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TRIAZINE BASED RADIOPHARMACEUTICALS AND
RADIOIMAGING AGENTS

CROSS-REFERENCE TO RELATED APPLICATIONS

(G001 The present application claims the benefit of U.S. Provisional Patent
Application Nos. 61/752,359, filed on Januvary 14, 2013, and 61/785,788, filed on March 14,

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

(6002} 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 proghosis. The expression of such proteins on the surface of tumor cells offers a unique
opportunity to use such proteins as markers for the diagnoses of a cancer condition, o
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 atiractive route for imaging and treating tumors under
non-invasive conditions. In particular, the present invention provides radiolabeled ligands
that specifically bind the prostate-specitic membrane antigen {(PSMA) protein, over expressed
on many cancer cells, as agents for imaging or radiation based therapy of PSMA-gxpressing

cancer celi

w

{0004} With over 2 million men suffering from prostate cancer, it 15 estimated that the
disease will strike one in six U5, men hetween the ages of 60 and &0, There are more than
300,000 new cases of prosiate cancer diagnosed each year and the mornality from the disease
is second only to lung cancer. An estimated 32 billion is currently spent worldwide on

surgical, radiation and drugs as treatments for prostate cancer. There is presently no effective

1.
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therapy for relapsing, metastatic, androgen-independent prostate cancer. New agents that

enable rapid visualization of prostate cancer and specific turgeting of this cancer tissue for

therapeutio purposes are presently needed.
I fhuman prostate-speciiic membrane antigen (PSMAQL also known as [olate

coproient which is

hydrolase TFGEHTL is @ trans-mambrane, 730 amino acid tpe H g
primarnly cxpressed in the opithclivm of normal human prosiate tissue, but is uprepuiaied in
prostaie cancer, including metastatic disease, PSMA s a unique exops ptifh_h with reactivity

ma-glutamated folates. capable of sequentially romoving the poly-gamma-

o

Since PSMA 15 expressed by virtuatly all prostate cancers and its
expression is further increased in poorly ditterentiated. metastatic and hopmone-refracton
carcinomas. it is a very attractive target for prostate imagiong ond therapy. Developing ligands
that interact with PSMA and carry appropriate radionuchides, therefore, may provide a

1

promising and novel approach for the detection, treatment and mana

r

gement of prostate

Caneger,

{0006} The radio-immupoconjugaie form of the anti-PSMA monoclonal wtibody
{(mAb)Y 7H 1 known as the PROSTASCINT sean. is currently being used to diagnose
prostate cuncer metastasis and recurrence. More recently, monoclonal antibodics that bind to

shown to accumudate in
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PSMA-pasitive prostate tumor models w animals. However, diagnosis and tumor deiection

using monoclonal antibodies has been Holted by the low permeability o

antibody o sobid tumor, Tumor detection using Jow molecular weight radiopharmaceutical
compournds, therefore, held prosise and are being explored as potential diagnostic and

radiotherapeutic alternatives to radioconjugates of monocional antibodies.

{00071 Vhe selective targeting of cancer colls with radiopharmaceuticals. either for

imaging or therapeutic purposes is

A variety of radionuclides are known to be

Glm 1
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peeipl ine radiecddmaging ar capeer radintherapy ineindine Ty Py 88 1T

and 'L Recently it has been shown the

=
...
O
e
h-l‘
o
=
]
=1
]
>
<
/
f.’ s
3
’-A
&,
ot
=
.
]
I
‘,
<9
o)
G
il
fan}
—
jo>)
=
'.J
=
o~
~
b

ghitamaie {GUGY or a glutamate-ur

s ¥

found thet the avidiny of the GU




WO 2014/110372 PCT/US2014/011047

depends at feast fn part on the chemical nature and size of the linker or spacer joining the

GUL or GUG group to the radionuelide complex.

{0008] The present invention focuses on GUlL-radiocomplexes or GUG-
radiocomplexes that have a one or more optionally substituted triazene groups as part of 8
linker conjugating the GUL or GUG groups to the radiocomplex. More specifically, the
present invention explores the structure~-tunction activity of such triazine-based Hnkers, 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 imventive 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 radionuclide complexes of the inventive
compounds. More specifically, the present technology is focued on the svnthesis and use of
compounds that conform to the general structure [PSMA recognition motif]-linker-
[radionuclide chelating group] and radionuchide complexes of the inventive compounds. As
further described below, the inventive compounds and their radionuclide complexes comprise
a 1,3, 5-triazine moiety within the linker. The incorporation of the 1,3,5-triazine group has
advantages since it provides three sites of aitachments for the PSMA recognition motif and
radionuclide chelating group and also improves the pharmacokinetic propertics of the

inventive compounds and their radionuclide complexes.

[6016] The invention also provides pharmaceutically acceptable formulations of the
inveniive commpounds and their radionuclide complexes. Such formulations are suitable for
freating a variety of discase conditions inclading 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, uferine cancer,
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cervical cancer, bladder cancer, esophageal cancer, gastric cancer, head and neck cancers, or

kidney cancer.

{0011} in one embodiment therefore, are provided compounds that conform to
Formuia I and to sterecisomers, tautomers. prodrugs, and pharmaceutically acceptable salts or

esters thereof,

1w,
I
O

TZ
IZ

{0012} In Formula L A is (CHR D, or C(O) and W is selected from the group
consisting of ~C{O}(CHa )y~ ~-C{OY-CH~CH-Ohy-, -[CHp-CHo-O L -{CHy Jom, ~C{O)-
FCHR Yo «(CH ) O-(CHYur, -(CHa ) S(C Ha o, ~(CH b S(O)-(CHo o, (CHo) SO
(CHa)p-and ~{CHa - NRA{CH)y-. Substituent Y is selected from —NH-, -NRZ., or

¢, while X in Formula | is selected from —{C-Cipialkylene-{Cs-Cipdarylene, -{(Cs-
Cigyarylene, -(Cs-Crplarylene~(C-Cinjalkvlene-, phenylene, —{C-Ciojalkylenc-(Cs-

Cigeveloalkylene, {Ci-Cioleveloatkylene, or (Cs-Chgeyeloalkylene—{Ci-Cioalkylene-.

(00131 R' and R? in Formula | can cach independently selected from H, «(C-
Cioalkyl, ~C{OMC-Cigialkyl, benzyl, {Cs-Cigieycloalkyl, or -(Cs-Chplaryl. For Formula |
compounds, R* and R® are each independently selected from the group consisting of H, -OH,
~{Ci-Ciplalkyl, -[CH-CH-OL-{CHa - T, ~C{OHC-Ciglalkyl, —(Ci-Ciojalkylene-C{0)-, —
(Ci-Cipjalkylene-C{O3-Z, benzyl, -(C5-Cileyveloalkyl, «(Cs-Ciglaryl-(Ci-Ciplalkyiene, (C5-

NN e - PN AT TR Y | P S e B 7 i RS | P TLY e AR T 1 o Ia
(_, ;g;.}i‘ih)« E; gka;‘niu" 2’\{_ Xi ;U}al.ixj . Ei:‘;—“if;.’, ¥ ({ o ‘[ S ”L_; ;’, b \‘g“i {6 ( .\{3‘5\:;'] .‘J%{é “ i

i

Cinalkylene-NRIR®-, or R* and R" together with the nitrogen to which they are bonded form
a {C3-Cs)-heteroaryl or (C3-Cyi-heterocycloalkyl that can further comprise one or more

hetleroatoms selected from N, S, or O,
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7 in Formula  is selected from —OH, -O{C,-Cgialkyl,

O\\\y} q

10014}
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. R~ A A or
RCO\T//\N/ \N/ \T/Ur\c ‘Ck‘\;i’ N \N’ e
i ! | H H i ) .
o " H g . OF O O and substituent R can be selected
from -OH, -O{C-Cipalkyl, ~-Obenevl, ~O(Cs-Cinjeyeloalkyl, ~O(Ca-Charyl, ~0-(Cy-
Cygralkylene-{Cs-Ciglaryh, or ~O-(C-Crintalkylene--{Cs-Coleyeloalkyl,
For Formula | compounds, R’ is selected from H, halogen. ~OH, -NH;, -

{0015]

(CH)-COOH, or —(CHa)y- NH,, substituent T s selected from —H, ~OH, -COOH, or -

NRR® and RY and R® are each independently selected from H, bond, ~-OH, «(C-Cioalkyl, or -
L, o, g, tand roin Formula § are gach

Subscripts m, n,
i0; and group D is selected from

{(C5-Crgiheteroaryl<{C-Cipalkvlene.
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o linker
16016} Any alkyl, alkylene, aryl, arylene, heteroaryl, heteroarylene, cycloalkyl,

cycloalkylene, heterocycloalkyl, or heteroeycloalkylene in Formula | is optionally substituted
with §, 2, or 3 substituent groups selected from the group consisting of ~{C-Cpatkyl, «{C)-
Ciothaloalkyl, ~{(Ci-Cyo) aminoalkyl, -(C,-Ciglalkylene-COOH, ~(C;-Cinthydroxyalikyl, -OH,
halogen, -NH,, ~-COOH, ~C{O)-(C-Cpialkyl, —(C-Chplalkylene-C(O)-, «(C)-Cigialkyiene-
(O)-X, -NH-(C-Ciodalkyl and «(Ci-Cglalkylenc-NRIR-, and ~WNRIR®. Pusrsuant to these

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

COH  COM

! \
} \,

/
~
\
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e
z

O\

COM  COM _
{60171 The present inverntion also provides compounds that conform to Formula I, to
stereoisomers, tautomers, prodrags, and pharmaceutically acceptable salts or esters thereof,
and to their pharmaceutically acceptable formulations as therapeutios for treating various

disesase states associated uncontrolied proliferation of cells,
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{0618} in Formula if, A is ({CHR’ 3 of C{O) and substituent W is selected from the
group consisting of ~C{O)y~«{CHa)p; ~C{OM-CH»-CH,-Ol,-. -[CH2-CH-O - (CHy)o-, -C(0)-

[CHR)) = ~(CHLO-(CHa e, 4CH)e8-(CHa e, {CH SO CH b, (CH e S0
{(CHa)amand ~{CH)m-NR-(CHajp-.

i \
VaummY e !‘/
(0019} Group Y in Formula I is selected from ~NH-, -NR"-, ¢ e OF
r S - 41
\\,?:4, ./‘
. while variables R' and R® are each independently selected from H, ~(C-Ciojalkyl,
—C{O(C1~-Crodalkyl, benzyl, {(Cs-Croleycloalkyl, or «{(Cs-Cialaryl,
(0020} I Formula 1. R* and R” are cach independently selecied from the group

comsisting of H, -OH, ~{C-Cpyalkyl, -[CH-CHL-O1-(CHa - T, —COW(C-Crodalkyl, ~Cy-
Cigyalkylene-C(O)-, ~(Ci-Ciolalkylene-C{0)-Z, benzyl, -(C3-Cinleycloatkyl, {Cs-Ciplaryi-
{C-Cigralkylene, «{Cs-Chodaryl, halo-(Ci-Cigjallyl, hydroxy-(Ci-Ciglalkyl, -NH--(Cy-
Cyoyalkyl, and ~((T,'1~C,g_';a}kyien&Ndeen. Alternatively, R" and RP together with the nitrogen
to which they are bonded form a (Ci-Ce)-heteroaryi or (Cs-Cg)-heterocycloalkyl that can

further comprise one or more heteroatoms selected from N, S or (0

o
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{0021 Z in Formula I is selected from ~OH, -O{C;-Cyplalkyl,
HNS c <
e OV\\\/rQF{ O\\\ )
OR® A 1 7
] ! N ~
S A T
LR 8O : i R,
0 /1 /:E\ ~TN -0 CL‘)\' //}\ - o
RG- - \i‘i ;: \“/ OR,g \E H \r
' C , OF O O and substituent R° is selected from -

OH, -0(C-Cioralkyl, ~-Obenzyl, -O(Cs-Cipjeyeloalkyl, -O{Cs-Ciglaryl, -0-(C-Cplalkylene--
{Cs5-Crpyaryl, or -O0-{C-Chojalkylene-~{Cs5-Co)eycloalioyl.

{00223 For Formula If compounds R is selected from H, halogen, -OH, -NH,, —
{CHa3,-COOH, or «(CHay)p- NHa, T is selected from —H, ~OH, <COOH, or -NRR® and cach
of R and R® are independently selected from H, bond, ~OH, «(C-Cipalkyl, or -{Cs-

Cioyheteroaryi-(C-Ciglalkylene.

{00231 Any alkyl, alkylene, aryl, arylene, hetercaryl, hetercarviene, cycloalkyl,
cycloalkylene, heterocyeloalkyl, or heterocycloalkylene in Formula H can be optionally
substituted with 1, 2, or 3 substituent groups selected from the group consisting of ~(C;-
Choyalkyl, ~(C-Co)haloalkyl, -(C-C o) aminoalkyl, ~(C;-Cip)alkylene-COOH, (-
Ciothydroxyalkyl, -NH,, -COOH, ~C(O(C-Ciplalkyl, —(C-Ciolalkyiene-C{Gy-, ~Cy-
Cimatkylene-CO3X, “NH-{C1-Cygalkyl, and «(C-Ciglalkylene-NRRC-, and ~NR'R" and

subseripts m, 1. p, g, tand x are each independently ¢, 1,2, 3,4, 5,6, 7. 89, or 11;

{60241 For certain Formula H compounds A is (CHy)m, W is ~C{OM{CHy)p-and YV is

N N
:

S
NH-or ¢ . Inone embodiment, A is {CHap, W is ~COO(CH e or <C{O)-

S <
SN N
:

{CH2)io-and Y is £ with R*and R cach independently being hydrogen or methyl

and substituent R is -OH.

(0025} In one embodiment, R” and RY together with the nitrogen to which they are
bonded form a {Cs-Ce)-heteroeycloalkyl, for example, a group selected from piperidine,
piperazine, morpholine, thiomorpholine, isothiarolidine, isoxazolidine, pyrrolidine,

immidazohidine, thiazolidine, oxazolidine, or 4-{piperidin~4-yhbutanoic acid.
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[0026] For certain other Formula I compounds, R¥is -H and R” is

.
|
i ~
N .

rooc” 7 Twrere with groups R® and R® each independently being a «(C3-Coheteroaryl-
(Ci~-Cipialkyiene, such as

HOQC ™\
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e
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Y
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s
%
{66271 Adso cncompassed by the present technology are metal complexes comprising

a radionuclide and a compound according to Formula T or Formula IL The radionuclide used
90 38 64 §53 155 57 e~ bl 228
s selected from the group consisting of ’kln V. Ga, 0 'VGd, PG, VTG, Pre, A,
21 : ryy S5 168 HRE i2 105y 212 213y 4G
21, 2781, P00, YCw Dy, o, I, PRa, P Re, MRe, 'MRA, TPb, PPb, OTh,

227, 133~

22 3 89 Hme ) Gy 86+, 859 ik
Th, 7"Sm, Sr, So, UYh, Y, Y, T Frand T Lu

[0028] he 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 Formula | or Formula U compounds.

[(329] Radionuclide complexes of Formula | or U compounds and their
pharmaceutical formulations are useful for obtaining radiographic images or for treating a
number of diseases and conditions, inclading but not Himited to prostate cancer, breast cancer,
colonc -, brain cancer, lung cancer, liver cancer, endometrial cancer, bone cancer,

ovarian cancer, or kidney cancer.

16030} in one embodiment, the invention provides a method of obtaining a
radiographic image 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 radionuclide and a compound according to Formula [H

0.
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COLH Hi

or & pharmaccutically accepiable salt or solvate thercoll and {b) recording a radios

image of the one or more Hesues.

iable G i Formula 11 is

JOU3 1 Pursuant to this methodology, vi

. .
M-S ~ -o [N
Hi ¢ On -0OR [ .

| -
L ]
= !14‘
< N . MDD
[ i AN O
FLOa e ~_ oA

o) . L is selecied from —NH-(C

Cipyalkylene-, NSO -Chgyalkylene-{ {0, ~{0)-(C -

and R® and R" are cach

L AC-Cropatkvl, | CHC O

(Clizpe T, -ClONC - palby .<,\ C

N N

A CCrotadkvlene-C{O)-/ berzyvh,

S C5-Chotoveloalkyll 4 C5-Cparvi-(C-Caalikyviene, «C5-Chiglaryl, halo-(C-Uipjaliivi

hvdroxy-(C-Cimalk el ~WNF--{C-Cdalbv, and --((,'g~-'Cgr;)z.\‘akyien&NR“R"‘-

(04321 For certain Formula B compounds R® and R® together with the sitrogen to

which they i

onded form a (C5~Cyl-hetervary? or (Ci-Ug)-heterceveloalkyl that can furnther

comprise one or more heteroatoms selected from M. S, or O,

(0033} Substituent 7 in Formuia N s selected from -OH, -O0C-Cpalke L

i Oy, -OR® SN
) L /1
L ¢t s 0 $
7 b i i
[S3EQ NN SO N ( . R,
ST T Yy {‘j |
i H i i 4 =
C G or 0 substituents R° and K* are eacth

-~
=
¢
.

.

independently sclected from 1, bond, 01 (C-Cipke

ptaisan integer selected from 0, 1, 2, 30405, 60789, or 10,

alkvione and subs

St
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[3034] Pursuant to one embodiment, as noted above, the invention provides a
radionuclide complex of Formula 1 or Formuia 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 {o a subject a therapoutically effective
amount of a prostate-specific membrane antigen (PSMA) binding complex comprising a
triazinylene linker and capable of being retained in a PSMA-expressing tumor tissue {or a

ionger interval of time than non-PSMA expressing tissue.

BRIEFF DESCRIPTION OF THE DRAWINGS

i

[0835] Figure 1 illustrates tissue biodistribution of the '’ Lu-complex of (28)-2-(3-(1-
carboxy-5-(1 [-{4-(4-((2-{2-{2-carboxyethoxyethoxyyethyDamino)-6-{{4-{{1.4,7 10~
tetrakis{carboxymethyl)-1,4,7, 10-tetraazacyclododecan-2-yDmethylphenyiaminog)-1,3,5-
triazin-2-vhpiperazin-1-yhundecanamido)pentyDureidolpentanedioic acid according to the

present invention in LNCap Xenograft mice.

[(036] Figure 2 illustrates tissue biodistribution of the ' Lu-complex of (28)-2-(3-

{{1S)-1-carboxy-3-{1 1-(4-(4-{piperidin-1-y1}-6-((4-((1,4.7,1O~tetrakis{carboxymethyl}-
4,7, 10-tetraazacyclododecan-2-ylimethyDphenylamine}- 1,3, 3-triazin-2-yDipiperazin-1-

viundecanamidolpentyDureido)pentanedioic acid according to the present invention in

ENCap Xenooraft mice.
t=}

[0037] Figure 3 illustrates tissue biodistribution of the ' Lu-complex of (218, 258)-
8,15,23-trioxo-1-(4-({(1,4,7,10-tetrakis(carboxymethyl)-1,4,7,10-tctraazacyclododecan-2 -
yhmethyliphenylamino)-1thioxo-2,7,16,22 24-pentaazaheptacosane-21,25,2 7-tricarboxylic

acid used as a control in ENCap Xenograft mice.

{0038] Figore 4 illustrates tissue biodistribution of the ' "Lu-complex of (28)-2-(3-
{{18)-1~carboxy-5~{11-(4-{4-{dimethylamino}-6~({4~{({ 1,4,7.1 G~tetrakis{carboxymethyi)-

LAY 1
RS2y 4 H}-.,hu_;.., siv

vhundecanamido)pentyDurcido)pentanedioic acid according to the present invention in

LMNCap Xenograft mice.
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{00391 Figure 5 illustrates in vivo inhibition of LNCaP tumor growth by ' Lu-
compilex of (283-2-(3-((1 S)-1-carboxy-5-(1 1-{(4-(4d-(dimethylamino}-6-((4-((1,4.7,10-
tetrakis(carboxymethy-1,4,7, 10-tetraazacyclododecan-2-yhmethyhphenybhamino)-1,3,5-

triazin-2-ylpiperazin-1-yhundecanamido)pentyDureido)pentancdioic acid.

[0040] Figure ¢ illustrates a radiographic image obtained by administering to a

68

subject having prostate cancer 3 Ga complex of (28)-2-(3-((18)-1-carboxy-~5~(1 1-{(4-(4-
{dimethylamino)-6-{(4-((1, {{-tetrakis{carboxymethyi}-1,4,7, 1 0-tetraazacyclododecan-2-
yhmethyDphenyhamino)-1.3,5-triazin-2-vlpiperazin-1 ~yhundecanamido)pentyhureido)

pentanedioic acid.
DETAILED DESCRIPTION

[0041] There are two categories of radiopharmaceuticals: (1) those with biological
distribution determined strictly by blood {low, or perfusion, and targeting high capacity
systems such as glomerular filtration, phagocytosis, hepatocyte clearance and bone
absorption and (ii) those with distribution determined by specific enzymatic or receptor
binding interactions, which are low~capacity sites. The radiopharmaceuticals according to
Formula | or Formula 11 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 hinker that has a traizine moiety.

