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The chelating agent AAZTA features a mesocyclic seven-membered diazepane ring, conferring some of the properties of
both acyclic and macrocyclic chelating agents. Described in the early 2000s, AAZTA and its derivatives exhibited
interesting properties once complexed with metals and radiometals, combining a fast kinetic of formation with a slow
kinetic of dissociation. Importantly, the extremely short coordination reaction times allowed by AAZTA derivatives were
particularly suitable for short half-life radioelements (i.e., 68Ga).
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| 1. Introduction

As an emerging approach in modern medicine, “theranostics” (also called “theragnostics”) consists of the combination of
diagnostic and therapeutic tools to achieve personalized patient care 1. Various scientific disciplines, especially in the
field of nanotechnology @ and biomaterials &, can be involved in theranostic approaches. Nuclear medicine is particularly
suited to this concept, easily combining molecular imaging and targeted radionuclide therapy M. Historically, nuclear
medicine is deeply connected to theranostics, being used for decades for the management of benign and malignant
thyroid diseases with radioiodine isotopes 28, |n recent years, theranostic in nuclear medicine benefited from the rise of
68Ga and 177Lu radiochemistry, allowing easy radiolabeling of the same vector molecule by either a photon-emitting (i.e.,
68Ga for PET imaging) or a particle-emitting (i.e., 17’Lu, beta-emitter for therapy) radioelement. This approach is all the
more convenient since the radioelements used are metals, which can be readily complexed by a vector molecule
functionalized by a chelating group. The “theranostic pair” ®8Ga/1"’Lu is an illustrative example, successfully applied to the
management of several malignancies, in particular neuroendocrine tumors (NETs) [ and prostate cancer B2, New
theranostic pairs have recently become increasingly popular, especially those involving scandium-44. This latter positron-
emitting isotope showed high potential for TEP imaging and can be paired with either 177Lu or its beta-emitter isotope 4’Sc
for therapeutic applications 9. Radiolabeling with radiometals requires optimal coordination chemistry conditions,
including the use of chelating groups best suited to the theranostic couples used in nuclear medicine. The complexation
reaction step can be industrialized for radioelements with a long half-life (i.e., 1’Lu), whereas radiopharmaceuticals
containing short half-life radioelements (i.e., %8Ga) have to be prepared extemporaneously, in the radiopharmacy
laboratory, under reaction conditions that should be as simple and robust as possible. To date, the chelators of choice for
the design of radiopharmaceuticals are either macrocycles such as DOTA (used in DOTATOC, DOTATATE, or PSMA-617)
or acyclic groups such as DTPA (used in pentetreotide). However, many new chelating agents with more sophisticated
structures and enhanced properties have been developed in recent years 1. Among these original derivatives, AAZTA (6-
amino-6-methylperhydro-1,4-diazepinetetraacetic acid) is a heptadentate chelator formed by a medium-sized, seven-
membered 1,4-diazepine ring and an iminodiacetic exocyclic group. This particular structure makes it part of the
mesocyclic chelating agents class. The first of these chelators, AAZTA, was initially designed to form gadolinium
complexes of particular interest in MRI imaging. In addition to forming a stable complex, Gd-AAZTA could bind with two
water molecules in its coordination sphere (hydration number q = 2), reaching high relaxivities. Other chelators inspired by
AAZTA were then developed and displayed promising coordination properties for some radiometals such as gallium-68 or
scandium-44. Although AAZTA and its derivatives have been thoroughly studied for their possible applications in magnetic
resonance imaging (MRI), the use of these chelators for radiochemical applications has only become widespread in
recent years.



