3-(3-(6-amino-8-(6-cthynyl-2,3-dihydro-1H-inden-5-ylthio)-9H-purin-9-
yDpropyl)pyrrolidin-1-yl)ethanone

1E-20 | 2-chloro-8-((6-ethynyl-2,3-dihydro-1H-inden- S-yl)rnethyl) 9-(3-
(isopropylamino)propyl)-9H-purin-6-amine

1E-21 | PU-WS25
8-((6-iodo-2,3-dihydro-1H-inden-5-yl)thio)-9-(2-(neopentylamino)ethyl}-9H-purin-6-
amine

1E-22 | PU-WS27
8-((6-ethynyl-2,3-dihydro-1H-inden- 5-yD)thio)-9-(2-(neopentylamino)ethyl)-SH-purin-
6-amine

1E-23 | PU-WS29 .
8-((6-10do-2,3-dihydro-1H-inden-5-yl)thio)-9-(3-(isopropylamino)propyl)-9H-purin-6-
amine

1E-24 | 9-(3-aminopropyl)-8~((6-iodo-2,3-dihydro-1H-inden-5-yl)thio)-9H-purin-6-amine

1E-25 | 9-(2-aminoethyl)-8-((6-iodo-2,3-dihydro-1H-inden-5-y])thio)-9H-purin-6-amine

1E-26 | 9-(3-(tert-butylamino)propyl)-8-((6-iodo-2,3-dihydro-1H-inden-5-y1)thio)-9H-purin-6-
amine

1E-27 | 9-(3-(isopropylamino)propyl)-8-({(6-(5-methyloxazol-2-yl1)-2,3-dihydro-1 H-inden-5-
yijthio)-9H-purin-6-amine

1E-28 | 1-(4-(3-(6-amino-8-(6-(dimethylamino)-2,3-dihydro-1H-inden-3- ylthlo)-9H-pur1n -9-
yl)propyl)piperidin-1-yl)ethanone

1E-29 | 1-(3-(2-(6-amino-2-fluoro-8-((6-(4-methylthiazol-2-y1)-2,3-dihydro-1H-inden-5-
yl)methyl)-9H-purin-9-yl)ethyDpiperidin-1-yl)ethanone

1E-30 | 8-((6-(5-methyloxazol-2-y1)-2,3-dihydro-1H-inden-5-yl)thic)-9-(2-(1-
(methylsulfonyl)piperidin-3-yl)ethyl)-9H-purin-6-amine

1E-31 | 9-(3-aminopropyl)-8-((6-(5-methyloxazol-2-y1)-2,3-dihydro-1H-inden-5-yl)thio)-9H-
purin-6-amine

1E-32 | 9-(3-(tert-butylamino)propyl)-2-fluoro-8-((6-(4-methylthiazol-2-yl)-2,3-dihydro-1H-
inden-5-ylymethyl)-OH-purin-6-amine

1E-33 | 8~((6-(1H-pyrazol-3-yl)-2,3-dihydro-1H-inden-5-yl)methyl)-9-(3-(tert-

3 butylamino)propyl)-2-fluoro-9H-purin-6-amine’
1E-34 | 8-(6-(aziridin-1-yl)-2, 3-dihydro-lH-inden-S-ylthio)-9-(3-(1-(methylsulfonyl)pyrrolidin-
3-yl)propyl)-9H-purin-6-amine

1E-35 | 1-(3-(6-amino-2-fluoro-8-((6-iodo-2,3-dihydro- 1H-1nden 5-ylymethyl)-9H-purin-9-
yl)propybpyrrolidin-3-one

1E-36 | 8-((6-(5-methyloxazol-2-y1)-2,3-dihydro-1H-inden-5-y1)thio)-9-(2-
(neopentylamino)ethyl)-9H-purin-6-amine

1E-37 | 1-{6-amino-8-((6-(5-methyloxazol-2-yl)-2,3-dihydro-1H-inden-5 —yl)thio)—9H-purin-9-
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y1)-3-(isopropylamino)propan-2-ol

5-(6-amino-8-(6-iodo-2,3-dihydro-1H-inden-5-ylthio)-9H-purin-9-yl)-N-methylpentane-

1E-38
1-sulfonamide _

1E-39 | 5-(6-amino-8-(6-iodo-2,3-dihydro-1H-inden-5-ylthio)-9H-purin-9-yl)pentane-1-
sulfonamide

1E-40 | 5-(6-amino-8-(6-ethynyl-2,3-dihydro-1H-inden-5-ylthio)- 9H—pur1n 9—y1)pentane 1-

] sulfonamide

1E-41 | 1-(2-(4-(6-amino-8-(6-(5-methylfuran-2-y1)-2,3-dihydro-1H-inden-3-ylthio)-9H-purin-
9-yD)butyl)pyrrolidin-1-yl)ethanone

1E-42 | 1-(3-(6-amino-8-(6-iodo-2,3-dihydro-1H-inden-5-ylthio)-9H-purin-9-
yhpropyDpyrrolidin-3-ol

1E-43 | 6-(6-amino-8-(6-iodo-2,3-dihydro-1H-inden-5-ylthio})-9H-purin-9-yl}hexanamide

1E-44 | 1-(3-(3-(6-amino-2-fluoro-8-((6-i0do-2,3-dihydro-1H-inden-5-yl)methyl)-9H-purin-9-
yDpropyDpyrrolidin-1-yl)ethanone

1E-45 | 5-(6-amino-2-fluoro-8-((6-iodo-2,3-dihydro-1H-inden-5-yl)methy!)-9H-purin-9-y1)-N-
methylpentane-1-sulfonamide

1E-46 | 5-(6-amino-2-fluoro-8-((6-iodo-2 3-dlhydro 1H-inden-5-yl)methyl)-SH-purin-9-
yl)pentane-1-sulfonamide

1E-47 | 9-(3~(tert-butylamino)propyl)-2-fluoro-8-((6-iodo-2,3-dihydro-1H-inden-5-ylymethyl)-
9H-purin-6-amine

1E-48 | 2-fluoro-8-((6-iodo-2,3-dihydro-1H-inden-5-yl)methyl)-9-(2-(neopentylamino)ethyl)-
9H-purin-6-amine

1E-49 | 1-(4-(3-(6-amino-8-(6-ethynyl-2,3-dihydro-1 H-inden-5-ylthio)-9H-purin-9-
yDpropyDpiperidin-1-yl)ethanone

1E-50 | 1-(3-(2-(6-amino-8-((6-ethynyl-2,3-dihydro-1H-inden-5-yl)methyl)-2-fluoro-9H-purin-
9-yDethyl)piperidin-1-yl)ethanone

1E-51 | 9-(3-(tert-butylamino)propyl)-8-(6-ethynyl-2,3-dihydro-1H-inden-5-ylthio)-9H-purin-6-
amine

1E-52 | 9-(3-(tert-butylamino)propyl)-8-((6-ethynyl-2,3-dihydro-1H-inden-5-yl)methyl)-2-
fluoro-9H-purin-6-amine

1E-53 | 6-(6-amino-8-((6-ethynyl-2,3-dihydro-1H-inden-5-yl)methyl)-2-fluoro-9H-purin-9-
yl)hexanamide

1E-54 | 1-(3-(6-amino-8-((6-ethynyl-2,3-dihydro-1H-inden-5-yD)methyl)-2-fluoro-9H-purin-9-
yDpropyl)pyrrolidin-3-one

1E-55 | 4-(6-amino-8-((6-ethynyl-2,3-dihydro-~1 H-inden-5-yl)methyl)-2-fluoro-9H-purin-9-
yl)butane-1-sulfonamide

1E-56 | 8-((6-ethynyl-2,3-dihydro-1H-inden-5-yl)methyl)-2-fluoro-9-(3-

- | (isopropylamino)propyl)-9H-purin-6-amine

1E-57 | 8-((6-ethynyl-2,3-dihydro-1H-inden-5-yl)methyl)-2-fluoro-9- (2-
{neopentylamino)ethyl)-9H-purin-6-amine

1E-58 | l-acetyl-3~(3-(6-amino-8-(6-ethynyl-2,3-dihydro-1H-inden-5-ylthio)-9H-purin-9-
yDpropyl)imidazolidin-2-one

1E-59 | 9- (3 (tert-butylammo)propyl) 8-(6-(oxazol-2-yl)-2,3 d1hydro-1H-1nden 5-ylthio)-9H-
purin-6-amine

1E-60 | 9-(3-(tert-butylamino)propyl)-8-(6-(5-methyloxazol-2-yl)-2,3-dihydro-1H-inden-5-
ylthio)-9H-purin-6-amine

1E-61 | 8-(6-(1H-pyrazol-3-yl)-2,3- dlhydro 1H-inden-5-ylthio)-9-(3-(tert-butylamino)propyl)-
9H-purin-6-amine

1E-62 | 1-(3-(2«(6-amino-8-(6-(5-methyloxazol-2-yl)-2,3-dihydro-1H-inden-5-ylthio)-9H-purin-

9-yl)ethyl)piperidin-1-yljethanone
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1E-63 | 6-(6-amino-8-(6-(oxazol-2-yl)-2,3-dihydro-1H-inden-5-ylthio)-9H-purin-9-
yDhexanamide
1E-64 | 1-(3-(6-amino-8-(6-(4-methyloxazol-2-yl)-2,3-dihydro-1H-inden-5-ylthio)-9H-purin-9-
yDpropyl)pyrrolidin-3-one
1E-65 | 6-(6-amino-2-fluoro-8-({6-(oxazol-2-yl)-2,3~dihydro-1H-inden-5-yl)ymethyl)-SH-purin-
9-yDhexanamide
1E-66 | 1- (3 -(6-amino-2-fluoro-8-((6-(oxazol-2-yl)-2,3-dihydro-1H-inden-5 -yl)methyl)—9H-
| purin-9-yDpropyl)pyrrolidin-3-one
1E-67 | 5-(6-amino-2-fluoro-8-((6-(oxazol-2-yl)-2,3- d1hydro-1H-1nden-5-y1)methyl) 9H-purin-
: 9-yl)pentane-1-sulfonamide
1E-68 | 8-((6-iodo-2,3- d1hydro-1H-1nden-5—yl)thlo) 9-(2-(1-methylpiperidin-2-yl)ethyl)-9H-
purin-6-amine
1E-69 | 8-((6-i0odo-2,3-dihydro-1H-inden-5-yl)thio)-9-(2-(1-methylpiperidin-3-yl)ethyl)-9H-
purin-6-amine
1E-70 | 8-((6-10do-2,3-dihydro-1H-inden-5-y1)thio)-9-(2-(1-(methylsulfonyl)piperidin-3-
yhethyl)-9H-purin-6-amine
1E-71 | 3-(2-(6-amino-8~((6-iodo-2,3-dihydro-1H-inden-3-yl)thio)-9H-purin-9-
yDethyl)piperidine-1-sulfonamide
1E-72 | 2-fluoro-8-((6-i0do-2,3-dihydro-1H-inden-5-y1l)ymethyl)-9-(2-(1-methylpiperidin-2-
yhethyl)-9H-purin-6-amine
1E-73 | 2-fluoro-8-((6-iodo-2,3-dihydro-1H-inden-5-yl)methyl)-9-(2-(1-methylpiperidin-3-
ylethyl)-9H-purin-6-amine
1E-74 | 2-fluoro-8-((6-iodo-2,3-dihydro-1H-inden-5-yl)methyD)-9-(2-(1-
(methylsulfonyl)piperidin-3-yl)ethyl)-9H-purin-6-amine
1E-75 | 3-(2-(6-amino-2-fluoro-8-((6-iodo-2,3-dihydro-1H-inden-5-yl)methyl)-9H-purin-9-
yl)ethyl)piperidine-1-sulfonamide
1E-76 | 9-(3- (tert-butylamlno)propyl)-Z fluoro-8-((6-iodo-2,3~ d1hydro-1H-1nden— -yDmethyl)-
9H-purin-6-amine
1E-77 | 8- ((6 ethynyl-2,3-dihydro-1H-inden-5-yl)thio)-9-(2- (1-methylp1per1d1n—2—yl)ethyl) -OH-
purin-6-amine
1E-78 | 8-((6-ethynyl-2, 3—dihydro-lH-inden-5-yl)thio)-9-(2—(1—methylpiperidin-3—yl)ethyl)-QH—
purin-6-amine
1E-79 | 3-(2-(6-amino-8-((6-ethynyl-2,3-dihydro-1H-inden-5-yl)methyl)-2-fluoro-9H-purin-9-
yDethyD)piperidine-1-sulfonamide
1E-80 | 8-((6-ethynyl-2,3-dihydro-1H-inden-5-yl)thio)-9-(2-(1-(methylsulfonyl)piperidin-3-
ylethyl)-9H-purin-6-amine
1E-81 | 8-((6-ethynyl-2 3-dihydro 1H-inden-5-yDmethyl)-2-fluoro-9-(2-(1-methylpiperidin-2-
yl)ethyl)-9H-purin-6-amine
1E-82 | 8-((6-ethynyl-2,3-dihydro-1H-inden-5-yl)methyl)-2- fluoro-9- (2- (1—methy1p1per1d1n 3-
yDethyl)-9H-purin-6-amine
1E-83 | 9-(3-(tert-butylamino)propyl)-8-(6-(4-methylthiazol-2-yl1)-2,3-dihydro-1H- 1nden-5-
ylthio)-9H-purin-6-amine
1E-84 | 2-fluoro-9-(2-(1-methylpiperidin-2-yl)ethyl)-8-((6-(oxazol-2-yl)-2,3-dihydro-1H-inden-
5-yDmethyl)-9H-purin-6-amine
1E-85 | 2-fluoro-9-(2-(1-methylpiperidin-3-yl)ethyl)-8-((6-(oxazol-2-yl)-2,3-dihydro-1H-inden-
5-yDmethyl)-9H-purin-6-amine
Table 1F

No.

Name
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1F-1 | 8-((6-iodoindolin-5-yD)thio)-9-(2-(isobutylamino)ethyl)-9H-purin-6-amine
1F-2 | 2-fluoro-8-((6-iodoindolin-5-yl)methyl)-9-(2-(isobutylamino)ethyl)-9H-purin-6-amine
1F-3 | 8-((6-(1H-pyrazol-3-yDindelin-5-y1)thio)-9-(2-(isobutylamino)ethyl)-9H-purin-6-amine
1F4 | 8-((6-ethynylindolin-5-y1)thio)-9-(2-(isobutylamino)ethyl)-9H-purin-6-amine
1F5 | 8-((6-(1H-pyrrol-3-yl)indolin-5-yl)methyl)-2-fluoro-9-(2-(isobutylamino)ethyl}-OH-

purin-6-amine
1F-6 | 5-((6-amino-9-(3-(isopropylamino)propyl)-9H-purin-8-y)thio)indoline-6-carbonitrile
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1F-7 | 8-((6-(furan-2-yl)-1-methylindolin-5-yl)thio)}-9-(3-(isopropylamino)propy!l)-9H-purin-
6-amine
1F-8 | 8-((6-cyclobutyl-1-methylindolin-5-yl)methyl)-2-fluoro-9-(2-(isobutylamino)ethyl)-
9H-purin-6-amine ' '
1F-9 | 1-(5-((6-amino-2-fluoro-9-(2-(neopentylamino)ethyl)-9H-purin-8-ylymethyl)-6-
(aziridin-1-yl)indolin-1-ylethanone
1F-10 | 1-(4-(2-(6-amino-8-((6-(furan-2-yl)indolin-5-yl)thio)-9H-purin-9-yl)ethyl)piperidin-1-
yl)ethanone
1F-11 | 4-(2-(8-((6-(1H-pyrazol-3-yl)indolin-5-yl)thio)-6-amino-9H-purin-9-
yDethyl)piperidine-1-carbaldehyde
1F-12 | 4-(2-(6-amino-8-((6-cthynyl-1-methylindolin-5-yl)thio)-9H-purin-9-
yDethyl)piperidine-1-carbaldehyde
1F-13 | 1-(4-(2-(6-amino-2-fluoro-8~((6-(furan-2-yl)indolin-5-yl)methyl)-9H-purin-9-
yhethyl)piperidin-1-yl)ethanone
1F-14 | N-(2-((2-(6-amino-8-((6-(furan-2-yl)indolin-5-yl)thio)-9H-purin-9-
yl)ethyDamino)ethyl)sulfamide
1F-15 | 3-((2-(6-amino-8-((6-(furan-2-yl)indolin-5-yl)thio)-9H-purin-9-yl)ethyl)amino)-N-
hydroxypropanamide \
1F-16 | 2-chloro-8-((6-iodoindolin-5-yl)methyl)-9-(2-(isobutylamino)ethyl)}-SH-purin-6-amine
1F-17 | 9-(3-aminopropyl)-8-((6-iodoindolin-5-yDthio)-9H-purin-6-amine
1F-18 | 9-(2-aminoethyl)-8-((6-iodoindolin-5-yl)thio)-9H-purin-6-amine
1F-19 | 9-(3-(tert-butylamino)propyl)-8-((6-iodoindolin-5-yl1)thio)-9H-purin-6-amine
1F-20 | 8-((6-iodoindolin-5-yl)thio)-9-(3-(isopropylamino)propyl)-9H-purin-6-amine
Table 1G
No. ' Name
1G-1 | 1-(6-(6-amino-9-(3-(isopropylamino)propyl)-9H-purin-8-ylthio)-5-iodoindolin-1-
yl)ethanone
1G-2 | 2-fluoro-8-((5-iodoindolin-6-y)methy1)-9-(2-(iscbutylamino)ethyl)-9H-purin-6-amine
1G-3 | 8-((5-(1H-pyrazol-3-yl)indolin-6-y1)thio)-9-(2-(isobutylamino)ethyl)-9H-purin-6-amine
1G-4 | 8~((5-ethynylindolin-6-y1)thio)-9-(2-(isobutylamino)ethyl)-9H-purin-6-amine
1G-5 | 8-((5-(1H-pyrrol-3-yl)indolin-6-yl)methyl)-2-fluoro-9-(2-(isobutylamino)ethyl)-9H-
purin-6-amine ‘
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1G-6 6-((6-amino-9-(3-(isopropylamino)propyl)-9H-purin-8-yl)thio)indoline-5-carbonitrile
1G-7 8-((5-(furan-2-yl)-1-methylindolin-6-yl)thio)-9-(3-(isopropylamino)propyl)-9H-purin-
6-amine i
1G-8 8-((5-cyclobutyl-1-methylindolin-6-yl)methyl)-2-fluoro-9-(2-(isobutylamino)ethyl)-
9H-purin-6-amine
1G-9 1-(6-((6-amino-2-fluoro-9-(2-(neopentylamino)ethyl)-SH-purin-8-yl)methyl)-5-
(aziridin-1-yl)indolin-1-yl)ethanone :
1G-1¢ | 1-(4-(2~(6-amino-8-((5-(furan-2-yl)indolin-6-yl)thio)-9H-purin-9-yl)ethyl)piperidin-1-
yl)ethanone
1G-11 | 8-(5-(1H-pyrazol-3-yl)indolin-6-ylthio)-9-(2-(1-(methylsulfonyl)piperidin-3-yl)ethyl)-
9H-purin-6-amine
1G-12 | 3-(2-(6-amino-8-(1-ethyl-5-ethynylindolin-6-ylthio)-9H-purin-9-y!)ethyl)piperidine-1-
carbaldehyde
1G-13 | 1-(3-(2-(6-amino-2-fluoro-8-((1 -methyl-5-(5-methylfuran-2-yl)indolin-6-ylymethyl)-
9H-purin-9-yl)ethyl)piperidin-1-yl)ethanone : '
1G-14 | N-(2-((2-(6-amino-8-((5-(furan-2-yl)indolin-6-yl)thio)-9H-purin-9-
ylethyl)amino)ethyl)sulfamide
1G-15 | 3-(2-(6-amino-8-(5-(5-methylfuran-2-yl)indolin-6-ylthio) 9H-pur1n—9—yl)ethylarmno)
N-hydroxypropanamide
1G-16 | 1-(3-(4-(6- amino-8-(5-iodo—1-methylindolin- -ylthio)—9H-purin-9-yl)bu_tyl)pyrrolidin-
1-yDethanone
1G-17 | 9-(3-aminopropy!)-8-((5- 1odo1nd011n- -yDthio)-9H-purin-6-amine
1G-18 | 9-(2-aminoethyl)-8-((5-iodoindolin-6-yl)thio)-9H-purin-6-amine
1G-19 | 9-(3-(tert-butylamino)propyl)-8-(1-ethyl-5-iodoindolin-6-ylthio)-9H-purin-6-amine
1G-20 - | 8-(5-iodo-1-methylindolin-6-ylthio)-9-(3-(isopropylamino)propyl)-9H-purin-6-amine
1G-21 | 1-(3-(6-amino-8-(5-iodo-1-methylindolin-6-ylthio)-9H-purin-9-yhpropylpyrrolidin-3-
one
- Table 1H
__No. Name
1H-1 | 6-((6-amino-9-(2- (1sobuty1am1no)ethyl) SH-purin-8-yl)thio)-5-iodo-2,3-dihydro-1H-
inden-1-one
1H-2 | 6-((6-amino-9-(3-(isopropylamino)propyl)-9H-purin-8-yl)thio)-5-iodo-2,3-dihydro-
1H-inden-1-one
1H-3 | 6«((6-amino-2-fluoro-9-(2-(isobutylamino)ethyl)-9H-purin-8-yl)methyl)-5-iodo-2,3-
dihydro-1H-inden-1-one
1H-4 | 6((6-amino-2-fluoro-9-(3-(isopropylamino)propyl)-9H-purin-8-yl)methyl)-5-iodo-
2,3-dihydro-1H-inden-1-one
1H-5 | 6-(6-amino-9-(2-hydroxy-3-(isopropylamino)propyl)-9H-purin-8-ylthio)-5-iodo-2,3-
dihydro-1H-inden-1-one
1H-6 | 6-((6-amino-9-(3-(isopropylamino)propyl)-9H-purin-8-yl)thio)-5-(furan-2-yl)-2, 3-
dihydro-1H-inden-1-one
1H-7 | 6-((6-amino-2-fluoro-9-(2-(neopentylamino)ethyl)-9H-purin-8-ylymethyl)-5-
| (dimethylamino)-2,3-dihydro-1H-inden-1-one
1H-8 | 6+((6-amino-9-(2-(isobutylamino)ethyl)-9H-purin-8-yl)thio)-5-(1 H-pyrazol-3-yl)-
2,3-dihydro-1H-inden-1-one
. 1H-9 | 6-((6-amino-9-(3-(isopropylamino)propyl)- 9H—pur1n— -yDthio)-5-cyclopropyl-2,3-
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dihydro-1H-inden-1-one

1H-10 | 6-({6-amino-2-fluoro-9-(2-(isobutylamino)ethyl)-9H-purin-8-yl)methyl)-5-ethynyl-
2,3-dihydro-1H-inden-1-one

1H-11 | 6-((6-amino-2-fluoro-9-(3-(isopropylamino)propyl)-9H-purin-8-yl)methyl)-1-oxo-
2,3-dihydro-1H-indene-5-carbonitrile

1H-12 | 6-((6~amino-2-chloro-9-(3-(isopropylamino)propyl)-9H-purin-8-yl)methyl)-5-
(furan-2-yl1)-2,3-dihydro-1H-inden-1-one

1H-13 | 4-(2~(6-amino-8~((6-ethynyl-3-0x0-2,3-dihydro-1H-inden-5-yl)thio)-9H-purin-9-

: yhethyl)piperidine-1-carbaldehyde

1H-14 | 6-((9-(2-(1-acetylpiperidin-3-yl)ethyl)-6-amino-2-fluoro-9H-purin-8-yl)methyl)-5-
(5-methylfuran-2-y1)-2,3-dihydro-1H-inden-1-one

1H-15 | N-(2-((2-(6-amino-8-((6-(furan-2-yl)-3-0x0-2,3-dihydro-1H-inden-5-yl)thio)-9H-
purin-9-yl)ethylamino)ethyl)sulfamide

1H-16 | 3-((2-(6-amino-8-((6-ethynyl-3-0x0-2,3-dihydro-1H-inden-5-y1)thio)-9H-purin-9-
ylethyl)amino)-N-hydroxypropanamide

1H-17 | 6-((6-amino-9-(2-(isobutylamino)ethyl)-9H-purin-8-yl)thio)-5-iodo-2,3-dihydro-1H-
indene-1-thione

1H-18 | 6~((6-amino-2-fluoro-9-(3-(isopropylamino)propyl)-9H-purin-8-yl)methyl)-5-iodo-
2,3-dihydro-1H-indene-1-thione

1H-19 | 6-((6-amino-9-(3-aminopropyl)-9H-purin-8-yl)thio)-5-iodo-2,3-dihydro-1H-inden-
1-one