-

[0042) 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 Inorganic group or atom.

[(?043} In some embodiments, the linker or spacer is an optionally substituted (Ci-

alkylene, a (C:-Cisjalkenylene, a (Co-Cisjalkynylene group, a ~C(O(C)-Csjaltkviene-, a

e Do oy 20T RS WA A,y
aryiene{C-Usalkyilene ., -WY{C-Cstheteroa

‘C\'Ci \C;;*(‘
CO(C1-Cy q)aikyienafi’»((?;»C;g,)heteroax‘yicne—NH—X—, where the variables W, *“X" and
Y™ are further described below. lustrative substituent groups include without limitation
carboxyl groups, carboxylate, hydroxy! groups, and amino (NR*R") groups. For certain
embodiments, the (- s)alkvlene group in the linker described above can be replaced by a
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{Cy-Csipolyol, for example, a polvethylene glycol (PEG) molety. Exemplary linker or
spacer groups are iHustrated without limitation throughout the specification and working

o

examples.

{0044} For convenicnce, certain terms emploved hercin and within the appended
claims are defined here.

10045} 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. If there are
uses of the term which are not clear 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 pasticular term.

{0046} The embodiments, ilhistratively described herein may suitably be practiced in

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

2 S, 5

herein, Thus, for example, the terms “comprising,” “including,” “containing,” etc. shall be
read expansively and without limitation. Additionally, the terms and expressions emploved
herein have been used as terms of description and not of imitation, and there is no intention
in the use of such terms and expressions of excluding any equivalenis of the features shown
and described or portions thereof, but it is recognized that various modifications are possible
within the scope of the claimed 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 reterents in the
context of describing the elements {especially in the context of the following claims) are {0 be
construed to cover both the singular and the plural, unless otherwise indicated herein or
clearly contradicted by confext.

JOG48] The terms “lipophilic group” and “Hpophilic moiety™ as used herein refer to a
group. madety 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 affivity for lipids (as fats).” {Hustrative
lipophilic moieties include aliphatic hydrocarbon radicals, ¢.g., alky! radicals, aromatic

hydrocarbon radicals, and long-chain acyl radicals; all of them bave increasing hipophilicity
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as the number of constituent carbons inereases. In general, addition of a lipophilic moiety to
a particular compound will increase the compound’s affinity for octanol in the standard
octanol/water partition-cocfficient-determination protocol; this protocol may be used to

gauge a compound’s relative hydrophobicity {lipophilicity) and hydrophilicity.

{0049] The term “Hgand” refers (o a species that interacts in some fashion wit

another species. n one example, a ligand may be a Lewis base that is capabic of forming a
coordinate bond with a Lewis Acid. In other examples, a ligand is a species, ofien organic,
that forms a coordination complex with a metal ion. In biochemistry and pharmacology, a
ligand is a substance {usuvaily a small molecule), that torms a complex with a biomolecule to
serve a biological purpose. Tn a narrower sense, a ligand is a signal friggering molecule,
binding to a site on a target protein. The binding occurs by intermolecular forces, such as

ionic bonds, hydrogen bonds and van der Waals forces.

[3050] 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
agent. The terms, “bidentate chelating agent”, “tridentate chelating agent”, and “tetradentate
chelating agent” are art-recognized and refer to chelating agents having, respectively, two,
three, and four electron pairs readily available for simultaneous donation to a metal ion
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 ong metal ton, with a variety of binding modes

being possible.

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

pair donor coordinatively bonds (is “coordinated”) fo one metal ion.

(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
radioactive decay and in the process emit subatomic lonizing particles. Hiustrative of
subatomic jonizing particles without limitation are alpha () particles, beta (B} particle and

gamma (v) rays. Exemplary radionuclides include without limitation elements belonging to

-14-
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the lanthanide series, actinide series as well as radioisotpes of transition yoetals, Hlustrative

. . - T Hiig, 90y 68 40y 193 135 1 187y
radionuclides may include, but are not limited to'''In, My B8y, O YGd, UG, U Gd,
505 225, | HZpy: 2dyy; S8, 6740 165 Gyg. 192¢. M3y 186y 188 05350, 2Zpp 213
e, P ac, PRI 2P PCo, Oy, Dy, Ho, P, Ra, '“Re, "PRe, "RA, TP, PPb,

gy WTegg. G 117w 169+
R, T, 0 Sm, Y8y, VTPSn,

2

86<, &7 77 . .
¥h, ’Y Y. ¥7r and Lu. However, the term is not

limited to these four radionuclides.
{0053] Fmoc is an abbreviation {or the chemical groap: {lucrenyimethyloxycarbonyl
{0054} The phrases “cffective 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
ratic applicable to any medical weatment. 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 treatiment 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.

[0055] As used herein, the terms “treating” or “treatment™ is intended to encompass
also diagnosis, prophylaxis, therapy and cure. The patient receiving this treatment is any
animal in need, including primates, in particular humans, and other mammals such as

equines, caltle, 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.

{80571 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 carrving 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 “acceptabie” in the sense of being compatible with the other

L15.
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ingredients of the formulation and not injurious to the patient. Some examples of materials
which can scrve as pharmaceutically-acceptable carriers include: (1) sugars, such as lactose,
ghicose and sucrose; (2) starches, such as corn starch and potato starch; (3) cellulose, and s
derivatives, such as sodium carboxymethyl cellulose, ethyl cellulose and cellulose acetate; (4}
powdered tragacanth; {5) malt; (6} gelatin; (7) tale; (8) excipients, such as cocoa butter and
suppository waxes; {9) oils, such as peanut oil, cottonseed oil, safflower oil, sesame oil, olive
oil, corn oil and soybean oil; (18} glveols, such as propylene glycol; (1) polyols, such as
glyeerin, sorbitol, mannitol and niyeth_ lene glycol; {12) esters, such as ethyi ofeate and
ethyl laurate; (13) agar; (14) buffering agents, such as magnesiom hydro:«;idﬂ and aluminum
hydroxide; (15} aiginic acid; {16} pyrogen-frec 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.

[G058] A “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

amonium salts, water-sohuble and water-insoluble salts, such as the acetate. amsonate (4,4~
diaminostilbene-2, 2 -disulfonate), benzenesulfonate, benzonate, bicarbonate, bisulfate,
bitartrate, borate, bromide, butyrate, calcium, caleium edetate, camsylate, carbonate, chloride,
citrate, clavulariate, dihydrochioride, edetate, edisylate, estolate, esvlate, fumarate,
gluceptate, gluconate, glutamate. glveollylarsanilate, hexafluorophosphate, hexylresorcinate,
hydrabamine, hydrobromide, hydrochioride, hydroxynaphthoate, jodide, isothionate, lactate,
lactobionate, laurate, malate, maleate, mandelate, mesylate, methylbromide, methylniirate,
methylsuifate, mucate, napsylate, nitrate, N-methylglocamine ammonium salt,
3-hydroxy-2-naphthoate, oleate, oxalate, palmitate, pamoate {1, {-methene-bis-2-hvdroxy-3-
naphthoate, einbonate), pantothenate, phosphate/diphosphate, picrate, polygalacturonate,
propionate, p-toluenesultonate, salicylate, stearate, subacetate, succinate, sulfate,
sulfosalicylate, suramate, tannate, tartrate, teoclate, tosylate, triethiodide, and valerate salts.

A pharmaceutically 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

-16-



WO 2014/110372 PCT/US2014/011047

pharmaceutically acceptable salt can have one or more charged atoms and/or one or more

counterions.

[B059] The phrases “parenteral 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,
transiracheal, subcutaneous, subcuticular, infraarticulare, subcapsular, subarachnoid,
intraspinat and infrasternal injection and infusion.

A gz oA
oa,
"

06601 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 sysiem, such that it enters the patient’s system and, thus, is subject to metabolism and

other like processes, for example, subcutaneous administration.

{0061} A “patient” includes an animal, such as a buman, cow, horse, sheep, lamb, pig,
chicken, turkey, quail, cat, dog, mouse, ral, rabbit or guinea pig. The animal can be a
mammal such as a non-primate and a primate {e.g.. monkey and haman). In one

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

{0062] The term “prodrug” refers to a precursor of a drug that is a compound which
upon administration to a patient, must undergo chemical conversion by metabolic processes
before becoming an active pharmacological agent. Hlustrative prodrugs of compounds in

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

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

selenium.

{00641 Inn general, “substituted” refers to an alkyl, alkylene, alkenyl, alkenylene,
alkvne alkvnviene arvl arviene cveloalkvl or eveloalbviens oroup. 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 or
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 substituted 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
welude: kalogens (le., F. Cl Br, and I); hydroxyls; alkoxy, alkenoxy, alkynoxy, aryloxy,
aralkyloxy, heterocyelyloxy, and heterocyelylalkoxy groups; carbonyls {oxo); carboxyls
gsters; urethanes: oximes; hydroxylamines; alkoxyamines; aralkoxyaroines; thiols; sulfides;
sulfoxides; sulfones: sulfonyis; sulfonamides; amines; N-oxides; hydrazines; hydrazides;
hydrazones; azides; amides; ureas; anudines; guanidines; enamines; imides; isocyanates;
isothiocyanates; cyanates; thiocyanates; %mines; nitro groups; nitriles (i.c., ON), haloalkyi,

aminoalkyl, hydroxyalkyl, cycloalkyl and the like.

{0065} Alkyl groups inchude straight chain and branched chain alky! groups having
from 1 to 12 carbon atoms. and typically from | to 10 carbons or, in some embodiments,
from 110 8, 1 to 6, or 1 to 4 carbon atorns. Examples of straight cham alky! groups include
groups such as methyl, cthyl, n-propyl, n-butyl, n-pentyl, n-hexyl, n-heptyl, and n-octyl
groups. Examples of branched alky! groups include, but are not limited to. isopropyl, iso-
butyl, sec-butyl, tert-butyl, neopentyl, isopentyl, and 2.2-dimethylpropy! groups. Alkyl
groups may be substituted or unsubstituted, Unless the nurnber of carbons is otherwise
specified, “lower alkyt” refers to an alky! group, as defined above, but having from one to
about ten carbons, alternatively from one o about six carbon atoms in its backbone structure.
Likewise, “lower alkenyl” and “lower alkyny!” have similar chain lengths

{0066} The terms “alkylene” and “substituted alkylene” refer to divalent alkyl and
divalent substituted alkyl, respectively. Examples of alkylene include without limitation,
ethylenc (-CH-CH -). “Optionally substituted alkylene” refers to alkylene or substituted
alkylene.

[0067] The term “alkylcarbony!™ or “alkylenecarbonyl” denote a —(C-Cpalkyl-C(O)-
or ~-C{O-(C~Cylalkyi- groups in which at least one of the methylenes in the C-Cy alkyl
group is replaced with a C{{¥) group. Representative examples include, but are not limited to,
acetyi, propronyi, and CHy(CH, Ui group, or ~CHACH p UG-

{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

18-
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systems. Cycloalky! groups may be substituted or unsubstituted. Cycloalkyl or cyelic alkyl

groups include mono-, bi- or tricyclic alky! groups having from 3 to 14 carbon atoms in the

o)

ring(s}, or, in some embodiments, 3t 12, 3t0 10,30 & or 3 1w 4, 5, 6 or 7 carbon atoms.
Hiustrative monoceycelic eycloalky] groups include, but not limited to, cyclopropyl, cyclobutyvl,
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. 1.1 Thexane, adamantyl, decalinyl, and the like.

{0069] A “cycloatkyiene™ is a divalent saturated or partially saturated non-aromatic

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

{0070] Alkenyl groups include straight and branched chain and cycloalky} groups as
defined above, except that at least one double bond exists between two carbon atoms. Thus,
alkenyl groups have from 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 imited to vinyl, allyl, -CH=CH{CHj;}, ~-CH=C{CH;s),,

SC{CH =CH,, -C{CH)=CH{CH;y), ~-C{CHCH,)=CH;, cyclohexenyl, cyclopentenyl,
cyclohexadienyl, butadienyl, pentadienyl, and hexadienyl, among others. Alkeny! groups
may be substituted or unsubstituted. Representative substituted alkenyl groups may be
mono-substituted or substituted more than once, such as, but not limited to. mono-, di- or {ri-

substituted with substituents such as those listed above,

{0071 The term “alkenylene” refers to divalent alkene. Examples of alkenylene
include without limitation, ethenylene (-CH=CH-} and all sterecisomeric and conformational
isomeric forms thereof, “Substituted alkenylene” refers to divalent substitited alkene.

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

(0672} “Allyoe™ or “alkyayl” refers to straight and branched chain unsaturated
hydrocarbon having the indicated number of carbon atoms and at least one triple bond.
Examples of a (C-Colalkynyl group include, but are not limited to, acetylene, propyne, 1-
butyne, 2-butyne, {-pentyne, 2-pentyne, L-hexyne, 2-hexyne, j-hexyne, {-heptyne, 2-
heptyne, 3-heptyne. L-octyne, 2-octyne, 3-cotyne and 4-octyne. An alkynyl group can be
unsubstituted or optionally substituted with one or more substituents as described herein

below,
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16673} The term “alkynylene™ refers to divalent alkyne. Examples of alkynylene

include without limitation, ethynylene, propynylene. “Substituted alkynylene” refers to

divalent substituted alkyne.

[0074] Aryl groups are cyclic aromatic hydrocarbons that do not contain heteroatoms.
Aryl groups include monocyctic, bicyelic and polyeyclic ring systems. Thus, aryl groups
include, but are not Himited to, phenyl, azulenyl, heptalenyl, biphenylenyl, indacenyl,
fluorenyl, phenanthrenyl, triphenylenyl, pyrenyl, naphthacenyl, chrysenyl, biphenyl,
anthracenyl, indenyl, indanvl, pentalenyl, and naphthyi groups. n some embodiments, aryl
groups contain 6-14 carbons, and in others from 3 to 12 or even 3-10 carbon atoms in the ring
portions of the groups. Arvl group includes both substituted and unsubstituted arvl groups.
Substituted aryl groups may be moeno-substituted or substituted more than once. For
cxample, 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,

[0475] “Aryiene” denotes divalent aryl, and “substituted arylene” refers to divalent
substituted aryl. “Optionally substituted arylene” refers to arvlene or substituted arylene.

{llustrative of the aryiene group is phenviene.
b BIOUp 15 f 3

{6076} “Heterocycloalky!” means a saturated or unsaturated non-aromatic
monocyclic, bicyelic, wieyclic or polyeyclic ring systent that has from 3 0 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 hetercaryl of 5-6 ring members, and
includes oxidized § or N, such as sulfinyl, sulfony! and N-oxide of a tertiary ring nitrogen.
The point of attachment of the heterocycloalky! ring is at a carbon or heteroatom such that a
stable ring is retained. Examples of heterocvcloalkyl groups include without Himitation
morpholine, tetrahydrofuranyl, dihydropyridinyl, piperidinyl, pyrrolidinyl, piperazinyl,
dihydrobenzofuryl, and dihydroindolyl.

{00771 “Optionally substituted heterocycloalkyl” denotes heterocycloalkyl that 1s
substituted with 1 to 3 substituents, e.g., 1, 2 or 3 substituenis, attached at any available atom

to produce a stable compound, wherein the substituents are as described herein.
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(G078} The term “cycloalkyl” refer to monocyclic, bicyclie, tricyelic, or polyeyclic, 3-

to t4-membered ring systems, which are cither saturated, unsaturated or aromatic. The

cycloalkyl group may be autached via any atom. Cycloalky! also conternplates fused rings
wherein the cycloalky! is fused to an aryl or hetroary! ring as defined above. Representative
examples of cycloatky! include, but are not limited to cyclopropyi, cyclobutyl, eyelopentyl,
and cyclohexyl. A cycloalky! group can be unsubstituted or optionally substituted with one

or more substituents as described herein below.

{00791 The term “cycloalkviene™ reters to divalent cycloalkyl. The term “optionally
substituted cycloalkylene™ refers to eycloalkylene that is substituted with | 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,

{00807 The term “(C3-Craparyl-(C-Coialkylene” refers to a divalent alkylene wherein
one or more hydrogen atoms in the C;-C, alkylene group is replaced by a (Us-Cigjaryl group.
Examples of (C3-Caarvi{C-Csialkylene groups include without limitation |-
phenylbutylene, phenyi-2-butylene, 1-phenyl-Z-methylpropylene, phenylmethylene,

phenylpropylene, and naphthylethylene,

(G081 The term “(C;-Cglalkylene-(Cs-Cyylarylene™ refers (o a divalent arylene in
which one or more hydrogen atoms in the C3-Cyy arylene is replaced by a (C-Ciglalkyl group
and wherein one of the hydrogens of the alkyl group is replaced by another group. Examples
of “(C,-Cialkviene~-{Ci-Cijaryvlene groups include without imitation butylene-4-

phenylene, propylene-2-phenylene, and 1-[2-methylpropylene] phenylene.

(00821 The term *“(C5-Crarylene-(Ci-Ciglalkylene” refers 1o a divalent alkylene in
which one or more hydrogen atoms in the ,-Cyp alkylene is replaced by a divalent (-
Craarylene group. Exemplary of *(Cs-Cia)arylene-{C;-Cjpjalkylene group include without
limitation phenylene-4-butyiene, phenylene-2-butylene, and phenylene-1-{2-

methyipropylene}.

{0083} Aralky! 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

-
I
;

some embodiments, aralkyl groups contain 7 to 20 carbon atoms, 7 to [4 carborn atoms or 7 to

10 carbon atoms.
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{0084} “Heterooyelvl™ or heterocycloalkyl refers o non-aromatic ring compounds

3

caontaining 3 or mose ring members, of which one or more ring carbon atoms are replaced
with a heterostom such as, but not limited to, N, G, and S, In some embodiments,
heterocyely! groups include 3 to 20 ring members, whereas other such groups have 3t0 6, 3
to 10, 3 to 12, or 3 to 15 ring members. Heterocyelyl groups encompass unsaturated,
partially saturated and saturated ring systems, such as, for example, imidazolyl, imidazolinyl
and imidazolidiny] groups. Heterceyelyl groups may be substituted or unsubstituted.
Heteroeyelyi groups include, but are not Himited to, aziridinyi, azetidiny], pyrrolidinyi,
imidazolidinyl, pyrazolidinyl, thiazolidinyl, tetrahydrothiophenyl, tetrahydrofuranyl,
dioxolyl, furanyl, thiophenyl, pyrrolyl, pyrrolinyl, imidazolyl, imidazolinyl, pyrarolyi,
pyrazolinyl, triasolvl, tetrazolyl, oxazalyl, isoxazoiyl, thiazolyl, thiazolinyl, isothiazolyl,
thiadiazolyi, oxadiazolyl, piperidyl, piperazinyl, morpholinyl. thiomorpholinyl,
tetrahydropyranyl, tetrahydrothiopyranyl, oxathiane, dioxyl, dithianyl, pyranyl, pyridyl,
pyrimidinyl, pyridazinyl, pyrazinyl, triazinyl, dihydropyridyl, dihydrodithiinyl,
dihydrodithionyl, homopiperazinyl, guinuclidyl, indolvl, indolinyl, isoindolylazaindolyl
(pyrrolopyridyh, indazolyl, indolizinyl, benzotriazolyl, benzimidarolyl, benzofuranyl,
benzothiophenyl, benzthiazolyl, benzoxadiazolyl, benzoxazinyl, benzodithiinyl,
benzoxathiinyl, benzothiazinyl, benzoxazolyl, benzothiazolyl, benzothiadiazolyl,

benzof1,3 dioxolvl, pyrazolopyridyl, imidazopyridyl (arabenzimidarolyl), triazolopyridyl,

N

isoxazolopyridvl, purinyl, xanthinyl, adeninyi, guaninyl, quinclinyl, isoquinelinyl,
quinolizinyl, quinoxalinyl, quinazolinyi, cinnolinyl, phthalazinyl, naphthyridinyl, pteridinyl,
thianaphthalenyl, dihydrobenzothiazinyl, dihvdrobenzoturanyl, dihydroindelyl,
dihvdrobenzodioxinyl, tetrahydroindolyl, tetrahydroindazolyl, tetrahvdrobenzimidazolyl,
tetrahydrobenzotriarolyl, tetrahydropyrrolopyridyl, tetrabydropyrazolopyridyl,
tetrabydroimidazopyridyl, tetrahydrotriazolopyridyl, and tetrahydroquinolinyt groups.
Heterocyelyl groups may be substituted or unsubstituted. Representative substituted
heterocyelyl groups may be mono-subsiituted or substituied more than once, such as, but not
fimited to, pyridyl or morpholingyt groups, wiichoare 2-, 3+, 4+, 5+, or o-substituted, o

disubstituted with various substituents such as those listed above.

