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TRIAZINE BASED RADIOPHARMACEUTICALS AND
RATHOIMAGING AGENTS

CROSS-REFERENCE TO RELATED APPLICATIONS

(G001 The present application claims the benefit of U.S. Provisional Patent
Application Nos. 61/752,350, filed on January 14, 2013, and 61/785,788, filed on March 14,

2013, both of which are incorporated herein by reference in their entirety.
FIELD

(G002} The present technology relates generally to the field of radiopharmaceuticals
and their use in nuclear medicine as tracers, imaging agents and for the treatment of various

disease states.
BACKGROUND

{0003} Many tumors express unique proteins that are predictors of malignancy and a
poor prognosis. The expression of such proteins on the swrface of tumor cells offers a unique
opportunity o use such proteins as markers for the diagnoses of a cancer condition, to
evaluate the progression of a cancer condition and to use such proteins as targets for the
delivery of a radiotherapeutic agent. Radioactive molecules that selectively bind to specific
tumor cell surface proteins provide an attractive route for imaging and treating tumors under
non-invasive conditions. In particular, the present invention provides radiolabeled ligands
that specifically bind the prostate-specific membrane antigen (PSMA) protein, over expressed
on many cancer cells, as agents for imaging or radiation based therapy of PSMA-expressing

cancer cells.

10004} With over a million men suftering from prostate cancer, it 1s estimated that the
disease will strike one in six U.S. men between the ages of 60 and £0. There are more than
300,000 new cases of prostate cancer diagnosed each year and the mortality from the disease
is second only to lung cancer. An estimated 32 billion is currently spent worldwide on

surgical, radiation and drugs as treatments {or prostate cancer. There is presently no effective
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therapy for relapsing, metastatic, androgen-independent prostate cancer. New agents that
enable rapid visualization of prostate cancer and specific targeting of this cancer tissue for

therapeutic purposes are presently needed.

udling: Human prostate-specific membrane antigen (PSMA), also known as folate
hydrolase T (FOLH1), is a trans-membrane, 750 amino actd type 1 glycoprotein which is
primarily expressed in the epithelium of normal human prostate tissue, but is upregulated in
prostate cancer, including metastatic disease. PSMA is a unique exopeptidase with reactivity
toward poly-gamma-glutamated folates, capable of sequentially removing the poly-gamma-
glutamy! termini, Since PSMA is cxpressed by virtually all prostate cancers and s
expression is further increased in poorly differentiated, metastatic and hormone-refractory
carcinomas, it is a very attractive target for prostate imaging and therapy. Developing ligands
that interact with PSMA and carry appropriate radionuclides, therefore, may provide a
promising and novel approach for the detection, treatment and management of prostate

Cancer.

{0006} The radio-immunoconjugate form of the anti-PSMA monocional antibody
{mAb) 7E11, known as the PROSTASCINT sean. is currently being used to diagnose
prostate cancer metastasis and recurrence. More recently, monoclonal antibodies that bind to
the extracellular domain of PSMA and have a radionuclide were shown (o accumulate in
PSMA-positive prostate tumor models in animals. However, diagnosis and tumor detection
using monoclonal antibodies has been limited by the low permeability of the monoclonal
antibody in solid tumor. Tumor detection using Jow molecular weight radiopharmaceutical
compounds, therefore, hold promise and are being explored as potential diagnostic and

radiotherapeutic alternatives to radiceonjugates of monocional antibodies.

[0007] The selective targeting of cancer cells with radiopharmaceuticals, either for

imaging or therapeutic purposes is challenging. A variety of radionuclides are known to be

7

e . , . . Ay 90, 68 7
useful for radio-imaging or cancer radiotherapy, including e, 2y % Ga,

7y . 9Ome . 123
La, 77 Te, <

and 7'1. Recently it has been shown that some compounds containing a glutamate-urea-
glutamate (GUG) or a glutamate-urea-lysine (GUL) recognition element linked to a
radionuclide-complex exhibit high affinity for PSMA. Importantly, the present inventors
found that the avidity of the GUL-radionuclide conjugate and GUG-radionuclide conjugate
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depends at feast in part on the chemical nature and size of the linker or spacer joining the

GUL or GUG group to the radionuchide complex.

{0008] The present invention focuses on GUL-radiocomplexes or GUG-
radiocomplexes that have a one or more optionally substituted triazene groups as part of a
linker conjugating the GUL or GUG groups to the radiocomplex. More specifically, the
present invention explores the structure-tunction activily of such triazine-based linkers, for
instance by exploring the relationship between binding affinity and linker length as well as
the relationship between binding affinity and the position of the optionally substituted triazine
moiety such as a piperazinyl-iriazine-p-aminobenzyl group within the linker. Also described
are methods for synthesizing the triazine based radiopharmaceuticals, as well as methods for
characterization and for using the inventive GUL-radionuclide and GUG-radionuclide

conjugates for the diagnosis and treatment of cancer.
SUMMARY

[0009] The present invention refates to compounds having a PSMA targeting moiety
linked to a radionuclide chelating group as well as radionuctide complexes of the inventive
compounds. More specifically, the present technology is focued on the synthesis and use of
compounds that conform to the general structure [PASMA recognition motit]-linker-
[radionuclide chelating group] and radionuclide complexes of the inventive compounds. As
further described below, the inventive compounds and their radionuclide complexes comprise
a 1,3,5-triazine moilety within the linker. The incorporation of the 1,3,5-triazine group has
advantages since it provides three sites of attachments for the PSMA recognition motif and
radionuclide chelating group and also improves the pharmacokinetic properties of the

inventive compounds and their radionuclide complexes.

[0010] The invention also provides pharmaceutically acceptable formulations of the
inventive compounds and their radionuclide complexes. Such formulations are suitable for
treating a varicty of disease conditions including without limitation prostate cancer, breast
cancer, colorectal cancer, brain cancer, lung cancer, liver cancer, endometrial cancer, bone

cancer, ovarian cancer, testicular cancer, skin cancer, pancreatic cancer, uterine cancer,
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cervical cancer, bladder cancer, esophageal cancer, gastric cancer, head and neck cancers, or

kidney cancer.

{00113 in one embodiment therefore, are provided compounds that conform to
Formuia | and to stereoisomers, tautomers, prodrugs, and pharmaceutically acceptable salts or

esters thereof,
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10012} In Formula L, A is (CHR D or C(O) and W is selected from the group

consisting of ~C{O}{CHa)p~; ~C{OM-CHz-CHp-O -, -[CH-CHy-O 4 -{CH2 o, ~C{O)-
[CH( R})Jq*, ACH = O-(CHa b, «(CH - SHCH am, ~(CHD) w8 (O)-(CHz o, ~(CH) - 5(0)-
(CHypmand {CHa b NRA{CHy ). Substituent Y is selected from —NH-, -NR*-, or

while X in Formula [ is selected from —{C-Ciglatkylene-{Cs-Cralarylene, -(Cs-
Ciglaryler (L« Lioyarylene—(Ci-Cinlalkyviene-, phenylene, —{C-Ciolalkylene-(Cs-

Cioyeyeloalkylene, {(Cs-Cioieyeloalkyiene, or -(Cs-Cigleycloalkylene—{C-Ciplalkylene-.

[0013] R' and R? in Formula [ can cach independently selected from H, -(C-
Ciojatkyl, ~C{OWC-Ciapalkyl, benzyl, {Cs5-Cpieyeloalkyl, or -(Cs-Chglaryl. For Formula |
compounds, R" and R® are each independently selected from the group consisting of H, -OH,
H{C-Cypjalkyl, -[CH-CH-OL-(CH-T, ~C{OY(C-Chppalkyl, —(Ci-Cipjalkylene-C{O)-, —
(C-Cipjalkylene-C(O3-2, benzyl, (Cs-Cigleyeloalkyl, (Cs-Crgjaryl-(Ci-Ciglatkylene, -(Cs-
Cioyaryl, halo-(C-Cioyalkyl bydroxy-(C-Cigalkyl -NH--(C-C gatkyl, and <(C-
Cioyalkylene-NRUR®-, or R® and R " together with the nitmgen 1o which they are bonded form
a {C5-Cyy-heteroaryl or (C3-Coi-heterocycloalkyl that can further comprise one or more

heteroatoms selected from N, S, or O.
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10014} Z in Formula | is selected from —OH, -O(C-Cyalkyl,
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from -OH, ~-O{C-Cglalkyl, ~-Obenzyl, -O(C-Cipleycloalkyl, ~O(Cs-Ciodaryl, -O-(Cy-

Cygyalkylene~(Cs-Cioyarvh, or ~O-(C-Cipalkylene-~{Cs-Cigdeveloalkyl,

10615} For Formula | compounds, R’ is selected from H, halogen, -OH, -NH., —
(CH)-COOH, or —(CHy)p- NH», substituent T is selected from —H, —~OH, -COOH, or —

NRR* and RY and R® are each independently selected from H, bond, ~-OH, (C-Cipalkyl, or -

(Ca-Chippheteroaryl-{(Cy-Ciplalkylene.  Subscripts m. n, p, g, t and ¢ in Formula T are each

independently 0, 1, 2, 3, 4, 5, 6, 7, 8 9, or 18; and group D is selected from
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(00161 Any alkvl, alkylene, aryl, arylene, heteroaryl, heteroarylene, cycloalkyl,

cycloalkviene, heterocycloalkyl, or heterocycloalkylene in Formula | is optionally substituted
with 1, 2, or 3 substituent groups selected from the group consisting of -(C-Cglalkyl, (T~
Crothaloalkyl, «(C-Cyp) aminoalkyl, ~(C-Cio)alkylene-COOH, ~(C-Cipthydroxyalkyl, ~-OH,
halogen, -NH,, ~COOH, —C{O)-(C-Cpyalkyl, ~(C-Ciolalkylene-C{O)-, «C~Cijalkylene-
(O3-X, SNH-C-Calkeyl, and (Ci-Cpalkylene-NRORS-, and ~NRIR®. Pusrsuant to these

definitions, for certain Formulda T compounds, X is phenylene, ris 1 and D is

COH COM
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16017] The present invention also provides compounds that conform to Formula I, to
stereoisomers, tautomers, prodrugs, and pharmaceutically acceptable salts or esters thereof,
and to their pharmaceutically acceptable formulations as therapeutics for treating various

disesase states associated unconirolled proliferation of cells.
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{0018} In Formula I, A is {CHR "}, or C{O) and substituent W is selected from the

group consisting of ~C(O)~«{CHy)ym -CEOYN-CHaCH-Olye, JCHz-CHa-O - CHa)g-, ~C(O)-
[CH{R )], ~(CH ) O-(CHa e, «(CH=8-(CHu, «(CH )=S0V CH e, «(CHL ) S0
(CHajomand (CHo - NRy-(CHo e,

i‘ N
| S
’1 \\ ‘\\\~ {\:'/
2 §\J\ /Nﬁ%
{0019} Group Y in Formula [T is selected from ~NH-, -NR"-, ¢ B, e OF
L N h:,' ,,//'ﬁ‘;(
\\I?, -
- while variables R' and R? are each independently selected from H, ~«(C-Ciolalkyl,
—CN-(C1-Cratkyl, benzyl, {(Cs-Croleycloalkyl, or «(Ci-Ciglaryl,
(06203 In Formufa [f, R* and R® are cach independently selected from the group

consisting of H, -OH, -{C-Cpyalkyl, -JCH-CH-O3-(CHa - T, —C{OW(C-Cioialkyl, ~(C)-
Cigalkylene-C(O)-, ~(Ci-Ciplalkylene-C{O)Z, benzyl, ~(Cs-Cioeycloalkyl, {C5-Ciolaryl-
{C-Cipalkylene, ~(Cs-Chig)aryl, halo-(Ci-Cigyalkyl, hydroxy-(Ci-Ciglatkyl, -NH--{C-
Cyoyalkyl, and “{C-Croalkylene-NRR®-. Alternatively, R® and R” together with the nitrogen
to which they arg bonded form a (C3-Ce)-heteroaryh or (C3-Cei-heterocycloalkyl that can

further comprise ong or more heteroatoms selected from N, S, or O,
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{00217 Z in Formula I is selected from ~OH, -O(C-Cypalkyl,
T ~
HN s, ~OR® N
Oy, -OR -
V I N
" /‘ o ¢
ERS f § B Iy .
o X i ; RO~ AN A OR
ROy oy oy PRe ) T/ ﬁ & T \C
i + H i N { ! . oo o~
s o] , OF o] O and substituent R® is selected from -

OH, -O(C-C,o)alkyl, -Obenzyl, -O(Cs-Cipjeyeloalkyl, ~O(Cs-Cigdaryl, -O-~(C-Ciplaltkylene--
{(Cs-Cipyaryl, or -O-(C-Cigjalkylene--(Cs-Cpeycloalkyl.

{0022} For Fornmula 1T compounds R is selected from H, halogen, -OH, -NH,, —
{CHy3p-COOH, or ({CHyjp- NH,, T is selected from —H, ~OH, -COOH, or ~NRR® and each
of RY and R® are independently selected from H, bond, -OH, -(C1-Cipalkyl, or -{Cs-

Cigyheteroaryl-(Ci-Cipaltkylene.

{0023 Any atkyi, alkyvlene, aryl, arylene, heteroaryl, hetercarylene, cycloalkyi,
cycloalkyiene, heterocyeloalkyl, or heterooycloalkylene in Formula 1 can be optionally
substituted with 1, 2, or 3 substituent groups selected from the group consisting of ~{C;-
Cioyalkyl, ~(Ci-Ciphaloatkyl, «(C-Cyg) aminoalkyl, <(C;-Cipjatkylene-COOH, (Cy-
Ciothydroxyalkyl, -NH,, ~COOH, ~C(O-(C-Cilalkyl, —(Ci-Cioyalkylene-C{Oy-, —(Cy-
Cripyalkylene-C(OX, NH-(C-Crp)aliyl, and «(C-Croalkylene-NRR", and ~NRR* and

subseripts m, 1, p, q, tand x are each independently ¢, 1,2,3,4, 5,6, 7, 89, or 1

{0024} For certain Formula I compounds A is (CHo)p, Wis ~C{OM{CHy)p- and Y is
s /N
NN
NH-or ¢ & ¢. In one emmbodiment, A is (CHalp, W is ~COW(CHL) or <C{O)-
—
§*N/ N

{CHoyprand Yis © — with R*and R® cach independently being hydrogen or methyl

and substituent R” is -OH.

. E . p b . . .
(00251 In one embodiment, R" and R” together with the nitrogen to which they are
bonded form a {Cs-Ce-heteroeycioalkyl, for example, a group selected from piperidine,
piperazine, morpholine, thiomorpholine, isothiazolidine, isoxazolidine, pyrrolidine,

immidazolidine, thiazolidine, oxazolidine, or 4-~{piperidin-4-vhbutanoic acid.
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[3026] For certain other Formula {I compounds, R is -H and R"is

rooe” T URrER® with £Ioups R® and R cach inde pendently being a «(C5-Cig)heteroaryl-

(C-Cipralkyiene, such as

HOOCW\\
\ 3
"
D
i /
N
\l)/
2
-
(G027 Also encompassed by the present technology are metal complexes comprising

a radionuclide and a compound according to Formula | or Formula 1. The radionuclide used

. s o 11 90 i 64~ 15 225

is selected from the group conmshng of "Mn, Y. Ga, ¥Cu 1 Gd, PG, VTG, PRe, P Ac,
165 P66y o 192y, 223 i 213 4G

7‘23 PRL, e, Cw Dy, o, "I, Re. “Re. O%h, b, b, OTh,

1A

2 g gy Hmg, 199 oy 7
Trh, S, Pse T, v, Uy, Y M e and T

153 155

186

[0028] The present invention also provides a pharmaceutically acceptable salt,
stereoisomer, tautomer, or prodrug of a Formula | or a Formula H compound as well as the

radionuclide complexes of Formuia | or Formula H compounds.

[0029] Radionuclide complexes of Formula 1 or U compounds and their
pharmaceutical formulations are useful for obtaining radiographic images or for treating a
number of diseases and conditions, including but not limited fo prostate cancer, breast cancer,
colon cancer, brain cancer, lung cancer, liver cancer, endomeirial cancer, bone cancer,

ovarian cancer, or kidney cancer.

16030} In one embodiment, the invention provides a method of obtaining a
radiographic tmage of one or more tissues that express prostate-specific membrane antigen
(PSMA) by (a) contacting one or more tissues that express PSMA with a metal complex

comprising a radionuciide and a compound according to Formula {H

Q.
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or a pharmaceutically acceptable salt or solvate thereof; and (b) recording a radiographic

image of the one or more tissues.

{003 1] Pursuant to this methodelogy, variable G in Formula il is
Hi— : O, ~OR® Oy
D CRE - ;
L ;

S i r \f/ o
o oo , OF 0 , L is selecied from ~NH-({;

Cioalkylene-, ~NH-C-Coyalkylene-C{O)-, ~C(0)-(C-Cigiatkylene-, —C{O-(C-

/
Cigraliyiene-C{O)- or »C(O)-{C31-Cm}aikyiener“‘\/\w/N' A and R® and R® are each
independently selected from the group consisting of H, -OH. «(C-Cyglalkyl, -{CH-CHy-Ol-
(C Hg)z»T, ~C{O(C-Chgialkyl, --~-(Cl—Cm}aikyieneﬁ(l(ff})-, ~{C-Cinalkylene~-C{0O)-7, benzyl,
(C5-Croseycloalkyl, (Cy-Cip)aryl-(C-Ciplal ne, ~{(Cs-Ciplaryl, halo-(C~Cgalkyl,
hydmxv (C-Cimatkyl, -NH--{C-Cig)alkyl, and -(Ci-Ciplalkylene- NRARS.,

100327 For certain Formula 11 compounds R” and R” together with the nitrogen to
which they are bonded form a (Cs~Co)-hetercary] or (C3-Co)-heterocycloalkyl that can further

comprise one or more heteroatoms selected from N, S, or G

10033} Substituent Z in Formula H1 is selected from ~OH, -O(C,-Cjglalkyl,
HN— O -OR° SN
Qw OR < (/;‘ \1/
T | \ .
o a < = O E
W { SSRGS e
RO~ - \i‘. \‘F\e o OR ¢ \T N N T; '
o) ! L OF 0] ' O , substituents R and R® are each

independently selected from H, bond, -OH, «(C-Cijalkyl, or «(C3-Ciotheteroaryl-(Cy-

Croyalkylene and subscript n s an integer selected from 9, 1,2, 3,4, 5,6, 7,8 9, or 10,

-10-
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[(334] Pursuant to one embodiment, as noted above, the invention provides a
radionuclide complex of Formula or Formula H compounds as therapeutics for treating a
subject diagnosed with cancer for instance prostate cancer. Treatment according to the
inventive methodology is effected by administering to a subject a therapeutically effective
amount of a prostate-specific membrane antigen (PSMA) binding complex comprising a
triazinylene linker and capable of being retained in a PSMA-¢xpressing tumor tissue for a

ionger interval of time than non-PSMA expressing tissue.

BRIEF DESCRIPTION OF THE DRAWINGS

$77
i

603351 Figure | tlustrates tissue biodistribution of the ''Lu-complex of (283-2-(3-(1-

carboxy-5-{1 1-(4-(4-((2-(2-{2-carboxyethoxyethoxy ethyDamino)-6-{{4-({1,4,7,10~
tetrakis{carboxymethyl)-1,4,7, 1 0-tetraazacyclododecan-2-yDmethylpheoylamine)-1,3,5-
triazin-2-vhpiperazin- I-ybundecanamido)pentyllureido)pentanedioic acid according to the

present invention in LNCap Xenograft mice,

[0036] Figure 2 itlustrates tissue biodistribution of the | Lu~coraplex of (28)-2-(3-
{{18)-1-carboxy-3-{1 1 -{(4-(4-(piperidin-1-v}-6-{{4-((1,4,7, 1 O-tetrakis{carboxymethvyi}-
1.4,7, H0-tetraazacyclododecan-2-ylimethyDphenyhamino}-1,3,5-triazin-2-ylipiperazin- 1 -
yviundecanamido)pentyhureido)pentanedioic acid according to the present invention in

v

ENCap Xenograft mice.

[0037} Figure 3 illustrates tissue biodisiribution of the ri?meoxnpicx of (218, 258
8,13,23-trioxo-1-(4-({1,4,7,10~tetrakis{carboxymethyl)-1,4,7, 1 G-tetraazacyclododecan-2 -
yhimethyiphenylamino)-1thioxo-2,7,16,22.24-pentaazaheptacosane-21,25,27-tricarboxylic

acid used as a control in LNCap Xenograft mice.

{0038] Figure 4 illustrates tissue biodistribution of the "775,;uwc<mipicx of (28)-2~(3-
{{18)-1-carboxy-5-{ 1 1-{4-{(d-{dimethylamino}-6-{{4-{{1,4,7 1 0-tetrakis{carboxymethyi)-
14,7, 10-tetraazacyolododecan-2-ymethybphenyDamine)- 1,3, 5 triazin-2-yDpiperazin-1-
viundecanamido)pentyhureido)pentanedioic acid according to the present invention in

LMNCap Xenograft mice.

“11-
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10039} Figure 5 illustrates in vivo inhibition of LNCaP tumor growth by ' "Lu-
complex of (283-2-(3-((1 Sy~ ~carboxy~3-(1 {-(4-{(4-{dimethylamino}-6-((4-((1,4.7,10-
tetrakis{carboxymethyD- 14,7, 10-tetraazacyclododecan-2-ymethyhphenyhamino}-1,3,5-

triazin-2-vljpiperazin-1-yhundecanamido)pentylureido)pentanedioic acid.

[0040] Figure 6 illustrates a radiographic image obtained by adminisiering to a
subject having prostate cancer a % Ga complex of (28)-2-(3-((18)-1-carboxy-5~(1 1-{4-(4-
{dimethylamino)}-6-({4-((1,4,7, 1{-tetrakis{carboxymethyh-1.4,7, 1 O-tetraazacyclododecan-2-
yhmethyhphenyhamino)-1,3,5-triazin-2-vi}piperazin- | -yhundecanamido)pentyljureido}

pentanedioic acid.
DBETAILED DESCRIPTION

(0041 There are two categories of radiopharmaceuticals: (i) those with biclogical
distribution determined strictly by blood flow, or perfusion, and targeting bigh capacity
systems such as glomerular filtration, phagocytosis, hepatocyte clearance and bone
absorption and (if) those with distribution determined by specific enzymatic or receptor
hinding interactions, which are low-capacity sites. The radiopharmaceuticals according to
Formula | or Formula 1 belong to the second category and are synthesized by conjugating the
radionuclide coordination complex to a biologically active molecule selective for PSMA

protein using a Hnker that has a traizine moicty.

3 '.C}

10042} The terms “linker,” “spacer,” “linker group” or “spacer group” are used
interchangeably in this document and refer to a group that spans the distance between two
other identified groups, or which “spaces” them apart. The linker or spacer may be a hond,

an organic group, or an iRorganic group or atom.

(0043} In some embodiments, the linker or spacer is an optionally substituted (Ci-
Cishalkyiene (L-,{ isiatkenyiene, a (0-Cis)alkynylene group, a ~C(O)-(C)-Cysjalkylene-, a
~C{GH{C5-C s ene-{C - Qalkylene-, -W-Y (OO shetercarylene- NH-XA(CH)Y - or a -

COW{C-Cralkylene-Y-(C-Cy s Yheteroarylene-NH-X-, where the variables “W”, *“X” and
Y are further described below. Tlustrative substituent groups include without limitation
carboxyl groups, carboxylate, hydroxy! groups, and amino (NR*R®) groups. For certain
embodiments, the ({-Cysyalkviene group in the linker described above can be replaced by a

-12-
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(C-Crsipolyol, for example, a polyethylene glycol (PEG) molety. Exemplary Hinker or
spacer groups are iHustrated without limitation throughout the specification and working

gxamples.

[0044] For convenicnce, certain terms emploved herein and within the appended

claims are defined here,

10G45] As used herein, “about” will be understood by persons of ordinary skill in the
art and will vary to some extent depending upon the context in which it is used. ifthere are
uses of the term which are not ¢lear to persons of ordinary skill in the art, given the context in

which it is used, “about” will mean up to plus or minus 10% of the particular term.