1H-20 | 6-((6-amino-9-(2- ammoethyl)-2-ﬂuoro-9H-pur1n 8-yl)methyl)-5-iodo-2,3-dihydro-
1H-inden-1-one

1H-21 | 6-((6-amino-9-(2-aminoethyl)- 9H-pur1n 8-y1)th10) 5-iodo-2,3-dihydro-1H-inden-1-
one

1H-22 | 6-((6-amino-9-(3-(tert- butylammo)propyl) 9H-purin-8-yl)thio)-5-iodo-2,3-dihydro-
1H-inden-1-one

1H-23 | 3-(2-(6-amino-8-(6-iodo-3-0x0-2,3-dihydro-1H-inden-5-ylthio)-9H-purin-9- .
ylethyl)pyrrolidine-1-carbaldehyde

1H-24 | 6-(6-amino-9-(2-(1-(methylsulfonyl)pyrrolidin-3 -yl)ethyl) 9H-purin-8-ylthio)-5-
iodo-2,3-dihydro-1H-inden-1-one

1H-25 (3 (6-amino-2-fluoro-8-((6-iodo-3-0x0-2,3-dihydro- 1H-1nden-5-y1)methyl) -9H-
purin-9-yl)propyl)methanesulfonamide

1H-26 | 6-((6-amino-9-(2-(1-(methylsulfonyl)piperidin-3-yl)ethyl)-9H-purin-8-yl)thio)-5-
(1H-pyrazol-3-y1)-2,3-dihvdro-1H-inden-1-one

1H-27 | 6-((6-amino-9-(3(tert-butylamino)propyl)-9H-purin-8-yl)thio)-5-(5-methylfuran-2-
y1)-2,3-dihydro-1H-inden-1-one

1H-28 | 6-((6-amino-9-(3-(tert-butylamino)propyl)-9H-purin-8-yl)thio)-5-(5-methylthiazol-
2-yl)-2,3-dihydro-1H-inden-1-one

1H-29 | 6-((6-amino-9-(3-(tert-butylamino)propyl)-9H-purin-8-yl)thio)-5-(thiophen-2-yl)-
2,3-dihydro-1H-inden-1-one '

1H-30 | 2-(3-(6-amino-8-(6-iodo-3-0x0-2,3-dihydro-1H-inden-5-ylthio)-9H-purin-9-
yDpropyDazetidine-1-carbaldehyde

1H-31 | 6-((6-amino-9-(3-(tert-butylamino)propyl)-2-fluoro-9H-purin-8-yl)methyl)-5-

: ethynyl-2,3-dihydro-1H-inden-1-one

1H-32 | 6-((6-amino-9-(2-(1-(methylsulfonyl)piperidin-3-yl)ethyl)-9H-purin-8-yl)thio)-5-
(dimethylamino)-2,3-dihydro-1H-inden-1-one

1H-33 | 6-((6-amino-9-(3-(tert-butylamino)propyl)-2-fluoro-9H-purin-8-yl)methyl)-5-(5-
methyloxazol-2-y1)-2,3-dihydro-1H-inden-1-one

1H-34 | 6-((9-(2-(1-acetylpiperidin-4-yl)ethyl)-6-amino-2-fluoro-9H-purin-8-yl )methyl)-5-
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(5-methylthiazol-2-y1)-2,3-dihydro-1H-inden-1-one

1H-35 | N-(3-(6-amino-2-fluoro-8-((6-(5-methyloxazol-2-yl)-3-0x0-2,3-dihydro-1 H-inden-
' 5-yDmethyl)-9H-purin-9-yl)propyl)methanesulfonamide
1H-36 | 1-(3-(6-amino-8-(6-iodo-3-o0x0-2,3-dihydro-1H-inden-5-ylthio)-9H-purin-9- j
yDpropyDpyrrolidin-3-one .
1H-37 | 1-(3-(6-amino-8-(6-iodo-3-0x0-2,3~dihydro-1H-inden-3-ylthio)-9H-purin-9-

yDpropyDpyrrolidin-2-one
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Table 2A
Compound # Name ECsp; binding to ECso; binding _
JNPL3 brain to SKBr3 cell
Hsp90 (nM) Hsp90 (nM)
1B-1 PU-WS9 55 ND
1B-2 PU-WS4 8.0-14 ND
1A-1 PU-WS10 132.9-346 ND
Table 2B
Compound # Name ECsp; binding to ECs; binding
JNPL3 brain to SKBr3 cell
Hsp90 (nM) Hsp90 (nM)
1B-3 PU-WS17 17.3 ND
1B-4 PU-WS18 33.3 ND
1B-24 PU-WS21 10.8 ND
1B-25 PU-WS22 8.0 ND
Table 2C
Compound # Name ECsp; binding to ECso; binding
' JNPL3 brain to SKBr3 cell
Hsp90 (nM) Hsp90 (nM)
1B-26 PU-WS23 12.2 ND
1B-27 PU-WS24 254 ND
Table 2D _
Compound # Name ECso; binding to ECso; binding
JNPL3 brain to SKBr3 cell
Hsp90 (nM) Hsp90 (nM)
1B-28 PU-WS28 8.1 ND
Table 2E
Compound # Name ECsg; binding to ECso; binding
JNPL3 brain to SKBr3 cell
_ Hsp90 (nM) Hsp90 (nM)
"1E-2 PU-WS26 3.6 ND
1E-21 PU-WS25 7.2 ND
1E-23 PU-WS29 4.5 ND
Table 2F
Compound # Name ECso; binding to ECso; binding
JNPL3 brain to SKBr3 cell
Hsp90 (nM) Hsp90 (nM)
1E-22 PU-WS27 15 ND
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Table 2G
Compound # Name ECso; binding to ECso; binding
JNPL3 brain to SKBr3 cell
Hsp90 (nM) Hsp90 (nM)
- 4A-1 DZ2-388 270 645
4A-2 DZ2-390 2,666 6,240
4A-3 DZ2-391 >100,000 >100,000
4A-4 TT-V-47B 8,287 15,010
4A-5 DZ2-392 1,388 2,520
4A-6 DZ3-3 438 1,030
4A-7 DZ3-6 732 1,385
4A-8 DZ3-50 2,333 >3000
4C1 DZ3-4 11 22
4C-2 DZ3-27 48 86
4C-3. DZ3-25 3.9 5.2
AC-4 DZ3-26 14 26
4C-5 TT5-53A 53 6.5
AC-6 DZ3-33 56 141
4C-7 DZ3-34 82 142
4C-8 DZ3-35 23 37
4C-9 DZ3-36 6.0 12
4C-10 DZ3-49 ©>300 >300
4C-11 DZ3-51 153 185
4C-14 DZ3-60 ND 10.1
4C-16 DZ3-56 ND 10.2
4C-38 DZ4-20 ND 7.9
4C-39 DZ4-23 ND 11.4
- 4C-40 DZ3-142 . ND 509
4C-41 DZ3-143 ND 2,081
4D-1 DZ2-395 43 80
4D-2 DZ3-48 24 59
4D-3 DZ3-58 ND 18.5
4D-16 DZ4-21 ND 47
4D-17 DZ4-24 ND 19.7
4F-1 DZ3-5 4,120 9,620
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Compound # Name ECso; binding to ECso; binding
JNPL3 brain to SKBr3 cell
Hsp90 (nM) Hsp90 (nM)
4B-1 PU-WS38 19.1 ND
4B-2 - PU-WS6 403 ND
4B-3 PU-WS7 731 ND
4B-4 PU-WS16 13.7 ND
4B-13 PU-WS19 8.6 ND
4B14 PU-WS20 <200 ND
Table 2I
Compound # Name ECso; binding to ECso; binding
JNPL3 brain to SKBr3 cell
‘Hsp90 (nM) Hsp90 (nM)
4E-1 PU-WS3 218.8 ND
4E-2 PU-WS5 285 ND
4E-3 DZ3-39 542 1126
. 4E4 DZ3-40 46 93
Table 2J
Compound # Name ECso; binding to ECso; binding
JNPL3 brain to SKBr3 cell
Hsp90 (nM) Hsp90 (nM)
4]-12 TT-VI-116 ND 394




WO 2011/044394

PCT/US2010/051872

169
Table 2K
Compound # Name ECsp; binding to ECso; binding
JNPL3 brain to SKBr3 cell
Hsp90 (nM) Hsp90 (nM)
4G-1 DZ3-30 374 1024
- 4G-2 DZ3-32 107 128
4G-3 DZ3-43 2.6 7.2
4G4 DZ3-44 >300 >300
4G-5 DZ3-45 >300 >300
4G-6 DZ3-46 4.0 55
4G-9 DZ3-61 ND 5.5
Table 2L
Compound # Name ECso; binding to ECso; binding
JNPL3 brain to SKBr3 cell
Hsp90 (nM) Hsp90 (nM)
4H-1 DZ3-29 309 740
4H-2 DZ3-31 89 121
4H-3 DZ3-41 57 161
4H-4 DZ3-59 ND 24.6
4H-6 DZ3-38 23 47
4H-7 DZ3-141 ND 26,653
Table 2M
Compound # Name ECso; binding to ECs; binding
: JNPL3 brain to SKBr3 cell
Hsp90 (nM) Hsp90 (nM)
5A-1 PU-RK11 ND 34.5
5A-2 PU-HT165 ND 34.6
5A-3 "PU-HT175 ND 34.8
5A-4 PU-RK12 ND 62.8
5A-5 DZ3-73 ND 9.4
5A-6 DZ4-84 45.1 ND
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Table 2N
Compound # Name ECso; binding to ECso; binding
JNPL3 brain to SKBr3 cell
Hsp90 (nM) Hsp90 (nM)
5B-1 HJP18 ND 6.9
5B-7 TT-VI-53A ND 5.3
5B-33 HJP23 46.3 ND
5B-34 HJP20 ND 3.5
Table 20
Compound # Name ECso; binding to ECso; binding
JNPL3 brain to SKBr3 cell
_ Hsp90 (nM) Hsp90 (nM)
5D-2 HJP19 ND 11.2
5D-4 TT-VI-54A ND 7.7
Table 2P
Compound # Name ECso; binding to ECsp; binding
JNPL3 brain to SKBr3 cell
Hsp90 (nM) Hsp90 (nM)
6B-25 DZ4-52-N9 ND 97.0
Table 2Q
Compound # Name ECsg; binding to ECso; binding
JNPL3 brain to SKBr3 cell
Hsp90 (nM) Hsp%0 (nM)
7A-20 PU-WS31 <200 - ND
7C-13 TT-V-138 ND 84
7D-3 TT-V-139 ND 240
7E-6 TT-V-140 ND 32
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Table 3A
No. Name
3A-1 2-fluoro-8-((5-(furan-2-yl)benzofuran-6-yl)methyl)- 9 2-
(neopentylamino)ethyl)-9H-purin-6-amine
3A-2 2-fluoro-8-((5-iodo-1H-indol-6-yl)methyl)-9-(2-(neopentylamino)ethyl)-
' 9H-purin-6-amine
3A-3 N-(2-({2-(6-amino-8-((5-(furan-2-yl)benzo[blthiophen-6-yl)thio)-9H-
purin-9-yl)ethyl)amino)ethyl)sulfamide
3A-4 3-((2-(8-((1-acetyl-5-(furan-2-yl)-1H-indol-6-yl)thio)-6-amino-9H-
purin-9-yl)ethyl)amino)-N-hydroxypropanamide
3A-5 8-((5-(azetidin-1-yl)benzofuran-6-yl)thio)-9-(2-(isobutylamino)ethyl)-
9H-purin-6-amine
3A-6 8-((5-iodobenzo[b]thiophen-6-yl)thio)-9-(2-(isobutylamino)ethyl)-9H-
purin-6-amine
3A-7 8-((5-(1H-pyrazol-3-yl)-1H-indol-6-yl)thio)-9-(3-
(isopropylamino)propyl)-9H-purin-6-amine
3A-8 8-((5-ethynyl-1H-indol-6-yl)thio)-9-(2-(isobutylamino)ethyl)-9H-purin-
6-amine
3A-9 6-({6~amino-9-(2-(isobutylamino)ethyl)-9H-purin-8-yl)thio)-1 -methyl-
1 H-indole-5-carbonitrile
3A-10 9-(3-aminopropyl)-8-((5-iodobenzofuran-6-yl)thio)-9H-purin-6-amine
3A-11 9-(2-aminoethyl)-8-((5-iodobenzofuran-6-yl)thio)-9H-purin-6-amine
3A-12 9-(3-(tert-butylamino)propyl)-8-((5-iodobenzofuran-6-yl)thio)-9H-purin-
6-amine
3A-13 2-fluoro-8-((5-iodobenzofuran-6-yl)methyl)-9-(2-
(neopentylamino)ethyl)-9H-purin-6-amine :
3A-14 1-(4-(2-(6-amino-2-fluoro-8-((5-(5-methylfuran-2-yl)benzofuran-6-
yDmethyl)-9H-purin-9-yl)ethyl)piperidin-1-yl)ethanone
3A-15 9-(3~(tert-butylamino)propyl)-8-((5-ethynylbenzofuran-6-y!)thio)-9H-
purin-6-amine
3A-16 2-fluoro-8-((5-(5-methyloxazol-2-yl)benzofuran-6-yl)methyl)-9-(2-
(neopentylamino)ethyl)-O9H-purin-6-amine
3A-17 9-(3-(tert-butylamino)propyl)-8-((5-(dimethylaminc)benzofuran-6-
yl)thio)-9H-purin-6-amine
3A-18 8-((5-iodobenzofuran-6-yl)thio)-9-(2-(1-(methylsulfonyl)piperidin-3-
ylethyl)-9H-purin-6-amine
3A-19 8-((5-(1H-pyrazol-3-yl)benzofuran-6-yl)thio)-9-(2-
(neopentylamino)ethyl)-9H-purin-6-amine
3A-20 N-(3-(6-amino-8-((5-(aziridin-1-yl)benzofuran-6-yl)thio)-9H-purin-9-
yDpropyl)methanesulfonamide ‘
3A-21 3-(6-amino-8- ((5-1odobenzofuran- -yD)thio)-9H-purin-9-yl)propyl
sulfamate
3A-22 9-(3-(tert-butylamino)propyl)-8-((5-(oxazol-2-yl)benzofuran-6-yl)thio)-
9H-purin-6-amine
3A-23 8-((5-ethynylbenzofuran-6-yl)thio)-9-(2- (neopentylammo)ethyl) OH-
purin-6-amine
3A-24

1-(6-amino-8-((5-iodobenzofuran-6-y)thio)-9H-purin-9-y1)-3-(tert-
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butylamino)propan-2-ol
3A-25 8-((5-iodobenzofuran-6-yl)thio)-9-(3-(isopropylamino)propyl)-9H-
purin-6-amine
3A-26 9-(3-(tert-butylamino)propyl)-8-((5-(5-methylthiazol-2-yl)benzofuran-6-

yhthio)-9H-purin-6-amine

Table 3B )
No. Name
3B-1 5-((6-amino-9-(2-(isobutylamino)ethyl)-9H-purin-8-yl)thio)benzofuran-
6-carbonitrile
3B-2 8-((6-iodobenzofuran-5-yl)thio)-9-(2-(isobutylamino)ethyl)-9H-purin-6-
amine
3B-3 8-((6-(furan-2-yl)benzofuran-5-yl)thio)-9-(2-(isobutylamino)ethyl)-9H-
purin-6-amine
3B4 N-(2-((2-(6-amino-8-((6-(furan-2-yl)benzofuran-5-yl)thio)-SH-purin-9-
ylethyl)amino)tecth)sulfamide
3B-5 3~((2-(6-amino-8-(( 6-(furan-2-yl)benzofuran-5-yl)thio)-9H-purin-9-
yDethyl)amino)-N-hydroxypropanamide
3B-6 2-fluoro-8~((6-(furan-2-y1)-1H-indol-5-yl)methyl)-9-(2-
(neopentylamino)ethyl)-9H-purin-6-amine
3B-7 8-((6-(azetidin-1-yl)-1H-indol-5-yl)thio)-9-(2-(isobutylamino)ethyl)-9H-
purin-6-amine
3B-8 9-(2-(isobutylamino)ethyl)-8-((6-(pyrrolidin-1-yl)-1H-indol-5-yl)thio)-
9H-purin-6-amine
3B9 8-((6-(furan-2-yl)-1-methyl-1H-indol-5-y1)thio)-9-(3-
(isopropylamino)propyl)-9H-purin-6-amine
3B-10 2-fluoro-8-((6-10do-1-isopropyl-1H- 1ndol-5-yl)methyl) -9-(2-
(isobutylamino)ethyl)-9H-purin-6-amine
3B-11 2-fluoro-8-((6-(furan-2-yDbenzo[ b]thiophen-5-y)methy1)-9-(3-
(isopropylamino)propyl)-9H-purin-6-amine
3B-12 2-fluoro-8-((6-iodobenzo[b]thiophen-5-yl)methyl)-9-(2-
(neopentylamino)ethyl)-9H-purin-6-amine
3B-13 8-((6-(1H-pyzrrol-3-yl)benzo[b]thiophen-5-yl)methyl)-2-fluoro-9-(2-
(isobutylamino)ethyl}-9H-purin-6-amine
3B-14 8-((6-ethynylbenzo[b]thiophen-5-yl)methyl)-2-fluoro-9-(2-
(isobutylamino)ethyl)-9H-purin-6-amine
3B-15 2-chloro-8-((6-ethynylbenzo[b]thiophen-5-y)methyl)-9-(2-
(isobutylamino)ethyl)-9H-purin-6-amine
3B-16 8-((6-(azetidin-1-y1)-1H-indol-5-y)thio)-9-(2-(isobutylamino)ethyl)-9H-
: purin-6-amine
3B-17 8-((6-(aziridin-1-yl)-1H-indol-5-yl)thio)-9-(2-(isobutylamino)ethyl)-9H-
purin-6-amine
3B-18 9-(3-aminopropyl)-8-((6-iodobenzofuran-5-yl)thio)-9H-purin-6-amine
3B-19 9-(2-aminoethyl)-8-((6-iodobenzofuran-5-yl)thio)-9H-purin-6-amine
3B-20 9-(3-(tert-butylamino)propyl)-8-((6-iodobenzofuran-5-yl)thio)-9H-
purin-6-amine ‘
3B-21 1-(4-(2-(6-amino-2-fluoro-8~((6-(5-methylfuran-2-yl)benzofuran-5-
yDmethyl)-OH-purin-9-yl)ethyl)piperidin-1 -yDethanone
3B-22 9-(3~(tert-butylamino)propyl)-8-((6-ethynvylbenzofuran-5-yl)thio)-9H-
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purin-6-amine
3B-23 2-fluoro-8-((6-(5-methyloxazol-2-yl)benzofuran-5-yl)methyl)-9-(2-
(neopentylamino)ethyl)-9H-purin-6-amine
3B-24 9-(3-(tert-butylamino)propyl)-8-((6-(dimethylamino)benzofuran-5-
yl)thio)-9H-purin-6-amine
3B-25 8-((6-iodobenzofuran-5-yl)thio)-9-(2-(1-(methylsulfonyl)piperidin-3-
ylethyl)-9H-purin-6-amine
3B-26 8-((6-(1H-pyrazol-3-yl)benzofuran-5-yl)thio)-9-(2-
(neopentylamino)ethyl)-9H-purin-6-amine
3B-27 N-(3-(6-amino-8-((6-(aziridin-1-yl)benzofuran-5-yl)thio)-9H-purin-9-
yl)propyl)methanesulfonamide
3B-28 3-(6-amino-8-((6-iodobenzofuran-5-yl)thio)-9H-purin-9-yl)propyl
sulfamate
3B-29 9-(3-(tert-butylamino)propyl)-8-((6-(oxazol-2-y)benzofuran-5-yl)thio)-
9H-purin-6-amine
3B-30 8-((6-ethynylbenzofuran-5-yl)thio)-9-(2-(neopentylamino)ethyl)-9H-
: purin-6-amine
3B-31 1-(6-amino-8-((6-iodobenzofuran-5-yl)thio)-9H-purin-9-yl)-3-(tert-
butylamino)propan-2-ol
3B-32 8-((6-iodobenzofuran- 5-yl)thlo)-9-(3-(1sopropy1am1no)propyl)-QH-
purin-6-amine
3B-33 9-(3-(tert-butylamino)propyl)-8-((6-(5-methylthiazol-2-yl)benzofuran-5-
yl)thio)-9H-purin-6-amine
3B-34 1-(3-(6-amino-8-(6-iodobenzofuran-5-ylthio)-9H-purin-9-
yDpropyl)pyrrolidin-3-0l
3B-35 1-(3-(6-amino-8-(6-iodobenzofuran-5-ylthio)-9H-purin-9-
yl)propyl)pyrrolidin-3-one
Table 3C
No. Name
3C-1 6-((6-amino- 9-(2-(isobutyla.mino)ethyl)—9H-purin-8-yl)thio)benzo[d]oxazole-S-
carbonitrile
3C-2 8- ((5 (furan -2-yl)benzo[d]thiazol-6-yI)thio)-9-(2-(neopentylamino)ethyl)-9H-
purin-6-amine
3C-3 2-fluoro-8-((5-(furan-2-yl)benzo[ dJoxazol-6-yl)methy1)-9-(2-
(neopentylamino)ethyl)-9H-purin-6-amine
3C4 8-((5-(azetidin-1-yl)benzo[d]oxazol-6-yl)thio)-9-(2-(isobutylamino)ethyl)-9H-
.| purin-6-amine
3C-5 9-(2-(isobutylamino)ethyl)-8-((5- (pyrrohdm— -yl)benzo[d]thiazol-6-yh)thio)-9H-
purin-6-amine
3C-6 8-((5-ethynylbenzo[d]thiazol-6-y)methyl)-2-fluoro-9-(2-(isobutylamino)ethyl)-
9H-purin-6-amine
3C7 N-(2~((2-(6-amino-8-((5-iodobenzo[d]oxazol- 6-y1)th10) 9H-purin-9-
yDethyl)amino)ethyl) sulfamide
3C-8 3-((2-(6-amino-8-((5-(furan-2-yl)benzo[d]oxazol-6-yl)thio)-9H-purin-9-
yl)ethyl)amino)-N-hydroxypropanamide
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Table 3D
No. Name
3n-1 5-{{6-amino-9-(2- ilsonutvlamiro)cthy) -SH-purin-8-yiithio)-1 H-
benzofdlimidazole-6-carbonitrile
3D-2 B-{{6-(furan-2-yl}-1 H-benzo[djimidazol-3-y1)thio)-9-(2-
{(neopentylamino)ethyl)-9H-purin-6-amine
3in-3 2-fluoro-8-({6-(faran-2-v1)-1H-benzo[dlimidazol-5-yl)ymethy1)-9-(2-
(neopentylamino)ethyl}-9H-purin-6-amine
304 8-{{6-(azetidin-1-y1}-1H-benzo[d]imidazol-5-yl}thio)-9 (2-
(isobutylamino)ethy}-9H-purin-6-amine
3D-5 9-(2-(isobutylamino jethyl)-8-({6-(pyrrolidin-1-y1)-1 H-benzof d Jimidazol-5-
yDthio)-9H-purin-6-amine ‘
3D-6 8-{(6-ethynyl-1-methyl-111-benzo[d]imidazol-5-yl}methyl}-2-fluoro-9-(2-
(isobutylamino)ethyD-SH-purin-6-amine
3D-7 N-{2-((2-(8-{{ 1-acetyl-6-iodo-1H-benzo[d]imidazol-5-yljthio)-6-amino-
9H~‘purin~9-yi)ethyl)amino)ethyi)methanesuifonamidc—:
3D-8 3-({2-(6-amino-3-{(6-(furan-2-y1)- 1 H-benzo[d]imidazol-5-yDthic}-9H-
pmn -9-yDethyl}amino)-N-hydroxypropanamide
3D-9 5-({6~amino-9-(2-(iscbutylaminc)ethyl)-8H-purin-8-
viithic)benzo[dloxazole-6-carbonitrile
3016 &-{(6-1odobenzo[dloxazol-3-ylithio}-9-(2-(neopentylamino)lethyh)-9H-
pUrin-6-amine
3D-11 5-{{6~amino-93-(2-(isobutylamino)ethyl}-9H-purin-8-
vithio}benzo[d]thiazole-6-carbonitrile
3n-12 8-({6-(faran-2-yhHbenzo[djthiazol-3-yHithio)-8-(Z-(neopentyiamino)jethyl)-
QE-E—purin—é—amina
3D-13 2-fluoro-8-({6-{furan- 2-y1)benze{d}oxazol S-yDmethyl)-9-(2-
{(neopentylaminojethy)-OH-purin-6-amine
3n-14 8-{{6-(azetidin-1-y)benzo[djoxazol-5-v1)thio)-9-(2-(isobutylamino)ethyl)-
SH-purin-6-amine
353-15 9-(2-{isobutylaminocjethyl}-8-{{6-(pyrrolidin-1-yl}benzo[d}thiazol-5-
yiithic}-9H-purin-6-amine
3D-16 §-({6-cthynylbenzoldithiazol-5-yDmethyl)-2-fluore-9-(2-
(isobutylaminolethyD-9H-purin-6-amine
Table 3E
Ng. Name
3E-1 6-((6~amino-9-(2-(isobutylaminojethyl)-9H-purin-8-yi)thio)benzo[d][ 1,2,3]oxadiazole-5-
carbonitrile
3E-2 B-({5-(furan-2-yibenzo[d|[ 1.2,3]thiadiazol-6-y1)thio)-9-(2-(neopentylamino)ethyl)-9H-purin-
6-amine
3E-3 2-fluoro-8-((5-{furan-2-yhbenzofd][ 1,2,3Joxadiazol-6-yhmethyl}-9-(2-
{neopentylaminoethyD-9H-purin-6-amine
3E-4 8-((5- (Jf:tmm i—thﬁﬂZO[ dJ{1.2,3}oxadiazol-6-yDthio)-9-(2-(isobutylaminojethyl)-9H-
purin-6-amine
3E-5 9-(2~ (1sr\butyldmmo_)ethyl)-8—{ {5-{pyrrolidin-1-yljbenzo[d][ 1,2,3]thiadiazol-6-y]}thio)-9H-
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purin-6-amine

