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(57) Abrégé/Abstract:

Provided are radiolabelled compounds of Formula | and methods for synthesis of such radiolabelled compounds directed to
improving yields and reducing loss of radioisotopes: (see formula I) wherein: X is -CH,-, -O-, or -S-; Y' and Y? are independently

-CR%.- or -N-;Z", Z2, and Z* are independently -CH- or -N-; R" is hydrogen or halogen; L is a straight or branched, C, ,, aliphatic
group wherein one or more carbons are optionally and independently replaced by -NR-, wherein R is other than a Boc protecting
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(57) Abrégé(suite)IAbstract(continued):

group; RZis hydrogen or an optionally substituted group as described herein; or -L-R? is selected as described herein, and wherein
-L-R? does not contain a Boc-protected secondary amine; each R3 or two R groups is as described herein; R3 is R3 or hydrogen;
R4is C,.4 alkyl; and each R is independently hydrogen or an optionally substituted group as described herein, or two R groups on

the same nitrogen are taken together with their intervening atoms to form an optionally substituted ring as described herein.
Radiolabelled compounds, such as radiolabelled Hsp90 inhibitors, are clinically useful in treatment regimens, patient diagnoses
and patient monitoring applications.



Abstract

Provided are radiolabelled compounds of Formula | and methods for synthesis of such radiolabelled
compounds directed to improving yields and reducing loss of radioisotopes:

Hz (R*)3Sn
27X
4 JI \}XI T (R
\Rz (1)

wherein: X is —CHz-, -O-, or =S-; Y' and Y? are independently —CR33- or —N-;Z', 72, and Z® are
independently —CH- or —N-; R' is hydrogen or halogen; L is a straight or branched, C,.14 aliphatic group
wherein one or more carbons are optionally and independently replaced by —NR-, wherein R is other
than a —Boc protecting group; R? is hydrogen or an optionally substituted group as described herein; or
—-L-R? is selected as described herein, and wherein —L-R? does not contain a Boc-protected secondary
amine; each R® or two R® groups is as described herein; R%* is R® or hydrogen; R* is C1.4 alkyl; and each
R is independently hydrogen or an optionally substituted group as described herein, or two R groups on
the same nitrogen are taken together with their intervening atoms to form an optionally substituted ring
as described herein. Radiolabelled compounds, such as radiolabelled Hsp90 inhibitors, are clinically
useful in treatment regimens, patient diagnoses and patient monitoring applications.
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METHODS AND REAGENTS FOR RADIOLABELING

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present invention claims priority to US provisional patent application no.

61/919,901, filed December 23, 2013 ..

BACKGROUND OF THE INVENTION

[0002] Hsp90 is a family of proteins involved in many cellular functions, including the
cellular defense against stress, the stability and function of mutated proteins, and the
conformational maturation of key proteins involved in the growth response of cells to
extracellular factors. In addition, Hsp90 has also been shown to be overexpressed in multiple
tumor types and as a function of oncogenic transformation. Hsp90 inhibitors are therefore a

highly pursued target in drug discovery efforts.

[0003] Radiolabeled Hsp90 inhibitors can be used clinically in a variety of applications
related to treatment regimen, diagnosis, and patient monitoring. However, the currently
available methods for placing a radioisotope on an Hsp90 inhibitor compound are prohibitively
expensive due to poor yields and/or synthetic routes that sacrifice significant amounts of

precious radioisotope.

SUMMARY OF THE INVENTION

[0004] The present invention provides, among other things, novel methods for the
synthesis of radiolabelled compounds. In certain embodiments, the present invention provides

compounds of formula I:

Date Regue/Date Received 2021-07-16
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NH2 (R4)3Sn o
N a3
J XN, T (R)o2
1 1 Y!
R Z l}l
L

~

R2

wherein each of R', R%, R, R, L, X, Y', Y2, Z', 7%, and Z° is as defined above and described in
classes and subclasses herein. In some embodiments, the present invention provides methods of

using compounds of formula I to provide radiolabeled analogs.

BRIEF DESCRIPTION OF THE DRAWING

[0005] FIGS. 1A-1C depict an HPLC profile of purified [*3!]}-Compound 5 (PU-H71).

DETAILED DESCRIPTION OF THE INVENTION

[0006] The present invention encompasses the recognition that the ability to measure
particular forms of Hsp90 is advantageous to patient selection, treatment, and outcome. For
example, in the cancer context, there exists an “oncogenic Hsp90” species, the abundance of
which is not dictated by Hsp90 expression alone, that can be used to predict for sensitivity to
Hsp90 inhibition therapy. Measuring the presence and/or abundance of this oncogenic Hsp90 in
tumors is therefore a method to predict patient response to Hsp90 therapy. The use of labeled
Hsp90 inhibitors facilitates measuring the abundance of oncogenic Hsp90 in a multitude of
tumors and tumor cells, as demonstrated by Applicant’s prior work disclosed in International
Patent Publication No. WO2013/009655. However, Applicant has shown that cancer is not the
only case in which the presence of various Hsp90 species is relevant. For example,
neurodegenerative contexts also display a pathogenic (i.e., stress-specific) Hsp90, the relative

abundance of which can be measured using labeled Hsp90 inhibitors (W02013/009655).

[0007] One problem with the current methodologies for radiolabeling is that

radioisotopes are expensive, and the loss of material during synthesis of a radiolabeled

Date Regue/Date Received 2021-07-16



CA 02934850 2016-06-22

WO 2015/138039 PCT/US2014/072090

compound is very costly. In particular, poor-yielding synthesis or lackluster synthetic routes
often cause the loss of significant amounts of radioisotope. However, improved synthetic routes
to radiolabeled compounds can make the production of such chemical tools much more
economically feasible, as demonstrated by the ensuing Examples. Thus, in some embodiments,
the present invention provides the identification of a previously unknown problem, namely that
the expense of synthesizing labeled compounds was detrimental to the production and

availability of radiolabeled Hsp90 inhibitors in both the pre-clinical and clinical medicine.

[0008] In one particular example, the existing process for preparing radiolabeled PU-H71
(compound 5, infra) requires the use of a tin-labeled precursor that is Boc-protected (3), as
shown in Scheme A, below. This intermediate 3 can provide radiolabeled PU-H71 (5) in two
steps as is shown in Scheme A (steps ¢ and d). The first step is radioiodination (step c¢) followed
by removal of the Boc group (step d).

Scheme A

NH, | CH3)3

té Qcﬁ L kﬁfﬂ@ S, é[g%s B

H —Boc —Boc
A A A
1 PU-H71 2 3
NH, 124) 124)

d?»s@) | d§>\~s@>
e =

4 5 124 _pU-H71

Synthesis of stannane precursor 3 and labeled compound 5. Reagents and conditions: a. Et3N,
(Boc),0, CHLCly, rt; b. Pd(PPhj)4, hexamethylditin, dioxane, 90°C; c. [124l]-Nal, chloramine-T, 50°C;
d. 6M HCI, 50°C.
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[0009] Since the cost of radioactive isotopes is high, (i.e. the cost for iodine-124 ~250%
per mCi) any improvement in the yields is extremely useful to lower production costs. In certain
embodiments, the present invention provides methods to improve the synthesis of labeled Hsp90
inhibitors by reducing the current two-step procedure to a single step by removing the second
step in the current process (i.e., step d). In addition to producing more consistent results,
provided methods have higher typical isolated yields and require less radiochemistry time,
resulting in significant cost savings per dose of radiolabeled compound. Such methods and

others are described below in the ensuing description and Examples.

[0010] In certain embodiments, the present invention provides a compound of formula I:

NHz (R%);Sn
73 Y2
22 \ l 3
1L xR TR
R1 71 I}j Y

Lere

wherein:

X is -CH;-, -O-, or —-S-;

Y' and Y are independently -CR**- or -N-;

Z', 7% and Z* are independently —CH- or —N-;

R' is hydrogen or halogen;

L is a straight or branched, optionally substituted C,.;4 aliphatic group wherein one or more
carbons are optionally and independently replaced by —Cy-, -NR-, -N(R)C(O)-, -
C(O)N(R)-, -C(O)N(O)-, -N(R)SO;-, -SO,N(R)-, -O-, -C(O)-, -OC(0O)-, -C(0)O-, -S-, -
SO-, or -SO;-,

cach —Cy- is independently an optionally substituted 3-8 membered bivalent, saturated,
partially unsaturated, or aryl ring having 0—4 heteroatoms independently sclected from
nitrogen, oxygen, or sulfur, or an optionally substituted 8—10 membered bivalent
saturated, partially unsaturated, or aryl bicyclic ring having 0-5 heteroatoms

independently selected from nitrogen, oxygen, or sulfur;
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R? is hydrogen or an optionally substituted group selected from the group consisting of C1
aliphatic, phenyl, 3- to 7-membered saturated or partially unsaturated monocyclic
carbocyclyl, 3- to 7-membered saturated or partially unsaturated monocyclic heterocyclyl
having 1-2 heteroatoms selected from oxygen, nitrogen, or sulfur, 5- to 6-membered
heteroaryl having 1-4 heteroatoms selected from oxygen, nitrogen, or sulfur, 7- to 10-
membered saturated or partially unsaturated bicyclic carbocyclyl, 7- to 10-membered
saturated or partially unsaturated bicyclic heterocyclyl having 1-4 heteroatoms selected
from oxygen, nitrogen, or sulfur, 7- to 10-membered bicyclic heteroaryl having 1-4
heteroatoms selected from oxygen, nitrogen, or sulfur, or 8- to 10-membered bicyclic
aryl;

ecach R? is independently, halogen, -NO,, -CN, —OR, —SR, -N(R),, -C(O)R, -CO3R, —
C(O)C(O)R, —C(O)CH2C(O)R, —S(O)R, =S(0):R, “C(O)N(R)2, -SO;N(R)2, -OC(O)R, —
N(R)C(O)R, -N(R)N(R),, or optionally substituted C, ¢ aliphatic or pyrrolyl; or
two R groups arc taken together with their intervening atoms to form Ring A, wherein

Ring A is a 3- to 7-membered partially unsaturated carbocyclyl, phenyl, a 5- to 6-
membered partially unsaturated monocyclic heterocyclyl having 1-2 heteroatoms

selected from oxygen, nitrogen, or sulfur, 5- to 6-membered heteroaryl having 1-4
heteroatoms selected from oxygen, nitrogen, or sulfur, or 6-membered aryl;

R* is R* or hydrogen;

R is Cy4 alkyl;

each R is independently hydrogen or an optionally substituted group selected from Ci
aliphatic, phenyl, 3- to 7-membered saturated or partially unsaturated carbocyclyl, 3- to
7- membered saturated or partially unsaturated monocyclic heterocyclyl having 1-2
heteroatoms selected from oxygen, nitrogen, or sulfur, or 5- to 6-membered heteroaryl
having 1-4 heteroatoms selected from oxygen, nitrogen, or sulfur, or:
two R groups on the same nitrogen are taken together with their intervening atoms to

form an optionally substituted ring selected from 3- to 7-membered saturated or
partially unsaturated monocyclic heterocyclyl having 1-2 heteroatoms selected from
oxygen, nitrogen, or sulfur, or 5- to 6-membered heteroaryl having 1-4 heteroatoms

selected from oxygen, nitrogen, or sulfur.
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Definitions

[0011] Compounds of this invention include those described generally above, and are
further illustrated by the classes, subclasses, and species disclosed herein.  As used herein, the
following definitions shall apply unless otherwise indicated. For purposes of this invention, the
chemical elements are identified in accordance with the Periodic Table of the Elements, CAS
version, Handbook of Chemistry and Physics, 75" Ed. Additionally, general principles of
organic chemistry are described in “Organic Chemistry”, Thomas Sorrell, University Science
Books, Sausalito: 1999, and “March’s Advanced Organic Chemistry”, 5t Ed., Ed.: Smith, M.B.
and March, J., John Wiley & Sons, New York: 2001 .

[0012] The abbreviations used herein have their conventional meaning within the
chemical and biological arts. The chemical structures and formulae set forth herein are

constructed according to the standard rules of chemical valency known in the chemical arts.

[0013] The term “aliphatic” or “‘aliphatic group”, as used herein, means a straight-chain
(i.c., unbranched) or branched, substituted or unsubstituted hydrocarbon chain that is completely
saturated or that contains one or more units of unsaturation, or a monocyclic hydrocarbon or
bicyclic hydrocarbon that is completely saturated or that contains one or more units of

9 ¢

unsaturation, but which is not aromatic (also referred to herein as “carbocycle,” “cycloaliphatic”
or “cycloalkyl”), that has a single point of attachment to the rest of the molecule. Unless
otherwise specified, aliphatic groups contain 1-6 aliphatic carbon atoms. In some embodiments,
aliphatic groups contain 1-5 aliphatic carbon atoms. In some embodiments, aliphatic groups
contain 1-4 aliphatic carbon atoms. In some embodiments, aliphatic groups contain 1-3 aliphatic
carbon atoms, and in yet other embodiments, aliphatic groups contain 1-2 aliphatic carbon atoms.
In some embodiments, “cycloaliphatic” (or “carbocycle” or “cycloalkyl”) refers to a monocyclic
C3-Cg hydrocarbon that is completely saturated or that contains one or more units of
unsaturation, but which is not aromatic, that has a single point of attachment to the rest of the
molecule. Suitable aliphatic groups include, but are not limited to, linear or branched,
substituted or unsubstituted alkyl, alkenyl, alkynyl groups and hybrids thereof such as
(cycloalkyl)alkyl, (cycloalkenyl)alkyl or (cycloalkyl)alkenyl.