[0046] The embodiments, illustratively described herein may suitably be practiced in

the absence of any element or clements, lonitation or timitations, not specifically disclosed

2% Go, 59

herein, Thus, for example, the terms “comprising,” “including,” “containing,” etc. shall be
read expansively and without Uimitation. Additionally, the terms and expressions emploved
herein have been used as terms of description and not of limitation, and there is no intention
in the use of such terms and expressions of excluding any equivalents of the features shown
and described or portions thereof, but it is recognized that various modifications are possible
within the scope of the clatmed technology. Additionally, the phrase “consisting essentially
of " will be understood to include those elements specifically recited and those additional
clements that do not materially affect the basic and novel characteristics of the claimed

technology. The phrase “consisting of” excludes any clement not specified.

{00471 The use of the terms “a” and “an” and “the” and similar referents in the
context of describing the elements {especially in the context of the following claims) are to be
construed to cover both the singudar and the plural, unless otherwise indicated herein or
clearly contradicted by context.

f0048] The terms “lipophilic group™ and “lipophilic moiety” as used herein refer to a
group, moiety or substituent that has a greater affinity for non-polar or non-agueous
environments versus polar or aqueous environments. For example, Merriam Webster’s
online dictionary defines “lipophilic” as “having an affinity for lipids (as fats).” {llustrative
lipophilic moleties include aliphatic hydrocarbon radicals, e.g., alkyl] radicals, aromatic

hydrocarbon radicals, and long-chain acyl radicals; all of them have increasing lipophilicity
; g 3 g P
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as the number of constituent carbons increases. In general, addition of a lipophilic moiety to
a particular compound will increase the coropound’s affinity for octanol in the standard
octanol/water partition-coetficient-determination protocol; this protocol may be used to

gauge a compound’s relative hyvdrophobicity (Hipophilicity) and hydrophilicity.

{0049} The term “Hpgand” refers to a species that interacts in some fashion with
another species. fn one example, a ligand may be a Lewis base that is capable of forming a
coordinate bond with a Lewis Acid. In other exarnples, a ligand is a species, often organic,
that forms a coordination complex with a metal fon. In biochemistry and pharmacology. a
ligand is a substance (usually a small molecule), that forms a complex with a biomolecule to
serve a biological purpose. In a narrower sense, a ligand is a signal triggering molecule,
binding to a site on a target protein. The binding occurs by intermolecular forces, such as

ionic bonds, hvdrogen bonds and van der Waals forces.

[0050] The term “chelating agent” refers to a molecule, often an organic one, and
often a Lewis base, having two or more unshared electron pairs available for donationto a
metal jon. The metal ion is usually coordinated by two or more electron pairs to the chelating
ageni. The terms, “bidentate chelating agent”, “tridentate chelating agent”, and “tetradentate
chelating agent” are art-recognived and refer to chelating agents having, respectively, two,
three, and four electron pairs readily available for simulianeous donation to a metal ton
coordinated by the chelating agent. Usually, the electron pairs of a chelating agent forms
coordinate bonds with a single metal ion; however, in certain examples, a chelating agent
may form coordinate bonds with more than one metal ion, with a variety of binding modes

being possible.

{0051} The term “coordination” refers to an interaction in which one multi-electron

pair donor coordinatively bonds (is “coordinated”) to one metal 1on.

(00521 The term radionuclide refers to an atom with an unstable nucleus, which is a
nucleus characterized by excess energy available to be imparted cither to a newly created
radiation particle within the nucleus or to an atomic electron. The radionuclide can underge
radicactive decay and in the process emit subatomic ionizing particles. Hiustrative of
subatomic jonizing particles without Himitation are alpha (o) particles, beta (B) particle and

gamma (v) rays. Exemplary radionuclides include without Himitation elements belonging to
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the lanthanide series, actinide series as well as radioisotpes of transition mwetals. [Hustrative

: . . TR Uy, S0ws 68, Odgm 1830 1580 0 1570
radionuclides may include, but are not limited ro''In, "Y.,"Ga, "Cu "7Gd, 7G4, PG4,
24 5

3G¢s 225 25y 213y 35 &7 565 66 132y 223 88 188 145 217 213
Fpe, P ac, 2781, 2RI, PCo, 0y, Dy, P Ho, P, PRa, TRe, MRe, 'RR, Ph, TP,

Qg 5

L 237 g+ 153 ¢ 9 i 169 1] 36 R i
MO, 2TTh, TP Sm, Vs, TS, v, VY, YL PZr and

77
I

Lu. However, the term is not

timited to these four radionuclides,

{00537 Fmoc is an abbreviation for the chemical group: lusrenyimethyloxycarbonyl.
{0054} The phrases “effective amount” or “therapeutically-effective amount” as used

herein means that amount of a compound, material, or composition comprising a compound
of the invention, or other active ingredient which is effective for producing some desired
therapeutic effect in at least a sub-population of cells in an animal at a reasonable benefit/risk

1
i

ratic applicable to any medical reatment. A therapeutically effective amount with respect to
a compound of the invention means that amount of therapeutic agent alone, or in combination
with other therapies, that provides a therapeutic benefit in the treatment or prevention of a
disease. Used in connection with a compound of the invention, the term can encompass an
amount that improves overall therapy, reduces or avoids symptoms or causes of disease, or

enhances the therapeutic efficacy of or synergies with another therapeutic agent.

Al

{00551 As used herein, the terms “treating” or “treatment” is intended to encompass
also diagnosis, prophvlaxis, therapy and cure. The patient receiving this treatment is any
animal in need, including primates, in particular humans, and other mammals such as

equines, cattle, swine and sheep; and poultry and pets in general.

[0056] The phrase “pharmaceutically acceptable” is employed herein to refer to those
compounds, materials, compositions, and/or dosage forms which are, within the scope of
sound medical judgment, suitable for use in contact with the tissues of buman beings and
animals without excessive toxicity, irritation, allergic response, or other problem or

complication, commensurate with a reasonable benefit/risk ratio.

[0037] The phrase “pharmaceutically-acceptable carrier” as used herein means a

pharmaceutically-acceptable material, composition or vehicle, such as a liquid or solid filler,
diluent, excipient, or solvent encapsulating material, involved in carrying or transporting the
subject compound from one organ, or portion of the body, to another organ, or portion of the

body. Each carrier must be “acceptable” in the sense of being compatible with the other

~f 5~
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ingredients of the formulation and not injurious o the patient. Some examples of materials
which can serve as pharmaceutically-acceptable carriers include: (1) sugars, such as lactose,
ghucose and sucrose; {2) slarches, such as corn starch and potato starch; (3 cellulose, and us
derivatives, such as sodium carboxymethyi cellulose, ethy! celiulose and ceflulose acetate; (4)
powdered tragacanth; {5) malt: (6) gelatin; (7) tale; (8) excipients, such as cocoa buiter and
suppository waxes; {9) oils, such as peanut oil, cottonseed oil, safflower oil, sesame oil, olive
oil, corn oil and soybean oil; (10) glycols, such as propylene glyeol; (11) polyols, such as
glyeerin, sorbitol, mannitol and polyethylene glycol; (12) esters, such as ethyl ofeate and
ethyl lavrate; (13) agar; (14) buffering agents, such as magnesium hydroxide and aluminum
hydroxide; (15} alginic acid; (16) pyrogen-free water; (17} isotonic saline; (18} Ringer's
solution; {19} ethyi alcohol; (20) pH buffered solutions; (21) polyesters, polycarbonates
and/or polyanhydrides; and (22) other non-toxic compatible substances employed in

pharmaceutical formulations.

[GO58] “pharmaceutically acceptable salt” is a pharmaceutically acceptable, organic
or inorganic acid or base salt of a compound of the invention. Representative
pharmaceutically acceptable salts include, e.g., alkali metal salts, alkali carth salts

ammonium salts, water-scluble and water-insoluble salts, such as the acetate, amsonate (4,4~
diaminostilbene-2, 2 -disulfonate), benzenesulfonate, benzonate, bicarbonate, hisulfate,
bitartrate, borate, bromide, butyrate, calcium, calcium edetate, camsylate, carbonate, chloride,
citrate, clavulariate, dihydrochioride, edetate, edisylate, estolate, esylate, fumarate,

ghuceptate, gluconate, glutamate, glycoliylarsanilate, hexafluorophosphate, hexylresorcinate,
hydrabamine, hydrobromide, hydrachloride, hydroxynaphthoate, jodide, isothionate, lactate,
lactobionate, laurate, malate, maleate, mandelate, mesylate, methylbromide, methylnitrate,
methylsulfate, mucate, napsylate, nitrate, M-methylglucamine ammonium salt,
3-hydroxy-2-naphthoate, oleate, oxalate, palmitate, pamoate (1, -methene-bis-2-hydroxy-3-
naphthoate, einbonate), pantothenate, phosphate/dipbosphate, picrate, polygalacturonate,
propionate, p-toluenesulfonate, salicylate, stearate, subacetate, succinate, sulfate,
sulfosalicylate, suramate, tannate, tartrate, teoclate, tosylate, triethiodide, and valerate salts.

A vharmaceutically acceptable sali can have more than one charged atom in its structure. In

this instance the pharmaceutically acceptable salt can have multiple counterions. Thus, a
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pharmaceutically acceptable salt can have one or more charged atoms and/or one or more

counterions.

[0059] The phrases “parcnieral administration” and “administered parenterally” as
used herein means modes of administration other than enteral and topical administration,
usually by injection, and includes, without limitation, intravenous, intramuscular,
intraarterial, intrathecal, intracapsular, intraorbital, intracardiac, intradermal, intraperitoneal,
transtracheal, subcutancous, subcuticular, intraarticulare, subcapsular, subarachnoid,

infraspinal and infrasternal injection and infusion.

60601 The phrases “systemic administration,” “administered systemically,”
“peripheral administration” and “administered peripherally” as used herein mean the
administration of a compound, drug or other material other than directly into the central
nervous system, such that it enters the patient’s system and, thus, is subject to metabolism and

other like processes, for example, subcutaneous administration.

180611 A “patient” includes an animal, such as a buman, cow, horse, sheep, lamb, pig,
chicken, turkey, quail, cat, dog, mouse, rat, rabbit or guinea pig. The animalcanbe a
mammal such as a non-primate and a primate {e.g., monkey and human). Inone

embaodiment, a patient is a human, such as a human infant, child, adolescent or adult.

{0067] The term “prodrug” refers to a precursor of a drug that is a compound whic
upon administration o a patient, must undergo chemical conversion by metabolic processes
hefore becoming an active pharmacological agent. [lustrative prodrugs of compounds in

accordance with Formula | are esters, preferably alky! esters or fatty acid esters.

[0063] The term “heteroatom™ refers to an atom of any element other than carbon or
hvdrogen. Hustrative heteroatoms include boron, nitrogen, oxygen, phosphorus, sulfur and

selenium.

(000641 nn general, “substituted” refers 1o an alkyl, alkylene, alkenyl, alkenylene,
alkvne, alkynylene, arvl arviene, cveloalkyl or cyveloalkviene sroup, as defined below in
which one or more bonds to a hydrogen atom contained therein are replaced by a bond to
non-hydrogen or non-carbon atoms. Substituted groups also include groups in which one o
more bonds to a carbon(s) or hydrogen{s} atom are replaced by one or more bonds, including
double or triple bonds, to a heteroatom. Thus, a substituled group will be substituted with
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one or more substituents, unless otherwise specified. In some embodiments, a substituted
group is substituted with 1, 2, 3, 4, 5, or 6 substituents. Exampies of substituent groups
include: halogens (i.e., F, CL Br, and {); hydroxyls; alkoxy, alkenoxy, alkynoxy, aryloxy,
aralkvioxy, heterocyelyloxy, and heterocyelylalkoxy groups; carbonyls (oxo); carboxyls;
gsters; urethanes; oximes; hydroxylamines; alkoxyamines; aralkoxvamines; thiols; sulfides;
sulfoxides; sulfones; sulfonyls; sulfonamides; amines; N-oxides; hydrazines; hydrazides;
hydrazones; azides; amides; urcas; amidines; guanidines; enamines; imides; isocyanates;
isothiocyanates; cyanates; thiocyanates; imines; nitro groups; nifriles (i.e, UN}, haloalkyl,

aminoalkyl, hydroxyalkyl, cyeloalkyl and the like.

{0065} Atkyl groups include straight chain and branched chain alky! groups having
from 1 to 12 carbon atoms, and typically from 1 to 10 carbons or, in some embodiments,
from 1 to 8, 1 t0 6, or 1 to 4 carbon atoms. Examples of straight chain alky! groups include
groups such as methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl, n-heptyl, and n-octyl
groups. Examples of branched alkyl groups inchude, bat are not limited to, isopropyl, iso-
butyl, sec-butyl, tert-butyl, neopentyl, isopentyl, and 2.2~-dimethyipropyl groups. Alkyi
groups may be substituied or unsubstituted. Unless the number of carbons is otherwise
specified, “lower allkoyl” refers to an alkyl group, as defined above, but having from one {o
about ten carbons, alternatively from one to about six carbon atoms in its backbone structure.

Likewise, “lower alkenyl” and “lower alkyny!” have similar chain lengths.

[GG66] The terms “alkylene” and “substituted alkylene” refer to divalent altkyl and
divalent substituied alkyl, respectively. Examples of alkylene inchude without limitation,
ethylene (-CH_-CH,-). “Optionally substituted alkylene” refers to alkylene or substituted
atkvlene.

10067} The term “alkyvlcarbony!” or “alkylenecarbonyl” denote a ~(C-Coalkyl-C(O)-
or -C{OCy~Celalkyi- groups in which at least one of the methylenes in the $-Cy alkyl
group is replaced with a C{(3} group. Representative examples include, but are not limited to,
acetyl, propronyl, and CHy{(CH UG- group, or ~CHACH TG0},

{0068} The terms “eyclic alkyl” or “cycloalkyl” refers to a saturated or partially
saturated non-aromatic cyclic alkyl groups of from 3 to 14 carbon atoms and no ring

heteroatoms and having a single ring or multiple rings including fused and bridged ring
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systems. Cycloalkyl groups may be substituted or unsubstituted. Cycloalkyl or cyclic alkyl
groups include mono-, bi- or tricyelic alkyl groups having from 3 to 14 carbon atoms in the
ring{s), or, in some embodiments, 3t0 12, 310 10,30 & or 3 to 4, 5, 6 or 7 carbon atoms.
FHustrative monocyclic cycloalkyl groups include, but not imited to, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, and cyclooctyl groups. Bi- and tricyclic ring systems
include both bridged cycloalky! groups and fused rings, such as, but not limited to,

bicyclof2.1. thexane, adamantyl, decalinyl, and the like,

{0069] A “cycloalkyiene” is a divalent saturated or partially saturated non-aromatic

cyclo alkyl groups having 3 to 14 carbon atoms and no ring heteroatoms.

{00701 Alkenyl groups include straight and branched chain and cycloalkyl groups as
defined above, except that at least one double bond exists between two carbon atoms. Thus,
alkenvl groups have {rom 2 to about 12 carbon atoms in some embodiments, from 2 to 10
carbon atoms in other embodiments, and from 2 to € carbon atoms in other embodiments.
Examples include, but are not Hmited to vinyl, alivl, -CH=CH({CH;j}, -CH=C{CH;,

-C{CH; =CH,, ~C{CH)=CH(CH;), ~-C(CHCH;)=CH:, cyclohexenyl, cyclopentenyl,
cyclohexadienyl, butadienyi, pentadienyl, and hexadienyl, among others. Alkenyl groups
may be substituted or unsubstituted. Representative substituted alkeny! groups may be
mono-subsiifuied or substituted more than once, such as, but not imited 1o, mono-, di- or tri-

substituted with substituents such as those histed above,

{0071} The term “alkenylene” refers to divalent alkene. Examples of alkenylene
include without himitation, ethenyiene (-CH=CH-} and all siereoisomeric and conformational
isomeric forms thercof, “Substituted alkenylene” refers to divalent substituied alkene.

“Optionally substituted alkenylene” refers to alkenylene or substituted alkenylene.

16072 “Alloyone” or “alkynyl” refers to siraight and branched chain unsaturated
hydrocarbon having the indicated number of carbon atoms and at least one triple bond.
Examples of a (C-Celalkynyl group include, but are not limited to, acetylene, propyne, -
butyne, 2-butyne, 1-pentyne, Z-pentyne, [-hexyne, 2-hexyne, 3-hexyne, I-heptyne, 2-
heptyne, 3-heptyne, f-octyne, 2-octyne, 3-octyne and 4-octyne. An alkynyl group can be
unsubstituied or optionally substituted with one or more substituents as described herein

below.
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160731 The term “alkynylene” refers to divalent alkyne. Examples of alkynylene
include without limitation, ethynylene, propynylenc. “Substituted alkynylene™ refers to

divalent substituted altkyne.

[0074] Aryl groups are cyclic aromatic hydrocarbons that do not contain heteroatoms,
Aryl groups include monocyclic, bicyclic and polveyclic ring systems. Thus, aryl groups
include, but are not Himited to, phenyl, azulenyl, heptalenyl, biphenyienvl, indacenyl,
fluorenyl, phenanthrenyl, triphenylenyl, pyrenyl, naphthacenyl, chrysenyl, biphenyl,
anthracenyl, indenyl, indanvl, pentalenyl, and naphthy! groups. In some embodiments, aryl
groups contain 6-14 carbons, and in others from 3 to 12 or even 3-10 carbon atorns in the ring
portions of the groups. Aryl group includes both substituted and unsubstituted aryvl groups.
Substituted arvl groups may be mono-substituted or substituted more than once. For
example, monosubstituted aryl groups include, but are not limited to, 2-, 3+, 4-, 5-, or 6-
substituted phenyl or naphthyl groups, which may be substituted with substituent groups such

as those listed above.

(64751 “Aryiene” denotes divalent aryl, and “substituted aryvilene” refers to divalent
substituted aryl. “Optionally substituted arylene” refers to arylene or substituted arylene.

[ltustrative of the arylene group is phenviene.
3 EIOUp IS | 3

16076} *Heterocycloalky?” means a saturated or unsaturated non-aromatic
monocyclie, bicyelic, tricyclic or polyoyclic ring system that has from 3 to 14 atoms in which
from | to 3 carbon atoms in the ring are replaced by heteroatoms of O, Sor N. A
heterocycloalkyl is optionally fused with benzo or heteroaryl of 53-6 ring members, and
includes oxidized $ or N, such as sulfinyl, subfonyt and N-oxide of a tertiary ring nitrogen.
The point of attachment of the beterocycloalky! ring is at a carbon or hetercatom such that a
stable ring is retained. Examples of heterocvcloalkyl groups include without Hmitation
morpholing, tetrahydrofuranyl, dihydropyridinyl, piperidinvl, pyrrolidinyl, piperazinyl,

dihydrobenzoturyl, and dihydroindolyl.

{00771 “Optionally substituted heterocycloalky!” denotes heterocycloaliyi that is

substituted with 1 to 3 substituents, e.g., 1, 2 or 3 substituents, attached at any available atom

to produce a stable compound, wherein the substituents are as described herein,
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[G0738] The term “cycloalkyl” refer to monocyclic, bicyelie, tricyclic, or polyeychic, 3-
to 14-membered ring systems, which are either saturated, unsaturated oy aromatic. The
cycloalkyl group may be attached via any atom. Cycloalky! also contemplates fused rings
wherein the cycloalkyl is fused to ap aryl or hetroaryi ring as defined above. Representative
examples of cycloalkyl include, but are not limited to cyclopropyl, cyclobutyl, cyclopentyl,
and cyclohexyl. A cycloalkyl group can be unsubstituted or optionally substituted with one

or more substituents as described herein below,

[0079] The term “cycloalkvlene” refers to divalent cycloalkyl. The term “optionally
substituted cycloalkviene” refers to cycloalkylene that is substituted with 1 to 3 substituents,
e.g., 1, 2 or 3 substituents, attached at any available atom to produce a stable compound,

wherein the substituents are as described herein.

60801 The term “(C5-Cradary-(C-Colalkylene” refers to a divalent alkylene wherein
one or more hydrogen atoms in the (,-C,, alkylene group is replaced by a (C3-Chgjaryl group.
Examples of (C3-Cgaryi<{(C-Cyralkylene groups include without limitation |-
phenylbutylene, phenyi-2-butyiene, 1-phenyl-Z-methyipropylene, phenyimethylene,

phenyipropylene, and naphthylethylene,

(0381 The term “(C;-Cpjalkylene-(Cs-Coarylene™ refers to a divalent arylene in
which one or more hydrogen atoms in the C5-Cyy arylene is replaced by a (C-Ciglalkyi group
and wherein one of the hydrogens of the alkyl group is replaced by another group. Examples
of “(C-Ciyalkylene~(Cy-CyJarviene groups include without imitation butylene-4-

phenylene, propylene-2-phenylene, and {-[2Z-methylpropylene] phenylene.

{00821 The term “(Ca-Crydarylene-(Cy-Ciolatkylene” refers to a divalent alkylene in
which one or more hydrogen atoms in the Cy-C alkvlene is replaced by a divalent (Cs-
Crajarylene group. Exemplary of “(Cs-Cgarylene-{C-Ciplalkylene group include without
limitation phenylene-4-butyiene, phenylene-2-butyiene, and phenylene-1-{2-
methylpropyiene}.

[0083] Aralkyl groups are alky! groups as defined above in which a hydrogen or
carbon bond of an alkyl group is replaced with a bond to an aryl group as defined above. In
some embodiments, aralkyl groups contain 7 to 20 carbon atoms, 7 1o 14 carbon atoms or 7 to

16 carbon atoms.
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{0084} “Hetercoyelyl” or heterocycloalkyl refers to non-aromatic ring compounds
containing 3 or more ring members, of which one or more ring carbon atoms are replaced
with a hetercaton such as, but not limited to, N, O, and S, In some embodiments,
heterocyelyl groups include 3 to 20 ring members, whereas other such groups have 3 1o 6, 3
to 10, 310 12, or 3 to 15 ring members. Heterocyelyl groups encompass unsaturated,
partially saturated and saturated ring systems, such as, for example, imidazolyl, imidazolinyl
and imidazolidinyl groups. Heteroeyeiyl groups may be substituted or unsubstituted.
Heterncyelyi groups include, but are not limited to, aziridinyl, azetidinyl, pyrrolidinyl,
imidazolidinyl, pyrazolidinyl, thiazolidinyl, tetrahydrothiophenyl, tetrahydrofuranyl,
dioxolyl, furanyl, thiophenyl, pyrrolyl, pyrrofinyl, imidazolyl, imidazolinyl, pyrazolyl,
pyrazolinyl, triazolyl, tetrazolyl, oxazolyl, isoxazolyl, thiazolyl, thiazolinyl, isothiazolyl,
thiadiazolyl, oxadiazolyl, piperidyl, piperazinyl, morpholinyl, thiomorpholiny,
tetrahydropyranyl, tetrahydrothiopyranyl, oxathiane, dioxyl, dithianyi, pyranyi, pyridyl,
pyrimidinyl, pyridazinyl, pyrazinyl, triazinyl, dihydropyridyl, dihydrodithiinyl,
dihydrodithionyl, homopiperazinyl, guinuclidyl, indolyl, indolinyl, isoindolylazaindolyl
(pyrrolopyridyl), indazolyl, indolizinyl, benzotriazolyl, benzimidazolyl, benzofuranyl,
benzothiophenyl, benrthiazolyl, benzoxadiarolyl, benzoxazinyl, benzodithiinyl,
benzoxathiinyl, benzothiazinyl, benzoxazolyl, benzothiazolyl, benzothiadiazoivi,
benzof1,31dioxolyl, pyrazolopyridyl, imidazopyridyl (azabenzimidazolyl), triazolopyridyl,
isoxazolopyridvl, purinyl, xanthinyl, adeninyi, guaninyl, quinolinyl, isoquinolinyi,
quinolizinyl, quinoxalinyl, quinazolinyl, cinnolinyl, phthalazinyl, naphthyridinyl, pteridinyl.
thianaphthalenyl, dihydrobenzothiazinyl, dihvdrobenzoturanyl, dihydroindolyl,
dihvdrobenzodioxinyl, tetrahydroindolyl, tetrahvdroindazolyl, tetrahvdrobenzimidazolyl,
tetrahydrobenzotriazolyl, tetrahydropyrrolopyridyl, tetrahydropyrazolopyridyl,
tetrabydroimidazopyridyi, tetrahydrotriazolopyridyl, and tetrahydroquinolinyl groups.
Heterocyelyl groups may be substituted or unsubstituted. Representative substituted
heterocyelyl groups may be mono-substituted or substituted more than once, such as, but not
limited to, pyridyl or morpholinyi groups, which are Z-, 3-, 4-, 5+, or 6-substituied, or

disubstituted with various substituents such as those listed above.

