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Part 1. Methods

Computational details

Because the Perdew-Burke-Ernzerhof (PBE)! functional can reasonably reproduce the results of
high-level ab initio wave-function theory for Zr'V-DFO-ligands complexes,” 3 the spin-polarized
generalized gradient approximation (GGA) with empirical dispersion* corrections, PBE-D3, was
used throughout this work. Triple-zeta Slater-type basis sets® with two polarization functions
(TZ2P) were used, with a [1s>-3d!°] frozen core for Zr atom, a [1s?] frozen core for O, P and Cl
atoms, and all electrons for H, C, N atoms, respectively. The scalar zeroth-order regular approximation
(ZORA) was applied.®® For all of the calculations, solvent effects were incorporated employing the
conductor-like screening solvation model (COSMO) as an implicit solvation model using water as the
solvent.!%13 Since the Gibbs free energy for each complex was computed at 1 atm pressure, an entropy
correction for higher pressure is a simple way to model translational degrees of freedom in the solvent.
An effective pressure of p = 1354 atm was used to mimic the condensed phase, which is the pressure
obtained from p = p,,RT, corresponding to the experimental density of liquid water p,, = 997.02 kg/ m3
at the temperature of 298 K.14

The nature of the Zr'V-Oppo interactions has been investigated employing the EDA-NOCV
method,'>-!® which combines the energy decomposition analysis (EDA) with the natural orbital for
chemical valence (NOCV) approach. In the EDA method, the interaction energy AE;, between the
fragments is divided into four components:

AEjy = AEygat + AEpyyii + AE, + AE i,

where the AFE.q, term represents the quasi-classical electrostatic interaction between the
unperturbed charge distributions of the prepared fragments, and the AEp,,; term is the electron-
electron Pauli repulsion due to the orthogonality requirement of the orbitals. The AE,, term explains
the process of forming covalent bonds through the inter-fragment mixing of the orbitals, and also
explains the polarization within the fragments via intra-fragment orbital mixing. Finally, the AEg;,
term corresponds to the dispersion (van der Waals) interaction between the fragments. It should be
noted that the use of the COSMO option with interacting fragments is not supported in the ADF
program, so the EDA-NOCYV calculations were performed under gas phase conditions i.e. gas phase
EDA-NOCYV analysis at the solution-optimized geometries. All calculations under gas-phase and
aqueous solution conditions were spin restricted.

Geometry optimizations have been performed without imposing any symmetric constraints. The
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optimized structures were analyzed with vibrational frequency calculations at the same level of theory
to obtain thermochemical corrections as well as to ensure that all structures correspond to local minima.
The calculations were performed using the Amsterdam Density Functional package (ADF 2017).1°
Theory for Calculating Stability Constants. The simplest metal ligand complexation reaction is
shown in the following equation.

M(Sol),, + LsML(Sol),, _, +nSol
The metal ion (M) undergoes a ligand replacement reaction with the ligand (L) in solution, leading to
the releases of the solute ligand M(Sol),, from the metal ion’s coordination shell. The values of m and
n represent the number of solvate ligands coordinated to the metal center and the denticity of the ligand,
respectively. In the complexation reactions of the five complexes considered here, both m and » are 8.
Since metal ions have multiple coordination sites, complexation reactions typically involve the binding
of more than one ligand in a stepwise manner. The stability of the resulting complex is determined by
the equilibrium constant (K), which is typically expressed as -log K (pK). The individual equilibrium
constant is multiplied together to yield the overall stability constant, f. When reporting stability
constants, the number of metal ions and ligands involved in the reaction is usually indicated as a
subscript. The complexation reaction of a metal ion with a ligand is denoted by B;.

[ML(Sol),,_,] *mL(soD,, -AG  -AG

~ = (109103)

lo =logK=1lo =
9 =log T M(Sol), 1] Uyg(sony, RT ~ 2.303RT

Where A,G represents the Gibbs free energy change of the reaction. The Gibbs free energy of the
reaction is calculated as:
A,G = G(ML(Sol),, _,) +nG(Sol) - G(M(Sol), ) + G(L)

Thus, the stability constant (logf) is determined by the Gibbs free energy difference between the
reactants and products.
Experimental details

Radio-thin layer chromatography (radio-TLC). For the ¥Zr-DFO complexation assay, the
water that has been treated by Chelex 100 sodium (Sigma-Aldrich, 11139-85-8) to remove trace metals
was used to prepare a solution containing 2 M Na,CO; and 0.88 M Na,HPO,. For the complexation of
897r, 8Zr was produced at Mianyang Central Hospital on the Jiuyuan 11-MTS cyclotron (Longevous
Beamtech, China) and isolated with the automated separation device (Longevous Beamtech, China).