| 2. Design, Synthesis, and Kinetic Properties
2.1. Original AAZTA Derivatives

The first synthesis of AAZTA was reported by Aime et al. in 2004, presenting this chelator as a promising MRI contrast
agent candidate 12, The first step of its synthesis sequence (Scheme 1) consisted of the formation of the diazepane ring
via a nitro-Mannich reaction. Heating a mixture of N,N'-dibenzylethylenediamine diacetate, nitroethane, and formaldehyde
in ethanol allowed the formation of 1,4-dibenzyl-6-methyl-6-nitroperhydro-1,4-diazepine in excellent yields. Subsequent
reduction of the nitro group and simultaneous bis-N-debenzylation catalyzed by palladium on carbon in a methanol/water
mixture under hydrogen atmosphere led to 6-amino-6-methylperhydro-1,4-diazepine (AMPED), a strongly basic triamine
whose nitrogen atoms can be functionalized. Complete alkylation of both the primary amine and the two secondary
amines using tert-butyloromoacetate with potassium carbonate in acetonitrile formed the final protected derivative,
subsequently treated by trifluoroacetic acid to obtain the AAZTA chelator with a 48% overall yield. In addition to being
simple and straightforward, this synthesis has the advantage of using readily available and cheap reactants.
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Scheme 1. Original synthesis sequence of AAZTA described by Aime et al. 12,

Evaluated for its potentiometric and relaxometric properties, the [Gd-AAZTA]™ complex showed a stability constant (logK)
of 19.26, slightly smaller than [Gd-DTPA]?". However, this complex displayed no transmetallation effects in the presence
of Zn, Mn, or Ca, an exchange rate of the two coordinated water molecules significantly higher than [Gd-DTPAJ?~ and [Gd-
DOTA]™ (90 ns vs. 300 ns and 240 ns, respectively) and a high kinetic inertness (unchanged relaxivity at 20 MHz and 298
K for a pH range from 2 to 11). Coordination behavior of AAZTA with other lanthanoids was very comparable, with a
monotonous increase in the complexes’ stability from La3* to Lu®* but with logK values slightly lower than those of the
analogous DTPA complexes 13, Complementary studies confirmed the excellent kinetic inertness of the [Gd-AAZTA]”
complex near physiological conditions (t1, = 4337 h vs. 147 h for [Gd-DTPAJ?).

Overall, these results suggested AAZTA compatibility with Ga, Sc, and Lu and the possibility of a safe in vivo use of
potential AAZTA-radiopharmaceuticals, especially for the labelling of heat-sensitive biomolecules such as antibodies. The
interest of chelators allowing fast complexation at room temperature is major in the design of new radiopharmaceuticals.
The best example is HBED, a phenol-containing aliphatic chelator able to form stable complexes with 88Ga at room
temperature within minutes 24151 and found in PSMA-11, widely used in clinics for prostate cancer PET imaging 1261,

2.2. AAZTA Modulations to Improve Coordination Behavior

2.2.1. Modifications in the Number and Nature of Coordinating Side Arms

Replacement of the two acetic arms in the 1,4 position of AAZTA by bulkier methyleneethylphosphinic groups was
reported by Emerlindo et al. in 2013 4. Because the Mannich reaction between AMPED, paraformaldehyde, and
alkylphosphinate ester quantitatively formed a tricyclic bisaminal derivative in place of the expected product, the
phosphinic pendant arms were introduced first, in the form of a methanesulfonic acid ethoxymethylphosphinyl ethyl ester.
Alkylation of AMPED with this latter occurred preferentially at endocyclic nitrogen atoms (Scheme 2), most certainly due to
both high steric hindrance at the 6-amino position and high nucleophilicity of the secondary amines 13I8l N N-
Dialkylation of the 6-amino position with ter-butyl bromoacetate was conducted afterward to obtain, after deprotection by
hydrobromic acid, the AAZ2A2PE! chelator in 7% overall yields. The [Gd- AAZ2A2PEY complex was characterized by a
coordination environment very similar to [Gd-AAZTA], except for its reduced number of coordinated water molecules (q =
1, possibly due to the steric hindrance of the phosphinate groups). Most importantly, this work showed the possibility of
starting from AMPED as a scaffold for chelating arms’ modulation.
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Scheme 2. Synthesis sequence of phosphorus-containing AAZTA derivatives described by Ermelindo et al. &4 and
Guanci et al. 19, Ms = methanesulfonate.

