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1. Synthetic procedures

1.1. Materials and methods

All commercially available reagents and solvents were purchased at the following
commercial suppliers: Sigma Aldrich, Alpha Aesar, ABX, Acros Organics, Fisher
Scientific or Carlo Erba Reagents. Tetrahydrofuran was dried over a Pure Solv™ Micro
Solvent Purification System (Sigma-Aldrich) and whenever necessary, other solvents
were dried using common techniques [1]. Temperatures indicated in the protocols
correspond to the temperature of the oil bath. Analytical thin layer chromatography
(TLC) was performed on precoated silica gel 60 F2s4 or neutral aluminium oxide 60 F2s4
plates (Merck or Macherey-Nagel) and visualized under UV light (254 nm) and/or
developed with phosphomolybdic acid (8 wt%) in ethanol. Flash column
chromatography was performed on silica gel 60A normal phase, 35-70 um (Merck or
SDS) or neutral aluminium oxide 90 standardized, 63-200 um (Merck). Uncorrected
melting points (mp) were recorded on an electrothermal capillary Digital Melting Point
Apparatus 1A9100 (Bibby Scientific). NMR spectra (200.13 or 500.13 MHz for *H and
50.32 or 125.76 MHz for *3C) were recorded on a Bruker Avance 200 or 500 instrument
with chemical shift values (3) expressed in parts per million (ppm) relative to residual
solvent as standard and coupling constants (J) given in Hz. Infrared spectra (IR) were
recorded in the range 4000-440 cm™ on a Nicolet IS10 (Fisher Scientific) with
attenuated total reflectance (ATR) accessory. Low molecular weight organic
compounds were analysed by High-Resolution Mass Spectrometry (HRMS) in positive
or negative mode (Waters® Micromass® Q-Tof micro™ Mass Spectrometer) and/or by
electrospray ionization mass spectra (ESI-MS) recorded on Esquire (Bruker)
spectrometer. For ESI-MS, the analysis of samples was performed at a final
concentration of a few tens of pmol/uL. Each ESI-MS spectrum was recorded by
averaging of 10 spectra.

1.2. Synthesis of ADIBO-NHS precursor S10

The title compound S10 was obtained according to slightly modified procedures
described by Chadwick, R.C. et al. [2] and McNelles, S.A. et al. [3].
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Scheme S12 Synthesis of ADIBO-NHS precursor S10
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3Reaction conditions: a) hydroxylamine.HCI, EtOH, pyridine, reflux, 10 h; b) Eaton's reagent, 100 °C, 1 h;
c) 4M LAH in Et,0, Et,0, reflux, 20 h then 4M LAH in Et,O, reflux, 22 h; d) NaOMe, MeOH, reflux, 1.5 h;
e) (i) oxalyl chloride, DMF, CH,Cl,, RT, 3 h; (ii) S4, Et3N, CH,Cl,, 0 °C then RT, 2 h; f) (i) LiOH, H,O, MeOH, reflux,
18 h; (ii) 1M NaHSOy, RT; g) (i) Bro, CH,Cl,, 0 °C, 2 h then RT; (ii) 1M KOtBu in THF, THF, -40 °C,1.5 h then RT;
(iii) 1M NaHSO,, RT; h) NHS, EDC.HCI, CH,Cl,, RT, 3.5 h.

5H-Dibenzo[a,d]cyclohepten-5-one oxime (S2)