The #Zr oxalic acid (1 M oxalic acid, 0.74 MBq/uL) solution (Jiuyuan-11MTS" medical cyclotron
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solid target of Si Chuan Longevous Beam Tech CO, LTD) was added to sterilized 1.5mL centrifuge
tubes and neutralized to pH 7.0 with 2 M Na,COj; solution or 0.88 M Na,HPO, solution and 0.5 pL p-
SCN-Bn-DFO solution (20 pmol/uL, Macrocyclics, Inc). This solution was mixed for 60 min at 37
°C. After the reaction, 1 uL aliquots were spotted on the origin of iTLC-SG (Agilent, SGI0001) plate
(2.5 cm above the bottom), which were developed using the mobile phase DTPA (50 mM, pH=5.0).
The stability of [3°Zr]Zr-DFO at 1h, 6h, and 24h was determined by radio-TLC scanner (Eckert &
Ziegler, USA), and areas under the curves were analyzed to determine percent radiochemical

conversion.
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Figure S1. Schematic diagram of the flow of 3°Zr-DFO complexation assay.

The partition coefficient of the solute between the mobile phase and the static phase, as determined
by a radioactive radio-TLC, is called the retention factor (Rf) value. That is, the ratio of the distance
traveled by the solute on the radio-TLC plate from the point of origin to the distance traveled by the
mobile phase. The Rf value is calculated as:

Rf = Distance traveled (R) / Mobile phase distance advanced (f)

where the distance traveled refers to the distance reached by the solute moving from the point of
origin, and the mobile phase distance advanced refers to the distance reached by the mobile phase
moving from the point of departure.

High-performance liquid chromatography (HPLC). The Zr'V chloride (ZrCls, Macklin, 20 nM) was

added to a sterilized centrifuge tube, and the pH was adjusted to approximately 7 using an alkaline



solution (Na:COs and Na:HPO.). After allowing the mixture to stand for 3 minutes, 1 pL of
deferoxamine (DFO, Macrocyclics, 20 nM) solution was added and thoroughly mixed. The reaction
was then carried out at 37 °C for 60 minutes, with manual shaking every 10 minutes to ensure proper
mixing.

After the reaction, the cold reference Zr compounds were obtained. These complexes were analyzed
using a HPLC system (Shimadzu), equipped with LabSolutions software, a binary pump, an auto-
sampler, a photodiode array detector, a multi-channel fluorescence detector, a column heater, a fraction
collector, and a Shim-pack VP-ODS C18 column (5 pm, 4.6 x 100 mm, Thermo Scientific), as well as
a B-FC-3100 low-energy gamma probe radiation detector (Eckert & Ziegler, USA). A 10 uL sample
of the DFO and Zr compound solution was injected into the system for analysis at 254 nm. The mobile
phase consisted of 0.1% TFA in H20 (Solvent A) and 0.1% TFA in acetonitrile (Solvent B), using a
gradient elution from 10% B to 90% B at a flow rate of 1 mL/min.

In Vitro Stability Study. The prepared [¥Zr]Zr-DFO-ligands complexes (100 uCi) were mixed with
human serum in equal volume ratios and reacted at 37°C. Samples were then taken for pH

measurement and radio-TLC analysis (Eckert & Ziegler, USA) at 1, 6, 24, 48, 72, 96, 120, and 144 h.