Date Regue/Date Received 2021-07-16
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[0014] The term “heteroatom” means one or more of oxygen, sulfur, nitrogen,
phosphorus, or silicon (including, any oxidized form of nitrogen, sulfur, phosphorus, or silicon;
the quaternized form of any basic nitrogen or; a substitutable nitrogen of a heterocyclic ring, for
example N (as in 3,4-dihydro-2H-pyrrolyl), NH (as in pyrrolidinyl) or NR " (as in N-substituted
pyrrolidinyl)).

[0015] The term “unsaturated,” as used herein, means that a moiety has one or more units

of unsaturation.

[0016] The term “alkylene” refers to a bivalent alkyl group. An “alkylene chain” is a
polymethylene group, i.e., —(CH;),—, wherein n is a positive integer, preferably from 1 to 6, from
1 to 4, from 1 to 3, from 1 to 2, or from 2 to 3. A substituted alkylene chain is a polymethylene
group in which one or more methylene hydrogen atoms are replaced with a substituent. Suitable

substituents include those described below for a substituted aliphatic group.
[0017] The term “halogen’ means F, Cl, Br, or 1.

[0018] The term “aryl” used alone or as part of a larger moiety as in “aralkyl,”
“aralkoxy,” or “‘aryloxyalkyl,” refers to monocyclic and bicyclic ring systems having a total of
five to 10 ring members, wherein at least one ring in the system is aromatic and wherein ecach
ring in the system contains three to seven ring members. The term “aryl” may be used
iterchangeably with the term “aryl ring”. In some embodiments, an 8-10 membered bicyclic
aryl group is an optionally substituted naphthyl ring. In certain embodiments of the present
invention, “aryl” refers to an aromatic ring system which includes, but not limited to, phenyl,
biphenyl, naphthyl, anthracyl and the like, which may bear one or more substituents. Also
included within the scope of the term “aryl,” as it is used herein, is a group in which an aromatic
ring is fused to one or more non—aromatic rings, such as indanyl, phthalimidyl, naphthimidyl,

phenanthridinyl, or tetrahydronaphthyl, and the like.

[0019] The terms “heteroaryl” and “heteroar—,” used alone or as part of a larger moiety,
e.g., “heteroaralkyl,” or “heteroaralkoxy,” refer to groups having 5 to 10 ring atoms, preferably
5, 6, or 9 ring atoms; having 6, 10, or 14 & clectrons shared in a cyclic array; and having, in
addition to carbon atoms, from one to five heteroatoms. Heteroaryl groups include, without

limitation, thienyl, furanyl, pyrrolyl, imidazolyl, pyrazolyl, triazolyl, tetrazolyl, oxazolyl,
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isoxazolyl, oxadiazolyl, thiazolyl, isothiazolyl, thiadiazolyl, pyridyl, pyridazinyl, pyrimidinyl,
pyrazinyl, indolizinyl, purinyl, naphthyridinyl, and pteridinyl. The terms “heteroaryl” and
“heteroar—", as used herein, also include groups in which a heteroaromatic ring is fused to one or
more aryl, cycloaliphatic, or heterocyclyl rings, where the radical or point of attachment is on the
heteroaromatic ring. Nonlimiting examples include indolyl, isoindolyl, benzothienyl,
benzofuranyl, dibenzofuranyl, indazolyl, benzimidazolyl, benzthiazolyl, quinolyl, isoquinolyl,
cinnolinyl, phthalazinyl, quinazolinyl, quinoxalinyl, 4H—quinolizinyl, carbazolyl, acridinyl,
phenazinyl, phenothiazinyl, phenoxazinyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl, and
pyrido[2,3-b]-1,4-oxazin—-3(4H)-one. A heteroaryl group may be mono— or bicyclic. The term
“heteroaryl” may be used interchangeably with the terms “heteroaryl ring,” “heteroaryl group,”
or “heteroaromatic,” any of which terms include rings that are optionally substituted. The term
“heteroaralkyl” refers to an alkyl group substituted by a heteroaryl, wherein the alkyl and

heteroaryl portions independently are optionally substituted.

[0020] As used herein, the terms “heterocycle,” “heterocyclyl,” “heterocyclic radical,”
and “heterocyclic ring” are used interchangeably and refer to a stable 5— to 7-membered
monocyclic or 7-10—membered bicyclic heterocyclic moiety that is either saturated or partially
unsaturated, and having, in addition to carbon atoms, one or more, preferably one to four,
heteroatoms, as defined above. When used in reference to a ring atom of a heterocycle, the term
"nitrogen" includes a substituted nitrogen. As an example, in a saturated or partially unsaturated
ring having 0-3 heteroatoms selected from oxygen, sulfur or nitrogen, the nitrogen may be N (as

in 3,4-dihydro—2H-pyrrolyl), NH (as in pyrrolidinyl), or ‘NR (as in N-substituted pyrrolidinyl).

[0021] A heterocyclic ring can be attached to its pendant group at any heteroatom or
carbon atom that results in a stable structure and any of the ring atoms can be optionally
substituted. Examples of such saturated or partially unsaturated heterocyclic radicals include,
without limitation, tetrahydrofuranyl, tetrahydrothiophenyl pyrrolidinyl, piperidinyl, pyrrolinyl,
tetrahydroquinolinyl, tetrahydroisoquinolinyl, decahydroquinolinyl, oxazolidinyl, piperazinyl,
dioxanyl, dioxolanyl, diazepinyl, oxazepinyl, thiazepinyl, morpholinyl, and quinuclidinyl. The
terms “heterocycle,” “heterocyclyl,” “heterocyclyl ring,” “heterocyclic group,” “heterocyclic
moiety,” and “heterocyclic radical,” are used interchangeably herein, and also include groups in

which a heterocyclyl ring is fused to one or more aryl, heteroaryl, or cycloaliphatic rings, such as
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indolinyl, 3H-indolyl, chromanyl, phenanthridinyl, or tetrahydroquinolinyl, where the radical or
point of attachment is on the heterocyclyl ring. A heterocyclyl group may be mono- or bicyclic.
The term “heterocyclylalkyl” refers to an alkyl group substituted by a heterocyclyl, wherein the

alkyl and heterocyclyl portions independently are optionally substituted.

[0022] As used herein, the term “partially unsaturated” refers to a ring moiety that
includes at least one double or triple bond. The term “partially unsaturated” is intended to
encompass rings having multiple sites of unsaturation, but is not intended to include aryl or

heteroaryl moieties, as herein defined.

[0023] As described herein, compounds of the invention may, when specified, contain
“optionally substituted” moicties. In general, the term “substituted,” whether preceded by the
term “‘optionally” or not, means that one or more hydrogens of the designated moiety are
replaced with a suitable substituent. Unless otherwise indicated, an “optionally substituted”
group may have a suitable substituent at each substitutable position of the group, and when more
than one position in any given structure may be substituted with more than one substituent
sclected from a specificd group, the substituent may be cither the samc or different at every
position. Combinations of substituents envisioned by this invention are preferably those that
result in the formation of stable or chemically feasible compounds. The term “stable,” as used
herein, refers to compounds that are not substantially altered when subjected to conditions to
allow for their production, detection, and, in certain embodiments, their recovery, purification,

and use for one or more of the purposes disclosed herein.

[0024] Suitable monovalent substituents on a substitutable carbon atom of an “optionally
substituted” group arc independently halogen; —(CHz) 4R°; —(CHz)o 4OR®; -O(CH2)o4R°, —O—
(CH2)¢-4C(O)OR?; «(CH2)¢-4CH(OR®),; (CH2)9-4SR°; —(CH;)o4Ph, which may be substituted
with R°; —(CH;)¢ 4O(CH;)o_1Ph which may be substituted with R°; -CH=CHPh, which may be
substituted with R®; —(CH,)y 4O(CH;), 1-pyridyl which may be substituted with R°; —NO;; —CN;
—Ni; -(CH2)oaN(R°)2; <(CH2)0_aN(R*)C(O)R®; —-N(R*)C(S)R®; «(CH>)o-

aN(R)C(O)NR®; -N(R*)C(S)NR®; —(CHz)g 4aN(R*)C(O)OR®; —

N(R*N(R?)C(O)R?; -N(R*)N(R*)C(O)NR®,; -N(R*)N(R®)C(O)OR°; -(CH;)o4C(O)R®; —
C(S)R®; —(CH2)04C(O)OR®; «(CH3)0_4C(O)SR®; -(CH,)9_4C(O)OSiR°3; «(CH2)o 4OC(O)R®; -
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OC(O)(CH2)o-4SR~, SC(S)SR?; ~(CH;)0 4SC(O)R°; ~(CH2)-4C(O)NR2; ~C(S)NR2; —
C(S)SR®; =SC(S)SR®, -(CH2)0_4OC(O)NR®; -C(O)N(OR°)R?; -C(O)C(O)R®; -
C(O)CHC(O)R®; —C(NOR°)R®; -(CH2)0-4SSR°; —(CH2)5-4S(0);R°; <(CH2)0_4S(0)OR®; —
(CH2)0-408(0):R°%; —S(0)2NR°3; -(CH3)0-4S(O)R?; -N(R°)S(0),NR°;; -N(R°)S(O);R°; —
N(OR®)R?; —C(NH)NR®3; —P(O),R°; -P(O)R?; -OP(O)R; ~OP(O)(OR®)y; SiR%; ~(C, 4
straight or branched alkylene)O-N(R®),; or —(C; 4 straight or branched alkylene)C(O)O-N(R®),,
wherein each R°® may be substituted as defined below and is independently hydrogen, C,_

¢ aliphatic, -CH,Ph, —O(CH;), 1 Ph, -CH,-(5-6 membered heteroaryl ring), or a 5-6—-membered
saturated, partially unsaturated, or aryl ring having 0—4 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, or, notwithstanding the definition above, two independent
occurrences of R°, taken together with their intervening atom(s), form a 3—12—membered
saturated, partially unsaturated, or aryl mono- or bicyclic ring having 0—4 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, which may be substituted as defined

below.

[0025] Suitable monovalent substituents on R® (or the ring formed by taking two
independent occurrences of R° together with their intervening atoms), are independently
halogen, —(CH,)o_,R®, —(haloR*®), -(CH;); ,OH, —(CH;)y_,OR®, (CH,),_

2CH(OR?®);; -O(haloR*®), —CN, —N3, -(CH2)02C(O)R®, —(CH2)0_2C(O)OH, «(CH;)0o2C(O)OR?®, —
(CH2)02SR®, «(CH2)o2SH, <(CH2)o_2NH3, —(CH2)o_2NHR®, —(CH2)o_2NR*3, -NO;, —SiR*3, —
OSiR®;, -C(O)SR®, —(C; 4 straight or branched alkylene)C(O)OR®, or —SSR® wherein each R® is
unsubstituted or where preceded by “halo” is substituted only with one or more halogens, and is
independently selected from C; 4 aliphatic, -CH,Ph, —O(CH,)y 1Ph, or a 5—6—membered
saturated, partially unsaturated, or aryl ring having 0—4 heteroatoms independently selected from
nitrogen, oxygen, or sulfur. Suitable divalent substituents on a saturated carbon atom of R°

include =0 and =S.

[0026] Suitable divalent substituents on a saturated carbon atom of an “optionally
substituted” group include the following: =0, =S, =NNR,, =NNHC(O)R", =NNHC(O)OR ",
=NNHS(0);R", =NR", =NOR", ~O(C(R,)), 30—, or —S(C(R"1)), 38—, wherein each independent

occurrence of R is selected from hydrogen, C, 4 aliphatic which may be substituted as defined

10
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below, or an unsubstituted 5—6—membered saturated, partially unsaturated, or aryl ring having 0—
4 heteroatoms independently selected from nitrogen, oxygen, or sulfur. Suitable divalent
substituents that are bound to vicinal substitutable carbons of an “optionally substituted” group
include: —O(CR’,),30—, wherein each independent occurrence of R is selected from hydrogen,
C;_¢ aliphatic which may be substituted as defined below, or an unsubstituted 5—6-membered
saturated, partially unsaturated, or aryl ring having 0—4 heteroatoms independently selected from

nitrogen, oxygen, or sulfur.