{0085] Heteroaryl 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

D7



WO 2014/110372 PCT/US2014/011047

M, Ooand 8. Heteroars] groups may be substituted or unsy

Chutar

not luniied 1o, groups such as pyeraivl pyrazolyil wiavzolyl

fetravolyl, oxarolyvl, isoxazoivl, thiazolyv, pyridyl, pyridazingd, pyrimidinyl, pyrazinyl,

thiophenyl, benzothiophenyl, furanyl, benrofuranyl, indolvi, azaindoly! {pyrrolopyridyl,
r-'sm;a'/,-:si;( benzimidarolyl, buidavopvridyl (azabenzimidazolvl), pyrazolopyridyl,

vi, benzothiazolvi rzzmhi:{di;{a;{'oiy!.

imidasopyndyl isoxarzolopyridvi, thia alenyl purinyl, xanthinyl, adeninyl, guaninyl
jumohioyl. isoguinolinyh wirahydrog invl gquinoxalinvi, and gquinasoiined groups

[0486] The tern alkoxy™ refors o an ~O-alkyt group having the indicated murmber of
carhon atoms. For example, a (C-Opdalkoxy group ineludes -O-mothyi (methoxy), -O-cthiyd
{cthaxy), ~O-propy (propoxy), -O-isopropyl {isopropoxy), -O-butyl {butoxy), ~-O-sec-buty]

{vee-butoxy), -O-tert-hutyl {eri-butoxy), -C-pentyl (pentoxy), - Hisopentyl (sopentoxy), ~O-

waopentvl (neopentoxyy, ~O-hexyl (thexvioxy), -O-isohexyi Gsohexyioxyy, and -O-neohexy!

. Examples of

fobatyioxy. cyuiopen

HO8TY Fhe term “earbocyele” sefers to an aromatic or nerearomatic ring in which
cach atorn of the ring is carbon.
{9881 The term ‘nure” refers to -NG..

The terra “halogen™ s as

s art-recognized and refer

sthe term hydroxnyt” means <O and the

Wy

is art-recognized and refers to -SC7, “Halide™ designates the corresponding

anion of the halogens, and “pseudchalide™ has the defs

un set forth on 360 of “Advanced

fnorganic Chemistry™ by Cotfon and Wilkinson.
G0 The term “amine or amino” refers 1o an -NER" group whergin R and R cach

dependently refor to a hvdrogen, (0-Cgyalkyl, arvl heteroary!, and heterocycloallyi group.

|/.

Where R™ and R are attached to the same nitrogen atom, they can be combined with the

e

nitrogen atom to form a - 6-. or T-membered ring. For example, -NRR” 1

25}

iclude Tepyrrolidinyl, pyridiovl or a 4-rmorpholinyl ring.

L
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(0091} The term “amido™ is art recognized as an amino-substituted carbonyi and
inciudes a moiety that may be represented by the general formula, -C(OINRIRY group

wherein R and R are as defined above.

{0092} The term “nitrile or cyvano™ 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.

{0093} The term “aminoalkyl,” refers to an (C)-Cgalkyl group wherein one oy more
hydrogen atoms in the (C;-Cinjalkyl group is replaced with a - NRIR® group, where Réand R
can be the same or different, for example, R® and R® each independently refer to a hydrogen,
(Cr-Celalkyl, aryl, heteroaryl, heterocycloalkyl, (C-Caihaloalkyl, and {C-Codhvdroxyalkyl

group. Examples of aminoalkyl groups include, but are not limited to, aminomethyl,

aminoethyl, 4-aminobutyl and 3-aminobutyiyl.

{00941 The term “haloatkoxy,” refers to an ~O-(C-Cylalkyl group wherein one or
more hydrogen atoms in the (-Cy alkyl group is replaced with a halogen atom, which can be
the same or different. Examples of haloalkyl groups inclade, but are not limited to,
difluoromethocy, trifluoromethoxy, 2,2.2-tritluorocthoxy, 4-chlorobutoxy, 3-

romopropyloxy, pentachloroethoxy, and 1,1, i-trifluoro-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 hydroxyalkyl groups oclude, but are not limited to, ~-CH;OH, -
CHLCHLOH, -CHRCHLCHLOH, -CHCHLCHCHOH, -CHCHCHCHLCHLOH, -

CHYCH,CHL,CHCHLCHAOH, and branched versions thereof.

{0096] A “hydroxy!” or “hydroxy™ refers to an ~OH group.
{00971 The terms “carboxyl” and “carboxylate” inciude such moicties as may be

represenied by the general formulas:

(9

[ wr /:J)\

A
-
- )

o g s — . £ o e s ..
wherein E is a bond or represents O or 8, and R and R individually is H, alkyl, alkenyl, aryl,
B . e {s - R .
or a pharmaceutically acceptable salt. Where E 15 O, and R’ is as defined above, the moiety is
N L. 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 “carboxyhic 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;

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

PRACTICE OF MEBCINAL CHEMISTRY {Academic Press: New York, 1996}, at page 203

{00991 The terms “alkoxyl” or “alkoxy” refer to an alky! group, as defined above,
having an oxygen radical attached thereto. Representative alkoxyl groups inchude methoxy,
ethoxy, propoxy, butyoxy, ferf-butoxy and the like. An “cther™ is two hydrocarbons
covalently linked by an oxygen. “Ether” also encompasses polyethers where more than ong
cther group, or linkage, may be present in a given group. “Hther” also encompasses cyclic

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

{0100] The term “{Cs-Cyglaryl-{C-Ciplalkylene” refers to a divalent alkylene wherein
one or more hydrogen atoms in the C;-Cyp alkylene group is replaced by a (Cs-Chajary! group.
Examples of (C-Cyularyl-{(C-Chglalkylene groups include without limitation -
phenylbutylene, phenyi-2-butylene, 1-phenyi-Z-methylpropylene, phenylmethylene,

vhenylpropyiene, and naphthylethylene.

{0161} The term “(Cs-Cigpheteroaryl-{(C-Cig)alkylene” refers to a divalent alkylene
wherein one or more hydrogen atoms in the C,-Cp alkylene group is replaced a (Cs-

5.
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Cratheteroaryl group. Examples of (C3-Ciydheteroaryi-{C-Cplaltkylene groups include

without limitation 1-pyridylbutylene, quinolinyi-2-butylene and 1-pyridyl-2-

J

methylpropylene.

F102] The term “~({Cs-Caheteroarylene-(C-C g jalkviene~" refers o a divalent
alkylene wherein one or more hydrogen atoms in the C-Cyy alkylene group is replaced a (Cs-
Cigdheteroaryl group and wherein oone of the hydrogens or one of the heteroatoms of the (Cy-

Ci4)heteroaryi group is bonded to another group, for example , a {C-Ciojalky! group.

;, /-A\\\\‘T//\\‘.s S
: I3 EEEN N o . . i3} ter
[0103] A “benzyl™is , while the term “benzylene” denotes a divalent
: i s S
benzyl moiety that is represented by the following structure . ™~
10104} A halogen refers to chlorine, bromine, fluorine, or lodine.
{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 structure.

(0106} The terms triflyl, tosyl, mesyl, and nonaflyl refer to trifluoromethanesulfonyl,
p-oluenesulfonyl, methanesutfonyl, and nonafluorobutanesultonyl groups, respectively. The
terms triflate, tosylate, mesylate, and nonaflate are art-recognized and refer to
trifluoromethanesulfonate ester, p-tolucnesulfonate ester, methanesulfonate ester, and
nonafluorobutanesulfonate ester functional groups and molecules that contain the groups,
respectively. The abbreviations Me, Et, Ph, T, Nf, Ts, and Ms represent methyl, ethyl,
pheayl, ifluoromethanesulfonyl, nonafluorobutanesulfonyl, p-toluenesulfonyi 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 each volume of the
Journal of Grgasic Chemistry, this Tist is typically presenied in 4 table entitled Standard List

of Abbreviations.

{0107} Certain compounds contained in the compositions may exist in particular

geometric or sterecisomeric forms. In addition, compounds may alsc be optically active.
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The compounds may also include cis- and trans-isomers, X- and S-enantiomers
diastercomers, {D)~isomers, (L}~ -isomers, the racemic mixtures thereof, and other mixtures
thereof. Additional asymumetric carbon atoms may be present in a substituent such as an alkyl
group. [fl 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 resuliing
diastereomeric mixture is separated and the auxiliary group cleaved to provide the pure
desired enantiomers. Alternatively, where the molecuie 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 subseguent recovery of the pure enantiomers,

{0108} The phrase “protecting group” as used herein means teroporary substituents
which protect a potentially reactive functional group from undesired chemical
transformations. Examples of such protecting groups include esters of carboxylic acids, silyl
ethers of aleohols, and acetals and ketals of aldehydes and ketones, respectively. The field o
protecting group chemistry has been reviewed (Greene, T.W.; Wats, P.G.M. Prarective

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

{0109] Unless otherwise indicated, “stereoisomer™ means one slereoisomer 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 free of the
opposite enantiomer of the compound. A stercomerically pure compound having two chiral
centers will be substantially free of other diastersomers of the compound. A typical
stereomerically pure compound comprises greater than about 80% by weight of one
sterecisomer of the compound and fess 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 0% by weight of the other sterecisomers of the compound, or
greater than about ¥3% 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 stereoisomer of the compound and less than about 3% by weight of the other

stereoisomers of the compound.

3
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{1 I 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 s 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.

[G11H Ag described above, the present invention relates o compounds according to

Formula L

NH. o
/ A ’
H ) ﬁ'\\ f
OQ\ - R‘n - N "\{ - q\l\\ N
\r i N /
| 0 N—<
~ - -
Y Ra
RC\T/KN/ Ny Re
o H H 5 ;
(6112} For Formula T compounds variable A is (CHRY), or C{O) and W is selected

from the group consisting of ~C{OM{CHy)p-; -C{ON-CH-CH-O -, -[CH-CH-O ] CHg e
—C{O)- [CH(R® Wam ~(CH - O-(CH -, {(CH)m-S-{CH -, «(CH2) - 5(0)-(CH i, (CHzjine
S{OR-{CHyYyand -{CHo)p-NR-{CH2 -

¢ ,F“--\\

§*N\__/N~‘§
[O0113]) Variable Y in Formuia I is selected from —NH-, -NR*-, or ° dand X
is group selected from —{C~Ciolalkylene-(Cs-Ciplarylene, +{Cs5-Ciparyiene, ~{(Cs-

Cioarylene—~(Ci-Ciolalkylene--, phenviene, ~(C-Ciplalkyiene-{C5-Cigleyeloalkylene, «{Cs-
Cioyeyeloalkylene, or ~{(Ca-Cigleycloalkylene(Ci-Cipjalkylene-. For certain Formula |

compounds X is a -(Cy-Cioarylene, such as a phenylene group.

I RE Substituent groups R' and R¥ in Formula 1 are each independently selected
from H, ~{C,-Cp)alkyl, —CO-(C-Cioialkyl, benzyl, -(Cs-Croleyeloalkyl, or ~{{C3-Ciplaryl,
while groups R" and R" are each independently selected from the group consisting of H, -OH,
-{C-Cipjalkyl, {CH-CHy-O L~ {CHa)2- T, ~C{O)-(Ci-Crgyatkyl, ~Ci-Cipalkylene-C(O)-,
(Ci-Cinjalkyvlene-C{O)-7, benzyl, ~(Cs-Ciojoveloalkyl, ~(C3-Ciojaryl-(Ci-Cpjalkyiene, -(Cs-

38
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Cygyarvl, halo-{C-Ciplalivh hydroxy-{C-Crnjalkyl, -NI-AC-Craalhyvl and {Cy-
Cioathyiene-NR'R™-, For certain Formuia I compounds R® and R 1ogether with the nitrogen

o which they are bonded form a (U-C)-heteroaryl or (Ca-Co)-heterocycloalky] that can

further comprise one or more heteroatoms selected from N5, or (3

13115 in Formula [ con he sclected from ~OHL -O00 U yalkod,

+

, substituent RY is selected from -0H,
{"‘)("(‘r(.'W)aikyi ~Obenryl, -O{0-Lgeveloalkyl, ~O(C-Cpdaryl, -O-{Ci-Chnlalkylene-(Cs-
Cigraryl or -O-(C-Crgjatkvlene--{Cs-Crteyeloalkyl and R i selecied from H, halogen, -

L N, A CHR - COOH, or —(CHb)e- N,

T is selected from —H, - OH. -COOH, or ~INRUR® and when T is -

pu—

1

NRR® substituent groups RY and R* are each independently sclected from 1, bond, -GH, -

(C-Cndalkyvi, or {Cy-Chgdheteromry () ~{

{017 Subscripts m, i, p, 4. t and rare cach independently 0.1, 2,3, 4, 5,6, 7, 8 9. or

14 and the chelator group D is

/ 5{\ 1‘ y -
3 "N NTTTTEOH
i / \ /
5 /
p \ I3 /
i e { : ;
i A Sy
] L \_,)"I k.x'u.):i* Q()ZH
- -

P
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{0118]

For Formula 1 compounds any altkyl, alkyvlene, aryl, arylene, heteroaryl,

heteroarylene, cycloalkyl, cycloalkylene, heterocyeloalkyl, or heterocycloalkylene is
optionally substituted with 1, 2, or 3 substituent groups selected from the group consisting of

S0 -Catkyl, -(C-Chigdhaloalkyl, -(C-Cho) aminoalkyl, ~(Cy~-Cioalkylene-COOH, «(Cy-
Ciothydroxyalkyl, ~OH, halogen, -NH,, -COOH, ~C{O)}-(C-Cinjalkyl, —{C-Cioalkylene-

C{OY-, ~{(Ci-Cipralkyviene-C{Oy-X, ~-NH--(C~Colalkyl, and -{ C;mC;U)ai‘scy'ienmNW 2%, and —
NRIRE.

[G119] in one aspect for an inventive Formula | compound X is phenylene, subscript
CO,H COLH
TN
\5{\.(/[\‘ f’V\
~ /
NN
[t ]
< ga e SN O e e
“risland Dis ©02H

COZM the metal chelator DOTA. Pursuant to these
qualifications is a Formula 1 compound as illustrated below. For certain Formula 1
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compounds A is (CHE'{;)!—m W is a CION-{CHy Y- or ~CE0-(CHy - group and Y 15

1
APFEAS

AN R
N N N - \'T/ c
i H H i
O 0] H
{0120} In one embodiment, A is (CHR ), with R’ being a hydrogen and m is 2. For

certain Formula 11 compounds R* and R” together with the nitrogen to which they are bonded
form a ({C5-Cy)-heterocycloalkyl selected from piperidine, piperazine, morpholine,

thiomorpholine, isothiazolidine, isoxazolidine, pyrrolidine, immidazolidine, thiazelidine or
o
H
|

AN

. , - s Bt NN e §
oxazolidine. For some Formula I compounds R is -H and R” is nooc NRIR® with R®

o N . . P SN . \ . . wd

and R® each independently being a -(C4-C odheteroaryl-(C-Croalkyiene, for example, R® and
HOOC—,

R" are cach independently e

10121} An illustrative Formula 11 compound that comports with the above definition

is illustrated below:
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{0122} Other exemplary Formula | or Formula I compounds include without
limitation compounds mentioned in Table | below. While some exemplary compounds are

depicied with stereochomistry, it should be understood that the invention includes all possible

stereotsomers, such as diastereomers, of the compounds.

Table |
Q.
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[0123] Pharmaceutically acceptable salts and/or solvates of the inventive Formula |
and Formula 1l compounds illustrated 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 forn of a salt. The free
carboxylic acid groups can also be esterified to obtain the prodrug form of Formula @ or
Formula 11 compounds. Sutiable ester prodrugs mciude varous alkyl esters, mciuding

saturated and unsaturated Cs to Cyg fatty acids.

43
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01241 The inventive compounds are glutamate-urea-lysine (GUL-) or glutamate~
i ¥ 23 ¥ ! , g
urea-glutamate (GUG) analogs in which a chelator group is conjugated to the GUL- or GUG-

moiety via a linker,

Os R P Os R Os
1§ 1§ J
149 [ 1 1
rRa_ A M AR R_A AL AL RD
YNy NN
o o] GUL; 0 o GUG
16125] As further discussed below, the length and chemical nature of the hinker group

is believed to influence the binding avidity of the inventive compounds to the target tissue,
Thus, radionuclide complexes of Formula [ or Formula U compounds having a piperazine-
triazinyl-p-aminobenzy -DOTA moiety within the linker were observed to concentrate to a
greater exfent 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 \F‘f E \,\i
X M
\J/E\‘i\.\/,li\\!-\> ,N\//\\A {';:\2}5
[ T Y Al
N N i i ~N VoSN

\T// i \\'/'Ln\ N N ;\ Co ZH

T Y

a_}l/ N ';‘.J L\ " ’/,!
HQQ Cas \*jf\j R o D;z H

(0126} These compounds, moreover, were rapidly cleared by the kidneys. 1t was

observed that over a period of 96 hours, the piperazine-triazinyl-p-aminobenzyl-DOTA
containing compounds initially concentrated in the Kidneys but at longer intervals of time
were rapidly cleared by the kidoeys. For example, Formula | or Formula 1§ compounds
concenirate to 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 Formula | or Formula U compounds at 4
hours post administration is similar to their tumor concentration at 24 hours and 96 hours post

administration.

~365-
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{0127} Depending on whether the Formula { or Formula I cormpounds are to be used
as radicimaging agents or radio pharmaceuticals, different radionuchides are complexed to the
compounds. HHustrative of suitable radionuclides are those selected from the actinide series,

11

. . ~ .- . Glg r A8 o~ A
fanthanide series and radionuciides of transition metais., for example, *in, Wy o8 Ga, “Cu

[EEPEUREE 157 oy 2y 213 a7 166 624, 22 186

“ Gd, TG, Tre, A, T ‘Ha Co, Cu, Dy, “Ho, Iy, TPRa, HRe,

88y, 105y, 2 21 3pyy, 140y 227 g, 117 10y, G0y Boy,

iRe, ”Rh, 22pp, 2Upb, Th, 'Th, So, e, MMSn, YR, MY Y B and T
{01281 Hiustrative of Formutla [ or Formula I compounds complexed to an exemplary

radionuclide ' Lu are those iHustrated below in Table 2
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or a pharmaceutically acceptable salt or solvate thereof,
(0129} Figure | and Figure 2 illustrate results of a bio-distribution study of a GUL-

. . I . R cea 177 . N
[piperazineg-triazinyl-p-aminobenzyl-DOTA-" " 'Lu complexes according to Formula { or
Formula I in LNCap xenograft mice, while Figure 3 illustrates results of a bio-distribution

study of a GUL- {alkylene thiourea]-DOTA-""Lu complex in LNCap xenograft mice.
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{01309 As Hlustrated by the bar graphs in these figures, complexes (A), (B) and (C)

concentrate in Kidneys and tumor to a greater extent than other tissues. In fact, at 4 hours
post adminisiration, the oheerved concentration for cach complex {A), (B} and {C) was
greater in kKidneys 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-
aminobenzyi-DOTA- "Ly complexes (A} and (3) 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.

{0831 These results were unexpected and suggest a greater ability for radionuclide
complexes of Formufa | or Formula I 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 Kidneys, radionuclide complexes of

Formula 1 or Formula Il compounds are candidate therapeutics for treating cancer, for

example, prostate cancer,

{0132} Farther confirmation that the inventive complexes concentrate in LNCaP
tumors 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

T T ot I X S S SO SO SN SIS S st 31 ey A P77y i b FTYY IR oga
using tne GUL- [piperazine-tiiaziny p-aminobengyi-DOTAY L comples (D), Slustrated
t=] “ s v is N 2

hbeiow.
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{0133] As iHustrated 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 futervals 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 intervals, for example between 24 hours to 96 hours however, the concentration
of complex (D) in kidney decreases while there is no observabie change in the concentration

of complex (D} in tumor.

e’

(0134} To further investigaie the pharmacokinetics of tumor refention and renal
clearance, the biodistribution study was extended o 3 weeks. Tissue analysis at | week post
adminisiration of coraplex (D) indicated no appreciable change in the intracellular
concentration of this complex in LNCaP tumor cells. The intrarenal concentration at 1 week
post administration of complex (I3} is significantly lower than the intrarenal concentration of

complex (I} at earlier time intervals, for example, within eight hours post administration.

[(1135] At 3 weeks post adminisiration, tissue analysis indicates a decrease in the
intratumoral concentration of complex (). However, the decrease in the concentration of
the inventive complex in turmor is less compared to the decrease in the intrarenal
coneentration of complex (D). As mentioned above, the extended biodistribution study
confirmed initial observations that within the same period of time there is a more rapid
decrease in the concentration of complex (1) from the kidneys than tumor. Taken together,
these results itHustrate a greater affinity for the inventive radionuclide complexes that comport
with Formula I or Formula 11 for tumor cells than non-tumeor tissue, such as blood, heart,

lungs, liver, spicen, stomach, large and small intestines, testes, skeletal muscle, bone, brain,

-:.}3‘
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and adipose tissue. Accordingly, Formula [ and Formuia JF compounds are candidate

therapeutic or imaging agents for selectively imaging LNCap tumor cells.

{0136} The compounds of Formula T or Formula {f were sereened in a human prostate
cancer cell competitive binding assay using PSMA positive (+}, EnCap cells against the
known inhibitor of PSMA, (78,148,188} 7-amino-{-(1-{carboxymethyl}-1 H-imidazol-2-y1}~
2-{(1-(carboxymethyl)- L H-imidazol-2~yDmethyl)-8,16-dioxo-2.9,15,17-tetraazaicosane-

14,18, 20-tricarboxylic acid (" Te-MIP-1409), and 1Cs values were calculated.