Part 2. Eight possible geometrical isomer structures of Zr'V-DFO

AG (0.00) AG (3.51) AG (9.96) AG (3.83)
A-N-cis, cis A-N-cis, trans A-N-trans, cis A-N-trans, trans

AG (0.95) AG (5.29) AG (6.49) AG (9.39)
A-C-cis, cis A-C-cis, trans A-C-trans, cis A-C-trans, trans

Figure S2. The Lewis structure of Zr'V-DFO, and the structures of the eight possible geometric isomers
when DFO coordinates to the Zr'V ion. Note that only structures for the A-enantiomers are presented.
The nomenclature used to describe each isomer is consistent with that reported by Borgias et al. 2

(unit: kcal/mol)



Part 3. Optimized geometries of the Zr'V-DFO-ligands complexes
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Figure S3. Optimized geometries of the octahedral coordinated Zr'V-DFO-ligands complexes. The
ligands are the Cl-, C,04>, COs* and HPO,* with different reactivity. For the sake of clarity, the

hydrogen atoms that do not form hydrogen bonds in DFO are omitted. The characteristic distances

(dzr-Hapto(tigand)) Of Zr'V-DFO-ligands are given in the figure. (unit: A)

~

Bond Critical Point|
‘!' Density: 0.028

Bond Critical Point

Density: 0.026

Figure S4. Schematic diagram of the bond critical points of hydrogen bonds in the [Zr'V(DFO)(HPO,*

)]- complex.



Bond critical points (BCPs) in the quantum theory of atoms in molecules (QTAIM) are defines the
numbers of critical points of different types in a scalar field. As shown in the figure below, the orange
highlighted section showing a bond path (BP). The nuclei of the bonded atoms are linked by a line in
which the electron density is a maximum with respect to any neighboring lines. The minimum in the
electron density (Density: 0.026 and 0.028) along the bond path is the bond critical point (BCP, the
red balls). The C-H...O interaction in the highlighted part validates the inference of the presence of

hydrogen bonds in the complex from the side.
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Figure S5. Optimized geometry and energy curve of Zr'V-DFO-HPO,?>- isomer in aqueous solution
calculated at PBE-D3/TZ2P levels. (kcal/mol).

As shown in the Figure S5, the stereo-ligand HPO,> may have other coordination sites, i.e., isomers,
compared to other planar ligands (Cl-, C,04> and COs* ). Thus, we have carried out additional
calculations to explore the isomers, where Hg, is positioned on Ogg and oriented towards O4y of DFO
(i.e. Ogg-Ho1-Oy49). However, during optimization, the Ogg-Ho1-O49 bond gradually rotated, and the

hydrogen phosphate ion began to disengage from the Zr'V-DFO complex. Our calculations indicate
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that the isomer does not lead to a stable configuration under the current coordination environment due
to electrostatic repulsion and steric hindrance. The detachment tendency of the HPO4> ligand leads to
a "vacant" region around the Zr'V ion, which could compromise the overall stability of the complex.

For these reasons, we did not consider this configuration as the primary model for our study.
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Part 4. Geometric parameters of Zr'V-DFO-ligands complexes

Table S1. Characteristic average distances (in A) for Zr'V-DFO-ligands complexes. See Figure 1b for

the details of the bond length.

[Zr(DFO) Svoroncn.  PFO)  IZEVDFO)  [Ze(DFO)
Geometries (H,0) (M HLO)[* [Zr™ (DFO)(C)] (CO)] (CODI (HPO,)| [Zr™V(DFO)]*
dzr.0mr0) 2.154 2.187 2.186 2172 2.151 2.080
dzr-0mF0) 2.188 2.251 2262 2.285 2.308 2.161
dzr.00r0) 2.107 2.142 2.189 2.203 2.167 2.084
dzr-0mF0) 2.160 2274 2237 2.229 2254 2.156
dzr.00r0) 2.127 2.146 2.150 2.167 2.143 2.076
dzr-0mF0) 2172 2.263 2.280 2.284 2223 2.168
uveragedFO) 2.151 2.210 2217 2.224 2.208 2.121
s Haptotigand) 3.942 2.765 2.260 2.249 2227 /
s Haptofigand) 2.334 2.651 2.229 2216 2.139 /
uverage(igand) / 2.708 2.245 2233 2.183 /

Table S2. Twist angles (in °) for Zr'V-DFO-ligands complexes. See Figure 1b for the details of the

torsion angles.