S2

To a solution of hydroxylamine hydrochloride (84.2 g, 1.21 mol, 5 eq.) in absolute
ethanol (500 mL), were added, at room temperature and under argon, anhydrous
pyridine (130 mL) and commercial 5-dibenzosuberenone (S1) (50.0 g, 0.24 mol). The
reaction mixture was stirred at reflux for 10 h. At this point, TLC monitoring (Al20s3,
dichloromethane) showed the complete consumption of starting material. After cooling
to room temperature, the mixture was evaporated under reduced pressure. The
residue was taken up with deionized water (800 mL) and triturated until precipitation.
The precipitate was filtered, washed with deionized water (3 x 200 mL) and dried
overnight at 35 °C in a vacuum desiccator to afford compound S2 as an off-white solid
(52.85 g, 0.24 mol), which was used in the next step without further purification. Yield:
99%; mp 189-191 °C (Lit.: 187 °C [4]); IR (ATR accessory) v 3056, 1433, 1333, 1174
cm™?; *H NMR (200.13 MHz, CDCls) § 6.92 (s, 2H), 7.30-7.50 (m, 6H), 7.61 (m, 1H),
7.68 (m, 1H), 9.42 (brs, 1H); 13C NMR (50.32 MHz, CDCls) § 127.7, 127.8, 128.9, 129.0
(2C), 129.1,129.2, 129.5, 130.5, 130.6, 130.8, 133.8, 134.6, 135.4, 156.4; ESI-MS m/z
calculated for C1sH12NO* [M+H]*: 222.09, found: 222.00.
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Dibenzol[b,flazocine-6(5H)-one (S3)
O' O
N
H
S3

(0]

Oxime S2 (33.0 g, 149.1 mmol) was added portionwise, under argon, to a solution of
Eaton's reagent (i.e. 7.5 wt% P20s in methanesulfonic acid) (200 mL). The reaction
was heated at 100 °C for 1 h. After cooling to room temperature, the mixture was
poured slowly into cold deionized water (1 L). The formed precipitate was filtered,
washed successively with deionized water (3 x 200 mL) and ethyl acetate (2 x 200 mL)
and dried overnight at 35 °C in a vacuum desiccator to afford compound S3 as an off-
white solid (29.9 g, 148.7 mol), which was used in the next step without further
purification. Yield: 91%; mp 263-265 °C (Lit.: 263-264 °C [5]); IR (ATR accessory) v
3167, 3026, 1640, 1491, 1395, 1380 cm?; *H NMR (200.13 MHz, DMSO-ds) & 6.89
and 7.01 (2H, J = 11.6 Hz, AB system), 7.10-7.40 (m, 8H), 9.88 (brs, 1H);13C NMR
(50.32 MHz, DMSO-ds) 6 126.2, 126.4, 127.4, 127.8 (2C), 128.1, 129.0 (2C), 130.2,
132.7, 133.5, 134.5, 136.2, 136.3, 171.8; ESI-MS m/z calculated for CisH12NO*
[M+H]*: 222.09, found: 222.00.

5,6-Dihydrodibenzo[b,flazocine (S4)

N
S4

To a solution of amide S3 (10.00 g, 45.2 mmol) in anhydrous diethyl ether (125 mL)
was added dropwise, under argon, a solution of 4 M lithium aluminium hydride in
anhydrous diethyl ether (28.25 mL, 113 mmol, 2.5 eq). The reaction mixture was
refluxed for 20 h. After cooling to room temperature, a solution of 4 M lithium aluminium
hydride in anhydrous diethyl ether (10 mL, 40 mmol) was added and the solution was
refluxed for 22 h. At this point, TLC monitoring (SiOz, cyclohexane/ethyl acetate, 7/3,
v/v) showed complete disappearance of the starting material. After cooling to room
temperature, the mixture was slowly treated dropwise with successively deionized
water (4.5 mL), 1 N aqueous sodium hydroxide solution (4.5 mL) and deionized water
(4.5 mL). The reaction mixture was stirred until gas evolution ceased. The inorganic
precipitate was then filtered and washed successively with diethyl ether (2 x 120 mL)
and dichloromethane (120 mL). The filtrate was dried over magnesium sulfate, filtered
and evaporated under reduced pressure to give compound S4 as a yellow solid (8.36
g, 40.3 mmol), which was used in the next step without further purification. Yield: 89%;
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mp 107-109 °C (Lit.: 108-109 °C [5]); IR (ATR accessory) v 3400, 3049, 2918, 1597,
1493, 1450, 1333, 1270 cm; 1H NMR (200.13 MHz,CDClz) § 4.29 (brs, 1H), 4.59 (s,
2H), 6.36 (d, 1H, J = 13 Hz), 6.47 (d, 1H, J = 7.9 Hz), 6.55 (d, 1H, J = 13 Hz), 6.60 (t,
1H, J = 7.5 Hz), 6.89 (t, 1H, J = 7.5 Hz), 6.97 (d, 1H, J = 7.5 Hz), 7.23 (m, 4H); 13C
NMR (50.32 MHz, CDCI3) 6 49.5, 117.7, 117.9, 121.7, 127.4 (2C), 127.6, 128.0, 128.9,
130.1, 132.7,134.7, 138.1, 139.2, 147.1; ESI-MS m/z calculated for CisH14N* [M+H]*:
208.11, found: 208.02.