AAZTA derivatives bearing a glutar-2-yl group at one or both endocyclic nitrogen atoms were synthesized by Elemento et
al. 18 selective alkylation relied on the preferential reactivity of the secondary amines and gave rise to several
diastereoisomers (Figure 1). Water exchange rates measured for Gd"' complexes of mono- and di-glutarate derivatives
were slightly lower than for Gd-AAZTA, with a metal ion hydration number g = 2 for each complex. Interestingly, faster
exchange dynamics were observed for the (RS) derivative compared to its (RR) diastereoisomer, suggesting that small
modulations on the diazepane ring substituents could increase the steric demand at the metal center. Evaluation of such
chelators as radiometal complexing agents would be relevant, especially with regard to the free carboxylate groups on the
glutarate arms that could offer the possibility for conjugation reactions.
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Figure 1. Examples of mono- and di-glutarate analogues of AAZTA synthesized by Elemento et al. [28],

2.2.2. Backbone Rigidification

Structure rigidification by fusing a cyclic unit to the backbone of a chelating agent is a strategy that has already been
applied to acyclic ligands such as DTPA. The cyclohexyl ring of CHX-A"-DTPA made the complexing agent stiffer,
imposing a degree of preorganization on the metal ion binding site and enhancing its kinetic inertness 2224 with the
same goal, a cyclohexyl-fused AAZTA chelator (CyAAZTA) was synthesized and studied 2. CyAAZTA was obtained
following a synthesis sequence analogous to AAZTA, starting from trans-1,2-dibenzylaminocyclohexane (Scheme 3).
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Scheme 3. Synthesis of constrained chelators CyAAZTA 22 and CpAAZTA 23],

A cyclopentyl-fused analogue of CyAAZTA, called CpAAZTA, was also reported [23. |ts synthesis was comparable in
every way with that of CyAAZTA, starting from 1,2-epoxycyclopentane as the precursor of trans-1,2-
dibenzylaminocyclopentane (Scheme 3).

2.3. AAZTA Modulations to Obtain Bifunctional Chelating Agents (BCA)

Various techniques for anchoring a chelating agent to a molecule of interest are described in the literature, each of them
requiring the presence of a dedicated reactive group on the chelator to undergo this functionalization 241231, |n the AAZTA
structure, the methyl group on the sp2 central carbon atom of the propylene endocyclic moiety is particularly suitable for
derivatization as it is exocyclic and not involved in metal ion complexation. Hence, several methyl-modified analogues
were designed for their further bioconjugation. Hydroxymethyl AAZTA derivative (AAZTA-MeOH) was described by Sengar
et al. and was synthesized following a procedure similar to the original reaction sequence (Scheme 4), nitroethane being
replaced with 2-nitroethanol 28], However, the last deprotection step with trifluoroacetic acid (TFA) led to the formation of a
lactone after cyclization between the hydroxyl group with one of the two tert-butyl esters located on the exocyclic nitrogen.
This unwanted esterification called for an additional basic hydrolysis step prior to the coordination reaction. Interestingly,
no such lactonization was observed during the synthesis of the hydroxyethyl AAZTA derivative (AAZTA-EtOH) (Scheme
4), the seven-ring formation being less favorable than the six-ring one. Crystal structures of Gd"' and Eu'! complexes of
AAZTA-MeOH and AAZTA-EtOH showed no direct participation of the hydroxyl side chain in the metal ion chelation, which
confirmed this position as an adequate functionalization site.
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Scheme 4. Synthesis of hydroxyalkyl AAZTA derivatives as BCA [281127],
2.4. AAZ3A Derivatives