[0027] Suitable substituents on the aliphatic group of R include halogen, —

R®, -(haloR®), -OH, —OR®, —-O(haloR*), -CN, -C(0)OH, —-C(O)OR®, -NH,, -NHR*®*, -NR*;, or
—NO,, wherein each R® is unsubstituted or where preceded by “halo” is substituted only with one
or more halogens, and is independently C;_4 aliphatic, -CH,Ph, —O(CH;),_;Ph, or a 5-6—
membered saturated, partially unsaturated, or aryl ring having 0—4 heteroatoms independently

selected from nitrogen, oxygen, or sulfur.

[0028] Suitable substituents on a substitutable nitrogen of an “optionally substituted”
group include —-RY, -NR';, <C(O)R", ~C(0)OR", —C(O)C(O)R', ~C(O)CH,C(O)RT, -

S(0),R, -S(0)NR ", ~C(S)NR',, —C(NH)NR ', or -N(RNS(0),R"; wherein cach R is
independently hydrogen, Ci_s aliphatic which may be substituted as defined below, unsubstituted
—OPh, or an unsubstituted 5—6-membered saturated, partially unsaturated, or aryl ring having 0—
4 heteroatoms independently selected from nitrogen, oxygen, or sulfur, or, notwithstanding the
definition above, two independent occurrences of R, taken together with their intervening
atom(s) form an unsubstituted 3—12—membered saturated, partially unsaturated, or aryl mono— or

bicyclic ring having 0—4 heteroatoms independently selected from nitrogen, oxygen, or sulfur.

[0029] Suitable substituents on the aliphatic group of R are independently halogen, —
R®, -(haloR*®), —OH, —~OR*®, —O(haloR*), —-CN, —C(O)OH, —C(O)OR®, -NH,, -NHR?®, -NR*,,
or -NO,, wherein each R*® is unsubstituted or where preceded by “halo” is substituted only with
onc or more halogens, and is independently C,_4 aliphatic, -CH,Ph, —O(CH;)o_Ph, or a 56—
membered saturated, partially unsaturated, or aryl ring having 0—4 heteroatoms independently

selected from nitrogen, oxygen, or sulfur.
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[0030] As used herein, the term “pharmaceutically acceptable salt” refers to those salts
which are, within the scope of sound medical judgment, suitable for use in contact with the
tissues of humans and lower animals without undue toxicity, irritation, allergic response and the
like, and are commensurate with a reasonable benefit/risk ratio. Pharmaceutically acceptable
salts are well known in the art. For example, S. M. Berge et al., describe pharmaceutically

acceptable salts in detail in J. Pharmaceutical Sciences, 1977, 66, 1-19.

[0031] In certain embodiments, the neutral forms of the compounds are regenerated by
contacting the salt with a base or acid and isolating the parent compound in the conventional
manner. In some embodiments, the parent form of the compound differs from the various salt

forms in certain physical properties, such as solubility in polar solvents.

[0032] Unless otherwise stated, structures depicted herein are also meant to include all
isomeric (¢.g., enantiomeric, diastereomeric, and geometric (or conformational)) forms of the
structure; for example, the R and S configurations for each asymmetric center, Z and E double
bond isomers, and Z and E conformational isomers. Therefore, single stereochemical isomers as
well as enantiomeric, diastercomeric, and geometric (or conformational) mixtures of the present
compounds are within the scope of the invention. Unless otherwise stated, all tautomeric forms
of the compounds of the invention are within the scope of the invention. Additionally, unless
otherwise stated, structures depicted herein are also meant to include compounds that differ only
in the presence of one or more isotopically enriched atoms. For example, compounds having the
present structures including the replacement of hydrogen by deuterium or tritium, or the
replacement of a carbon by a *C- or "*C-enriched carbon are within the scope of this invention.
Such compounds are useful, for example, as analytical tools, as probes in biological assays, or as

therapeutic agents in accordance with the present invention.

[0033] The term “oxo,” as used herein, means an oxygen that is double bonded to a

carbon atom, thereby forming a carbonyl.

[0034] One of ordinary skill in the art will appreciate that the synthetic methods, as
described herein, utilize a variety of protecting groups. By the term “protecting group,” as used

herein, it is meant that a particular functional moiety, e.g., O, S, or N, is masked or blocked,
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permitting, if desired, a reaction to be carried out selectively at another reactive site in a
multifunctional compound. Suitable protecting groups are well known in the art and include
those described in detail in Protecting Groups in Organic Synthesis, T. W. Greene and P. G. M.
Wauts, 3" edition, John Wiley & Sons, 1999 .

In certain embodiments, a protecting group reacts selectively in good yield to give a
protected substrate that is stable to the projected reactions; the protecting group is preferably
selectively removable by readily available, preferably non-toxic reagents that do not attack the
other functional groups; the protecting group forms a separable derivative (more preferably
without the generation of new stereogenic centers); and the protecting group will preferably have
a minimum of additional functionality to avoid further sites of reaction. As detailed herein,
oxygen, sulfur, nitrogen, and carbon protecting groups may be utilized. Amino-protecting
groups include methyl carbamate, 9-fluorenylmethyl carbamate (Fmoc), 9-(2,7-
dibromo)fluoroenylmethyl carbamate, 4-methoxyphenacyl carbamate (Phenoc), 2,2,2-
trichloroethyl carbamate (Troc), 2-trimethylsilylethyl carbamate (Teoc), 1-methyl-1-(4-
biphenylyl)ethyl carbamate (Bpoc), 2-(2°- and 4’-pyridyl)ethyl carbamate (Pyoc), 2-(N, V-
dicyclohexylcarboxamido)ethyl carbamate, z-butyl carbamate (BOC), allyl carbamate (Alloc), 4-
nitrocinnamyl carbamate (Noc), N-hydroxypiperidinyl carbamate, alkyldithio carbamate, benzyl
carbamate (Cbz), p-nitobenzyl carbamate, p-chlorobenzyl carbamate, diphenylmethyl carbamate,
2-methylsulfonylethyl carbamate, 2-(p-toluenesulfonyl)ethyl carbamate, 2,4-dimethylthiophenyl
carbamate (Bmpc), 2-triphenylphosphonioisopropyl carbamate (Ppoc), m-chloro-p-
acyloxybenzyl carbamate, p-(dihydroxyboryl)benzyl carbamate, m-nitrophenyl carbamate, 3,5-
dimethoxybenzyl carbamate, o-nitrobenzyl carbamate, phenyl(o-nitrophenyl)methyl carbamate,
N’-p-toluenesulfonylaminocarbonyl derivative, N’-phenylaminothiocarbonyl derivative, z-amyl
carbamate, p-cyanobenzyl carbamate, cyclohexyl carbamate, cyclopentyl carbamate, p-
decyloxybenzyl carbamate, 2,2-dimethoxycarbonylvinyl carbamate, 2-furanylmethyl carbamate,
isoborynl carbamate, isobutyl carbamate, 1-methyl-1-phenylethyl carbamate, 1-methyl-1-(4-
pyridyl)ethyl carbamate, phenyl carbamate, formamide, acetamide, chloroacetamide,
trichloroacetamide, trifluoroacetamide, phenylacetamide, 3-phenylpropanamide, picolinamide,
N-benzoylphenylalanyl derivative, benzamide, p-phenylbenzamide, o-nitrophenoxyacetamide,

acetoacetamide, 4-chlorobutanamide, 3-methyl-3-nitrobutanamide, o-nitrocinnamide, N-
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acetylmethionine derivative, o-nitrobenzamide, o-(benzoyloxymethyl)benzamide, 4,5-diphenyl-
3-oxazolin-2-one, N-phthalimide, N-2,5-dimethylpyrrole, N-methylamine, N-allylamine, N-[2-
(trimethylsilyl)ethoxy]methylamine (SEM), N-3-acetoxypropylamine, N-benzylamine, N-
triphenylmethylamine (Tr), N-2-picolylamino N -oxide, N-1,1-dimethylthiomethyleneamine, N-
benzylidenecamine, N-p-methoxybenzylideneamine, N-(N’, N -dimethylaminomethylene)amine,
N, N -isopropylidenediamine, N-p-nitrobenzylideneamine, N-(5-chloro-2-
hydroxyphenyl)phenylmethyleneamine, N-cyclohexylideneamine, N-(5,5-dimethyl-3-oxo-1-
cyclohexenyl)amine, N-borane derivative, N-diphenylborinic acid derivative, N-nitroamine, N-
nitrosoamine, amine N-oxide, diphenylphosphinamide (Dpp), dimethylthiophosphinamide (Mpt),
dialkyl phosphoramidates, dibenzyl phosphoramidate, diphenyl phosphoramidate,
benzenesulfenamide, o-nitrobenzenesulfenamide (Nps), 2,4-dinitrobenzenesulfenamide,
pentachlorobenzenesulfenamide, 2-nitro-4-methoxybenzenesulfenamide,
triphenylmethylsulfenamide, p-toluencsulfonamide (Ts), benzencsulfonamide, 2,3,6,-trimethyl-
4-methoxybenzenesulfonamide (Mtr), 2,4,6-trimethoxybenzencsulfonamide (Mtb), 2,6-dimethyl-
4-methoxybenzenesulfonamide (Pme), 2,3,5,6-tetramethyl-4-methoxybenzenesulfonamide
(Mte), 4-methoxybenzenesulfonamide (Mbs), 2,4,6-trimethylbenzenesulfonamide (Mts),
methanesulfonamide (Ms), B-trimethylsilylethanesulfonamide (SES), benzylsulfonamide,
trifluoromethylsulfonamide, and phenacylsulfonamide Exemplary protecting groups are detailed
herein, however, it will be appreciated that the present invention is not intended to be limited to
these protecting groups; rather, a variety of additional equivalent protecting groups can be
readily identified using the above criteria and utilized in the method of the present invention.

Additionally, a variety of protecting groups are described by Greene and Wuts (supra).

[0035] The term “radiolabel”, as used herein, refers to a moiety comprising a radioactive
isotope of at lcast onc clement. Exemplary suitable radiolabels include but are not limited to
thosc described herein. In some embodiments, a radiolabel is onc uscd in positron cmission
tomography (PET). In some embodiments, a radiolabel is one used in single-photon emission

computed tomography (SPECT).

[0036] The symbol “~~-”, except when used as a bond to depict unknown or mixed
stereochemistry, denotes the point of attachment of a chemical moicty to the remainder of a

molecule or chemical formula.
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Compounds

[0037] As described above, in certain embodiments the present invention provides a

compound of formula I:

NHz (R*)3Sn )

Z3 =
72X 2
D W
R ~z" °N
|

Lege

I
wherein each of R', R%, R*, R L, X, Y', Y%, Z', 7% and Z’ is as defined above and described in
classes and subclasses herein.

[0038] In some embodiments, X is —-CH,-. In some embodiments, X is —S-. In other

embodiments, X is ~O-.

[0039] In certain embodiments, Y' is -CR*-. In certain embodiments, Y is -N-.
[0040] In certain embodiments, Y?is ~CR*-. In certain embodiments, Y?is —N-.
[0041] In some embodiments, R** is hydrogen.

[0042] In certain embodiments, Z' is —CH-. In certain embodiments, Z' is —N-.

[0043] In certain embodiments, Z* is —CH-. In certain embodiments, Z* is —N-.

[0044] In certain embodiments, Z* is ~CH-. In certain embodiments, Z* is —N-.

[0045] In some embodiments, R' is hydrogen. In some embodiments, R'is halogen. In

some embodiments, R' is fluro.

[0046] In some embodiments, —L-R* comprises a methylene that is replaced with -NH-

to form a secondary amine.

[0047] In some embodiments, L is a straight or branched, C,.14 aliphatic group wherein
one or more carbons are independently replaced by —NR-, wherein R is other than a —Boc
protecting group. In some embodiments, -L-R” does not contain a Boc-protected secondary

amine. In some embodiments, -L-R” does not contain a secondary amine that is protected with
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an acid-labile protecting group. In some embodiments, -L-R* does not contain a protected

secondary amine.

[0048] In some embodiments, L is a straight or branched, optionally substituted C; 14
aliphatic group wherein one, two, or three carbons are optionally and independently replaced by
—Cy-, -NR-, -N(R)C(O)-, -C(O)N(R)-, -C(O)N(O)-, -N(R)SO;-, -SO;N(R)-, -O-, -C(O)-, -
0C(0)-, -C(0)0O-, -S-, -SO-, or -SO,-,

[0049] In some embodiments, L is a straight or branched, C,.14 aliphatic group wherein a
methylene of the aliphatic group is replaced with —-NH- to form a secondary amine. In some
embodiments, L is a straight or branched, C;.1; aliphatic group wherein a methylene of the
aliphatic group is replaced with -NH- to form a secondary amine. In some embodiments, L is a
straight or branched, C,.1 aliphatic group wherein a methylene of the aliphatic group is replaced
with ~NH- to form a secondary amine. In some embodiments, L is a straight or branched, C, 5
aliphatic group wherein a methylene of the aliphatic group is replaced with -NH- to form a
secondary amine. In some embodiments, L is a straight or branched, C, ¢ aliphatic group
wherein a methylenc of the aliphatic group is replaced with -NH- to form a secondary amine. In
some embodiments, L is a straight or branched, C,.4 aliphatic group wherein a methylene of the
aliphatic group is replaced with -NH- to form a secondary amine. In some embodiments, L is a
straight or branched, Cs 14 aliphatic group wherein a methylene of the aliphatic group is replaced
with —-NH- to form a secondary amine. In some embodiments, L is a straight or branched, Cg 1,
aliphatic group wherein a methylene of the aliphatic group is replaced with -NH- to form a

secondary amine.