4-Methoxy-4-oxobutanoic acid (S6)
Me0,c~ > 021
S6

This compound was obtained according to the procedure described by von Wantoch
Rekowski, M. et al. [6]. To a solution of succinic anhydride (S5) (10.0 g, 100 mmol) in
anhydrous methanol (150 mL) was added, under argon, sodium methylate (54 mg, 1
mmol). The reaction mixture was heated at reflux for 1.5 h. After cooling to room
temperature, the solution was evaporated under reduced pressure to give compound
S6 as a white solid (13.11 g, 99.2 mmol), which was used in the next step without
further purification. Yield: 99%; mp 56-58 °C (Lit.: 57 °C [6]); IR (ATR accessory) v
3300-2700, 2700-2300, 1727, 1687, 1440, 1417, 1366, 1344, 1254, 1232, 1198, 1173
cm™; 'H NMR (200.13 MHz, CDClz) 6 2.65 (m, 4H), 3.68 (s, 3H), 10.90 (brs, 1H); 3C
NMR (50.32 MHz, CDCls) 6 28.7, 29.0, 52.1, 172.8, 178.5; ESI-MS m/z calculated for
CsH704 [M-H]: 131.03, found: 131.02.

Methyl 4-(dibenzo[b,flazocin-5(6H)-yl)-4-oxobutanoate (S7)

N
O

S7
MeO,C
To a solution of 4-methoxy-4-oxobutanoic acid (S6) (2.39 g, 18.1 mmol) in anhydrous
dichloromethane (10 mL) were successively added, under argon, N,N-
dimethylformamide (30 pL) and oxalyl chloride (1.94 mL, 22.6 mmol). The reaction
mixture was stirred at room temperature for 3 h until gas evolution ceased. The solvent
was removed under reduced pressure, the remaining material was dissolved in
anhydrous dichloromethane (10 mL) and the solvent was evaporated once again. The
residue was dissolved in anhydrous dichloromethane (20 mL) and added dropwise, at
0 °C and under argon, to a solution of 5,6-dihydrodibenzolb,flazocine (S4) (2.50 g,
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12.1 mmol) and triethylamine (3.4 mL, 24.4 mmol) in anhydrous dichloromethane (80
mL). After warming to room temperature, the reaction was stirred for 2 h. The mixture
was then washed successively with a 2 N aqueous sodium hydroxide solution (3 x 40
mL), a 2 N hydrochloric acid solution (3 x 40 mL) and brine (90 mL). The organic layer
was dried over magnesium sulfate, filtered and evaporated under reduced pressure.
The residue was purified by column chromatography (SiO2, ethyl acetate/cyclohexane,
3/7, viv) to give compound S7 as an off-white solid (2.96 g, 9.21 mmol). Yield: 76%;
mp 112-113 °C (Lit.: 108 °C [4]); Rr = 0.40 (SiO2, ethyl acetate/cyclohexane, 3/7, V/V);
IR (ATR accessory) v 1733, 1645, 1490, 1393, 1362, 1271, 1211, 1162 cm; *H NMR
(200.13 MHz, CDCls) 6 1.90-2.10 (m, 1H), 2.35-2.70 (m, 3H), 3.62 (s, 3H), 4.25 (d, 1H,
J =15 Hz), 5.51 (d, 1H, J = 15 Hz), 6.61 (d, 1H, J = 13 Hz), 6.79 (d, 1H, J = 13 H2z),
7.14 (m, 3H), 7.26 (m, 5H); 3C NMR (50.32 MHz, CDCIls) & 29.2, 29.7, 51.8, 54.6,
127.1, 127.4 (2C), 128.2, 128.4, 128.7, 130.3, 131.0, 132.0, 132.8, 134.7, 136.0,
136.6, 140.6,171.0, 173.6; ESI-MS m/z calculated for C20H1o9NNaOs* [M+Na]*: 344.13,
found: 344.13.