[Zr'V(DFO) [Zr'V(DFO) [ZrV(DFO) [Zr'V(DFO)
Geometries [Zr'V(DFO)(C),] [ZrV(DFO)]*
("H,0)(""*H,0)]* (C,09)) (CO3I (HPOY)I
/o) 96.4 127.3 126.6 122.9 122.3 113.4
/0y 116.4 126.0 111.5 105.5 118.1 91.9
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Part 5. Comparison of Structural Parameters

We report a summary of structural parameters for the Zr'V-DFO complex and its derivatives (Table
S3) to verify the reliability of our results. For Zr'V-DFO, consistent conclusions were obtained using
the PBE functional in aqueous solution, which also closely matched the PBE results under gas-phase
conditions. Additionally, we compared the octadentate complexes of Zr'V-DFO and its derivatives,
which were obtained in the experimental and theoretical environments, respectively. We also find that
the Zr!'V ion is usually stable under octagonal coordination due to its ionic radius, which supports the
rationality of an octagonal structure. In addition, the reliability of our method can be confirmed by

comparing with previous data of Zr'V-DFO.

Table S3. Summary of structural parameters for the Zr'V-DFO complex and its derivatives.

Geometries dz—owy 9zr-omy 9zr—xQigandsy Technique Refrences
2.162 2.080 / PBE/TZ2P with COSMO Our work
[Zr"V(DFO)]*(CN=6) )
2.185 2.112 / PBE/DND with COSMO Ref [2]
[ZrV(DFO)]* (CN=7) 2.282 2.188 2.099 (N) PBE/DND with COSMO Ref [2]
B3LYP/6-31+G(d) and LANL2DZ (gas
[Zr'V(HDFO)]** 2.177 2.085 / Ref [21]
phase)
[ZrV(DFO)("H,0)(°*H,0)]* 2.173 2.129 2.334 PBE/TZ2P with COSMO Our work
[Zr™V(DFO)(H,0)]* 2.213 2.125 2.365 PBE/DND with COSMO Ref [2]
B3LYP/6-31+G(d) and LANL2DZ (gas
[Zr'V(HDFO)(H,0)]**-ax 2.194 2.118 2.460 Ref[21]
phase)
B3LYP/6-31+G(d) and LANL2DZ (gas
[ZrV(HDFO)(H,0)]**-eq 2212 2.115 2.362 Ref[21]
phase)
B3LYP/6-31+G(d) and LANL2DZ (gas
[Zr'V(HDFO)(H,0)]**-cis 2.233 2.143 2.400 Ref[21]
phase)
[Zr™V(DFO)(H,0);]*-trans 2255 2.152 2.385 PBE/DND with COSMO Ref [2]
[Zr™V(DFO)(H,0),]*-cis 2232 2.17 2.390 PBE/DND with COSMO Ref [2]
[Zr'VDFO(H,0),]**-with
nonhydrogen bonded amine 2.257 2.178 / B3LYP/CEP-121G with CPCM Ref [22]
group
[Zr'VDFO(H,0),]**-with
) 2.260 2.176 / B3LYP/CEP-121G (gas phase) Ref [22]
hydrogen bonded amine group
Zr"V(DFO)(OH) 2.263 2.177 2.205 PBE/DND with COSMO Ref [2]
Zr"V(DFO)(H,;0)(OH)-trans  2.328 2.186 2.300 PBE/DND with COSMO Ref [2]
Zr"V(DFO)(H,0)(OH)-cis 2.304 2.192 2.400 PBE/DND with COSMO Ref [2]
[Zr™V(DFO)(OH),]-trans 2.385 2242 2.108 PBE/DND with COSMO Ref [2]
[Zr™V(DFO)(OH),]-cis 2.385 2.245 2.112 PBE/DND with COSMO Ref [2]
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[ZrV(DFO)(OH), -
[ZrV(DFO)(CI),

[ZrV(DFO)(CO3)
[ZrV(DFO)(C;04)I

[Zr™V(DFO)(HPOy)]-

Zr'V(HOPO)

ZrV(Me-AHA),

ZrV(AHA),

ZrV(3,2-HOPO),

Zr'V(1,2-PIPOH),

Zr'V-DFO2
ZrV-DFO2p

2.384
2.263
2.266
2.260
2.262
2.206
2.209
2.293
2.190
2.320
2.270
2.200
2.168
2.203
2.209
2.137
2.260
2.28

2.338
2.158
2.181
2.175
2.154
2.188
2.268
2.175
2.190
2.200
2.200
2.300
2.212
2.244
2.191
2.348
2.220
2.210