[0085] Heteroarvl groups are aromatic ring compounds containing 5 or more ring

members, of which, one or more ring carbon atoms are replaced with heteroatom such as, but
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not limited to. N, O, and 8. Hetercaryl groups may be substituted or unsubstituted.
Heteroary! groups include, but are not limited to, groups such as pyrrolyl. pyrazolyl, triazolyl,
tetrazolyl, oxazolyl, isoxazolyl, thiazolyl, pyridyl, pyridazinyl, pyninudinyl, pyrazinyl,
thiophenyl, benzothiophenyl, furanyl, benzotfuranyl, indolyl, azaindolyl (pyrrolopyridyh),
indazolyl, benzimidazolyl, tmidazopyridyl (azabenzimidazolyl), pyrazolopyridyl,
triazolopyridyl. benrotriazolyl, benzoxazolyl, benzothiazolyl, benzothiadiazolyl,
imidazopyridyl, isoxazolopyridyl, thianaphthalenyl, purinyl, xanthinyl, adeninyl, guaninyl,

quinolinyl, isoguinolinyl, tetrahydroquinolinyl, quinoxalinyl, and quinazoliny] groups.

10086] The term “alkoxy” refers to an ~O-alkyi group having the indicated number of
carbon atoms. For example, a (Ci-Cplalkoxy group includes -O-methyi (methoxy), -O-ethyl
{cthoxy), -O-propyi (propoxy), -O-isopropyl {isopropoxy), -O-buty! (butoxy}, ~-O-sec-butyl
{sec-butoxy), -O-eri-butyl (reri-butoxy), -O-pentyl {pentoxy), -O-isopentyl (isopentoxy), -O-
neopentyl (neopentoxy}, ~O-hexyl (hexyloxy), -O-ischexyl (isohexyloxy), and -O-neohexyl
{nechexvioxy). Examples of cycloalkoxy groups include but are not limited to
cvelopropyloxy, eyclobutyloxy, cyclopentyloxy, cyclohexyloxy, and the like. Alkoxy groups

may be substituted or unsubstituted.

{0087} The term “carbocycle” refers to an aromatic or non-aromatic ring in which

each atom of the ring is carbon.

{0088} The term “nitro” refers o -NGa.
{0089} The term “halogen” is art-recognized and refers to -F, -CL -Br or -1; the term

“sulthydryl” is art-recognized and refers to -SH; the term “hydroxyl” means -OH; and the
term “sulfony?™ is art-recognized and refers to -SOy,", “Halide” designates the corresponding
anion of the halogens, and “pseudohalide” has the definition set forth on 560 of “Advanced

inorganic Chemistry” by Cotton and Wilkinson.

[HI90] The term “amine or amine” refers 1o an ~NRR® group wherein R? and R cach
independently refer to a hydrogen, (Cy-Cylalkyl, aryl, heteroaryl, and heterocycloallovl group.
When R% and R® are attached to the same nitrogen atom, they can be combined with the
nitrogen atom to form a 5-, 6-, or T-membered ring. For example, NRRE is meant t

include t-pyrrolidinyl, pyridinyl or a 4-morpholinyl ring.
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(0091} The term “amido™ is art recognized as an amino-substituted carbonyl and
incing 3 o ; vy dpe
inciudes a moiety that may be represented by the general fermula, ~-CIOINRR® group

wherein R and R® are as defined above.

{00921 The term “nitrile or cyano” can be used interchangeably and refer to a -CN
group which is bound to a carbon atom of a heteroaryl ring, aryl ring and a heterocycloalkyl

ring.

{6093 The term “aminoalkyl,” refers to an (C-Cphalkyl group wherein one or more
hydrogen atorns in the (C;-Ciojalkyl group is replaced with a ~NRR® group, where RY and R®
can be the same or different, for example, RY and R® each independently refer to a hydrogen,
(C-Cylalkvl, aryl, heteroarvl, heterocycloalkyl, (C-Cyibaloalkyl, and (C)-Cigdhydroxyalkyl
group. Examples of aminoalkyl groups include, but are not limited to, aminomethyl,

aminoethyl, 4-aminobutyl and 3-aminobutyiyl

(00941 The term “haloalkoxy,” refers to an ~O-{C-Cglalkyl group wherein one or
more hydrogen atoms in the C-Cy alky] group is replaced with a halogen atom, which can be
the same or different. Examples of haloalkyl groups include, but are not timited to,
diflucromethocy, trifluoromethoxy, 2,2.2-tritluorocthoxy, 4-chlorobutoxy, 3-

bromopropyloxy, pentachloroethoxy, and 1,1, -rifluoro-2-bromo-2-chloroethoxy.

[0095] The term “hydroxyalkyl,” refers to an alkyl group having the indicated number
of carbon atoms wherein one or more of the alkyl group’s hydrogen atoms is replaced with an
-OH group. Examples of hydroxvalkyl groups iclude, but are not Himited to, ~CH;OH, -
CHCHOH, -CHCH,CHLOH, -CHCHCHCHLOH, -CH2CHCHRCHL,CHLOH, -
CHCHCHCHLCHLCHOH, and branched versions thereof.

[0096] A “hydroxyl” or “hydroxy” refers to an ~OH group.
(00971 The terms “carboxyl” and “carboxylate” inciude such moieties as may be

represented by the general formulas:

O 7

L N

g £ E RS

C e . . £ o s g s .y

wherein E is a bond or represents & or 8, and R and R individually is H, alkyl, alkenyl, aryl,
. . S i ~ \ . .

or a pharmaceutically acceptable salt. Where E is O, and R’ is as defined above, the moicty i3
. . N ; . . N

referred to herein as a carboxyl group, and particularly when R is a hydrogen, the formula

D4
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represents a “carboxylic acid”. In general, where the expressly shown oxygen is replaced by

*

sulfur, the formula represents a “thiocarbonyl” group.
[0098] The substituent -CO-H, may be replaced with bioisosteric replacements such
as:
IS 3 s} R
q\\ /,O O\\ //J k“\Q/ / lé\ N é/_ o
S gy e e WO
) "H ° H H oo
o] R 0 o oF;
2 ,L:\\ l*,::() k) J}‘\ QH 2 /lj\\ _ON 7 -/L\
X NS ) N Y, Y TOH
H e H H
CFs NS o N N
L OH jN 3 N ioN i — O
AR X ~ N EE AT
\ H ©H g
CH
o o]
.
N -~ o N rs»"‘\’\ HNY
L o en b ooH . R
q(j / 7: - 7( \i\/ 4 \\‘\
o} o
0
Y P\‘OH
b OH

and the like, wherein R has the same definition as R and R” as defined herein. See, e.g., THE

PRACTICE OF MEDHCINAL CHEMISTRY {Academic Press: New York, 1996}, at page 203,
{00991 The terms “alkoxyl” or “alkoxy” refer to an alkyl group, as defined above,

having an oxygen radical attached thereto. Representative alkoxyl groups inchude methoxy,
ethoxy, propoxy, buivoxy, feri-butoxy and the like. An “cther” is two hydrocarbons
covalenily inked by an oxygen. “Ether” also encompasses polyethers where more than one
ether group, or linkage, may be present in a given group. “Ether” also encompasses cyclic

cthers, and crown ethers, where the cther linkage is within a cyclic group.

(01681 The term “{Cs-Caryi~(C-Ciglalkylene” refers to a divalent alkylene wherein
one or more hydrogen atoms in the C;-Cyp alkylene group is replaced by a {Cs-Ciydary! group.
Examples of (C-Cyyaryi(C-Cipyalkylene groups include without limitation 1-
phenylbuiylene, phenyl-2-butylene, 1-phenvi-Z-methyipropylene, phenyimethylene,

phenyipropylene, and naphthylethylene.

(0101} The term “(C:-Cyypheteroaryl-(C-Ciglalkylene” refers to a divalent alkylene
wherein one or more hydrogen atoms in the C-Cyy alkylene group is replaced a {Cs-

5.
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Ciashetercaryl group. Examples of (Cs-Cigdheteroaryi-{(C-Ciodalkylene groups include
without {imitation I-pyridylbutylene, quinolinyl-2-butviene and 1-pyridyl-2-

methylpropylenc.

[G102] The term “+{Cs-Cyapheteroarviene-{C-Chgalkylene-” refers to a divalent
alkylene wherein one or more hydrogen atoms in the C-Cyp alkylene group is replaced a (Cs-
Ciayheteroaryl group and wherein one of the hydrogens or one of the heteroatoms of the (Cs-

Ciadheteroaryl group is bonded to another group, for example | a (C-Ciojalkyl group.

[0103] A “benzyl™ is , while the term “benzylene” denotes a divalent
5 (//\\\-/ N 8
- L. . . ‘ < (i o
benzyl moiety that is represented by the following structure . ™
{0104} A halogen refers to chiorine, bromine, fluorine, or iodine.
(0105} The definition of cach expression, ¢.g. alkvl, m. n, and the like, when it occurs

maore than once in any structure, is intended to be independent of its definition elsewhere in

the same siructure.

10106} The terms triftyl, tosyl, mesyl, and nonaflyl refer to trifluoromethanesulfonyl,
p-toluenesulfonyl, methanesutfonyl, and nonafluorcbutanesulfonyl groups, respectively. The
terms triflate, tosylate, mesylate, and nonaflate are art-recognized and refer to
trifluoromethanesulfonate ester, p-toluenesulfonate ester, methanesulfonate ester, and
nonafluorobutanesulfonate ester functional groups and molecules that contain the groups,
respectively. The abbreviations Me, Et, Ph, T1, N, Ts, and Ms represent methyl, ethyl,
phenyl, trifluoromethanesulfonyl, nonaflucrobutanesulfonyl, p~toluenesuifonyi and
methanesulfonyl, respectively. A more comprehensive list of the abbreviations utilized by
organic chemists of ordinary skill in the art appears in the first issue of cach volume of the
Journal of Grganic Chemistry; this list is typically presented in a tabic entitled Standard List

of Abbreviations.

10107} Certain compounds contained in the compositions may exist in particular

geomelric or stereoisomeric forms. In addition, compounds may also be optically active.

26
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The compounds may also include cis- and trans-isomers, X- and S-enantiomers,
diastereomers, {D}-isomers, {L}-isomers, the racemic mixtures thereof, and other mixtures
thereof. Additional asymimetric carbon atoms may be present in a substituent such as an alkyl
group. f] for instance, a particular enantiomer of compound is desired, it may be prepared by
asymimetric synthesis, or by derivation with a chiral auxiliary, where the resulting
diastercomeric mixture is separated and the auxiliary group cleaved 1o provide the pure
desired enantiomers. Alternatively, where the molecule contains a basic functional group,
such as amino, or an acidic functional group, such as carboxyl, diastereomeric salts are
formed with an appropriate optically-active acid or base, followed by resolution of the
diastercomers thus formed by fractional crystallization or chromatographic means well

known in the art, and subsequent recovery of the pure enantiomers.

{0108} The phrase “protecting group” as used herein means temporary substituenis
which protect a potentially reactive functional group from undesired chemical
transformations. Examples of such protecting groups include esters of carboxylic acids, silyl
ethers of alcohols, and acetals and ketals of aldebydes and ketones, respectively, The field of
protecting group chemistry has been reviewed (Greene, T.W ., Wauts, P.G.M. Prorective

Groups in Organic Synrhesis, 3% ed.; Wiley: New York, 1999).

(0109} Unless otherwise indicated, “stereoisomer” means one sterecisomer of a
compound that is substantially free of other stereoisomers of that compound, Thus, a
stereomerically pure compound having one chiral center will be substantially frec of the
opposite enantiomer of the compound. A stereomerically pure compound having two chiral
centers will be substantially free of other diastercomers of the compound. A typical
stereomerically pure compound comprises greater than about 86% by weight of one
sterecisomer of the compound and less than about 20% by weight of other stereoisomers of
the compound, for example greater than about 80% by weight of one stereoisomer of the
compound and less than about 10% by weight of the other sterecisomers of the compound, or
greater than about 93% by weight of one stercoisomer of the compound and less than about
5% by weight of the other stercoisomers of the compound, or greater than about 97% by
weight of one sterecisomer of the compound and less than about 3%6 by weight of the other

stereoisomers of the compound.

~
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(011 H there is a discrepancy between a depicted structure and a name given that
structure, then the depicied structure controls, Additionally, if the stereochemistry of a
structure or a portion of a structure is not indicated with, for example, bold or dashed lines,
the structure or portion of the structure is to be interpreted as encompassing all stereoisomers

of it,

LG As described above, the present invention relates o compounds according to

Formula L

NH- D

AN,
4 [N = X r
_____ /
O R, AN YN
L f \
J o NoRb
I Ra
RC\F/ \N‘/ \N/}\\T(/RC
., H H
O O i
[6112] For Formula [ compounds variable A is (CHR ) or C(O) and W is selected

from the group consisting of —~C{O-(CHy - -C(O)-CHL-CH-O -, ~[CH-CH-O ] -(CHa o,
—{ (‘))«{(JH(RE)t}q~, A CH - O-{(CH Y-, ~(CH - SH{CH -, ~(CHD - S{O-{CH 1, -{CH 30
S{Oh-(CHaygmand -(CHojn-NRp~(CHo)n-.

3 TN
SN N
[0113] Variable Y in Formula | is selected from —NH-, -NR*-, or ¢ ¢and X

is group selected from —{(C-Cigialkylene-(Cs-Ciplarylene, <{Cs5-Ciparyicne, ~{Cs-
Cioyarylene—{C-Cyglatkylene--, phenylene, ~(Ci-Ciplalkylene-{Cs-Chgleveloalkylene, -(Cs-
Cioyeyeloalkylene, or «(Ca-Chpleyeloalkylene(Cy-Ciplalkviene-. For certain Formula |

compounds X is a -{Cs-Ciolarylene, such as a phenylene group.

{0114} Substituent groups R' and R” in Formula T are cach independently selected
from H, ~(C;-Cypyatkyl, ~CO-(Ci-Cpialkyl, benzyl, -{(Cs-Cajeyeloalkyvl, or {Cs-Cipjaryl,
while groups R" and R" are cach independently selected from the group consisting of H, -OH,
~{Cy-Crppalkyl, -[CH-CH-O L~ {CHa)- T, ~C{OW(Ci-Crpdalkyl, —{C-Cpyalkylene-C(O)-, -

(C1-Cippatkylene-C{O)-7, benzyl, ~(C3-Cinjeyeloalkyl, «(C5-Ciplaryl-(C-Cippatkylene, «(Cs-

3%
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Chgyaryl, halo~(Cy-Cilatkyl, hydroxy-(C-Cipalkyl, -NH-~(C-Ciialkyl, and <(Cy-
Choalkylene-NRR®-. For certain Formula | compounds R® and R” together with the nitrogen
to which they are bonded form a (Cs-Ce)-heteroaryd or {Ca-Co)-heterocycloalkyl that can

further comprise one or more heteroatoms selected from N, 5, or O,

[0115] Z in Formula | can be selected from ~OH, ~-O(C-Chglalkyl,

HE Oy ~ORC Os
Q. ORS - { 7,
{ N . P
s & N = i f

RGO\ //‘\ I'J‘i\N‘/{\\:?/ORC RCO\\E’ TN E\‘I/J\\E:i/ ~. ‘:/OR

i ! 1 i : . ¢ s
o " "5 , OF ] O , substituent R" is selected from -OH, -

OHC-Cpalkyl, -Obenzyl, ~-O{C3-Cyg)eycloalkyl, ~-O{Cq-Chgdaryl, ~O-(Ci-Crolalkylene~{(s-
Cigyaryl, or -O-(C-Cinjatkylene--(Cs-Crojeycloalkyl and R’ is selected from H, halogen, -

OH, -NH,, «{CH)p-COOHR, or <(CHy - NH,.

{0116} In Formula [ T is selected from —H, ~OH, -COOH, or ~NRR® and when T is ~
NRIRY, substituent groups R® and R® are each independently selected from H, bond, -OFH, -

{(C-Cradalkyi, or {Cs-Chgdheteroaryl-(C~-Cipjalkylene;

{0117] Subscripts m, n, p, g, t and r are each independently 0, 1,2, 3, 4,5, 6,7, 89, or
r/// \i\g
/L\ A COLH
HOLC ¢ N . 2
HO24 \\ / éS\ SN
\\\‘N \-——-"“\\ /N N\
.y \ COpH
ot
g —\_‘_,.«‘/N \\\\\ /> \“N N/\
{ (L
10; and the chelator group [ is ~O2H COM - COuH
. £ C0OzH COH T
f z Wy YR
AN AN . ~ - AN Ve
) [ CHHO ) ¢ s N N N N COH
K N o o M ¢ Vs \
HO T T NN oM L N )
e I AOH N N. \\ N /
i [ S S R
S . COH  COpH, ~COH ,
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For Formula 1 compounds any alkyl, alkylene, arvl, arylene, heteroaryl,

{0118}
heteroarylene, cycloalkyl, cvcloalkylene, heterocyeloalkyl, or heterocycloalkyiene is

optionally substituted with 1, 2, or 3 substituent groups selected from the group consisting of
L -Cyatkyl, -(C-Chodhaloalkyl, ~(C,-Cyp) aminoalkyl, «(C-Ciajalkylene-COOH, ~(Cy-
Cioyhydroxyalkyl, ~-OH, halogen, -NH,, -COOH, ~C{O-(C-Cinjalkyl, «{Ci-Ciplalkylene-
CLOY-, ~(C-Cpalkylene-C{ON-X, -NH-+(C-Cioalkyl, and -(C,-Ciodalkoylene-NRR®-, and —

NRIR®,
[G119] in one aspect for an inventive Formula I compound X is phenylene, subscript
COLH COLH
i\ TN ,]
NN
e T/ N
N Nl
(L
CO:H COH the metal chelator DOTA. Pursuant to these

“ris 1 and Db is
qualifications is a Formula 1l compound as illustrated below. For certain Formula [}

~3(-
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compounds A is (CHR Y, W is 2 CHO-(CHy - or -C{O)-(CHa g~ group and Y is

COH
//’:_::::\\ \ N /v—--"\\ e
P o
.\!::::?\ e \./
- H J/ \
0. Re NN L
~ AW DV HOG N N CO,H
: ; \\ > A ,'1 ~
™ e -~ N Ro —
RC\ PN /’El\ //E\\ o Rc Ra
N N ,
1 H H 7
Oy (8] EI
. . . oy} . i . ) .
{0120} fn one embodiment, A 1s (CHR ), with R being a hydrogen and m is 2. For

certain Formula [T compounds R¥and R” together with the nitrogen to which they are bonded
form a (C5-Ce)-heterocycloalkyl selected from piperidine, piperazine, morpholine,
thiomorpholine, isothiazolidine, isoxazolidine, pyrroliding, immidazolidine, thiazolidine or
‘e ~ o P I b TN . ‘ 3
oxazolidine. For some Formula If compounds R §s -H and R” is nooc”™ ™ NRIR® with R®

and R° each independently being a -{C-Cghheteroary-{C-Ciglalkylene, for example, RY and

H'QOC—‘\
AN
./
P
e . Y
R" are each independently “
16121} An tllustrative Formula 11 compound that comports with the above definition
is illustrated below:
g
HFT/l:\\/’\\,//\\,/"\v/"\\//.\ /\\W .
O\§,/OH ~ L\‘/,,N\ AN /:\-} e fole T et
f 7 j {,/’T \\> /\ I 1 P
\; Q f/ N l; N \:;;;L\’ o N 8] - \CO)_H
{ ~~ /H AN O “ ) ! |
HO \‘i/ \Ni, \.E\r OH ’,‘ \\\j /J
s HoH g i HOC-N N _gom
| oH
{0 :{\ I
:\‘JH F\.Y/N
B RN
RO, N
SN
o T
/,\L\,N it
HO



WO 2014/110372 PCT/US2014/011047

{0122] Other excmplary Formula [ or Formula [} compounds include without
limitation compounds montioned n Table 1 below. While some exemplary compounds are
depicted with stereochemistry, it should be understood that the invention includes all possible

stereoisomers, such as diastercomers, of the compounds.
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(6123} Pharmaceutically acceptable salts and/or solvates of the inventive Formula |

and Formula 1 compounds iHustrated above are also within the scope of the present
invention. In some embodiments, the chelator group, for example, the DOTA group is not
complexed with a radionuclide. When DOTA is uncomplexed the carboxylic acid groups of
the DOTA group can be in the form of a free acid, or in the form of a salt. The free
carboxylic acid groups can also be esterified to obtain the prodrug form of Formuda T or

Formula i compounds. Suitable ester prodrugs melude various alkyl esters, including
saturated and unsaturated Cg to Ciy fatty acids.
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{0124} The inventive compounds are glutamate-urea-lysine (GUL-} or glutamate-
urea-ghutamate (GUG) analogs in which a chelator group is conjugated to the GUL- or GUG-

moiety via a linker,

HN-E

Qs R A Qs R O,

[ | 1 7

~. o \\\ - e
= | o

R2 //E'\ A ~ /'[\ ’{Qb Ra\ ,/’\\ /EL\ /)\\ /.ﬁh

YONTN Y 7NN

G ' o GUL; O O GUG

16125] As further discussed below, the length and chemnical nature of the linker group

is believed to influence the binding avidity of the inventive compounds (o the target tissue.
Thus, radionuclide complexes of Formula I or Formuda H compounds having a piperazine-
triazinyl-p-aminobenzy-I2OTA moiety within the linker were observed to concentrate to a
greater exient in tumor tissue than non-tumor tissue, such as blood, heart, lungs, liver, spleen,

stomach, large and small intestines, testes, skeletal muscle, bone, brain, and adipose tissue.

¢ -
é\N - \\g
L H
\\J/N\\/BQE,N\//§A COH
TR
N\To’-N '\//”j\w{“ N/\ ~COLH
/"N'\ ‘L f
%M o ~ N
HO, G (ARSI
[0126] These compounds, moreover, were rapidly cleared by the kidneys. It was

observed that over a period of 96 hours, the piperazine-triazinyl-p-aminobenzyl-DOTA
containing compounds initially concentrated in the kidoeys but at longer intervals of time
were rapidly cleared by the Kidneys. For example, Formula | or Formula 1 compounds
concentrate 10 a greater extent in the kidneys than tumor at 4 hours post administration.
However, the concentration of the inventive compounds in tumor did not change as a
function of time. Thus, the tumor concentration of Formulda § or Formula 11 compounds at 4
hours post administration is similar to their tumor concentration at 24 hours and 96 hours post

administration.
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Depending on whether the Formula | or Formula I compounds are to be used

as radiolmaging agents or radio pharmaceuticals, different radionuchides are complexed to the

compounds. [Hustrative of suttable radionuclides are those selected from the actinide series,

: . . : - o . P, S0e, 6% v, Gdgn
lanthanide series and radionuclides of transition metals, for example, *'In, Y, , Ga, “Cu

33 e 185~ 157 o 58y 225 212652 2137y 35 “7 P65 166 192 223 184
P3Gd G, G, Tre, TP A, 2B PR TCe, O, Py, M Ho, P, PPRa, PRe
» - = 5 » b b

1885 103 212np 213pp 149
Re, "7"Rh, ““Ph, “7Pb, "Th,

[0128]

190 B9a. HTme. 169qp Yu 86y 89- 177
Th, "7'Sm, S, U MSn, UYB, VY, Y, T Zrand VL

Hlustrative of Formula § or Formula I compounds complexed to an exemplary

radionuclide ' Lu are those ilustrated below in Table 2.

Table 2
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or a pharmaceutically acceptable salt or sobvate thereof,
[0129; Figure | and Figure 2 illustrate results of a bio-distribution study of a GUL-

. . - . R o 177 .
{piperazine-triazinyl-p-aminobenzy}-DOTA-"""Lu complexes according to Formula f or
Formula [T in LNCap xenograft mice, while Figure 3 illustrates results of a bio-distribution

study of a GUL- {alkylene thioureal-DOTA-"""Lu complex in LNCap xenograft mice.