4-(Dibenzo[b,flazocin-5(6H)-yl)-4-oxobutanoic acid (S8)

S8 o

HO,C

To a solution of ester S7 (2.50 g, 7.78 mmol) in methanol (50 mL) was added a solution
of lithium hydroxide (1.12 g, 46.8 mmol) in deionized water (25 mL). The reaction was
heated at reflux for 18 h. After cooling to room temperature, the mixture was diluted
with a 1 M aqueous sodium hydrogen sulfate solution (50 mL) and then extracted with
dichloromethane (3 x 50 mL). The combined organic layers were dried
over magnesium sulfate, filtered and evaporated under reduced pressure. The
resulting sticky oil was triturated with anhydrous diethyl ether (20 mL) to give
compound S8 as a white solid (2.07 g, 6.74 mmol), which was used in the next step
without further purification. Yield: 87%; mp 133-134 °C; IR (ATR accessory) v 3100-
2800, 1695, 1646, 1392, 1256, 1231 cm™; *H NMR (200.13 MHz, CDCls) & 1.90-2.10
(m, 1H), 4.28 (d, 1H, J = 15 Hz), 5.52 (d, 1H, J = 15 Hz), 6.61 (d, 1H, J = 12.8 Hz),
6.80 (d, 1H, J = 12.8 Hz), 7.10-7.30 (m, 8H), 9.55 (brs, 1H); 33C NMR (50.32 MHz,
CDCI3) 6 29.6 (2C), 54.7, 127.2, 127.4 (2C), 128.2, 128.4, 128.8, 130.2, 130.9, 131.9,
132.9, 134.3, 135.9, 136.6, 140.3, 171.6, 177.6; ESI-MS m/z calculated for
Ci19H17NOsNa* [M+Na]*: 330.11, found: 330.13.
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5-(11,12-Didehydrodibenzo[b,flazocin-5(6H)-yl)-4-oxobutanoic acid (S9)

N

o
S9

HO,C

To a solution of compound S8 (1.80 g, 5.86 mmol) in anhydrous dichloromethane (80
mL), was added dropwise, at 0 °C and under argon, bromine (900 pL, 17.6 mmol).
The resulting solution was stirred at 0 °C for 2 h. The progress of the reaction was
monitored by *H NMR. After completion, the reaction mixture was allowed to warm to
room temperature. Dichloromethane (100 mL) was then added and the mixture was
successively washed with a saturated aqueous sodium hydrogen sulfite solution (3 x
100 mL), deionized water (100 mL) and brine (100 mL). The organic layer was dried
over magnesium sulfate, filtered and evaporated under reduced pressure. The
resulting grey solid (dibrominated derivative) was diluted, under argon, with anhydrous
tetrahydrofuran (100 mL) and cooled to -40 °C. A solution of 1 M potassium tert-
butylate in anhydrous tetrahydrofuran (21 mL, 21 mmol) was then slowly added and
the reaction mixture was stirred at -40 °C for 1.5 h. The progress of the reaction was
monitored by 'H NMR. After completion, the reaction was allowed to warm to room
temperature, quenched with a 1 M aqueous sodium hydrogen sulfate solution until pH
= 1 (ca. 25 mL) and extracted with dichloromethane (3 x 100 mL). The combined
organic layers were dried over magnesium sulfate, filtered and evaporated under
reduced pressure. The crude was taken up with a small volume of anhydrous diethyl
ether and the resulting precipitate was filtered to give compound S9 as an off-white
solid (1.58 g, 5.17 mmol), which was used in the next step without further purification.
Yield: 88%; mp 172-174 °C (Lit.: 170 °C [2]); IR (ATR accessory) v 3100-2800, 1704,
1650, 1423, 1395, 1321, 1203 cm?; *H NMR (200.13 MHz, DMSO-ds) 6 1.76 (m, 1H),
2.27 (m, 2H), 2.57 (m, 1H), 3.61 (d, 1H, J = 13.9 Hz), 5.03 (d, 1H, J = 13.9 Hz), 7.20-
7.70 (m, 8H), 12.03 (brs 1H); **C NMR (50.32 MHz, DMSO-ds) & 29.0, 29.3, 55.0,
108.1, 114.3, 121.6, 122.6, 125.2, 126.9, 127.7, 128.1, 128.2, 129.0, 129.7, 132.4,
148.5, 151.5,170.8, 170.6; ESI-MS m/z calculated for C1o0H1sNNaOs* [M+Na]*: 328.09,
found: 328.16.
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Succinimidyl 4-(11,12-didehydrodibenzolb,flazocin-5(6H)-yl)-4-oxobutanoate (S10,