2.708
2224
2217
2.183

~ T~ Y~~~ — — — ~— — ~ ~

B3LYP/CEP-121G with CPCM
PBE/TZ2P with COSMO
PBE/TZ2P with COSMO
PBE/TZ2P with COSMO
PBE/TZ2P with COSMO
Single-crystal X-ray diffraction data
PBE/DND with COSMO

B3LYP/ LACVP (gas phase)
Single-crystal X-ray diffraction data
B3LYP/DGDZVP

PBE/DND with COSMO
PBE/DND with COSMO
Single-crystal X-ray diffraction data
PBE/DND with COSMO
Single-crystal X-ray diffraction data
PBE/DND with COSMO
PBE/DND with COSMO
PBE/DND with COSMO

Ref [22]
Our work
Our work
Our work
Our work
Ref [23]
Ref [2]
Ref [24]
Ref [25]
Ref [25]
Ref [2]
Ref [2]
Ref [26]
Ref [2]
Ref [27]
Ref [2]
Ref[3
[

]
Ref[3]

“X” denotes the atoms in contact with Zr'V in the ligand.
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Part 6. Optimized geometry of the [Zr"Y(DFO)("H,0)(°**H,0)]* complex
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Figure S6. Optimized geometry of the [Zr!V(DFO)(i"H,0)(°**H,0)]* complex. (unit: A)

For the monodentate ligand H,O, "H,O binds to [Zr'V(DFO)]* complex in synergic coordination
site 2, resulting in an increased torsion angle ®, in the corresponding plane. Meanwhile, the four
nearest O atoms on DFO in synergic coordination site 2 experience outward expansion due to spatial
repulsion, leading to a varying degree of reduction in the torsion angle ®; in the other plane. As a
result, the °"'H,O molecule in synergic coordination site 1 exists in a highly ‘loose’ form outside the
complex. The reason behind this could be attributed to the increased electron density caused by the
binding of a water molecule in [Zr'V(DFO)("H,0)]*, which repels the entry of a second water
molecule.?® Previous calculations have also indicated that the structure formed by a water molecule in
synergic coordination 2 as an auxiliary ligand is more stable than in synergic coordination site 1.2
Hence, in our study, the [Zr'V(DFO)("H,0)(°"tH,0)]" complex with water molecule as auxiliary
ligands exists in a dynamic 7-/8-coordination. Furthermore, it has also been observed that when Zr'V-
DFO binds to H* in the solvent to form Zr'V-HDFO complex, two H,O molecules can form an
octahedral coordination complex through structural relaxation induced by ligand coordination, which

has been reported in previous studies.?!>2?
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Part 7. EDA-NOCYV deformation densities Ap of Zr'V-DFO-ligands complexs

Table S4. Plots of the EDA-NOCV deformation densities Ap (isovalue = 0.0015) of the pairwise
orbital interactions and the associated fragment molecular orbitals for the different forms of interacting

fragments in aqueous solution at the PBE-D3/TZ2P level of theory. The corresponding energy values

are given in table (kcal/mol). The direction of the charge flow is green — purple.

Geometries Ap; Ap; Aps Apy Aps
P . >
(D B\ W
[Zr™ (@ b(?‘.‘&;i‘g't ‘\“b'{ﬁl i X {\—31. o / /
. A L 4 'S e 8)
FO)("H0)( X b i
ouH,0)]* = i +
-15.64 -3.49 2.70 / /
. o gy’ #‘a.?
[ZrV(DFO)( o, ‘)ggﬁ; A ?é)&g?;x N ?;K; / /
Ch,J ) = :
-29.59 -19.60 -11.36 / /
¢ b 19 );‘ ?
[Zr"V (DFO)( i ‘g'i‘ P ’ﬁ?% sl %3' 3 g e 47%% /
-46.02 -30.83 -13.03 10.77 /
q« p Q | e O
[ZrV(DFO)( ) g";{* /‘ 3};{ A 2;,5 ? :3
r A ® AAAREL A l\”v.\, ~ANAAERS
G0 % % o % T T
204)] ¢
-36.38 -27.20 -9.68 9.14 -5.85
ZrV(DFO)( &J/{\A ){(%Vf 2 /?/ ((i:‘;_{/é Ki r)i/z b )i-i/e
r ) Y .
HPO,)I ”%}Af ng K@N "fé}f/&‘/‘ K%’
-45.74 -30.65 -12.85 -11.61 -9.55