[0050] In some embodiments, L is a straight or branched, C,.14 aliphatic group wherein
one or more carbons are optionally and independently replaced by —Cy- or —C(O)-. In some
embodiments, L is a straight or branched, C,.s aliphatic group wherein one or more carbons are
optionally and independently replaced by —Cy- or —-C(0O)-. In certain embodiments, L is a
straight or branched, C,s aliphatic group wherein one carbon of L is replaced by —Cy- and

wherein —Cy- is a 6-membered saturated ring having onc heteroatom selected from nitrogen.

[0051] In some embodiments, -Cy- is an optionally substituted 3-8 membered bivalent,

saturated, partially unsaturated, or aryl ring having 0—4 heteroatoms independently selected from
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nitrogen, oxygen, or sulfur. In some embodiments, -Cy- is an optionally substituted 3-8
membered bivalent, saturated ring having 1-2 heteroatoms independently selected from nitrogen,
oxygen, or sulfur. In some embodiments, -Cy- is an optionally substituted 5-6 membered
bivalent, saturated ring having 1-2 heteroatoms independently selected from nitrogen, oxygen, or

sulfur. In some embodiments, -Cy- is bivalent piperidinyl.

[0052] In some embodiments, R? is hydrogen. In other embodiments, R? is optionally
substituted C_6 aliphatic. In some embodiments, R” is optionally substituted C; 4 aliphatic. In

some embodiments, R is Cy_4 alkyl.

[0053] In some embodiments, R” is 3- to 7-membered saturated or partially unsaturated
monocyclic heterocyclyl having 1-2 heteroatoms selected from oxygen, nitrogen, or sulfur. In
some embodiments, R* is 5- to 6-membered saturated or partially unsaturated monocyclic
heterocyclyl having 1-2 heteroatoms selected from oxygen, nitrogen, or sulfur. In some

embodiments, R?is piperidinyl. In some embodiments, R? is aziridinyl.

[0054] In some embodiments, R is 3- to 7-membered saturated or partially unsaturated

monocyclic carbocyclyl. In some embodiments, R” is cyclopropyl.

[0055] In some embodiments, -L-R? forms a primary amino-alkyl group. In some

embodiments, -L-R* forms a sccondary alkyl-amino-alkyl group.

[0056] In some embodiments, -L-R? is selected from the following:

W T L, oWl T
SRR B R U P W
+AL$\\\\\O;\@

[0057] In some embodiments, -L-R? is selected from the following:
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¢33
L3N

[0058] In some embodiments, cach R® is independently halogen,—CN, -OR, —-SR, —
N(R),, or optionally substituted C,_¢ aliphatic. In some embodiments, each R® is —OR. In some
embodiments, one or both of Y' and Y? is -CR*- and there are two occurrences of R?. In some
embodiments, one or both of Y! and Y? is -CR*- and there is one occurrence of R®. In some
embodiments, both Y! and Y? are -N- and there are two occurrences of R®. In some

embodiments, both Y' and Y? are —N- and there is one occurrence of R°.

[0059] In some embodiments, there is at least one substituent on the ring bearing a
trialkyltin group, and onc of such substitucnts is located at the 5” position, wherein the ring

numbering is as depicted below:

(R*)38n

2
N=Y

4

- *R3 _
: 6\~Y1’Il5-( )02‘

In some embodiments, there are two substituents on the ring bearing the trialkyltin group, located
at the 4" and 5" positions. In some embodiments, these two substituents are taken together with

their intervening atoms to form Ring A.

[0060] In certain embodiments wherein R? is ~OR, R is C; ¢ aliphatic. In certain

embodiments wherein R? is —OR, R is methyl.

[0061] In some embodiments, two R groups are taken together with their intervening
atoms to form Ring A, wherein Ring A is a 5- to 6-membered partially unsaturated monocyclic
heterocyclyl having 1-2 heteroatoms selected from oxygen, nitrogen, or sulfur, 5- to 6-membered
heteroaryl having 1-4 heteroatoms selected from oxygen, nitrogen, or sulfur, or 6-membered
aryl. In certain embodiments, Ring A is a 5-membered partially unsaturated monocyclic
heterocyclyl having 2 heteroatoms selected from oxygen. In certain embodiments, Ring A is a 5-

membered partially unsaturated monocyclic heterocyclyl having 1 heteroatom selected from

18



CA 02934850 2016-06-22

WO 2015/138039 PCT/US2014/072090

oxygen. In certain embodiments, Ring A is a 6-membered partially unsaturated monocyclic
heterocyclyl having 2 heteroatoms selected from oxygen. In some embodiments, Ring A is

phenyl.

[0062] In some embodiments, two R groups are taken together with their intervening
atoms to form Ring A, wherein Ring A is 3- to 7-membered partially unsaturated carbocyclyl. In

some embodiments, Ring A is 5- to 6-membered partially unsaturated carbocyclyl.

[0063] In some embodiments, R? is methyl. In some embodiments, R is ethyl. In some

embodiments, R* is butyl.
[0064] In certain embodiments, a compound of the present invention is other than:

NHZ CH3)3

xﬁf—s

N

[0065] In certain embodiments, a provided compound is of formula I-a-1:

(R*)3Sn

Feeity;

\Rz
I-a-1

wherein each of Ring A, RLRLRY L, Y, Y2, 7Y, 72, 7°, and X is as defined above and

described in classes and subclasses herein, both singly and in combination.

[0066] In some embodiments, a provided compound is of formula I-a:
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LJI >\~x

\Rz

Sn(CH3)3

I-a

wherein each of R', R?, L, and X is as defined above and described in classes and subclasses
herein, both singly and in combination. In certain embodiments, a compound is of formula I-a

and:
X is =CHy- or —S-;
R' is hydrogen or halogen; and

L is a straight or branched, C,.14 aliphatic group wherein one or more carbons are

independently replaced by -NR-, wherein R is other than a —Boc protecting group.

[0067] In some embodiments, a provided compound is of formula I-b, I-c, I-d, I-e, I-f, I-
g, I-h, or I-j:
NHz (R*)3Sn NH; (R*)3Sn
272 27y OR
£ \yxf z i \yxf I
‘R ‘R
I-b I-¢
NHy (R*)3Sn NH, (R*);Sn
fo I3 WI )
‘R2 ‘R
I-d I-e
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NH; R4)3Sn NH,  (R*)3Sn
L £ 5L
Z = N Z X N
%x D OO-L10D
Lre L‘R2
I-f I_g
NHz  (R"3Sn NH; (R4 )aSn
27 22\ I
z \>_XIb \>—x / 5
LR ‘Rz
I-h I-j

wherein cach of R', R%, RY, L, X, Y', Y2, Z!, Z2, 7Z°, and R is as defined above and described in

classes and subclasses herein, both singly and in combination.

[0068] In some embodiments, a provided compound is of formula I-i:

NHz Sn(R%);

wherein each of R', R?, R*, L, and X is as defined above and described in classes and subclasses

herein, both singly and in combination.

[0069] In certain embodiments, a compound of formula I is selected from those depicted
in Table 1.

21



CA 02934850 2016-06-22

WO 2015/138039

Table 1- Exemplary compounds of Formula 1

NH
NH, 2

A

éEN>\~ ‘Q ; kjgs@g

%

PCT/US2014/072090

(CHz)3

N)\/EN Sn(CHa)s N)\/[N Sn(CHa)s
A W
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Synthesis of Compounds

[0070] Compounds of the invention may be synthesized according to the schemes
described below. The reagents and conditions described are intended to be exemplary and not
limiting. As onc of skill in the art would appreciate, various analogs may be prepared by
modifying the synthetic reactions such as using difterent starting materials, different reagents,

and different reaction conditions (e.g., temperature, solvent, concentration, etc.)

[0071] It will be appreciated that any intermediate depicted Schemes A, B, or C may be
isolated and/or purified prior to each subsequent step. Alternatively, any intermediate depicted
in Schemes A, B, or C may be utilized in subsequent steps without isolation and/or purification.

Such telescoping of steps is contemplated in the present invention.

[0072] In some embodiments, compounds described herein may be purified by any
means known in the art. In some embodiments, purification of a compound described herein
comprises filtration, chromatography, distillation, crystallization, or a combination thereof. In
some embodiments, chromatography comprises high performance liquid chromatography
(HPLC). In some embodiments, chromatography comprises normal phase, reverse phase, or ion-
exchange elution over a cartridge comprising suitable sorbent media. Purification via
chromatography methods typically utilizes one or more solvents, which are known to the skilled
artisan or determined by routine experimentation. In some embodiments, chromatography
comprises HPLC using an elution solvent comprising acetonitrile. In some embodiments,
chromatography comprises HPLC using an elution solvent comprising ethanol. In some

embodiments, compound 5 is purified by any of the methods described in this paragraph.

[0073] In one aspect, the present invention provides methods for the synthesis of
compounds of formula I and I" and intermediates thereto. In some embodiments, such methods

are as shown in Scheme B, below:
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Scheme B
Method 1
NH, 5 \_y2 NHz~ (R%):Sn v NH, R\ 2
27 - Z =) 73 =
> l\/ PR, S 0 I PRon 2N 2 e
gy » — 1, XN T2 —  J L Hxk TR
R1 Z1 ||“ R'] Z1 N Y1 R'] Z1/ N Y1
| |
Lege - Lopz
A I I

wherein R" is a radiolabel and each of R', R?, R*>, R* L, R", X, Y', Y%, Z!, 77 Z?is as defined

herein and described in classes and subclasses herein, both singly and in combination.

[0074] Compounds of formula A are known in the art and the skilled artisan will be
familiar with mcthods of making such compounds. Excmplary synthescs of compounds of
formula A are described in International Patent Application Publications W0O/2008/005937,
W0/2006/084030, WO/2007/134298, W0/2011/044394, WO/2012/138894, and
W0/2012/138896, U.S. Patent 8,586,605, and U.S. Patent Publication Nos. US/20100016586
and US/20100292255 .

[0075] At step S-1, aryl iodide A is reacted under suitable conditions to provide a
trialkyltin compound of formula I. Suitable conditions for the installation of a trimethyltin group
from an aryl iodide are known in the art and contemplated by the present disclosure, including
those described in International Patent Application Publication Nos. W02006084030 and
W02013009655 and US Patent Application Publication No. US2011312980. Suitable
conditions for the installation of a tributyltin group from an aryl iodide are also known in the art
(see, for example Qu et al., J. Med. Chem. 2007, 50, 2157-65; Farina, V.; Krishnamurthy, V.;
Scott, W. J. The Stille reaction. Org. React. (Hoboken, NJ, U.S.) 1997, 50.) and contemplated by
the present disclosure. However, unlike prior methods, step S-1 does not employ a protecting
group on a secondary amine of L-R?, if such secondary amine is present. In some embodiments,

suitable conditions comprise a catalyst. In some embodiments, a catalyst is a palladium catalyst.
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In certain embodiments, a catalyst is Pd(PPhs)s. In some embodiments, a catalyst is

PdCl,(CH;CN),. In some embodiments, a catalyst is Pd(PPh;),Br,.

[0076] In certain ecmbodiments, step S-1 employs a suitablc solvent. Examplcs of
solvents suitable for use at step S-1 include polar solvents (e.g., ethers, DMF), aromatic
hydrocarbons (¢.g., toluene), or combinations thercof. In some embodiments, a solvent is or
comprises dioxane or THF (tetrahydrofuran). In some embodiments, a solvent is or comprises
dioxane. In some embodiments, a solvent is or comprises DMF. In some embodiments, a

solvent is or comprises toluene.

[0077] In some embodiments, step S-1 is carried out at temperatures of about 25-150 °C
In some embodiments, the temperature is about 60-110 °C. In some embodiments, the
temperature is about 90 °C.

[0078] In certain embodiments, the present invention provides a method comprising the

steps of:

a) providing an aryl iodide compound of formula A:

NH, | ,
727X 2\3 /YW
A >_X \Y1J/\(R3)o-2

R ~zZ" "N
|

L\Rz

A

wherein each of R', R%, R?, 1, Y!, Y2, 7!, 72, 73, and X is as defined above and described in

classes and subclasses herein, both singly and in combination; and

b) reacting the aryl iodide of formula A under suitable conditions to provide a trialkyltin

compound of formula I:
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4
LN .

wherein R” is as defined above and described in classes and subclasses herein, both singly

and in combination.