3E-6 8-((5-ethynylbenzo[d]}{1,2,3]thiadiazol-6-ylmethyl)-2-fluore-9-(2-(ischutylamino)ethyl}-91-
purin-g-amine

3E-7 N-(2-((2~(6-axmino-8-((5-1odobenzo[d][1,2,3]exadiazol-6-y1)thio)-9H-purin-9-
yhethyDamino)ethylsulfamide

3E-8 3-({2-(6-amino-8-({3-(furan-2-yDbenzo[d}[ 1,2 3 joxadiazci-6-ythio}-9OH-purin-9-
ylethyhamino}-N-hydroxypropanamide

3E-9 5-({6-amino-9-(2-(isobutylaminoethyl)-9H-purin-8-vithio)-3H-indazole-6-carbonitrile

.3E-18 8-((6-(furan-2-y1)-3H-indazol-5-yDithio)-9-(2-(neopentylamineethy)-9H-purin-6-amine

3E-11 2-fluoro-8-({6-{furan-2-y1)-3H-indazol-5- yl)mefhy?) -5-2-(neopentylamineethy)-9H-purin-
o-arine

3F-12 8-(6-(azetidin-1-y1}-3H-indazol-5-ylthio)-9-(2-(isobutylaminojethyl}-9H-purin-6-amine

Fable 3F

No. Name
3F-1 5-({(6-amine-9-(2-{isobuiylaminojethv)-9H-purin-8-
yithiobenzo[d]]1,2,3]oxadiazole-6-carbonitrile
3F-2 8-{(6-(1H-pyrazol-3-yi)benzo{d}{1,2 ;’»]omdlazo S-yi)thio)-9-(
{neopentylamine)ethy)-9H-purin-6-amin
3F-3 2-fluoro-8-{(6-(furan-2-y1}-1H-benzo[d] :1 2,3 triazol-5-yhimethyl)-9-(2-
(neopentylamino)ethyl)-9H-purin-6-amine
3F-4 8-((6-(azetidin-1-yhbenzo[d]{ 1,2,3]thiadiazol-5-y1)thic}-9-(2-
{isobutylaminojethyl)-SH-purin-6-amine
3F-5 9-(2-(isohutylamine)ethyl}-8-({(5-(pyrrolidin-1-yl}-3H-indazol-6-y1}thio)-9H-
purin-6-amine
3F-6 8-({(6-ethynyi-1-methvi-1 H-benzol[d] 1,2,3 |nazol-5-ylimethyl}-2-flucro-9-
{2-(isobutylamino)ethyD)-9H -purin-6-amine
3F-7 N-(2-{(2-{6-amino-8-{(6-lodobenzo{d][ 1,2,3 Joxadiazol-5-y)thio}-9H-purin-
. S-yhethylamino)ethyljsulamide
3F-8 3-{(2-{(6-anuino-8-({5-(furan-2-y1}-3H-indazol-6-yl yrhio)-0H-purin-9-
y‘)ﬂthyi)am;no\; -N-hydroxypropanamide '
3F-% 6-{{6-aminc-9-(2-(isobutylaminojethyl}-9H-purin-8-y1)thio)-3H-indazole-5-
carbonilrile
3F-19 8-({6-icdobenzofd|[1,2,3]oxadiazol-5-y1}thic)-9-(2-(neopentylaminojethyl)-
9H-purin-6-amine
3F-11 5-{{6-amino-9-(2-{ 1sobutyiarmno}etnyi}u9H—purm-—8—
vhthioybenzo{di1,2,3thiadiazole-6-carbonitrile
3%-12 8-{(6-(furan-2-yl)benzo[d1i 1,2 3]thiadiazol-5-y)thio)-9-(2-
(neopentylaminojethyl)-9H-purin-6-amine
3F-13 . 2-fluoro-8-{(6-(furan-2-yDibenzo[d][ 1,2,3joxadiazol-5-yymethyl)-9-(2-
| (neopentylamine)ethyl)-9H-purin-6-amine
3F-14 8-({6-(azetidin-1-yl}benzo[d}i 1,2,3Joxadiazol-5-yI}thic)-9-(2-
(isobutylamino)ethyl)-SH-purin-G-amine
3F-15 9-(2-(isobutylamino)ethyl}-8-((6-(pyrrolidin- I-yl)bunzoid}[ ,2. 3 thiadiazol-
5-yljthio)-SH-purin-6-amine
3F-16 8-{(5-ethynyl-3H-indazol-6-yhmethyl ;-L—ﬂmro -9-(2-(isobutylamino)ethyl)-
SH-purin-6-amine
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Table 44

Ne, Mame
- 4A-1 DZ2-388
9-(3-(isopropylamino)propyl)-8-(6-phenylbenzold]f 1,3]dioxal-5-yithio)-
9H-purin-6-amine ‘
4A-2 DZ2-396
8-(6-{4-tert-butylphenylibenzol di1.31dioxel-5-v1thio}-9-(3-
{isopropylamine)propyl}-9H purin-6-amine
4A-3 DZ2-391
8-(6-(3,5-bis(trifluoromethyliphenylbenzold}[ 1,3 ] dioxol-5-ylthin)-9-(3-
(isopropylamine)propy F9H-purin-6-aoune
4A-4 TT-V-478
NI1-(3-(6-amino-8-(6-(3,5-bis(trifluoromethylphenyl)benzo[d][ 1,3 ]dioxol-
| 5-vithio}-9H-purin-9-ylpropylihexane-1,6-diamine

4A-5 DZ72-392 .
8-(6-{4-(dimethylamino)phenyl)benzo[d]{ 1,3]dioxol-5-ylthio)}-3-(3-
{isopropylamino)propyl)-9H-purin-6-amine

4A-6 DZ3-3
9-(3-(isopropylaming)propyl}-8-(6-(4-methoxyphenyhbenzo[d}f 1,3]dioxol-
5-yithio}-9H-purin-6-amine

4A-T DZ3-6
8-(6-(4-bromophenyl)benzo[d]{1,3]dioxol-5-yithic)}-9-(3-
(isopropylaminoe)propyl)-9H-purin-6-amine

4A-8 DZ3-530 :
4-(6-{6-amino-9-(3-(isopropylamino)propy!)-9H-purin-8-
ylthioYbenzo[d]{1,3]dioxol-5-yD)benzaldehyde

4A-% 4-(2-(6-amino-8-(6-phenylbenzold}{1,3]dioxol-3-vithio)-9H-purin-9-
ylethylpiperidine-1 -carbaldehyde

44-10 1-{4-(2-(6-amino-2-flucro-8-{(6-phenyibenzo[d][ 1,3 [dioxol-5-vl)methyl)-

| SH-purin-9-yhethylpiperidin-1-yl}ethanone
- 4A-11 N-2-{(2-(6-amino-8-{(6-phenylbenzo[dl{ 1,3]dioxol-5-yI)thio)-OH-purin-9-

yhethylaminolethysulfamide

4A-12 3-(2-(6-amino-8-(6-phenylbenzo[dl[1,3]dioxol-5-ylthio}-9H-purin-9-
vhethylamino)-N-hydroxypropanamide

4A-13 9-(3-aminopropyl}-8-{6-phenyibenzoldj| 1,3idioxol-5-ylthio)-SH-purin-6-
amine

Tahle 4B
No. Mame
4B-1 | PU-WSS

§-(6-ethynylbenzo[d][1,3 dioxol-5-ylthio)-8-(3-(isopropylamina)propyl)-
| 9H-purin-6-amine
4B-2 | PU-WS6
| §-(6-(3,3-dimethylbut-L-ynyl}benzo{d] 1,3]dioxol-5-yIthio}-5-(3-
| (isopropylamino)propyi)-9H-purin-6-amine
4B-3 PU-WS7 .
9-(3-(isopropylaminec)propyl}-8-(6-(phenylethynylbenzo{d][ 1,3 ]dioxol-5-
ylthio)-9H-purin-6-amine
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4B-4 PU-WS16 ,
8-(6-ethynylbenzo[d}[1,3Jdioxol-5-ylthic)-%-(2-(isobutylamino)ethyl)-9H-
purin-t-amine .
4B-5 1-(3-(2«(6~amino-8-{6-ethynylbenzo[d][ 1,3]dioxcl-5-ylthio)-9H-purin-9-
yljethyDpipenidin-1-vljethanone
4B-6 8-(6-ethynylbenzofdi[1,3}dioxoi-5-yithio)-8-(2-(1-
: {methylsulfonyljpiperidin-3-yiethy])-3H-purin-6-amine
6B-7 1-(3-(4-{6-ammeo-8-{{0-ethynylbenzo{ d}{ 1,3 ]dioxol-5 -y methvi)-2-flucro-
9H-purin-9-yhbutyl)pyrrolidin-1-yhethanone
4B-8 5-{6-amino-8-{{6-ethynyibenzold}| 1 3 1dioxol-5-yDmethy!)-2-fluoro-9H-
purin-9-yhpentane-1-sulfonamide
4B-9 3-(2-(6-amino-2-chloro-8-((6-cthynylbenzo{d][1,31dioxol-5-y)methyl)-
IH-purin-9-yhjethvl)pipenidine-1-carbaldehvde
4B-10 3-(2-(6-amino-8-({6-ethynylbenzo[d]] 1,3]dioxol-5-yDimethyl}-2-fluoro-
SH-purin-9-vhelhyl)piperidine-1-sulfonamide
4B-11 N-(2-({2-(6-amino-8-({6-ethynylbenzo[d}[ 1,3]dioxol-5-y1}thic)-OH-purin-
9-yhethyDaminojethyDsulfamide '
4B-12 3-(2-(6-amino-8-(6-ethynylbenzo[d}i 1,3 Jdioxol-5-ylthio)-9H-purin-9-
yhethylamino)-N-hydroxypropanamide
4B-13 PU-WS19%
8-(6-ethynylbenzo[dl{1,3]dioxol-5-yithio)-9-(2-(neopentylaminojethvi}-
SH-purin-6-amine
4B-14 PU-WS28
8-({6-ethynyibenzo[d]| 1,3 ]dioxol-5-yymethyl)-2-fluore-9-(2-
{(isobutylaminolethy))-9H-purin-6-amine
4B-15 9-(3-aminopropy!)}-8-(6-ethynylbenzo[d}{ 1,3]dioxol-5-ylthio)-9H-purin-6-
amine
4B-16 9-(2-armnoethyl)-8~(6-ethynylbenzo{d][1,3]dioxol-5-ylthio)-9H-purin-6-
amine
4B-17 9-(3-{tert-butylamino propyh)-8-(6-ethynylbenzo{d}f 1,3}dioxol-5-ylthio)-
9H-purin-6-amine
4B-18 1-(3-{6-amino-8-(6-sthynylbenzo[d}] 1,3 ldioxol-5-yithio}-9H-purin-9-
yDpropyDpyrrolidin-3-one
4B-19% 3-(2-{6-amine-8-{(6-ethynylbenzo[d][ 1,3 ]dioxel-5-yi)thio)-9H-purin-9-
yijethyDpiperidine-1-sulfonamide
4B-20 6-{ G-amino-8-{6-ethynylbenzo{di 1,3dioxol-5-ylthic)-9H-purin-9-
yDhexanamide
4B-21 1-{6-amino-8-(6-cthynylbenzo[d} 1 ,31dioxol-5-ylthio)-9H-purin-3-y1)-3-
(tert-butylaminojpropan-2-ol
4B-22 6-(6-amino-8-((6-ethynylbenzo[d][ 1,3]dioxol-S-yljmethyl)-2-fluoro-9H-
purin-9-yhhexanamide
4B-23 1-2-{(2-(6-amino-8-{6-ethynylbenzo[d|{ 1,3 dioxol-5-yithio}-OH-purin-2-
yhcthylamino)methyDpyrrolidin-1 -yDethanone
4B-24 5<{6-amino-8-{6-cthynylbenzo{d}| 1,3idioxol-5-yithic)-¢H-purin-9-
, ylipentane-] -sulfonamide
4B-25 1-{3-(2-(6-amino-8~({¢-ethynylbenzo{dif 1,31dioxol-3-ylimethyl}-2-fluoro-
9H-purnin-9-yhethyDpiperidin-1-yhethanone
4B-26 8-({6-cthynylbenzo[dl{ 1, 31dioxol-5-ylimethy!)-2-fluore-9-(2-
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{neopentylaminojethy}-9H-purin-G-amine

4B-27 8-((6-ethynylbenzo{d}[1,3]dioxol-5-ylmethyl)-2-fluoro-9-(3-

(isopropylamino)propyl)-9H-purin-6-amine

4B-28 9-(3-(tert-butylaminecypropy])-8-((6-ethynylbenzo[dl[ 1,31dioxol-5-

vhmethyl}-2-fluorc-9H-purin-6-amine

4B-28% &-{{6-ethynylbenzo[d][1,3]dioxol-5-y)methyl)-2-fluoro-9-(2-(1-

{methylsulfonyDpipendin-3-yhethyl)-9H-purin-6-amine

4B-30 1-(3-{6-amino-8~{(6-ethynylbenzo{d][1,3]dioxol-5-y1jmethy])-2-fluoro-

SH-purin-9-yhpropyhpyrrolidin-3-one

4B-31 8-{{6-ethynytbenzo{d][1,3]divxol-5-ymethyl}-2-flucro-8-{2-(1-

methylpiperidin-3-yhethyl}-9H-purin-6-amine

48B-32 &-(6-ethynylbenzo[d}1,3]dioxol-5-ylthio)-9-(2-(1-methylpiperidin-2-

vhethyl)-9H-purin-6-amine

4B-33 1-(2-{{2-{6-amino-8-({6-ethynyibenzo[d|[ 1,3 |dioxol-5-yljmethyl}-2-

fluoro-SH-purm-8-yhethylaminoymethyhpyrrolidin-1 -yijethanone

4B-34 &-{6-ethynylbenzofd}{1,3]dioxol-5-yithio}-9-(2-(1-methylpiperidin-3-

yhethyl)-9H-purin-6-amine

4B-35 8-{(6-ethynylbenzo[d][1,3]dioxol-5-yDmethyl)-2-flucre-9-(2-(1-

methylpineridin-2-yhethyl)}-9H-purin-6-arine

Table 4C
No. Name

4C-1 BZ3-4
R-{(6-(furan-2-yhibenzo[d}{1,3)dioxol-5-yl}thio)-9-(3-(isopropylamine)propyl)-9H-
purin-6-amine

4C-2 DZz3-27
B-((6-(furan-3-yhibenzoldli1,3]dioxol-5-y1)thio)-9-(3-(isopropylamine)propyl}-9H-
purin-6-araine

4C-3 DZ3-25
2-fluoro-8-((6-{furan-2-yi}benzo{ d][ 1,3 Jdioxol-5-ymethyi}-9-(2-(1sobutylaminojethyl)-
9H-purin-6-amine

4C-4 DZ3-26
2-fluoro-8-((6~( furan-3-yl)benzo[d][ 1,3 ]dioxol-5-yDmethyl)-9-(2-(isobutylamino)ethyl)-
9H-purin-6-amine

4C-5 TT5-53A
8-({6-(furan-2-ylibenzo[d}{1,3|dioxol-5-yljthio)-9-(2-(neopentylaminc)ethy-9H-purin-
f-amine

4C-6 DZ3-33 ‘
5-{6-({6-amino-9-(3-(isopropylaminoipropyl}-9H-purin-8-yithioyvenzo[d}[ 1,3] dioxol-5-
ylyfuran-2-carbaldehyde

4C-7 D73-34
5-{6-{{6-amino-2-fluoro-9-(2-(isobutylamino Yethyl)-9H -purin-8-
vhimethyDbenzof{d}l |, 3ldiogol-5-yvl}furan-2-carbaldehyde

4C-8 D73-35
9-(3-(isopropylamino)propyl)-8-({6-(5-methylfuran-2-yi}benzo[d}f 1,3 ]dioxol-5-ylthio)-
9H-purin-6-amine '

4C-9 DZ3-36

2-fluoro-9-(2-(isobutylaminojethvl)-8-({6-(S-methylfuran-2-yDbenzo[d}[ 1,3 ]dioxol-5-
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4C-10 DZ3-49
9-(3-(isopropylamino)propy! -8-({6-{isoxazol-4-yhbenzo[d][1,3]dioxol-5-yi)thic)-9H-
purin-G-amine
4C-11 DZ3-51
2-fluoro-9-(2-(isobutylamine)ethyl)-8-((6-(isoxazol-4-yDbenzo[d][ 1,3]dioxol-5-
yhmethyi)-9H-purin-6-amine
4C-12 &-((6-(5-(aminomethyDfuran-2-vl)benzo{dif 1,3 Idioxol-5-y)thin)-9-(3-
(isopropylamineypropyl)-9H-purin-6-amine
4C-13 8-((6-(5-(aminomethylfuran-2-yhbenzo[d][ 1,3]dioxol-5-yymethyl)-2-fluoro-9-(2-
{(1sobutylamino)ethvl}-9H-purin-6-amine
4C-14 DZ3-68
8-{{6-{furan-3-yDHbenzo[di 1,3}dioxol-5-yDithio)-9-(2-(necpentylamineethyl}-SH-purin-
G-amine
4C-15 &-(6-(5-methyloxazol-2-ylybenzo[dif 1,3 1dioxol-5-vithio)-9-(2-(neopentylamino)ethyl)-
9H-purin-6-amine '
4C-16 DZ3-56 :
8-{(6-(5-methylfuran-2-y}henzo{d]i 1,3 |dioxol-5-yl)thio)-9-(2-(neopentylaminojethyl)-
9H-purin-G-amine
4C-17 1-(3-(6-aminc-2-fluoro-§-((6-(5-methyloxazol-2-y)benzo[dlf 1,3]dioxol-5-yjmethyl)-
9H-purin-8-vDpropyhpyrrolidin-3-one
4C-18 8-((6-(5-(aminomethylifuran-2-yl}benzo[d}i 1,3 1dioxol-5-yl)thio}-9-(2-
{neopentylamino)ethyl}-9H-purin-6-amine
4C-19 1-(3-(2-(6-amino-8-{6-(5-methylfuran-2-yl)benzo{d][1,3]dioxol-5-ylthio)-9H-purin-9-
viethyDpiperidin-1-yhethanone
4C-28 8-(6-(5-methylfuran-2-yDbenzofd){ 1,3 1dioxol-5-ylthio)-9-(2-(1-
{methylsulfonyl)piperidin-3-yhethy)-8H-purin-6-amine
4C-21 1-{3-(2-{6-amino-2-fluoro-8-({(6-(5-methylfuran-2-yl)benzo[d][ 1,3 ]dioxol-5-yl)methyl)-
OH-purin-9-vhethyl)piperidin-1-yhethanone
4C-22 4-(2-(6-amino-2-fluoro-8-((6-{ furan-2-vl)benzo{d|[ 1,3}dioxol-5-ylymethy)-9H-purin-9-
ylethylpiperidine-1-carbaldehvde
4C-23 1-(3-(6-amino-8-(6-(oxazol-2-yl)benzo[d}{ 1,3 }dioxol-5-yithio}-0H-purin-G-
yhpropyljpyrrolidin-3-one
424 6-{5-amino-8-{6-(5-methyloxazol-2-ylbenzoldll 1,3 1dioxol-5-yithio}-9H-purin-9-
yhhexanamide
4C-23 6-(6-amino-2-fluore-8-((6-(5-methyloxazol-2-ylybenzo[d][ 1,3 ]dioxol-S-yhmethyl)-9H-
_ purin-9-yDhexanamide
4C-26 1-{4-(2~(6-amino-2-fluoro-8-((6-{5-methylfuran-2-yhbenzo[d}[ 1,31dioxol-5-yhmethyl)-
SH-purin-9-yhethylpiperidin-1-yhethanone
4C-27 1-{4-(2-(6-amino-2-chloro-8-{(6-(5-methylfuran-2-ylibenzoldjf 1,3]dioxeol-5 -yl methyl}-
. IH-punin-9-yhethyDpiperidin-1-yljethanone
4(-28 1-{3-(2-(6-amino-8-(6-(S-methyloxazol-2-ylibenzo[d}{ 1,3 dioxol-5-yithio)-SH-purin-9-
vhethyDpiperidin-1-yl)ethanone
4C-29 1-{3-(2-{6-amino-2-fluoro-8-((6-(5-methyloxazol-2-yl)benzo[d}[ 1,3]dioxal-5-
yDrethyl)-9H-purin-9-yhethyDpiperidin-1 -yljethanone
4C-380 3-(2-(6-amino-2-chlora-8-{(6-(5-methyloxazol-2-yibenzo[d][ 1,3 ]dioxol-5-yDmethyl)-
9H-purin-9-ylethyl)piperidine-1 -sulfonamide |
4C-31 1-{4-(2~(6-amino-8-{{6-(5-(aminomethyDfuran-2-yhibenzold]{ 1,3 jdioxol-S-yl)thic}-SH-
purin-9-yhethyl)piperidin-1-yhethanone
4C-32

1-(3-(2-(6-aming-8-{{6-(5-(aminomethyloxazel-2-y)benzold][1,3]dioxel-5-ylmethyl}-
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2-fluore-8H-purin-9-yhethylipiperidin-1-yliethanons

4C-33

5-(6-amino-2-fluoro-8-({6-( S-methyloxazol-2-ylbenzo[d}] 1,3 Jdioxol-5-yhimethy])-9H-
purin-S-yhpentane-1 -sulfonamide

2-fluoro-9-(3-(isopropylamino)propyl}-8-((6-(5-methyloxazol-
Z-ylibenzo[d][1,3]dioxol-5-yimethyl)-9H-purin-6-amine

9-(3-{tert-butylamino)propyh)-2-fluore-8-({6-(5-methyloxazol-2-
yhbenzo[dif1,3]dioxol-3-yDmethyl}-9H-purin-6-amine

N-{2-((2-(6-amino-8-((6-{S-rethvlfuran-2-
yibenzo[d][ |,3]dioxol-5-y)thio)-9H-purin-9-
yhethylaminojethyl) suifamide

3-(2-{6-amino-8-{6-{5-methyifuran-2-yibenzo{d}[ 1,3 jdioxol-5-
ylthio)-SH-purin-9-yhethylaming)-N-hydroxypropanamide

DZ4-20
9-(3~(izsopropylamine)propyl}-8~((6-{vxazol-2-
yhbenzofd]] 1,3]dioxol-53-yl}thio}-9H-purin-6-amine

‘ D74-23
2-fluoro-9-(2-{iscbutylamino)ethyl)-8-((6-{oxazol-2-
yhbenzo[dil 1,3 dioxol-S5-yDmethyl)-9H-purin-6-amine

DZ73-142
8-((6-(2,3-dihydrofuran-2-yl)benzo[d]{ 1,3 dioxol-5-y]jthio)-9-
{(3-{isopropylamine)propyl}-SH-purin-6-amine

D73-143
8-{(6-{2 3-dihydrofuran-3-yDbenzo[d}[1,3}dioxol-5-yhithio)-9-
(3-(isopropylamine)propyl}-9H-purin-6-amine

9-(3-aminopropyl}-8-{6-{5-methyloxazol-2-
viybenzo[d]i 1,3]dioxol-5-yithio)}-SH-purin-6-amine

9-{ Z-ami};oathyl}wz ~fluoro-B-((6-(5-methylfuran-2-
yhbenzo[dl{1,3]dioxcl-5-yhmethyl}-9H-purin-6-amine
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9-(3-(tert-butylamino)propyl}-8-(6-(5-methylfuran-2-
yhbenzol[d}[|,3]dioxol-5-ylihio)-@H-purin-6-amine