The EDA-NOCV calculations allow for a further breakdown of AE,; into pairwise orbital
interactions. When we divided the complex into two fragments, Zr'V-DFO and auxiliary ligand, the
interaction strength between the fragments will be determined not only by AE;, but also by the balance
between attractive forces (AEeista, AEor, AEg;s) and the repulsive exchange (AEp,,;) term. Here, the
charge flowing direction (green — purple) is always donated to Zr'V-DFO by the auxiliary ligand.

Table S4 present the numerical results, charge flow, and contributing fragment molecular orbitals. For
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the Zr-O bond in [Z"V(DFO)("H,0) (*“‘H,0)]*, the crucial AEqwy (-15.64 kcal/mol, i.e. Apy) is
primarily donation from the 2p orbital of oxygen to the 4d orbital of Zr. Additionally, a weak
interaction between the oxygen of the °*H,0 and H in the Zr'V-DFO fragment leads to charge flow in
AE 42y from Zr'V-DFO to °“*H,0. In contrast to water, for the other auxiliary ligands, Ap; primarily
involves the donation of electrons from the non-bonding molecular orbitals (NBMO) to the 4d/5s shell
orbitals of Zr'V (i.e., NBMO — 4d/5s). This suggests weakened interactions within the auxiliary
ligands, making them more prone to Zr'V binding. For Ap,, the interaction involves © bonding —

4d/5s/5p.

Table S5. EDA-NOCYV results (kcal/mol) for the different forms of interacting fragments (gas phase
analysis at the solution-optimized geometries), taking 2H,0, 2CI-, C,04%, COs*, HPO4* and Zr'V-

DFO in the singlet state as interacting fragments at the corresponding frozen Zr'V-DFO-ligand

geometries.
[Zxr"Y(DFO)("H,0)
Energy [Zr'V(DFO)(CO3)]" [Zr'Y(DFO)(C,04)] [Zr'Y(DFO)(HPO,)]" [ZrV(DFO)(CI),] H,O)[*
ou 2
AE;y¢ -288.72 -251.93 -238.18 -232.17 -28.79
AEpaui 150.85 130.98 295.81 102.50 57.40
aAE gi -3.35 (0.76%) -4.46 (1.16%) -8.19 (1.53%) -4.37 (1.31%) -5.42 (6.29%)
AAE st -281.96 (64.14%) -247.90 (64.74%) -352.57 (66.03%) -218.58 (65.31%) -52.26 (60.63%)
AE, -154.27 (35.10%) -130.55 (34.09%) -173.23 (32.44%) -111.72 (33.38%) -28.51 (33.08%)
bAE -46.02 (29.83%) -36.38 (27.87%) -45.74 (26.4%) -29.59 (26.49%) -15.64 (54.86%)
orb(1) .
[COs*—Zragsssesp] [C2047 —Zr4q] [HPO4Z—Zr4q] [Cl—Zr4g+s] ["Hy0—Zryq]
DA -30.83 (19.98%) -27.20 (20.83%) -30.65 (17.69%) -19.60 (17.54%) -3.49 (12.24%)
M [COP o Zrses]  [COF—Zr] [HPO—Zryq] [Cl—Ztis]  [ZEY(DFO)»uH,0]
bAE -13.03 (8.45%) -9.68 (7.41%) -12.85 (7.42%) -11.36 (10.17%) -2.70 (9.47%)
M 0P Zrs] [COP s [HPO2—Zry] [Cl—Zry0.5] ["H,0—"H,0]
-11.61 (6.70%)
-10.77 (6.98%) -9.14 (7.00%) -51.17 (45.80%) -6.68 (23.43%)
bAEorb(4) ) ) [HPO,* L. L.
[CO3*—Zrygsss] [C204% —Zr4g156] L ZV(DFO)] [rest: polarization] [rest: polarization]
-9.55 (5.51%)
-53.62 (34.76%) -5.85 (4.48%)
PAE orns) o [HPO> / /
[rest: polarization] [C204F—Zr 44455
—Zr'V(DFO)]
42.30 (32.40) 62.83 (36.27%)
PAE o6 / / /

[rest: polarization]

[rest: polarization]

a: The value in parentheses gives the percentage contribution to the total attractive interactions AE. + AEq + AEg;s; b:

Values in parentheses give the percentage of each attractive term with respect to the AE,,;, term.
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Part 8. Stability Constants and Gibbs free energy

Table S6. Stability Constants and Gibbs free energy for various Zr'V-DFO complexes in aqueous

solution obtained at PBE-D3/TZ2P levels (kcal/mol).