[0079] At step S-2, a compound of formula I may be converted to radiolabeled
compound I". Suitable conditions for the installation of a radiolabel from a trialkyltin are
known in the art and contemplated by the present disclosure, including those described in
International Patent Application Publication Nos. W02006084030 and WO2013009655 and US
Patent Application Publication No. US2011312980. However, unlike prior methods, step S-2
does not employ a protecting group on a secondary amine of L-R?, if such secondary amine is
present. In some embodiments, suitable methods comprise mixing a radiolabel reagent with a
compound of formula I optionally in a suitable solvent. In some embodiments, a radiolabel

reagent is [*'I]-Nal solution.

[0080] In some embodiments, the present invention provide a method comprising the

steps of:

a) providing a trialkyltin compound of formula I:

Ho R4)3Sn
22X I
JT H—x— TR

|_\R2

wherein each of RY, R%, R®, RY, L, Y., Y2, Z!, 72, Z°, and X is as defined above and described

in classes and subclasses herein, both singly and in combination; and
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b) reacting the trialkyltin compound of formula I under suitable conditions to provide a

compound of formula I";

NH, Rk ,
3 Y.
22 Z\ =
T > TR
R""ZV N
-
IL
wherein R" is a radiolabel.
[0081] In certain embodiments, R" is or comprises an atom selected from the group

- 1317 1257 1247 1237 1~ 15~ 13 . .
consisting of I, "L T, L, "C, "0, °N, F and "®F. In some embodiments, R" is "**1.

[0082] In some embodiments, provided methods of synthesis are as shown in Scheme C,
below:
Scheme C
NH2 NH, (R )3Sh
Zz = \ s-3 77X l’ S-4 2N I
\>_X T (R*o0.2 J\/E \>_X J TR — JZI\JI \>_X \(R3)02
R" "Z"°N
L‘RZ L\Rz. Loge
A B ¢
(R )3Sn
S-5 727 I
_— J\/E \>7X \(R3)0 2
L\R2
[
wherein:

—L-R” comprises a methylene that is replaced with -NH- to form a secondary amine, and

wherein the secondary amine is protected with a suitable protecting group; and
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eachof RL, RE R R L, YL, Y2, 7Y, 72, 73, and X is as defined above and described in

classes and subclasses herein, both singly and in combination.

[0083] At step S-3, aryl iodide A is reacted under suitable protecting group conditions to
provide an aryl iodide of formula B, wherein the secondary amine of R” is protected with a
suitable protecting group to form R>. Suitable amino protecting groups are well known in the art
and include those described in detail in Greene (supra). Suitable mono-protected amines
include, but are not limited to, aralkylamines, carbamates, allyl amines, amides, and the like.
Examples of suitable mono-protected amino moieties include t-butyloxycarbonylamino (-
NHBOC), ethyloxycarbonylamino, methyloxycarbonylamino, trichloroethyloxycarbonylamino,
allyloxycarbonylamino (-NHAlloc), benzyloxocarbonylamino (-NHCBZ), allylamino,
benzylamino (-NHBn), fluorenylmethylcarbonyl (-NHFmoc), formamido, acetamido,
chloroacetamido, dichloroacetamido, trichloroacetamido, phenylacetamido, trifluoroacetamido,
benzamido, t-butyldiphenylsilyl, and the like. In certain embodiments, a suitable protecting
group is capable of being removed under mildly basic conditions. In certain embodiments, a
suitable protccting group is capable of being removed under mild conditions with an amine basc.
In some embodiments, a suitable protecting group is Fmoc. In certain embodiments, a suitable
protecting group is not one removed under acidic conditions. In some embodiments, a suitable

protecting group is other than a t-butyloxycarbonyl (Boc) group.

[0084] In some embodiments, the present invention provides a method comprising the

steps of:

a) providing an aryl iodide of formula A:

NH, N
25N /Y\
| D—x— TR0z
1J\ 17 Y1J 0
R'™>z7ON
|
Lere
A

wherein each of R', R, R®, L, Y', Y%, Z', Z?, Z*, and X is as defined above and described in

classes and subclasses herein, both singly and in combination; and
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b) reacting the aryl iodide of formula A under suitable reaction conditions to provide an aryl

iodide compound of formula B:

NH, | ,
22\ Z3 /Y
1 O TR
R? ~ 27 N
L\RZ
B

wherein R* is as defined above and described in classes and subclasses herein, both singly

and in combination.

[0085] At step S-4, aryl iodide of formula B is reacted under suitable conditions to
provide a protected amine compound of formula C. Suitable conditions for the installation of a
trialkyltin group (e.g., trimethyltin, tributyltin, etc.) from an aryl iodide are known in the art and
contemplated by the present disclosure. In some ecmbodiments, suitable conditions comprisc a
catalyst. In some embodiments, a catalyst is a palladium catalyst. In certain embodiments, a
catalyst is Pd(PPhs)s. In some embodiments, a catalyst is PACl,(CH:CN),. In some
embodiments, a catalyst is PA(PPh;),Br,.

[0086] In certain embodiments, step S-4 employs a suitable solvent. Examples of
solvents suitable for use at step S-4 include polar solvents (e.g., ethers, DMF), aromatic
hydrocarbons (¢.g., toluene), or combinations thercof. In some embodiments, a solvent is or
comprises dioxane or THF (tetrahydrofuran). In some embodiments, a solvent is or comprises
dioxane. In some embodiments, a solvent is or comprises DMF. In some embodiments, a

solvent is or comprises toluene.

[0087] In some embodiments, step S-4 is carried out at temperatures of about 25-150 °C.
In some embodiments, the temperature is about 60-110 °C. In some embodiments, the

temperature is about 90 °C.

[0088] In certain embodiments, the present invention provides a method comprising the

steps of:
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a) providing an aryl iodide compound of formula B:

NH, | ,
ZZ\ Z3 /Y
J|\ . \>_X NAGHP
R! ~ 77 N
L\Rz
B

wherein each of R, R*, R*, L, Y', Y2, Z!, 7%, 7%, and X is as defined above and described in

classes and subclasses herein, both singly and in combination; and

b) reacting the aryl iodide of formula B under suitable conditions to provide protected amine

compound of formula C:

(R*)3Sn
Zzﬁ \>7xl/ \ R3

\

R?

C

wherein R” is as defined above and described in classes and subclasses herein, both singly and in

combination.

[0089] At step S-5, protected amine compound of formula C is reacted under suitable
deprotection conditions to provide trialkyltin compound of formula I. It will be appreciated that
deprotection conditions will depend upon the choice of protecting group, and suitable
deprotection chemistries are well known in the art and include those described in detail in
Greene (supra). In some embodiments, suitable deprotection conditions are mildly basic. In

some embodiments, suitable deprotection conditions comprise an amine base.

[0090] In certain embodiments, the present invention provides a method comprising the

steps of:

a) providing protected amine compound of formula C:

30



CA 02934850 2016-06-22

WO 2015/138039 PCT/US2014/072090

NH> R4h8n
AN _:f/
J\/[ H—x— TR

L\RZ

C

wherein each of R, R?, R, R*, L, Y', Y2, 7!, 7%, 73, and X is as defined above and described

in classes and subclasses herein, both singly and in combination;

and

b) reacting the protected amine compound of formula C under suitable deprotection

conditions to provide trialkyltin compound of formula I:

(R4)3Sn
22X _lf/
R1 J\/E \>_X \(R3
L

~

R2

wherein R? is as defined above and described in classes and subclasses herein, both singly

and in combination.

[0091] Compounds of formula I may be radiolabeled as described above for step S-2.

[0092] In certain embodiments of the above-described methods, the compound of

formula I is of formula I-a-1:
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(R*)3Sn

Feeitec

\

R2
I-a-1

wherein each of Ring A, R, R%LRY L, Y', Y% 7!, 72, Z°, and X is as defined above and
described in classes and subclasses herein, both singly and in combination.

[0093] In some embodiments of the above-described methods, the compound of formula

1 1s of formula I-a:
NH; Sn(CH3)3
f?[ >\—x

I-a

wherein each of R', R?, L, and X is as defined above and described in classes and subclasses

herein, both singly and in combination. In certain embodiments, a compound is of formula I-a
and:

X is =CHy- or —S-;
R' is hydrogen or halogen; and

L is a straight or branched, C, .14 aliphatic group wherein one or more carbons are

independently replaced by -NR-, wherein R is other than a —Boc protecting group.

[0094] In some embodiments of the above-described methods, the compound of formula

I is of formula I-b, I-¢, 1-d, I-e, I-f, I-g, I-h, or I-j:
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NH, (R*3Sn
OR
»xf gy
\Rz
I-¢
NH,  (R*);Sn

\%XII) f \%xffj

I-d I-e
NHz (R*);Sn (R*);Sn

ZZ\ \>_XID 70 \>—XI,®

R

I-f

NHz  (R*);Sn
\%XI 3
R

I-h

R

NH; (R4 )aSn
2
S5

\Rz
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wherein each of R}, R, R, R, L, Y', Y% Z', 7% 73, and X is as defined above and described in

classes and subclasses herein, both singly and in combination.

[0095] In certain embodiments of the above-described methods, the compound of

J\)I \%x

I-i

formula I 1s of formula I-i:

Sn(R*);

. 1 2 4 . . .
wherein each of R', R*, R", L, and X 1s as defined above and described in classes and subclasses

herein, both singly and in combination.

[0096] In certain embodiments, the present invention provides a method comprising the

steps of:

a) providing a trimethyltin compound:

NH (CH3)3

and

b) reacting the trimethyltin compound under suitable conditions to provide a compound of

formula I:
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NH,

.

5003
?NH
A

. L - . . . .
wherein R™ is a radiolabel as defined above and described in classcs and subclasses herein,

both singly and in combination.

[0097] In some embodiments, the present invention provides a method comprising the

steps of:

a) providing an aryl iodide compound:

NH,

e ey
4
A

and

b) reacting the aryl iodide under suitable conditions to provide a trimethyltin compound:
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NH; Sn(CH3)3

é[}s

[0098] In certain embodiments, the present invention provides a method comprising the

steps of’

a) providing protected amine compound:

NHZ CH3)3

é@*s
.
A

wherein PG is a suitable protecting group as defined above and described in classes and

subclasses herein;
and

b) reacting the protected amine compound under suitable deprotection conditions to provide

trimethyltin compound:

36



CA 02934850 2016-06-22

WO 2015/138039 PCT/US2014/072090
NH; Sn(CH3)3
*/E oL
N
NH
[0099] In some embodiments, PG is a protecting group that is capable of being removed

under mildly basic conditions. In certain embodiments, PG is -Fmoc.

[0100] In some embodiments, the present invention provides a method comprising the

steps of:

a) providing an aryl iodide compound:

NH,

é[g%@ )

P

wherein PG is a suitable protecting group as defined above and described in classes and

subclasses herein; and

b) reacting the aryl iodide under suitable conditions to provide protected amine compound:

NH; Sn(CHs),

k)l >\—SQ

?
N-PG

A
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[0101] In some embodiments, the present invention provides a method comprising the

steps of’

a) providing an aryl iodide of formula:

NH,

e ey
4
A

and

b) reacting the aryl iodide under suitable reaction conditions to provide an aryl iodide of

formula:

NHa

1?:[5%@03

Pharmaceutical Compositions

[0102] In another aspect, the present invention provides pharmaceutical compositions
comprising a Compound I" in combination with a pharmaceutically acceptable excipient (e.g.,
carrier). In some embodiments, such pharmaceutical compositions optionally include an aryl

iodide of formula A.

[0103] The pharmaccutical compositions include optical isomers, diastercomers, or
pharmaceutically acceptable salts of the inhibitors disclosed herein. Compound I" included in

the pharmaceutical composition may be covalently attached to a carrier moiety, as described
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above. Alternatively, Compound I" included in the pharmaceutical composition is not

covalently linked to a carrier moiety.

[0104] A “pharmaccutically acceptable carricr,” as usced herein refers to pharmaccutical
excipients, for example, pharmaceutically, physiologically, acceptable organic or inorganic
carrier substances suitable for enteral or parenteral application that do not deleteriously react
with the active agent. Suitable pharmaceutically acceptable carriers include water, salt solutions
(such as Ringer's solution), alcohols, oils, gelatins, and carbohydrates such as lactose, amylose or
starch, fatty acid esters, hydroxymethycellulose, and polyvinyl pyrrolidine. Such preparations
can be sterilized and, if desired, mixed with auxiliary agents such as lubricants, preservatives,
stabilizers, wetting agents, emulsifiers, salts for influencing osmotic pressure, buffers, coloring,
and/or aromatic substances and the like that do not deleteriously react with the compounds of the

invention.

[0105] The compounds of the invention can be administered alone or can be co-
administered to the subject. Co-administration is meant to include simultancous or sequential
administration of the compounds individually or in combination (more than onc compound).
The preparations can also be combined, when desired, with other active substances (¢.g. to

reduce metabolic degradation).

[0106] Compounds of the present invention can be prepared and administered in a wide
variety of oral, parenteral, and topical dosage forms. Thus, the compounds of the present
invention can be administered by injection (e.g. intravenously, intramuscularly, intracutancously,
subcutaneously, intraduodenally, or intraperitoneally). Also, the compounds described herein
can be administered by inhalation, for example, intranasally. Additionally, the compounds of the
present invention can be administered transdermally. It is also envisioned that multiple routes of
administration (e.g., intramuscular, oral, transdermal) can be used to administer the compounds

of the invention.