- 8-(3-{tert-butylamino)propyl}-&-({6-{oxazol-2-
yhbenzo{d][1,3]dioxol-5-yhthio)-SH-purin-6-amine

1-{4-(Z+{6-aminc-8-{{6-(0xazol-2-yibenzo{d][ 1,3 jdioxoi-5-
yhthio)-9H-purin-2-yDethylpiperidin-1-ylethanone

8-{(6-(5-methyloxazol-2-yljbenzo{d][1,3]diorol-5-yI}thie)-9-(2-
(1-{methylsulfonyljpiperidin-3-yhathyl}-H-purin-6-amine

9-{3-(tert-butylamino)propyl)-8-((6-(5-methyloxazol-2-
yhybenzo[d]i1,3]dioxol-5-yithio)-9H-purin-6-amine

1-{6-amino-8-{6-(5-methylfuran-2-ylbenzofd]{ 1,3]dioxol-3-
yithio}-9H-purin-9-y1)-3-{tert-butylaminopropan-2-ol

1-{6-amino-8-{{6-(S-methyioxazol-2-ylibenzold][ 1,3 dioxol-5-
yhthio)-9H-purin-3-y1)-3-{isopropylamino jpropan-2-ol

2-(3-{G-amino-8-(6-(5-methylfuran-2-yhbenzo[d}[ 1,3 1dioxcl-5-
yithio)-9H-purin-9-yl)propyljaziridine-1-carbaldehyde

3-(6-amino-8~(6-(5-methylfuran-2-yhbenze{d][ 1,3]dicxol-5-
yithio)-9H-purin-9-yl)pentane-1-sulfonamide

5-(6-amino-8-(6-(5-methyloxazol-2-yhbenzo[d}[ 1,3 Jdioxol-5-
vithio)-8H-purin-9-yDpentane-1-sulfonamide
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§-(6~(5-methyloxazol-2-ylibenzo[di[1,3]dioxol-5-ylthic)-9-(3-
(I-{methylsulfonylpyreolidin-3-ypropy)-9H-purin-6-amine

1-(3~(6-amino-R-(6-(5-methyloxazol-2-yhbenzo[d]{ 1,3 ])dioxcl-
5-ylthic)-SH-purin-8-yDpropyhpyrrolidin-3-one

9-(3-(tert-butylamino)propyl}-2-flucre-8-((6-{oxazol-2-
yhbenzo[d}[1.3]dioxo}-5-y)methyD}-OH-purin-6-amine

5~{6-amino-2-fluoro-8-({6-(5-methylfirran-2-
yhbenzofd][1,3]1dioxcl-5-yDimethyl}-9H-purin-9-yl)pentane-1-
-~ sulfonamide

6-(6-amino-2-fluoro-8-{(6-(5-methylfuran-2-
yhbenzo[d]}[1,3]dioxol-5-yDmethyl}-9H-purin-9-yhhexanamide

2-fluoro-9-(3-(isopropylamino)propyl)-8-((6-(5-methylfuran-2-
yhbenzo[dj[ 1,3]dioxol-5-yDmethyl}-9H-purin-6-amine

9-(3-(tert-butylamino)propy)-2-fluoro-8-({6-(5-methylfuran-2-
yhbenzo[di[ 1,3idioxol-5-yDmethyl}-H-purin-6-amine

9-(3-aminopropyl}-2-flucre-8-((6-(5-methylfuran-2-
yhbenzo[d}[1,3]dioxol-5-yl ymethy -5 H-purin-6-amine

9-(3-aminopropyl)-2-fluoro-8-{{6-(5-methyloxazol-2-
vhbenzo[d]]1,3]dioxol-5-yymethyl}-9H-purin-6-amine

Table 4D
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No. Name

4D-1 DZ2-395
9-(3-(isopropylamino)propy!)-8-((6~{thiophen-2-ylibenzo[d][ 1,3 |dioxol-5-yDithio)-9H-
purin-6-amine

40-2 DL3-48
2-fluore-9-(2-(isobutylamineyethyD-8-{{6-{thiophen-2-yl¥benzold]{ 1,31dioxol-5-
yhimethylj-9H-purin-6-amine

45-3 DZ3-38
9-(2-(neopentylamino)ethyl)-8-((6-(thiophen-2-yl}benzo[d][ 1,3 Jdioxol-5-y1}thio)-9H-
purin-6-amine

404 9-(3-(isopropylamino)propy)-8-({(6-(thiophen-3-ylYbenzo[d][1,3]dioxol-5-y1)thic)-0H-
purin-G-amine

4D-5 2-fluoro-9-(2-(isobutylamino)ethyl}-8-((6-(thiophen-3-yl)benzo[d][ 1,3 1dioxol-5-
yhmethyl)-9H-purin-6-amine

4D-6 9-{Z-(neopentylamino)ethyl)-8-((6-(thiophen-3-yhbenzo{d|[ 1 3ldioxol-5-yhithic)-9H-
purin-6-amine

4D-7 1-{4-(Z-(6-amino-8-({6- (thmphen—;—y Ybenzo[d ]| i,3]dioxol-5-yl)thio)- 9H—par n-9-
yhethylpiperidin-i-yi)ethanone

4D-8 4-(2-{6-amino-8-{{6-(thiophen-2- yi)benzo[&]{l,3]uoxol—S~yi)th10)—9H~pumn-9—
yhethyDpiperidine-1-carbaldehyde

45-9 1-{4-(2{6-amino-2-fluoro-8-{{6-(thiophen-2-ylYbenzo[d][ 1,3]dioxol-5-vimethy1}-9H-
purin-9-yhethypiperidin-1-yljethanone

4B-18 4-(2-{6-amino-2-fluoro-8-({6-{thiophen-2-yi}benzo{d}{ 1,3 jdioxol-5-y)methyl}-9H-
purin-#-yhethylipiperidine-1-carbaldehyde

4p-11 4-(2-(6-amino-8-{{6-(thiophen-3-yhbenzo[d][ 1,3]dioxol-53-y)thio)-9H-purin-9-
vDethyDpiperidine-1-carbaldehyde :

4D-12 4-(2-{6-amino-2-fluorc-8-{{6-(thiocphen-3-yDbenzofd}{ 1, 3}dioxol-3-vDmethyl)-9H-
purin-9-vi )f‘t hyl)piperidine-1-carbaldehyde

6D-13 4-{2-{6-amino-2-chloro-8-{{(6-(thiophen-3-yDbenzold][ 1,3 1dioxal-5-yDrmethyl}-OH-
purin-9-yhethylpiperidine-1-carbaldehyde

4D-14 N-(2-{(2-{(6-amino-&-{(6-{thicphen-2-yhbenzo{d]{! 31dioxol-5-yl)thic)-H-purin-9-
vhethyhamino)ethyl) sulfamide

4D-15 3-{(2-{6-amino-8-{{6-(thiophen-2-vI)benzo[d][ 1,3]dioxol-5-y)thio}-9H-purin-9-
vhethylamine)-N-hydroxypropanamide

4-16 DZ4-21
9-(3-(isopropylaminc propyD-8-{{6-(thiazol-2-ybenzo[dj[ 1,3 ]dioxol-5-yljthic)-3H-
purin-6-amine

4D-17 DZ4-24
2-fluoro-5-(2-(1sobutylamino yethy}-8-({6-(thiazol-2-yibenzo{dj{ 1,3]dioxol-5-
yhmethyl)-9H-purin-6-amine

4D-18 G- {3 -aminopropy!)-8-{(6-(thiophen-2-yl}benzo{d][1,3]dioxol-5-yl)thio)-9H purin-6-
amine

4D-1% 8- (’% -{tert- uwla"mne)propwl) B-{{6-(thiophen-2-yibenzo{d}{1,3}dioxol-5-yi}thio)-9H-
purin-6-aniine

4D-28 9-(3-(tert-butylaminc)propy}-8-((6-(thiazol-2-yl)benzo[d][ 1,31dioxol-S-yl)thio)-9H-
purin -O-amine

4D-21 9-(3-(tert-butylamino)prepyl)-8-((6- (5 methylthiophen-2-ylibenzo{d}[ 1 Bjdmml -5-
yhithio)-9H-purin-6-amine

4D-22 S-(3-(tert-butylamino)propyl}-8-((6-(5-methyithiazol-2-ylibenzo[d ][ 1,3 ]dioxol-5-
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yhthio)-8H-purin-6-amine

45-23 1-(3-(2-(6-amino-8-(6-(5-methylthiazol-2-yIYbenzo[d][ 1,3]dioxol-5-ylthio)- -9H-purin-S-
yhethyDpiperidin-1-yljethanone
4D-24 1-(6-amino-8-((6-(5-methylthiophen-2-yl)benzo[d][ 1,3 [dioxol-5-y])thio)-9H -purin-9-
vi)-3-(isopropylamino)propan-2-ol
40-25 1 {6-amino-8-((6-(5-methylthiazol-2-ylibenzo] dif1,3}dioxol-5-yhithio)-9H-purin-9-y1)-
3-(isopropyla mno)p*opan-z-ol
4D-26 C (6-amino-8-(6-S-methylthiophen-2-ylibenzo{d][1,3]dioxol-5-yithio)- SH-purin-9-
ylyhexanamide
45-27 5~(6-amino-8-(6-(5-methylthiazol-2-yl)benzo[d][ 1,3]dioxol-5-yithio)-9H-purin-9-
vhipentane-1-sulfonamide .
4D-28 9-(3-(1 -(methylsuifonyDpyrrolidin-3-yl)propv))-8-{ 6-( 5-methylthiophen-2-
)hc*}zotdﬂl ,3]dioxol-5-yithio)-9H-purin-6-amine
4D-29 2~(2-(6-amino-8-(6-(S-methylthiazol-2-ylbenzo{d][ 1,3]dioxol-5-yithic)-9H-purin-9-
{ yhethyDpyrolidine-1-carbaldehyde
f 4D-30 2-fluoro-9-(2-(isobutylamine)ethyl }-8-((6-(5-methylthiophen-2-yl)benzo[d][ 1,3 ]dioxol-
F-“ 5-yDymethyD-SH-purin-6-amine '
4D-31 8-({6-(S-methylthiophen-2-ylibenzo{d}{ 1,3]dioxol-5-y1)thio)-9-(2-
{(meopentylamino)ethyD)-9H-purin-6-amine
E 4D-32 2-fluore-9-(2-{isobutylaminolethyl}-2-{{6-(5-methylthiazol-2-yhbenzo{d}[ I, 31dioxol-5-
Dmcthyl)-9H-purin-6-amine
; 413-33 - 8-({6-(S-methylthiazol-2-yhibenzold|[1,3]dioxo}-5-y1}thio}-9-(2-(neopentylaminojethyl)- |
L | 9H-purin-6-aniine
Table 4B
No. Name
4¥-1 PU-WS3
6-{{6-amino-2-fluoro-9-(3-(isopropylaminopropyl-9H-purin-8-
viymethyDbenzold}{1,3]dioxole-S~carbonitrile
4E-2 PU-WS5
6-{{6-amino-9-(3-(isopropylamino)propyl)-9H-purin-8-ylthio}benzo{d][ 1,3 Jdioxole-5-
carbonitrile
4E-3 DZ3-39
2-(6-{{6-amino-9-(3-{isopropylaminc)propyl -9H-purin-8-yljthicYbenzo[d}[ 1,3]dioxol-5-
_yhacetoniirile
4E-4 B73-46 ’
2-(6~({6-amino-2-fluore-9-(2-(isobutylamino jethyl }-9H-purin-8-
I yhimethyDbenzo{di[1,31dioxol-5-yhacetonitrile
6E-5 N-{2-{(2-(6-amino-8-{{6-{cyanomethyDbenzo{d}[ 1,31dioxol-5-y1 )th,o}-QH—*}er -9-
yl)cthvi)a‘mao)e‘chyl)sulfamldc
‘ 4E8-6 3-((2-(6-amino-8-{{6-cyanobenzo[di{ 1,31dloxol-5-y)thio)-9H-purin-9-yDethyl}amino)-N-
3' . hydroxypropanamide
4E-7 6-((6~amino-Z-chlore-9-G-(isopropylamine)propyl)-#H-purin-§-
g vhmethyhbenzold}[1,31dioxole-5-carbonitrile
Table 4F

Name
DZ3-5 '
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9-(3-(isopropylaminojpropyly-8-{6-(pyridin-4-yhbenzo{d}[ 1,3]dioxol-3-
yithie)-SH-purin-6-amine

Table SA
No. Name
5A-1 PU-RK11
8~((7-iodo-2,3-dihydrobenzo[b][ 1,4]dioxin-6-y1}thio)-9-(3-
(isopropylamino)propyh-SH-purin-6-amine
5A-2 PU-HTI65

&-{{7-i0do-2,3-dihydrobenzo[b][1,4]dioxin-6-yl}thic)-9-
(2-(isobutylamino)ethyl}-9H-purin-G-amine

PU-HTITS
8-{(7-10do-2,3-dihydrobenzol b]{ { ,4]dioxin-6-yl}thio)-S-
{2-(neopentylarmino)ethyl)-OH-purin-6-amuine

PU-RK12
9-(3-(1H-imidazol-1-yl)propyl)-8-((7-iodo-2,3-
dihydrabenzolbli1,4]dioxin-6-yjthio}-9H-purin-G-amine

PU-DZ3-73
2-fluoro-8-((7-iodo-2,3-dibydrobenzon{b]{ 1,4]dioxin-6-
yDmethyl}-8-(2-(isobutylamino)ethyl}-9H-purin-6-amine

PU-D74-84
9-(2-{tert-butylamino)ethyl)-2-fluoro-8§-((7-iodo-2,3-
dihydrobenzo[bl[1,41dioxin-6-ymethyl}-9H-purin-6-
amine

9-(3-aminopropyl)-8-{(7-iodo-2,3-
dibydrobenzo[b][1,4}dioxin-6-yl)thio}-SH-purin-6-amine

9-(2-aminoethyl)-8~((7-10do-2,3-
dihydrobenzo[b]{1,4]dioxin-6-yl)thio}-SH-purin-6-amine

9-(3-(tert-butylamino propyl}-8-{(7-i0do-2,3-
dihydrobenzo[b]] 1,4]dioxin-6-yl)jthic)-OH-purin-6-amine

1-(6-amino-8-((7-iodo-2,3-dihydrobenzofb]{1,4]dioxin-
6-yhthio)-9H-purin-9-yl)-3-(isopropylamino)propan-2-ol

5-(6-amino-8-(7-iodo-2,3-dihydrobenzolbl{ 1,4}dioxin-6-
ylthio}-9H-purin-9-yl)pentane-1-sulfonamide
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] 1-(3~{6-amino-8-(7-iodo-2,3-
dihydrobenzo[b}{ 1,4}dioxin-6-ylthio)-9H-purin-9-
yhpropyhpyrrolidin-3-one

6-(6-amino-8-{7-iode-2,3-dihydrobenzo[blf 1,41dioxin-6-
yithio}-SH-purin-9-yljhexanamide

9-(3-(tert-butylarnineypropyl)-2-flucre-8-((7-i0do-2 3-
dibydrobenzo[bli1,4]dioxin-6-yymethyl)-2H-purin-6-
amine

1-(3-{4-(6-amino-§-(7-iodo-2,3-
dihydrobenzo[b][ 1,4]dioxin-6-yithio)}-9H-purin-9-
yhbutyDpyrrolidin-1-yhethanone

2-fhioro-8-{(7-10do-2,3-dihydrobenzo[b]{ 1,4]dioxin-6-
yhmethy})-9-(3-{isopropylaminopropyl}-9H-purin-6-
amine

1-(3«{6-amino-2-fluoro-8-{(7-lode-2,3-
dihydrobenzo[b][ 1,41dioxin-6-ylymethy])-9H-purin-3-
yhpropyl)pyrrolidin-3-one

6-{G-amino-2-fluoro-8-((7-iode-2,3-
dihydrobenzo(b]f1,41dioxin-6-ylmethyl}-SH-purin-9-
yDhexanamide

5-(6-amino-2-fluoro-8-({(7-ivds-2,3-
dihydrobenzo[b]] 1.4]dioxin-6-ylymethyl}-9H-purin-9-
ylypentane-1-sulfonamide

Table 5B

Neo. ;' Name

3B-1 HIP18
8-({7-(furan-2-y])-2 3-drihydrobenzo[bl[ 1 .4 1dioxin-6-vi}thio}-9-(3-(isopropylaminoipropyl)-9H-
putin-6-amins

Bz 1-(3-¢6-amino-8§-(7-{oxazol-2-y1)-2,3-dihydrobenzofb}{ 1 4]dioxin-6-ylthio)-9H-purin-9-
vlpropyDpyrrolidin-3-one

5B-3 9-(3-(isopropylamino propyl)-8-({7-(5-methylfuran-2-vi)-2,3-dihydrobenzofbli 1 4 |dioxin-6-
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yhthie)-9H-purin-6-ariine

5B-4 6-(6-amino-2-fluorc-8-({7-(5-methyloxazol-2-v1)-2,3- d!hydrooenzo{b [141dioxin-6-yymethyD)-
SH-purin-9-yljhexanamide

5B-3 6-(6-armino-8-(7-(5-methyloxazol-2-y1)-2 3-dihydrobenzofb]] | 4]dioxin-6-ylthio)-9H-purin-9-
vhhexanamide

5B-6 2-fluoro-8-{(7-(5-methyifuran-2-y1)-2,3 dihvdrobenza{b’i{1,4]dioxin-é-yl}methy}}»g—(l(1-
(methylsulfonyDpiperidin-3-yhethyD)-9H-purin-6-amine

5B-7 TT-VE-53A
2-fhaoro-8-((7-{furan-2-y1}-2,3-dihydrobenzo[b}{ 1 Aldioxin-6-ylymethyl}-8-(2-
(isobutylamingjethyl)-9H-purin-6-amine

5B-8 1-(3-(2-{6-amino-2-Tiuoro-8{{7-{S~-methylfuran-2-y1}-2,3-dihydrobenzolbif 1,4]dicxin-6-
yDmethyl}-9H-purin-9-yvhjethyl)piperidin-1-yi)ethanone

5B-9 8-(7-(5-methylfuran-2-yH)-2,3-dihydrobenzo} b} 1,4]dioxin-6-ylthio)-9-(2-(1-
{(methylsulfonyDpiperidin-3-yDethyl}-9H-purin-6-amine

SB-19 2-fluoro-9-(2-(isobutylaminojethyl)-8-((7-(S-methylfuran-2-y1)-2,3-
dihydrobenzo[bl[ 1 4ldioxin-6-yDmethy))-9H-purin-6-amine

5B-11 1-(3-{6-ammo-2-fluore-8-((7-(5-methyloxazol-2-y1)-2,3-dihydrobenzo{bl[ 1,4]dioxin-6-
yhmethyD-9H-purin-3-ypropyDpyrrolidin-3-one

5B-12 8-((7~(5-(aminomethyfuran-2-y1)-2,3-dihydrobenzo[b][ 1 4] dioxin-6-yDmethyl)-2-fluoro-8-(2-
{isobutyiamineJethyl}-9H-purin-6-amine

SB-13 B-(7-{5-methyloxazol-2-y1)-2,3-dihydrobenzo{bl{ 1,4]dioxin-6-ylthio)-9-(2-
{neopentylamino)ethyD-9H-purin-6-amine

5B-14 1-(3~(2~(6-amino-8-(7-(5-methylfuran-2-yi)-2,3-dihydrobenzo[ b]{ 1 ,4]dioxin-6-ylthio}-SH-
purin-9-y] )ethv})pmenm“ I-ylethanone

5B-15 &-({(7-(5-methylfuran-2-y)-2 3—dih‘<1dro%n@[bi{1 Aldioxin-6-y1ythio)-9-(2-
(neopentylaminojethy}-9H-purin-6-amine

5B-16 8-{(7-(1s0xazol-4-y1)-2,3-dihydrobenzo[b][ 1 4}dxoxm -6-yl)thia)-9-(2- (ncopenwiannnc)c»hyl ¥
SH-purin-6-amine

58-17 1-(3~{2~(6-amino-E-{7-(5-methyloxazol-2-y1}-2,3-dihydrobenzo{b]{ I 4]dioxin-6-yithio})-91-
purm-Q—yl)dbyi)p peridin-{-v))ethanone

5B-18 &-({7-(5-(aminomethyDfuran-2-y1)-2,3 -dihydrobenzo[b]{ 1 41dioxin-6-y1)thic}-§-(2-
(neopentylamine)ethy[}-5H-purin-6-amine

5B-19 5-(6-amino-8-(7-(5-methylfran-2-y1)-2,3-dihydrobenzo[bj{ 1 ,4]dioxin-6-yithio}-9H-purin-9-
yhpentane-1-sulfonamide

5B-20 5-(6-armino-8-(7~(3-methyloxazol-2-y1)-2 3-dihydrobenzo] blf 1 ,4]dioxin-6-ylthio)-GH-purin-9-
yDpentane-} -sulfonamide

5B-21 1-{(4-(2-(6~amino-2~chioro-8-{{7-(furan-2-y1}-2,3-dihydrobenzo[b][ 1,4]dioxin-6-ylymethyl}-9H-
purin-9-ylyethyDpiperidin-1-yDethanone

3B-22 1-(4-{2-{6~-amino-8-{(7-(5-methylfuran-2-yi)-2,3-dihydrobenzo[b]{ 1 4 ]dioxin-6-yHithic)-9H-
purin-9-ylethyDpiperidin-1-yDethanone

5B-23 1-(4~(2~{6-amino-2 -fluoro-8-((7-(S-methylforan-2-y1)-2,3-dihydrobenzo[b][1,4]dioxin-6-
yhmethyD-9H-purin-9-yhethylpiperidin-I-viethancng

5B-24 1-(3-{6-amino-8-(7-{5-methyifuran-2-y1)-2,3-dihydrobenzo[ b1 1,4]dioxin-6-ylthio}- S H-purin-9-
yhpropylipyrrolidin-3-one

5B-25 9-(3-{tert-butvlamno)propyD-8-(7-(5-methylfuran-2-v1}-2,3-dihydrobenzo{ b][ 1 ,4]dioxin-6-
yithio)-9H purin-6-amine

5B-26 2-chloro-8-({7-(S-methyifuran-2-yi)-2,3-dihydrobenzo{bi[ 1,4]dioxin-6-yhmethyl)-9-(2-(1-
(methvibulfonyi)pyr‘a"idin 3-yDethyl)-9H-purin-6-amine

sB-27 1-(3-{2-(6-2minc-8-(7-{5-{aminorethyl)furan-2-y1)-2,3-dihydrobenzo[b]f 1,4]dioxin-6-vithio)-