[0137} 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 ot 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 10° celis/wel
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 1l compounds were prepared
and diluted in serum-free cell culture medium containing 0.5% 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 “"Tc-MIP-1405 was determined by counting the cell
pellet in an automated gamma counter. Table 3 illustrates the [Csg values of representative

. s 175y .
Formuia I non-radicactive ' “Lu complexes.

Table 3

Complex {Csp{nM)
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[G138] As illustrated above, Formula I and Formula U compounds of the invention

bind to PSMA expressed on the surface of prostate cancer cells with 1Csy values in the
nanomaolar 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 mercly Hlustrative of possible bonding interactions, but by no means
should they be mterpreted as the only possible or actual metal-ligand interaction(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 lon and the chelating ligand.

10139 Figure 5 itlustrates 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 (283-2~(3-((18)-1-carboxy-
S-(1~{4-(4-(dimethylamino}-6-{{4~({1,4.7, 1 O-tetrakis{carboxymethyi}-1,4,7.10-
tetraazacyclododecan-2-yhmethyhphenylamino)-1,3,5-triazin-2-yUpiperazin-1-
yvihundecapamidolpentyhureidenentanedioic 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 lutetiurn complex
according (o the invention, were significantly fower than the tumor volumes of mice fn the

control group.
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{0140] In fact, as illustrated in Figure 3, LNCaP timor volumes of nyice 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 LMNCaP tumors in mice receiving saline. These observations indicate that
radionuclide complexes of the inventive Formula 1 and Formula 1 compounds are effective at

arresting the growth of prostate cancer i vive.

{0141] According to another embodiment of the invention, radiometal complexes of
Formula | and Formula I compounds were used for imaging prostate cancer and
accompanying metasiasis in a subject. Briefly, %Ga was complexed to (28)-2-(3-((18)-1-
carboxy-5-(1 1-(4-(4-(dimethylamino}-6-{(4-((1.4,7, 1 O-tetrakis{carboxymethyi}-1,4,7.10-
tetraazacyclododecan-2-ymethyhiphenyhaminoy-1,3 S-triazin-2-ypiperazin-1-
yhundecanamidoipentyhureido) 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 “Ga-PSMA
PET/CT scanner. As illustrated in Figure 6, PSMA specific lesions were detected in the
iymph nodes and bone, in addition to the prostate tissue itself. Some imaging agent was also
visible in the subject’s bladder at hour 1, which was cleared by the 3-hour scan. The
radingraphic image in Figure 6 further indicates that the inventive compleX accumulates in
the lacrimal and salivary glands, kidney, liver, and urinary bladder. Overall, this imaging
study supports the use of radiometal complexes of the inventive compounds as suitable

agents {or radioimaging of cancers, such as prostate cancer.

161421 Because Formula T and Formula I compounds and their radionuclide
complexes can have one or more chiral centers, the present invention encompasses both
enantiomers, as well as all of the diastercisomers. Moreover, both L and D-forms of the
natural amino acids can be used for synthesizing the Formula t and Formula U compounds,
That is, the present invention encompasses stereoisorners, tautomers, and prodrugs of

Formula I and Formula Il compounds and their radionuchide complexes,

[6143] As noted above, radinuchide complexes of Formula | or Formula H compounds
may contain one or more radionuclides which are suitable for use as radio-imaging agents oy
as radio-therapeutics for the treatment of diseases associated with the uncontrolled and rapid

A8
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proliferation of cells, for example, PSMA expressing prostate cancer cells. Accordingly, in
one embodiment, a pharmaceutical composition is provided including a complex that
includes a metal and a compound of Formula | or Formula 1, a salt, solvate, stereoisomer, or

tautomer thereof, and a pharmaceutically acceptable carrier.

{0144} In general, metal complexes of a Formula | or a Formula H 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, infraarterial, intrathecal, intracapsular, intragrbital, intracardiac, intradermal,
infraperitoneal, transtracheal, subcutaneous, subcuticular, intraarticulare, subcapsular,
subarachnoid, intraspinal and intrasternal injection and infusion. In some embodiments, the
compound, or pharmaceutical compaosition thereot] 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 bmaging and radiotherapy. Suitable pharmaceutical compasitions may
contain a radio imaging agent, or a radiotherapeutic agent that has a radionuclide either as an
element, f.e. radioactive iodine, or a radioactive metal chelate complex of the compound of
Formuia | or Formula i1 in an amount sufficient for imaging, together with a
pharmaceutically acceptable radiological vehicle. The radiclogical vehicle should be suntable
for injection or aspiration, such as human serum albumin; aqueous buffer solutions, e.g,
tris(hydromethyl) aminomethane {and its salts), phosphate, citrate, bicarbonate, etc; sterile
water; physiological saline; and halanced tonic solutions containing chioride and or
dicarbonate salts or normal blood plasma cations such as calcium, potassium, sodium, and

magnesium,

[(3146] The concentration of the imaging agent or the therapeutic agent in the
radielegical vehicle should be safficient to provide satisfactory irnaging. For example, when

using an agueous solution, the dosage is about 1.0 to 50 millicuries. The actual dose
administered to a patient for imaging or therapeutic purposes, however, (s determined by the
physician administering treatment. The imaging agent or therapeutic agent should be

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

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

of agucous solution may be prepared.

{01471 Imaging may be carried out in the normal manner, for example by injecting a
sufficient amound of the imaging composition fo provide adequaie 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 (i) administering to a patient a
diagnostically effective amount of a Formula [, Formula H or Formula 1 compound
complexed with a radionuclide so as to contact the one or more tissues expressing PSMA
with a radionuclide complex of a Formula §, Formula 1 or Formula [ compound; and (i)
recording a radicgraphicimage 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
cifective amount of a Formula | compound complexed to a radionuchide, a Formula i
compound complexed to a radionuclide or a Formula I compoundcomplexed to a

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

{0148} In one embodiment, therefore, imaging is carried out using a radionuclide

complex of a Formuia HI compound.
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101491 in Formula HI, G is o} O , OF 0 O i

is selected from ~NH-(C-Cipalkylene-, -NHAC-Co)alkyleng-Z{O)-,
~C{O)-(Cy-Cplalkylene-, ~C{O-(C-Cyyalkyiene-C{O)- or

-850
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P
HOHE G apatyteneT \_—/\}wg and variables R and R” are cach independently selected
from the group consisting of H, -OH, «{(C-Ciolalkyl, -[CH»-CH-O,-(CHp)-T, ~C(O)-{C-
Ciojalkyl, ~(C-Cipalkyiene-C{O)-, ~C,-Ciodalkylene-C{O-Z, benzyl, -(C3-Cojeyeloalloyl, -
((‘,3‘-(‘,5g}aryl—((f,;-(‘mdi}\vlule {Ca-Ciparyl, halo~{C-Cpalkyl, hydroxy-(C-Ciplalkyi, -
NH-(C,-Calkyl, and -(C1-Crojatkylenc-NRYR®-, or R* and R" together with the nitrogen o
which they are bonded form a (C5-Ce)-heteroary! or (Cs-Ce)-heterocyeloalkyl that can further

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

(01501 7 in Formula M is selected from ~OH, -G{C,-Cygyalkyl,
i O, ~OR® SR
SR LOR® \ \I
}'\ A \\:. o) -
I ROw_ e N f OR
RLJ\T/-\ AN OR, \f N g
| f , H ? o g .
o MM, .ot o] 0 . while R and R” are each

independently selected trom H, bond, -OH, ~(C;-Cioyalkyl, or (C4-C v)hgiuro,jryHCy
Cinalkviene., Subscript “n” is an integer selected from 0, 1,2, 3,4, 5,6, 7. 89, or 14, For

Formula i compounds, any alkyl alkylene, arvl, arviene, }'1etemaryL heteroaryiene

cveloalkyil, cycioalkylene, heterocycloaliyl, or heterocycloalkyvlene is optionally substituted
with 1, 2, or 3 substituent groups selected from the group consisting of «(C-Cioalkyl, «(Ci-

Cipdhaloalkyl, {C-Cip) aminoalkyl, -{C,-Co)atkylene-COOH, -(C;-C1(;.jh}r'dmx_yaiky'i, -NH;,
~COOH, —C(O)-(Ci-Cialkyl, ~{Ci-Cioalkylene-C{OY-, ~{C-Ciolalkylene-C(O)-X, -NH--
(C-Cpalkyl, and «C)-Croalkviene-NRIRC-, and ~NRR®,

{015} The metal used to form the complex s a radionuclide sclected from ''n,
Gigy 68 v, Gdgn 153 §8vg 157, S9p . 225 4 ilp: 20y S5 67 165 56 192
Wy % Ga, MCu Gd,‘ (;d. Gd, Fe, P Ac, “UBIL TUBL PCo, T'Cu, Dy, Ho., i,
gy, 1865 188y 105y TZpp 203ny WOy 227y BS3G o 89 117 69 -89
Ra, ""Re, "“Re, ""Rh, *Ph, 2P, "UTb, T, "PSm, P8, 18a, 'Pvh, My, Y, Y2r

;//
and

101521 The amount of a Formuda 1, Formula 1T or Formula IIf compound, ora
formulation comprising a complex of a radiometal and a compound according to Formula L or
Formula 1, or its sall, selvate, stercoisomer, or tautomer that is administered to a paticnt

depends on several physiclogical {actors that are routinely used by the physician, including
3 £ 3 i &
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the nature of imaging to be carried out, tissue to be targeted for imaging and the body weight

and medical history of the patient to be imaged.

{3

v

3] Also described is a method for treating a patient diagnosed with cancer by
adminisies’ing to such a patient a therapeutically effective amount of a prostate-specific
membrane antigen (PSMA) binding complex comprising a triazinylene linker. In one
embodiment of this methodology, the prostate-specific membrane antigen (PSMA) binding
complex comprising a triazinylene linker is a Formula 1, Formula 1 or Formula I compound
complexed to a radionuclide, or a pharmaceutically acceptable salt or solvate of the complex.
Radionuciide complexes of Formula 1, Formula I and Formula {11 compounds, as described
above, are preferentially retained in PSMA-expressing tumor tissue than non-PSMA
cxpressing tissues such as kidney, liver, spleen, heart, blood, lungs, muscle, bone, large
intestine, small intestine, brain , or tat, In addition to prostate cancer, radionuclide complexes
of Formula | or Formula H compounds are also candidate therapeutics for treating breast

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

f0154] 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 1o be limiting of the present invention.
EXAMPLES
General Protocol for Cell Culture

{0155] Human prostate cancer LNCaP cells were obtained from the American Type
Culture Collection. Cell culture supplies were from Invitrogen unigss otherwise noted.
LMNCaP cells were maintained in RPMI-1640 medium supplemented with 10% fetal bovine
serum {(Hyclone), 4 mM L-glutamine, 1 mM sodium pyruvate, 10 mM hepes, 2.5 mg/mbL

D-glucose, and 30 pg/ml gentamicin in a humidified incubator at 37 °C/5% CO,. Cells were

vt 12 avet

FRBIOYOM fhwal ba

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 o
compete with “"Te- (75,148, 188)-7-amino-1~(1 ~{carboxymethyl)- 1 H-imidazol-2-y1)-2-((1-
{7-tetranzaicosane-14,18,20-

{carboxymethyD-1H-imidazol-2-yUmethy!)-§,16-dioxo-2,9,15,
tricarboxylic acid) for binding to PSMA in LNCaP cells was examined. LNCaP cells (4 x

167 cells/well in 12vwell plates in triplicate) were incubated for | hour with 3nM of the ™ Te-
compiex in RPMI medium containing 8.5% BSA in the presence of 1-10,000 oM tes
compounds. Cells were removed to Eppendorf tubes by gently pipetting, washed twice with

RPMI + 0.5% BSA and counted.
Mouse Siudies

[G157] All animal studies were approved by the institute for Animal Care and Use

Committee in accordance with the guidelines set forth by the U.S, Public Health Service

Policy on Hunawe Care and Use of Laboratory Animals. Mice were housed under standard
conditions in approved facilities with 12 hour light/dark cyveles and given food and water ad
libitan, Male athymic NCr-nw/nu mice were purchased from Taconic. For inoculation in
mice, LNCaP cells were resuspended at 107 cells/ml ina {21 mixture of cell culture

medivm: Matrigel (B Blosciences). Each mouse was injected in the right flank with 0.25 ml

of the cell suspension. Mice were used for tissue distribution studies when the tumors

reached approximately 100-400 e,
Tissue Distribution

[0158] A guantitative analysis of the tissue distribution of V' Lu-fabeled compounds
was performed in separate groups of male NCr-miu/nu mice bearing LNCaP cell xenografts.
The compounds were administered via the tail vein as a bolus injection {approximately 10
pCi/mouse) i 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}, testes, skeletal muscle, bone, brain, adipose, and fumor were dissected, excised,
weighed wet, and counted in an avtomated y-counter, Tissue time-radioactivity levels were

expressed as percent injected dose per gram of tissue (951D/g).
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in Vivey Efficacy

10159} Mice bearing LNCaP xenografts having an average volume of ~106-500 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 1 or Formula I compound. Each
animal was administered the test article intravenously in a volume of .05 mL. Tumor
dimensions were measured twice weekly with digital calipers and tumor volumes were
calcuiated using the formula (43 x I x width® x fength)/6. Measurements were made until
tumor volumes in the vehicle group reached the maximum allowed by IACUC

guidelines (1,500 oun”).
General Svathetic Methods.

{0160} General procedure for the synthesis of Formula [ compounds and for
complexation of a Formula I compound with a radionuclide are described. While a protocol
for coroplexing latetivm to a Formula { compound is exemplified below, it is to be

fure can be followed for complexing other

understood that a similar synthetic proced
radionuctides. Therefore, while lutetivin may specifically be shown in various examples
described below, complexes with other radionuclides such as In, Y, Zr, Ga, Lu, Cu, Gd. Ac
Fe, Bi Co, Dy Ho, Ir, Ra, Re, Rb, Sr or Sm are within the scope of the present invention,

i

Additionally, it i 1o be undersiood that various isotopes of these elements may be

o

rER e~ G~ 183 1554+ 157 S 225 282y 244y
L0 Ga, TCu TG, T Gd, YGd, TFe, A, B B,
27

585~ o7 o~ 165 166 ¢ 192 223 86 188, 212 213 49y 227 83
Co, “Cu, "Dy, Ho, "%, “*Ra, "*Re, " Re, 'PRE, Pb, 77Pb, T, PTThH, H8m,

8. 117 1691, 90¢ S6a, B9 177
Sr, M, YR, UYL YY, T rand U Lu.

G

complexed, tor example, In,

«

General Experimental Conditions for the Formation of the hietium Complexes

f6161] The lutetium complexes of Formula 1 compounds were conveniently isolated
frora the reactions that invelve Contacting commerc! 4 with

according to Formula L. Briefly, a 10°M <107 M solution of the desired Formala | or
Formula [I compound in an eqoal volume ypixture of 1:1 acetonitrile and phosphate buffer

was contacted with LuCls in 4 sealed vial. The reaction mixture was heated at 100 °C for 30

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

The radiochemical purity (RCP), atter HPLC purification, however, was consistently > 95%,

(0162} Initial results demonstrated radiolabeling of a Formula § or a Formula 1
compound at concentrations as low as 107° M, the radinchemical yieid (RCY) at this
concentration of reagents was approximately < 803%. 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 incorporale other radionuclides.
Moreover, the introduction of a radionuclide can be made either prior to deprotection of a

Formula | or Formula H compound, or after deprotecting a Formula | compound.

Svuthesis of Exemplary Triazine-piperazine Based Formula 1, Formmila I or Formula 1]

Y

Compounds

{164] 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 10 (283-2-3-((183-1-carboxy-5-(8-({4-(diraethylamino)-6-({4-
((1.4,7.10-tetrakis{carboxymethyl)-1,4,71 G-tetraazacyclododecan-2-

yvhmethyhphenyhamine)-1,3,5-triazin-2-yhaminojoctanamido)pentyDureido} pentanedioic

actd futetium complex.

o D OH
J H H /~-‘\ P
A e S N /N\\ PN U Vo~ LOH
HT i 7N @
(J\\>, OH e N N ~ N 0o _," HY] ? 8
1 ! AN \I\. N - il
~o 7 ,/N\ ST / o,
8 - h N/ S
i HO ‘ oH
HO AN A OH
TN N T
O O
[G166] Step . (188228 tri-fert-butyl L(9H-fluoren-9-yi)-3,12.20-trioxo-2-0xa-
4,13,19.2 | -tetraazatetracosane- 18,22, 24 -tricarboxylate.
i
| A o o~ _NHFmoe
.\} - H N N - \,_// .~
0.0 S
7 py
. S
. Ci\’ j
: i '
eI N N« 1
\% ISR 1
0O
{0167} A solution of (S)-di-tert-butyl 2-(3-((8)-H-amino-{-(tert-butoxy)- 1 -oxshexan-

Z-viyureido)pentanedioate (1.9677 g, 4.83 mmol), 8-(({((SH-Tluoren~9-
vhmethoxyicarbonylaminoYoctanoic acid (1.84 ¢, 4.84 mmol), 1-ethyl-3-(3-
dimethylaminopropylicarbodiimide) (EDCY (0.770 g, 4.03 mmol), HOBY {0,544 ¢, 4.03
mmol) and N,N-diisopropylethylamine (IPEA; (2.0 mL)) 1n DCE (100 mL) was stirred at
room temperature tor 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 cluent to give (188228 tri~feri-butyl 1-(9H-fluoren-9-yi3-3,12,20-trioxo-2-0xa-

4,13,19,2 I -ictraazatetracosanc- 18,22, 24 -tricarboxylate (2.099 g, 61%;) as a white solid. MS

(ES1), 851.2 (MHHY

S5
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[0168]

Step 2. (S)-di~er-butyl 2-(3-((8)-6~(8-aminooctanamido - 1-(fert-butoxy)- 1~
oxohexan-2-yhurcido)pentanedicate.

[0169)

oxa~-4,13,19,2 i-tetraazatetracosane- 18,22, 24-tricarboxylate (1.943 mg, 2.333 mmol) in DMF
{4.0 mb) was added piperidine (4.0 mbL). The mikture was stirred at room temperature for 3
irs following which the solvent was evaporated under reduce pressure to afford a residue,
which was purified by column chromatography using a Biotage SP4 column and gradiend
ehution using 100% DCM to a 111 mixture of DCMimethano! as the eluting solvent. The
product {S)-di-reri-butyl-2-(3-{(S)-6-( §-aminooctanamido}- 1 -{tert-butoxy)- [ -oxohexan-2-

viwreidoypentanedioate {1.039 mg, 71%;, thus obtained was characterized using 'H NMR
and masss spectrometry. 'H NMR (40

MHz, DMSO-ds) 7.71
=80 Hz 1 H)YL625(d,/J=84Hz 11

P(t, /=52 Hz | H). 6.29¢d, J
5.74 {brs, 2 H), 4.05-3.91 {m, 2 H), 3.01-2.88 (m. 2
H), 2.63 (t.J = 6.8 Hz, 2 H), 2.20-1.22 (m, 49 H); MS (ESD), 629.3 (M+H)"

(0170}

01
1,

Step 3, (28)-2-(3-((1 S)-1-carboxy-5-(8-(4-(dimethylamino}-6-(4-({1,4,7,10-
tetrakis{carboxymethyl)-1.4,7, 1 0-tetraazacyclododecan-2-ylimethyYphenylamino}-1,3,5-

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

9 H H
" )'\/,\/\/\_, AN NN 02
o e O Y
un,o.»-. - Mot Kol T coum
} i et ~,
J ‘ | '
\\- a g,’ NG -.\N J
H il i HOCaC - " N ~es
HO oy e O RERNNIVAR S e s v
N 9] W A
TN R T
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[0171} To a solution of p-NH2-Bn-DOTA-tetr

a(r-Bu~ester) (57.8 mg, 0.080 mmol)
and cyanuric chloride (14.7 mg, 0.080 nypol} in DCM (4.0 mL} was added DIPEA (0.10

mb). This solution was stirred at room teraperature for 3 hrs, following which the solvent
was removed under 4 stream of nitrogen to give a residue. To a DMSG (4.0 mb) solution of

~60~
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the residue was added {S)-di-ters-butyl 2-3-((8)-6~(8-aminooctanamido)-1-{ I(),F[ﬂi')uﬁox}/}i*
oxchexan-2-yhurcidoypentanedioate (503 mg, 0.08 mmol) and K005 (100mg). 7

suspension was stirred at room temperature for about 2 hrs and then a tetrahydrofuran
solution of dimethylamine (0.3 mi, 2.0 M in THF) was added to the reaction mixture. After
stirring at room temnperature continuously for 16 hrs, the reaction mixture was fyophilized 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-((1S)-T-carboxy-5-{8-(4-
(dimethylamino-6-(4-((1.4.7, 1 0-tetrakis{carboxymethyvl}-1,4,7, 1§ -tetraaracyclododecan-2-
yhmethyDphenylamino}-1,3,5-triazin-2-ylaminooctanamido}pentylureido)pentanedioic acid
(67 mg) as a white solid. 'H NMR (400 MHz, DM80-d;)  7.83-7.60 (m, 3 H), 7.17(d, /=
BO0Hz 2H), 632(d, J=80Hz T H), 628(d, /=84 Hz, 1 H), 4.10-1.27 {m, 61 H); MS
(ESD, 10914 (M+H)Y".