O
./L:\ TN T e N TN TN T
HT N NN — N \
o) RN /OH e L\\/" N N~ NQ\/,?\} s cO 2H
N - N <N ‘“ " \ ! ! P
. (9] E e NN N CO,H
How o~ M A _on HNL [ tu ]
i N N \‘] . 1 '\N =
o T "o o POL P copH
&} o
L
N
0.
~ T.//,O
OH
(A
O
I
HN N N N \?}1 NG
- | X H _
O, - OH ) N NG N COM
. J Ty L.
S o A . B T
. ;I\ N B ! L ?
HO. - NN \ﬁ,OH ./N\ L\ U /‘
H it : . N
o H S L HG2C ~ - o j/N S G H
{B)



WO 2014/110372 PCT/US2014/011047

T,
LV
o , o PN N0
i H T T
/}‘\\ PN NN /»N~ NP N A/{‘\\\ - . So
H"?i - ~ e N e ﬁ {:}1 N 3 lb—\/( PRy o
O, OH e o L e
i I
<~ a {
HO._~ ,,M\N./ - OH
ARV -
s o ()
(01309 As tllustrated by the bar graphs in these figures, complexes (A}, (B) and (O)

concentrate in kidneys and tumor to a greater extent than other tissues. in fact, at 4 hours
post administration, the observed concentration for each complex {(A), (B} and () was
greater in kidneys than in tumor. As tllustrated by Figures 1-3, however, at 24 hours and 96
hours post administration the concentration of the inventive GUL- {piperazine-triazinyl-p-
aminobenzyil-DOTA-"""Lu complexes (A} and (B) in LNCap tumor cells remained
unchanged while the concentration of complex {C) used as a control decreases in LNCAP

tumor cells at these longer intervals of time.

{3 1] These results were unexpected and suggest a greater ability for radionuclide
complexes of Formula | or Formula 1 compounds to concentrate in tumor cells. Moreover,
as illustrated in Figures 1 and 2, inventive complexes (A) and (B) are rapidly cleared from the
kidneys. Because radionuclide complexes of Formula [ or Formula i compounds
concentrate in tumor and are rapidly cleared by the Kidueys, radionuclide complexes of
Formula | or Formula I compounds are candidate therapeutics for treating cancer, for

example, prostate cancer,

10132} Further confirmation that the inventive complexes concentrate in LNCaP
turnors but are more rapidly cleared from other tissues including kidneys post administration
to LNCaP tumor bearing mice was obtained in a separate extended biodistribution study

.

. . g g o . R , . RN L1 . N 177 . o e 7Y . s
asing the GUL- [piperarine-triazinybp-aminobenzyl}-DOTA- 7 Lu comples (D), Hlustrated
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{0133} As itiustrated by the bar graph in Figure 4, the inventive complex concentrates

to a greater extent in kidneys and tumor than other tissues at shorter time fntervals post

administration. For instance, there is a gradual increase in the concentration of complex (1)
in kidneys and tumor as a function of time over the first eight hours post administration. At
fonger time ntervals, for example between 24 hours to 96 hours however, the concentration
of complex (I3} in kidney decreases while there is no observable change in the concentration

of complex (D} in tumor.

(0134} To further investigaic the pharmacokinetics of tumor retention and renal
clearance, the biodistribution study was extended to 3 weeks. Tissue analysis at | week post
administration of complex (D) indicated no appreciable change in the intracelular
concentration of this complex in LNCaP tumor cells. The intrarenal concentration at | week
post administration of complex {13} is significantly lower than the intrarenal concentration of

complex {13} at carlier time intervals, for example, within eight hours post administratio

[0135] At 3 weeks post adminisiration, tissue analysis indicates a decrease in the
intratumoral concentration of complex (1), However, the decrease in the concentration of
the inventive complex in tumor is less compared to the decrease in the intrarenal
concentration of complex (). As mentioned above, the extended biodistribution study
contirmed initial observations that within the same period of time there is a more rapid
decrease in the concentration of compiex (D) trom the kidneys than tumor. Taken together,
these results illustrate a greater affinity for the inventive radionuchide complexes that comport
with Formula I or Formula 1 for tumor cells than non-tumor tissue, such as blood, heart,

lungs, liver, spleen, stomach, large and small intestines, testes, skeletal muscle, bone, brain,
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and adipose tissue. Accordingly, Formula [ and Formuia H compounds are candidate

therapeutic or imaging agents for selectively imaging LNCap tumor cells.

[0136] The compounds of Formula T or Formula H were screened in a human prostate
cancer cell competitive binding assay using PSMA positive (+), LaCap cells against the
known inhibitor of PSMA, (78,148,188)-7-amino-1-(1-{carboxymethyl)-1 H-imidazol-2-y1)-
2-{{1-{carboxymethyt}- t H-imidazol-2-yhmethyl)-R, 1 6-dioxo-2,9,15,17-tetraazaicosane-

s . . 5O A N ~ 4 ‘
14,18,20-tricarboxylic acid " Tc-MIP-1405), and 1Cs values were calculated.

01374 Brietly, LNCaP human prostate cancer cells were obtained from American
Type Culture Collection, Rockville, MDD LNCaP cells were maintained in RPMI-1640
medium supplemented with 10% fetal bovine serum (FBS). Binding of the radiolabeled
compound and competition with cold derivatives to LNCaP cells was performed according to
published methods. Cells were plated in 12-well plates at approximately 4 x 107 cells/well
and incubated for 48 hours in a humidified incubator at 37 °C/5% carbon dioxide prior to
addition of compound. Solutions of the Formula 1 or Formula 1t compounds were prepared
and diluted in serum-free cell culture medium containing 0.3% bovine serum albumin (BSA)
in combination with 3nM """ Te-MIP-1405 {known inhibitor). Total binding was determined
by incubating * " Te-MIP-1405without test compound. Plates were incubated at room
temperature for | hour. Cells were removed from the plates and transferred to eppendorff
tubes. Samples were microcentrifuged for 15 seconds at 10K x g. The medium was aspirated
and the pellet was washed twice by dispersal in fresh assay medium followed by
microcentrifugation. Cell binding of " Te-MIP-1405 was determined by counting the cell
pellet in an automated gamma counter. Table 3 illustrates the 1Csy values of representative

. 4TS
Formula I} non-radioactive ' “Lu complexes.

Table 3

Complex {Cso {nM)
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(0138} As illustrated above, Formula | and Formula U compounds of the invention
bind to PSMA expressed on the surface of prostate cancer cells with I1Cs values in the
nanomolar range. The inventive compounds, therefore, are candidate radiotherapeutic agents
for inhibiting the growth of prostate cancer tumor. Please note that in some structures
depicted above and elsewhere in this disclosure there may or may not be dashed or solid hines
showing putative interactions between certain functional groups and a metal radionuclide.
These depictions are merely Hlustrative of possible bonding interactions, but by no means
should they be interpreted as the only possible or actual metal-ligand fnteraction(s) present
for the particular metal complex depicted. For example, it is possible, perbaps even probably,
that one or more of the macrocylic aza groups are contributing to the overall bonding

interactions between the metal ion and the chelating ligand.

f0139] Figure § illusirates the in vivo efficacy of an exemplary lutetium complex of
the invention to inhibit the growth of LNCaP tumors in mice. Arrest of tumor growth was
determined by administering 450 pCi of the lutetium complex of (28)-2-(3-{(18)~1-carboxy-
S~(11-(4-(4-(dimethylamino}-6-{{4-({1,4,7, 1 O-tetrakis{carboxymethyl}- 1,4,7,10-
tetraazacyclododecan-2-yhmethyDphenyhaming)-1,3, S-triazin-2-ylipiperazin-1-
vhundecanamidolpentyhureidopentanedioic acid to each mouse in the study group. Mice in
the contro group were administered saline. Tumor volumes in the test and control group of
mice were measured twice weekly. Tumor volumes of mice receiving the lutetium complex
according to the invention, were significantly fower than the tumor volumes of mice in the

control group.
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{01407 In fact, as illustrated in Figure 3, LNCaP fumor volumes of mice in the test
group were observed to decrease o values lower than the tumor volume at the start of the
study upon administration of the inventive complex. In contrast, there was an increase in the
volume of LNCalP tumors in mice receiving saline. These observations indicate that
radionuclide complexcs of the inventive Formula | and Formula I compounds are effective at

arresting the growth of prostate cancer i vive.

1141} According to another embodiment of the invention, radiometal complexes of
Formula | and Formula [ compounds were used for imaging prostaie cancer and
accompanying metastasis in a subject. Briefly, 8Ga was complexed to (28)-2-(3-{(18)-1-
carboxy-5-(11-{4~{4-(dimethylamino)-6-({4-((1.4,7,1 O-tetrakis{carboxymethyi}-1,4,7.10-
tetraaracyclododecan-2-yhimethyhiphenyhamino)-1,3,5-triazin-2-yDpiperazin-1-
yhundecanamidopentyhureido) pentanedioic acid and the resultant complex was
administered 1o a subject having prostate cancer. The subject was then imaged at | hour and
3 hours post administration of the inventive “Ga complex using, for example, a B Ga-PSMA
PET/CT scanner, As illustrated in Figure 6, PSMA specific lesions were detected in the
ivmiph nodes and bone, in addition to the prostate tissue itself. Some imaging agent was also
visible in the sabject’s bladder at hour 1, which was cleared by the 3-hour scan. The
radiographic image in Figure 6 further indicates that the inventive complex accumulates in
the tacrimal and salivary glands, kidney, tiver, and urinary bladder. Overall, this imaging
study supporis the use of radiometal complexes of the inventive corapounds as suitable

agents for radioimaging of cancers, such as prostate cancer.

[G142] Because Formula T and Formula 11 compounds and their radionuclide
complexes can have one or more chiral centers, the present invention encompasses both
enantiomers, as well as all of the diasteroisomers. Moreover, both L and D-forms of the
natural amino acids can be used for synthesizing the Formula 1 and Formula I compounds.
That is, the present invention encompasses stereoisomers, tautomers, and prodrugs of

Formula | and Formula I compounds and their radionuchde complexes.

101431 As noted above, radinuclide complexes of Formulda | or Formula I compounds
may contain one or more radionuclides which are suitable for use as radio-imaging agents or
as radio-therapeutics for the treatment of diseases associated with the uncontrolled and rapid

w4 8-
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proliferation of cells, for exampie, PSMA expressing prostate cancer cells. Accordingly, in
one embodiment, a pharmaceutical composition s provided including a complex that
includes a metal and a compound of Formula | or Formula U a salt, solvate, sierecisomer, ot

tautomer thereof, and a pharmaceutically acceptable carrier.

£

{0144} In general. metal complexes of a Formula 1 or a Formula I compound or
pharmaceutical compositions thereof, may be administered orally, or via a parenteral route,
usually by injection. Parenteral routes include, but are not limited to, intravenous,
intramuscular, intraarterial, intrathecal, intracapsular, intraorbital, intracardiac, intradermal,
intraperitoneal, transtracheal, subcutaneous, subcuticular, intraarticulare, subcapsular,
subarachnoid, intraspinal and intrasternal injection and infusion. In some embodiments, the
compound, or pharmaceutical composition thereof] is administered orally. Such
compositions may take the form of tablets, pills, capsules, semisolids, powders, solutions,

suspensions, elixirs, acrosols, or any other appropriate compositions.

[0145] According to another aspect, a pharmaceutical composition is provided, which
is suitable for in vive tmaging and radiotherapy. Suitable pharmaceutical compositions may
contain a radio imaging agent, or a radiotherapeutic agent that has a radionuclide either as an
element, i.e. radioactive iodine, or a radioactive metal chelate complex of the compound of
Formula | or Formula [T in an amount sufficient for imaging, together with a
pharmaceutically acceptable radiological vehicle. The radiological vehicle should be suitable
for injection or aspiration, such as human serum albumin; aqueous buffer solutions, e.g,,
tristhvdromethyly aminomethane (and its salts), phosphate, citrate, bicarbonate, ete; sterile
water; physiological saline; and halanced ionic solutions containing chiloride and or
dicarbonate salts or normal blood plasma cations such as calcium, potassium, sodium, and

magnesium,

16146] The concentration of the imaging agent or the therapeutic agent in the
raciological vehicle should be safficient to pravide satisfactory imaging. For example, when
using an aqueous solution, the dosage is about 1.0 to 30 millicuries. The actual dose
administered to a patient for imaging or therapeutic purposes, however, is determined by the
physician administering treatment. The imaging agent or therapeutic agent should be

administered so as to remain in the patient for about 1 to 24 hours, although both longer and

-49.
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shorter time periods are acceptable. Therefore, convenient ampoules containing | to 10 mL

of agucous soiution may be prepared.

{0147} Imaging may be carried out in the normal manner, for example by injecting a
sufficient amount of the imaging composition to provide adequate imaging and then scanning
with a suitable machine, such as a gamma camera. In certain embodiments, a method of
imaging a region in a patient, for example, imaging one or more tissues that express prostate-
specific membrane antigen (PSMA) includes the steps oft (3) administering to a patient a
diagnostically effective amount of a Formula I, Forroula I or Formula HI compound
complexed with a radionuclide so as to contact the one or more tissues expressing PSMA
with a radionuclide complex of a Formuida §, Formula It or Formula Hi compound; and (ii)
recording a radiographicimage of the one or more tissues. In one embodiment the tissue
imaged is a prostate tissue or a prostate cancer tissue. According to the inventive
methodology, imaging can be cagried out by administering to a patient a diagnostically
effective amount of a Formula | compound complexed to a radionuclide, a Formula 1}
compound complexed to a radionuclide or a Formula 1 compoundcomplexed to a

radionuclide, or a pharmaccutically acceptable salt or solvate of the inventive complexes.

[0148] Iy one embodiment, therefore, imaging is carried out using a radionuclide
complex of a Formula HI compound.
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10149} InFormulaliLGis o 7 7 o L or 0 o L

is selected from ~NH-(C,-Cigalkylene~, ~NHAC-Cgalkviene-C{0)-,
~C{O)(C-Chplalkylene-, ~C{O~(C-Cypyaikylene-C{O)- or

-850
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SN
o 7 3
*C(C’)--(C1“(.:‘,:))355(&’;9518 \ A
‘ / ¥ . 3 & b .
p— and variables R® and R” are cach independently selected

from the group consisting of H, -OH, ~{(C-Ciolalkyl, -fCH-CHo-O 1 -(CHy - T, ~CO(C1-
Ciojalkyl, ~(Ci-Cigalkylene-C{O)-, ~C-Cplalkylene-C{O)-Z, benzyl, -(C5-Cgjeycloaliyl, -
(Cx-Cioyaryt-(C-Cpalkylene, «(C5-Cip)aryl, halo~-{C-Cpalkyl, hydroxy-{C-Cigalkyl,
NH-(C,-Cyodalkyl, and «(C-Cyoatkylenc-NRR®-, or R® and R" together with the nitrogen to
which they are bonded form a (C5-Ce)-heteroaryl or (Cs-Csi-heterocyeloalkyl that can further

comprise one or more heteroatoms selected from N, 8, or O.

(0150} Z in Formula s selected from ~OH, -O(C-Cp)alkyl,
HNE On -OR® SR
L J ~ -
RO \? ?\ ! OF R0 A /E\ j OR
O S N - OR: ST OONT N g
I [

0 ' o] . or o ' J . while R® and R” are each
independently selected from H, bond, -OH, ~(C-Cioyallyl, or -{Cy-Cotheteroaryl-{C)-
Ciodalkyiene. Subscript “n” is an integer selected from 0, 1,2, 3,4, 5,6, 7. 89, or 10. For
Formula Hi compounds, any alkyl, alkyiene, arvl, arvlene, heteroaryl, heteroarylene,
cveloalkyl, cycloalkylene, heterocycloalkyl, or heterocycloalkylenc is optionally substituted
with 1, 2, or 3 substituent groups selected from the group consisting of ~(C-Cijalkyl, <(Ci-
Cipihaloalkyl, {(Ci-Cio) aminoalkyi, {C-Ciatkylene-COOH, {C-Ciphydroxyalkyl, -NH,,
-COOH, ~COWC-Croalkyl, ~{C-Cialkylene-C{O), {C-Cypralkylene-C(O)-X, -NH--

Ciovalkyl, and «(C-Crodalkviene-NROR®-, and -NRIR®.

[0151] The meta) used to form the complex is a radionuclide selected from n,

68 s Q4 1533~ S8 37 591 25 bb é « 1%
Oy 98 Ga, PCu PG, G, PTGd, FFe, P ac, TUBIL PRI PCo, TCu. 'O Dy, Ho, I,

212

223 Rd IS")RC ggRQ iUﬁE{h ZEZE)ECL E!SPbQ MgTb. 227»'{}1. §53Sﬂ’h 815{. H/mS /‘JYb 7'(_1\/“ 80\{‘ SQZE‘
and '
161521 The amount of a Formuda 1, Formula I or Formula HI compound, ora

formulation comprising a complex of a radiometal and a compound according to Formula i or
Formula 11, or its sali, solvaie, stereocisomer, or tautomer that is administered to & patient

depends on several physiological factors that are routinely used by the physician, including
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the nature of maging to be carried out, tissue to be targeled for imaging and the body weight

and medical history of the patient to be imaged.

0}

Ly

3] Also described is a method for treating a patient diagnosed with cancer by
administering to such a patient a therapeutically cffective amount of a prostate-specific
mermbrane antigen (PSMA)Y binding complex comprising a triazinylene linker. In one
embodiment of this methodology, the prostate-specific membrane anfigen (PSMA) binding
complex comprising a triazinylene linker is a Formula L, Formula I or Formula {f compound
complexed to a radionuclide, or a pharmaceutically acceptable salt or solvate of the complex.
Radionuciide complexes of Formula 1, Formula If and Formuda {1 compounds, as deseribed
above, arce preferentially retained in PSMA-expressing tumor tissue than non-PSMA
cxpressing tissues such as kidney, liver, spleen, heart, blood, hungs, muscle, bone, large
intestine, small jntestine, brain , or fat. In addition to prostate cancer, radionuclide complexes
of Formula | or Formula I compounds are also candidate therapeutics for treating breast

cancer, colon cancer, brain cancer, bung cancer, liver cancer or kidney cancer.

10154} The present invention, thus generally described, will be understood more
readily by reference to the following examples. which are provided by way of ithustration and

are not intended to be limiting of the present invention.
EXAMPLES
General Protocol for Cell Culture

{0155] Human prostate cancer LMCaP cells were obtained from the American Type

Culture Collection. Cell cuiture supplies were {rom Invitrogen unless otherwise noted.

LMNCaP cells were maintained in RPMI-1640 medium supplemented with 16% fetal bovine

serum {Hyclone), 4 mM L-glutamine, 1 mM sodium pyruvate, 10 mM hepes, 2.5 mg/mL

D-glucose, and SO pg/mi gentamicin in a humidified incubator at 37 °C/5% CO;. Cells were
31

wirs et froevr ook o e macoare smaesrintes RN A Erge t40 o p coestl aceny miatec
semioved from fasks for passage, inoculation of mice or for ansfer fo 12-well assay plates

by incubating them with 0.25% trypsin/EDTA.

General Protocol for Competitive Binding
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[G156] The ability of non-radicactive lutetium containing PSMA inhibitors to
compete with 7 Te- (78,148, 188)-7-amino-~1 (1 {carboxymethyl}- | H-imidazol-2-y1)-2-((1 -
{carboxymethyh-1 H-imidazol-2-yDmethy)-8,16-dioxo-2,9,1 5, 1 7-tetraazaicosane-14,18,2{-
tricarboxylic acid) for binding to PSMA in LNCaP cells was examined. LNCaP cells (4 x

167 celis/well in 12-well plates in triplicate) were incubated for 1 hour with 3nM of the "™ Te-
complex in RPMI medium containing 0.5% BSA in the presence of 1-10,000 oM test
compounds. Cells were removed to Eppendorf tubes by gently pipetting, washed twice with

RPMI + 0.5% BSA and counted.
Mouse Studies

[0157] All animal studies were approved by the Institute for Animal Care and Use
Commititee in accordance with the guidelines set forth by the U.S. Public Health Service
Policy on Humane Carve and Use of Laboratory Animals. Mice were housed under standard
conditions in approved factlities with 12 hour light/dark cycles and given food and water ad
libitem. Male athymic NCr-nu/nu mice were purchased from Taconic, For inoculation in
mice, LNCaP cells were resuspended at 107 celis/ml ina 1 mixture of cell culture
medivm:Matrigel (B3 Biosciences). Each mouse was injected in the right flank with .25 ml
of the cell suspension. Mice were used for tissue distribution studies when the tumors

reached approximately 100-400 mm,
Tissue Distribution

- R . - L. . N . ~ 177
8] A quantitative analysis of the tissue distribution of ' Lu-labeled compounds

(9]

[0}
was performed in separate groups of male NCr-mu/nu mice bearing LNCaP cell xenografis,
The compounds were administered via the tail vein as a bolus injection (approximately 10
pCi/mouse) in a constant volume of 0.05 mb. The animals {(p=5/time point) were euthanized
by asphyxiation with carbon dioxide at the indicated time points after injection. Tissues, for
example, blood, heart, lungs, liver, spleen, kidneys, stomach, large and small intestines (with
contents}, tesies, skeletal muscle, bone, brain, adipose, and tumor were dissected, excised,
weighed wet, and counted in an automated y-counter, Tissue time-radioactivity levels were

expressed as percent injected dose per gram of tissue (S6lD/g).

~53.
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In Vivo Efficacy

10159; Mice bearing LNCaP xenografts having an average volume of ~100-500 mm’,
were randomly assigned to a control group or a treatment group (n = 10 mice per group).
Mice in the control group were administered saline while mice in the test group received 450
pCi/mouse of "' Lu-complex of the inventive Formula T or Formula 1l compound. Each
animal was administered the test article miravenously io a vohume ot .03 mi. Tumor
dimensions were measured twice weekly with digital calipers and wirnor volumes were
caleulated using the formula (4/3 x [T x width” x length)/6. Measurements were made until
tumor volumes in the vehicle group reached the maximum allowed by FACUC

guidelines (1,500 mm”).
eneral Synthetic Methods.

{0160] (eneral procedure for the synthesis of Formula I compounds and for
complexation of a Formula [ compound with a radionuclide are deseribed. While a protocol
for complexing lutetium to a Formula | compound is exemplified below, it is to be
understood that a similar synthetic procedure can be followed for complexing other
radionuclides. Therefore, while lutetium may specifically be shown in various examples
deseribed below, complexes with other radionuclides such as In, Y, Zr, Ga, Lu, Cu, Gd, Ac
Fe, Bi Co, Dy Ho, Ir, Ra, Re, Rh, Sr or Sm are within the scope of the present invention.
Additionally, it is to be understood that various isotopes of these elements may be

1 Gl r ER o~ SN < 155 25 2124y 2134y
Tn, v % Ga, ¥Cu PG4, UG, PTG, Tre, P Ac, TPBY PRI,

5 d ;

Sﬁx 6/ 35 166 9z 223 & 88 105 212 21 149- 227 33~
Cu, Dy, Ho, ", “Ra, '¥Re, MRe, "ORR, 7P, 7P, T, P Th, H8m,

j1{6]

E9¢ HTme 59 2 & 9 r YT
Sy, mgn vk, Oy, %y B and Vi

complexed, for example,”

General Experimental Conditions for the Formation of the lutetium Complexes

f0loi] The lutetium compkxa’s of Formuia I compounds were conveniently isclated
from the reactions that involve contacting commercially available LuCly with a compound

according to Formula 1. Briefly, a 10°M -10™ M solution of the desired Formala f or
Formula I compound in an equal volume wixture of 1:1 acetonitrile and phosphate buffer

was contacted with LuCly in a sealed vial. The reaction mixture was heated at 100 °C for 30

-54-
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to 45 minutes. Upon cooling, the reaction was analyzed for completion and purity by
reverse-phase high pressure hiquid chromatography (RP-HPLC) and if required was purified
using RP-HPLC or a C18 Sep Pak column, The overall average yield of the futetium
complexed product following purification was in the range from about 20% to about 99%.

The radiochemical purity (RCP), after HPLC purification, however, was consistently > 93%,

(0162} {nitial results demonstrated radiclabeling of a Formula | or a Formula 1
compound at concentrations as low as 1§ M, the radiochemical yield (RCY) at this
concentration of reagents was approximately < 83%. To achieve a higher RCY, greater than
05%, the reaction temperature and concentration of reagents in the reaction mixture were

increased to 107 M.

10163} A similar synthetic strategy was used to incorporaie other radionuclides.
Moreover, the introduction of a radionuclide can be made either prior to deprotection of a

Formula T or Formula I compound, or after deprotecting a Formula | compound.