9H—purm -9-yhethylpiperidin-1-ylethanone
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5B-28 1-(3-(2-{6-amino-8-{(7-(3~(aminomethyl yfuran-2-y1}-2,3-dihydrobenzo{ b][ 1,4 ]dioxin-6-
ylmethyl}-2 -fluoro-SH-purin-9-yhethylpiperidin-1-yljethanone
5B-29 5-(6-amino-2-fluoro-8-{(7-(5-methylfuran-2-y1)-2,3-dihydrobenzo[b][ 1,4]dioxin-6-ymethyl)-
9H-purin-9-yDpentane-1-sulfonamide
5B-3¢ 4-(2-(6-amino-2-chloro-8-((7-(isoxazol-4-y1)-2,3-dihydrobenzo{b][ 1 ,4]dioxin-6-y methyl -G H-
purin-8-yhethyhpiperidine-1 -carbaldehyde
58-31 N-(Z-{(2-(6~amino-8-{{7-(furan-2-y]}-2,3~-dihydrobenzo[b}[ 1 4] dioxin-6-yi)thio)-9H-purin-9-
ylethylamino)ethybsulfamide
5B-32 3-{{2-(6-amino-8-{{7-{furan-2-y1)-2,3-dihydrobenzo[b][ 1,4]dioxin-6-yDthio)-9H-purin-9-
ylhethyDamine)-N-hydroxypropanamide
5B-33 HJP23
8- g( 7-(furan-2-y1}-2,3-dihydrobenzofbif 1,4]dioxin-6-yl)thio}-9-2-(isocbutylaminojethyl)-9H-
purin-G-amine
5B-34 HIP20
9-(3-(isopropylamino)propyl}-8 ({7 -{oxazol-2-y1)-2,3-dihydrobenzo[b}[ 1,4]dioxin-6-yhthio)-
9H-purin-6-amine
5B-35 9-(3-aminopropyl)-2-fluoro-8-({7-(5-methyifuran-2-y1)-2, 3-dihydrobenzo [ bl 1 41dioxin-6-
yhmethyl)-9H-purin-6-amine
5B-36 9-(3-aminopropyl)-8~{7-(5-methytfuran-2-y1)-2, 3-dihydrobenzo[b}{ 1 ,4]dioxin-6-ylthio}-SH-
purin-O-arnine
5B-37 9-(3-(tert-butylamino)propyl)-8-(7-(5-methylfuran-2-yi)-2,3-dihydrobenzo{bj[ 1 ,4]dioxin-6-
ylthis)-9H-purin-6-amine
58B-38 9-(3~aminopropy}-8~{(7-(oxazol-2-y1)-2,3-dihydrobenzo[bi[ 1 ,4]dioxin-6-y1)thio)-9H-purin-6-
amine
5B-39 9-(3-(tert-butylammo)propyl)-8-((7-{oxazol-2-y1)-2,3-dihydrobenzo[b][ 1,4 jdioxin-6-yI)thio)-
SH-ourin-6-amaine
5B-40 9-{3-(tert-butylamino)propyl}-8-((7-(5-methyloxazol-2-vi)-2,3- dlhydrobenzo[bjfl Aldioxin-6-
yljthio)-9H-purin-6-amine
5B41 1-(4-(2-(6-amino-8-({(7-{5-methyloxazol-2-y1)-2,3-dihydrobenzol b}{ 1,4]dioxin-6-yl)thio}-9H-
puria-8-yhethyhpiperidin-1-yljethanone
5B-42 §-((7-(5-methyloxazol-2-y1}-2,3-dihydrobenzo[b}l 1,4]dioxin-6-yl)thio)-9-(2-(1-
(methylsulfonyDpiperidin-3-ylethyl}-9H-purin-6-amine
5B-43 | 1-(6-amino-8-({7-(5-methylfuran-2-y1)-2,3-dihydrobenzo[b][ 1,4]dioxin-6-yl)thio}-9H-purin-9-
: y-3-(isopropylamino)propan-2-ol
5B-44 1-{(6-aminc-8-((7-(5-methyloxazol-2-y1)-2,3-dihydrobenzo[b][ 1,41dioxin-6-y])thio)-9H-purin-9-
vD)-3-(isopropvlamino)propan-2-ol
5B-45 6-(6-amino-2-fluoro-8-((7-(5-methytfuran-2-y1)-2,3-dihydrobenzo[b}{ 1 ,4]dioxm-6-yDmethyl)-
9H-purin-9-yhhexanamide
5B-46 N-(3-(6-amino-8-((7-(5-methyloxazol-2-y1)-2,3-dihydrobenzo[ bl 1,4]1dioxin-6-y1thio)-9H-
| purin-9-ylpropyl)methanesulfonamide
SB-47 1-(2-(4-(6-amino-8-(7-(5-methyloxazol-2-y1)-2,3-dihydrobenzo[b]{ 1,4 ]dioxin-6-ylthio)-9H-
purin-9-yhbutylipyrrolidin-1-vllethanone
5B-48 9-(3-aminopropyl)-2-fluorc-8-((7-(5-methyloxazol-2-y1)-2,3-dihydrobenzo{ b]{ 1,4]dioxin-6-
ymethyl}-9H-purin-6-aniine
5B-49 2-fluoro-9-(3-(isoprepylamino ypropvl)-8-{(7-(oxazol-2-y1}-2,3-dihvdrobenzofb][ 1 4}dioxin-6-
yhmethyl}-9H-purin-6-amine
5B-50 2-fluore-9-(3-(isopropylaminepropy)-8-((7-(5-methyloxazol-2-y1)-2,3-
dihvdrobenzo[bl] 1 4)dioxin-6-yDmethy]}-0H-purin-6-amine
5B-51 9-(3-(tert-butylamino)propyl)-Z-fluore-8-{{7-(oxazol-2-y1)-2,3-dihydrobenzofb]{ 1,4]dioxin-6-

yhmethyl)-9H-purin-6-amine
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5B-52 9-(3-(tert-butylamino)propyl}-2-fluoro-8-((7-(S-methyloxazol-2-y1)-2,3-
dihydrobenzo[b]{1,4]dioxin-6-yD)methy1}-9H-purin-6-amine
5B-33 &-(6-amino-2-fluorc-R-{(7-{5-methyloxazel-2-y1H-2 3-dihydrobenzo[b][ 1 4]dioxin-6-yDmethyl)-
S1-purin-9-yhexanamide
5B-54 5-{6-amino-2-fluoro-8-{(7-(5-methyloxazol-2-y1}-2,3~dihydrobenzo[b]| 1,4 ]dioxin-6-y methyl)-
9H-purin-9-yijpentane-1-sulfonamide
5B-55 [-(3~{6-amamo-2-fluoro-8-((7-{S-methyloxazol-2-v1)-2,3-dihydrobenzol bl 1,4 ]dioxin-6-
: yhmethy!)-SH-purin-9-yipropyljpyrrolidin-3-one
5B-56 1-(3-(6-amino-2-fluoro-8-{(7-(oxazol-2-y1}-2,3-dihydrebenzo[ b][ | 4]dioxin-6-yymethyl}-9H-
purin-9-yhpropyljpyrrolidin-3-one
Table 5C
"N, : Name
5C-1 9-(3-(iscpropylarmuno)propyl)-8-((7-(thiophen-2-y1)-2,3-dihydrobenzo[b]{ 1 ,4]dioxin-6-
yDthio)-3H-purin-6-amine
5C-2 2-fluoro-9-(2-(isobutylamino)ethy}-8-({7-(thiophen-2-y1}-2,3-
dihydrobenzo[bl}f 1 41dioxin-6-yljmethy)-OH-purin-G-amine
5C-3 9-(2-(neopentylamino)ethyl)-§-((7-(thiophen-2-y1}-2,3-dihydrobenzo[b] 1,4 1dioxin-6-
yithio)-9H-purin-6-amine
5C.4 9-(3-(isopropylariinc)propyl}-8-({7-(thiophen-3-v1)-2,3-dihydrobenzo{b1[ 1 41dioxin-5-
yhthio)-9H-purin-G-amine
(-3 2-flaore-9-(2-(ischutylaminojethy}-8-((7-(thiophen-3-y1}-2,3~
dihydrobenzo[b][ 1 41diexin-6-ylrethyl}-9H-purin-6-amnine
5C-6 9-(2-(neopentylamino)ethyl)-8-((7-{thiophen-3-y1)-2_ 3-dihydrobenzo[bl[ 1,4 dioxin-6-
yhthio)-OH-purin-6-amine :
5C-7 144-(2-(6-amino-8-{(7-(thiophen-2-y1)-2,3-dihydrobenzo[b}[ 1,4]dioxin-6-yl)thic)-9H-
purin-2-yhethylpiperidin-1 -yljethanone
5C-8 4-(2-{6-aroino-8-{{7-(thiophen-2-y1}-2,3-dibydrobenzo[bl{ 1 ,4]dioxin-6-yl }thio}-9H-
purin-8-yhethylipiperidine- 1 -carbaldehyde
5C-9 1-{(4-(2-(6-amino-2-fluoro-8-({7-thiophen-2-yl}-2,3-dihydrobenzo[b][ 1 ,4]dioxin-6-
yhmethyl}-9H-purin-9-yDethyDpiperidin-1-yl}ethanone
5C-11 4-{2-{6-amino-8-{(7-(thiocphen-3-y1}-2,3-dihydrobenzofblf 1 ,4]dioxin-6-yiithio}-9H-
purin-8-ylethyl)piperidine-1-carbaldehyde
3C-13 4-(2-{6-amino-2-chloro-8-((7~(thiophen-3-y1}-2,3-dihydrobenzo{bi{ 1 ,4idioxin-6-
yhmethyl)-9H-purin-9-yhethylpiperidine-1 -carbaldehyde
5C.14 N-(2-((2-(6-2mino-8-((7-(thiophen-2-y1)-2,3-dikydrobenzo[b][ 1,4 ]dioxin-6-yl)thio)-OH-
purin-9-yDethylaminoethylysullamide
5¢-15 3(2(6-amino-8-((7-(thiophen-2-y13-2,3-dihydrobenzo[ bl[ 1,4 jdioxin-6-yl)thic)-9H-
purin-9-yDethylamino)-N-hydroxypropanamide
3C-16 9-(3-aminopropyl)-8-{(7-(thivphen-2-y1)-2,3-dihydrobenzofb]{ 1,4]dioxin-6-
yhthio)-OH-purin-6-amine '
5C-17 9-(3-(isopropylamino)propyl)-8-((7-(5 -methyithiophen-2-yl)-2,3-
dihydrobenzo[b)[1,4]dioxin-6-vijthio F9H-purin-6-amine
5C-18 1-{6-amme-&-({7-(5-methylthiophen-2-yi}-2,3-dihydrobenzo| b} 1 4idioxm-6-yl)thio)-
SH-purin-9-v1)-3-(isopropylamino)propan-2-ol
5C-19 142-(3-{6-amino-8-(7-(5-methylthiazol-2-y1)-2,3-dihydrobenzo[b][ 1 ,4)dioxin-6-yithio)-

SH-purin-9-vhprepyDoyirolidin-1-yiethanone
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5C-29 J 9-(2-(1-(methylsulfonylpiperidin-3-ylethyl)-8-({7-(5- -methylthiazol-2-y1)-2,3-
{ | dihy drobenzu[bj[l Aldioxin-6-y])thio)-OH-purin-6-amine
5C-21 I<{6-amino-8-({7-(5-methyithiazol-2-y1)-2,3- ~dihydrobenzofbi[ 1 4]dioxin-8-y1)thio)-0FH- |
| purin-8-yli-3-{isopropylaming)propan-2-o! :
5C-22 9-(3-{tert-butylamino)propyl)-8-((7-(thiazol-2-y1)-2,3-dihydrobenzo[b][1,4]dioxin-6- 1
} yl‘)thic) ~SH-purin-6-amine
g 5C-23 9-(3-(tert-butylaminojpropyl)-8-({7-(5-methylthiophen-2-y1)-2
dmyd*obpnza"b}[i JAldioxin-6-yhithio)-SH-purin-6-amine l
Table SB
No. Name
5D-1 8-((7-(1H-pyrazol-4-y1}-2,3-dihydrobenzo[bl[ | 4] dioxin-6-yl)thio)-9-(3-
(isopropylamino)propyl)-9H-purin-6-amiine
5B-2 HIP1Y
8-((7-(1H-pyrazol-3-y1)-2,3-dihydrobenzo[ b} 1 ,4]dioxin-6-y1)thio)-9- (3—
(isopropylamino)propyl)-9H-purin-6-amine ‘
Sh-3 8-((7-(1H-pyrazol-4-y1)-2,3-dihydrobenzo[b]| { 4]dioxin-6-yDmethy)-2-fluoro-9-(2- 3
{isobutylanino)ethy))-9H-purin-6-amine - |
5D-4 TT-VI-544
8-({7-(1H-pyrazol-3-y1)-2,3-dihydrobenzo[b][ 1,4]dioxin-6-ymethyl)-2-fluoro-9-{2-
izobutylaminojethyl}-SH-purin-6-amine
5B-5 1-B3-(8-{7-(}H-pyrazol-3-y1}-2 3-dihydrobenzol bi{ § 4 Jdioxin-6-ylthio)-6-amino-GH-
purin-S-vljpropyDpyrrolidin-3-one
5B-6 8-({7-(|H-pyrazol-3-y1)-2,3-dihydrobenzo{b][ | 4] dioxin-6-yh)thio)-9-(2-
| {neopentylaminoethyD)-9H-purin-6-amine
SB-7 | 1-(4-(2-(8-((7 1H-pyrazol-3-y1}-2,3-dihydrobenzofb}| 1 ,4]dioxin-6-yl)thio)-6-anino-9H-
purin-8-yljethylypiperidin-1-yl)ethanone
£D-8 §-((7-(1H-pyrazol-3-y1)-2,3-dihydrobenzo[b][ | ,4]dioxin-6-yDmethy]}-9-(2-aminoethyl)-
2-fluore-SH-purin-6-amine j
3D-% t 1-(4-(2-(8~{(7-(1 H-pyrazol-3-y1)-2,3-dihydrobenzo{b}{ 1 ,4]dioxin-6-yDmethyl}-6-amino-
2-fluoro-9H-purin-9-yDethyl)piperidin-1-yDethanone
5p-16 | 1-(3-(2-(8-((7-(1 B-pyrazol-3-y1)-2,3-dihydrobenzo{b][ 1 ,4]dioxin-6-yDmethyl)-6-amino-
| 2-fluore-9H-purin-9-yHethylpiperidin-1-ylethanone
5D-13 8-((7-(1H-pyrazol-3-y1)-2,3-dihydrobenzo[bl[ 1 4] dioxin-6-y]ymethyl)-2-flucro-2-(2-(1-
(nethylsulfonyDpiperidin-3-yhethy)-9H-purin-6-amine
5D-12 1-(3-(8-((7-(1H-pvrazol-3-vi)-2,3-dihydrobenzo{bi{ I ,4|dioxin-6-ylimethyl}-6-amino-2-
| fluore-8H-punn-%-yhpropyDpyrrolidin-3-one
5D-13 8-(7-(1H-pyrazoi-3-y1)-2,3-dihydrobenzo[b J[ 1,4]dioxin-6-ylthio)-9-(2-(1-
» {methylsulfonyl)piperidin-3-yDethyl}-9H-purin-6-amine {
5D-14 N-(2-((2-(8-((7-(1 H-pyrazol-3-y1}-2,3-dihydrobenzo[bi[ 1 4]dioxin-6-yl}thio)-6-amino- |
9H-purin-2-yhethyhamino)ethylisulfamide N
sD-15 3-(2-(8-((7-( { H-pyrazol-3-y1)-2,3-dihydrobenzo[bji 1 4] dioxin-6-yljthio)-6-amino-9H-
purin-8-yDethyDammo)-N-hydroxypropanamide
SD-16 &-((7-(1H-imidazol-4-y1}-Z,3-dihydrobenzofb]{ 1 4]dioxin-6-yljthic}-9-(3-
(isopropylaminopropyl)-SH-purin-6-amine '
£D-17 8-((7-{1H-pyrazol-3-yD)-2, 3-dihydrobenzol bl{ 1 4]dioxin-6-y)thio)-9-(3~-aminopropyl)-
| 9H-purin-6-amine
SD-18 8-((7~(1B-pyrazol-3-yl}-2,3-dihydrobenzo[b}| I ,4]dioxin-6-yDthia)-2-(3-(tert-

butylaminopropy)-SH-purin-6-anmine
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sD-19 &-{(7-(1H-pyrazol-3-y1)-2,3-dihydrobenzofb][ 1 ,4]dioxin-6-yDinethyl}-9-(3-(tert-
butylaminoipropyl)-2-fluoro-3H-purip-6-amine

5D-20 8-(3-(isopropylamino)propyl)-8-((7-(5-methyl- 1 H-pyrazol-3-y1}-2,3-
dibydrobenzo{bli 1,4]dioxin-6-yjthio)-9-purin-6-amine

5D-21 &-((7-(5-methyl-1H-pyrazol-3-y1)-2,3-dthydrobenzo[bi[ 1 ,4}dioxin-6-y)thio)-9-(2-
(neonentylamino)ethvl)~9I—I—purin-6-amine

5D-22 9-(3-(tert-butylaminojpropyl}-2-fluoro-8-((7-(5- meti"yl IH-pyrazol-3-y1)-2,3-

: dlhvdrobenzm bii 1,41dioxin-6-vl)methyl}-H-purin-6-amine

5D-23 1-(8-((7-(1H-pyrazol-3-y1)-2 3-dihydrobenzo[b][1,4] dioxin-&-ythio)-6-aminc-9H-~
purin-8-y1)-3-(1sopropylamine )propan-2-ol

5D-24 1-(3-({7-(1H-pyrazol-3-yi)-2 3-dihydrobenzo[ bl] i ,4{dioxin-6-yymethyl)-6-amino-2-

fluoro-9H-purin-9-y1)-3-(tert-butylamino)propan-2-ol

5D-25 5-(8-({7-(1H-pyrazol-3-y1)-2,3~dibydrobenzo[b][1 4}&10*{1?1—0-3(1}}'{16&31) -G-aming-2
ﬂacro -9H-purin-9-ylpentane-1-sulfonamide

5D-26 6-(8-((7T-(1H-pyrazol-3-yi}-2 3-dihydrobenzo[b]{ 1 ,4]dioxin-6-ylymethyl)-6-amino-2-
fluoro-9H-purin-9-yhexanamide

5D-27 5-(8-(7-(1H-pyrazol-3-y1)-2,3-dthydrobenzo[b][ 1 ,4]dioxin-6-ylthio}-6-amino-9H-purin-
9-ylypentane-1 -sulfonamide

3D-28 6-(8-(7-(1H-pyrazol-3-y1)-2 3-dihydrobenzo[b][ 1,4 ]dioxin-6-ylthio)-6-amino-$H-purin-
9-yl}hexanamide

Table 5E

No. Name

5E-1 8-((7-ethynyl-2,3-dihydrobonzo[ bl 1 ,4]dioxin-6-yithie)-2-(3-
(isopropylamino)propyl)-SH-purin-6-amine

5E-2 3-(3-{6-amino-B-{7-ethynyl-2,3-dihydrobenzo[bl[ 1 ,4]dioxin-6-ylthio)-9H-
purin-2-yDyoropyhpyrrelidine-1 -carbaldehyde

SE-3 B-({7-ethynyl-2,3-dihydrobenzo[b][ 1 4]dioxin-o-ylmethyl}-2-fluoro-9-(2-
(isobutylaminejethy}-8H-purin-6-amine

5E-4 9-(2-aminocethyt)-8-(7-ethynyl-2,3-dihydrobenzo[b{ 1 ,41dioxin-6-ylthio}-9H-purin-6-
amine

SE-5 8-{(7-ethynyl-2,3-dihydrobenzo[bl{1 41dioxin-6-yl)thio}-0-(2-
(neopentylamino)ethyl)-9H-purin-6-amine

5E-6 9-(2~aminoethyl)-8-((7-ethynyl-2,3-dihydrobenzoib][1 4](110&111 G-yDthio)- QH—;;er-
Gramine

5E-7 1-(3-(2-(6-arnino-8-{7-ethynyl-2,3-dihvdrobenzo[ bl 1,41dioxin-6-yithic}-9H -purin-9-
yilethyl)piperidio-1-ylethanone

5E-8 B-{7-ethynyl-2,3-dihydrobenzo[b]{1,4]dioxin-6-yithio}-9-(2-(1-
{ mc‘hy‘ls\ﬂfeay")piperidin 3-yhethyl}-O0H-purin-6-amine

S5¥-9 8-({7-ethynyl-2,3-dihydrobenzo|b][ 1,4 ]dioxin-6-yhmethyl)-2-flooro-9-(2-(1-
{methylsulfonypiperidin-3-yDethyD)-OH-purin-6-amine

5E-10 1-(3-(2-(6-amino-8-{(7-ethynyl-2,3-dihydrobenzofb]{ 1,4]dioxin-6-y)methyl)-2-
fluoro-9H-purin-9-yhethyl)piperidin-1 -yljethanone

5E-11 3-(2-(6-amino-8-((7-ethynyl-2,3-dihydrobenzo[ bl 1 ,41dioxin-6-yDimethyl)-2-fluoro-
SH-purin-9-yhethylpiperidine-1-carbaldehyde

SE-12 1-(3-{6-amino-§-{{7-ethynyl-2 3 -dihydrobenzo[bi[1,4]dioxin-6-y ) methyl)-2-fluoro-
9H-purin-9-ylpropyDpyvirolidin-3-one

SE-13 5-(6-amino-8-((7-ethynyl-2,3-dihydrobenzo{b][ 1,4]dioxin-6-y! )methy‘}-Q -fluore-9H-

purin-8-ylhexanzmide
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5E-14 N-(2-{(2-{6-amino-8-((7-ethynyl-2,3-dihydrobenzof bl 1,4 ]dioxin-6-y1)thio)-911-
purin-9-yhethyaminoJethyhsulfamide

3E-15 3-((2-{(6-amino-8-((7-ethynyl-2,3-dihydrobenzo[b][ 1,4 ]dioxin-6-yhibio}-SH-purin-9-
yhethyDamino)-N-hydroxypropanamide

5E-16 §-(3-aminopropyl}-8-((7-ethynyl-2,3-dihydrobenzo[b][ 1,4]dioxin-6-y1)thio}-9H-
purin-6-amine

3E-17 6-(G-amine-8-(7-cthynyl-2,3-dihydrobenzo[bi[ | 4]dioxin-6-ylthic)-9H-purin-9-
yhhexanamide

5E-18 5-(6-amino-§-(7-ethynyl-2,3-dihydrobenzo{b}{ 1 ,41dioxin-6-yithio)-SH-purin-9-
yDpentane-1-sulfonamide

5E-19 {-(6-amino-8-{{7 -ethynyi-2 3-dihvdrobenzofbl{ 1,4]dioxin-6-vimethyl}-2-fluoro-SH-
purin-8-yi}-3-(tert-butylamino)propan-2-ol

SE-20 1+{6-amine-8-({7-ethynyl-2 3-dihydrobenzofb]{ 1 ,4]dioxin-6-yi)thio}-9H-purin-9-yi)-
3-{isoprepylamine jpropan-2-ol

SE-21 S-{6-amino-8-((7-ethynyl-2,3-dihydrobenzo[b][ I ,4]1dioxin-6-yl)methyl)-2 -fluoro-9H-
purin-9-ylipentare-1-sulfonamide

5E-22 §-{(7-ethynyl-2,3-dihydrobenzo[b|f 1,4]dioxin-6-ylymethyl)-2-fluoro-9-(3-
(isopropvlamino)propyl)-9H-purin-6-armine

5E-23 9-(3-(tert-butylamino)propyl)-8-((7-ethynyl-2,3-dihydrobenzo[b][ 1,4]dioxin-6-
yhmethyD-2-flugro-9H-purin-6-amine

5E-24 9-(3-aromopropyl)-8-((7-ethynyl-2,3-dihydrobenzo[b]{ 1 4]dioxin-6-ylymethyl}-2-
fluoro-9H-purin-6-amine

5E-23 9-(3-(tert-butylamino)propyl)-8~(7-ethynyl-2,3-dihydrobenzo[b][ 1,4]dioxin-6-vithio)-
9H-purin-6-amins

S5E-26 8-(7-ethynyl-2,3-dihydrobenzo[b]{1,4}dioxin-6-ylthio-9-(2~(1 -methylpiperidin-2-
yhethy)-9H-purin-6-amine

5E-27 8-{7-ethynyl-2,3-dihydrobenzo[ b1 1,4]dioxin-6-ylthio}-8-(2-(1-methylpiperidin-3-
yljethyl)-9H-purin-6-amine

5E-28 8-{(7-ethynyl-2,3-dihydrobenzo[bl[ 1,4]dioxin-6-yDmethyl)-2-fluoro-9-{2-(1-
methvlpiperidin-2-vDethyl)}-9H-purin-6-amine

SK-29 8-({7-ethynyl-2,3-dihydrobenzo[bl[ 1,4]dioxin-6-yhmethy])-2-fluore-0-(2-(1-
methylpiperidin-3-yljethyl)-9H-purin-6-amine

Xable §F
No. Name
5F-1 T-{{6-amino-9-(3-(isopropylamino)propyl)-9H-purin-8-yijthio)-2,3-

dihydrobenzo[b][1,4]dioxine-6-carbonitrile

5F-2 7<{{6-amino-9-(3-(isopropylamine)propyD-9H-purin-8-yhithio)-2,3-
dihydrobenzolb}[1,4]dioxine-6-carbonitrile

5F-3 7-{{6-amino-2-fluore-9-(2-(isobutylamine yethy!)-9H-purin-8-yUmethyl)-2,3-
dihydrobenzo|bll1,41dioxine-6-carbonitrile

5F-4 7-{(6-arcino-2-fluoro-9-(2-(isobutylaminoethyl}-9H-punin-8-yl)methyl)-2,3-
dihydrobenzo{b][ 1 4]dioxine-6-carbonitrile

5F-5 T-{{(6-amino-9-{2-(neopentylamino)ethyl)-9H -purin-8-yithio)-2,3-
dibvydrobenzo[bl] 1,4 dioxine-6-carbonitrile

5F-6 74{{6-amino-9-(2-{neopentylamino)ethyl)-9H-purin-8-yijthio}-2,3-
dihydrobenzo[b][1,4]dioxine-6-carbonitrile

8¥-7 2-(7-((6-amino-2-flucro-9-( 2-(iscbutylamine Jethyl}-9H-purin-E-ylmethyl)-2,3-
dihydrobenzo[b][1,4]dioxin-6-yDacetonitrile
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SF-8 N-(2~((2(6-amino-8-{(7-(cyanomethyl)-2,3-dihydrobenzo[b][ 1 4]1dioxin-6-yl)thio)-
SH-purin-2-vDetayDamino)ethyl)sulfamide

SF-¢ 3-{(2-(6-amino-8-({(7-(cyanomethyl}-2 3-dihydrobenzo[b}{ 1,4]dioxin-6-yl)thic)-9H-
purin-S-yliethyhamino)-N-hydroxypropanamide ,