(01721 Step 4. (28)-2-3-{(18)-t~carboxy-5-(8-(4~{dimethylamino}»6-(4-{( 1.4,7, 10~
tetrakis{carboxymethyh)-1,4.7, 1 0-tetraazacyelododecan-2-yhimethylphenylamino)-1.3,5-

triazin-2-ylaminojoctanamidopentyliureidoipentanedioic acid lutetivm complex.

[0173] To solid (283-2-(3~{{(15}-1-carboxy-S-(B-(4-(dimethylaming)-6-(4-({ 1,4,7,1 0~
tetrakis{earboxymethyi)-1,4,7, 10-tetraazacyelododecan-2-yhimethylphenyviamino)-1,3,5-
triazin-2-viaminojoctanamidopentybureido)pentanedioic acid (5.7 mg, (.00522 mmol) was
added LuCl {1.46 mL of 2 0.003537 mmol/mi, $.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, I {~tetrakis{carboxymethyl)-1,4,7,10-
tetraazacyclododecan-2-vhimethylphenylamino)- 1,3, 5-triazin-2-ylaminojoctanamido)peniy )
ureido)pentanedioic acid lutetivm complex (6.2 mg) as a white solid. MS (ES]), 1263.0

(M+HY

{01741 Example 2. (8»-2-(3-((S)-1-Carboxy-53-{&-{{4-{piperidin-1~-yD-6~((4-{({5)~
§,4,7, 10-tetrakis{carboxymethyl)-1,4,7, 1 {-tetraazacyclododecan-2-yhmethylphenyDamino)-

i3, S-triazin~-2~-yhamingoctanamido)pentylureido)pentanedioic acid lutetium complex.

~Gi-
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[0175) Step 1. (28)-2-(3-((S)- 1-carboxy-5-(8-(4-(piperidin-1 vH-6-(4-((1,4.7.10-

tetrakis{carboxymethyl)-1.4,7 ={}~-te‘s;raazac_\/c‘mdﬁdecaﬂuz*yi)n'lethy})phenyiamim:a--1,3.5-—

triazin-2-ylamino)octanamidopentyhureido)pentanedioic acid.
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[0176] To a solution of p-NH2-Bn-DOTA-tetra{-Bu-ester) (Macrocychicsy (42.4 mg,

0.050 mmol) and cyanuric chloride (9.2 mg, 0.050 mmol) in PCM (2.0 mL) was added
DIPEA (0,16 mL). This reaction mixture was stirred at roorm temperature for 2 hours
following which the solvent was removed using a stream of nitrogen 1o give a residue, The
residue thus obtained was dissolved in DMSO (4.0 mL) and (8)-di-fert-butyl 2-3-({(5}-6-(8-
aminooctanamido)-1-{ferf-butoxy}-1-oxohexan-2-yhureidoipentancdioate (31.4 mg, 4.05
mmot) and K,CO; {100 me) were added. The suspension was stirred at room temperature for
2 s and then piperidine (.10 mL} was added. The reaction mixture was stirred at room
temperature for an additional 14 hrs and then lyophilized to afford a triszine intermediate,
which was deprotected by the addition of TFA (2.0 mL) in BCM (1.0 mbL}. Deprotection was

carried out by stirring the reaction mixture at room temperature for 4 hours. Following

it ich

T S LY RPN, Yo fes vy o
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b
o

REG,

[ JERTE ST D § P ¥ g d -
aeprGiechion, i sowvenl was

was purified by Biotage SP4 using C18 cartridge to give pure (25)-2-(3-((S)-I-carboxy-3-(8-

IS

{(4-{piperidin-1-yD-6-(4-({1.4,7, 1(-tetrakis{carboxymethyh-1,4,7, 1 0-tetraazacyclododecan-2-

vhmethyphenylamino)-1,3,5-triazin-2-viamino)octanamido)pentyljureido)pentanedioic acid

-G~
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Higse ey jpentancdicie acid (9.2 mg 0.005 1 mmol) was

added Lulh (o0 mb. of 2 0068513 nunobmb, Q0082 mmoly il sectonsiriic (836 miL).

The reaction mixture was hewicd at 9% °C for | bour and ten bvophilized to give (283-2-(3-
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{0182} To a solution of p-NH2-Bn-DOTA-tetra{s-Bu-ester) (Macroeyclics) (42.4 mg,

0.050 mmol) and cyanuric chioride (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 dissclved in
EMSO (4.0 mL) and (8)-di-teri-butyl 2-(3~((S)-6-(8-aminooctanamido)-1-{(tert-butoxy - 1~
oxohexan-2-yiureidopentancdioate (3 1.4 mg, 0.03 mamol) and K OO, (100 mpg) were then
added to the DMSQ solution. The suspension was stirred at room temperature for 2 hours
foliowing which morpholine {0.10 mL) was added and the reaction mixture was stirred at
room temperature for an additional 14 hours. The reaction mixture was lyophilized to afford
a triazine intermediate to which was added TFA (2.0 mL) 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 residue of the crude product. Purification
was effected using a Biolage SP4 and a C1¥ cartridge to give (285)-2-3-((18)--carboxy-3-(8-
{4-morpholino-6-(4-((1,4,7, 1 0-tetrakis(carboxymethyl}-1,4,7, 1 0-tetraazacyclododecan-2-
vhmethylphenylamino)-1.3,5-triazin-2-ylamino)octanamido)pentyljureidopentanedioic acid
{29.8 mg) as a white solid. "HNMR {400 MHz, DMSO-d) 7.75-7.6S5 (m, 3 H, 704 (m, 2
H), 6.55 (m, 2H), 6.33(d,/J=8.0Hz | H),630(d, /=84 Hz, | H), 4.10-1.27 (m, 61 H);
MS (EST), 1133.2 (M+H)"

{01831 Step 2. (28)-2-(3-((18)-1-carboxy-5-(8-(4-morpholino-6-(4-((1,4,7,10~
tetrakis{carboxymethyl}-1,4.7, [ 0-tetraazacyclododecan-2-yhmethyliphenylamino}-1,3,5-

triazin-2-ylamino)octapamidopentylureidoipentanedioic acid lutetium complex.

{01841 To solid (25)-2-{3-{(18)-1 -carboxy-S-(8-(4-morpholino-6-{4-((1,4,7,10-
tetrakis{carboxymethyh-1,4,7, 1 0-tetraazacyclododecan-2-yhmethyljpheoylamino)-1,3,5-

triazin-2-vlaminojoctanamidopentylureidopentanedioic acid {10.4 rog, 0.00%2 momol) was

e
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added LuCh (1.80 mL, 0.00513 mmol/mL, $.0092 mmol) and acetonitrife (0.50 mL). The
reaction mixture was heated at 95 °C for | hour and then fyophilized to to give (28)-2-(3-
{{18)-1-carboxy-5-{8-(4-morpholine-6-(4-((1,4,7. i (-tetrakis{carboxymethyl)-1,4,7,10-
tetraazacyclododecan-2-yDmethylphenylaming)-1.3, 5-triazin-2-
viaminojoctanamideopentyhurcido)pentancdioic acid hstetium complex (9.9 mg) as a white

solid. M8 (ESD), 1304.9 (M+HY".

[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-yi3-1,3, S-irtazin-2-ylamino)octanamidopentylureidopentancdioie acid lutctium complex.
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[0185] Step 1. (28)-2-03-((18)-1-carboxy-S-(8-(4-{4~((4-carboxy~1,7,10-
tris{earboxymethyl)-1.4,7, 1 O-tetraazacyclododecan-2-yhmethybphenylamino)-6-{piperazin-
L-yl¥-1,3,5-irazin-2-vlaminooctanamidoypenty ureido jpentancedioic acid.
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[0187] To a solution of p-NH2-Bn-DOTA-tetra(s-Bu-ester) (Macrocyclics) (42.4 mg,

(.030 romo}) and cyanuric chloride (9.2 mg, 0.050 munol) in DOM (2.0 mL) was added
DIPEA {0.10 mL). The reaction was stirred at room femperature for 2 hrs. The solvent was
then removed using a stream of nitrogen 1o give a residue, which was dissolved in DMSO
(4.0 mL)Y and (8)-di-ters-butyl 2-3-({8)-6-{R-aminooctanamido}~1 -{fert-butoxy)-  ~oxohexan-

Zevliureido)pentanedioate (31.43 mg, .05 mmol) and KCO; (100 yag) were then added to

65
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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 {10 mL).
Deprotection was carried out by stirring the mixture at room femperature overnight,
foHowing which the solvent was removed using a stream of nitrogen to give a residue of the
crude product which was purified by Biotage SP4 using a C18 cartridge to give (25)-2-(3-
{({(18)-1-carboxy-5-{8-{4-(4-((4~carboxy-1{,7, 10-tris{carboxymethyiy-1,4.7,10-
tetraazacyclododecan-2-yDimethylphenylamino}-6-(piperazin-1-y1}-1,3, 5-triazin-2Z-
ylaminojoctanamido)pentylureido)pentanedioic acid {18.9 mg) as a white solid. 'H NMR
(400 MHz, DMSO-ds) 8.85 {(m, 2 H), 7.75-7.65 {(m, 4 HY. 716 (m, 2 H), 6.55 (m, 2 1), 6.32
{d, /=88 Hz, 1 H}, 629 (d, J= 84 Hz, 1 H), 4.11-1.23 (1, 61 Hy; MS(ESI), 11322
(M+H)

{0188} Step 2. (283-2-(3~((18})-1-carboxy-5-(8~(4~{4-{{4-carboxy-1,7, 10~
tris(carboxymethyt)-1,4,7, 1 O-tetraazacyclododecan-2-yhmethyhphenyiamino)-6-{piperazin-

t-y)- 1.3, 5-triazin-2-ylaminojoctanamidopenty Dureido)pentanedioic acid lutetium complex.

[6189] To solid (283-2-3~((18)- I -carboxy-5-(8~(4-(4-{{4-carboxy-1,7,10-
tris{carboxymethyly-1.4,7, 1 0-tetraazacyclododecan-2-ylymethyDphenylamino)-6-{piperazin-
1-yh-1.3,5-triazin-2-vlaminojoctanamido)pentyureido)pentanedioic acid (7.8 mg, 0.0069
mmol) was added LuCl (.80 mL of a 0.00335 mmol/mL, 0.0069 mmol and acetonitrile (0.5

mib}. The reaction mixture was heated at 95 °C {or | hour and then {yophilized 1o give (28}~

2

P

b

-(3-((15)-1-carboxy-5-(8-{4-{4-((4-carboxy-1,7, 1 O~tris{carboxymethy)-1,4,7,10-
tetraazacyclododecan-2-yhmethyDphenylamine)-6-{piperazin-1-yl}-1,3, S-triazin-2-
vlaminojoctanamido)pentylureidopentanedioic acid lutetium complex (8.3 myg) as a white

solid. MS (ESI), 1303.6 (M+H}".

oo Example 5 2832-03-({1ST-carboyv-3-{8-{4d-{4-(R-carhoxvpropvhipiperidin-
1-yB-6-{4-((1.4,7,10-tetrakis(carboxymethyl}-1,4,7, 1 O~tetraazacyclododecan-2-
yvhimethylphenylamino)-1,3,5triazin-2-vlamino)octanamido) pentyhureidopentanedioic

acid lutetium complex.
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{0191} Step 1. (2853-2-(3-((18)-1-carboxy-5-(8-(4-{4-(3-carboxypropyipiperidin-1-

yI-6-{4-((1,4,7, 16-tetrakis(carboxymethyl)-1,4.7, 10-tetraazacyclododecan-2-

yhmethyphenyiamine-1,3,S-iriaxin-2-ylaminojoctanamido} pentyhureido)pentanedioic

acid.
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10192} DPEA (0.10 mbL) was added to a solution of p-NH2-Bn-DOTA tetralr-Bu-

gstery (Macrocyelics) (42.4 mg, 0.050 rvomol) and cyanuric chioride (9.2 mg, 0.050 mmol) in
DCM (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 DMSG (4.0
mL}. (S)-di-tere-butyl 2-(3-{((8)-6-(B-amincoctanamido}- | -{fert-butoxy)- 1 -oxohexan-2-
ylhureidolpentanedioate (31.43 mg, 0.05 mmol) and KO0 (100 mg) were added 1o the
DMSO sojution and the resultant suspension was stirred at room temperature for 2 hrs
following which 4-(piperidin-4-yl)butanoic acid (30 mg} was added. After stirring at room
temperature for an additional 16 hours the reaction mixture was Iyophilized to afford a
triazine intermediate which was deprotected using TFA (2.0 mL) and DCM (1.0 L) 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

w57
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cartridge to oltain (28)-2-3-((IS)--carboxy-3-{8~(4-(4-(3-carboxs propyDpiperidin- Tyl 6-

{4-((1.4.7 10-tetrakis{earhboxymothyi- 1. 4.7 10 racyelododecan-2-

X

wreidoiperdanedioic

vhmethyvlphenylamino)-1.3.5-triavin-2-ylamincoctanamido) penty!

acid {18.8 mg) as a white sehid, M5 {ES]), 608.8 (?»’I;"Z_Z-:»'H)'L'.

[0193] Step 20 (28%2-(3-{{ 18} 1~carboxy-5-{ 8-{4-{4-( 3-carhoxypropylpiperidin-1 -

a3 ~

y-6-{4-{(1,4.7. 10-tetrakis{carboxymethyl}- 14,7, 10tetraazacyclododecan-2-

vhimethyliphenylaming)- 1,3, 5-triavin-2-viaminojoctanamido) pentylurcidolpentanedioic

({4 3-carbuxypropytipiperidin- |-

&5

d (28)-2-03-({15)-t-carboxy-5-{8-

vhmethyDphenylamino 1,3 S-iiarin-2-yviaminojoctanamido) pcni}jl)urcidoﬂss‘:m;xnedinic

acid (7.4 mg, 0.006686 mmoly was added LeCh (158 mi of a 0.00385 mmol/mL, 0.006080

mmoel). The reaction mixture was heated at 95 °C for | hour and then lyophilized to give

(28)-2-(3-({1 S)-t-carboxy-3~{§-{4-{4-3~carboxypropyhipiperidin. f -3 -6-{d-{
3 7 » , Y b S -

Hictragsacvelododecan-2-vimethy Dphenylamdno)-1.3.5-

;

wetrakis{carboxymethyiy-

e

riazin-2-ylaminmoctanamido) pemiyDurecidopentanedivic acid hstetum compley (9.0 ma) as

a white solid, MS (BSD. 1383 8 (M1

~ g

{195 Exampic 6. (OS82 (IS PS-(B.E-((6-({4-((1 4.7.10-

2-yhimethyviphenylamino)-1,3,5-

setrakis{carboxymethyl}-1.4.7 Fo-tetrauzacyclod

N

triazine-2,4-diyhbis{azancdivishis{octanoyDbis{azancdivi)ibis( 1 -carboxypentane-5.1-

divi)

this{azanediyll)bis{carbonvibis{arancdivi)dipentanediote acid lutetium complex.

7

- - N
Q S OH -
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HQ T| ~ “
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O, OH -
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b
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[6i96] Step 2SS B2 2SS S B ((B((4-(( 117,10

tetrakis(earboxymethyl}- 147 10-tetraazacy s iododecan-2-y methy Hphenyhamino - 1.3

¥4

trigsine- 2o s{acanedis ihbistoctanos hbisiazanedivibis{ f-carbosy pestane-S. -

his{earbonvinbis

P ! Mo NN

3 (Macrocycliosy ¢42.4 mig

2.4 ml was added

cain ol imiregen b give 3 residie

mtincoctanamidoy-i-

\
}

yipontancdioare §

8 ma. G HEmmoly and EL-CO5 {100

were added fo the resultant PMSO cojution. The suspension thus obtained was stirred at

room temperature for 72 howrs and then bvephibized o afford a triavine intermediate which

f

C . axs

corotected using TFA (L0 mb) and DOM LG mb), The TEADCM mixture was

WHS €
stirved at voom wmperature overnight following which the solvent was removed asing

stream of nirogen (o aftord the titled cruske ns 2 solid, The orude was purified by Biotage

decan-2-vhmethyhipheovhaminn)-1,3.8-

stasanediyl) rhoxypontane-S. -

podivindipentanedioie acid (10,0 mg) as a whie

IRWE

-

[0iug] Step 2. {

Q U fies ii1 104 4
Soa -({0-{{<-{{1.4,

-

tetrakistarboxymothyvli- L7, H-tetraazacvelododecan-2 - himethy Dpheny Damino)- 3.3
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triazine-2.d-divhbis(azanedivipbis(octanoyiDbisGuzanedivibis{ f-carboxypentane-5. 1~

divhbis{as pdipentanedicic acid lutethnm complex.

[0199] To solid ((28.2'8)-2.2(((((1 S, V'S -((B.8-((6-((4-({1.4,7.1-

tetrakis{carboxymethyl-1.4.7, [0-tetraazacyclododecan-2-y DmethyBphenyvliamino)-1.3.5
ANbis(] ~carboxypeniane-3.t-
diyi}jbisé'a?:_zrw(.ii};i))his(cztrl‘;-;snyi)‘)bif;:(axz;arwdi}-‘l‘))dx;‘“nmlulm acid (8.3 mg. 0013646

The reaction

mixture was heated at 70 °C for | bour and then lyophilized o fo give {28.2'5)-2.2%
{{IOS'SWURE-{o-{4-({ 1 4,7 10-tetrakis{carboxymethyD-1,4.7, | O-tetraazac ve lododecan-
2-vhimethyDphenybamino)-1,3.5+triazine-2 4-divhbis{azancdiylbis(octanoyiy)

bis{azanedivibis{ I-carboxypentane-S,

ranediviDbis{carbonyibis(azanadiyl})

dipentanedioic acid lutetium complex (8.6 myg) as & white solid, MS (ES1), 1678.0 (M+H)

102001 Example 7. (28%2-03-0 18- Tecarboxy-3-0 | I -(4-(4-(dimeihy laming)-6-{(4-
(1,4, 7 10-tewrabis{earboxymethyD-1 4.7, 1 O-tetraazacyelododecan-2 -

};i‘)i.mdeczmamid-:'v};‘u:ﬂlyi)ue‘cida)pemancfiioic acid futetium complex.
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{0202] A solution of (8)-di-rerr-butyl 2-(3-{(S}-6-amino- 1 -(teri-butoxy}- 1 -oxchexan-
2-yiureido)pentancdioate (1.023 g, 2.097 mmol}, 11-(d-((henzyloxy)carbonylipiperazin-1-
vijondecanoic acild {0.77 g, 1.9059 mmol), EDCY (.40 g, 2.097 punol), HOB1{(0.27 g, 2.097
mmoi) and DIPEA (1.0 mL) in dichloroethane (DCE; 25 mb} was stirred at room
temperature overnight. The following day, the solvent was evaportated o give a residue,
which was purified using Biotage column chromatography and a mixture of DCM/MeOH as
the eluant to give {S)-di-teri-butyl 2-(3-((8)-6-(1 [-{4-{{benzyloxy)carbonyipiperazin-1-
yhundecanamido)-1-{tert-butoxy-T-oxohexan-2-yhureidopentancdioate (1.52 g, 9%} as a

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

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

yvhundecanamidoyhexan-2-yvhureido)pentanedioate.

7

o
\\Ii/’ Yl A ;\\/*’\\,‘_/”\ N \\'//\N‘f\\
o\vc (,3 L\/ NH
£, P
A
\L Oy J N ,/'-\,F,o \%/-
| 8 H H (j
{02041 To a solution of (8)-di-tert-butyl 2-3-((5}-6-(1 1-(4-

{{benzyloxy)carbonylpiperazin-1-yhundecanamido)}- I -(tert-butoxy)-1-oxohexan-2-
viureido)pentanedioate (1.50 g, 1.72 mmol) and aromonium formate (1.0 g) in ethanol (60
mL} was added palladium on carbon (300 mg). The reaction mixture was stirred at room
temperature for overnight and filtered through a pad of celite followed by washing of the
celite pad using ethyl acetate (EtOAc). The solvent was removed under reduced pressure and
the residue dissolved in dichloromethane {(DCM). The DCM solution was was washed using
saturated sodium bicarbonate and then pariitioned to separate the organic layer from the
aqueous layer. Concentration pf the organic layer under reduced pressure afforded the titled

product as a yellowish solid (1.2345 g, 97 % yield). MS (ESD), 740.4 (M+H)

(02653 Step 3. (28)-2-03-({{1S)1-carboxy-5-(1 1-(4-{4-{dimethylamino)-6-{{4-
((1,4,7, 10-tetrakis(carboxymethyl}-1,4,7, 1 0-tetraazacyclododecan-2-
yhmethyphenyhamine}-1,3,5-triazin-2-yDpiperazin-1-yhundecanamido)pentyi}

ureido)pentanedicic acid.