ADIBO-NHS)[3]
O35 s
N)WO\N
Il I
(0]
g

To a solution of acid S9 (1.00 g, 3.28 mmol) in anhydrous dichloromethane (50 mL)
were added, under argon, N-hydroxysuccinimide (565 mg, 4.91 mmol) and N-ethyl-N"-
(3-dimethylaminopropyl)carbodiimide, hydrochloride salt (942 mg, 4.91 mmol).
The reaction mixture was stirred at room temperature for 3.5 h. The solution was then
successively washed with a 5% aqueous citric acid solution (2 x 50 mL), a 5% aqueous
sodium hydrogen carbonate solution (2 x 50 mL) and brine (50 mL). The organic layer
was dried over magnesium sulfate, filtered and evaporated under reduced pressure.
The residue was purified by column chromatography (SiO2, ethyl acetate/cyclohexane,
1/1, viv) to give compound S10 as an off-white solid (1.22 g, 3.03 mmol). Yield: 93%;
mp 162-164 °C; Rs = 0.32 (SiO2, ethyl acetate/cyclohexane, 1/1, v/v); IR (ATR
accessory) v 1734, 1656, 1204, 1069 cm; *H NMR (200.13 MHz, CDCI3) & 2.08 (m,
1H), 2.55-3.10 (m, 7H), 3.68 (d, 1H, J = 13.8 Hz), 5.18 (d, 1H, J = 13.8 Hz), 7.20-7.50
(m, 7H), 7.69 (d, 1H, J = 7.6 Hz); 13C NMR (50.32 MHz, CDCl3) § 25.6 (2C), 26.5, 29.3,
55.7,107.7,115.1,122.8,123.1, 125.6, 127.3, 127.9, 128.5 (2C), 128.7, 129.2, 132.4,
147.9, 151.1, 168.4, 169.0 (2C), 170.4; ESI-MS m/z calculated for C23H1sN2OsNa*
[M+Na]*: 425.11, found: 425.09.