5F-10 7-{{6-amino-2-chloro-2-(2-(isobutylamine ethy}-9H-purin-8-yhimethvl»2,3-
dihydrobenzo[bl[1 41dioxine-6-carbonitrile




WO 2011/044394 PCT/US2010/051872

194
Table 5CG
Neo. Name
5G-1 8-((7-(aziridin-1-y1}-2,3-dihydrobenzo{ b | 4]dioxin-6-y1)thic)-9-(2~
' {neopentylamino)ethyl)-9H-purin-6-amine

5G-2 8-((7-(azetidin-1-y1}-2,3-dithydrobenzo[bli 1,4]dioxin-6-v1)thio}-9-(2-
(isobutyvlaminciethy])-9H-purin-6-amine

5G-3 9-(2-(isobutylaminc)ethyD-8-((7-(pyrrolidin-1-v1)-2,3-dihyvdrobenzo[b]] 1 ,4]dioxin-6-
y1ithio)-9H-purin-6-amine

5G-4 8-({7-(azindin-1-y1}-2,3-dihydrobenzo[blf | 41dioxin-6-yiymethyl}-2-fluore-9-(2-
{neopentvlamineethyl)-9H-purin-6-amine

5G-5 B-({7-{azetidin-1-y1}-2,3-dihydrobenzo[b][ 1 4]dioxin-6-ylymethyl)-2-fluoro-0-{2-

' (iscbutylamingcjetiyD}-9H-purin-6-amine

5G-6 2-fluoro-9-(2-(isobutylaminojethyl)-8-((7-(pyrrolidin-1-y1}-2,3-
dihydrobenzolbl[ 1 ,4]dioxin-6-ylmethyD-SH-purin-6-amine

5G-7 2-chloro-9-(2-(iscbutylaminojethyl)-8-((7-(pyrrolidin-1-y1)-2,3-
dihydrobenzoib|] 1,4]dioxin-G-yl)methyl)-3H-purin-6-anine

5G-8 1-{4-(2-{6-amino-8-((7-(aziridin-1-y1)-2,3-dihydrobenzo{b][ 1,4] diexin-6-yi)thio)-OH- .
purin-9-yhethylypiperidin-1-yijethanone

5G-9 1-(3-(2-(6-amino-8-(7-(azetidin-1-y1}-2,3-dihydrobenzo[ bl 1 4 ldioxin-6-ylthio)-9H-
purin-8-yhethvlpiperidin-1-yljethanone

3G-18 | 4-(2-(6-amino-2-chloro-8-((T-(pyrrolidin-1-y1)-2 3~dihydrobenzo[b][ 1,4]dioxin-6-
yDmethyD)-9H-purin-9-vDethyljpiperidine-1-carbaldehyde

5G-11 | 8-((7-(dimethylamine)-2,3-dihydrobenzo[b][ 1,4 ]dioxin-6-yithio)-9-(2-
(iscbutylanino)ethyl)-9H-purin-6-amine

53G-12 | 8-{(7-(dimethylamino}-2,3-dihydrobenzo{b]| 1,4]dioxin-6-yhmethyl}-2-fluoro-9-(2-
{isobutylaminoethyl}-8H-purin-6-amine

5G-13 1-{3-(2-(6-amino-8-( 7-(dimethylamine)-2,3-dihydrobenzol b][ 1 4 ]dioxin-6-yithio)-9H-
purin-9-yhethyDpiperidin-1-yDethanone

5G-14 1-{3-(2-{6-amino-8-((7-{dimethylamino)-2,3-dihydrobenzofb}] 1 ,4]1dioxin-6-y)methyl)-
2-fluoro-SH-purin-S-yhethypiperidin-1-yhethanone

3G-15 8-{7-{dimethylaminn)-2,3-dihydrobenzo{b][1,41dioxin-6-ylthio)-9-(2-(1-
{methyisulfonylpiperidin-3-yDethyl}-9H-purin-6-amine

5G-16 8-{{7-(dimethylamine)-2,3-dihydrobenzolb][ 1,4]dioxin-6-yimethy1}-2-flucro-9-(2-(1-
(methylsalfonylpiperidin-3-yhethyl}-8H-purin-6-amine

3:-17 8-{(7{ethylamino)-2,3~dihvdrobenzo[b]{ 1,4]dioxin-6-yDthio)-9-(2-
(isobatylamino)ethyl)-9H-purin-6-amine

5G-18 1-(3-(2-(6-amino-8(7-{ethylamino}-2,3-dihydrobenzo[b]{1,4]dioxin-6-ylthic)-9H-
purin-2-yDethylpiperidin-1-vljethanone

5G-1% 8-(7-(ethylamino)-2,3-dihydrobenzo[b}{ 1,4]dioxin-6-ylthio)-9-{2-(1-
(methylsulfonylpiperidin-3-yhethyl}-9H-purin-6-amine

5G-18 | 2-fluoro-9-(2-(isohutylamino ethy!)-8-((7-(isopropylamino)-2,3-
dikydrobenzo[bl] | 4]dioxin-6-yDmethy])-9H-purin-6-amine

5G-21 8-(7-(isopropylamine)-2,3-dihydrobenzo{b]{ 1 ,4]dioxin-6-ylthio)-9-(2~(1-
{methylsulfonypiperidin-3-ylethyl}-9H-purin-G-amine

3G-22 1-(3-(2-(6-amino-2-fluore-8-({7-(isopropylamine}-2,3-dikydrobenzo[bl{ 1 ,4]1dioxm-6-
yUmethyl)-9H-purin-9-yhethyDpiperidin-1-yiethanone

5G-13 B-{(7-(dimethylamino)-2,3-dihydrobenzo{b][ 1,4]dioxin-6-yl)thio}-9-(3-

(isopropylamino)prepyl}-9H-purin-6-amine
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5G-24 8-((7-(dimethylamine)-2,3-dihydrobenzo[bli 1,4]dioxin-6-y)thio)-9-(2-(1-
{methyvisulfonylypiperidin-3-yljethyD-9H-purin-6-amine
8G-25 | 5-{6-amino-8-(7-(dimethylamine)}-2,3-dihydrobenzafb]{1.41dioxin-6-ylthio)-9H-purin-
S-yhpentanc-1-sulfonamide
5G-26 &-{6-amino-8-(7-{dimethylamino)-2,3-dihvdrobenzolb][ 1,4 ldioxin-6-ylthio)-9H-purin-
S-yhhexanamide
5G-27 | 9-(3-(tert-butylamino)propyl)-8-{(7-(dimethylamine)-2,3-dihydrobenzo[bl[ 1,4 ]dioxin-
6-vhithio)-9H-punn-6-amune
5G-28 1-(3-(6-anino-8{7-(dimethylamine)-2,3-dihydrobenzo[bif 1 4]dioxin-6-ylthio)}-9H-
purin-8-ylpropyijpyrrolidin-3-one
Table SH
No. Name
5H-1 8-((7-cyclopropyl-2,3-dihydrobenzo[b][ 1 4]dioxin-6-y1)thic}-9-(2-(neopentylaminoethyl)-
9H-purin-6-amine
SH-2 | 8{(7-cyclobutyl-2,3-dirydrobenzo[b][1,4]dioxin-6-y)thio)-9-(2-(isohutylamino)ethyl)-9H-
purin-G-amine
SH-3 | 8«(7-cyclopentyl-2,3-dihydrobenzo[b]] 1,4]dioxin-6-yi)thio)-9-(2-(isobutylamino)ethyl)-9H-
purin-6-amine
5H-4 | 8-((7-cyclopropyl-2,3-dihvdrobenzolbl[1,4]dioxin-6-ylymethyl)-2-fluoro-9-(2-
{ncopentylamino)ethv-9H-purin-6-amine
S5H-5 | 8-{(7<cyclobutyl-2 3-dihydrobenzo[b][ 1,4]dioxin-6-yImethy])-2-fluoro-3-(2-
{iscbutylaminoethyl)-SH-purin-6-amine
S5H-6 8-((7-cyclopentyl-2,3-dihydrobenzolb]{ 1,4]dioxin-6-yhmethyl}-2-flucro-9-(2-
(isobutylamino)ethyl)-9H-purin-6-amine
SH-7 1-(4-2-(6-amino-8-({7-cyclopropyl-2,3-dihydrobenzolb][ 1,4]dioxin-6-yl)thio)-9H-purin-9-
yhethyljpiperidin-1-yhethanone
5H-3 1-{4-(2-{6-amino-&-({7-cyclopropyl-2,3-dihydrobenzo{b]{ 1 ,4}dioxin-6-yDmethyi}-2-fluoro-
SH-purin-8-yljethyDpiperidin-1-yhethanone
SH-% | 1-(4-(2-(6-amino-2-chioro-8-{(7-cyciobutyl-2,3-dihydrobenzo[b][ 1,4]dioxin-6-yDmethyD-6H-
purin-9-ylethvpiperidin-1-ylethanone
5H-18 | 4-(2-(6-amino-8-((7-cyclobutyl-2, 3-dihydrobenzo[b][ 1,4]dioxin-6-yl)thio)-9H-purin-9-
yhethylypiperidine-1-carbaldehyde
5H-11 | 4-(2-(6-amino-8-({7-cyclopentyl-2,3-dihvdrobenzo{blf 1,4 1dioxin-6-ylymethyl)-2-fluore-9H-
purin-9-yethvlpiperidine-1-carbaldehyde
5H-12 | 3-(6-amino-8-{(7-cyclopropyl-2,3-dihydrobenzolb}{ 1 ,4]dioxin-6-yl)thio)-9H-purin-9-
yDpropyl sulfamate
58-13 | 8-((7-cyclopropyl-2,3-dihydrobenzo{b]{ 1,4]dioxin-6-yl)thic)-9-(2-(1-
(methylsulfonyDpiperidin-3-yDethy)-9H-purin-6-amine
58-14 | 9-(3-(tert-butylaminc)propyl)-8-({7-cyclopropyi-2,3-dihydrobenzofb]{ 1 ,4]dioxin-6-viithio}-
9H-purin-6-2ming
8H-18 | 2-(3-(6-amino-8-(7-cyclobutyl-2,3-dihydrobenzo{b]{ 1,4 dioxin-6-vithio)-9H-purin-9-
yhpropylpyrrolidine-1-sulfonamide
$H-16 | 3-(2-(6-amino-8-(7-cyclopentyl-2,3-dihydrobenzo[b]] 1,4]dioxin-6-ylthio)-OH-purin-9-
yhethyhpyrrolidine-1-sulfonamide
5H-17 | §-(7-cvclopentyl-2.3-dihydrobenzofb][1.41dioxin-6-vlthio)-3-(2~(1 -(methylsuifonylpiperidin-
3-yhiethyD-9H-purin-6-atnine
SH-18 | 9-(3-(terr-butylaminc)propyl)-§-(7-cyclopentyl-2,3-dihydrobenzo[b]{ | 4]dioxin-6-ylthic)-SH-
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purin-6-amine

5B-19 | I-(6-amino-8-(7-cyclopentyl-2,3-dihydrobenzo[b}{ 1,4]dioxin-6-yithio)-OH purin-9-v1)-3-
{isopropylamino)propan-2-0l
Table 6A
Mo, Name
6A-1 8-((7-10do-2,3-dihydrobenzofbj[ 1 ,4joxathiin-6-yI)thio)-9-(3-{isopropylamumo)propyl)-
9H-purin-6-amine :
6A-2 8-({7-(furan-2-y1)-2.3~dihydrobenzo[bi[ 1,4 Joxathiin-0-y1}thio)-9-(3-
{(isopropylaming)propyl)-SH-purin-6-arnine
A3 8-((7-ethynyl-2,3-dihydrobenzo[bl{ 1.4joxathiin-6-y1ithio}-9-(3-
{(isopropylamine)propyl)-9H-purin-6-amine
6A-4 4-(2-{6-amino-8-{{7-{furan-2-y1}-2,3-dihydrobenzo[bl[ 1,4} oxathiin-6-ylthio)-SH-purin-
9-vi)ethylpiperidine-1-carbaldehyde '
64A-5 2-fluoro-9-(2-(isobutylaminoethyl)-8-((7{pyrrolidin-1-y1)-2,3-
dihydrobenzolbi[1,4]oxathiin-6-yDmethyl)-9H-purin-6-amine
6A-6 | 8~((7-(aziridin-1-yi)-2,3-dihydrobenzolb][1,4]oxathiin-6-yI}thio)-8-(2~
meopentylaminojethyl)-OH-purin-6-amine
6A-7 &-{{(6-(furan-2-y1)-2,3-dihydrobenzo[bi[ 1.4 joxathiin-7-yl}thio}-9-(3-
(isopropylaminojpropyl)-9H-purin-6-amine
6A-8 | 8-((6-ethynyl-? 3-dihydrobenzo[bl[1,4oxathiin-7-y1}thio)-0-(3-
(isopropylamineypropyl)-9H-purin-6-amine
64-9 | 4-(2-(6-amino-8-({6-(furan-2-yl)-2,3~dihydrobenzo[bj{1,4]oxathiin-7-ylthio)-SH-purin-
9-vDethyljpiperidine-1-carbaldehyde
6A-10 | 2-fluoro-9-(2-(isobutylamino)ethy)-8-((6-(pyrrolidin-1-y1)-2,3-
dihydrobenzofbl[1,4]oxathiin-7-ymethyl)-9H-purin-6-amine
6A-11 | 8-{(6-(aziridin-1-y1}-2,3-dihydrobenzof{bi{1,4joxathiin-7-ylithio}-9-(2-
(neopentylaminolethy}-9H-purin-6-amine
6A-12 | 8-{{7-(furan-2-y1)-4-methyl-3.4-dihydro-2H-benzo{b}| 1 4loxazin-6-yijthio}-9-(2-
{neopentyleminojethy)-¥H-purin-6-amine
6A-13 | 8-{(4-methyl-7-(1H-pyrazol-3-y1)-3,4-dihydro-2H-benzo[b]{ 1 4] oxazin-6-y1ithio)}-9-(2-
{neopentylamino)ethyl}-9H-purin-6-amine
6A-14 | 8«{(7-ethynyl-4-methyl-3,4-dihydro-2H-benzol b}[ 1 4]oxazin-6-yl)thio}-9-(2-
(isobutylamino)ethyl)-9H-purin-6-amine
64-15 | 2-fluorc-8-((7-(furan-2-y1)-4-methyi-3,4-dihydro-2H-benzo[ b} 1,4 Joxazin-6-yDmethyl)-
9-{2-(neopentylamino)ethyl)-9H-purin-6-amine
84-16 | 4-(2-(6-amino-8-({7-(furan-2-y1}-4-methyl-3,4-dihydro-2H-benzo[b][ 1 4]thiazin-6-
yhithio}-9H-punin-9-ylethyDpiperidine- 1 -carbaldehyde
64-17 | 8-{(6-{furan-2-y1)-4-methyl-3 4-dihydro-2H-benzo{b}[ I 4]oxazin-7-yl}thio)-9-(3-
(isopropylamino)propyD)-9H-purin-6-amine
6A-18 | 9-(3-(isopropylanmino)propyl}-8-({4-methyl-6-{thiophen-2-y1)-3,4-dihydro-2 H-
benzo[b][ 1 4loxazin-7-yljthio)-9H-purin-6-amine
6A-1% | 4-(2-(6-amino-8-({6-(furan-2-y1)-4-methyi-3,4-dihydro-2H-benzo[b]{ 1,4]oxazin-7-
yhthio)-9H-purin-9-yhethypiperidine-1 -carbaldehyde
6A-20 | 4-(2-{G-amino-8-((6-ethynyl-4-methyl-3,4-dihydro-2H-benzo[bl] 1 ,4Joxazin-7-y1)thio}-
9H-purin-9-ylethylipiperidine-1 -carbaldehyde
6A-21 | 8-{(6-(azetidin-1-yD)-4-methyl-3,4-dihydro-2H-benzofb]{ 1,4 joxazin-7-yi)thio)-9-(2-
{isobutylamino)ethyl}-9H-purin-6-amine
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6A-22 | 8-((6-(furan-2-yl)-4-methyl-3,4-dihydro-2H-benzo[b][ 1 4] thiazin-7-y)thio)-9-(3-
{isopropylamino)propy!)-9H-purin-6-amine
6A-23 | &-{{6-lodochroman-7-yljthio}-9-(3-(isopropylamino)propyl}-9H-purin-6-amine
6A-24 | 8-((6-(furan-2-yl)chroman-7-yD)thio)-9-(3-(isopropylamino)propyl}-9H-purin-6-amine
6A-25 | B-{{6-cthynylihiochroman-7-y}thio}-8-(3-(isopropylamino)propyl)-SH-purin-6-amine
6A-26 | 4-{2-(6-amino-8-((6-(furan-2-yi)thiochroman-7-yi)thio)-9H purin-9-ylethyl)piperidine-
1-carbaldehyde
6A-27 | 2-fluoro-9-(2-(isobutylamino)ethyl)-8-((1 -methyl-6-(pyrrolidin-1-y1)-1,2,3,4-
tetrahydroquinolin-7-yUmethy}-9H-purin-G-amine
6A4-28 | 4-(C46-amino-8-((6-(furan-2-y1}-1,2,3 4-tetrahydroquinolin-7-yi)thio)-9H-purin-9-
yhethyDpiperidine-] -carbaldehyde
6A-28 | 8-{{7-1odochroman-6-yDithio)-9-(3-(isopropylamino)propyl)-SH-purin-6-amine
6A-30 | 8-((7-(furan-2-yl)chroman-6-yDthio)-9-(3~(isopropylamino)propyl)-9H-purin-6-amine
6A-31 | 8-{(T-ethynylthiochroman-6-ythio)-9-(3-(Gsopropylaminepropy-9H-purin-6-amine
6A-32 | 4-(2(6-amino-8-({7-(furan-2-ylithiochroman-6-yhthio}-9H-purin-9-yljethyDpiperidine-
1-carbaldehyde
6A4-33 | 2-fluorc-9-{2-(isobutylamino)ethyl)-8-((7-(pyrrolidin-1-yi)-1,2.3,4-tetrabydroquinolin-6-
yhethy])-SH-purir-6-amine
6A-34 | 4-(2-(6-amino-8-({7-(furan-2-vl)-1-methyl-1,2,3 4 -tetrahydroquinolin-6-y1)thio)-9H-
purin-9-yDethylpiperidine-1-carbaldehyde
6A-35 | 2-chloro-8-({7-10do-2,3-dihydrobenzo[b][1,4]oxathiin-6-y!)methyl}-9-(2-
(isobutylamino)ethyl}-9H-purin-6-amine
6A-36 | 2-chloro-8-((6-iodo-2,3-dihvdrobenzo[b]{1,4]oxathiin-7-yDmethyl}-9-(2-
{iscbutylaminelethyl}-9H-purin-6-amine
6A-37 | Z-chloro-8-((6-iodochroman-7-ylymethyl)-9-(2-(isobuiylamino)ethyD-9H-purin-6-amine
64-38 | 9-(3-(tert-butylaminojpropyl)-8-((6-iodochroman-7-yl}thio)-9H-purin-6-amine
6A-39 | N-(3-(6-amino-8-((€¢-iodochroman-7-yhithio)-9H-purin-8-yDpropyDmethanesulfonamide
64-40 | 3-(6-amino-8-{{6-iodochroman-7-yl)thio}-9H-purin-8-yDpropyl sulfamate
6A-41 | 1-(6-amino-8-({6-todochroman-7-y)thio}-9H-purin-9-y1}-3-(isopropylamine)propan-2-
ol
6A-42 | 9-(3{tert-butylamino)propyl}-8-({6-ethynylchroman-7-yhithio)-9H-purin-6-amine
6A4-43 | N-(3-(6-ammo-8-{{€-ethynylchroman-7-yithic}-9H-purin-9-
yhpropylmethanesulfonamide
6A-44 | 3-(6-amino-8-((6-(furan-2-yDchroman-7-ythio}-9H-purin-9-yhpropyl sulfamate
- 8A-45 | 1-{b-amino-8-((6-(5-methyloxazol-2-yl}chroman-7-yi}thio)-SH-purin-8-vi}-3-
{(isopropylamino)propan-2-ol
6A-46 | 9-(3-(tert-butylemino)propyl)-8-{(6-ivdo-4-methyl-3,4-dihydro-2H-benzo[b]{ 1 ,4]oxazin-
7-¢ithio)-SH-purin-6-amine '
6A-47 | N-{3-(6-amino-8-({€-iodo-4-methyl-3,4-dihydro-2H-benzo[b][ 1,4]oxazin-7-yljthio)-9H-
purin-9-ylpropyDmethanesulfonarvide
6A-48 | 3-{6-anmino-8-({6-iodo-4-methyl-3,4-dihydro-2H-benzo[bi[ 1 ,4]oxazin-7-y1)thio)-9H-
purin-9-ylpropyl sulfamate
6A-49 | 1-(6-amino-§-((6-iodo-4-methyl-3,4-dihydro-2H-benzoe[b]{ 1,4]oxazin-T-yDithio)-9H-
' purin-9-yi}-3-(isopropylamine jpropan-2-ol
6A-50 | 9-(3-(tert-butylamino)propyl}-8-((6-ethynyl-4-methyi-3 4-dihydro-2H-
benzo[b][1 4joxazin-7-vI}jthin)-9H-purin-6-amine
6A-31 | N-(3-(6-amino-8-((6-ethynyl-4-methyl-3,4-dihydro-2H-benzo[ bl 1.4]oxazin-7-yhthio)-
9H-purin-8-ypropyDmethanesulfopamide
6A-52 | 3-(6-amino-8-((6-{furan-2-yl)-4-methyl-3 4-dihydro-2H-benzo[bi[ 1 4loxazin-7-ythio)-
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9H-purin-9-ylypropyl sulfamate

6A-53 | 1-{6-amino-8-({4-methyi-6-(5-methyloxazol-2-y1)-3,4-dihydro-2H-benzo[b]{ 1, 430xa,zm—
7-yHthio}-9H-purin.9-y1}-3-{isopropylamine)propan-2-ol .
6A-54 | 9-(3-(tert-butylamino)propyl)-R-{(4-methyl-6-(S-methyloxazol-2-y1)-3 4-dihydro-2H-
benzo[bl[ 1 4loxazin-7-ylithio-9H-purin-6-amine
Table 6B
No. Name
6B-1 &-{{3-10d0-5,6, 7 ,S-tetrahydronaphthalen-2-y1jthio)-2-{3-(isopropylaminojpropyl}-SH-
purin-6-amine
8- 8-{(3-i0do-5,6,7 8-tetrahydronaphthalen-2 -y1)thio)-9-(2-(iscbutylamino)ethyl)-9H-purin-6-
amine
6B-3 8-((3-i0do-5,6,7 R-tetrahydronaphthalen-2-yl)thio)-8-(2-(neopentylamino)ethyl)-9H-purin-
6-amine
6B-4 2-fluoro-8-((3-iode-5,6,7 8-tetrahydronaphthalen-2-yymethyl}-9-(2-(isobutylamino)ethy H-
SH-purin-6-amine
6B-5 2-chloro-8-((3-(foran-2-y13-5,6,7,8-tetrahydronaphthalen-2 -y ymethyl)-9-(3-
{isopropylamino ;propyi}=9H=pm‘1n-6~a ine
6B-4 2-fluoro-8-((3-iode-5,6,7 B-tetrahydronaphthalen-2-vlymethyl}-9-(3-
{isopropylamincipropyl)-9H-purin-6-amine
6B-7 8-{(3-(furan-2-y)-5,6,7,8-tetrahydronaphthalen-2-yhthio)-9-(3-(isopropylamino)propyl)-
9H-purin-6-amine
65-8 8-((3-ethynyl-5.6,7,8-tetrahydronaphthalen-2-yl)thio)-9-(3-(isopropylamino)propyl}-9H-
purin-6-amine
6B-9 3-{(6-amino-9-(3-{1sopropylamino)propyl}-OH-purin-8-ylithic)-5,6,7,8-
tetrahydronaphthalene-2-carbonitrile
6B-10 | 8-((3-(azetidin-1-y1)-5,6,7,8-tetrahydronaphthalen-2-yDmethyl)-2-fluoro-9-(2-
{neopentylamino)ethyl)-9H-purin-6-amine
6B-11 | 8-{(3-10d0-5,6,7 B-tetrahydronaphthalen-2-yijthio}-9-{2-(iscbutylamino)ethyl}-9H-purin-6-
4mine
6B-12 | 6-{6-amino-8-(3-(oxazol-2-y1)-5,6,7 8-rerrahydronapthalen-/.-vlthm) -9H-purin-9-
yhhexanamide
6B-13 | 1-(3-C-(8-(3-(1H-pyrazoi-3-y1)-3,6,7,&-tetrahydronaphthalen-2-ylthio)-6-amino-9H-purin-
9-yDethylpiperidin-1 -yDethanone
6B-14 1-(3-(2Z~(6-aminc-8-3-ethynyl-3,6,7 8-tetrahydronaphthalen-2-ylthio)-3H-purin-9-
yhethylypiperidin-1-vhethanone
6B-15 | 1-(3-(2-(6-amino-2-fluoro-8-((3-(5-methylfuran-2~y1)-3,6,7,8-tetrahydronaphthalen-2-
yhmethyl)-SH-purin-3-yljethyDpiperidin- 1 -ylethanone
6B-16 N-(Z -((2-{6-amino-8-((3~(furan-2-y1)-5,6,7 S-tf*truhydr@napht‘*alen -2-yDthio)-9H-purin-9-
vhethyDamine)ethylimethanesulfonamide
68-17 | 3-(2{6-ammo-8-{(3-(furan-2-v1}-5,6,7,8-tetrahydronaphthalen-2-yhithio}-9H-purin-9-
yhethyDamine)-N-hydroxypropanamide
6B-18 | 9-(3-aminopropyl)-8-{(3-icdo-5,6,7,8-tetrahydronaphthalen-2-yithic)-9H-purin-6-amine
6B-12 | 9-(3-(isopropylamme)propyi)-8-({(3-(oxazol-2-y1)-5,6,7,8-tetrahydronaphthalen-2-yljthio)-
9H-purin-6-amine '
68-20 | 9-(3-{tert-butylaminc)propyl)-8-((3-iodo-5,6,7,8-tetrahvdronaphthalen-2-yljthio)-9H-
purin-6-aming '
6B-21 | 1-(3-(2-(6-amino-8-(3-(5-methylfuran-2-v1)-5,6,7,8-tetrahydronaphthalen-2-ylthio}-9H-
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purin-9-yDethyl)piperidin-1-yl)ethanone