Six-coordinate Ga"' complexes are known to reach excellent stability 28], the metal environment forming a more or less
distorted octahedral geometry as with Ga-DOTA complexes. To design new hexadentate AAZTA-derived chelators, Parker
et al. synthesized several derivatives characterized by an “N303” donor set and a single acetate arm on the 6-amino
group 29, These derivatives will be later named DATA chelators after their 6-amino-1,4-diazepine triacetate scaffold.
Some of these analogues also incorporated a bulkier 6-phenyl moiety instead of the 6-methyl moiety of AAZTA, so that
the 6-amino group is most likely to adopt an axial position that would form a facing-capping array with the three nitrogen
atoms. However, this substitution modified the stability of the diazepane ring in such a way that subsequent
hydrogenolysis using Pd/C caused ring opening. Acid-labile 2,4-dimethoxybenzyl groups were then used to protect cyclic
amines. After deprotection by TFA and alkylation of the two endocyclic nitrogen atoms (Scheme 5), reduction of the nitro
group was then achieved with Raney nickel in ethanol at RT. Finally, selective mono-alkylation of the resulting primary



amine has been achieved using the appropriate a-bromo ester. Some derivatives also underwent a N-methylation reaction
of the 6-amino group, using iodomethane in acetonitrile.

H3CO

—\ OCH,
HN NH a-Mitrotaluene, CHLO,
HyCO CHy EtOHMNoluene (1:1 wiv), Ny TFA. DCM, NOz
40 *C. owernight N RT N
R LA
H
HyCO OCH,
H,CO
OCH,
o o
oMo coos coowy Er\)l\ma” TOH 0OH
1Bu Bu
KaC0y ACN, No; [~ Raney Mi, Hy NHz [~ KyCOg ACN, NH (c
RT, 24 h N, EIOH, RT, 3h N 40°C, 18h ,t_u
Ph' A \> Phi N \) Ph W \>
2) TFA, DCM,
CO01Bu COOtBu RT, 2 days COOH

Scheme 5. Synthesis of 6-amino-1,4-diazepine triacetate chelating agents 22,

| 3. Applications in Nuclear Medicine

Despite the undeniable kinetic improvements brought by DATA derivatives over AAZTA, this latter chelating agent was the
most exemplified mesocyclic-complex-forming unit in innovative PET imaging probes. This could be explained by the
more straightforward synthesis sequence of AAZTA, which is easier to deploy in proof-of-concept works. Several types of
vectors, such as peptides, small molecules, or even monoclonal antibodies, have been used as substrates for
bioconjugation with AAZTA-derived bifunctional agents.

3.1. Monoclonal Antibodies

Bifunctional chelating agents compatible with mild radiolabeling reaction conditions are particularly needed for monoclonal
antibodies (mAbs) functionalization, as mAbs are heat- and pH-sensitive macromolecules. In this view, Klasen et al.
combined an AAZTAS scaffold with a squaramide ester motive and coupled this BCA to a model antibody (bevacizumab)
(391, This ligation technique, based on the pH-dependent reactivity of squaric acid diethyl ester, is increasingly used in the
design of new radiopharmaceuticals B, Starting from protected AAZTA®S, methyl ester could be selectively hydrolyzed
with lithium hydroxide and the resulting carboxylic acid further coupled with N-Boc-ethylenediamine. After deprotection of
both tert-butyl-ester- and Boc-protecting groups, the resulting compound was immediately coupled with squaric acid (SA)
diethyl ester. Finally, bioconjugation with bevacizumab was conducted in mild conditions (Scheme 6).

tBu0OC COOtBu tBuDOC COOtBu

LiOH 1 M, H-Boc-ethylenediamine,
K"J Jr_,<:-:>0|s|.: dioxanaiHa0 (2:1), o Lq.,J rcmtg“ HETU, HOBt, DIPEA,
HyC N RT, owernight N RT, overnight
"o A N\‘> —_ . HO 4 \>
{ (
COOtBu COOtBu
tBu0OC CCO[BL::OOB 1) TEA, DCM, HOOC COOH i
u RT.3h
H o "N Id{"' EtO H O °N NI,r"'
AN~ 0 - J\H)t’
Boc H A N\> Z) o, ;( oﬁ H 4 5: \?
COOtBu gtg’  OEt 9 COOH
0.5 M phosphate buffer AAZTAS-SA

pH 7, RT, overnight

.
Antibedy (0.1 equiv.) | [ HOOG  GOOH
0.5 M Na;HPO, buffer y COOH
pH &, RT, ovemight &= \\\\\ \ n n § N Nf
—_— 0 ~ N M \> AAZTAS-SA-mAD
N H N
¥
o )