Reaction Gibbs Free Energy Stability Constant
Metal Ligand Complexation Reaction

AG) (logp)
[ZrV(H,0)5]*" + [DFOJ* s [Zr'V(DFO)]* + 8H,O -198.77 145.79
[Zr'V(H,0)5]*" + [DFOJ* + 2H,0 = [Zr'V(DFO)("H,0)(°"H,0)]* + 8H,0 -199.07 146.01
[Zr'V(H,0)5]* + [DFOJ* + 2CI- 5 [Zr'V(DFO)(Cl),] + 8H,0 -212.72 156.02
[Zr'V(H,0)5]** + [DFOJ + C,04> = [Z1'V(DFO)(C,04>)] + 8H,0 -219.42 160.94
[ZrV(H,0)5]*" + [DFOJ* + CO3* s [Z1'V(DFO)(CO5%)] + 8H,0 -224.12 164.39
[Zr'V(H,0)5]*" + [DFOJ* + HPO4* s [Zr'V(DFO)(HPO4>)] + 8H,O -306.75 224.99
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Part 9. The radiochemical purity of purified ¥Zr
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Figure S7. Radio-high-performance liquid chromatography (Radio-HPLC) results of #Zr.
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Part 10. In vitro stability of [¥*Zr]Zr-DFO and [**Zr]|Zr-DFO-ligands

—— HS-1h —— HS-6h —— HS-24h HS-48 h
| HS-72 h HS-96 h HS-120 h HS-144 h
4 4 —— Water-1h [*Zr]Zr-DFO
5\ O _:M_ o a‘-ﬂlJ M‘N PP SRR S\
g 4 - 89Zr]Zr DFO-CO,>
\q—; 2 Rf=0 Rf=1
= ] 2
> 4 - 89 5 . 2-
[**Zr|Zr-DFO-HPO,
2 .
0 —
0.0 1.5 2.0

Time (min)

Figure S8. Human Serum in vitro stability of [3°Zr]Zr-DFO-HPO4>, [¥Zr]Zr-DFO-COs* and
[8Zr]Zr-DFO, monitored by Radio-TLC. The complexes were incubated at 37°C for 144 h. [¥Zr]Zr-
DFO-HPO4* in human serum at pH 7; [3°Zr]Zr-DFO-COs? in human serum at pH 8; [3°Zr]Zr-DFO in
human serum at pH 1. The retention times of the three are indicated.

To measure the in vitro stability of [¥Zr]Zr-DFO-HPO,*, [3°Zr]Zr-DFO-CO;?, and [%°Zr]Zr-
DFO, samples containing 100 pCi were incubated in freshly prepared human serum (1:1 dilution).
Aliquots were taken at various time points (1, 6, 24, 48, 72, 96, 120, and 144 hours) at 37°C and
analyzed by Radio-TLC. Radio-TLC analysis revealed that the [*°Zr]Zr-DFO-HPO,*, [¥Zr]Zr-DFO-
COs? complexes maintained their radiolabeling intact after 24 h of incubation in human serum (Figure
S8). In contrast, the reference complex [¥Zr]Zr-DFO exhibited an eluting radioactivity signature at 1
h (Rf = 1). The incubation pattern of the auxiliary ligands with [¥Zr]Zr-DFO in human serum was
found to be very similar to that of the reference complex, with the only difference being the pH of the

three complexes after incubation. Under these conditions, the radiolabeling of the complexes
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containing the auxiliary ligands remained stable up to day 7, while the radiolabeling of [*°Zr]Zr-DFO
alone was almost undetectable. These results indicate that the stability of [¥Zr]Zr-DFO-ligands in

serum protein was stronger than the [3°Zr]Zr-DFO.
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