1.3. Synthesis of benzyl (3-bromopropyl)carbamate (S11)
Br” " "NHCO,Bn

S11

This compound was obtained according to slight modifications of the procedure
described by Wei, W.H. et al. [7]. To a solution of 3-bromopropylamine hydrobromide
salt (3.00 g, 13.7 mmol) in a mixture of water and 1,4-dioxane (14 mL, 1/1, v/v) was
slowly added dropwise over 30 min a solution of benzyl chloroformate (2,24 mL, 15.8
mmol) in 1,4-dioxane (7 mL) while maintaining the pH at 6-7 by addition of a 3.5 M
agueous potassium carbonate solution. After addition, the pH was adjusted to 7-8 and
the reaction mixture was stirred at room temperature for 1 h. Excess of benzyl
chloroformate was hydrolysed by addition of a 2 N aqueous sodium hydroxide solution
(1.05 mL). After stirring at room temperature for 2 h, the mixture was extracted with
diethyl ether (3 x 45 mL) and the combined organic layers were dried over magnesium
sulfate, filtered and evaporated under reduced pressure. The residue was purified by
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column chromatography (SiOz2, ethyl acetate/cyclohexane, 1/10, v/v) to give compound
S11 as a colourless oil (3.44 g, 12.6 mmol). Yield: 92%; Rf = 0.11 (SiO2, ethyl
acetate/cyclohexane, 1/10, v/v); IR (ATR accessory) v 3500-3250, 2949, 2900-2500,
2435, 1693, 1522, 1454, 1241, 1128, 1076, 1041 cm™; I1H NMR (200.13 MHz, CDCls)
8 2.06 (quint, 2H, J = 6.4 Hz), 3.34 (q, 2H, J = 6.4 Hz), 3.42 (t, 2H, J = 6.4 Hz), 5.04
(m, 1H), 5.09 (s, 2H), 7.35 (s, 5H); **C NMR (50.32 MHz, CDCls) & 30.8, 32.5, 39.5,
66.9, 128.3 (3C), 128.6 (2C), 136.5, 156.6.

1.4. Synthesis of DOTA precursor 9

Scheme S22 Synthesis of DOTA precursor 9
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3Reaction conditions: a) NaOAc, DMA, tert-butyl 2-bromoacetate, RT, 60 h; b) benzyl
2-bromoacetate, K,CO5, CH3CN, 70 °C, 18.5 h; ¢) H,, Pd/C 10%, MeOH, RT, 22 h;
d) HOBt.H,O, EDC.HCI, tert-butyl N-(2-aminoethyl)carbamate, CH,Cl,, RT, 45 h.

Tri-tert-butyl 2,2'2"-(1,4,7,10-tetraazacyclododecane-1,4,7-triyl)triacetate
hydrobromide salt (S13)

©
Buo,c—\/ \@ pp

[N NH,

tBquC\/N\_/N\/COZtBu
$13
This compound was obtained according to a modified procedure of the protocol
described by Moore, D.A. et al. [8]. To a solution of cyclen (S12) (5.00 g, 29.0 mmol)
in N,N-dimethylacetamide (40 mL) was added portionwise, under argon, sodium
acetate (13.03 g, 95.8 mmol) (exothermic reaction). The suspension was stirred for 30
min until return back to room temperature. A solution of tert-butyl 2-bromoacetate (18.7
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g, 95.9 mmol) in N,N-dimethylacetamide (20 mL) was then slowly added dropwise
while the internal temperature was maintained below 35 °C. After stirring at room
temperature for 60 h, anhydrous diethyl ether (20 mL) was added, and the reaction
mixture was cooled to -10 to -15 °C. After stirring at this temperature for 2 h, the
resulting precipitate was collected by filtration and washed successively with cold (-10
to -15 °C) N,N-dimethylacetamide (10 mL) and cold (-10 to -15 °C) diethyl ether (2 x
25 mL). The solid was dissolved in chloroform (100 mL) and washed successively with
deionized water (2 x 15 mL) and a saturated agueous sodium bromide solution (15
mL). The organic layer was dried over magnesium sulfate, filtered and evaporated
under reduced pressure to reach approximately 40 g. The solution was diluted with
cyclohexane (80 mL) and stirred at room temperature for 3 h and then at -10 to -15 °C
for 2 h. The resulting precipitate was filtered, washed with a mixture of cold (-10 to -15
°C) cyclohexane/chloroform solution (4/1, viv, 25 mL) and dried overnight at 35 °C in
a vacuum desiccator to give compound S13 as a white solid (9.33 g, 15.7 mmol), which
was used in the next step without further purification. Yield: 54%; mp 193-195 °C (Lit.:
190-191 °C [9]); IR (ATR accessory) v 2937, 2868, 2737, 1717, 1365, 1271, 1254,
1162, 1146, 1116, 1100 cm?; *H NMR (500.13 MHz, CDCls) & 1.29 (s, 27H), 2.71 (m,
4H), 2.76 (m, 8H), 2.94 (brs, 4H), 3.13 (s, 2H), 3.23 (s, 4H), 9.77 (m, 2H); 13C NMR
(125.76 MHz, CDCI3) 6 27.9 (6C), 28.0 (3C), 47.2 (2C), 48.9 (2C), 51.0 (4C), 57.8 (3C),
81.3 (2C), 81.5, 169.4, 170.3 (2C).