Svuthesis of Exemplary Triazine-piperazine Based Formula I, Formula 1L oy Forpuda 1T

Compounds

[0164] Schemes A, B and C illustrate general synthetic protocols for exemplary
Formula | compounds. Briefly, p-aminobenzyl DOTA is contacted with cyanuric chioride

followed by reaction of the resultant product with an amine. The product thus formed is then

contacted with a GUG- or GUL-linker-piperazine moiety to obtain a Formula | compound.
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[0165] Example 11 (283-2-3-{(18)-1~carboxy-5-(8-{(4-(dimethylamino)-6-{{4-
(14,7 10-tetrakis(carboxymethyl)-1,4,7, 1 0-tetraazacyclododecan-2-

yhmethyDphenyhamine)-1,3,5-triazin-2-yhaminojoctanamidopentyhureido) pentanedioic

actd lutetium complex.

o Uy~ OH
j‘ H M =N /
i . / | —
- i\\ - \\\//'\\\/ \\/’;\‘ ~ NQ\ NG . A 'I ‘\ -~ IOH
HE]\! r} T \\\‘\\_ /// ““\\ P i \Y\T‘
N - - e ]. -
O\\\?/ OH P N \1/ N 0 i Y] i 8
| I W ON N/ if
™~ e N L ]
b 0O s o A N
B i OH
HO L o~ A A OH
T N i
L .
G O
[Gia6] Step 1. (188,228 tri~fert-butyt (9 H-fluoren-9-y1)-3,12,20-trioxo-2-0xa-
4,13,19,2 | -tetraazatetracosane- 18,22, 24-tricarboyylate.
Q
\\%" N . S e N NHFmoc
o\\T 0 S
1L
LG /’:\\ - i ~ gy O o
oot
o " "og
{0167] A solution of (S)-di-rerr-butyl 2-(3~{(8)-0-amino- I-(tert-butoxy)- I -oxohexan-

Z-ylureido)pentanedioate (1.9677 g, 4.03 mmol}, 8-((((3H-{luoren-9-
vhmethoxyjcarbonylaminoyoctanoic acid (1.84 g, 4.84 mmol), 1-ethyl-3-(3-
dimethylaminopropylicarbodiimide) (EDCY (0.770 g, 4.03 mmol), HOBt {0,544 g, 4.03
mmol) and N,N-diisopropylethylamine (BIPEA; (2.0 mbL)) in DCE (1060 mL) was stirred at
room temperature for overnight. The solvent was evaportated to give a residue, which was
purified by silica gel column chromatography (Biotage) using a mixture of DCM/MeOH as
the eluent to give (188228 -tri~reri-butyl 1-(38-fluoren-9-y1)-3,12,20-trioxo-2-0xa-
4,13,19,2  -ictraazatetracosane- 18,22, 24 -tricarboxylate {2.099 g, 61%) as a white solid. MS

(ESI), 851.2 (M+HY.

S5
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10168} Step 2. (S)-di-ters-butyl 2-(3-((8)-6-(8-aminooctanamido}- | -{fert-butoxy -1~

oxohexan-2-yhureido)pentanedicate.

0
~l HN ) i\/ﬂ\v/\/\\ Ny
00 -
g
~ 0 ¢
T i ;{
\\}/O\\.(/ ~ NJ‘\ N \\ﬁ/c\}/"'
o 1" 45
[3169] To a solution of (188,228 )tri-teri-butyl 1-(0H-luoren-9-y11-3,12,20-triox0-2 -

oxa-4,13,19,2 i -tetraazatetracosane-1 8,22, 24-tricarboxylate (1,943 mg, 2.333 mmol) in DMF
{4.0 mb) was added piperidine (4.0 mbL). The mixture was stirred at room temperature for 3
hrs following which the solvent was evaporated under reduce pressure fo afford a residue,
which was purified by column chromatography using a Biotage SP4 column and gradient
ehution using 100% DOM to a 1] mixture of DCMimethanol as the eluting solvent. The
product (S)-di-zers-butyl-2-(3-({8)-6-{ B-aminooctanamido}- 1 -(tert-butoxy)- f-oxohexan-2-
vhureidopentanedioate (1.039 mg, 71%;), thus obtained was characterized using "H NMR
and masss spectrometry. 'H NMR (400 MHz, DMS80-d;) 7.71 (1, /=52 Hz, 1 H), 6.29(d, J
=80Hz, 1 H), 625(d, /=84 Hz, | H), 5.74 (brs, 2 H), 4.05-3.91 (m, 2 H), 3.01-2 88 (m, 2
M), 2.63 (1. J = 6.8 Hz, 2 H), 2.20-1.22 (m, 49 H); MS (BESI), 629.3 (M+H)Y".

10170} Step 3. (28)-2-(3-((18)~1-carboxy-5-(8-{4-(dimethylanine}-6-{(4-((1,4,7,10-
tetrakis{carboxymethyi-1,4,7, 10-tetraazacyclododecan-2-yhmethyhphenylamino)-1,3,5-

triazin-2-ylamino)octanamido)pentyhureido)pentanedioic acid.

i H H .
g R N N N\E/NQT'N-T;/%; '[OQH
“3*7’0“ o M ‘\f’N f"\:s'\\”_ﬂj/x NN i\co_-‘
Ny ; ,/‘J NG { H
B Q ~. L
: i oG- N N
H:O\q’/:\'N’“\m“j\fo""’ HO2L- AR o
i = "
o Bog
0171} To a solution of p-NHZ-Bn-DOTA-tetra(r-Bu-ester) (67.8 mg, 0.080 mmol)

and cyanuric chioride (14.7 mg, 0.080 mumol) in DCM (4.0 mL) was added DIPEA (0,10
mkE). This solution was stirred at room temperature tor 3 hrs, following which the solvent
was removed under a stream of nitrogen to give a residue. To a DMSGO (4.0 mL) solution of

-6~
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the residue was added (S)-di~fert-butyl 2-(3-((8)-6-(8-aminooctanamido)- 1 -{rert-butoxy}-1-
oxohexan-2-vhurcidopentanedioate (50.3 mg, 0.08 mmol) and K,CO; (160mg). The
suspension was stirred at room temperatare for about 2 hrs and then a tetrahydrofuran
soletion of dimethylamine (0.3 ml, 2.0 M in THF) was added to the reaction mixture. After
stirring at room temperature continuousfy for 16 hrs, the reaction mixture was lyophilized to
afford the crude triazing intermediate. The crude product was deprotected by the addition of
TFA (4.0 mL) and DCM (1.0 mL) and stirring the reaction mixture at roony temperature for 4
hours. Removal of the solvent using a stream of nitrogen gas gave a residue, which was
purified using Biotage SP4 via C18 cartridge to give (28)-2-(3-({15)-1-carboxy-5-(§-(4-
(dimethyvlamino}-6-(4-((1,4,7, 10-tetrakis{carboxymethyl}-1,4,7, 10-tetraazacyclododecan-2-
vhmethyDphenylamino}-1.3,5-triazin-2~-ylamino)octanamido jpentyhureidopentanedioic acid
(67 mg) as a white solid. 'H NMR (400 MHz, DMSO-~d;)  7.83-7.60 (m, 3 H), 7.17 (d. /=
BO0Hz 2H)L 632(d, J=80Hz T HYL628(d, /=84 Hz, | H), 4.10-1.27 (m, 61 H); MS
(ESD). 1091.4 (M+H)Y.

{01721 Step 4. (28)-2-(3-((18)-1-carboxy-5-(8-(4-(dimethylamino)-6-(4-{(1,4,7. 10~
tetrakis{carboxymethyhy-1,4.7, 1 O-tetraazacyclododecan-2-yhmethyphenylamino)-1,3,5-

triazin-2-ylaminojoctanamidopentyhureidopentanedioic acid lutctium complex.

[0173] To solid (283-2-(3-({15)-1-carboxy-5-(8~(4-(dimethylamino)-6-(4-({ 1,4,7,10-
tetrakis{carboxymethyiy-1,4,7, 10-tetraazacyelododecan-2-yhimethyDphenyiamino)-1,3,5-
triazin-2-viaminooctanamidopentybureido)pentanedioic acid (5.7 mg, 0.00522 mmol) was
added LuCl; (1.46 mL of 2 0.00357 mmol/mL, 8.00522 mmol) and acetonitrile (0.50 mL}).
The reaction mixture was heated at 95 °C for { hour and then lvophilized to give (25)-2-(3~
{((18)-t-carboxy-5-(8-(4-(dimethylamino)-6-{4-((1,4.7, Hi~tetrakis{carboxymethy])-1,4,7.10-
tetraazacyclododecan-2-viimethylphenylamino)-1,3,5-triazin-2-ylaminojoctanamido)pentyl)
ureido)pentancdioic acid lutetiom complex (6.2 mg) as a white solid. MS (ESI), 12630

(MAHHY

{0174} Example 2. (8}-2-(3-((S)~1-Carboxy-5-(&-({4-{piperidin-1-y-6-((4-{{{5)~
i,4,7, 10-tetrakis{carboxymethyi)-1,4,7, 1 O-tetraazacyclododecan-2-yhmethyiphenyDamino)-

1.3, S-riazin-2~-yhaminooctanamido)pentyureido)pentanedioic acid futetium complex.

-G~
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(0175 Step 1. (28)-2-(3-((S)-F-carboxy-3-{8-{4-(piperidin-1-y1)-6-(4-((1,4.7,10-

tetrakis{carboxymethyh-1,4,7, 1 0-tetraazacyclododecan-2-yDmethyhphenylamino3-1,3,5-

triazin-2-ylamino)octanamido)pentyhureido)pentanedioic acid.
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0176 To a solution of p-NH2-Bn-DOTA-etra{/~-Bu-ester) (Macrocyelies) {(42.4 mg
i £ X 3 ) £,

0.050 mmol} and cvanuric chioride (9.2 mg, 0.050 mmol) in DCM (2.0 mbL) was added
DIPEA (0,160 mL). This reaction mixture was stirred at room temperature for 2 hours
foliowing which the solvent was removed using a stream of nitrogen 1o give a residue. The
residue thus obtained was dissolved in BMSO (4.0 mL) and (8)-di-fert-butyl 2-3-{{5}-6-{8-
aminooctanamido)-1-(fert-butoxy}-1-oxohexan-2-yhureidopentanedioate (31.4 mg, 0.05
mmol} and KoCOs (‘; 00 mg) were added. The suspension was stirred af room temperature for
2 hrs and then piperidine (6,10 mL) was added. The reaction mixture was stirred at room
temperature for an additional 14 hrs and then lyophilized to afford a triazine intermediate,
which was deprotected by the addition of TFA {2.0 mL) in DCM (1.0 mbL). Deprotection was
carried out by stirring the reaction mixture at room temperature for 4 hours. Following
deprotection, the solvent was removed using a stream of nitrogen (o give a residue, which
was purified by Biotage SP4 using C18 cartridge to give pure (2‘:3 2-(3-{{ S}~ ~carboxy-5-{8-
(4-(piperidin-1-yh-6-(4-({1,4,7, 10-tetrakis{carboxymethyl}-1,4,7, 1 0-tetraazacyclododecan-2-

vhmethylphenylamino)-1,3.5-triazin-2-ylamino)octanamido)pentylureidopentanedioic acid

w3
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(0177} (23.8 mg) as a white solid. 'HONMR (400 MHz, DMSO-ds) 7.75-7.69 (m,
H), 7.08(d, =72 He, 2 H), 6.33(d, J= 7.6 Hz, 1 H), 630 (d, /= 8.0 Hz, | H), 4.12-1.24
{m, 65 H); MS (ESH, 11312 (M+H)'

[0178] Step 2. (28)-2-(3-({8)-1-carboxy-5-{8-{4-(piperidin-1-y1}-6~(4-((1,4.7, 10~
tetrakis{carboxymethyi)-1,4,7,10-tctraazacyclododecan-2-yymethylphenylamino}-1,3.5-

triazin-2-ylaminojoctanamidopentyhurcido)pentanedioic acidlutetium complex

[61749] To solid (28)-2-(3-((8)-1-carboxy-5-(8-(4-(piperidin-1-y-6-(4-((1,4,7,16-
tetrakis{carboxymethyl}-1,4,7,10-tetraazacyclododecan-2-yhmethylphenylamino)-1,3,5-
triazin-2-ylaminoyoctanamido)pentyDureido)pentanedioic acid (9.2 mg, 0.00814 ramol) was
added LuCl; (1.60 mL, of 2 0.00513 mumol/ml, 0.6082 mmol) and acetonitrile (0.50 mi)

The reaction mixture was heated at 95 °C for 1 howr and then lyophilized 1o give (25)-2-(3-
({S)-{-carboxy-3-(8-(4-{piperidin- 1-y1}-6-(4-((1,4.7, H0-tetrakis{carboxymethyi}-1.4,7,10-
tetraazacyclododecan-2-yhimethylphenylamino}-1,3, 5-triazin-2~ylamino)octanamidojpentyl)
areido)pentanedioic acid lutetium complex (9.4 mg} as a white solid. MBS (EST), 1302.2

(MDY

{0180} Example 3. (283-2-(3-((18)-1-carbory-5-(8-(4-morpholino-6-(4-((1,4.7.10-
tetrakis(carboxymethyl)-1,4,7, 10-tetraazacyvelododecan-2-yUmethylphenyiamino}-1,3,5-

triazin-2-viamino)octanamido)pentyurcidoipentanedioic acid lutetium complex

0 O, ~0H
i v ™y L
L -~ \\/‘/A\\// T N SRR N S, ~ H Ve OH
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{18l Step L (28)-2-(3-({1 8}~ -carpory-5-{8-(d-morpholino-6-(4-({1,4,7,10-

tetrakis(carboxymethyl}-1,4,7, 10-tetraazacyclododecan-2-yhmethyhphenylam inn)~1 3.5

triazin-2-ylaminojoctanamido)pentylureido)pentanedioic acid.
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10182} To a solution of p-NH2Z-Bn-DOTA-tetra{s-Bu~ester) (Macrocyclics) (42.4 mg,

0.050 mmol} and cyanuric chloride (9.2 mg, 0.050 mmol) in DCM (2.0 mL) was added
DIPEA (010 mL). The reaction was stirred at room temperature for 2 hours and the solvent
was then removed using a stream of nitrogen to give a residue. The residue was dissolved in
DEMSO (4.0 mL) and (8)-di-reri-butyl 2-(3-((S)-6-(8-aminooctanamido)- 1 -(tert-butoxy - 1~
oxohexan-2-ylureidoipentanedioate (31.4 mg, 0.05 mamol) and K CO4 (100 mg) were then
added to the DMSQO solution. The suspension was stirred at roont temperature {or 2 hours
toliowing which morpholine (0.10 mL) was added and the reaction mixture was stirred at
roont temperature for an additional 14 hours. The reaction mixture was lyophilized to afford
a triazine intermediate to which was added TFA (2.0 mbL) and DCM (1.0 mL}. This mixture
was stirred at room temperature for 4 hours to effect deprotection following which the solvent
was removed using a stream of nitrogen to give a residuc of the crude product. Purification
was effected using a Biotage SP4 and a C1¥ cartridge to give (25)3-2-3-((18)-i-carboxy-5~(8~
{4-morpholino-6-(4-((1,4,7, 1 O-tetrakis{carboxymethyl}-1,4,7, 10-tetraazacyclododecan-2-
vhmethylphenylamino)-1,3,5-triazin-2-vlaminojoctanamido)pentylureido}pentanedioic acid
{29.8 mg) as a white solid. "HNMR (400 MHz, DMSO-dg) 7.75-765 (m, 3 H}, 7.14 (m, 2
H), 655 (m, 2H), 6.33(d, /=80 Hz, | H),630(d, /=84 Hz, 1 H), 4.10-1.27 (m, 61 H};
MS (ESH, 1133.2 (M+H)"

(01831 Step 2. (28)-2-3-((18)-{-carboxy-5-(8-(4-morpholino-6-(4-((1,4.7,10-
tetrakis{carboxymethyl}-1,4.7, 1 0-tetraazacyclododecan-2-yhmethylphenylamino}-1,3,5-

triazin-2-ylaminojoctanamido)pentyureido)pentanedioic acid lutetium complex.

(01841 To solid (28)-2-3~({18)-1~carboxy-5-(8-{4-morpholino-6-(4-({1,4,7,10-
tetrakis{carboxymethyl}-1,4,7, 10-tetraazacyclododecan-2-yhmethyljphenylamino)-1,3,5-

triazin-2-vlaminojoctanamidopentyDureidopentanedioic acid {10.4 rog, 0.0492 romol) was

Vi
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added LuCh (1.80 mb, 0.00513 mmol/mL, 1.0092 mmol) and acetonitrile (0.5 mL). The
reaction mixture was heated at 95 °C for | hour and then lyophilized 1o to give (28)-2-(3-
{{18)-1-carboxy-5-{8-{4-morpholino-6-(4-({1,4,7, 1 {-tetrakis{carboxymethyl}-1,4,7, 10~
tetraazacyclododecan-2-yDmethyliphenylamino)-1.3, 5-triazin-2-
viaminojoctanamidepentyhureido)pentancdioic acid lutetium complex (9.9 mg) as a white

solid. MS (ESD, 1304.9 (M+H)"

[0185] Example 4. (28)-2-3-{(18)-1-carboxy-5-(8-(4-(4-({4-carboxy-1,7,10~
tris{carboxymethyh-1.4.7, 10-tetraazacyclododecan-2-yhmethyliphenylamino-6-(piperazin-

1-yl3-1,3, 5-triazin-2-ylamino)octanamidopentylureido ipentanedioie acid lutetium complex.
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{0186] Step 1. (28)3-2~(3~{(18)-1-carboxy-5-(8-(4-(4~({4~-carboxy-1,7,10-

tris{carboxvmethyl)-1,4,7, 10-tetraazacyclododecan-2-ylymethylphenylamino)-6-(piperazin-

t-y)-1,3,5-triazin-2-ylaminooctanarmidopenty Durcidoypentancdioic acid.
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{01871 To a solution of p-NH2-Bn-DOT A-tetra(s-Bu-ester) (Macrocyclics) (424 mg,

$.050 mmol) and cyanuric chioride (9.2 mg, 0.050 mymol) in DCM (2.0 mL) was added
DIPEA {010 mL). The reaction was stirred at room femperature for 2 hrs. The solvent was
then removed using a stream of nitrogen (o give a residue, which was dissolved in DMSO
(4.0 mLY and {S)-di-fer-butyl 2-(3-({8)-6~{R-aminooctanamido}~1 -{ferr-butoxy)- i -oxohexan-

2-viureido)pentanedioate (31.43 mg, 0.05 ramol) and KOO (100 mg) were then added 1o
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the DMSO solution. The resultant suspension was stirred at room temperature for 2 hrs
following which piperazine (100 mg) was added and stirring was continued at room
temperature for an additional 16 hrs. The crude reaction was then lyophilized and the triazine
intermediate thus obtained was added deprotected using TFA (2.0 mL) and DCM (1.0 mL).
Deprotection was carried cut by stirring the mixture at room temperature overnight,
folHowing which the solvent was removed using a stream of nitrogen to give a residuc of the
crude product which was purified by Biotage SP4 using a C18 cartridge to give (28)-2-(3-
((1S)-1-carboxy-5-{8-{4-(4~({(4-carboxy-{,7, 1 0~tris{carboxymethyi}-1,4,7,10-
tetraazacyclododecan-2-ylmethylphenylamino)-6-(piperazin-1-y1}-1,3,5-triazin-2-
ylaminojoctanamido)pentyljureido)pentanedioic acid (1 8.9 mg) as a white solid. 'HONMR
{400 MHz, DMSO-dg) 8.85 {m, 2 H), 7.75-7.65 (m, 4 H), 716 (m, 2 H), 6.55 (m, 2 H), 6.32
(d, /=88 Hz, | H),629(d, J=84 Hz, 1 H), 4.11-1.23 (m, 61 H); MS(ESH, 11322
(M+H)

3188} Step 2. (283-2-3-((158)-1-carboxy-5-(8-(4-{4-({4-carboxy-1,7, 1(-
tris{carboxymethyl}-1,4,7.10-tetraaracyclododecan-2-yhmethyhphenylamino)-6-(piperazin-

{-yh-1.3,5~triazin-2-ylaminojoctanamido)penty Dureido)pentanedioic acid lutetium complex.

[G184] To solid (283-2~(3~((1S)~1~-carboxy-5-(8-(4-(4-({4-carboxy-1,7.10-
tris{carboxymethyl}-1.4,7, 1 O~tetraazacyclododecan-2-ylmethyDphenylamino}-6-(piperazin-
1-yD-1,3, 5-triazin-2-ylaminojoctanamido)pentyureido)pentanedioic acid (7.8 mg, 0.0069
mmel) was added LuCly {L.80 mL of a 0.06385 mmol/ml, 0.0069 mmol and acetonitrile (G.5
mkb}. The recaction mixture was heated at 93 °C for 1 hour and then fyophilized to give (25)-
2-(3-((18)-T-carboxy-5-(8-{4-{4~{{4-carboxy-1,7, 1 O-tris{carboxymethy})-1,4,7. 1 0-
tetraazacyclododecan-2-vhmethylphenylamino)}-6-{piperazin-1-y3-1,3,5-triazin-2-
viaminojoctanamido)pentyureido)pentanedioic acid lutetium complex (8.3 mg) as a white

solid. MS (ES), 1303.6 OVM+H)",

[1941 Example 5. (28)-2-03-((1S)-1-carboxy-5-{8-(4-{4-(3-carboxvpropyhipiperidin-
I-yh-6-(4-((1.4.7,10-tetrakis{carboxymethyl}-1,4,7, 1 O-tetraazacyclododecan-2-
yvhmethylphenylamine)-1,3,5-triazin-2-vlamino)octanamido) pentyljureidojpentanedioic

acid lutetium complex.
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[0191] Step 1. (253-2-(3-((18})-1-carboxy-~5~(8~(4-(4-(3-carboxypropybpiperidin-1-

yi}-6-(4-((1,4,7, 1G-tetrak is(carboxymethyl-1,4.7, 1 O-tetraazacyclododecan-2-

Dimethyliphenyiaminoi-1,3, 5-riazin-2-viaminoloctanamido) pentyhureido)pentanedioic
- p = E - E 3‘ - S /p

acid.
Oy ~OH
i H H ,"?f::r\ J j— .
A A NN t\:“~(\\\\ ' /)\\\ l\r\i Vo \“/QH
i g i ~,
QO A Nk T
L i % [\'\I e
- e SN AN N
= 99 | HO - “oh
0w AN O ~
HO N ~ \Ero
9] H 8] \\‘
L
COH
{0192} DIPEA (0.10 mbL) was added to a solution of p-NH2-Bn-DOTA-tetra{s-Bu-

gstery (Macrocyclics) (42.4 mg, 0.050 amol) and cyanuric chioride (9.2 mg, 6.050 mmol) in
3CM (2.0 mL) and mixture was stirred at room temperature for 2 hrs. The solvent was then
removed using a stream of nitrogen to give a residue, which was dissolved in BMSO (4.0
mL}. (S)-di-tert-butyl 2-(3-((8)-6-(B-aminooctanamido)- | -(rer-butoxy)-~oxohexan-2-
yvhureidoipentanedioate (31.43 myg, 0.05 mmol) and KoC0: (100 mg) were added to the
DBMSO solution and the resultant suspension was stirred at roomny temperature for 2 hrs
foliowing which 4-{piperidin-4-yDbutanoic acid (30 mg) was added. After stirring at room
temperature for an additional 16 hours the reaction mixture was fyophilized to afford a
triazine intermediate which was deprotected using TFA (2.0 mbL) and DOCM (1.0 oL}, After
stirring at room temperature overnight the solvent was removed using a stream of nitrogen to

give a residue of the titled crude. Purification was effected using Biotage SP4 and a C18

w37
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cartridge to obtain (28)-2-(3-((1S)- f-carboxy-5-(8-(4-(4-(3-carboxypropyDpiperidin-1-yl}-6-
{4-({1,4,7.10-tetrakis{carboxymethyi)-1,4.7, -tetraazacyclododecan-2-
yhmethyliphenylamino)-1,3,S-triazin-2-ylamino)octanamido) pentyijureidopentanedioic

acid (18.8 mg) as a white sofid. MS (ES1), 608.8 (M/2+H)".

[0193] Step 2. (28)-2-(3-{({18}-1-carboxy-5-{8-{4-{4-(3-carboxypropyljpiperidin-1-
viy-6-{4-{(1,4,7, 10-tetrakis(carboxymethyl}- 14,7, 1 0-tetraazacyclododecan-2-
yvhimethyhphenylaminoe)-1,3,5-triazin-2-ylaminojoctanamido) pentyljureidopentancdioic

acid lutetium complex.