COOH =0.3 chelator per mAb

Scheme 6. Synthesis of AAZTAS-SA bifunctional agent and bioconjugation reaction with a mAb, as reported by Klasen et
al. 39,

3.2. Small Molecules
3.2.1. Dual MRI/PET Imaging Agents

One of the earliest PET imaging applications involving an AAZTA chelator was reported by Vologdin et al. and consisted of
a heterodimeric DO3A-sulfonamide-AAZTA ligand presented as a potential pH-sensitive dual MRI/PET probe 2. The pH-
responsiveness of this molecule was due to the sulfonamide nitrogen that changed the hydration state of the Gd
complexed with DO3A at pH > 8 23], without interacting with the adjacent [?3Ga]Ga-AAZTA complex. The main issue in the



synthesis of this Gd-Ga heterobimetallic complex was the need for two different orthogonal protecting groups for the

carboxylic acids of each chelator, DO3A and AAZTA, allowing sequential and selective complexations (Scheme 7).
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Scheme 7. Synthesis and labeling of the DO3A-sulfonamide-AAZTA pH-sensitive described by Vologdin et al. 2.

3.2.2. Bisphosphonate Derivatives

Starting from AAZTA-MeOH, Wu et al. designed a phenoxy-containing BCA (PhenA) that was coupled to bisphosphonate
derivatives 24, These compounds were then radiolabeled with ®8Ga and evaluated as bone PET imaging agents. PhenA
could be obtained through a high-yield five-step synthesis (Scheme 8).
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Scheme 8. Synthesis of bisphosphonate-containing PET imaging agent candidates reported by Wu et al. 4],

3.2.3. Curcumin Derivatives

To expand the potential applications of curcumin derivatives to nuclear medicine imaging of cancers, Orteca et al.
developed new targeting vectors based on curcumin scaffolds functionalized with AAZTA or NODAGA chelators 2],
Synthesis of NODAGA-C21 and AAZTA-PC21 was performed in four and five steps,
derivatization of the curcumin keto-enol moiety in the preparation sequence of AAZTA-PC21. A protected pentanoic acid

respectively, with pyrazole

AAZTA derivative (AAZTAS) was used as a bifonctionnal agent and was conveniently coupled with the pyrazine curcumin
derivative via amide bond formation (Scheme 9).
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Scheme 9. Conjugation of protected AAZTA® chelator with a pyrazine curcumin derivative, as described by Orteca et al.
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3.2.4. Prostate-Specific Antigen Ligands

Sinnes et al. explored the influence of the chelator part on the in vitro characteristics of a PSMA vector molecule by
replacing DOTA with AAZTA® in PSMA-617 B8l The resulting AAZTAS-PSMA-617 (Figure 2) was successfully
radiolabeled with $8Ga, 44Sc, and 177Lu at RT within 5 min, reaching >99% RCY for a chelator-to-radiometal molar ratio =
10:1. Both [%8Ga]Ga- and [**Sc]Sc-AAZTAS-PSMA-617 were extremely stable in human serum, PBS, and EDTA/DTPA in
PBS (>90% RCP over 2 h for the %8Ga derivative and >95% RCP over 8 h for the 44Sc derivative).
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Figure 2. Structure of PSMA ligands functionalized with AAZTA-derived chelator.