[0107] For preparing pharmaceutical compositions from the compounds of the present
invention, pharmaceutically acceptable carriers can be either solid or liquid. Solid form

preparations include powders, tablets, pills, capsules, cachets, suppositories, and dispersible
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granules. A solid carrier can be one or more substance that may also act as diluents, flavoring

agents, binders, preservatives, tablet disintegrating agents, or an encapsulating material.

[0108] In powders, the carrier is a finely divided solid in a mixture with the finely
divided active component. In tablets, the active component is mixed with the carrier having the

necessary binding properties in suitable proportions and compacted in the shape and size desired.

[0109] The powders and tablets preferably contain from 5% to 70% of the active
compound. Suitable carriers are magnesium carbonate, magnesium stearate, talc, sugar, lactose,
pectin, dextrin, starch, gelatin, tragacanth, methylcellulose, sodium carboxymethylcellulose, a
low melting wax, cocoa butter, and the like. The term “preparation” is intended to include the
formulation of the active compound with encapsulating material as a carrier providing a capsule
in which the active component with or without other carriers, is surrounded by a carrier, which is
thus in association with it. Similarly, cachets and lozenges are included. Tablets, powders,
capsules, pills, cachets, and lozenges can be used as solid dosage forms suitable for oral

administration.

[0110] For preparing suppositories, a low melting wax, such as a mixture of fatty acid
glycerides or cocoa butter, is first melted and the active component is dispersed homogeneously
therein, as by stirring. The molten homogeneous mixture is then poured into convenient sized

molds, allowed to cool, and thereby to solidify.

[0111] Liquid form preparations include solutions, suspensions, and emulsions, for
example, water or water/propylene glycol solutions. For parenteral injection, liquid preparations

can be formulated in solution in aqueous polyethylene glycol solution.

[0112] When parenteral application is needed or desired, particularly suitable admixtures
for the compounds of the invention are injectable, sterile solutions, preferably oily or aqueous
solutions, as well as suspensions, emulsions, or implants, including suppositories. In particular,
carriers for parenteral administration include aqueous solutions of dextrose, saline, pure water,
ethanol, glycerol, propylene glycol, peanut oil, sesame oil, polyoxyethylene-block polymers, and
the like. Ampoules are convenient unit dosages. The compounds of the invention can also be
incorporated into liposomes or administered via transdermal pumps or patches. Pharmaccutical

admixtures suitable for usc in the present invention include those described, for example, in
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Pharmaceutical Sciences (17th Ed., Mack Pub. Co., Easton, PA) and WO 96/05309..

[0113] Aqueous solutions suitable for oral use can be prepared by dissolving the active
component in water and adding suitable colorants, flavors, stabilizers, and thickening agents as
desired. Aqueous suspensions suitable for oral use can be made by dispersing the finely divided
active component in water with viscous material, such as natural or synthetic gums, resins,

methylcellulose, sodium carboxymethylcellulose, and other well-known suspending agents.

[0114] Also included are solid form preparations that are intended to be converted,
shortly before use, to liquid form preparations for oral administration. Such liquid forms include
solutions, suspensions, and emulsions. These preparations may contain, in addition to the active
component, colorants, flavors, stabilizers, buffers, artificial and natural sweeteners, dispersants,

thickeners, solubilizing agents, and the like.

[0115] The pharmaceutical preparation is preferably in unit dosage form. In such form
the preparation is subdivided into unit doses containing appropriate quantitics of the active
component. The unit dosage form can be a packaged preparation, the package containing
discrete quantitics of preparation, such as packeted tablets, capsules, and powders in vials or
ampoules. Also, the unit dosage form can be a capsule, tablet, cachet, or lozenge itself, or it can

be the appropriate number of any of these in packaged form.

[0116] The quantity of active component in a unit dose preparation may be varied or
adjusted from 0.1 mg to 10000 mg, more typically 1.0 mg to 1000 mg, most typically 10 mg to
500 mg, according to the particular application and the potency of the active component. The

composition can, if desired, also contain other compatible therapeutic agents.

[0117] Some compounds may have limited solubility in water and therefore may require
a surfactant or other appropriate co-solvent in the composition. Such co-solvents include:
Polysorbate 20, 60, and 80; Pluronic F-68, F-84, and P-103; cyclodextrin; and polyoxyl 35 castor
oil. Such co-solvents are typically employed at a level between about 0.01 % and about 2% by

weight.

[0118] Viscosity greater than that of simple aqueous solutions may be desirable to

decrease variability in dispensing the formulations, to decrease physical separation of
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components of a suspension or emulsion of formulation, and/or otherwise to improve the
formulation. Such viscosity building agents include, for example, polyvinyl alcohol, polyvinyl
pyrrolidone, methyl cellulose, hydroxy propyl methylcellulose, hydroxyethyl cellulose,
carboxymethyl cellulose, hydroxy propyl cellulose, chondroitin sulfate and salts thereof,
hyaluronic acid and salts thereof, and combinations of the foregoing. Such agents are typically

employed at a level between about 0.01% and about 2% by weight.

[0119] The compositions of the present invention may additionally include components
to provide sustained release and/or comfort. Such components include high molecular weight,
anionic mucomimetic polymers, gelling polysaccharides, and finely-divided drug carrier
substrates. These components are discussed in greater detail in U.S. Pat. Nos. 4,911,920;

5,403,841; 5,212,162; and 4,861,760.

[0120] In order that the invention described herein may be more fully understood, the
following examples are set forth. It should be understood that these examples are for illustrative

purposes only and are not to be construed as limiting this invention in any manner.

EXEMPLIFICATION

[0121] As depicted in the Examples below, in certain exemplary embodiments,
compounds are prepared according to the following general procedures. It will be appreciated
that, although the general methods depict the synthesis of certain compounds of the present
invention, the following general methods, and other methods known to one of ordinary skill in
the art, can be applied to all compounds and subclasses and species of each of these compounds,

as described herein.

Example 1

Experimental details for the synthesis of compound I-1 (Method 1)

[0122] One route to I-1 involves direct installation of the trimethyltin moicty onto PU-

H71 (Method 1). The trimethyltin group is known to be unstable under acidic conditions and
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indeed, when 3 (see Scheme A, supra) was treated with dilute TFA (20% in CH,Cl,),

protodestannylation occurred in addition to cleavage of the Boc protecting group.

Method 1
NH, NH, c:H3
L)IN%@ > kﬁh}\—s
Lo
)Ni NH
1 1-1
[0123] 9-(3-(isopropylamino)propyl)-8-((6-(trimcthylstannyl)benzo[d][ 1,3 ]dioxol-5-

yl)thio)-9H-purin-6-amine (I-1). Compound 1 (30 mg, 0.0585 mmol), Pd(PPh;), (3.4 mg,
0.0029 mmol), hexamethylditin (48 uL, 0.232 mmol) in dry dioxane (3 mL) was heated at 90 'C
in a 10 mL round-bottomed flask sealed with a rubber septum for 18 hours. The solvent was
concentrated under vacuum and the crude product was purified via preparatory TLC
(CHCIs:EtOAc:hexane:NHi/MeOH at 2:1:2:0.5) to afford I-1 (13.2 mg, 41%, average over four
experiments). "H NMR (500 MHz, CDCly) & 8.26 (s, 1H), 7.02 (s, 1H), 6.98 (s, 1H), 5.98 (s,
2H), 5.63 (bs, 2H), 4.26 (t, J=6.8 Hz, 2H), 2.73 (m, 1H), 2.57 (t, J= 6.8 Hz, 2H), 2.02 (m,
2H), 1.06 (d, J= 10.6 Hz, 6H), 0.28 (s, 9H); LCMS found 551.2 [M+H]".

Example 2

Experimental details for the synthesis of compound I-1 (Method 2)

[0124] Method 2 utilized a protecting group strategy as an alternative to Method 1. Fmoc
was chosen since it can be removed under mildly basic conditions, and importantly the

trimethyltin moiety is stable under these conditions.
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Method 2

Sn(CH3)3

NH, | NH; | NH; NH; Sn(CHa)s
OO0 000 OO 00O

A
A N A N

2:2 23 11

[0125] (9H-fluoren-9-yl)methyl (3-(6-amino-8-((6-iodobenzo[d][1,3]dioxol-5-yl)thio)-
9H-purin-9-yl)propyl)(isopropyl)carbamate (2-2). To compound 1 (100 mg, 0.195 mmol) in a
mixture of THF/water (4 mL:1 mL) and cooled in an ice bath, 9-Fluorenylmethyl N-succinimidyl
carbonate (98.5 mg, 0.292 mmol) was added as a solid in one portion followed by the addition of
solid sodium bicarbonate (24.5 mg, 0.292 mmol). The reaction mixture was stirred at room
temperature for 3 hours. The reaction was determined to be complete by TLC and LC-MS,
LCMS found 735.4 [M+H]". Then, the solvent was concentrated and the crude product was
purified by preparatory TLC (DCM:MeOH 95:5) to afford 2-2 (126 mg, 88%). "H NMR (500
MHz, DMSO-ds) & 8.14 (s, 1H), 7.83 (br. s, 2H), 7.57 (br. s, 2H), 7.46 (s, 1H), 7.25-7.40 (m,
6H), 6.77 (s, 1H), 6.02 (s, 2H), 4.45 (d, /= 4.95 Hz, 2H), 4.19 (m, 1H), 4.08 (q, /= 5.26 Hz,
2H), 3.83-3.89 (m, 2H), 3.03 (m, 1H) 2.76 (m, 1H), 1.78 (m, 1H), 0.76-0.85 (m, 6 H).

[0126] (9H-fluoren-9-yl)methy! (3-(6-amino-8-((6-
(trimethylstannyl)benzo[d][1,3]dioxol-5-yl)thio)-9H-purin-9-yl)propyl)(isopropyl)carbamate (2-
3). Compound 2-2 (100 mg, 0.136 mmol), Pd(PPh3)4 (7.85 mg, 0.0068 mmol), hexamethylditin
(178.2 mg, 0.544 mmol) in dry dioxane (6 mL) was heated at 90 ‘C in a 25 mL round-bottomed
flask sealed with a rubber septum for 18 hours. The solvent was concentrated and the crude
product purified via preparatory TLC (CHCls: EtOAc: hexane: NHiz/ MeOH at 2:1:2:0.5) to
afford 2-3 (58.8 mg, 56%). "H NMR (500 MHz, CDCl;) & 8.24 (s, 1H), 7.74 (d, J = 7.4 Hz, 2H),
7.65 (m, 1H), 7.54 (m, 2H), 7.46 (m, 1H), 7.35 (m, 2H), 7.28 (m, 3H), 6.95 (s, 1H), 5.93 (s, 2H),
5.65 (br. s., 2H), 4.55 (m, 2H), 4.21 (m, 2H), 3.83 (br s, 1H), 3.20 (m,1H), 2.91 (m, 1H), 1.78 (m,
1H), 0.97 (d, J= 4.9 Hz, 6H), 0.27 (s, 9H); LCMS found 773.4 [M+H]'".
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[0127] 9-(3-(isopropylamino )propyl)-8-((6-(trimethylstannyl)benzo[d][ 1,3]dioxol-5-
yl)thio)-9H-purin-6-amine (I-1). To compound 2-3 (12 mg, 0.0155 mmol) in dry CH,Cl, (1.5
mL) was added diethylamine (265 mg, 375 uL, 3.62 mmol), and the reaction mixture was stirred
at room temperature for 18 hours. Then, more diethylamine (318 mg, 450 uL, 4.35 mmol) was
added to the reaction, and the reaction mixture stirred for 3 additional hours followed by LC-MS.
After completion of the reaction the solvent was concentrated. The crude product was purified
via preparatory TLC (CHCl;: EtOAc: hexane: NH3/ MeOH at 2:1:2:0.5) to afford I-1 (5.7 mg,
70%). 'NMR (500 MHz, CDCls) 3 8.26 (s, 1H), 7.02 (s, 1H), 6.98 (s, 1H), 5.98 (s, 2H), 5.50 (br
s, 2H), 4.26 (t, J=6.8 Hz, 2H), 2.73 (m, 1H), 2.57 (t, J = 6.8 Hz, 2H), 2.02 (m, 2H), 1.05 (d, J
=10.6 Hz, 6H), 0.28 (s, 9H); MS m/z 551.24 (M+H) *; 549.11 (M-H)". LCMS found 551.4
[M+H]".

Comparative cost analysis for the synthesis of Compound I-1

[0128] In Method 1, when 1 was directly subjected to conditions that were previously
used for Boc-protected 2, the desired product I-1 in was obtained in 41% yield. Similarly, when
Fmoc-protected PU-H71 2-2 was subjected to similar conditions 2-3 was obtained in 56% yield.
Compared to the Method 1, Method 2 requires two additional steps, installation and removal of
the Fmoc group, at yields of 88% and 70%, respectively. The overall yield for Method 2 is 34%
(0.88 x 0.56 x 0.70 x 100%) which is comparable to Method 1.