13194} To solid (28)-2-(3-((18)-1-carboxy-5-(8-(4-(4-(3-carboxypropylipiperidin-1-
yh-6-(4-({1,4,7,10-tetrakis(carboxymethyl)-1,4,7, li-tetraazacyclododecan-2-
ybhmethyhphenylamino)-1,3,5-triazin-2-ylaminojoctanamido) pentylureidopentanedioic
acid (7.4 myg, 0.006086 mmol} was added LoCl (1.58 mb of a 0.00385 mmol/mL, 8.006086
mmol). The reaction mixture was heated at 95 °C for | hour and then lyophilized to give
(28)-2-(3-({(1S)-1-carboxy-5-(8-(4-(4-3-carboxypropyhipiperidin-1-y1)-6-{4-({ 1,4.7, 1 0-
tetrakis{carboxymethyi}-1.4,7, 10-tetraazacyclododecan-2-yBimethy Dphenylanino)-1,3.5-
triazin-2-ylaminoyoctanamido) pentylureido)pentanedioic acid tutetium complex (9.0 mg) as

a white solid. MS (ESI). 1385.8 (M+H)".

{01951 Example 6. ((Z5.2'S32,2-{({{{18. I'S)-((8,8-{{6-({4-({1.4,7,10-
tetrakis{carboxymethyi}-1,4,7, 10-tetraazacyclododecan-2-yhimethyhphenyhamino}-1,3,5-
triazine-2,4-diyhbis(azanediviyhis(octanoyl))bis{azanedivl)bis(1-carboxypentane-5,1-

diviibis{azanediyl))bis{carbonyihbis{azanediyl))dipentanedioic acid lutetium complex.
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[0196] Step 1. {28, 2832, 2'-((({{18,1"S)-{(8,8'-{({(6-{(4-((1 .4.7,10-
tetrakis{carboxymethyl)-1,4.7,10-tetraazacyclododecan-2-y Dmethyliphenylamino)-1,3.5-
triazine-2,4-diyhbis(azanedivl)bis{octanoyl)bis{azancdiyl}bis{ | -carboxypentane-5, 1 -

diyi)bis{azanediyi)ibis(carbonyi)bis(azanedivi)dipentanedioic acid.
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f0197] To a solution of p-NH2-Bn-DOTA-tetra(7-Bu-ester) (Macrocyclics) {(42.4 mg,

0.050 mmol) and cyanuric chioride (9.2 mg, 0.050 mmol) in DCM (2.0 mL) was added
DIPEA (0.10 mL) and the mixture stirred at room temperature for 2 hours, Following
stirring, the solvent was removed using a stream of nitrogen to give a residue. This residue
was dissolved in DMSO (4.0 mL) and (S)-di~fert-butyl 2-(3-((5)-6-(8-amincoctanamido)-1-
(fere-butoxy)-1-oxchexan-2-yhureido)pentanedioate {(62.8 mg, 0.10 mmol) and KLCO5 {106
mg) were added to the resultant DMSO solution. The suspension thus obtained was stirred at
room temperature for 72 hours and then lyophilized to atford a triazine intermediate which
was deprotected using TFA (4.0 mb) and DOCM (1.6 mL). The TFA/DCM mixture was
stirred at room temperature overnight following which the solvent was removed using a
stream of nitrogen to afford the titled crude as a solid. The crude was purified by Biotage
SP4 using CI8 cartridge o give pure ((28.2'S)-2,2-{({((I8, I'S)-((8,8'-({(6-({(4-((1,4.7,10-
tetrakis{carboxymethyl)-1,4,7, 10-tetraazacyclododecan-2-yhimethyliphenyliamino)-1,3,5-
triazine-2,4-divhbis(azanedivi))bis{octanovi)bis{azanediyhbis{1-carboxypentane-5, -
divihbis{azanedivilibis{carbonyi)bis{azancdiviidipentanedioic acid (10.0 mg) as a white

solid. MS (ES1), 753.2 (M/2+HY'.

[0198] Step 2. ((28,2'8)-2.2-(({((1S,1'S)-((8.8-((6-({4-({1.4,7.16-

tetrakis(carboxymethyi)-1,4,7, {0-tetraazacvelododecan-2-yimethyDphenyDamino)-1,3,5~
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triazine-2,4-diyhbis(azanediyiybis(octanoybis{azanediylyibis{ | -carboxypentane-5, 1~

diviDbis(azanedivlyjbis{carbonyi)bis{azancdiyhdipentanedioic acid lutetium complex.

{0199] To solid (({28,2'9)-2.2-(((((I S, 1'S-((B,8-{(6-((4-({1.4,7 .10~
tetrakis{carboxymethyl}-1,4,7, i 0-tetraazacyclododecan-2-ymethyhphenyljaminoy-1,3,5-
triazine-2,4-diyl)bis{azanediyl}ibis{octanoyl}ibis(azanediylHbis( 1 ~carboxypentane-5, 1 -
divipbis(azanediyl)bis(carbonyl)bis{azanediydipentanedioic acid (8.5 mg, 0.005646
mmol) was added LuCl; (1.47 mbL of a 8.00385 mmol/md, 0.005646 mmol). The reaction
mixture was heated at 70 °C for | hour and then lyophilized to to give (28,2'53-2,2'-

(S TS)-((B,8'-({6-{{4-({1.4,7 1 0-tetrakis(carboxymethyl}-1,4,7, 1 O-tetraazacyelododecan-
2-ybhimethyhphenyljamino}-1,3,S-triazine-2, 4-divlibis{azanediviDbis{octanoyi))

bis(azanediyl)bis(l-carboxypentane-S,1-diyl)bis(azanedivl))bis{carbonylbis(azanediyl))

dipentanedioic acid lutetium complex (8.6 mg) as a white sofid. MS (ESD, 1678.0 (M+H)"

[0200] Example 7. (28)-2-03-((1$)- i ~carboxy-5-(1 I-(4-(4-(dimethylamino)-6-((4-
{(1,4,7,10~terrakis{carboxymethyl)-1,4,7, 10~tetraazacyclododecan-2-
yhmethylphenylamino)-1,3,5-triazin-2-yljpiperazin-1 -

viundecanamidojpentyburcido)pentanedioic acid lutetium complex.

[G201] Step 1. (S)-di-tert-butyl 2-3-({53-6-(1 1 -{4d-((benzyloxyjcarbonyvlipiperazin-1-
yvhundecanamido)-1-(tert-butoxy i+ 1 -oxohexan-2-y Jureido)pentanedioate.
@

~7 HN L\//\\// S TNy /\\I

0.0 , g NGBz
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[0202] A solution of (S)-di-feri-butyl 2-(3-({S)-6-amino- 1 -(teri-butoxy}- 1 -oxchexan-
2-yhureido)pentanedioate (1.023 g, 2.097 mumol}, T1-(d-((henzyloxy)carbonylpiperazin-1-
vijundecanoic acid (0.77 g, 1.9659 mmol), EDCI (0.40 g, 2.097 swnol), HOB({(0.27 g, 2.097
mmoi) and DIPEA (1.0 mL) in dichlorocthane (DCE; 25 mbL} was stirred at room
temperature overnight. The following day, the solvent was evaportated to give a residue,
which was purified using Biotage column chromatography and a mixture of DCM/MeOH as
the eluant to give (S)-di-tert-butyl 2-(3-({8)-6-{1 i-{4-{{benzyloxyjcarbonypiperazin-i-
yhundecanamido)-1-{tert-butoxy)-T-oxohexan-2-ylhureidoipentanedioate (1.52 g, 91%} as a

yellowish solid. MS (ES), 874.3 (M+H)".

{0203} Step 2. (S)-di-teri-butyl 2-(3-{(8)-1-(tert-butoxy - -oxo-6-{ 1 1 -{piperazin-i-

yhundecanamidojhexan-2-vhureido)pentanedioate.

{02041 To a solution of (S)-di-tert-butyl 2-3-((53-6-{11-(4-~
{{benzyloxy)carbonylpiperazin-1-yhundecanamido)}- 1 -{tert-butoxy)-t~oxohexan-2-
vhureido)pentanedioate (1.50 g, 1.72 mmol) and ammonium formate (1.0 g) in ethanol (60
mb) was added palladium on carbon (300 mg). The reaction mixture was stirred at room
temperature for overnight and filtered through a pad of eelite followed by washing of the
celite pad using ethyl acetate (EtOAc). The solvent was removed under reduced pressure and
the residue dissolved in dichloromethane (BCM). The DCM solution was was washed using
saturated sodium bicarbonate and then partitioned to separate the organic layer from the
agueous layer, Concentration pf the organic layer under reduced pressure afforded the titled

product a5 a vellowish solid (1.2345 g, 97 % vield). M5 (ESI), 7404 (M+H)",

{62051 Step 3. (25)-2-(3-{{1S)-1~carboxy-5-(1 -(4-{4-(dimethylamino}-6-{(4-
((1,4,7, 10-tetrakis{carboxymethyl}-1,4,7 1 O-tetraazacyclododecan-2-
yhmethyphenyhamino)-1,3,5-triazin-2-yDpiperazin--yDundecanamido)pentyl}
ureido)pentanedicic acid.
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{02061 To a solution of p-NH2-Bn-DOTA-tetra{/-Bu-ester) (Macrocyclics) (42.4 mg,
0.050 mmol) and cyanuric chloride (9.2 mg, 0.050 mmol) in BOM (2.0 mL} was added
DIPEA (0.10 mL) and resultant mixture was stirred at room temperature for 2 hrs. Following
stiering, the solvent was removed under a stream of nitrogen to give a residue, which was
dissolved in DMSO (1.0 mL) prior to the additon of {S)-di-tert-butyl 2-(3-{{5)-1-{tert-
butoxy)-1-oxo-6-{1 | ~{piperazin-1-yhundecanamidohexan-2-yhureidopentanedicate (34 mg,
0.05 mmoly and K,C0;5 (50 mg). The resultant suspension was stirred at room temperature
for 2 hrs, following which a tetrahydrofuran solution of dimethylamine (6.2 mL, 2.6 M in
THF) was added. After additional stirring of the reaction mixture at room teraperature for 16
hours, the reaction was lyophilized to afford the crude tnazine intermediate. Deprotection of
the crude using TFA (2.0 mL) and DCM (1.0 b} was carried out at room temperature
overnight. The following day, the solvent was removed under a stream of nitrogen to give a
residue, which was purified by Biotage SP4 asing C18 cartridge to give (28)-2-(3-({18)-1-
carboxy-5-(11-{4-{4-{(dimethyviamino}-6-({(4-({1,4,7,1 O-tetrakis(carboxymethyl)}-1.4,7,10-
tetraazacyclododecan-2-ylimethyDphenyDamino)-1,3,5-triazin-2-ypiperazin-{ -
vhuendecanamidojpentyDureido)pentancdioic acid (24 mg) as a white solid. M3 (ES1), 601.2

(MR

{0207] Step 4. (28)-2-3~((1 S)-1-carboxy-5-(1 I -{4-{(4-(dimethylamino}-6-((4-
{{1,4,7.10-~tctrakis(carboxymethyl)-1,4,7, 1 0-tetraazacyclododecan-2-
viymethyhphenyhamino)-1,3,53-triazin-2-ylpiperazin- 1 -

yhundecanamido)pentyllureido)pentanedioic acid lutetium complex.

[0208] To solid (25)-2-(3-((18)-1-carboxy-5-(1 1 -(4-{4-(dimethylamino)-6-{ (4~
((1,4,7, 1 0-tetrakis{carboxymethyi}-1,4,7,1 O~fetraazacyclododecan-2 -
yUmethyliphenyhamino}-1,3,5-triazin-2-ypiperazin-1-

ylundecanamido)pentylureido)pentanedioic acid (8.4 mg, 0.007383 mmol) was added LuCh

7y
Ry



WO 2014/110372 PCT/US2014/011047

(1.02 mL of a 0.060770 mmol/mL, 0.00783 nunol). The reaction mixture was heated at 99 °C
for 1 hour and then lyophilized to to give (283-2-(3-{{1S)-1-carboxy-5-(1 1-{4-(4-
{(dimethvlamino}-6-((4-{(1.,4,7, 10-tewrakis(carboxymethyvi}-1,4,7, 1 O-tetraaracyclododecan-2-
yhmethvhphenyhamino)-1,3,5-triazin-2-yhpiperazin-1-
yhundecanamido)pentyhureidopentancdioic acid lutetiurn complex (1.1 mg) as a white

solid. MS (ESD), 1373.7 (M+H)Y".

(0209} Example 8. (283-2-(3~({18)-1 ~carboxy-5-( 1 1-{4-(4-{piperidin~1-y[}-6-{(4-
((1,4,7,1 O~tetrakis(earboxymethy - 1,4,7, 1 O-tetraaracyclododecan-2-
yvimethyDphenyhaminod-1,3,5-triazin-2-yDpiperazin-1-

vhundecanamido jpentyhurcidolpentanedioic acid hutetium complex.
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102101 Step 1. ((2S)-2-3-({15)-Vcarboxy-5-(1 V-{4-(4-(pipenidin- 1 -yH-6-({(4-

{{1,4,7. 10-tetrakis{carboxymethyl}-1.4,7, 1 O-tetraazacyclododecan-2-
yhmethyhphenyhamino)-1,3,5-triazin-2-yDpiperazin-1 -

yvhundecanamido)pentyhureido)pentanedioic acid,
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162111 To a solution of p-NHZ-Bn-DOTA-tetra(/-Bu-ester) (Macrocyclics) (42.4 mg,

0.050 mmol) and cyanuric chioride (9.2 mg, 0.050 mmol) in DCM (2.0 mL) was added
DIPEA (0.10 mL) and the solution was stirred at room temperature for 2 hrs. The solvent
was then removed using a stream of nitrogen to give a residue, which was dissolved in

DMSO (1.0 mL) prior to the addition of piperidine (4.25 mg, 0.05 mmol). The resultant
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suspension was stirred at room temperature for 2 hours following which (8)-di-tert-butyl 2~
(3-((8)y~1-(tert-butoxy)- 1 ~oxo-6-(1 1 -(piperazin- | -yhundecanamidoihexan-2 -
vhureido)pentanedioate (37 mg, 0.05 mmol) and K,CO4 (56 myg) were added to the DMSO
solution. After additional stirring at room temperature for 16 hours and the mixture was
ivophilized to afford the crude triazine intermediate, which was deprotected using TFA (2.0
mb) and DCM (1.0 mL). Deprotection was carried out by stirring the crude at room
teraperature overnight and the following day the solvent was removed using a stream of
nitrogen to give a residue which was puritied by Biotage SP4 using a C18 cartridge to give
{{25)-2-(3-({18)-1-carboxy-5-{1 | -{4-(4-(piperidin-1-yD}-6-{(4-{{1.4,7.10-
tetrakis{carboxymethyl)-1.4,7,10-tetraazacyclododecan-2-yhmethyliphenylhamino)-1,3,5-
triazin-2-yhpiperazin- 1 -yhundecanamidopentyDureido)pentanedioic acid {22 mg) as a while

solid. MS (ESI), 621.2 (M/2+H)".

[0212] Step 2. (28)-2-(3-((18)-1-carboxy-3-(1 | -(4-(4-(piperidin~- 1~y -6-((4-
(1,47, 0~tetrakis(carboxymethyl}-1,4,7, 1 0-tetraazacyclododecan-2-
vhmethyliphenylDamino)-1,3,5-triazin-2-ylipiperazin-i -

vhundecanamidopentyhurcido)pentanedioic acid lutetium complex.

[0213] To solid (28)-2-3-{(1 S)-1-carboxy-5-(11-(4-(4-(piperidin-1-y1)-6-{(4-
((1,4.7,10-tetrakis(carboxymethy}-1,4.7, 1d-tetraazacvelododecan-2-
vihmethyDphenyDamino)-1,3,5-triazin-2~yhpiperazin- | -
vijandecanamido)pentyureido)pentanedioic acid (12.4 mg, 0.01 munol) was added LuCl
{(1.30 mb of 2 0.60770 mmol/ml, 0.01 mmol). The reaction mixture was heated at 90 °C for
{ hour and then lyophilized to to give (28)-2-(3-({(18)-1-carboxy-5-(1 1-{4-(4-(piperidin-1-y1)-

6-((4-((1.4,7, 10-tetrakis{carboxymethyl)-1.4,7, 1 O-tetraazacyclododecan-2 -
yhimethylphenylamino)- 1.3, 5-triazin-2-yhpiperazin-1-
yhundecanamidojpentyhureido)pentanedioic acid hutetium complex (14.0 mg) as a white

solid, MS (EST), 14137 (M+H)Y

{0214} Example 9. (2832-G-({(18)-1-carboxy-5-(1 1-{4-{4-{{2-{2-(2~
carboxyethoxy)ethoxy)ethyhamino}-6-((4-((1,4,7,  O-tetrakis(carbox ymethy}-1,4,7,10-

tetraazacyclododecan-2-yhimethylphenylamino)-1,3,5~triazin-2-yUpiperazin-1-

yhundecanamidolpentyQureidojpentanedinic acid futetium complex.
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[0215] Step 1. (283-2-G-((18)-1-carboxy-5-(1 1-(4-{4-((2-(2-(2-

carboxyethoxylethoxylethyamino}-6-({(4-((1.4,7, 1 0-tetrakis(carboxymethyl}-1,4,7,10-
tetraaracyclododecan-2-ylymethylphenyiamino}-1,3,5-triazin-2-ylipiperazin-1-

yinmdecanamidolpentylureido)pentanedioic acid.
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[6216] To a DCM solution (2.0 mL) of p-NH2-Bn-DOTA-tetra{i-Bu-ester}

(Macrogyclics) (42.4 mg, 0.050 mmol) and cyanuric chioride {9.2 mg, 0.050 mmol} was
added DIPEA (0,10 mL). After stiering at room temperature for 2 hours the solvent was
removed under a stream of nitrogen to give a residue, which was disselved in DMBO (1.0
mbL). Teri-butyl 3-(2-(Z-aminosthoxyethoxyipropancate (11.67 mg, 0.05 mmol) and K,CO;
(50 mg) were then added to the DMSO solution and the resultant suspension was stirred at
room temperature for 2 hours. (Sy-di-tert-butyl 2-(3-{(S)-I-{tert-butoxy)-1-oxo-6-(11-
{(piperazin-l-yhundecanamidojhexan-2-yhureido)pentanedioate (37 mg, 0.05 mmol) was
then added. After stirring for 16 hours the reaction mixture was lyophilized to afford the
crude triazine imtermediate which was deprotected using TFA (2.0 mbL) and DCM (1.0 oL},

Ereprotection was carried out by stirring the crude at room temperature overnight and the

o
w iy
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following day the solvent was removed using a stream of nitrogen to give a residue which
was purified by Biotage SP4 using C18 cartridge to give (25)3-2-(3-({18)-1-carboxy-S-{11-{4-
{4-((2-(2~(2~carboxyethoxyjethoxyjethyDamino)-6-{{(4-{{1,4,7, 1 0-tetrakis(carboxymethyl)-
1,4,7, 10-tetraazacyclododecan-2-yhmethylphenyamino}- 1,3, S-triazin-2-yipiperazin-1-
viundecanamidoipentyDureido)pentanedioic acid (29.4 mg) as a white solid. M5 (ESI),

(02171 Step 2. (28)-2-(3~{{1S)-1-carboxy-S-( 1 {-(4-(4-({2-(2-(2-
carboxyethoxy)ethoxyjethyDamino)-6-({4-((1,4,7, 1 0-tetrakis(carboxymethyl}-1,4.7, 10~
tetraaracyclododecan-2-ylimethyhphenyDaming)-1,3,5-triazin-2-y)piperazin-1 -

yhundecanamido)pentyDureido)pentanedioic acid hutetium complex.

(0218} To solid (28)-2-(3-{(18)-V-carboxy-5-(1 1-(4-(4-({2-(2-(2-
carboxyethoxy)ethoxyiethyDamino)-6-({4-({1.4,7,10-tetrakis{carboxymethyl}-1,4,7.10-
tetraazacyeledodecan-2-yDimethyphenyhamino)-1,3, S-triazin-2-ypiperazin- i~
yvhundecanamido)pentyDureido)pentanedioic acid (13.1 mg, 0.01 mmol) was added LuClz
(130 mL of a 0.00770 mmol/mb, 80.01 mmol). The reaction mixture was heated at 90 °C tor
i hour and lvophilized to to give (28)-2-(3-((15)-1-carboxy~5-(1 1-(4-(4-((2-(2-{2-
carboxyethoxy)ethoxyjethyllamino}-6-((4-((1 4,7, 1 O-tetrakis{carboxymethyi}-1.4,7,10-
tetraazacyclododecan-2-vhmethylphenylamino)-1,3,5-triazin-2-yhipiperazin- 1 -
yhundecanamido)pentyhureido)pentanedioic acid lutetium corplex {14.5 mg) as a white

solid. MS (ESD), 1505.7 (M+H)'.

[0219] Example 10, 28)-2-(3-({18)-1-carboxy-S-{1 1-(4-(4-{{26-carboxy-
3.6,9,12,15,18,21,24-0ctaoxahexacosyaming 3-6-({(4-({ 1,4, 7, 1 U~tetrakis{carboxymethyl}-
1,4.7, 10tetraazacyelododecan-2-yhmethybiphenviamino}- 1,3, S-triazin-2-vhpiperazin-1-

yhundecanamido)pentyhureido)pentanedioic acid hutetium complex.

7
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10220 Step 1. (25)-2-G-((18)-1~carboxy-5-(1 1 -{4-{4-{(26-carboxy-

3,6,9,12,15,18,2 1, 24-octaoxahexacosyDamino }-6-((4-({ 1,4,7, 1 O-tetrakis{carboxymethyl)-
14,7, 10-tetraazacyclododecan-2-yhimethyhphenyviamino)-1,3, 5-triazin-2-ypiperazin-1 -

vljundecanamidopentylureido)pentanedioic acid.
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(02214 To a solution of p-NHZ-Brn-DOTA-tetrar-Bu-ester) {Macrocyclics) (42.4 mg,

0.050 mmol) and cyanuric chloride (9.2 mg, 6.050 mumol} in BCM (2.0 mL) was added
DIPEA (4,10 mbL). The reaction was stirred at room temiperature for 2 hrs and the solvent
removed following stirring using a stream of nitrogen. The residue thus obtained was
dissolved in DMSO (1.0 mL) and t-amino-3,6,9,12,15,18,21,24-octaoxaheptacosan-27-oic
acid (22.1 mg, 6.05 mmol) and ¥K-C0: (50 mg) were added to the DMSQO solution. The
resuliant suspension was stirred at room temperature for 2 hrs following which (8)-di-tert-
butyl 2-(3-{{S)- 1 -(tert-butoxy}- L-oxo-6-( T | «{piperarin-1-yDundecanamido)hexan-2-
vhureido)pentanedioate {37 mg, .05 mmoly was then added. Adter stirving for an addi
16 hours at room temperature the crude reaction was lyophilized to afford the triazine
intermediate, which was deprotected overnight at room temperature using TFA (2.0 mL) and
DCM (1.0 mL). The crude product was purified by Biotage SP4 using a C18 cartridge to

77
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give (28)-2-G-((1S)-f~carboxy-5-(1 1 -(4-(4-((26-carboxy-3.6,9,12,13,18,21,24-
octaoxahexacosy Damino)-6-((4-((1,4,7,10-tetrakis{carboxymethyl}-1,4,7, 10~
tetraazacyelododecan-2-y DmethyDphenyDamino)-1,3, 5 -triazin-2-yDpiperazin-t -
yhundecanamido)pentyhureido)pentanedioic acid (31.4 mg) as a white solid, MS (ESI),

799.3 (M/2+H)".

[0222] Step 2. (283-2-(3~{(15)-1 -carboxy-5-{ 1 1 -{4-{4-({26~carboxy-
3,6,9,12,15,18,21 24-octaoxahexacosyDamino-6-{(4-({1,4.7, 1 O~tetrakis(carboxymethy -

1,4, 7, 1 0-tetraazacyelododecan-2-yhmethyhiphenyDamine)-1,3, 5-triazin-2-yl}piperazin- | -

vijundecanamidopentylureidojpentanedioic acid lutetium complex.