The [**Sc]Sc-AAZTAS-PSMA-617 derivative was later evaluated in vivo after an in-depth study of the radiolabeling
reaction conditions 71, Although its amount in radiopharmaceuticals is strictly limited by European Pharmacopoeia 28],
HEPES 0.1 M was found to be a particularly suitable buffer to reach high RCY and excellent molar activity (average of
39.4 GBg/umol) at pH 4. To achieve quantitative RCY at neutral pH, a higher peptide concentration (10 uM rather than 1
UM) was necessary. [*4Sc]Sc-AAZTAS-PSMA-617 confirmed its stability in human plasma over 24 h, and in vitro cellular
uptake studies showed a higher accumulation of AAZTA-containing radioligands in LNCaP cells compared to their DOTA-
containing analogues. Preclinical PET imaging and ex vivo biodistribution studies with [(8Ga]Ga- and [**Sc]Sc-AAZTAS-
PSMA-617 in LNCaP tumor-bearing mice concluded a higher accumulation of the [*4Sc]Sc-AAZTA derivative in tumors
than its DOTA analogue (14.98 vs. 7.49 %ID/g, 3 h post-injection), possibly due to a two times higher molar activity. Self-
blocking experiments confirmed the PSMA specificity of these radioligands. Overall, the good radiolabeling characteristics
and intrinsic physicochemical properties of [**Sc]Sc-AAZTAS-PSMA-617 allowed its good in vivo imaging performance on
a xenografted mouse model versus one of the most relevant PSMA derivatives used in clinics, i.e., DOTA-PSMA-617,
confirming the potential of this AAZTA-conjugate for clinical translation.

3.2.5. Fibroblast Activation Protein Inhibitors

Fibroblast activation protein a (FAP) is an endopeptidase that is found upregulated in various tumor types. It is an
important marker of cancer-associated fibroblasts that appears to contribute to some of their tumor-promoting activities
B3 After the identification of the FAP inhibitor (FAPi) lead molecule UAMC-1110 49 many FAP-targeting imaging tools
based on the same quinoline scaffold were designed for theranostic applications in a variety of cancers 4142 For that
purpose, the use of the squaramide motif to anchor a chelating moiety on a vector molecule has been exemplified with



FAPi compounds: the team of Frank Résch synthesized and evaluated a DATAS™-SA-FAPiI derivative in comparison with
its DOTA analogue 43l Starting from the quinoline NH,-UAMC-1110, both DOTA and DATA®™-bearing molecules were
obtained following a convenient preparation procedure that relied on the simple coupling conditions allowed by the pH-
dependent reactivity of SA (Scheme 10).
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Scheme 10. Synthesis of AAZTA®- and DATAS™-SA-FAPI derivatives 431441,

3.3. Peptides

Due to their reasonable convenience of synthesis, adapted pharmacokinetic behavior, and high target specificity, peptide
probes are widely exploited in the conception of theranostic agents in nuclear medicine. The first radiolabeled peptide
used in humans was the somatostatin analogue [*23[]I-204-090 developed in 1989 3], which paved the way to [*'1In]In-
DTPA-Octreotide 8l and several other DOTA-containing somatostatin analogues 4418491 |y addition to the search for
various new targets, novel complexing agents such as AAZTA are being evaluated to allow easy and rapid radiolabeling of
these peptide vectors with radiometals.

3.3.1. RGD Peptides

Functionalization of a peptide with AAZTA® was first described by Manzoni et al. BY who prepared about ten RGD
peptidomimetic conjugates bearing different chelating groups. Modified integrin o3 ligand DB58, incorporating an azide
group, was chosen for functionalization. After hydrogenation with Pd/C to get the corresponding amine, it was coupled to
either AAZTAS(OtBuU), or its spacer-containing analogue, using standard amide bond formation procedures (Scheme 11).
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Scheme 11. Functionalization of the RGD peptidomimetic DB58 with AAZTA chelating agents, as proposed by Manzoni et
al. B9,

3.3.2. Gastrin Analogues

Cholecystokinin 2 receptor (CCK2r), which is overexpressed in various tumor tissues (e.g., medullary thyroid carcinoma
(B4 or gastrointestinal stromal tumors 22), can be targeted with gastrin analogues 231, In this light, Pfister et al. designed

an AAZTA-containing gastrin (10-17) (minigastrin, MG) analogue as an original theranostic tool targeting CCK2r (Figure
3) 241,
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Figure 3. Structure of AAZTA®-MG and LF1.