6B-22 | 1-(3-(2-(6-amino-8-(3-(oxazol-2-y1)-5,6,7 R-tetrahydronaphthalen-2-vithio)-SH-purin-9-
yhethyDpiperidin-1-yiethanone

6B-23 | 3-({3-{dimethylamine}-5,6,7, 8-ictrabydronaphthalen-2-yDthio)-9-(2-
{neopentylaminoejethy}-9H-purin-6-amine

6B-24 | 9-(2-(1-(methylsulfonyl}piperidin-3-ylethy!}-8-((3-(5-methylthiazo}-2-y1)-3,6,7,8-
tetrahydronaphthalen-2-ylithio)-9H-purin-6-amine

6B-25 | DZ4-52-N9
&-((3-icdonaphthaler-2-yl}thio}-9-(3-{isopropylamine)propyl}-9H-purin-6-amine

68-26 | 8-((3-(dimethylamino)naphthalen-2-y1)thio)-9-(2-{necpentylaminoethy}-9H-purin-6-
amine

68-27 | 1-(3-(2-(6~-amino-~8~(3-(5-methylfuran-2-ylnaphthalen-2-yithio)-9H-purin-9-
yUethyDpipendin-1 -ylethanone

6B-28 | 9-(2-(1-(methylsulfony)piperidin-3-yDethyl}-8-{(3-(S-methylthiazol-2-ynaphthalen-2-
yhthio)-9H-purin-6-amine

68-29 | 8-((3-ethynylnaphthalen-2-y1)thic)-9-(3-(isopropylamino)propyl}-9H-purin-6-amine

¢B-30 | B-((3-{1H-pyrazel-3-ylinaphthalen-2-y1)thio)-8-(3-(isopropylamino)propyl)-SH-purin-6-
amine

68-31 | 1-(6-amino-8~((3-iodonaphthalen-2-yljthio)-9H-purin-8-y1}-3-(isopropylamino)propan-2-
al

68-32 | 5-(6-amino-8-(3-ethynylnaphthalen-2-yithio)-9H-purin-9-yDpentane-1 sulfonamide

6B-33 | 9-(3-tert-butylamino)propyl)-8-((3-iodonaphthalen-2-vi)thio)-9H-purin-6-amine

6B-34 | 8«{(3-(5-methyloxazol-2-ylnaphthalen-2-y1ithio}-9-(2-(1-(methylsulfonyipiperidin-3-
yvDethy}-9H-purin-6-amine

68-35 | 2-fluoro-8-((3-icdonaphthalen-2-yDmethy}-9-(2-(iscbutylaminoethy)-9H-purin-G-amine

6B-36 | 1-(3-(24{6-amino-8-(3-(aziridin-1-yhnaphthalen-2-ylithio}-9H -purin-9-yHethyDpiperidin-1-
vDethanone

6B-37 | 6-(6-amino-8-(3-(5-methyloxazol-2-y1)-5,6,7,8-tetrahydronaphthalen-Z-ylthio)-9t-purin-
9-yi}hexanamide

68-38 | 6-(6-amino-B-{3-10d0o-5,6,7 8-tetrahydronaphthalen-2-vlthio)-9H-purin-9-yJhexanamide

6B-3% | 5-{6-amino-8-(3-10do-5,6,7 B-tetrahydronaphthalen-2-ylthio)-9H-purin-9-ylpentane-1-
sulfonamide

68-40 | 1-(3~(6-amino-8-(3-10do-5,6,7, 8~tetrahydronaphthalen-2-yithio)-9H-purin-9-
yhpropyDpyrrolidin-3-one

Table 7A
No, Name

TA-1 8-(2-ethynyl-5-methoxyphenylthic)-9-(3-(isoprepylamino)propyl)-9H-purin-6-amine

7A-2 9-(3-(Gsopropylamino)propyD-8-(5-methoxy-2-{prop-1 -ynylphenylthio)-9H-purin-6-amine

TA-3 9-(3-(isopropylamino)propyl}-8-(5-methoxy-2-(phenylethynyl)phenylthio)-9H-purin-6-
amine

7A-4 8-(2-ethynyl-3-methoxyphenylthic}-9-(2-(isobutylaminojethy!}-9H-purin-6-amine

TA-5 1-{4-(2-{6-amino-8~(2-cthynyl-5-methoxyphenylthio)- 91 -purin-S-yhethylipiperidin-1-
vijethanone

TA-H 4-(2-{6-amino-8-(2-ethynyl-S-methoxyphenylthio)-9H-purin-9-yhethyDpiperidine-1-

carbaldehyde
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TA-T 1-(4-(2-{6-armxino-8-(2-ethynyl-3-methoxybenzyl)-2-fluorc-SH-purin-9-yethy Dpiperidin-
1-yljethanone
7A-8 4-(2-(6-amino-8-(2-ethynyl-S-methoxybenzyl}-2-fluoro-9H-purin-9-yDethypiperidine-1-
carbaldehyde
TA-$ 1-{4-(2-(6-amino-2-chioro-8-(2-ethynyl-5-methoxybenzyl)-SH-purin-9-yl)ethyDpiperidin-
1-yhethanone
7A-18 | 4-(2-(6-amino-2-chlore-8-(2-sthynyl-5 -methoxybenzyl -9H-purin-3-yDethyDpiperidine-1-
carbaldehyde
74-11 | N-(2-(2-(6-amino-8-(2-ethynyl-5-methoxyphenylthio)-9H-purin-9-
yhethylamino)ethyDsulfamide
TA-12 3-(2-(6-amino-8-(Z-ethynyi-5-methoxyphenylthio}-9H-purin-9-yDethylamino)-N-
hydroxypropanamide
7A-13 | 8-(5-ethoxy-2-ethynylphenyithio)-9-(3-(isopropylamine jpropyl }-9H-purin-G-amine
7A-14 1-(6-amino-8-(2-ethvnyl-5-methoxyphenyithio}-9H-purin-9-vH)-3-{isopropylamino)propan-
2-0l
7A-18 | 8-(2-ethynyi-3-methoxyphenylihio)-9-(2-(1-{methylsulfonyhpiperidin-3-ylethyl)-9H-
purin-6-amine
7A-16 | N-(3-(6-amino-8-(2-2thynyl-S-methoxyphenyithio)-8H-purin-9-
yi)propyl)methanesul fonamide
7A4-17 | 2-(3~(6-amino-8-(2-ethynyl-5-methoxyphenylthio)-9H-purin-3-yDpropylipyrrolidine-1-
carbaldehyde
TA-18 | 8-(2-ethynyl-S-methoxybenzy!)-2-fluore-9-(3-(isopropylamino)propyl)-2H-purin-6-amine
7A-12 | 1-(3-(6-amino-8-(2-ethynyl-5-methoxyphenylthio}-9H-purin-3-yDpropyDpyrrolidin-3-one
TA-20 | PU-WS31
8-({2-ethynyl-5-methoxyphenylithio)-9-2-(neopentylaminojethyl)-91-purin-6-amine
Table 78
No. Name
7B-1 2~{6-amino-2-fluoro-9-(3-(isopropylamine)propyl)-9H-purin-8-ymethyl)-4-
methoxybenzonitrile
TB-2 2-{6-amino-9-(3-(isopropvlamino)propyl)-SH-purin-8-yithio}-4-methoxybenzonitrile
78-3 2+42-{6-2mino-9-(3-(isopropylamino)propyl}-9H-purin-8-yithio)-4-
methoxyphenyDacetonitrile
7B-4 2-{2-{{6-amino-2-flucro-9-(2-(isobutylaminojethyl)-9H-purin-8-yDmethyl-4-
methoxyphenyDacetonitrile
TB-5 2-{9-{2-(1 -acetylpipendin-d-ylethyl)-6-amino-9H-purin-8-ylthio}-4-methoxybenzonitrile
TB-6 2~{{6-amino-2-fluore-9-(2-(1 -formylpiperidin-4-yDethyl}-9H-purin-8-yl)methyl)-4-
methoxybenzonitrile
BT 2{9-(2-( 1 -acetylpiperidin-d-ylethyD-6-amino-2 -chloro-3H-purin-8-yBimethyl}-4-
‘ methoxybenzoniirile
7B-8 2-(2-{6-amino-3-(2-(1-formylpiperidin-4-yhethyl)-9H-purin-8-ylihio)-4-
methoxyphenylacetonitrile
78-9 2-(2-((9-(2-(1-acetylpiperidin-4-ylcthyl)-6-amino-2-flucro-9H-purin-8-ylmethyl}-4-
methoxyphenyljacetonitrile
T8-10 | 24{6-amino-2-fluoro-9-(3-(1sopropylamine)propyl}-9H-puri L—S-yl)“‘fiet“yl) 4~
ethcxy benzonitrile
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7B-11 | N-(2-2-(6-amino-8-(2-cyano-5-methoxyphenyithio)-9H-purin-9-
viethylaminojethyDmethanesulfonamide
7B-12 | 3-(2-(6-amino-8-(2-cyano-5-methoxyphenylthio}9H-purin-9-yjethylamino }-IN-
hydroxypropananude
Table 7C
Mo, . Name ‘
7C-1 8-(2-(furan-2-y1}-5-methoxyphenyithic)-9-(3-(isopropylamino yoropyl}-9H-purin-6-anune
7C-2 9-(3-(isopropylamino)propyl}-8-(S-methoxy-2-(5-methylfuran-2-ylphenylthio)-9H-purin-
H-amine
7C-3 9-(3-(isopropylamino)propyl}-8-(2-{isoxazol-4-yl)-5-methoxyphenylthio)-9H -purin-6-
aming
7C-4 8-2-(5-{aminomethylyfuran-2-y1)-5-methoxyphenylthio}-9-(3-(isopropylamino)propyl)-
SH-purin-6-amine \
7C-5 2-fluoro-8-(2-(furan-2-vi}-5-methoxybenzyl)-9-(2-(isobutylaminolethy -9 H-purin-6- |
amine
7C-6 2-fluoro-8-(2-(furan-3-y1}-5-methoxybenzyl}-9-(2-{iscbutylamino)ethyl}-8H-purin-6-
7C-7 2-fluore-9-(2-(iscbutylaminoethyl)-8-(5-methoxy-2-{5-methylfuran-2-ybenzyl}-9H-
purin-6-amine
7C-8 2-fluoro-9-(2-(isobutylamine)sthyi}-8-(2-(isoxazol-4-y1)-5-methoxybenzyl)-9H-purin-6-
‘ | amine
7C-8 8-02-(5-{aminomethyfurans2-y1}-5-methoxybenzyl}-2-flucrc-9-(2-(iscbutylamincethyl)-
9H-purin-G-amine
7C-10 | 1-(3-(6-amino-8-(5-methoxy-2-(5-methylfuran-2-yl)phenylthio)-9H-purin-9-
ylypropylpyrrolidin-3-one
7C-11 | 8-(5-methoxy-2-(5-methylfuran-2-yDphenyithio)-9-(2-(I (methylsulfonyl jpiperidin-3-
vethyl)-SH-purin-6-aniine
7C-12 | 5-(6-amino-8-(5-methoxy-2-(oxazol-2-yljphenylthio)-9H-purin-9-yl)pentane-1-
sulfonamide
7C-13 | TT-V-138 ,
8-(2-(furan-2-yl}-S-methoxyphenylthic)-8-(2-(neopentylaminelethyl}-SH-purin-6-amine
7C-14 | 8-(2-(furan-3-y1)-5-methoxyphenylthia)-9-(2-(neopentylamino)ethyl}-SB-purin-6-amine
7C-15 | 8-(5-methoxy-2-{5-methyifuran-2-yl)phenylthio)-9-(2-(neopentylaminejethyl)-SH-purin-6-
; amine
7C-16 | B-(2-{isoxazol-4-yl)-S-methoxyphenylthio)-2-(2-(neopentylamino)ethyl}-9H -purin-6-
amine
7C-17 | 6-(6-amino-8-(5-methoxy-2-(5-methylfuran-2-yDphenylthio)-9H-purin-9-yDhexanamide |
TC-18 | 842-(S+aminomethyl)firan-2-y1)-5-methoxyphenyithio}-9-(2-(neopentylaminoyethyl-9H-
purin-G-amine
7C-19 | 1-(3-(2-(6-amino-8-(5-methoxy-2-(oxazol-2-yliphenylthio)-9H-purin-9-yl)ethyDpiperidin-
1-yDjethanone
TC-20 | 1-(3-2-{6-amino-2-flusro-8-(5-methoxy-2-{oxazol-2-ybenzyl}-9H-purin-9-
yDethyDpiperidin-1-yljethunone
7C-21 | 3-(2-(6-amino-2-chloro-8-(§-methoxy-2-(5-methylfuran-2-yl)benzyl)-SH-purin-9-
vlethyDpiperidine-1-carbaldehyde
TC-22 1 1-(B342-(6-amuno-8-(5-methoxy-2-{5-methylfuran-2-ylyphenylthio}-9H-purin-5-
yljethyDpiperidin-1-yljethanone
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7C-23 | 1-(4-{2-(6-ammno-2-fluoro-8-(5-methoxy-2-(5-methylfuran-2-yl)benzyly-9H-purin-9-

vhethylpiperidin-1-ylethanone

7C-24 | 1-(3-{6-amino-8-(5-methoxy-2-{thiazol-2-yD)phenylthio)-SH-purin-8-yl)propyl)pyrrolidin-

3-one

7C-25 | 9-(3-aminopropy]}-8-(5-methoxy-2-(5-me tFylﬁJranQ—y Iphenvithio)-9H-purin-6-amine

7C-26 | 9-(3-(isopropylamine}propyi)-8-(5-raethoxy-2-{oxazol-2-yDphenyithio)-9H-purin-6-amine

7C-27 | 1-(4-(2-(6-amino-8~(Z-(5-(aminomethyl) furan-2-y1)-5-methoxyphenylthio)-9H-purin-9-

viethyhpiperidin-1-vlethanone

7C-28 | 1-{4-(2-(6-amuino-8-(2-(5-(amuinomethyl}furan-2-yl}-S-methoxybenzyl}-2-flucro-9H-purin-

9- yl)eti"yl)piperidin 1-yDethanone

7C-29 | 4-(2-{6-amino-8-(2-(1s0xazol-4-y])-S-methoxyphenylthio)-9H-purin-9-yhiethyl piperidine-

1-carbaldehyde

7C-30 | 4-(2-(6-amino-2-chloro-8-(2-(isoxazol-4-y1}-5-methoxybenzy!}-9H-purin-9-

vhethylpiperidine-1-carbaldehyde

7C-31 | N-(2-(2-(6-amino-8-{2-(furan-2-y1)-5-methoxyphenylthio)-9H-purin-9-

yhethylaminojethyDsulfamide

7C-32 | 3-(2~(6-amino-8-(2-(furan-2-yl)-5-methoxyphenyithio}-9H-purin-9-yhethylamino)-N-

hydroxypropanamide

7C-33 | 8-(3-ethoxy-2-(furan-2-yl)phenylthio)-9-(3-{isopropylamine)propyh)-9H-purin-6-amine

7C-34 | 9-(3-(isopropyvlemine)propy D-8-(5-methoxy-2-(oxazol-2-vl)phenvlibio)-9H-purin-6-amine

7C-35 | 9-(3-(tert-butylamineypropyl-8-(2-(furan-2-y})-5-methoxyphenylthio)-SH-purin-6-amine

Table 7D

Name

9-(3- (bﬁorop»iammomropylj -8-{5-methoxy-2-(thiophen-2-ylphenyithio)-3H-purin-6-amine

T0-2 | 2-fluoro-9-(2-(iscbutylamino)ethyl}-8-{5-methoxy-2-(thiophen-2~-yhbenzyi}-9H-purin-6-amine

7B-3 | TT-V-139%
8-(5-wethoxy-2-(thiopben-2-yjphenylthio)-9-{2-(neopentylamino)ethy}-9H-purin-6-amine

P-4 | 9-(3-(isopropylamino)propyl)-8-(5-methoxy-2-(thiophen-3-yljphenvylithio}-SH-purin-6-amine

7D-5 | N-(3-(6-amino-8-{5-methoxy-2-{thiazol-2-yDphenylthic)-9H-purin-9-yl)propylymethanesulfonamide

7D-6 | 8-(5-methoxy-2-(thioghen-3-yl)phenylihio)-9-(2-(neopentylamino)ethy}-9H-purin-G-amine

D7 | 14{4-(2-(6-amino-&-(S-methoxy-2-(thicphen-2-vlphenylthio)-9H-purin-9-yljethypiperidin-1 -
yDethanone '

7D-8 | 4-(2-(6-amino-8-(5-methoxy-2-(thiophen-2-yliphenylthic)-9H-purin-9-yDethy!)piperidine-1 -
carbaldehyde

7D-¢ | 1-(4-(2-{(6-amino-2-fluoro-8-(5-methoxy-2-(thiophen-2-yljbenzy)-0H-purin-9-yhethylpiperidin-1-
yijethanone

TB-16 | 1-(6-amno-8-(5-methoxy-2- (thmphsm.». Dphenyltho)-9H-purin-9-y1)-3-(isopropylamino)propan-2-
ol

711 | B-(5-methoxy-2-(S-methylthiophen-2-yDphenylthio)-9-(2-(1 -{methylsulfonyDpiperidin- B'YL)C“".}’)
QH—purin—é—amine ;

7D-12 N-(2-(2-(6-amino-8-{5-methoxy-2-(thiophen-2-yl}phenylthio)-9H-purin-9-
yl)ethylammo JeitbyDsulfamide

7D-13 | 3-{2-{6-amino-8-(5-methoxy-2-(thiophen-2-yl)phenylthio}-9H-purin-9 ‘ﬂ)efhy;ammo) N—
hydroxypropanarmide

7D-14 | B-(5-ethoxy-2-{thiophen-2-vhybenzyl)-2-fluorc-9-(2-(isobutylamino)ethyl)-9H-purin- 6—umme

70-15 | 9-(3-aminopropyD)}-8-(5-methoxy-2-{thiophen-2-ylivhenylthic)-9H-purin-6-amine L

7D-16 | 9-(3-(isopropylamino)propyl)-8-(5-methoxy-2-(thiazol-2-yliphenyithio)-9H-purin-6-armine . .,
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Table 7E
No. Name
TE-1 9-(3-(isopropylamino)propyi)-8-(5-methoxy-2-(1 H-pyrazol-4-yDphenyithic}-9H-purin-6-
amine
TE-2 9-(3-(isopropylamino)propyl)-8-(5-methoxy-2-{ | H-pyrazol-3-yl)phenylthio)-SH-purin-6-
amine
TE-3 2-fluore-9-2-(1sobutylamino )ethyl}-8-(5-methoxy-2-( 1 H-pyrazol-4-y1ybenzyl)-9H-purin-
G-amine
TE-4 2-fluoro-8-(2-(isobutylamino Jethyl-8-( S-methoxy-2-(IH-pyrazoi-3-ylbenzyl}-9H-purin-
G-armine
TE-5 1-(3-(2-{6-amino-8-(5-methoxy-2-( 1H-pyrazol-3-yi)phenylthio}-SH-purin-9-
yhethyhpyrrolidin-1-yDethanone
TE-6 TT-V-140
8-{5-methoxy-2-(1 H-pyrazci-3-yDphenylthio)-9-(2-(neopentylaminojethyl}-SH-purin-6-
amine
TE-T 1-(4-(2-(6-amino-8-(5-methoxy-2-(1H-pyrazol-3-yDphenylthio)-9H-purin-9-
yhethyDpiperidin-1-vl)ethanone
7E-8 4-(2«(6-amino-8-{5-methoxy-2-(1H-pyrazel-3-yDphenylthio}-9H-purin-9-
yhethylpiperidine-1-carbaldehyde
TE-9 1-{4-(2-{6-amino-2-fluoro-8-{5-methoxy-2-(1H-pyrazol-3-yDbenzy))-9H-purin-9-
yhethyhpiperidin-1-yl)ethanone
7TE-18 4-(2-{6-amino-2-fluore-8-(S-methoxy-2-{1 H-pyrazol-3-yhbenzyl}-9H-purin-9-
vhethyDpiperidine-1-carbaldehyde
7E-11 1-(4-(2-(6-amino-2-chloro-8-(3-methoxy-2-(1X-pyrazol-3-yhbenzyl)-9H-purin-9-
yhethyvDpipenidin-1-yDethanone
7E-12 4-(2-{6-amino-8-(5-methoxy-2-( 1 H-pyrazol-4-yl)phenylthio}-SH-purin-9-
vhethyDpipendine-1-carbaldehvde
7E-13 1-(6-amino-8~(5-methoxy-2-(I H-pyrazol-3-yDphenylthio)-9H-purin-9-y1)-3-
(isopropylamino)propan-2-ol
TE-14 N-{2-(2-(6-amino-8-(5-methoxy-2-(1 H-pyrazol-3-ylphenylthio)}-9H-purin-9-
vijethylaminojethyDsulfarmde
7E-18 3-(2-(6-arino-8-(5-methoxy-2-( 1 H-pyrazol-3-yhphenvlthio}-SH-purin-9-ylethylaminoj-
N-hydroxypropanamide
7E-186 8-(3-ethoxy-2-(1 H-pyrazol-3-vl)phenylthio)-9-(3-(isopropylamino propy-9H-purin-6-
arpine
TE-17 8-(5-ethoxy-2-(1 H-pyrazol-3-yhbenzyl)-2-fluorc-9-(2-(isobutylamino)ethyl}-8H-purin-6-
amine
TE-18 9-(3-{tert-butylamino)propyl}-8-(5-methoxy-2-{ 1 H-pyrazol-3-yljphenyithio}-3H-purin-6-
arnine
7E-19 9-(3-aminopropyl)-8-(5-methoxy-2-(1H-pyrazol-3-yhphenylthio}-9H-purin-6-amine
TE-28 8-(5-methoxy-2-(1H-pyrazol-3-yljphenylthio}-2-(2-(1-(methylsulfonyDpiperidin-3-
yhethyl)-9H-purin-6-amine
TE-21 N-{3-{6-amino-8-(S-methoxy-2-{ 1H-pyrazol-3-yphenylthio}-9H-purin-9-
yhpropylmethanesulfonamide
7E-22 9-(3-(isopropylamino)propyl)-8-(5-methoxy-2-(5-methyl-1H-pyrazol-3-yl)phenylthio}-