[0129] ['**1] — Nal costs per mCi ~ $225, and a typical patient dose = 5-11 mCi/study.
To carry out the radiolabeling as depicted in Scheme A using a Boc precursor, the typical
isolated yields are 40-50% and requires 2 or more hours of radiochemistry time (~ $300),
producing inconsistent results. In contrast, using compound I-1 as in Methods 1 and 2 above
produces typical isolated yields in the range of 60-70% (i.e., 2 mCi of material saved), with
radiochemistry time down to 30 min. or less. Moreover, these methods are more reliable and
reproducible, which is highly desirable in clinical applications. Thus, the total savings per dose
are currently estimated to be about $725 compared to the current methods. Method 1 offers the

additional advantage of requiring fewer steps to produce compound I-1, which results in
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additional savings as compared to both Method 2 and the existing chemistry depicted in Scheme
A.
Example 3

Radiolabeling of compounds of Formula I

H.N N/ HoN

N Sn— N 131
N/ \ \>/S N)KYS
L o

[0130] To a solution of 25 ul of compound I-1 (1.0 ug/uL in methanol) in Eppendorf
was added ["*'1]-Nal solution (0.4 mCi in 4 uL in 0.1N NaOH) and the solution was vortexed. To
this solution, 2 puL of chloramine-T (2 mg /ml acetic acid) was added and the reaction mixture
was vortexed and allowed to react for 1 min. The crude product was purified by passing through
a C-18 column (Phenomenex, Luna 250 x 4.6 mm, 5u, 110 A), using 20 % B (A =0.1% TFA; B
=0.1% TFA in acetonitrile) as the eluant with a flow rate of 1 ml/min. The product has a
retention time of about 12 minutes, under the conditions described above was collected and used

for further studies. The yield for this reaction averages in the range of 60-70%.
Alternative purification procedure

[0131] Precondition Sep-Pak® Classic C18 cartridge (360mg 55-105um) with 10 mL of
ethanol and followed by 20 mL of water. Dilute the reaction mixture with 1 mL of water and
load this diluted reaction mixture on to Sep-Pak® c18 cartridge. Wash the cartridge with 20 mL
water (2 x 10 mL). The final product can be eluted in ethanol (<3 mL) from Sep-Pak® into a
new vial. The ethanol volume can be reduced by inert gas flow to <0.3 mL. The product can be

formulated in saline (5-10 mL) and sterile filtered to final product vial assembly.
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Example 4

Preparation of compound 1-2

NH, NH- CH3)3

)I Q PA(PPhs),,
hexamethylditin,
§ Nys ) dioxane, 90°C, 20h L >‘S
bl
4
[0132] 9-(2-(Neopentylamino)ethyl)-8-((6-(trimethylstannyl)benzo[d][ 1,3]dioxol-5-

yl)thio)-9H-purin-6-amine (I-2). To compound 4-1 (25 mg, 0.047 mmol), Pd(PPhs)4 (2.7 mg,
0.0023 mmol), hexamethylditin (38.9 uL, 0.232 mmol) was added 3 mL of dry dioxane and the

-1 -2

reaction mixture was heated at 90 ‘C in a 10 mL round-bottomed flask sealed with a rubber
septum for 20 hours. The solvent was concentrated under vacuum and the crude product was
purificd via preparatory TLC twice; first time using CHCI3:EtOAc:hexanc:NH3/McOH (7N) at
2:1:2:0.5, and then by CH,Cl,:MeOH at 9:1 to afford I-2 (7.4 mg, 28 %). 'H NMR (500 MHz,
CD;0D) 6 8.14 (s, 1H), 7.12 (s, 1H), 7.05 (s, 1H), 6.05 (s, 2H), 4.34 (t, J= 6.6 Hz, 2H), 3.04 ( t,
J = 6.6 Hz, 2H), 2.41 (s, 2H), 0.89 (s, 9H), 0.26 (s, 9H); MS (m/z): [M+H]" 565.2.

[0133] Radiolabeling of compound 1-2 is carried out as described in Example 3,

substituting compound I-2 for compound I-1.
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Example 5

Preparation of compound I1-3

NH,

I Pd(PPh3)g,
" N
N hexamethylditin, N e}
N™™S Q dioxane, 90°C. 200 _ I 3
P P > FTONTON o
F” N 3N o
HN E

5-1

2-Fluoro-9-(2-(isobutylamino)ethyl)-8-((6-(trimethylstannyl)benzo[d][1,3] dioxol-5-
y)methyl)-9H-purin-6-amine (I-3). To compound 5-1 (25 mg, 0.048 mmol), Pd(PPhs)s (2.8
mg, 0.0024 mmol), and hexamethylditin (39.8 uL, 0.232 mmol) was added 3 mL of dry dioxane
and the reaction mixturc was hecated at 90 'C in a 10 mL RBF scaled with a rubber septum for 20
hours. The solvent was concentrated under vacuum and the crude product was purified via
preparatory TLC twice, first by using CHCI3:EtOAc:hexane:NH3/MeOH (7N) at 2:1:2:0.5, and
then CH,Cl,:MeOH at 9:1 to afford I-3 (4.6 mg, 17 %). "H NMR (500 MHz, CD;0D) § 6.95 (s,
1H), 6.69 (s, 1H), 5.92 (s, 2H), 4.24 (s, 2H), 4.21 (t, J= 6.6 Hz, 2H), 2.90 (t, J= 6.6 Hz, 2H),
240 (d, J=6.4 Hz, 2H), 1.70 (m, 1H), 0.89 (d, J = 6.5 Hz, 6H), 0.26 (s, 9H); MS (m/z):
[M+H]" 551.2.

[0134] Radiolabeling of compound I-3 is carried out as described in Example 3,

substituting compound I-3 for compound I-1.
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Example 6
Preparation of compound I-4
NH Pd(PPh3)s, NH
N ! hexamethylditin, N Sn(CHy)3
NI N wa dioxane, 90°C, 20h N/\K;[ wo
- |
P 0 FON o

.
~ ~

6-1 I-4

[0135] 2-Fluoro-9-(3-(isopropylamino)propyl)-8-((6-
(trimethylstannyl)benzo[d][ 1,3 ]dioxol-5-yl)methyl)-9H-purin-6-amine (I-4). To compound 6-1
(25 mg, 0.0487 mmol), Pd(PPh3),(2.81 mg, 0.0024 mmol), and hexamethylditin (40 uL, 0.194
mmol) was added 3 mL of dry dioxanec and the reaction mixture was heated at 90 °C in a 10 mL
round-bottomed flask scaled with a rubber septum for 20 hours. The solvent was concentrated
under vaccum and the crude product was purified via preparatory TLC twice; first time using
CHCIl5:EtOAc:hexanc:NH3;/McOH (7N) at 2:1:2:0.5, and then by CH,Cl;:McOH at 9:1 to afford
I-4 (4.5 mg, 17 %). "H NMR (500 MHz, CD;0D) 8 6.96 (s, 1H), 6.70 (s, 1H), 5.92 (s, 2H), 4.22
(s, 2H),4.19 (t, J=7.1 Hz, 2H), 2.90 (m, 1H), 2.67 (t, J=7.1 Hz, 2H), 1.97 (m, 2H), 1.13 (d, J
= 6.2 Hz, 6H), 0.21 (s, 9H); MS (m/z): [M+H] 551.2.

[0136] Radiolabeling of compound 1-4 is carried out as described in Example 3,

substituting compound I-4 for compound I-1.

49



CLAIMS

What is claimed is:

1. A compound of formula I:
NHz  (R*);Sn 5
3 Y.
Al Z\ Il 3
J >*X 10 (R)o-2
R"">SZITON Y
|
|
wherein:

Xis =CH,-, -O-, or =S-;

Y! and Y2 are independently —CR3- or —N-;

7%, 72, and 73 are independently —CH- or —=N-;

R is hydrogen or halogen;

L is a straight or branched, C;.15 aliphatic group wherein one or more carbons are optionally and
independently replaced by —NR-, wherein R is other than a —Boc protecting group

R%is hydrogen or an optionally substituted group selected from the group consisting of Ci.6 aliphatic,
phenyl, 3-to 7-membered saturated or partially unsaturated monocyclic carbocyclyl, 3- to 7-
membered saturated or partially unsaturated monocyclic heterocyclyl having 1-2 heteroatoms
selected from oxygen, nitrogen, or sulfur, 5- to 6-membered heteroaryl having 1-4 heteroatoms
selected from oxygen, nitrogen, or sulfur, 7- to 10-membered saturated or partially unsaturated
bicyclic carbocyclyl, 7- to 10-membered saturated or partially unsaturated bicyclic heterocyclyl
having 1-4 heteroatoms selected from oxygen, nitrogen, or sulfur, 7- to 10-membered bicyclic
heteroaryl having 1-4 heteroatoms selected from oxygen, nitrogen, or sulfur, and 8- to 10-
membered bicyclic aryl;

or —L-R? is selected from the following:
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Vi /

o hb

N

oA~

and wherein —-L-R? does not contain a Boc-protected secondary amine;

’

each R?is independently halogen, -NO5, =CN, —OR, —=SR, =N(R);, -C(O)R, -CO3R, —=C(O)C(O)R, -
C(O)CH,C(O)R, —=S(O)R, —=S(0)2R, —C(O)N(R)2, -SO2N(R),, -OC(O)R, —N(R)C(O)R, —N(R)N(R),, or
optionally substituted Ci aliphatic or pyrrolyl; or
two R groups are taken together with their intervening atoms to form Ring A, wherein Ring A is
a 3- to 7-membered partially unsaturated carbocyclyl, phenyl, a 5- to 6-membered partially
unsaturated monocyclic heterocyclyl having 1-2 heteroatoms selected from oxygen,
nitrogen, or sulfur, 5- to 6-membered heteroaryl having 1-4 heteroatoms selected from
oxygen, nitrogen, or sulfur, or 6-membered aryl;
R33is R® or hydrogen;
R*is Ca4 alkyl;
each R is independently hydrogen or an optionally substituted group selected from Ci.¢ aliphatic,
phenyl, 3-to 7-membered saturated or partially unsaturated carbocyclyl, 3- to 7- membered
saturated or partially unsaturated monocyclic heterocyclyl having 1-2 heteroatoms selected
from oxygen, nitrogen, or sulfur, or 5- to 6-membered heteroaryl having 1-4 heteroatoms
selected from oxygen, nitrogen, or sulfur, or:
two R groups on the same nitrogen are taken together with their intervening atoms to form an
optionally substituted ring selected from 3- to 7-membered saturated or partially
unsaturated monocyclic heterocyclyl having 1-2 heteroatoms selected from oxygen,
nitrogen, or sulfur, or 5- to 6-membered heteroaryl having 1-4 heteroatoms selected from

oxygen, nitrogen, or sulfur.

2. The compound of claim 1, wherein -L-R? does not contain a protected secondary amine.
3. The compound of claim 1, wherein the compound is of formula I-a-1 or I-a:
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\R2
l-a-1
NH; Sn(CH3)3
~-N « 0
DS
R1J\ 7N o)
L\Rz
l-a.
4, The compound of claim 1, wherein the compound is of formula I-b, I-c, I-d, I-e, I-f, I-g, I-h, or I-j:
(R*)3Sn Hy (R%)5Sn
OR
’thz ’ﬁwII
\R2 \RZ
I-b I-c
Hz  (R*)3Sn Hy (R"3Sn
27 2
ZK/E\%XII) ZKL\%XIIJ
\R2 \RZ
I-d l-e
(R*)3Sn NHz  (R%)3Sn
22 X
ﬁ»xf Iy »xf 1y
R R
I-f I-g
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10.

11.

12.

13.

14.

15.

NH;  (R*)3Sn ) NHz (R*)3Sn 5
e e ey
T8 1A
RI">ZTON Y R7SZUON Yo

|
L

\RZ L\RZ

I-h I-.

The compound of any one of claims 1-4, wherein Y*is -CR3-,

The compound of any one of claims 1-4, wherein Y!is —N-.

The compound of any one of claims 1-6, wherein Y2 is -CR32-,

The compound of any one of claims 1-6, wherein Y?is —=N-.

The compound of any one of claims 1-8, wherein R* is hydrogen.
The compound of any one of claims 1-9, wherein Z* is -CH-.

The compound of any one of claims 1-9, wherein Z* is —N-.

The compound of any one of claims 1-11, wherein Z? is -CH-.

The compound of any one of claims 1-11, wherein Z% is =N-.

The compound of any one of claims 1-13, wherein Z3 is -CH-.

The compound of any one of claims 1-13, wherein Z% is —N-,

53

Date Regue/Date Received 2021-09-03



16.

17.

18.

19.

20.

21.

22.

23.

The compound of claim 1, wherein the compound is of formula I-i:

NH; Sn(R%s
N
s
R °N r}J (@)
L\R2

The compound of any one of claims1-16, wherein X is —CH,- or =S-.