[0223] LuCh (0.69 mL of 2 0.006770 mmolml, 8.00532 mmol) was added to solid
(283-2-(3~{{1 S)-1-carboxy-S-(1 | -(4~{(4-{{(26-carboxy-3,6,9,12,15,18,21,24-
octaoxahexacosylamino}-6-{{4-{{1.4,7,1 O-tetrakis(carboxymethyi)-1,4,7,10-
tetraazacyclododecan-2-yhimethyhphenybamino)-1,3, 5-triazin-2~yhpiperazin- | -
yhundecanamido)pentyDureido)pentanedioic acid (8.5 mg, 6.00532 mmol). The reaction
mixture was heated at 90 °C for | hour and then lyophilized to to give 2583-2-G3-((18)~1-
carboxy-5-(1 1-{4-(4-((26-carboxy-3,6,9,12,15,18,21 24-octaoxahexacosvl}amino)-6-{(4-
((1.4,7, 10-tetrakis{carboxymethyi}-1.4,7, 1 0-tetraazacyclododecan-2-
yvhmethyDphenyhamino)-1,3,5-triazin-2-ypiperazin-1 -

yvhundecanamido)pentyDureidopentancdiocic acid lutethn complex (8.2 mg) as a white

solid. MS (ESI), 885.2 (M/2+H)".

102241} Example 11, (28)-2-G-((153-5-(1 1 ~(4-{4-(((8}-5-(bis{(1 ~{carboxymethyl}- 1 H-
imidazol-2-yhimethyDamino}-1-carboxypentyDamino)-6-{(4-({1,4,7,10-
tetrakis{carboxymethy)-1,4,7.10-tetraazacyelododecan-2-ymethybiphenylamino)-1,3,5-
triazin-2-yipiperazin-1-ylundecanamido)-1-carboxypentyljureido)pentanedioic acid

lutetivim complex.

=78
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Step 1. (28)-2-(3-((18)-5-{ | 1 -{4-(4-({((S)-5-(bis{{ | -{carboxymethyl}-1 H-

imidarol-2-yDmethyDamino)-l-carboxypentyhamino}-6-((4-({1,4,7,10-

tetrakis{carhoxymethyl}-1.4,7, H-tetraazacyclododecan-2-yhmethyhpheny Damino}- 1,3,5-

triazin-2-yhipiperazin- t-yDundecanamido)- {~carboxypentylureido)pentanedioic acid.
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To a solution of p-NH2-Bn-DOTA-tetra(s-Bu-ester} {Macrocyclics) (42.4 mg,

{3.050 mmol} and cyanuric chloride (9.2 mg, 0.030 mmol) in DCM (2.0 mL) was added

DIPEA (0.10 mb). After stirring at room temperature for 2 hours the solvent was removed

using a stream of nitrogen gas to give a residue. This residue was dissolved in DMSG (1.0

mL} and {(8)-2-amino-6-(bis({1-(2-(tert-butoxy)-2-oxoethyl}- 1 H-imidazol-2-

ylymethyamino}hexanoic acid (26.7 mg, 0.05 mmol) and KoCUO; (50 mg) were then added.

he resule ension was stirred at room temperature overnight. The following day (S)-
The resultant suspension was stirred at temperature overnight. The following day (S)

di~tert-buty! 2-(3-((5)~1-{tert-butoxy}-1-oxo-6-(1 L -(piperazin-{ -y undecanamidothexan-2-

vipreidolpentanedioate (37 mg, 0.05 mmol) was added andthe reaction mixture was stirred at
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room temperature for an additional 24 hours. Lyophilization afforded the crude triazine
intermediate which was deprotected overnight at room temperature using TFA (3.0 mL) and
DCM (1.0 mL). The deprotected erude final product was puritied by Biotage SP4 using a
Cig cartridge to give (283-2-3-{{18)}-3-(1 1-{4-{4-({{5}-5-{bis({ I -(carboxymethyl}- 1 H~
imidazol-2-vhmethyhamino)-1-carboxypentyDamino - 6-((4-((1,4,7,10-
tetrakis{carboxymethyi-1,4,7, 1 0-teiraazacyclododecan-2- xi)methyi) shenyilamino)-1,3.5-
triazin-2-yhipiperazin-1-vhundecanamido)- | ~carboxypentyljuretdojpentanedioic acid {41.5

mg) as a white solid. MS (ESD), 789.6 (M/2+H)".

(0227} Step 2. (28)-2-(3-((1 S3-5-{ VI-{4-{4-{{{5}-S~(bis{(] ~{carboxymethy]}- 1 H-
imidazol-2-yhimethylamino}-t-carboxypentylamino)-6-((4-((1,4,7,10-
tetrakis{carboxymethyl)-1.4,7,10-tetraazacyclododecan-2-y Hmethylphenybamino)-1,3,5-
triazin-2-viipiperazin-1-yhundecanamido)--carboxypentyhureidoipentanedioic acid

lutetium complex.

JO2281 To solid (283 2-3~{({18)-5-{1 1 -{4-{4-(({B3-5~(bis{{} -{carboxymethyi}- 1 H-
imidazol-2-yhmethyhamino)-1-carboxypentylamino)-6-((4-((1,4,7,10-
tetrakis{carboxymethyl)-1,4.7, 1 0-tetraazacyelododecan-2-ymethyliphenyDamino)-1,3,5-
triarin-2-vhpiperazin- 1 -yhundecanamido)-1-carboxypentyhureido)pentanedioic acid (16.3
mg, 0.0103 mmol) was added LuCl; (1.0 mL, 0.0103 mymol/mi, 8.0103 mmol. The reaction
mixture was heated at 90 °C for | hour and then lyophilized to to give (28)-2-(3-((158}-5-({ ] -
(4-{4-({({S}-5~{his((1-(carboxymethyD)-1H-imidazol-2 -y DmethyDamino)-1-
carboxypentyhiamino)-6-((4-({1,4,7, 1 0-tetrakis{carboxymethyl}-1,4,7,16-
tetraazacyclododecan-2-ylimethylphenyhamino)-1,3,5-nazin-2-vipiperazin-1 -
yvhundecanamido)-1-carboxypentyhurcido)pentanedioic acid lutetium complex (15.7 mg) as

a white solid. MS (EST), §75.6 (M/2+H)".

[0229] Exampile 12. 28F2-3-{{15)-5-(1 1-{4~{(4-(bis(carboxymethyl}amino}-6-{{4~
(1,47, 1G-tetrakis(carborymethvly-1.4,7 1 O-tetraazacvelododecan-2 -

vihmethyhphenyhamino)-1,3, 5-triazin-2-yi)piperazin- 1 -yl undecanamido)-1-

carboxypentyi)ur@ido)pentanedimc actd lotetivm complex.

-80-
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102301 Step 1. (283-2-(3-({1S)-5-( | | -{4-{4-{bis{carboxymethyl}amino)-6-{{4-

({1,4,7, 10-tetrakis{carboxymethyl)-1,4,7, 1 0-tetraazacyclododecan-2-
viymethylphenyilamino)-1,3,5-triazin-2-yhpiperazin-1 -yl jundecapargido}-1-

carbogypentyljureidojpentanedioic acid.
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(0231 To a DCM (2.0 mL) solution of p-MNH2-Br-DOTAetra(r-Bu-ester)

(Macrocyelies) (42.4 mg, 0.0506 mmol) and cyanuric chloride (9.2 mg, 0.050 mmol} was
added DIPEA (0.10 mL) and resultant mixture was stirred at room temperature for 2 hrs.
Removal of the solvent using a stream of nitrogen gave a residue which was dissolved in
DMSO (1.0 mL) prior to the addition of di-tert-butyl 2,2"-aranedividiacetate (24.5 mg. 0.16
mmol) and KoCO0: (50 mg) were added. The resultant suspension was stirred at room
temperature for overnight and the following day (S)-di-tert-butyl 2-(3-({(S)- I -{tert-butoxy)-1-
oxo-6-( 1 1-{piperazin-1-yhundecanamidoYhexan-2-yhureido)pentanedioate (37 mg, 0.05
mmol) was added and the stirring continued at room femperature for 24 hours.
Lyophilization of this suspension afforded the triazine intermediate, which was deprotected at
room temperature overnight using TFA (3.0 mL} and DCM (1.0 mL). The deprotected crude
product was purified by Biotage $P4 using a C18 cartridge to give (283-2-(3-{¢18)-5-(1 1-(4~
{4-{Gis(carboxymethyDamino»6-((4-((1.4.7 10-tetrakistcarboxymethyh)-1.4.7,10-
tetraazacyclododecan-2-yhimethylphenylamino)- 1,3, 5-triazin-2-ylpiperazin-1-
viundecanamido)- 1 -carboxypentyDureidopentanedioic acid (27.0 mg) as a white solid. MS

(ESD), 645.2 (M/24H)".
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[0232] Step 2. {283 2-(3-((1S)-53-{ L 1 -{4-(4-(bis{carboxymethyljamino}-6-({4-
((1,4,7.10~tetrakis(carboxymethyi)-1,4,7, | O-tetraazacyclododecan-2-
yhmethyliphenyhamino)-1,3,5-triazin-2-yhpiperazin-1-yhundecanamido)-1-

carboxypentyljureidolpentanedioic acid jutetinm complex.

(0233 LuCl; (0.89 mb of 2 0.0103 mmeol/ml., 0.00915 mmoliwas added to solid
reagent of (28)-2-G-{({1$)-5-( 1 1 -{4-(4-{bis{carboxymethyljamino}-6-{{4-((1,4,7,10-
tetrakis{carboxymethyh)-1,4,7 Hi-tetragzacyclododecan-2-yDmethyhpheny Damino}-1,3.5-
triazin-2-yHipiperazin-1-yhundecanamido)- i-carboxypentyDuretdo jpentanediotc acid (11.8
mg, 0.00915 mmoi). The reaction mixture was heated at 90 °C for 1 hour and then
fyophilized (o to give (28)-2-(3-((15)-5-( 1 1-{4-(4-{bis{carboxymethyamino}-6-({4-
{(1.4,7,10-tetrakis(carboxymethyl)-1,4,7, 10-tetraazacyclododecan-2-
viymethylphenyhamino)-1,3,5-triazin-2-yhpiperazin- { ~yDundecanamido)- i~
carboxypentylureido)pentanedioic acid lutetivm complex (12.0 mg) as a white solid. MS

(ESH, 731.2 (M/2+H)Y .

16234} Example 13, (253-2-(3-({1S)-1~carboxy-5-(1 1-{4-{4-(methylamino}-6-({(4-
((1,4,7,10-tetrakis{carboxvmethyh)-1,4,7, | O-tetraaracyclododecan-2-
viimethyhphenyDamine)-1,3,5-triazin-2-ylipiperazin-1-
yiundecanamido)pentyureidopentanedioic acid lutetium complex.
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F235) Step 1. (28-2-(3-¢((18)-1~carboxy-5-(1 1 -{4-(4-{methylamino)-6-({(4-((1.4,7.10-
tetrakis{carboxymethvl}-1.4.7, 1 0-tetraazacyclododecan-2-yDimethyDphenybamino}-1,3.5-

triazin-2-ylpiperazin- {-yljundecanamidopentyliureidopentanedioic acid.
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{6236} To a DCM (2.0 mb) solution of p-NH2-Bn-DOTA-tetra{r-Bu-ester)
{Macrocyelics) (42.4 mg, 0.050 mmol) and cvanuric chloride (9.2 mg, 8.050 nunol) was
added DIPEA (0.0 mL) and the solution stirred at room temperature for 2 hours, After
stirving the solvent was removed using a stream of nlirogen gas to give a residue. This
residue was dissolved in DMSO (1.0 mL} and the solution was contacted with methanamine
(0.10 mL, 2.0 M in THF} and KoC0O3 (S0 mg). The resuitant suspension was stirred at room
temperature for 4 hours. (S)-di-tert-butyl 2-(3-((8}~1-(tert-butoxy)- l-oxo-6-(1 1-{piperazin-1-
vhundecanamidoYhexan-2-yhureido)pentanedioate {37 mg, 0.05 mmol} was added then
added to the DMSG solution and the reaction mixture was stirred at room temperature for an
additional 24 hrs prior to lyophilization to afford the crude triazine intermediate.
Deprotection using TFA (3.0 mL) and DCM (1.0 mL) at room temperature, overnight
followed by removal of the solvent using a stream of nitrogen gave crude product which was
purified by Biotage SP4 using a C18 cartridge to give (283-2-3~{{18}-1-carboxy-5-(1 1-{4-{4-
{methylamino }-6-{(4-((1,4.7, § O-tetrakis{carboxymethyl)-1,4,7, 10-tetraazacyclododecan-2 -
yhimethyphenyhaminoy-1,3,5~nazin-2-yhipiperazin- 1~
yvhundecanamido)pentyljureido)pentanedicic acid {(10.8 mg) as a white solid. MS (ESI),

3942 (M/2+H).

[0237] Step 2. (283-2-(3-((1 5} I -carboxy-5-(1 1 -{4-(4-(methyiamino}-6-({4-((1,4,7,10-
tetrakis{carboxymethyi}-1,4,7, 1 0-tetraazacyclododecan-2-yDimethyhphenylamine)-1,3,5-

triazin-2-ylpiperazin- 1 -yhundecanamidojpentyhureidopentanedioic acid futetium complex.

FO238] Fo sobid (2532-G-((1S) i ~carboxy-3-(1 I -(4-(d-(methyvlamine -6-({4-
((1.4,7, [0-tetrakis(carboxymethyl}-1,4,7 10-tetraazacyclododecan-2-
yhmethyDphenyllamino)-1,3, 5~riazin-2-yDpiperazin-1-

vhundecanamido)pentyhureido)pentanedioic acid, (7.7 mg, 0.00649 mmol) was added LuCl
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{0.63 mL of a 0.0103 mumol/mb, 0.0064% mmol). The reaction mixture was heated at 90 °C
for 1 hour and then ivophilized to to give (Z25)3-2-3-((18)-1~carboxy-5-{1 1-(4-{4-
(methylamino)-6-((4-({1,4,7, I O-tetrakis{carboxymethy)-1,4,7 1 O-tetraazacyclododecan-2-
yhymethyDphenyhamino}-1,3, 5-triazin-2-yDpiperazin-1-
viwmdecanamidojpentylureido)pentanedioic acid lutetiom complex (7.9 mg) as a white

solid. MS (ESI), 680.2 (M/2+H)",

{02391 Example 14, 2532-G(-{ISF3-0 -(4-{4d-(4-Graminopropylipiperazin-1-vl)-
6-{{4-((1,4.7, 1 0-tetrakis{carboxymethyl}- 14,7, 1 O~tetraaracyclododecan-2-
yhmethyhphenybamino)-1,3, 5-triazin-2-yhpiperazin- 1 -vhundecanamido)~1 -

carboxypentyhureidoipentancdioic acid lutetium complex.

O
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{2401 Step T 2SR2-(3-((15)-5-(1 1 -{4-(4-(4-3-aminopropyDpiperazin-1-yH-6-((4-

((1,4,7,10-tetrakis(carboxymethy}-1,4,7, 1 G-tetraazacyelododecan-2-
vhmethylphenyDamino}-1,3,5-triazin-2~ylipiperazin- 1 -yhundecanamidoj-1 -

carboxypentyhureido)pentanedioic acid.
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[0241] To a solution of p-NH2-Bn-DOTA-tewra(r-Bu-ester) (Macrocyclics) (42.4 mg,

0.050 mmol) and cvanuric chloride (9.2 mg, 8.050 mmol) in DCM (2.0 mL) was addec
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DIPEA (8.10 mL) and the solution was stirred at room temperature for 2 hours. After stirring
the solvent was removed under a stream of nitrogen to give a residue which was dissolved in
DMSO (1.0 mL) prior to the addition of (S)-di-tert-buty] 2-(3-((S)-{ (tert-butoxy - -oxo-6-
{1 I-(piperazin-I-ylundecanamidoyhexan-2-yhureidopentanedicate (37 mg, 0,03 raomol) and
K2 005 (56 mg). The resultant suspension was stirred at room temperature for 2 hours and 3-
{piperazin-1-ylpropan-1-amine (47 mg) was then added following which the reaction
mixture was stirred dor an additional 16 bours at room temperature. Lyophilization afier 16
hours afforded the crude triazine intermediate which was deprotecied at room temperature,
overnight using TFA (2.0 mL) and DCM (1.0 mL). The deprotected product was purified by
Biotage SP4 using a C18 cartridge to give (283-2-G-((18)}-3-(1 1 {4-(4-(4-(3-
aminopropyhpiperazin-1-yD-6-((4-((1,4,7, 1 0-tetrakis{carboxymethy)-1,4,7,10-
tetraazacyelododecan-2-yhmethyhphenyhamino)- 1,3, 5-triazin-2-yDpiperazin-1-
vhundecanamido)-1-carboxypentyDureido)pentanedioic acid (25 mg) as a white solid. MS

(ES1}, 650.3 (M/2+HY

[0242] Step 2. (253-2-(3-((1S}-5-(1 1-{4-(4-(4-3-aminopropylpiperazin- -y {}-6-{(4-
{(1,4.7 10~tetrakis{carboxymethyii-1,4,7, H O-tetraazacyclododecan-2-

viimethylphenyDamino)-1,3,S-triazin-2-yhpiperazin-1-vhundecanamido)-1-

o

carboxypentyhureido)pentanedioic acid Jutetivm complex.

(02431 To solid 28532-(3-{(18)-5-(F 1 -{4-{4-(4-3-aminopropylipiperazin- 1 -y }-6-((4-
((1,4,7, 10-tetrakis{carboxymethyli-1,4,7, } O-tetraazacyclododecan-2-
yiynethyhphenyllamino)-1,3, 5-triazin-2-vi}piperazin-I~yundecanamido}- 1
carboxypentyhuretdo)pentanadioic acid {(10.7 mg, 0.00824 mmol) was added LuCl (.80 mL
of a 0.0103 mmol/mi, 0.00824 mmol). The reaction mixture was heated at 90 °C for 1 hour
and then lyvophilized to give (28)-2-3-({15)-53-(1 [-{4-{4-{4-(G-aminopropylpiperazin-1-v]}-
6-((4-((1,4,7,10~tetrakis(carboxymethyl)-1,4,7, 1 O-tetraazacyclododecan-2-
yhmethylphenyDamine)-1,3, S-nazin-2-yhipiperazin- I~vijundecanamido}- 1 -
carboxypentylureido)pentanedioic acid lutetium complex (16,2 mg) as a white solid. MS

(ESD, 736.2 (M/2+H)".

(0244} Examaple 15, (25)-2-(3~({1S}-1-carboxy-5-(1 {-(4-{4-(4~
{carboxymethyDpiperazin-1-yD-6-((4-{(1,4,7, 10-tetrakis{carboxymcthyi)-1,4,7,10-
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tetraazacyclododecan-2-vlimethyliphenyhamino)- 1,3, 5-triazin-2-yDpiperazin- 1-

yhundecanamido)pentybureido)pentanedioie acid lutetivim complex.
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[0245] Step 1. (283-2-03-((18)1-carboxy-5-(11-(4-(4-(4-(carboxymethyl)piperazin-1-

y-6-({4-((1,4,7, B-tetrakis{carboxymethyi)-1,4,7, 1 G-tetraazacyclododecan-2-
yiimethyhphenyhamino)-1,3,5triazin-2-yDipiperazin-1-

vhandecanamido)pentyDureidojpentanedioic acid.

[oloRY

{0246} To a DCM solution (2.0 mL) of p-NHZ-Bn-DOTA-tetra{s-Bu-ester)
(Macrocyelics), (42.4 mg, 0.050 mmol) and cvanuric chloride (9.2 mg, 0.050 mmol) was
added DIPEA (0.10 mL) the resultant solution was stirred at room temperatare for 2 hours.
After stirring, the solvent was removed using a stream of nifrogen to give a residue which
was dissolved in DMSO (1.0 mL} prior to the addition of {(S)-di-tert-butyl 2-(3-({(8)-1-(tert-
butoxy}-1-oxo-6-(11-(piperazin-1-yhundecanamidojhexan-2-yhurcido)pentanedioate (37 mg,
0.05 mmol) and KoCO5 (S0 mg). The suspension thus obtained was stirred at room
ternperature for 2 hrs and rers-butyl 2-(piperazin-1-ylacetate (30 mg) was then added to the
reaction mixture and stirring was continued at room temperature for an additional 16 houss,
Lyophilization of the reaction mixture at the end of 16 hours afforded a residue of the
protected final product. This residue was contacted with TFA (2.0 oL} and DCM (1.0 mb)

at room temperature overnight to cause removal of protecting groups, {ollowing which the
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sojvent was removed under a stream of nitrogen to give crude deprotected product that was
purified by Biotage SP4 using a C18 cartridge. The titled compound (253-2-(3-({15)-1-
carboxy-5-(11-{4-(4-(4-(carboxymethyhpiperazin-1-yD-6-{{(4-{{1,4,7,10-
tetrakis{carboxymethyi)-1,4,7, 1 §-tetraazacyclododecan-Z-yhmethylpbenyhamino)-1,3,5-
triazin-2-ylipiperazin-1-yhundecanamido)pentylureido)pentanedioic acid {14 mg) as

obtained as a white solid. MS (ES]), 650.8 (M/2+H)".

{0247] Step 2. (25)-2-03-({18)-1-carboxy-5-{ L1 -(4-{4-(4-(carboxymethylipiperazin-1-
yh-6-({4-{(1,4,7. 1 0-tetrakis{carboxymethyi}-1,4.7, 1d-tetraazacyclododecan-2-
viimethyhphenyhamino)-1,3, S-triazin-2~ylipiperazin-1-

yhundecanamido}pentyureido)pentanedioic acid lutetium complex.

[0248] To solid 8532-3-((18)-1~carboxy-3~{1 1 -(4-(4-(4-{carboxymethylpiperazin-
Tvi-6-{(4-((1,4,7. 10-tetrakis{carboxymethyl}-1.4,7, I i-tetraazacyclododecan-2-
viimethylphenyhamino)-1,3,5-triazin-2-ypiperazin-~ 1~
viyundecanamido)pentybureido)pentanediaic acid (6.0 mg, 0.00426 mmol) was added LuCly
(.45 mL of a2 0.0103 mmol/mlL, 0.00462 mmol). The reaction mixture was heated at 90 °C
for | hour and lyophilized to to give (283-2-(3-((18)-1 -carboxy-5~{1 [-{4-{4-(4~
{carboxymethyDpiperazin--vI)-6-{{4-((1,4.7, 1 0~tetrakis{carboxymethy)-1,4,7,10-
tetraazacyclododecan-2-yDmethyhphenylamino}-1,3,5-triazin-2-yDpiperazin-1-
yhundecanamidopentyDureido)pentanedioic acid lutetiom complex (5.6 wg) as a white

sofid, MS (ESI), 736.8 (M/2+ID"

14249} Example 16, (28)3-2-3~((18)-t-carboxy-S-(11-(4~{4-(4-(3~
carboxypropybipiperidin-i-yi)-6-{{4-({1,4,7,1 O-tetrakis(carboxymethyl}-1,4,7,10-
tetraazacyclododecan-2-yhmethyhphenyhamino)-1,3, S-triazin-2-yipiperazin-1-

yhundecanamidojpentylureido)pentanedioie acid tutetium complex.
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{0258 Step 1. (283-2-(3-{(1S)-1-carbory-5-{ [ {-{4-(4-(4-(3-carboxypropylpiperidin-

Loy D-6-({4-{{1,4.7, 1 O-tetrakis{carboxymethyl}- 14,7, 1 O~tetraazacyclododecan-2-
yhmethyhphenybhamino)-1,3,3-trlazin-2-ylpiperazin-1-

vhundecanamidoipentyDureidoipentanedioic acid.
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(251} To a solution of p~NH2-Bn-DOTA-tetra(¢-Bu-ester) (Macrocyclics), (42.4 mg,

(.050 mmol) and cyanuric chloride (9.2 mg, 0.050 mmol) in DCM (2.0 mL) was added
DIPEA (0.10 mL). Following stirring at room temperature for 2 hrs, the solvent was
removed using a stream of nitrogen to give 4 residue which was dissolved in DMSO (1.0 mL}
prior to the addition of (S)-di-tert-buty! 2-(3-((S)-1 {tert-butoxy )} F-oxo-6-(1 | -{piperazin-1-
vhundecanamidohexan-2-yhureido)pentanedioate (37 mg, 0.05 mmol) and K, C05 (50 mg).
The suspension formed was stirred at room temperature for 2 hrs and 4~(piperidin-4-
yvhbutanoic acid (160 mg) was then added to the suspension. After continuous stirring at
room temperature for 72 hrs, the reaction was stopped by lyophiltizatio to afford the protected
triazine compound. Deprotection at room temperature, overnight using TFA (4.0 mL) and
DCM (1.8 mL), foliowed by purification using Biotage P4 and a C18 cartridge gave (28)-2-
(3-¢(1S-1-carboxy-3-{ 1 1-{4-(4-{4-(3-carboxypropylipiperidin- 1 -y-6-({(4-((1,4,7,10-

tetrakis(carboxymethyi}-1,4,7,10-tetraazacyclododecan-2-yimethyhphenyhamino)-1,3,5-
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triazin-2-yhpiperazin-1-yhundecanamido)pentylureido)pentanedioic acid {153 mg) as a

white solid. MS (ESD), 650.58 (M/2+H)".