71
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G
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N N
0 OH P ,
N o | NTCoH
o | . N
HO. o~y Ly, <O ]
L AL - N COH
{02061 To a solution of p-NH2-Bn-DOTA-tetra{/-Bu-estery (Macroeyclics) (42.4 mg.

0.050 mmol) and cyanuric chloride (9.2 mg, 0.0506 mmol) in DOM (2.0 mbL) was added
DIPEA (0.10 mL) and resultant mmixture was stirred at room temperature tor 2 hys. 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-{{8}-1-{tert-
butoxy - t-ox0-6~{ 1 I ~{piperazin-1-yundecanamidohexan-2-yhuoreido)pentanedicate (34 mg,
(.05 munol} and ¥oCG5 (50 mg). The resultant suspension was stirred at room temperature
for 2 hrs, following which a tetrahydrofuran solution of dimethylamine (6.2 ml, 2.0 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 triazine intermediate. Deprotection of
the crude using TFA (2.0 mL) and DCM (1.0 mL) was carried out at room temperature
overnight. The following day, the solvent was removed under a stream of nifrogen to give a
residue, which was purified by Biotage SP4 asing C18 cartridge to give (25)-2-(3-({18)-1-
carboxy-3-(1 1-{4-{4-{dimethviamino}-6-({4-({1,4,7, 1 O-tetrakis(carboxymethy!}-1.4,7,10-
tetraazacyclododecan-2-ylimethyDphenyDamino)-1,3,5-triazin-2-yljpiperazin-1 -
vhundecanamidojpentylureido)pentanedioic acid (24 mg) as a white solid. MS (ES1), 601.2

(M/2+RH)"

{02071 Step 4. (283-2-3-((18)-1-carboxy-5-(1 1 -{4-(4-{dimethylamino}-6-{(4-
{{1,4,7, 10-tetrakis{carboxymethyi}-1,4,7, 1 O-tetraazacyclododecan-2-
yhmethyDphenyhamino)-1,3,5-triazin-2~-yDpiperazin-1-

yhundecanamido)pentyllureido)pentanediote acid lutetium complex.

[0208] To solid (253-2-3-((15)-t-carboxy-5-(1 1 -{4-{4-(dimethylamino)-6-{{4-
((1,4,7, 1 0-tetrakis(carboxymethyl}-1,4,7,1 O-tetraazacyclododecan-2-
yUmethyDphenylaminoe}-1,3,5-triazin-2-yDpiperazin-1-

yijundecanamido)pentyljureido jpentanedioic acid (9.4 mg, 0.00783 mmol) was added LuClh

7y
)L
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{1.02 mL of a 0.00770 mmol/ml, 0.00783 nunol). The reaction mixture was heated at 90 °C
for | hour and then lyophilized fo to give (2853-2-(3-({15)-1-carboxy-5-(11-(4-{4-
(dimethylamino}-6-((4-{{1,4.7. 19-tetrakis(carboxymethyi}-1,4,7, L i-tetraazracyclododecan-2-
yhmethyiphenyhamino)-1,3, 5-triazin-2-yhpiperazin-1-

yhundecanamide)pentylureidopentanedioic acid lutetium complex {1 1.1 mg) as a white

'

solid. MS (ESI). 1373.7 (M+H).

10209} Example 8. (28)-2-(3-{(18)-1-carboxy-5-(1 {-(4-(4-{piperidin-1-y}-6-{ (4~
((1,4,7. 1 0-tetrakas{earboxymethy - 1,4,7, 1 O-tetraaracyclododecan-2-
yihymethyDphenylaminoy-1,3, 5-tnazin-2-ylipiperazin-1-

yviundecanamidolpentylurcido}pentanedioic acid lutetium complex.

i
}{N”lk\\//\\ PN e e N /‘\\‘
J ’ H ,
Osy M P LN NN CO,H
| f DR
~ o f/ N\T;N ‘i\:;i_\ ) :N N\’ g bt
HOL o, A AL Gt N - f b }
A Y e N N
o o L HOC-N 0 P cogH
~ LE— )
{02104 Step 1. ((2S)-2-3-({18)-V-carboxy-5-(1 1 -{4-(4-(piperidin- 1 -yD-6-({(4-

-

{{1,4,7,10-tetrakis{carboxymethyli}-1.4,7, 1 O-tetraazacyclododecan-2-
yhmethyhphenyhamino)-1,3, S-triazin-2-vhpiperazin-1-

yhundecanamido)pentyhureido)pentanedioic acid.

G
H N /‘J\V/’\\,,/“\\‘/“\v,/’\v/’\.. 'T y /’\\w
- ~ j H
N o) ; -
L.\::,,L H - ~ \h/ Qi‘_‘x/ N \E’/\ i’o:‘i’{ .
{ L VA

S~ o g/ NN (_{,,\ CN o TCoH

) - .
HO \T,f\ “,J‘L. N \q/i_)r" - M 1§ ' /Ji
o H H 5 . 1020 N__cooH
(6211} To a solution of p-NH2-Bn-DOTA-tetra(#-Bu-gster} {Macrocyclics) (42.4 mg,

(3.050 mmol) and cyanuric chioride (9.2 myg, U650 ol in DOM .0 mil) was added
BIPEA (010 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-({S)-1~(tert-butoxy )~ ~oxo-6~-(1 1 ~(piperazin-1-vhundecanamidohexan-2-
vhureido)pentanedioate (37 mg. 0.05 mmol) and KyCO5 (56 mg) 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
mby and DCM (1.0 mbL). Deprotection was carried out by stirring the crude at room
ternperature 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 cariridge to give
{{(28)-2-03-((18)-1-carboxy-5-(1 | -{4-(d-(piperidin-1-y}-6-((4-{(1 ,4,7.10
tetrakis{carboxymethyl}-1.4,7,10-tetraazacyclododecan-2-yimethylphenylamino y-1,3,5-
triazin-2-yhpiperazin- -yundecanamidoipentyDureido)pentanedioic acid (22 mg) as a white

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

[0212] Step 2. (25‘)—243*({’{5)*5*carbox,y~5~(i {-(4-(4-(piperidin-1~-v1)-6-({4-
((1,4,7,1 O~tetrakis(carboxymethyiy-1,4,7,1 O-tetraazacyclododecan-2-

vhmethyljphenybamino)-1,3,5-triazin-2-ylpiperazin-1-

vijundecanamido)pentyDurcido)pentanedicic acid lutetium complex

[0213] To solid (283-2-03-((1 S)}-1-carboxy-5-(1 1 -(4-(d-{piperidin-1-y1)-6-({4-
({1,4,7,16-tetrakis{carboxymethyl}-1,4,7, 1 i-tetraazacyciododecan-2-
vimethyDphenyhamino)-1,3,5-riazin-2-ylipiperazin- | -
vljundecanamido)pentyhureido)pentanedioic acid (12.4 mg, 0.01 mumol) was added LuCls
{1.30 mbL of 2 0.00770 mmol/mL, 0.01 mmoi} The reaction mixture was heated at 94 °C for

e I I

{ hour and then lyophilized to to give (28)-2-(3-({18)-1-carboxy-5-{} I-{4-{4-(piperidin-t-y])-
6-{{(4-((1,4.7, 10-tetrakis{carboxymethyi)-1,4,7, 1 O-tetraazacyclododecan-2-
yhmethyhphenyDaming)-1,3, 5-triazin-2-yUpiperazin-1-

vihundecanamido)penty }uudn3;'»cmanvd:o1g acid lutctium complex (14.0 mg) as a white

solid, MS (ESI), 14137 (M+H)"

{0214} Example 9. (283-2-G3-((i8)1-carboxy-5-(1 1-(4-(4-{{2-(2-(2~
carboxyethoxy)ethoxy)ethylamino}-6-((4-((1,4,7, 1 O-tetrakis(carboxymethy}-1,4,7,10-
tetraazacyclododecan-2-ylymethylphenylamino)-1,3,5-triazin-2-yOpiperazin-1-

yhundecanamidopentyureidojpentanedinic acid lutetium complex.
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N
[N
s
¢
QH
162151 Step 1. (28)-2-G((15)-1-carboxy-5-(1 1 -{(4={(4-((2-(2-(2-

carboxyethoxy)ethoxy)ethyhamino}-6-({4-((1.4.7, 10-tetrakis(carboxymethyl}-1,4,7,10-
tetraazacyclododecan-2-yhmethyhphenyamino}-1,3.5-triazin-2-yDpiperazin-1-

vhundecanamido)pentyljureido)pentanedioic acid.

1
.

N TGO
N __coom
E"\. /:,D
&
{0216} To a DCM solution (2.0 mL) of p-NH2-Bn-DOTA-teira(-Bu-ester)

(Macrocyclics) (42.4 myg, 0.050 mmol) and cyanuric chloride (9.2 mg, 0.050 mmol} was
added DIPEA (0,10 mL). After stirring at room tesaperature for 2 hours the solvent was
remnoved under a stream of nitrogen to give a residue, which was dissolved in DMBO (1.0
mb). Tert-butyl 3-{2-{Z-aminoethoxyiethoxyipropancate (11.67 mg, 0.05 mmol) and K,C0;
{50 mg) were then added to the DMSO solution and the resultant suspension was stirred at
room temperature for 2 hovrs (S)-di-tert-huty? 2030 E-{tert-botoxy)-Teoxo-6-(11-
(piperazin-1-yhundecanamidothexan~-2-yhureido)pentanedioate (37 mg, 0.05 mmol) was
then added. Afler stirring for 16 hours the reaction mixture was lyopbilized to afford the
crude triazine intermediate which was deprotected using TFA (2.0 mL) and DCM (1.0 oL}
Dreprotection was carried out by stirring the crude at room temperature overnight and the

27

Ly
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teilowing day the solvent was removed using a stream of nitrogen to give a residue which

ways puriiied by Biotage 8P4 using 1R cartridge to give {28)-2-(3-((1S)-1-carboxy-3-{ 11

)

{4-((2~(2-{Z-carboxyethoxyjcthoxyicthyDamino)-6-{({4-({1 4.7 1 (,Ltc:,r;tkEs(caa‘bo.\;ymﬁthy?')~

{7, 0-tetraazacyclododecan-2-vhmethylphenyBamino}- 1.3, S-irazin-2-vlpiperazin-i-
/ J 1 PAY] o
vhundecanamido)pentyDureidoipentanedinic acid (29.4 yg} as a white solid. M8 (ESD)

66724

102171 Step 2. (28)-2-(3-((1 )= Trcarboxy-S-{ T T-(3-(4-{(2-{2-(2-

P

carboyvethoxyjethoxylethvhamino -6-{{4-({ 1,4, 7. 1 G-tetrakis{earboxymethyli- | 4.7 10-

a

tetraaracyclododecan-2-yvimethybhrhonyhamino)- 1.3, 5trlavin-2-vipiperazin-1-
vhundecanamido)pentyDureidopentanedioic acid hutetium complex.

H02 181 To solid (28)-2-03((18)-1-carboxy-S-(1 T-(d={d-{{ {22~

carboxyethoxy)ethoxyicthyDamino-0-{{4-{{ 1 4.7, 1 0-tctrakisfcarboxymethy-1,4.7, 10~

nino)-1.3, S-irazin- 2.y

tetraavacvelodod

ipiperazin-1-

5
H

yhudecanamidoipentyhureido) pentanedi 0.0 mmiesh) was added LuCla

-~

V20 mde of 3 000770 mumolind L 001 mumol), The reaction mixiure was heated at 96 °C tor
! hour and bvophilized o 1o give 283-2-G-((1S)-Tcarboxy-3-() 1 -{4-(4-((2-(2-{2~

-
i
i

carboxyethoxy)ethoxyjethybaming -6-({d-((1 4,7, 1 O-tetrakistcarboxymethyi-1,4,7. 10-
wtraazacyclododecan-2-yUimethyDphenylamino)- 1,3, 5Arlazin-2~-vhpiperazin- i~
viundecanamido)pentyhurcidopentanedioic acid lutetium complex (14.5 my) as a white

soltd. MS (ESD), 15057 (M5,

[3219] Example 10, {2812-3-({I S)tcarboxy-S-{ VI-(4-{4-{{26-carboxy-
3.6.9172,15,18.21 . 24~0ctaonahexacosyDaming - 6-({4-({ L4 7 H-evrakis{carboxymethyh-
§,4.7, Hi-tetraazacyclododecan-2-yhmethylphenviaminoe}- L3 5-rfazin-2-vhipiperazin-

4

yhundecanamidoypentybureidodpentanedioic acid lutetium complex.
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10220] Step 1. 2-(3-((18y-1~carboxy-5-{ | } {4-{4~{{26-carboxy-

3,612, 15,1821 .24 c;ctaoxahexaeasy.’)amim‘;}--(v {{4-{{1,4,7,10-tetrakis{carboxymethyl)-
1.4, 7. 10-tetraazacyelododecan-2-yDimethylphenvhamino)-1,3, 3-triazin-2-yDpiperazin-1 -

yljundecanarnidopentylhureido)pentanedioic acid.

HN/'(\// N N Y \\.
O, O P LN
h {
L i
- L;j
[O NP SR & |
"y ey
o " ¢
COH
102211 To a solution of p-NH2-Bn-DOTA-tetra(i-Bu-ester) (Macrocyelics) (42.4 mg,

(.050 mmol} and cyanuric chloride (9.2 mg, 0.050 mumeol) in BCM (2.0 mL) was added
DIPEA {(0.10 mL). The reaction was stirred at room temiperature for 2 hrs and the solvent
removed foiiowing stirring using a stream of nitrogen. The residue thus obtained was
dissolved in DMSO (1.0 mL) and l-aming-3,6,9,12,15,18,21,24-octaoxaheptacosan-27-oic
acid (22.1 mg, 0.05 mmol) and K2C0: (50 mg) were added to the DMSQ selution. The
resultant suspension was stirred at room temperature for 2 hrs following which (S)-di-tert-

s

butyl 2-(3-({S)- 1 -(tert-butoxy}- f-oxo-6-( L {~{piperarin-1-yDundecanamido)hexan-2-
yvhureido)pentanedioate (37 mg, 0.U5 mumolj was then added. Afler stinving for an additional
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

DOM (1.0 mL). The crude product was purified by Biotage SP4 using a C18 cartridge io
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give (283-2-(3-{(1 S)-f~carboxy-5-(1 -(4-(4-((Z6-carboxy-3.6,9,12,15,18.21.24-
octaoxahexacosyljamino)-6-((4-((1,4,7, 1 O-tetrakis{carboxymethyl}-1,4,7, 10~
tetraazacyclododecan-2-yDmethyDiphenyllamine)-1.3,5-triazin-2-vipiperazin- 1 -
yinmdecanamido)pentyhureido)pentanedioic acid (31.4 mg) as a white solid. MS (ES1},

7993 (M/2+H)".

[0222] Step 2. {28)-2-(3~((15)-1-carboxy-5-{} 1 -(4-{4-({26-carboxy-
3,6,9,12,15,18,2 1, 24-octaoxahexacosyl) amino)ﬂé*((éi—{'( 14,7, 10-tetrakis(carboxymethy -
14,7, 10-tetraazacyclododecan-2 -y Dmethyliphenyamine)- 1,3, 5-triazin-2-ypiperazin- -

yvijundecanamidojpentyliureido)pentanedioie acid lutetium complex,

[0223] LuCl (6.69 mL of 2 0.00770 mmol/mal., 8.00532 mmol) was added to solid
(283-2-(3~{(1 S)-1-carboxy-5-(1 I -(4-{4-{{26-carboxy-3,6,9,12,15,18,21,24-
octaoxahexacosyDamino}-6-({4-({(1,4,7. 1 0-tetrakis(carboxymethyi}-1,4,7,10-
tetraazacyclododecan-2-yhimethyhiphenytamino)-1,3,5-triazin-2-ylpiperazin- | -
yhundecanamido)pentyDurcido)pentancdioic acid (8.5 mg, 0.60532 mmoel). The reaction
mixture was heated at 90 °C for | hour and then lyophilized to to give 283-2-3~((15)-1-
carboxy-3-(11-{4-(4-((26-carhoxy-3.6,9.12,15,18,21 24-octaoxahexacosyl Yamine)-6-{{4-
(1,47, 10-tetrakis{carboxymethyi)-1,4,7, 18-tetraazacyclododecan-2-
yhmethyDphenyDamino)-1,3,5-triazin-2-ypiperazin-1-
yvhundecanamidoypentylurcidopentancdiole acid lutetivm complex (8.2 mg) as a white

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

{0224} Example 11, (28)-2-G-((183-5-(1 1-(4-{4-(((8)}-5-{bis({1~{carboxymethyl)- 1 H-
imidazol-2-yhimethyDamine)-t-carboxypenty Damino}-6-((4-((1,4,7,10-
tetrakis(carboxymethyl)-1,4,7,10-tetraaracyclododecan-2-y DmethyDphenyamino)-1,3,5-
triazin-2-yhpiperazin-1-yDundecanamido)~-1 -carhoxypentyliureido)pentanediaic acid

lutetium complex.
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(02251 Step {1, {28%-2-G-((18)-5-{H-{4-(4-{{(S)-5-{bis{{1 (carboxymethyi)- 1 H-
imidarol-2-yDmethyDamino)-L-carboxrypenty Hamino-6-((4-({1,4,7,10-

tetrakis{carboxymethyi)-1,4,7, 1 O-tetraazacyclododecan-2-yhmethyhphenyamino)- 1,3, 5-

triazin-2-yiipiperazin-1-yDundecanamido)- l-carboxypentyureido)pentanediois acid.

HN N N N P N W f"\\\'

G OH f) =
\\\: O o
HO. o~ /3“‘? i LOH
4 b
jg oo &
{02267 To a solution of p-NH2-Bn-DOTA-tetrals-Bu-ester} (Macrocyclics) (42.4 mg,

3.050 rmmol) and cyanuric chioride (9.2 myg, 0.050 mimol} in DCM (2.0 mL) was added
DIPEA (010 mL). After stirring at room temperature for 2 hours the solvent was removed
using a stream of nitrogen gas o give a residug. This residue was dissolved in DMSO (1.0
mb) and (8)-2-amino-6-(bis({1-(2-{tert-butoxy)-2-oxoethyh- 1 H-imidazol-2-
yhimethyhaminobexanoic acid (26.7 mg, 0.05 mmol) and KaUO;5 {50 mg) were then added.
The resuitant suspension was stirred at roor temperature overnight. The following day (S)-
di~tert-buty! 2-(3-({8)-1-{tert-butoxyi-1-oxo-6-(1 1 -(piperazin-1-yhundecanamido)hexan-2-

vipreidojpentanedioate {37 mg, 0.05 mmol) was added andthe reaction mixture was stirred at
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room temmperature for an additional 24 hours. Lyophilization afforded the crude triazine
intermediate which was deprotected avernight at room temperature using TFA (3.0 mL) and
DCM (1.6 ml). The deprotected crude final product was purified by Biotage SP4 using a
C18 cartridge to give {253-2-3-({18)-5-(1 1-{4-{4-({(S)}-3-{bis{{1 -{carboxymethyl}- 1 H~
imidazol-2-yhmethyhaminoy-1-carboxypentyhamino }-6-((4-((1.4,7, 10~
tetrakis{carboxymethyli-1.4,7. 18-tetraazacyclododecan-2-ymethyDphenyamino)-1,3.5-
triazin-2-yhpiperazin-1-yhundecanamido)- I ~carboxypentyDureido)pentanedioic acid (41.5

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

102271 Step 2. {28)-2-(3-((1S)-5-{ VI-(4-{4-({{5}-5-(bis{{ 1 -{carboxymethy})- 1 H-
imidazol-2-ylymethyjamino)-t-carboxypentylamino)-6-((4-((1,4,7,16-
tetrakis{carboxymethyl)-1,4,710-tetraazacyclododecan-2-yhmethyDphenyBamino)-1,3,3-
triazin-2-viipiperazin-1-yundecanamido)-1-carboxypentyhureidopentanedioic acid

lutetium complex.

J228] To solid (283-2-3-{{15}-5-( } 1 -{4-(4-{({8)-3-(bis{{ I -{carboxymethyl}-1H-
imidazol-2-yhmethyllamino)-1-carboxypentyDamino)}-6-((4-{(1,4,7,10-
tetrakis(carboxymethyl}-1,4.7. 1 0-tetraazacyelododecan-2-y BmethyDphenyhamine-1,3,5-
triarin-2-ylipiperazin-1-yhundecanamido)-1-carboxypenty hureido)pentanedioic acid (16.3
mg, 0.0103 mmoly was added LuCl; (1.0 mL, 0.0103 mmol/mi, 0.0103 mmol. The reaction
mixture was heated at 90 °C for | hour and then lyophilized 0 to give (25)-2-(3-({18)-5-(1 -
(4-{4-({{ S}-5-{his{( 1 -(carboxymethy)-1H-imidazol-2~yDimethyamino)- 1~
carboxypentyhamino}-6-({(4-({1,4,7, 10-tetrakis{carboxymethyl}-1,4,7,10-
tetraazacyclododecan-2-yhmethylphenylamino)-1,3,5-tritazin-2-vipiperazin-1-
vhundecanamido)-1-carboxypentyureido)pentanedioic acid futetium complex (15.7 mg) as

a white solid. MS (ESI). 875.6 (M/2+H)".