3.3.3. Octreotide Analogues

Somatostatin receptor (sstr) ligand analogues are the most well-developed and extensively investigated group of small
peptides functionalized by a chelating agent B2, Since the regulatory approval of [*11In]in-DTPA%-octreotide for
scintigraphic imaging of sstr expression 81, modulations were conducted both on the peptide and on the chelator part of
these imaging agents to optimize their selectivity, receptor binding affinity, internalization, pharmacokinetic properties, or
radiolabeling abilities.

To evaluate the properties of a mesocyclic ligand on this type of targeting vector, AAZTAS-TOC was synthesized via a
simple peptide coupling between AAZTA® and Phel-Tyr3-octreotide (TOC) 24, Radiolabeling with ®8Ga, “*Sc, and 177Lu
reached high RCY after 1 min reaction time at RT with optimized precursor amounts (10 nmol for ®8Ga and **Sc assays;
1:10 lutetium-to-precursor molar ratio for 17“Lu assay). Interestingly, pH variations in the 4.5-5.5 range had no influence
on labeling speed or yields. Concerning in vitro stability, only [(8Ga]Ga-AAZTAS-TOC showed slight instability (85% RCP)
and sensitivity to transchelation (40-50% RCP) in human serum after 2 h. Despite the promising preliminary results of
AAZTAS-TOC, its development has not yet reached clinics. In contrast, its analogue, DATASM-TOC, described 2 years
before, attained the clinical development stage. Initial work by Seeman et al. on this PET tracer candidate consisted of
elaborating a kit-type labeling protocol at RT 28], A two-step sequence very similar to AAZTAS-TOC afforded DATA’™-TOC
in 31% yield (Scheme 12). Then, 88Ga radiolabeling assays were carried out using four different eluate post-processing
methods. Remarkably, >95% RCYs were achieved within 1 min at pH 4.9 and RT with fractionated and acetone post-
processing. Peptide concentration, slightly higher in these two conditions, may also have an influence on these results.
Regardless of the post-processing method, >98% RCYs were reached within 10 min in each case.
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Scheme 12. Synthesis of DATA®™-TOC according to Seeman et al. 28],

| 4. Conclusions

Since its early patenting 24, AAZTA has positioned itself as a promising chelating agent for imaging applications, opening
the way to a family of compounds halfway between the well-known linear and macrocyclic chelating agents. The design
and fairly convenient synthesis of various analogues of AAZTA allowed us to investigate their kinetic and thermodynamic
properties with several metal ions. However, only AAZTA and DATA®™ were used in the development of original vector
molecules for nuclear medicine applications. Their reactivity at room temperature and their compatibility with a wide pH
range may pave the way for the design of theranostic agents based on pH- or heat-sensitive biomolecules. Regarding the



conception and evaluation of new AAZTA-containing probes, works highlighted the need for a systematic validation
approach, with careful in vitro measurement of physicochemical parameters, stability, and affinity of the AZZTA-conjugate
with its target. These results should be confirmed with in vivo biodistribution studies and microPET imaging on relevant
animal models, possibly with several radioelements in a theranostic perspective. Only a few AAZTA-containing molecules
have yet been evaluated in patients for imaging applications. It is reasonable to think that the therapeutic applications of
these same vectors will take even longer to be evaluated in humans, considering the complexity for therapeutic
radiopharmaceuticals to reach clinical evaluation stages. During the radiolabeling step, a significant portion of the final
RCY can be achieved within minutes, making AAZTA particularly suitable for short half-life radioelements such as %8Ga.
With shorter preparation times, higher batch activities, and possible cost-effective single vial cold kit formulation, the use
of AAZTA-derived chelators could facilitate the clinical transfer of vector candidates and encourage even more the
expansion of theranostic approaches in nuclear medicine.
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