{1252} Step 2. (28%-2-3-((18}- F-carboxy-5-(1 1-(4-(4-(4-(3~carboxypropyDpiperidin-
Loy B-6-({4-({1,4,7,10-tetrakis{carboxymethyi}-1,4,7, 1 0-tetraazacyclododecan-2-
vhmethybhphenyljamino}-1,3,5-triazin-2-yDpiperazin-1-

yhundecanamidolpentyllurcidolpentanedioic acid lutetium complex

[0253] To solid {28)-2-(3-((18)-1-carboxy-5-(1 1 -{4-(4-(4-(3~
carboxypropylypiperidin-1-v)-6-({4-((1.4,7,10-tetrakis{carboxymethyl}-1,4,7,10-
tetraazacyclododecan-2-yhimethyDphenyDamino)-1,3,5-triazin-2-yipiperazin-{-
yhundecanamidopentyhureido)pentanedioic acid (6.9 mg, 4.00520 mmol) was added LuCly
(0.50 mL, 0.0103 mmol/mb, 0.00520 mmol). The reaction mixture was heated at 90 °C for |
hour and lyophilized to to give (28)-2-(3-<{{(18)-1-carboxy-5-(1 1-(4-(4-(4-(3-
carboxypropylpiperidin-1-y}-6-((4-((1,4,7,10~tetrakis{carboxymethyl)-1,4,7,10-
tetraaracyclododecan-2-yhmethylphenylamino)-1,3,5-triazin-2-ybhpiperazin-1-
yvhundecanamido)pentyhureidoipentanedioic acid lutetium complex {7.9 mg) as a white

sobid. MS (EST), 750.2 (M/2+H)Y

(0254} Example 17. %Ga Labeling of (28y-2-(3-((15)-1-carboxy-5-(1 1 -(4-(4-
{dimethylamino -6-{{4-{(1,4,7, 1 #-1etrakis{carboxymethyl)-1,4 7, li-tetraazacyclododecan-2-
yhmethyhphenybamine)-1,3,5-triazin-2-ylpiperazin- -

vijundecanamidopentyhureido)pentanedioic acid.
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{0255} “*Ga was synthesized using a gallium-68 generator (1DB Holland). A T mb

fraction of the generator eluate {eluted using 0.6 M HCI suprapure) containing the highest

% Ga activity was mixed with the reaction mixture that containing 2 ub. of the target
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compound (10 mM solution in DMSO) and 10 pl of ascorbic acid (20% tn water). The pH of
the reaction mixture was adjusted to be in the pH range of 3.6 - 3.9 by the addition of

approximately 290 ul of an aqueous solution of sodium acetate (2.5 M in water).

[0256] The mixture was heated at 90 °C for 10 minutes with stirring. A test sample
of the reaction mixture was analyzed by HPLC to confirm complete complexation. The
reaction mixture was then diluted with 2 mi saline (4.9% sodium chioride) and loaded onic a
pre-conditioned Plexa Cartridge (60 mg, Varian, Bond Elut Plexa). The cartridge was rinsed
with 2 mlb sajine prior to elution of the desired corplex using 6.5 mL ethanol. The cluent
was passed through a sterile filter (Millipore, Millex-GV) fitted to a syringe followed by

washing of the filter by passing 5 mL of saline and 200 ul. of phosphate buffer.

-}

j0257% The radio-labelled compound was analyzed by HPLC on a Chromolith

Performance RP-1 8¢ colomn (100 x 3 mm Merck KGaa, Darmstadt, Germany) using a

lincar gradient from 0% to 100% acetonitrile in water (both containing 8.1% TFA) over §

min. UV absorbance was detected at 214 nm. Under these conditions ®*Ga-MIP-1558 is
10/

eluted at about 2.25 min. The radiochemical yields ranged from 77% ~ 97%, average RCP =

879 {data corrected for radicactive decay).
EQUIVALENTS

{0258 While certain embodiments have been illustrated and described, it should be
understood that changes and modifications can be made therein in accordance with ordinary
skili in the art without departing from the technology in its broader aspects as defined in the

following claims.

(62591 The present disclosure is not to be limited in terms of the particular
embodiments described in this application. Many modifications and variations can be made
without departing from its spirit and scope, as will be apparent to those skilled in the art.
Functionally equivalent methods and compositions within the scope of the disclosure, in
addition to those enumerated herein, will be apparent to those skilled in the art from the
foregoing descriptions. Such modifications and variations are intended to fall within the

scope of the appended claims. The present disclosure is to be limited only by the terms of the
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appended claims, along with the full scope of equivalents to which such claims are entitled.
It is to be understood that this disclosure is not limited to particular methods, reagents,
compounds compaositions or biological systems, which can of course vary. It 1s also to be
understood that the terminoclogy used herein is for the purpose of describing particular

embodiments only, and is not intended to be limiting.

10260] In addition, where features or aspects of the disclosure are described in terms
of Markush groups, those skilled in the art will recognize that the disclosure is also thereby

described in terms of any individual member or subgroup of members of the Markush group.

[0261] As will be understood by one skilled in the art, for any and all purposes,
particularly in terms of providing a written description, all ranges disclosed herein also
encompass any and ali possible subranges and combinations of subranges thereof. Any listed
range can be casily recognized as sufticiently describing and enabling the same range being
broken down into at least equal halves, thirds, quarters, fifths, tenths, efc. As a non-limiting
example, cach range discussed herein can be readily broken down into a lower third, middie
third and upper third, efc. As will also be understood by one skilled in the art all language

3% 6

such as “up to,” “at least,” “greater than,” “less than,” and the like, include the number

recited and refer to ranges which can be subsequently broken down into subranges as

discussed above, Finally, as will be understood by one skilled in the art, a range includes

each individual member, including the first and last number listed for the range.

{02621 All publications, patent applications, issued patents, and other documents
referred to in this specification are herein incorporated by reference as if each individual
publication, patent application, issued patent, or other document was specifically and

individually indicated to be incorporated by reference in its entirety. Definitions that are
contained in text incorporated by reference are excluded to the extent that they contradict

definitions in this disclosure,

(2631 Other embodiments are set forth in the following claims.

L)
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WHAT IS CLAIMED [5:

i. A compound according to formula |

wherein:

A is {CHR )y or C{O);

PCT/US2014/011047
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NH._ 7D
N=( X
I,N
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\
??é‘"‘Rb
Ra
i

W is-C{O)(CHyym: ~C(OY-CHa-CHa-Ol, -{CH-CH-Oh{ CHaon, —C(O)-
[CH(RS);LFS ~{CH) - O-{CHa g, ~(CH 8- (CHo)om, ~(CH - S(OM(CH b, -
(CH)u-S{O)-{CH )y, or “(CHo Y- NR-{CHo ),

- - . ] N P
Y ig-NH-, NR o T

¥ is (O -Cypiatkylene~(C5-Crgarylene, -(Ci-Ciplarylene, {Cs-Ciplarylene—{Cy-

-

Cipjatkylene-, phenviene, ~(C-Cigalkylene-(Cs-Crajeyeloalkylene, ~(Cs-

Cigicyeloatkylene, or ~{C5-Chpieyeloalkylene—(Ci-Ciglalkylenc-;

R'and R” are each independently H, -(C-Ciolalkyl, -C{O)-(C-Ciolalkyl, benzyl, -

{(CU)eveloalkyl, or <(C3-Ciodaryl;
k% and R® are each independently H, -OH, «(Ci-Cip)alkyl, -{CH-CH-OL-(CH T, —
C{OMC-Croalkyl, +{C-Crpalkyiene-C(O)-, ~{C-Cipalkylene-C{0)-7,

benzyl, -(Co-Ciodeyelnalkyl, «(Ca-Crojaryl-{C-Crplalkyviene, -(C3-Chplaryvi,

halo-(C-Ciglatkyl, hydroxy-(Cy-Ciglatkyl, -NH-(C-Cihatkyl, or ~(C-

N
'

Cioyalkylene-NRIR -, or R® and R® together with the nitrogen to which they

are bonded form a (U3-Cyl-heteroary! or (Cs-Cyp-heterocyeloaiky | that can

further comprise one or more heteroatoms selected from N, 8, or ;
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Cioyatkylene<(Cs-Ciojarvl, or -O-(C-Cp)alkylene--{C5-Cioloyeloaltkyl,

R? is H. halogen, -OH, -NHy, «(CH23,-COOH, or «{CH)),- NHy;

T is—H, ~OH, -COOH, ar -NRR®;

RY and R® are each independently H, bond, ~-OH, {(Ci-Cipalkyl, or «(Cs-
Cipyheteroary <Gy -Crolalkvlene;

m, 1, P, q, t and r are each independently 8, 1,2, 3,4, 5,6, 7, 89, or {0 and
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‘ oM, 73 L S
e ~ point of =
o attachment
Ha [5-Me Osal, TAME] o to linker :

wherein any alkyl, alkylene, arvl, arylene, heteroaryl, heteroarylene, cycloalkyl,
cveloalkyiene, heterocycloalkyl, or heterocycloalkylene is optionally
substituted with 1, 2, or 3 substituent groups selecied from the group
consisting of <(C-Ciolalkyl, {(Ci-Cradhaloalkyvl, -(Ci-Cig) aminoalkyi, «(Ci-
Cionatkylene-COOH, ~(C-Cigthydroxyalkyl, -OH, bhalogen, -NH;, -COOH, -
C{OYWAC-Cropalkyl, ~(C-Cipratkylene-C{O)-, «C-Cglalkylene-C{0)-X, -
NH-(C1-Cdalkyl, and «(C1-Croaticylene-NRIR, and ~NRR®,

2. The compound of Claint |, wherein X is phenylene, ris | and D is
COLH COM
i\\ I/‘ ----- -\\ /E
s N N
&
\\ )
Y N ~.
[ 1

The compound of Claim 2, wherein the compound is a compound according to

Lot

Formula {1



WO 2014/110372 PCT/US2014/011047
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wherein:

A is {CHR Yy or C{O):

W is selected from the group consisting of —C{O{CHz)p-; ~C{OM-CH2-CH,-Ole, -
[CH-CHL-OF - CHo b, 41?(0)«[(?5&%{1@)&«;, A CH - O-{CH -, ~(CHo -5~
(CHo ), ~{CHm-S{O-{CH)pm, «{CH SO {CHa dy-and «(CHy ) m-NR -
{CHo Y,

i
N o~
I N N e
S N
N e J
\ T N S
-N  nN-3 N N
\ : £ H
: > H 2 N i i
Y is selected from ~NH-, -NR”-, 7 S, e OF e

R and B” are cach independently selected from H, <(C-Cielalkyl, —-C{O3-(Cy-
Cropalkyl, benzyl, -(Cs-Uyp)eyeloalkyl, or {Ca-Ciparyl

R” and R are cach independeuntly selected from the group consisting of H, -OH, «C)-
Ciojalkyl, HCH-CHo-O1,-(CHy - T, ~COC -Chplalkyl, —{(C-Chojalkylene-
C(OY, AC-Cppalkylene-C{OZ, benzyl, {(Cs-Crgjeyeloalkyl, -{Cs-Chiglaryl-
{Ci-Cioyalkylene, -(C5-Chglaryl, halo~(Cy-Cholalkyl, hydroxy-{C-Ciglalkyl, -
NH-(C-Crodalkyl, and -(Ci-Crojatkylene-NRR-, or R* and R® together with
the nitrogen to which they are bonded form a {C5-Cs)-heteroary} or (Us-Co)-
heterocyeloalkyl that can further comprise one or more heteroatoms selected

from N, 8, or (O
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Z 15 selected from ~OH, ~-O{C-Ciplal
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R is selected from -OH, -O(Cy-Cholalkyl, -Obenzyl, ~O(C-Cp)eveloalkyl, -O(C-
Cipyaryl, -O-(C-Chpjalkylene--(Cs-C paryl, or -O-(C-Cpjatkylene--(C5-

Ciojeycloalkyl,

RY is selected from H, halogen, -OH, -NH,, (CH},-COOH, or ~(CHyj.- NHz;
T is selected from ~H, -OH, -COGH, or v-»-NRdRe’;

R%and R are each independently selected from H, bond, -OH, A C-Chplalkyl, or «(Cs-

Cypyheteroaryl-(C,

-Cipjatkylene;

>

m, 0, P, g, fand 1 are each independently 6, 1,2, 3,4, 5,6, 7, 89, or 1O

wherein any alkyl, alkylene, aryl, arviene, beteroaryl, heteroarylen

e, cycloalkyl,

cycloatkylene, heterocycloalkyl, or heterocycloalkylene is optionally

substituted with 1, 2, or 3 substituent groups selected from the group

consisting of «C-Cigalkyl, «{C-Cohaloal

kyt, «(C;-Cin) aminoalkyl, -{(Cy-

Ciojalkylene-COOH, -(C-Ciphydroxyalkyl, ~NH,, ~-COOH, ~C{0)-(C~

Cioralkyl, ~C-Cipalkylene-C {0, H{C-Ciplalk
-Ciodalkylene-NR°R -, and ~NR“R .

Cioalkyl, and ~{C,
JAIK)

yvieng-C{O)-X, -NH-~{C;~

4, The compound of Claim 3, wherein A is (CHR’ Jm and W is —=COO-(CHz )y

3. The compound of Claim 4, wherein W is -C{(O(CHy - or -C{O-{CHo o

&, The compound of Claim 4, wherein R’ s hydrogen and m is 2.
/ \ .

o

7. The compound of Claim 3, wherein ¥ is ~NH-or ¢ 7 3
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The compound of Clain 7. wherein Y ig © :

- ~ et . b .
The compound of Claim 3, wherein R® and R” are each independently hydrogen or

methyl and R” is ~OH,

o oy RN b . . .
The compound of Claim 3, wherein R and B together with the nitrogen to which

they are bonded form a {(C3-Cg)-heterocyeloalkyl.

The compound of Claim 16, wherein the {Cy-Cyg)-heterocycloalkyl is selected from
piperidine, piperazine, morpholine, thiomorpholine, isothiazolidine, isoxazoliding,

pyrrolidine, immidazolidine, thiazolidine or oxazolidine.

The compound of Claim 11, wherein the (C3-Ce)-heterocyeloalkyl is piperidine or 4~
{piperidin-4-yhbutanoic acid.

i
!
A AN

The compound of Claim 10, wherein R® is -H and R” is nooc” ™7 “nwere,

The compound according to claim 10, wherein R® and R® are each independently «(Cs-

Cigybeteroaryi-(Cy-CUiplalkylene.

ROQS "

N e
=Y
N \)
s
The compound of Claim 10, wherein R® and R® are each independently .

The compound of Claim 3, which is selected from the following compounds:
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17. A metal complex comprising a radionuclide and a compound of Claim 1,

18, The metal complex of Claim 17, wherein the compound is

\'\\‘Y'/Qc e
i |
\\) o
1 i !
| ; - a
S N N R
i N N
i i H
Q O

wherein:

A is (CHRMY,, or C(O);

H N/}k\f/\\‘// IS NP e N TN
gy -OH A NN v K FO2H
BN NN ¥
1 N Tt \? K i \\ P
p ~N i B ! "N
> :) g/ N Y NN T/ N COF
L N ] E |
HO g,y oy O i
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W is selected from the group consisting of —C{O}~(CHyjp-1 -C{OM-CH;-CH-Ol, -
[CHo-CHy-O (T Ha -, ~COMCHR Jilgms (CH ) O-{CHy ), -(CH -5~

L4

(CHy)um, (CH bSO C Hmy «(CH eSO - (CH)mand (CH: ) NR -

(C{i; b
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i
N, L
N
IS 4 8 A
5 SN R S
L e N
. . ty 2 Nl ; !
Y is selected from ~NH-, -NR -, : F, b OF e

R’ and R” are each independently sclected from R, ~(C-Cigjaltkyl, ~C{O)-(C-
Cigjatkyl, benayl, «(C3-Cojeyeloatkyl, or {C5-Ciajaryl;

R* and R" are cach independently selected from the group consisting of H, -OH, -(Cy-
Cipyalkyl, -JCHp-CHo-O ] -{CH - T, ~CIO-{Ci-Crolalkyl, —(Ci-Cipatkylene-
C{O)-, HC-Cioalloylene-C{O)-2, benzyl, «{Cs-Crgleycloalkyl, (Cs-Ciojaryl
{C-Croyalkylene, ~(C5-Ciplaryl, halo-(C-Ciojalkyl, hydroxy-(C-Ciglalkyl,
NH-C;-Coatkyl, and ~«(C)-Cojalkylene-NRIR®, or R and R® together with
the nitrogen to which they are bonded form a (Cs-Ug)-heteroaryl or {U5-Ce -
heterocyeloalkyl that can further comprise one or more heteroatoms selected

from N, 8, or O;

HN—
Oy ORC P
Y 1
~ o
NN N
R(:c,\ﬂ/ .»rfi . ;1 " OR,
Z is selected from —OH, -O{C,-Ciplalkyl, c Yoo ,of

.
C
Os,-OR Oy

H
H }

‘t\ P
R.O 5 (,/5\ N .j\ y /i\{(ORC
o O }

R is selected from -OH, -O(C,-Ciglalkyl, -Obenzyl, -O{C3-Coyeycloalkyl, -O(C;-
Cioraryl, ~-O-(C-Cigalkylene--(Cs-Ciglaryl, or -O-{C-Cipaltkylene-(Cs-
Choyeveloalkyl,

R is selected from H, halogen, -OH, -NHy, {CHp)p-COOH, or (CHy)p- WNHa;

T is sefected from ~H. ~OH, -COOH, or —NRR®;

R and R® are each independently selected from H, bond, -OH, <(C,-Cigjatkyl, or -(Cs-
Ciodheteroaryl-(C-Cip)altkyiene;

ny, 1, p, q, tand x are each independently 0, 1,2, 3,4,5, 6,7, 89, or 10;



WO 2014/110372 PCT/US2014/011047

wherein any alkyl, alkylene, aryl, arviene, heteroaryl, heteroarylene, cycloalkyl,
cycloalkylene, heterooyeloalkyl, or heterocycloalkylene is optionally
substituted with 1, 2, or 3 substituent groups selected from the group
consisting of -(C-Cojalkyl, «(C-Cigphaloalkyl, -(Ci-Cio) aminoalkyl, «(C-
Cigiatkylene-COOH, (C-Cpihydroxyalkyl, -NH», -COOH, ~C{O-{(C)-
Crojalkyl, H{C-Cryalkylene-C{O)-, —(Ci-Crglalkylene-C{O)-X, -NH--(C;-
Ciodalkyl, and -(C-Cyodalicylene-NRR"-, and —NRR"; and

the radionoclide is selecied from the group consisting of Tin, v 2 Ga, MCu G,
Sicd. BTGd, PFe, P ac, 2781, 2B1, FCo, T, Dy, Ho, Pir, PRa,
e Re, RE, 22Pb, 2P, "OTb, 27Tk, Sm, Y8y, F7Pn, 1Pvh, MY

77
i

oy ¥7r and L.
19, The metai complex of Claim 18, which is:
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or a pharmaceutically acceptable salt or solvate thereof.

A pharmaceutical composition comprising the compound of Claim 3, ora

[ o®]
oy

pharmaceutically acceptable salt, solvate, or ester thereof] and a pharmaceutically
acceptable carrier.

21, A pharmaceutical composition comprising the metal complex of Claim 18, or a
pharmaceutically acceptable sali, solvate, or ester thereof; and a pharmaceutically

acceptable carrier.

A method of obtaining a radiographic image of one or more tissues that express

3]
NS

prostate-specific membrane antigen (PSMA) comprising:
contacting one or more tissues that express PSMA with a metal complex comprisiag a

radionuclide and a compound according to Formula 1
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or a pharmaceutically acceptable salt or solvate thereof} and

recording a radiographic image of the one or more tissues;

HN—3 Ox. ~ORS Qs
Ox, OR® {/J { T
( ~ -

Sy ¢ -~ S i

0N : Ty RO~ /; -/E\ '/(
RO« o \{j\,\f.j\ R/u‘»\c <N ~

wherein G is o " P o5 , 07 O
L is-NE-{C-Ciolalkylene-, -NH-(C-Cjplalkylene-C{O)-,

~{Oy-(C-Chgdalkylene-, ~C{O(C;-Crplalkylene-C(O}- or

\
~C{O)-{C-C ypalkyleng N—i
} 10 ¥

N/
R and R® are each independently H, -OH, «(Ci-Cigalkyl, -JCHzCH2OL-(CH)-T, ~

>

C{OW(C-Cipyalkyl, ~{Ci-Cipalkylene-C(O)-, —{C-Cipjalkylene-C({0O)-Z,
benzyl, -(C5-Crpdeyeloalkyl, ~(Cs-Crodaryt-{Ch-Ciglalkylene, {C5-Ciodaryl,
halo-(C-Cigyatkyl, hydroxy-(C-Ciopalkyl, ~NH-{C)-Cioalkyl, or -(Cy-
Cypatkylene-NRR -, or R and R” together with the nitrogen to which they
are bonded form a (C5-Cei-heteroaryt or (C5-Ce )-heterocyeloalkyl that can

further comprise one or more heteroatoms selected from N, §, or O;

Hi— O ORC 02y
O, ~OR® o b 3
L ) )l L\\ G /')
\% Q - ‘ : ; j
ROw APy S on RO ~ORe
L e ARV | { i ! H H :
£ 15-OH, -O{C -Ciodalkyl, o M oH 4 , OF ¢ o] ;

R and R® are cach independently H, bond, -OH, -(C-Ciojalkyl, or -(Cs-
Cioheteroary-(C-Cipjalkyiene;

nis0, 1,2.3,4,5,6,7,89, or 1(; and

wherein any alkyl, alkyiene, aryl, arylene, heteroaryl, heteroarylene, cycloalkyl,

cycloalkylene, heterocycloalkyl, or heterocycloalkyiene is optionally
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23.

26.

[l

~

un

[N

substituted with 1, 2, or 3 substituent groups selected from ~{Ci-Ciolalkyl, -
(Cy-Cyoyhaloalkyl, <(Ci-C i) aminoaliyl, ~(C-Cholalkylene-COOH, -(Cy-
Ciodhydroxyalloyl, -NHg, -COOH, - T(O)»(_C;—Cm)aikytA-(CVCm}a}kyien@
C{O)-, ~(C-Cinjatkylene-C(O)-X, -NH--(Ci-Ciolalkyl, or -(Ci-Cio)alkylene-
NRR®-, and ~NR"R.

The method of claim 22 in which the one or more tissues are selected from prostate

tissue or prostate cancer tissue.

The method of claim 22, wherein the radionuclide is selected from the group
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consisting of' ' 'in, 0¥ Ga, “Cu 'PGd, Ga, Gd, PFe, PP A, 2BI, 7PBIL Vo,
57 5 6 8¢ 223y iy, . i88 0S5, 212py, 203pp, 149y, 2270 Y
“Cu, "Dy, “Ho, "ir, Ra, Re, "PRe, "URE, FPb,UPh, Th, ¥ Th, 'V Sm,
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A method for treating a subiect diagnosed with cancer, comprising administering to a
subject a therapeutically effective amount of a prostate-specific membrane antigen
{(PSMA) binding complex comprising a triazinylene linker, wherein the complex is
retained in a PSMA-expressing tumor tissue for a longer interval of time than non-

PSMA expressing tissue.

The method of Claim 25, wherein the complex is retained in PSMA-expressing tumor
tissue for a longer interval of time than non~-PSMA expressing tissue selected from
kidney, tiver, spleen, heart, blood, lungs, muscle, bone, large intestine, small intestine,

brain, or fai.

The method of Claim 23, wherein the complex is retained in PSMA-expressing tumor

tissue for a longer interval of time than kidney.

The method of Claim 23, wherein the cancer is selected from prostate cancer, breast
cancer, colorectal cancer, brain cancer, lung cancer, liver cancer, endometrial cancer,
bone cancer, ovarian cancer, testicular cancer, skin cancer, pancreatic cancer, ulerine
cancer, cervical cancer, bladder cancer, gsophageal cancer, gastric cancer, head and

neck cancers, or kidney cancer.
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29. The method of Claim 28, wherein the cancer is prostaie cancer,