{0229} Exampie 2. (28)-2-(3-((15)-5-(11-(4-(4-(bis{carboxymethvl}amino)-6-{{4~

S E

({14

AN bl

1

T Gtetrakis(oarbonymethyiy 14,7 10-tetraszacvelodadecan-2 -
yhmethyDphenyDamino)-1.3, S-triazin-2-yDpiperazin- T -yhundecanamido)-1-

carboxypentylureidoipentanedioic acid lutetivm complex.
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102301 Step 1. (28y-2-B-{(18)-3-(1 1-{4-{4-(bis{carboxymethyllamino}-6-{{4-
{{1,4,7, 10«tetrakis{carboxymethy!)-1,4,7, 1 0-tetraazacyclododecan-2-
viymethylphenyllamino)-1,3,5 -triazin-2-yOpiperazin- 1 -yhundecaparido)-1-

carboxypentyljurcidoipentanedioic acid.

(02311 To a DCM (2.0 mL) solution of p-MH2-Bn-DOTA~etra(r-Bu-cster)
{(Macrocyclies) (42.4 mg, 0.050 mmol) and cyanuric chloride (3.2 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
DMSG (1.0 mL) prior to the addition of di-tert-butyl 2,2azanediyidiacetate (24.5 mg. 0.10
mmol) and KoC0; (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-yhundecanamidolhexan-2-yhureido)pentanedioate (37 mg, 0.05
mmol) was added and the stirring continued at room temperature 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 SP4 using a C18 cartridge to give {28}-2-(3-{{(18}-5-{t 1-(4-

n

yvhamino)-6-0(4-({1.4.7 1 0-tetrakis{carboxymethy}-1.4.7, 10~

tetraazacyclododecan-2-ymethylphenyhlamino)- 1,3, 5-triazin-2-yDpiperazin-1-
vhundecanamido)-t-carboxypentyDureidopentanedioic acid (27.0 mg) as a white solid. MS

(ESH), 6452 (M/2+4H)".
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[0232] Step 2. (28)3-2-(3-((1S)-5-(1 1-{(4-(4-(bis{carboxymethyDamino)}-6-{(4-
((1,4,7,10~tetrakis{carboxymethyi)-1,4.7, [ {-tetraazacyclododecan-2-
yhmethyDphenylamino)-1,3,5+triazin-2-ypiperazin-1-ylundecanamido)-1-

carboxypeniyljurcido)pentanedioic acid jutetium complex.

[0233] LuCls (0.89 mb of a 0.0103 mmol/mb., 0.00913 mmolywas added to solid
reagent of (283-2-3-({18)-53-(1 t-{4-(4-(bis(carboxymethylamino}-6-{{4-((1,4,7,16-
tetrakis{carboxymethy)-1,4,7. 10-tetraszacyclododecan-2-y hmethyhphenylamino}-1,3.5-
triazin-2-yhipiperazin-1-yhundecanamido)- 1 ~carboxypentyDurcido jpentanedioic acid (1.8
mg. 0.00915 mmol). The reaction mixture was heated at 90 °C for | hour and then
tyophilized to to give (283-2-3-((15)-5-(1 1-{4-(4d-{bis{carboxymethyljamino-6-{{4-
{(1.4,7,10tetrakis(carboxymethyl)-1,4,7, 1 O-tetraazacyclododecan-2-
vhmethylphenyhamino)-1,3, 5-triazin-2-yhpiperazin-t-yljundecanamido)- i
carboxypentylureido)pentanedioic acid futetivm complex (2.0 mg) as a white solid. MS

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

{02341 Example 13, (28)-2-(3~({18)-}~carboxy~5-(} 1-{4-(4-(methylamino)-6-({4-
{(1,4,7,1 Ctetrakis(carboxymethyl)-1,4.7, [ O-tetraazacyclododecan-2-
vhmethylphenyDamine)-1,3,5-triazin-2-yipiperazin-1-

Myundecanamido)pentyDureidojpentanedioic acid lutetium complex.
. Jpents }

HN e SN ’\\v/“-\\/_/\\v AN N - \\E
' f
Oy OH A NG NN S0,H
[ ’ ey O
~ O g/ NN NP> /'\\ B N Nf\ SO,
Ho\r/\N)L A _OH ML JEt

31 ~ ~ /J

L oH oH HOLC. N N con
10235 Step 1. (28)-2-(3-({18)-1 ~carboxy~5-{ 1 1 -{4-(4-(methylamino}-6-{(4-((1,4,7.10-

tetrakis{earbnxymethvl-1.4,7, 1 0-tetraazacyclododecan-2-yhmethy DphenyDaminoy-1,3.5-

triazin-2-yljpiperazin- {-yljundecanamidepentyljureido jpentanedioic acid,
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{02361 To a DCM (2.0 mb) solution of p-NH2-Bn-DOTA-tetra{r-Bu-ester)

{(Macrocyelies) (42.4 mg, 0.050 mmol) and cyanuric chloride (9.2 mg, 0.030 nunol) was
added DIPEA (0.10 mL) and the solution stirred at room temperature for 2 hours. After
stirring the solvent was removed using a stream of nitrogen gas to give a residue. This
residuc was dissalved in DMSG (1.0 mL} and the solution was contacted with methanamine
(010 mi, 2.0 M in THF) and KoCO: {50 mg). The resultant suspension was stirred at room
temperature for 4 hours. (8)-di-tert-butyl 2-(3-{(8)- 1 -(tert-butoxy)- l-oxo-6-( 1 I-{piperazin-1-
yvhundecanamido)hexan-2-vhureidopentanedioate (37 mg, 0.05 mmol} was added then
added to the DMSO 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
pur:ﬁed by Biotage SP4 using a C18 cartridge to give (25)2-3-({(158)-1-carboxy-5-(11-{4-{4-
(methylamino }-6-({4-((1,4,7, [O-tetrakis{carboxymethyl)-1,4,7, 10-tetraazacyclododecan-2-
yvhimethyDphenybamino}-1,3,5-triazin-2-ylipiperazin- 1~
yvhundecanamidoperntylureido)pentanedicic acid (10.8 mg) as a white solid. MS (ESD,

594.2 (M/2+H)

[0237] Step 2. (28)-2-(3-{(1 S)- i -carboxy-S-( 1 1-{(4-(4-(methylamino)}-6-{{4-((1,4,7,10-
?ef.rakis(carhoxymethyi}v,E- 7, D-tetraazacyc ododecan~2~yi)n*;crhyi)phenyi)amino)-‘a,,3,5‘-

triazin-2-yl)piperazin-1-yDundecanamido)pentyureidopentanedioic acid lutetium complex.

[0238] Fo sobid (28 3-2-(3-({ {5 ~carboxy-3-(1 I -G -(methylanins - 6-{{(4
((1,4,7, i0-tetrakis{carboxymethyl}-1,4,7 1 0-tetraazacyclododecan-2-

yhmethylphenyljamino)-1,3,5-frtazin-2-yDpiperazin-1-

vhundecanamido)penty Dureido)pentanedioic acid, (7.7 mg, 0.00649 mmol) was added LuCh

r
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{0.63 mL of a 0.4103 mmoi/mbL, 0.00649 mmol). The reaction mixture was heated at 90 °C
for 1 hour and then {yophilized {o to give (28)-2-3-{(1S)-1-carbory-5-{11-(4-{4-
(methylamino)}-6-((4-({1,4,7, I O-tetrakis{carboxymethy)-1,4,7, 10~tetraazacyclododecan-2-
yvhmethyhphenyDamino}-1,3, 5-triazin-2-yi)piperazin-1-
vhundecanamidopentylureido)pentanedioic acid lutetium complex (7.9 mg) as a white

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

{6239} Example 14. (25}2-(3«{(18)*5»{1 {-{4-(d-{4-3-aminopropylipiperazin- -yl
6-{{4-{(1,4.7, } 0-tetrakis{carboxymethyi}- 1.4.7, [ G~tetraaracyclododecan-2-

yhmethyhphenybamino}-1,3,5-triazi 1—Jm—yi piperazin-1-viundecanamido)~}

carboxypentyhureidoipentanedioic acid lutetium complex.

N N N /’\Nf \w
' OH A N ;o S
o ;"/ R e W e
L ; NI D B AR PN
oo f N AN e
wo Ao L A ow 4 [k
r N ¢ RS -
g Ho# w 10,0 A N copn
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{{}249_‘; Step T (28)-2-3-((15)-5-(3 V-{4-(4-(4-(3-aminopropyDpiperazin-1-y)-6-( (4~
((1,4.7,10~tetrakis(carboxymethyl)-1.4,7,1 O-tetraazacyelododecans2-
y})meth}-'i}pheﬂyi)am inoy-1,3,5 ~triazin~2~yi}piperazinn I-yhundecanamido)-1
carboxypentyDureido)pentanedioic acid.
i
HN B
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(0241} To a solution of p-NH2-Br-DOTA-~terra{r-Bu-ester) {Macrocyclics) (42.4 mg,

0.050 mmol) and cvanuric chloride {9.2 mg, 0.050 mmol) in DCM (2.0 mL) was added
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DIPEA (0.10 mL} and the solution was stirred at room temperature for 2 hours. After stirring
the soivent was removed under a stream of nitrogen to give a residue which was disselved in
DMSG (1.0 mL) prior o the addition of (S)-ditert-buty] 2-3-({S)- [ -{tert-butoxy }- 1 -ox0-6-
{1 I-(piperazin-t-yDundecanamido)hexan-2-vhureido)pentanedioate (37 mg, 1.05 ramol} and
KoCO5 {50 mg). The resultant suspension was stirred at room temperature for 2 hours and 3-
(piperazin-|-ylpropan-1-amine (47 mg) was then added following which the reaction
mixture was stirred dor an additional 16 hours at room temperature. Lyophilization after 16
hours afforded the crude triazine intermediate which was deprotecied at room temperature,
overnight using TFA (2.0 mL) and DUM (1.0 mL). The deprotected product was purified by
Riotage SP4 using a C18 cartridge to give (283-2-G-((1833-( 1 1-{4-(4-(4-(3-
aminopropyhpiperazin- -y D-6-({4-((1,4,7. 10-tetrakis(carboxymethyl}-1,4,7,10-
tetraazacyelododecan-2-yhmethyhphenyvhaming)- 1,3, 5-triazin-2-yDpiperazin-1-
viundecanamido)-1-carboxypentyhurcido)pentanedioic acid (25 mg) as a white solid. MS

(ES13, 650.3 (M/2+H)"

{02421 Step 2. (253-2-03-{(1S)-5~(1 1 -{4-(4-(4-(3-aminopropyhpiperazin-{ -y13-6-{(4-
{(1,4.7 .1 D-tetrakis{carboxymethyii-1,4,7, H0-tetraazacyclododecan-2-
viymethylphenvilamino)-1,3, S-triazin-2-yhpiperazin- i -yQundecanamido)-1

carboxypentyurcido)pentanedioic acid futetium complex

(02431 To solid (2853-2-3-{(1%)-5-(§ 1 -{4-{4-(4-(3-aminopropylipiperazin- 1 -vI}-6-{{4-
{(1,4,7. Yo~tetrakis{carboxymethyly-1,4,7, [ 0-tetraazacyclododecan-2-
yimethyDpheoylamino)-1,3,5-triazin-2-yl}piperazin-1-yljundecanamido}-1-
carboxypentyhuretdo)pentanedioic acid (18,7 mg, 0.00824 mmol) was added LuCl; (0.80 mL
of a 0.0103 mmol/ml, 6.00824 mmol). The reaction mixture was heated at 90 °C for | hour
and then lyophilized to give (28)-2-G3~-((15)-5-(1 1 -(4-(4-{4-(3-aminopropyipiperazin-1-y1}-
6-((4-((1,4,7, 1 O~tetrakis(carboxymethyl)-1.4,7, 1 O~tetraazacyclododecan-2-
yhimethylphenylamino)-1,3,5-rnanin-2-yhipiperazin- {~ylundecanamido}- | -
carboxypentylDureido)pentanedioic acid jutetium complex (10.2 mg) as a white solid. M5

(ES1). 736.2 (M/2+H)"

0244} Exawople 15, (28)-2-(3-({1S)-1-carboxy-5-(1 | -{4-{4-(4~
{carboxymethylpiperazin-1-yD-6-((4-({1,4,7, 10-tetrakis{carboxymethyl}-1,4,7,10-
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tetraazacyclododecan-2-yimethylphenyDamino)-1,3,5-triazin-2-yDpiperazin- i~

yhundecanamido)pentyureido)pentanedioic acid lutetium complex.
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{02457 Step 1. {283-2-G-({(18)-1-carboxy-5-(11-(4-(4-{4-(carboxymethyl)piperazin-1-

yh-6-({(4-{{(1,4,7. 1-tetrakis(carboxymethyl)-1,4,7, 1 O-tetraazacyclododecan-2-
yiimethyhphenyhamino)-1,3,5-triazin-2-yDpiperazin-1-

yhundecanamido)pentyDureidopentanedioic acid.

T
HN,A\/\/ SN
0y OH P R COH
3 [ . \_T/ - \\ 7 e
L J N N U ? !'\ / ‘\ s
R P ‘\f‘*‘ o ON NTTCOH
o Ao A U om 2 T )
\W N Ix] Y l N, L N J
& HoH R L ] HO.C N NT_con
N ]
Lo
COpH
[0246] To a DCM solution (2.0 mL) of p-NHZ-Bn-DOTA-tetral{s-Bu-ester)

(Macrocyelics), (42.4 mg, 0.050 mmol) and cyanuric chioride (9.2 mg, 0.050 mmol) was
added DIPEA (0,10 mL) the resultant solution was stirred at room temperature for 2 hours.
After stirring, the solvent was removed using a stream of nitrogen 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}-{-oxo-6-(1 i-{piperazin-1-yHundecanamido)hexan-2-y Dureldo)pentanedioate (37 mg,
.05 mmol) and KoCO5 (50 mg). The suspension thus obtained was stirred at room
ternperature for 2 hrs and fers-butyl 2-{piperazin-1-yhacetate (30 mg) was then added to the
reaction mixture and stirring was continued at room temperature for an additional 16 hours.
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 mL) and DCM (1.0 mL)

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 o give crude deprotected product that was
purified by Biotage SP4 using a C18 carwidge. The titled compound (283-2-(3-({18)-1-
arboxy-5-(1 1-(4-(4-(d-{carboxymethyhpiperazin-1 -yD-6-{(4-{{(1,4,7, 10~
tetrakis(carboxymethyi)-1,4,7, 1 3-tetraazacyclododecan-2-yhmethylphenyDamine)- 1.3,5-
triazin-2-vi)piperazin-1-yhundecanamido)pentyDureido)pentanedioic acid (14 mg) as

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

{02473 Step 2. (25)-2-(3-{{18)-1-carboxy-5-{ LI-(4-(4-{4-(carboxymethylipiperazin-1-
yH-6-{{4-{(1,4,7,10- ‘telrai\za(@arbowmeth"i3 4,7, 1{-tetraazacyclododecan-2-
yvhimethyphenyhamine)-1,3, S-triazin-2~vipiperazin-1-

vhundecanamidoypentyureido}pentanedioic acid lutetivm complex.

{02481 To solid (25)-2-(3-({18)-1-carboxy-3-(1 1 -(4-(d-(4-{carboxymethyl)piperazin-

Ly b-6-({4-((1,4,7 V~tetrakis{carboxymethyl)-1.4,7, H i-tetraaracyclododecan-2-
yiimethyhphenyhamino)-1,3,3-triazin-2-ylpiperazig- 1~

vhundecanamido)penty }urudo;pcmdnedmm acid (6.0 mg, 0.00426 minol) was added LuCly
{0.45 mL of 2 0.0103 mmaol/ml., £.00462 mmol). The reaction mixture was heated at 90 °C
for | hour and lyophilized to to give (383-2-3-((1S)-1-carboxy-S-{1 [~(4-{4-(4-
{carhoxymethylipiperazin-1-y1)-6-{{4-{(1.4.7,10~tetrakis{carboxymethy-1,4,7,10-
tetraazacyclododecan-2-yDmethyDphenyljamino}-1,3, 5 -triazin-2-yhpiperazin-1-

yvhundecanamido)pentyureida)pentanedioic acid lutetiam complex (5.6 mg) as a white

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

(6249] Example 16, (283-2-03-((15)-l~carboxy-5-(1 1-{4-{4-(4-(3-
carboxypropylipiperidin--yD-6-({4-({1,4,7, | O~tetrakis{carboxymethyl}- 1,4,7,10-
ietraazacyclododecan-2-yhmethyhphenyhamino)-1,3, S-triazin-2-ypiperazin-1-

yhundecanamidopentyDureido)pentanedioic acid lutetium complex

g7-



WO 2014/110372 PCT/US2014/011047

i ~ -
‘_lN ‘/J-\\/’/\‘\_//\\\//\ ~ \’\\,»/' ~ iq/ \é
G._.0H r/‘ N (’;-:)ZH
i {
} N, Vot s
s (‘E g’/ NN T 2
; Y ! T w
.40\_,1 APty oH L ]
o HoF g HOG A 7 \GOgH
{0258 Step 1. (2532-3-{(1 S)-1-carboxy-5-{ L -{4-{4-(4-(G-carboxypropyipiperidin-

F-yD-6-{{4-({1,4.7, 1 0-tetrakis{carboxymethyl)~1,4,7, 1 O~etraazacyclododecan-2-
yhmethyhphenyhiamine)-1.3,5-trlazin-2-ylpiperazin-1-

yhundecanaridopentyhureidopentanedioic acid.

o
PPN
TN ?:e'/ ~
Oy OH A N ~ COH
Y j . YL
~ o {/ NEA —*r"N N \‘GOZH
SN W e T
i T T S
5 BB 4 i HO,C A /Nj\v—C:Oz'ri
L
i
o
162514 To a solution of p-NH2-Bn-DOTA-tetra(r-Bu-cster) (Macrocyclics), (42.4 mg,

(.030 mmeol} and cyanuric chiloride (9.2 myg, 0,050 mmol) in DCM (2.0 mbL) 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 a residue which was dissolved in DMSO (1.0 mbL)
prior to the addition of (S)-di-tert-butyl 2-(3-((§)-1 {tert-butoxy)-1-ox0-6-(1 | -{piperazin-1 -
vhundecanamidoYhexan-2-yljureido)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-
vhbutanoic acid (160 mg} was then added to the suspension. After confinuous stirving af
room temperature for 72 hrs, the reaction was stopped by lyophilizatio to afford the protected
triazine compound. Deprotection at room temaperature, overnight using TFA (4.0 mL} and
DCM (1.0 mL), followed by purification using Biotage 5P4 and a C18 cartridge gave (28)-2-
(3-({1S)-1-carboxy-3-{ 1 1-{4-(4-{4-(3-carboxypropyipiperidin-1-yD-6-{((4~((1,4,7. 10

tetrakis{carboxymethyl)-1,4,7,10-tetraazacyclododecan-2-yhimethytpheny Daming)-1,3,5-

28
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triazin-2-ypiperazin-1-yhundecanamido)pentyhureido)pentanedioic acid (153 mg) as a

white sofid. MS (ESI), 650.8 (M/2+H)"

{02521 Step 2. (283-2-(3~((18}- t-carboxy-5-(1 1 -(4-(4-(4-(3-carboxypropyDpiperidin-
Py B-6-{{4-((1,4,7,1 (3ntc;ttraE\'is{carbaxymcti‘xyi)»1 4,7, 10-tetranzacyclododecan-2-
vhmethyDphenyljamino}-1,3,5-triazin-2-ylipiperazin-i -

yhundecanamidolpentyurcido)pentanedioic acid futetium complex

f0253] To solid {28)-2-(3-((18)~1 ~carboxy-5-(1 1 -{4-{4-(4-(3-
carboxypropylpiperidin- {-yH-6-((4-((1.4,7, 1 0-tetrakis{carboxymethyl}-1,4,7,10-
tetraazacyclododecan-2-yhimethylphenyDamino)-1,3,5-triazin-2-yDpiperazin-1-
yhundecanamidoipentyureido)pentanedioic acid (6.9 mg. 0.00520 wmol) was added LaCly
(0.50 mi, 4.0103 mmol/mb., 0.00520 mmol}. The rcaction mixture was heated at 90 °C for 1
hour and lyophilized to to give (28)-2-(3-((18)-1-carboxy-5-(1 1-{4-(4-(4-(3-
carboxypropylpiperidin- -yD-6-((4-({(1,4,7,10~tetrakis{carboxymethyl}-1,4,7,10-
tetraaracyclododecan-2-yhmethyliphenyl}amino)-1,3, 5-riazin-2-yDpiperazin-1-
yhundecanamidopentyureidopentanedioic acid lutetium complex (7.9 mg) as a white

sobid. M8 (E81), 750.2 (M/2+H)

[0254] Example 17 *Ga Labeli ing of {(283-2-(3-{{15})-1~ ba;bn\y ~{(11-~(4-(4-
{dimethylamino)-6-{(4-((1,4,7, 1 0-tetrakis{carboxymethyl)-1,4.7. {{-etraaracyclododecan-2-
viymethyhphenybamine)-1,3, S-triazin-2-ylpiperazin- I~

yhundecanamide pentyhureidojpentanedioic acid.

o =G
P ;,j\ PN . AN PN I [®]
HN S ~ NN~ ~ N ~ /‘ . Ny /Off
! : 1 H N,/ \N \,{
cooH - S M AN N v\ B
: { H ; ! Ga |
LS H o i
\\_ 0 {——” N N N~ 5\ //’ 0
ISR G Y \ AN
HooeT WU UNT Ty AN f eIy
H ~ }::D
{6255} “*Ga was synthesized using a gallium-68 generator (IDB Holland). A [ mL

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 ul of the target
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compound (10 mM solution in DMSO)Y and 10 gl of ascorbic acid (20% in water). ThepHo
the reaction mixture was adjusted to be in the pH range of 3.6 —~ 3.9 by the addition of

approximately 290 gl of an aqueous solution ot 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 muxture was analyzed by HPLC to confirm complete complexation. The
-caction mixture was then diluted with 2 mi saline (0.9% sodium chloride) and foaded onto a
pre-conditioned Plexa Cartridge (60 mg, Varian, Bond Elut Plexa). The cartridge was rinsed
with 2 mL saline prior to efution of the desired complex using 0.5 mL cthanol. 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 pl. of phosphate buffer.