9H-purin-6-amine

Table TF
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No. Name
7F-1 9-(3- (1sopmpy1aw“m)prbpy }-8-(5-methoxy-2-(1 H-pyrrol-3-yphenylthio)-SH-
purin-S-amine
7F-2 9-(3- (mopmnvlam nojpropyl}-8-(5- nwhmxg—4—(1H—pyrm}—’z—yi)phenylthio)-.‘}H—
purin-G-amine
7F-3 2-fluoro-9-(2-(isobutylamino)ethy!)-8-(5-methoxy-2-(1H-pyrrol-3-yDbenzyl)-
SH-purin-6-amine
7F-4 8- (S-melhmy-z (:;—I-pyrol-E—y Jphenyl thio) 9-(2-(1-(methylsulfonylpyrrolidin-
2-yhethyD-8H-purin-6-anu
7E-5 &-{S-methoxy-2-(1H- pvrrol—qu Dphenylthio}-9-(2 (neopﬂ‘ntyiwnno)eth_y D-9H-
purin-6-amine
7E-6 9-(3-( sepmpvhmme)aropy 13-8~(5-methoxy-2-(5-methyl-1 H-pyrrol-3-
ylphenylthio)-9H-purin-6-amine
7E-T 4-(3-(6-amino-8-(5-methoxy-2-{ 1 H-pyrrol-3-yhphenylthio)}-9H-purin-9-
yhpropyl)piperidine-1-carbaldehyde
7F-8 4-(2-(6-amine-8-(5-methoxy-2-(1H-pyrrol-3-ylphenylthio)-9H-purin-9-
ylethylpiperidipe-1-carbaidehyde
TE-9 1-{4-(2-{6-amino-2-fluore-8-(5-methoxy-2-{ | H-pyrrol-3-yl)benzyl)-SH-purin-9-
yhethylpiperidin-1-yDethanone
TE-1D 1-{4-(3-{6-amino-2-fluore-8-{S-methoxy-2-(1 H-pyrrol-3-ybenzyl)-9H-purin-9-
vlpropyDpiperidin-1-yijethanone
TF-11 1-(4-(2-(6-amino-2-chloro-8-(5-methoxy-2-( 1 H-pyrrol-3-yl)benzyl}-H-purin-9-
ylethyhpipenidin-1-yDethanone
TE-12 N-(E -(6-amino-8-(5-methoxy-2-(111-pyrrol-3-yhiphenyithio)-9H-purin-9-
vlpropylymethanesulfonamde
TF-13 8-(5-methoxy-2-(1H-pyrrol-3-yDphenylthio)-9-(2-(1-(methylsulfonyhpiperidin-
3-yhethyD)-SH-purin-6-amine
7F-14 N-A2-(2-{6-amino-8-(5-methoxy-2-{ 1 H-pyrrol-3-yDphenylthio}-9H-purin-9-
yhethylamino)ethyl}sulfamide
TE-15 3-(2-(6-amino-8-(S-methoxy-2-( 1 H-pyrrol-3-vlphenylthio)-9H-purin-9-
yhethylamino)-N-hydroxypropanamide
7F-16 8-(5-ethoxy-2-(1H-pyrrol-3-yDphenylthio)-2-(3-(isopropylaminojpropyl)-9H-
purin-6-amine
7E-17 8-(§-ethoxy-2-{1H-pyrrol- Q—yl)benzy -2 -fluore-9-2-(isobutylamino)jothyl}-0H-
purin-6-amine
7F-18 9-(3-(tert-butvlamino)propyl}-8-(5-methoxy-2-( 1 H-pyrrol-3-yiiphenylthio}-9H-
purin-G-amine
7F-19 9- (’i-a"nnopromyl) 8-(5-methoxy-2-{1H-pyrrol-3-y[phenylthio)-9H-purin-6-
amine
TE-20 1-(6-amino-8-(5-methoxy-2-(1 H-pyrrol-3-yl)phenylthio}-9H-purin-9-yi}-3-

{iscpropylaminojpropan-2-0}
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Table 8
Options for R.
1. R is hydrogen, a C; to C)g alkyl, alkenyl, alkynyl, or an alkoxyalky! group, optionally including

heteroatoms such as N or O, or a targeting moiety connected to N9 via a linker,

2. R is hydrogen, straight- or branched-, substituted or unsubstituted alkyl, substituted or unsubstituted
atkenyl, substituted or unsubstituted alkynyl, in which one or more methylenes can be interrupted or
terminated by O, S, 5{0}, SO,, N{Russ j, C{O}, substituted or unsubstituted aryi, substituted or unsubstituted
heteroaryl, substituted or unsubstituted heterocyclic; substituted or unsubstituted cycloalkyl; or

/

B is a linker; Ry is selected from the group consisting of hydrogen, N{R,)JCOR,,

N{R,JCON(R;}R,, N{RJCOOR,, N{R,}5{O)Rs, N{R,I5{0O},N{Rs}R,; where R, and R; are independently selectad
from hydrogen, aliphatic or substituted aliphatic; R; is selected from the group consisting of: aryl, substituted
aryl, heteroaryl, substituted hetercaryl, heterocydlic, substituted heterocyclic, cyloalkyl, substituted cycioalkyl,
cycloalkenyl, substitutad cycloalkeny!, and substituted or unsubstituted -Ci-Cg alkyl, -C,-Cy alkenyl, or -C;-

Cg alkynyl each containing O, 1, 2, or 3 heteroatoms selectad from O, SorN; nis 1 or 2;

Miis absent or selected from substituted or unsubstituted -Ci-Cy alkyl, -Co- Cq alkenyl, or -Cr-Cg alkynyl, aryl,
substituted aryl, heteroaryl, substituted heteroary;

M, is absent, O, S, 5O, 50;, N(R,} or CO;

Mjis absent, 0, $, 50, SO,, N{R;}, CO, Ci-Cq allyl, C-Cg alkenyl, C,-Cq alkynyl, cycloalkyi, heterocyclic, aryl, or
heteroaryi;

M, is hydrogen, NRsR;, CFs, ORy, halogen, substituted or unsubstituted -Ci- Cg alkyl, -C-Cg alkenyl, or -C;-
Cgalkynyl, cycloalkyl, substituted cycloalkyl, heterocyclic, substituted heterocyclie, aryl, substituted aryl,
heternaryl or substituted heteroaryl; where R; and Ry are independently selected from the group consisting of
hydrogen, aliphatic, substituted aliphatic, aryl, substituted aryi, heteroaryi, substituted heteroaryl,
heterocyclic, substituted heterocyclic, cycloalkyl or substituted cydoalkyl; provided that -R and -Mi-My-Ms-
M, cannot be both hydrogen.
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Table & cont’d

3. Ris

-
32

wherein R is

{a) hydre;

{b) C;-C; alkyl optionally substituted with 1, 2, 3, 4, or 5 substituents each independently chosen from the
group of halo, hydraxyl, amino, cyann, and -C{=0}R™ wherein R* is aming;

{c -C(:O)RSE, wherein B> is selected from the group consisting of:

{1} hydro,

{2) C-Cip{e.g., T-Cc) alkyl optionally substituted with 4, 2, 3, 4, or 5 substituents each independently chosen
from the group of {A} hale, {B} hydroxyl, (C) thidl, (D} cvanoe, {E) C1-Cs halealkyl {e.g., trifluoromethvl), {F} G-
C; alkoxy {e.g., methoxy} optionally substituted with C;-C5 alkoxy {e.g., methoxyl, {G] C-amido, (H} N-amido, {1}

sulfonyl, {J) —N(RZZ)(RZS) wherein R¥ and R™ are independently hydro, Ci- Cg alkyi, sulfonvi, and C-carboxy,

{3) C-C4 cycloalkyl optionally substituted with 1, 2, 3, 4, or 5 substituents each independently chosen from the
group of halo, hydroxyl, amine, cyano, and C;-C; haloalkyl {e.g., trifluoromethyi}, and

{4) C1-C; alkoxy optionally substituted with 1, 2, 3, 4, or 5 substituents each independently chosen from halo,
hydroxyl, aming, cyang, and C;-Cg haloalkyl {e.g., triflucromethl),

{f} heterocycie or heteroeoyclylalkyi, optionally substituted with 1, 2, 3, 4, or 5 substituents independently
chosen from halo, hydroxyl, aming, cyano, trihalomethyl, and C,-C, alkyl optionaily substituted with 1, 2, 3, or
4 substituents independently chosen from halo, hydroxvi, amino, cyano, C-Cg haloalky! {e.g., trifluoromethyl)
{e.g., tetrazoie-5-yi optionally substituted with 1, 2, 3, or 4 C;-C, alkyi};

{g) sulfonyl; and

{h} optionally substituted hetercaryl

Table 8, cont’d

4. Ris -—RSA—RSS, wherein
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B> is -{CH, )~ wherein n=0-3, -C{0}, -CiS), -S0y-, or -5C,N-; and

R® s alkyl, aromatic, hetercaromatic, alicyclic, or heterocyclic, each of which is optionally bi-or tri-cyclic, and
optionally substituted with H, halogen, lower aikyl, lower alkenyl, lower alkynyl, lower aryl, lower alicyclic,
aralkyl, aryloxyalkyl, alkoxyalkyl, perhaloalkyl, perhaloalkyloxy, perhaloacyl, -Ns, -SR™, -0 R™, -CN, -CO.R™, -
NG, or —-N RPR™,

R is hydrogen, lower alkyl, lower aryl, or -C(0) RSQ% ‘ )
R is lower alkyl, lower aryl, lower hetercaryl, -N RORY or R,
R’' is independently hydrogen or lower alkyl; and

RS 56

5. R is selected from the group consisting of H, optionally substituted alkyl, optionally substituted
alkenyl, optionally substituted alkynyl, optionally substituted aryl, optionally substituted alicyclic, optionally
substituted araalkyl, optionally substituted arvioxyalkyl, optionally substituted alkoxyalkyi, alkylaminoalkyl,
alkylcarbonylaminoalkyl, alkylcarbonyoxylalkyl, optionally substituted heterocyclic, hydroxyalkyl, haloalkyl,
perhaloalkyl, C(O)R¥, S(0)R%, C(ONHR®, and C(O)OR®; where R% s

6. Ris H, SR‘/'“ SORH_, SOZRT“ OR‘,‘], COORﬂ, CONRHR-]Q, —-CN, C]_g ﬁu(yl, Cz.é alkenyl? C2_5 aikynyi, -
"R?ACJR,?B“, -‘RA'j,A‘NR‘;B, --R?A»NR;IER'/R, —_—R';ASR';Q, ““R‘];\SOR'jB or "R7AS()21{733 cycloaikyi, heteroalky!,
eterocycioalkyl, aryl, hetercaryi, alkylaryl, arylalkyl, alkylheteroaryl, heteroarylaikyl, NR; Ry,

—080,;N{Rac)z, --N(R;c)SO,0H, —-NRc)SO:R ¢, R4 0SONR 02, or —ByaN(R7c)OSO.R¢;

Ry and R, are independently selected from the group consisting of H, COOR s, CON(Ryc), Cygatkyl,
Cg_@ alkcnyi, Cg.g aikynyL --R7AOR7B—-, -—R7ANR7B, -—R7ANR71R7B, --R-]ASR']B, -—R7ASOR7)3 or *R7ASOZR7B
cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, and
heteroarylalkyl;

each Ry, is independently C¢ alkyl, Cy4 alkenyl, Cy6 alkynyl, cycloalkyl, hetercalkyl,
heterocycloalkyl, aryl, heteroaryl, alkvlaryl, arylalkyl, alkylheteroaryl, alkylhetercarylaliyl, or hetercarylalkyl;
and

each Ryp is independently H, C, ¢ alkyl, Cy alkenyl, Cy alkynyl, cycloalkyl, heteroaliyl,
heterocycloalkyl, arvi, heteroaryl, alkylaryl, arvialkyl, alkyibeteroaryl, heteroarylalkyl, --S0,0H, --SO,N(R7a)2,
~SOLNHR, 4 or --SO5NH;; and

each R.sub.C is independently H, C 5 alkyl, Cyq alkenyl, Co6 alkynyl, cycloaikyl, hetercalkyl,
heterocycloalkyl, aryi, heteroaryl, alkylaryl, arylalkyl, alkylheteroaryl, or heteroaryialkyl;

TA. R is hydrogen, straight- or branched-, substituted or unsubstituted atkyl, substituted or unsubstituted
alkenyl, substituted or unsubstituted alkynyl, which one or more methylencs can be interrupted or terminated by
0, 8, §{0)}, SO,, N{Rg), C(O}, substituted or unsubstituted aryl, substituted or unsabstituted heteroaryl,
substituted or unsubstituted heterocyclic; substituted or unsubstituted cycloalkyl; where Rgy is hydrogen, acyi,
aliphatic or substituted aliphatic.

7B. R is -M1-M2-M3-M4, wherein

M, is absent, C;-Cq alkyl, C,-Cy alkenyl, C,-C, alkynyi, aryl or heteroaryl;

M, is absent, O, §, SO, SO;, N(Rgg), or C=0;

Ms is absent, C=0, (3, S, SO, 50; or N{Rgg); and .

M, is hydrogen, halogen, CN, Ns, hydroxy, substituted hydroxy, amine, substituted amino, CF3, C;-Cg
alkyl, C;-Cy alkenyl, C,-Cq alkynyl, cycloalieyl, heterocyclic, aryl or heteroaryl.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A compound of the formula:
NH, X5
Z
Z7 4%
)'\)I 7Y ‘Q\K(a
X4 Z, ’\\l -Xc
R Xb
wherein

(a) each of Z,, Z, and Z5 is N;
(b) Xa and Xb are O and Xc 1s CHy;
() Y is -CH;- or -S-;
(d) X4 1s hydrogen or halogen; and
(e) X, 1s an aryl, an alkynyl, a cycloalkyl, or a cycloalkenyl group and R is:
(a) hydrogen; or
(b) a straight-chain- or branched- C; to Cyp alkyl, C; to Cs alkenyl, or C,
to Cs alkynyl, which is unsubstituted or substituted; or
(c) straight-chain- or branched- amino-alkyl, secondary or tertiary alkyl-

amino-alkyl, or trialkylammonioalkyl; or

X={CHggy N {GHg)y~ N——\’:}“NH‘; X GH gy N {CHg ), *N"‘%"M!g
(d) ¢, o or

O

b

Kem{ Gy N (G4
HN-OM  wherein m is 2-3, n is 1-6, and X is the site of 9N

attachment.
2. The compound of claim 1, wherein X 1s alkynyl.

3. The compound of claim 1, wherein X is aryl.
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4. The compound of claim 1, wherein X; 1s cycloalkenyl.
S. The compound of claim 1, wherein X is a heteroaryl group.
6. The compound of claim 5, wherein X; is furanyl.
7. The compound of claim 5, wherein X is oxazolyl.
8. The compound of claim 5, wherein X is pyrazolyl.
9. The compound of claim 5, wherein X, is furan, thiophene, 3-pyrazole, oxazole, or
thiazolyl.
10. A compound of the formula:
NH, X5
Z
Zr 4%
)I\ “ N)_Y >\(a
Xs 2 .
\ Xch

wherein

(a) each of Z,, Z, and Z5 is N;

(b) Xa-Xc¢-Xb is CH,-CH,-CH,, CH=CH-CH,, or CH,-CH=CH;

(©) Y is -CH;- or -S-;

(d) X4 1s hydrogen or halogen; and

(e) X3 1s selected from the group consisting of alkynyl, aryl, cycloalkyl, or

cycloalkenyl, and R is:

(a) hydrogen; or

(b) a straight-chain- or branched- C; to Cyg alkyl, C; to Cs alkenyl, or C,
to Cs alkynyl, which is unsubstituted or substituted; or

(c) straight-chain- or branched- amino-alkyl, secondary or tertiary alkyl-

amino-alkyl, or trialkylammonioalkyl; or
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" Hoq .
X=(CHgy N (Gl = N-§=NHy X =~{CH g0~ 5Ny
(d) ¢, , of

rminm

&
H
X"ﬁﬁfﬁgjmfN“'ig‘{:ﬂﬁ%
HN"OH  wherein m is 2-3, n is 1-6, and X is the site of 9N

attachment.

11. The compound of claim 10, wherein X; 1s alkynyl.
12. The compound of claim 10, wherein X; is heteroaryl.
13. A compound of the formula:
z
Zr 4%
)l\ _ N)_ Y Xa
Xs 2 .
‘ Xp
wherein

(a) each of Z,, Z, and Z5 is N;
(b) one of Xa and Xb is O and Xc and the other of Xa and Xb are -CH,-;
(©) Y is -CH;- or -S-;
(d) X4 1s hydrogen or halogen; and
(e) X, 1s an aryl, an alkynyl, a cycloalkyl, or a cycloalkenyl group and R is:
(a) hydrogen; or
(b) a straight-chain- or branched- C; to Cyp alkyl, C; to Cs alkenyl, or C,
to Cg alkynyl, which is unsubstituted or substituted; or
(c) straight-chain- or branched- amino-alkyl, secondary or tertiary alkyl-

amino-alkyl, or trialkylammonioalkyl; or
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I

L7

H H @t
X={ Gy m"*N‘“'{EHE},]”"N“%"NHE Ko=={CH 2}y == E~NHy
(d) ¢,

[

O
[y
X"ﬁﬁfﬁgjmfN“'ig‘{:ﬂﬁ%

HN-OH wherein m is 2-3, n is 1-6, and X is the site of 9N

attachment.
14. A compound of the formula:
Z
Zr 4%
)'\)I 7Y AQ\K(""
X{ "z N Xc
R Xb

wherein

(a) each of Z,, Z, and Z5 is N;

(b) one of Xa and Xb is S, C(=0), C(=S), NH or substituted N, and Xc and the

other of Xa and Xb are -CH,-;
() Y is -CH;- or -S-;
(d) X4 1s hydrogen or halogen;

(e) X3 1s selected from the group consisting of alkynyl, aryl, cycloalkyl, or

cycloalkenyl; and

§3) Rs:
(a) hydrogen; or

(b) a straight-chain- or branched- C; to Cyg alkyl, C; to Cs alkenyl, or C,

to Cg alkynyl, which is unsubstituted or substituted; or

(c) straight-chain- or branched- amino-alkyl, secondary or tertiary alkyl-

amino-alkyl, or trialkylammonioalkyl; or
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Y TR It
Xoe{CH N (CHg = -GNy X={CHzly 0§~y
(d) o , G or

&
H
X"ﬁﬁfﬁgjmfN“'ig‘{:ﬂﬁ%
HN"OH  wherein m is 2-3, n is 1-6, and X is the site of 9N

attachment.
15. A compound of the formula:
Z
Zr 4%
)l\ _ Y Xa
X4 22 ’\\l Xc
R Xb

wherein

(a) each of Z,, Z, and Z5 is N;

(b)  Xa-Xc-Xb is CH=CH-O, CH=CH-NH, CH=CH-S, O-CH=CH, NH-CH=CH, S-
CH=CH, N=CH-0, N=CH-S, NH-CH=N, O-CH=N, S-CH=N, N=N-O, N=N-S, N=N-CH,, O-
N=N, NH-N=N, S-N=N, or CH,-N=N;

() Y is -CH,- or -S-;

(d) X4 1s hydrogen or halogen;

(e) X, 1s selected from the group consisting of alkynyl, aryl, cycloalkyl, or
cycloalkenyl; and

§3) Rs:

(a) hydrogen; or

(b) a straight-chain- or branched- C; to Cyg alkyl, C; to Cs alkenyl, or C,
to Cg alkynyl, which is unsubstituted or substituted; or

(c) straight-chain- or branched- amino-alkyl, secondary or tertiary alkyl-

amino-alkyl, or trialkylammonioalkyl; or
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oy g 9 It
Xoe{CH N (CHg = -GNy X={CHzly 0§~y
(d) o , G , or

&
H
X"ﬁﬁfﬁgjmfN“'ig‘{:ﬂﬁ%
HN"OH  wherein m is 2-3, n is 1-6, and X is the site of 9N

attachment.
16. A compound of the formula:
NH» X5

Z

Z7 N4
PP WA Xa

X{ g N Xe

R Xb—Xd

wherein
(a) each of Z,, Z, and Z5 is N;
(b) Xa and Xb are O, and Xc and Xd are CHy;
(©) Y is -CH;-, -O- or -S-;
(d) X4 1s hydrogen or halogen; and
(e) X3 1s selected from the group consisting of an aryl, an alkynyl, a cycloalkyl and
an cycloalkenyl and R is:
(a) hydrogen; or
(b) a straight-chain- or branched- C; to Cyy alkyl, C; to Cg alkenyl, or C,
to Cs alkynyl, which is unsubstituted or substituted; or
(c) straight-chain- or branched- amino-alkyl, secondary or tertiary alkyl-

amino-alkyl, or trialkylammonioalkyl; or

o
H H 0 i
X={(CHgyN—(CHg = N-§-~NHy - X =~(GHal 0 S-NH,
(d) o O o

. 3
oooH

X G N—Hg—d

HN-OM  wherein m is 2-3, n is 1-6, and X is the site of 9N

attachment.
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17. The compound of claim 16, wherein X; is heteroaryl.
18. The compound of claim 17, wherein X; is pyrazolyl.
19. The compound of claim 17, wherein X is furanyl.
20. The compound of claim 17, wherein X, is oxazolyl.

21. The compound of claim 16, wherein X; 1s alkynyl.

22. A compound of the formula:

NH» X5
Z7T Zy
)i Y Xa
s Y
X, "z, N Xc
R Xb—Xd

wherein
(a) each of Z,, Z, and Z5 is N;
(b) Xa, Xc, Xd and Xb are all carbon connected by single or double bonds;
() Y is -CH;-, -O- or -S-;
(d) X4 1s hydrogen or halogen;
(e) X3 1s selected from the group consisting of alkynyl, aryl, cycloalkyl, or
cycloalkenyl; and
§3) Rs:
(a) hydrogen; or
(b) a straight-chain- or branched- C; to Cyg alkyl, C; to Cs alkenyl, or C,
to Cs alkynyl, which is unsubstituted or substituted; or
(c) straight-chain- or branched- amino-alkyl, secondary or tertiary alkyl-

amino-alkyl, or trialkylammonioalkyl; or



03 Sep 2015

2010303343

-215-
Y TR It
Xoe{CH N (CHg = -GNy X={CHzly 0§~y
(d) o , G or

&
H
X"ﬁﬁfﬁgjmfN“'ig‘{:ﬂﬁ%
HN"OH  wherein m is 2-3, n is 1-6, and X is the site of 9N

attachment.

23. The compound of claim 22, wherein the compound is 8-((6-ethynyl-2,3-dihydro-1H-

inden-5-yl)thio)-9-(2-(neopentylamino)ethyl)-9H-purin-6-amine.

24, A compound of the formula

NN
)'\)I v
x; N° N
R ORy

wherein

(a) R; 1s alkyl;

(b) Y is -CH;- or -S-;

() X4 1s H or halogen;

(d) X, 1s a cycloalkyl, a cycloalkenyl, an aryl, or an alkynyl; and

(e) R is hydrogen or linear, or branched alkyl, alkenyl, or alkynyl, optionally
including N, S, or O, and optionally part of an 8 to 10 member ring formed by joining the 2'-
position X, and R.
25. The compound of any one of claims 1-22 and 24, wherein R is secondary or tertiary

alkyl-amino-alkyl.

26. The compound of any one of claims 1-22 and 24, wherein R is 2-(methyl, t-butyl-

amino)ethyl, 2-(methyl, isopropyl-amino)ethyl, 3-(neopentyl-amino)propyl, 2-(isobutyl-
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amino)ethyl, 2-(ethyl, isopropyl-amino)ethyl, 3-(isopropyl-amino)propyl, 3-(t-butyl-
amino)propyl, 2-(isopropyl-amino)ethyl, 2-(hydroxyethyl, isopropyl-amino)ethyl, 3-
(ethylamino)propyl, 3-(ethyl, methyl-amino)propyl, 2-(neopentyl-amino)ethyl, 3-(methyl,
isopropyl-amino)propyl, 3-(ethyl, isopropyl-amino)propyl, 3-(hydroxyethyl, isopropyl-
amino)propyl, 3-(methyl, propargyl-amino)propyl, 2-(methyl, propargyl-amino)ethyl, 3-(allyl,
methyl-amino)propyl, and 2-(methyl, isobutyl-amino)ethyl.

27. The compound of claim 26, wherein R is 3-(isopropyl-amino)propyl.

28. The compound of claim 26 or 27, wherein Y is S, X4 1s H, and X is acetylenyl, 2-
furanyl, 3-furanyl, 5-methyl-2-furanyl, 2-thiophene, 3-thiophene, 2-pyrazolyl, 3-pyrazolyl, 2-
thiazolyl, 5-methyl-2-thiazolyl, 2-oxazolyl, 5-methyl-2-oxazolyl, or optionally substituted

imidazole.

29. The compound of claim 26 or 27, wherein Y is S, X4 1s H, and X; is acetylenyl, 2-
furanyl, 3-furanyl, 5-methyl-2-furanyl, 2-pyrazolyl, 3-pyrazolyl, 2-thiazolyl, S-methyl-2-
thiazolyl, 2-oxazolyl, or 5-methyl-2-oxazolyl.

30. Use of a compound in accordance with any preceding claim in formulating a

pharmaceutical composition for the inhibition of Hsp90.

31. Use of a compound in accordance with any one of claims 1-29 in formulating a

pharmaceutical composition for the treatment of cancer or neurodegenerative disease.

32. A method of treating cancer or neurodegenerative disease comprising administering a

therapeutically effective amount of a compound in accordance with any one of claims 1-29.
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