The compound of any one of claims 1-17, wherein X is —~CH;-.

The compound of any one of claims 1-17, wherein X is —S-.

The compound of any one of claims1-18, wherein R* is hydrogen.

The compound of any one of claims 1-19, wherein R! is halogen.

The compound of claim 21, wherein R is fluro.

The compound of any one of claims 1-22, wherein —L-R? comprises a methylene that is replaced

with —NH- to form a secondary amine.

24,

The compound of any one of claims 1-23, wherein L is a straight or branched, C,.14 aliphatic

group wherein a methylene of the aliphatic group is replaced with —NH- to form a secondary amine.

25.

The compound of any one of claims 1-24, wherein L is a straight or branched, C,.10 aliphatic

group wherein a methylene of the aliphatic group is replaced with —NH- to form a secondary amine.
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26. The compound of claim 25, wherein L is a straight or branched, C,.5 aliphatic group wherein a

methylene of the aliphatic group is replaced with —=NH- to form a secondary amine.

27. The compound of any one of claims 1-26, wherein R? is hydrogen.

28. The compound of any one of claims 1-26, wherein R? is optionally substituted Ci aliphatic.

29. The compound of any one of claims 1, 4-14, 16-28, wherein R?* is —OR.

30. The compound of claim 3 or 29, wherein R of the R3 group is C1 aliphatic.

31. The compound of claim 30, wherein R of the R® group is methyl.

32. The compound of any one of claims 1-31, wherein R* is methyl.

33. The compound of any one of claims 1-31, wherein R* is butyl.

34, The compound of any one of claims 1-22, wherein -L-R? is selected from the following:

35. The compound of any one of claims 1-34, wherein —L-R? is selected from the following:

/\/\r(é
Z
-
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A compound selected from:

NH
NH, Sn(CHs), )\/Z[N SRk
N NS 2
. ADS =05
-3 %
kN/ " O) N~ N O
é HN
x 4
I-1 I-2
NH, NH,
x N Sn(CHs); N N Sn(CHs)3
~ | =
N7 N F7" N7 N
Soor P
o)
HN o~/
N

NH; Sn(CHa)s

O3
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37. A compound:

NHZ Sn(CH3)3

é[ \%S

38. A method of radiolabeling, comprising the steps of:

a) providing a trialkyltin compound of formula I:

Hz (R*),Sn
IS
JT \>*X“2/ T (R¥2
L\Rz

|
wherein:

Xis =CH,-, -O-, or =S-;

Y! and Y2 are independently —CR32- or —N-;

7%, 72, and Z3 are independently —CH- or =N-;

R!is hydrogen or halogen;

L is a straight or branched, C,.14 aliphatic group wherein one or more carbons are optionally and
independently replaced by —NR-, wherein R is other than a —Boc protecting group,

R?is hydrogen or an optionally substituted group selected from the group consisting of Ci.6 aliphatic,
phenyl, 3-to 7-membered saturated or partially unsaturated monocyclic carbocyclyl, 3- to 7-
membered saturated or partially unsaturated monocyclic heterocyclyl having 1-2 heteroatoms
selected from oxygen, nitrogen, or sulfur, 5- to 6-membered heteroaryl having 1-4 heteroatoms

selected from oxygen, nitrogen, or sulfur, 7- to 10-membered saturated or partially unsaturated
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bicyclic carbocyclyl, 7- to 10-membered saturated or partially unsaturated bicyclic heterocyclyl
having 1-4 heteroatoms selected from oxygen, nitrogen, or sulfur, 7- to 10-membered bicyclic
heteroaryl having 1-4 heteroatoms selected from oxygen, nitrogen, or sulfur, and 8- to 10-
membered bicyclic aryl;

or —L-R? is selected from the following:

PG

and wherein -L-R? does not contain a Boc-protected secondary amine;

each R?is independently halogen, -NO5, =CN, —OR, —=SR, =N(R);, -C(O)R, -CO3R, —=C(O)C(O)R, -
C(O)CH,C(O)R, =S(O)R, =S(0)2R, =C(O)N(R)2, -SO2N(R),, -OC(O)R, =N(R)C(O)R, =N(R)N(R),, or
optionally substituted Ci aliphatic or pyrrolyl; or
two R groups are taken together with their intervening atoms to form Ring A, wherein Ring A is
a 3- to 7-membered partially unsaturated carbocyclyl, phenyl, a 5- to 6-membered partially
unsaturated monocyclic heterocyclyl having 1-2 heteroatoms selected from oxygen,
nitrogen, or sulfur, 5- to 6-membered heteroaryl having 1-4 heteroatoms selected from
oxygen, nitrogen, or sulfur, or 6-membered aryl;
R is R® or hydrogen;
R*is C14 alkyl;
each R is independently hydrogen or an optionally substituted group selected from Cy¢ aliphatic,
phenyl, 3-to 7-membered saturated or partially unsaturated carbocyclyl, 3- to 7- membered
saturated or partially unsaturated monocyclic heterocyclyl having 1-2 heteroatoms selected
from oxygen, nitrogen, or sulfur, or 5- to 6-membered heteroaryl having 1-4 heteroatoms
selected from oxygen, nitrogen, or sulfur, or:
two R groups on the same nitrogen are taken together with their intervening atoms to form an
optionally substituted ring selected from 3- to 7-membered saturated or partially
unsaturated monocyclic heterocyclyl having 1-2 heteroatoms selected from oxygen,
nitrogen, or sulfur, or 5- to 6-membered heteroaryl having 1-4 heteroatoms selected from

oxygen, nitrogen, or sulfur;
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and
b) reacting the trialkyltin compound of formula | under suitable conditions to provide a compound

of formula I'

RT ~Z1 N
L\Rz
IL
wherein Rt is a radiolabel.
39. The method of claim 38, wherein -L-R? does not contain a protected secondary amine.

40. The method of claim 38, further comprising the steps of:

a) providing an aryl iodide compound of formula A:

NH, I )
3 _Y:
72N Z\ I l 3
A >7X N\, T"(R%)o-2
R >Z7ON Y
A
and
b) reacting the aryl iodide of formula A under suitable conditions to provide a trialkyltin compound

of formula I:

(R4)3Sn
b
72X
JI \>*X I T (R¥)02

L\RZ

59

Date Regue/Date Received 2021-09-03



41. The method of claim 38, further comprising the steps of:

a) providing protected amine compound of formula C:

H, R4)3Sn
22 I
JI \>*X I (R¥g2
L\RZ
(o

wherein —L-R? comprises a methylene that is replaced with —=NH- to form a secondary amine, and
wherein the secondary amine is protected with a suitable protecting group;

and

b) reacting the protected amine compound of formula C under suitable deprotection conditions to

provide trialkyltin compound of formula I:

(R4)3Sn
72X _;Z/
JI \>*X \(RS)O 2

\Rz
L.

42. The method of claim 41, further comprising the steps of:

a) providing an aryl iodide compound of formula B:

2
VA 2\3 fY\h
I >*X \Y1J/\(R3)02
RY ~zV °N
|
L\RZ'
B

and
b) reacting the aryl iodide of formula B under suitable conditions to provide protected amine

compound of formula C:
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(R4)3Sn
22 _JT/
JI \>*X \(R3)0 2

\Rz'
C.

43, The method of claim 42, further comprising the steps of:

a) providing an aryl iodide of formula A:

NH,
Z3 /Y2
22N \ 403
A =X T (R0
17N 1
R Z l}l
L r2
A

and

b) reacting the aryl iodide of formula A under suitable reaction conditions to provide an aryl iodide

compound of formula B:

NH, I )
z8 =Y.
A \ I i 3
L %= 3R
R ™>zON Y
[
L\RZ'
B.
44, The method of any one of claims 38-43, wherein the compound of formula I is of formula I-a:
Hy (R*)3Sn
22
ﬁ »xf 0
\RZ
I-a.
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45, The method of any one of claims 38-43, wherein the compound of formula I is of formula I-b, I-c,

I-d, I-e, I-f, I-g, I-h, or I-j:

(R*)3Sn

Zﬁ ey

NH,  (R*)5Sn
2
£ 00

R

I-h

Hy (R*5Sn
zfﬁ \}XI IOR
\Rz
I-c
Hz (R%)3Sn
27
Fes L
\Rz
l-e
(R"')33n
ZZJ\/[ \ XI
R1
I-g

46. The method of any one of claims 38-45, wherein Y!is -CR%2-,

47. The method of any one of claims 38-45, wherein Y!is —N-.

Date Regue/Date Received 2021-09-03



48. The method of any one of claims 38-47, wherein Y2 is -CR%-,

49, The method of any one of claims 38-48, wherein R* is hydrogen.
50. The method of any one of claims 38-48, wherein Y?is —=N-,

51. The method of any one of claims 38-50, wherein Z* is -CH-.

52. The method of any one of claims 38-50, wherein Z* is —N-.

53. The method of any one of claims 38-52, wherein 7% is -CH-.

54, The method of any one of claims 38-52, wherein Z% is =N-.

55. The method of any one of claims 38-54, wherein Z% is -CH-.

56. The method of any one of claims 38-54, wherein Z® is =N-,

57. The method of claim 38, wherein the compound of formula l is of formula I-i:

NH: Sn(R*);
N

JXL13

L\Rz

I-i.
58. The method of any one of claims 38-57, wherein X is —CH,- or =S-.
59. The method of any one of claims 38-58, wherein X is —CH>-.

60. The method of any one of claims 38-58, wherein X is =S-.

63

Date Regue/Date Received 2021-09-03



61. The method of any one of claims 38-60, wherein Rt is hydrogen.

62. The method of any one of claims 38-60, wherein R is halogen.
63. The method of claim 62, wherein R*is fluro.
64. The method of any one of claims 38-63, wherein —L-R? comprises a methylene that is replaced

with —NH- to form a secondary amine.

65. The method of any one of claims 38-64, wherein L is a C,.14 aliphatic group wherein a methylene

of the aliphatic group is replaced with —NH- to form a secondary amine.

66. The method of claim 65, wherein L is a C2.10 aliphatic group wherein a methylene of the aliphatic

group is replaced with —NH- to form a secondary amine.

67. The method of claim 65, wherein L is a C,.5 aliphatic group wherein a methylene of the aliphatic

group is replaced with —NH- to form a secondary amine.

68. The method of any one claims 38-67, wherein R? is hydrogen.

69. The method of any one claims 38-67, wherein R? is optionally substituted Ci aliphatic.

70. The method of any one of claims 38-69, wherein R*is —OR.

71. The method of claim 70, wherein R of the R® group is C1 aliphatic.

72. The method of claim 71, wherein R of the R® group is methyl.

73. The method of any one of claims 38-72, wherein R*is methyl.
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74. The method of any one of claims 38-72, wherein R*is butyl.

75. The method of any one of claims38-63, wherein —L-R? is selected from the following:
" " o ?? ol o e ~ E?
? HN HN >

76. The method of any one of claims 38-75, wherein —L-R? is selected from the following:
o vgg, af
> HN HN
77. The method of any one of claims 38-74, wherein the compound of formula I is selected from:

NH, n(CH3)3

@[”y;& 3 é[g%@

g .
B A
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NH, NH,

Nl N Sn(CH3s)3 Nl)\iN Sn(CHs)3
)\ N F” N7 N
O §
N

78. A method of radiolabeling, comprising the steps of:

a) providing a trimethyltin compound:

NHZ CH3)3

kﬁh}s
.
N

and
b) reacting the trimethyltin compound under suitable conditions to provide a compound of formula
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wherein R' is a radiolabel.

79. The method of claim 78, further comprising the steps of:
a) providing an aryl iodide compound:

NH,

@;»s@gﬁ
X

and

b) reacting the aryl iodide under suitable conditions to provide a trimethyltin compound:

NH, Sn(CHs)s
N

NTX O

L §>\* )

B

80. The method of claim 78, further comprising the steps of:

a) providing protected amine compound:
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wherein PG is a suitable protecting group;
and
b) reacting the protected amine compound under suitable deprotection conditions to provide

trimethyltin compound:

NH, Sn(CHa);

Sesey
]

A

81. The method of claim 80, further comprising the steps of:
a) providing an aryl iodide compound:

NH,

éﬂg&s@ 2

and

b) reacting the aryl iodide under suitable conditions to provide protected amine compound:
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NH, Sn(CH3)3

C0-+-L0
..
N

82. The method of claim 81, further comprising the steps of:
a) providing an aryl iodide of formula:

NH.,

k)\/[N»SQ >
i

and

b) reacting the aryl iodide under suitable reaction conditions to provide an aryl iodide of formula:

NH,

éﬂg%g 2
e

83. The method of any one of claims 38-82, wherein R"is selected from the group consisting of **I,

1251’ 1241’ 1231’ 11C’ 150’ 13N, 19F and 18F.

84. The method of claim 83, wherein R'is %I
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85. The method of any one of claims 41-43 or 80-82, wherein PG is a protecting group that is

capable of being removed under mildly basic conditions.

86. The method of claim 85, wherein PG is ~Fmoc.
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