{02571 The radio-labelled compound was analyzed by HPLC on a Chromolith
Performance RP-18e column (100 x 3 mm Merck KGaa, Darmstadt, Germany) using a

lincar gradient from % to 100% acetonitrile in water {both containing 0.1% TFA) over §
min. UV absorbance was detected at 214 nm. Under these conditions ®Ga-M1P-1558 is
cluted at about 2.25 min. The radiochemical yields ranged from 77% -~ 97%, average RCP =

R7% (data corrected for radicactive decay).
EQUIVALENTS

{32581 Whiie certain embodiments have been illustrated and described, it should be
understood that changes and modifications can be made therein in accordance with ordinary
skill in the art without departing from the technclogy in its broader aspects as defined in the

following claims.

[6259] 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 compuositions within the scope of the disclosure, in
addition to those enumerated hereln, will be apparent to those skilled in the art from the
foregoing descriptions. Such modifications and variations are intended to tfall within the

scope of the appended claims. The present disclosure is to be fimited only by the terms of the

-G{j-
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appended claims, along with the full scope of equivalents to which such claims are entitled.
it 1s to be understood that this disclosure is not limited to particular methods, reagents,
compounds compositions or biclogical systems, which can of course vary. It is also to be
understood that the terminology used herein is for the purpose of describing particular

embodiments only, and is not intended to be limiting.

[0268] n 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 mewbers of the Markush group.

[0261] Ag will be undersiood by one skilled in the art, for any and all purposes,
particularly in terms of providing a writien description, all ranges disclosed herein also
encompass any and all possible subranges and combinations of subranges thereof. Any listed
range can be casily recognized as sufficiently 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, middle
third and upper third, efc. As will also be understood by ove skilled in the art all language

*s

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.

{0262 Al 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 entivety. Definttions that are
contained in text incorporated by reference are excluded to the extent that they contradict

definitions in this disclosure,

10263] Other embodiments are set forth in the tfollowing clatms.
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CLAIMS:

1. A compound according to formula I

wherein:

A is (CHR"),, or C(0);

W is-C(O)~(CHa)p-; -C(O)[-CH,-CH-O]y-, [ CHz-CHz-0]-(CHz)2-, ~C(O)-
[CHR) g ~(CH2)n-O-(CHa)u, (CH2)m-S-(CHa)u, (CH2)m-S(0)-(CHa)y, -
(CH2)u-S(O)2-(CHz)n-, 0r ~(CH2)m-NRy-(CHa)yr,

_ , ?‘N\__/N —%

Y is—NH-, -NR*-, or ;

X is —(C;-Cjg)alkylene-(C3-Cyp)arylene, -(C3-Cp)arylene, -(C3-Cip)arylene—~(Ci-
Cio)alkylene-, phenylene, —(C,-Cjg)alkylene-(C;-Cip)cycloalkylene, -(Cs-
Cio)eycloalkylene, or -(Cs5-Cjo)cycloalkylene—(C,-C)g)alkylene-;

R! and R? are each independently H, -(C;-Cjp)alkyl, -C(0)-(C,-C)p)alkyl, benzyl, -
(C3-Cyo)eycloalkyl, or -{Cs-Cyg)aryl;

R® and R are each independently H, -OH, -(C;-Cig)alkyl, -[CHz-CHp-OJy-(CH2),-T, —
C(0)-(C,-Cyg)alkyl, —(C,-Cp)alkylene-C(O)-, —(C;-C)g)alkylene-C(0)-Z,
benzyl, -(C3-Cyg)cycloalkyl, -(C;5-Cyg)aryl-(C,-C g)alkylene, -(C3-Cig)aryl,
halo-(C,-C)g)alkyl, hydroxy-(C,-Co)alkyl, -NH--(C;-Cyp)alkyl, or -(C,-
Cio)alkylene-NR®R®-, or R* and R® together with the nitrogen to which they
are bonded form a (C3-Cyg)-heteroaryl or (C3-Cg)-heterocycloalkyl that can

further comprise one or more heteroatoms selected from N, S, or O;
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Z is—0OH, -O(C;-Cyp)alkyl, o 0 ;
R®is -OH, -O(C;-Cg)alkyl, -Obenzyl, -O(C3—C10)cycloalky], -O(Cs-Cyg)aryl, -O-(C;-

Cio)alkylene-(Cs-Cig)aryl, or -O-(C;-C)g)alkylene--(Cs-Co)cycloalkyl,
R’ is H, halogen, -OH, -NH,, —(CHz),-COOH, or -(CHz),- NHa;
T is—H, -OH, -COOH, or -NR‘R®;
R? and R® are each independently H, bond, -OH, ~(C,-Cig)alkyl, or -(Cs-

Cio)heteroaryl-(C-Cjg)alkylene;
m, 1, p, q, t and r are each independently 0, 1, 2, 3,4, 5,6, 7,8 9, or 10; and

=

NS

HO,C N
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5"

H
HO N~ A NG
Hy N N
H4C—CtC "N=C OH HO
H , AN /
OCHs point of
attachment
H; [5-MeOsal); TAME] , or to linker ;

wherein any alkyl, alkylene, aryl, arylene, heteroaryl, heteroarylene, cycloalkyl,
cycloalkylene, heterocycloalkyl, or heterocycloalkylene is optionally
substituted with 1, 2, or 3 substituent groups selected from the group
consisting of -(C;-Cp)alkyl, -(C;-Cjg)haloalkyl, -(C;-Cp) aminoalkyl, -(C;-
C)o)alkylene-COOH, -(C;-C,p)hydroxyalkyl, -OH, halogen, -NH;, -COOH, —
C(0O)-(C)-Cipyalkyl, —(C,-Cg)alkylene-C(O)-, ~(C;-Cp)alkylene-C(0)-X, -
NH--(C;-C)o)alkyl, and -(C;-Cjp)alkylene-NR*R®-, and ~NRR®.

2. The compound of Claim 1, wherein X is phenylene, ris 1 and D is

co?_H COzH

;T J
AL

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

Formula II

N N

H H
o] 0 11
wherein:

A is (CHR ')y, or C(O);

W is selected from the group consisting of ~C(O)—~(CH,),~; -C(O)[-CH,-CH,-0},-, -
[CH,-CH»-O},~(CHz)a-, ~C(O)-[CH(R?)J¢-, (CH2)uu-O~(CHa)y-, ~(CHa)-S-
(CHa)u, ~(CH2)-S(0)-(CH2)yr, ~(CH)n-S(0)2-(CHa)uand -(CHy)-NR,-

(CH?.)n"
“l‘ 4
> Or
%‘N/-_\N— N N/J
Y is selected from —NH-, -NR%-, —~ g, mlm or ALM ;

R' and R? are each independently selected from H, -(C,-C p)alkyl, —C(O)-(C;-
Cio)alkyl, benzyl, -(C3-Cjg)cycloalkyl, or -(C5-Cjp)aryl;

R? and R® are each independently selected from the group consisting of H, -OH, -(C,-
Cip)alkyl, -[CH,-CH;-0]4-(CH2),-T, =C(0O)-(C,-C)p)alkyl, —(C,-Cjo)alkylene-
C(0)-, ~(C,-C,palkylene-C(0)-Z, benzyl, -(Cs-Cjp)cycloalkyl, -(C3-Cyg)aryl-
(Ci-Cip)alkylene, -(C;3-Cyg)aryl, halo-(C,-C)g)alkyl, hydroxy-(C;-Cig)alkyl, -
NH-~(Cy-Cjo)alkyl, and -(C;-C)p)alkylene-NR?R’-, or R* and R® together with
the nitrogen to which they are bonded form a (Cs-Cg)-heteroaryl or (C;-Cg)-
heterocycloalkyl that can further comprise one or more heteroatoms selected

from N, S, or O;
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Z is selected from —OH, -O(C;-C)g)alkyl, o)

O\t\;OR° O
K f;
RO~ OR,
NT N

TN
(0] o "

R®is selected from -OH, -O(C;-C)g)alkyl, -Obenzyl, -O(C3-Cjo)cycloalkyl, -O(Cs-
Cio)aryl, -O-(C-Cjg)alkylene--(C3-Cig)aryl, or -O-(C;-C p)alkylene--(Cs-
Co)cycloalkyl,

R3 is selected from H, halogen, -OH, -NH,, —(CH3),-COOH, or -(CH),- NHa;

T is selected from —H, —~OH, -COOH, or ~NRR*;

RY and R® are cach independently selected from H, bond, -OH, -(C,-Cq)alkyl, or -(Cs-
Co)heteroaryl-(C;-C g)alkylene;

m, 1, p, q, t and x are each independently 0, 1, 2, 3,4, 5, 6,7, 8 9, or 10;

wherein any alkyl, alkylene, aryl, arylene, heteroaryl, heteroarylene, cycloalkyl,
cycloalkylene, heterocycloalkyl, or heterocycloalkylene is optionally
substituted with 1, 2, or 3 substituent groups selected from the group
consisting of -(C,-C,g)alkyl, -(C;-Cyp)haloalkyl, -(C|-C)q) aminoalkyl, -(C;-
Cig)alkylene-COOH, -(C;-Cyo)hydroxyalkyl, -NH,, -COOH, -C(O)-(C-
Cig)atkyl, ~(C;-Cyg)alkylene-C(O)-, -(Ci-Cyp)alkylene-C(0)-X, -NH--(C;-
Cio)alkyl, and -(C;-Cyp)alkylene-NR'R®-, and -NRR".

The compound of Claim 3, wherein A is (CHR "), and W is ~C(O)~(CHa)p-.

The compound of Claim 4, wherein R' is hydrogen and m is 2.

g_NmN—
The compound of Claim 3, wherein Y is -NH- or — g
— /~\ —
§ NN g

The compound of Claim 6, wherein Y is
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8. The compound of Claim 3, wherein R*and R® are each independently hydrogen or

methyl and R is -OH.

9. The compound of Claim 3, wherein R? and R” together with the nitro gen to which

they are bonded form a (Cs-Cg)-hcterocycloalkyl.

10. The compound of Claim 9, wherein the (Cs-Cq)-heterocycloalkyl is selected from
piperidine, piperazine, morpholine, thiomorpholine, isothiazolidine, isoxazolidine,

pyrrolidine, immidazolidine, thiazolidine or oxazolidine.

11 The compound of Claim 10, wherein the (Cs-Cg)-heterocycloalkyl is piperidine or 4-
{(piperidin-4-yl)butanoic acid.

WA

12. The compound of Claim 9, wherein R* is -H and R® is HOOC)V\NR"Rc.

13.  The compound according to claim 9, wherein R? and R® are each independently -(Cs-

Co)heteroaryl-(C;-Cig)alkylene.

N
14.  The compound of Claim 9, wherein R and R° are cach independently R .

15. The compound of Claim 3, which is selected from the following compounds:

Oy~ OH
HNj\A/\/\/H NYH T/_\/\‘(

o)
70
T
o)
P4
-4
z
o
L/
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or a pharmaceutically acceptable salt, solvate, or ester thereof.
16. A metal complex comprising a radionuclide and a compound of Claim 1.

17.  The metal complex of Claim 16, wherein the compound is

OzH

N /\002H
Rc /N ~ /Y-<d
HO,C N \/COZH
T Rb
/u\ Ra
wherein:

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

W is selected from the group consisting of ~C(O)}~(CHa),-; -C(O)[-CHz-CH;-Ol,-, -
[CH;-CH,-0Ji-(CHz)z-, —C(O)-[CH(R ) Jg-, ~(CH2)m-O-(CHz)u-, -(CH2)m-S-
(CHz)n~, (CH2)u-S(0)-(CH2)n-, ~(CH2)in-S(0)2-(CHz)n-,and -(CHa)m-NRo-
(CH)n-,
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PO ) ¢

Y is selected from —NH-, -NR"-, wnmnn O wian

R' and R? are each independently selected from H, -(C)-Cyo)alkyl, ~C(0)-(C)-
Cio)alkyl, benzyl, -(C5-C p)cycloalkyl, or -(C3-Cyp)aryl;

R” and R® are each independently selected from the group consisting of H, -OH, ~(C;-
Co)alkyl, -[CH;-CH;-0],-(CHs),-T, —C(0)-(C;-Cjp)alkyl, —(C;-C)o)alkylene-
C(0)-, —(C;-Cyp)alkylene-C(Q)-Z, benzyl, -(C3-C)p)cycloalkyl, -(C3-Cg)aryl-
(C1-Cjg)alkylene, -(C5-Cjp)aryl, halo-(C,-Cg)alkyl, hydroxy-(C,-C)g)alkyl,
-NH--(C;-C )alkyl, and ~(C;-Cjp)alkylene-NR*R%-, or R* and R® together with

3

the nitrogen to which they are bonded form a (C3-Cg)-heteroaryl or (C3-Cq)-
heterocycloalkyl that can further comprise one or more heteroatoms selected
from N, S, or O;
HN—}
o\]\,\ORc
RCO\N/?\ /&N OR,

N
Z is selected from ~OH, -O(C,-Ci)alkyl, o " " o or

orORc Ol
X g
R,O~_~ OR,
N7 N
IS80 %

R’ is selected from -OH, -O(C-Cp)alkyl, -Obenzyl, -O(C;-Cjo)cycloalkyl, -O(Cs-
Ciplaryl, -O-(C;-C)g)alkylene--(Cs-Cjg)aryl, or -O-(C;-Cyp)alkylene--(Cs-
Cio)cycloalkyl,

R? is selected from H, halogen, -OH, -NHa, (CHz)p,-COOH, or —(CHa)p- NHy;

T is selected from ~H, ~OH, -COOH, or -NR'R%;

R% and R® are each independently selected from H, bond, -OH, -(C;-C¢)alkyl, or -(Cs-
Cio)heteroaryl-(C,-Cyp)alkylene;

m, n, p, q, t and x are each independently 0, 1,2, 3,4, 5,6, 7,89, or 10;
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wherein any alkyl, alkylene, aryl, arylene, heteroaryl, heteroarylene, cycloalkyl,
cycloalkylene, heterocycloaltkyl, or heterocycloalkylene is optionally
substituted with 1, 2, or 3 substituent groups selected from the group
consisting of -(C,;-Cyg)alkyl, -(C,-Cip)haloalkyl, -(C,-Cyo) aminoalkyl, -(C-
Cjp)alkylene-COOH, -(C,-Cg)hydroxyalkyl, -NH,, -COOH, -C(0)-(C;-
Cio)alkyl, —(C;-Cjp)alkylene-C(O)-, —(C,-Cp)alkylene-C(O)-X, -NH--(C-
Co)alkyl, and -(C)-C g)alkylenc-NRR®-, and -NR'R®; and

the radionuclide is selected from the group consisting of '''In, *°Y,*® Ga, **Cu '**Gd,
155G, '57Gd, *Fe, 25 Ac, 2?Bi, 212Bi, *Co, “'Cu, "Dy, '*Ho, I, **Ra,
136Re, 18Re, 1R, 212Pb, 213Pb, “*Tb, 22'Th, '*Sm, ¥sr, 1'™Sn, 1%y, 0y,

86Y, 87¢ and L.

18. The metal complex of Claim 16 which is:

E OH
Ho A~ AL OH
Ty
i/\/\/\/ OTOH
H H
N<-NsN /A OH
HN | ~ N N
Ox-OH NN o Luj Q
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or a pharmaceutically acceptable salt or solvate thereof.

19. A pharmaceutical composition comprising the compound of Claim 3, or a

pharmaceutically acceptable salt, solvate, or ester thereof; and a pharmaceutically acceptable

carrier.

20. A pharmaceutical composition comprising the metal complex of Claim 17 or 18, ora

pharmaceutically acceptable salt, solvate, or ester thereof; and a pharmaceutically acceptable

carrier.

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

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

radionuclide and a compound according to Formula III,

H H COoH
(G), NN _N 2
oYY L\~ coH
NYN j
N, N N
Re RP (\__/ N—CO,H
COyH 111

or a pharmaceutically acceptable salt or solvate thereof; and

recording a radiographic image of the one or more tissues;

HN—% ORS
A 4 RS
RO A j\ or, RO Nj\
wherein G is 0 0 , or

L is-NH-(C,-C,g)alkylene-, -NH-(C;-C,g)alkylene-C(O)-,
—C(0)-(C;-Cjp)alkylene-, —C(0)~(C;-C,g)alkylene-C(O)- or

—C(O)-(C1-C10)aikylenq—C —-§_

R? and R® are each independently H, -OH, -(C,-Cp)alkyl, -[CH;-CH,-0},-(CH2),-T, —
C(0)-(C-Cypyalkyl, —(C,-Cyp)alkylene-C(O)-, —(C,-C,p)alkylene-C(O)-Z,
benzyl, ~(Cs-C))cycloalkyl, -(Cs-Cyp)aryl-(C,-C)g)alkylene, -(C5-Ciglaryl,
halo-(C;-Cig)alkyl, hydroxy-(Ci-Co)alkyl, -NH-~(C,-C)p)alkyl, or -(C;-
Cio)alkylene-NRR®-, or R? and R together with the nitrogen to which they
are bonded form a (C5-Cg)-heteroaryl or (Cs-Cg)-heterocycloalkyl that can

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

OR®
I I
RO R o OR,

Z is—OH, -O(C,-Cyp)alkyl, 0 0 ;

RY and R® are each independently H, bond, -OH, —(C;—C 10)alkyl, or -(Cs-
Cio)heteroaryl-(C,-Cg)alkylene;

nis0,1,2,3,4,5,6,7,89, or 10; and
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wherein any alkyl, alkylene, aryl, arylene, heteroaryl, heteroarylene, cycloalkyl,
cycloalkylene, heterocycloalkyl, or heterocycloalkylene is optionally
substituted with 1, 2, or 3 substituent groups selected from -(C,-Cyp)alkyl, -
(C-Cp)haloalkyl, -(C;-C;p) aminoalkyl, ~(C;-C;g)alkylene-COOH, -(C;-
C,o)hydroxyalkyl, -NH;, ~-COOH, —C(0)-(C;-Cjp)alkyl, «(C;-C)p)alkylene-
C(0)-, —(C;-Cyp)alkylene-C(0)-X, -NH--(C;-C,g)alkyl, or -(C-Cyp)alkylene-
NRR*, and -NR“R".

22.  The method of claim 21 in which the one or more tissues are selected from prostate

tissue or prostate cancer tissue.

23.  The method of claim 21, wherein the radionuclide is selected from the group
consisting of 'n, 2°Y,%8 Ga, #*Cu '**Gd, '°Gd, ''Gd, *Fe, *Ac, 2'?Bi, 2P*Bi, **Co, 7Cu,
léSDy, 166H0, 19211,, 223Ra, lSGRe’ lBSRe, IOSRh, 212Pb’ 213Pb, MgTb, 227Th, 15381'1‘1, 8981_’ ]l7msn’

1%y, 20y, 26y, ¥7Zr and ""Lu.

24. A prostate-specific membrane antigen (PSMA) binding complex for use in therapy

wherein the complex is that claimed in claim 16, 17 or 18.

25. Use of a therapeutically effective amount of a prostate-specific membrane antigen
(PSMA) binding complex, comprising a triazinylene linker in the manufacture of a
medicament for the treatment of a subject diagnosed with cancer, wherein the
complex is retained in a PSMA-expressing tumor tissue for a longer interval of time
than non-PSMA expressing tissue wherein the binding complex is that claimed in
claim 16, 17 or 18.
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