Tri-tert-butyl  2,2°,2"-(10-(2-benzyloxy-2-oxoethyl)-1,4,7,10-tetraazacyclododecane-
1,4,7-triyl)triacetate (S14)
tBquC/EN Ni\

tBUOQC\/N\ /N\/CO2tBU

COan

S14

This compound was obtained according to slight modifications of the procedure
described by Strauch, R.C. et al. [10]. To a solution of compound S13 (2.50 g, 3.43
mmol) in anhydrous acetonitrile (64 mL) were successively added under argon
potassium carbonate (1.74 g, 12.6 mmol) and benzyl 2-bromoacetate (798 uL, 5.04
mmol). The reaction mixture was heated at 70 °C for 18.5 h. After cooling to room
temperature, the solid was removed by filtration and the filtrate was evaporated under
reduced pressure. The residue was purified by column chromatography (SiOz,
dichloromethane—dichloromethane/methanol, 95/5, v/v) to give compound S14 as an
off-white solid (2.74 g, 4.13 mmol). Yield: 98%; mp 93-94 °C; Rt = 0.13 (SiOg,
dichloromethane/methanol, 95/5, v/v); IR (ATR accessory) v 2976, 2822, 1722, 1454,
1367, 1308, 1259, 1224, 1154, 1104 cm™*; *H NMR (500.13 MHz, CD3CN) & 1.44 (s,
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18H), 1.46 (s, 9H), 1.90-3.70 (set of broad and multiple peaks, 24H), 5.15 (m, 2H),
7.36 (m, 5H); ¥3C NMR (125.76 MHz, CD3CN) 6 28.2 (9C), 48.9 (m, 4C), 53.4 (m, 4C),
55.3, 55.7, 56.3, 56.4 (2C), 67.6, 82.6, 82.7 (2C), 129.3 (2C), 129.5 (2C), 136.7, 174.0,
174.1 (2C), 174.6; HRMS m/z calculated for CssHsgN4Os™ [M+H]*: 663.4327, found:
663.4319.

2-(4,7,10-Tris(2-(tert-butoxy)-2-oxoethyl)-1,4,7,10-tetraazacyclododecan-1-yl)acetic
acid (S15)

BuO,C” >N N7 CO,H

)

tBuOZC\/N\ /N\/COZtBU
S$15

To a degassed solution of benzyl derivative S14 (1.14 g, 1.72 mmol) in methanol (25
mL) was added Pd/C 10% (114 mg). After stirring at room temperature for 22 h under
hydrogen atmosphere, the suspension was filtered over 0.45 ym PTFE membrane filter
and the filtrate was evaporated under reduced pressure to provide compound S15 as
an off-white solid (0.97 g, 1.69 mmol), which was used in the next step without further
purification. Yield: 98%; mp 124-126 °C; (Lit.: 129-131 °C [11]); IR (ATR accessory) v
3600-3100, 2976, 2905, 2820, 1726, 16.35, 1393, 1368, 1306, 1225, 1156, 1118, 1106
cm™?; 'H NMR (200.13 MHz, CDClz) 6 1.29 (s, 27H), 1.90-3.70 (broad and multiple
peaks, 24H), 8.22 (brs, 1H); 3C NMR (125.76 MHz, CD3CN) & 28.3 (9C), 48.1-50.0
(4C), 52.3-54.2 (4C), 56.2, 56.3, 56.7 (2C), 82.7 (3C), 173.9 (3C), 175.4; HRMS m/z
calculated for C2sHs3N4Osg* [M+H]*: 573.3858, found: 573.3857.

Tri-tert-butyl  2,2',2"-(10-(2-((2-((tert-butoxycarbonyl)amino)ethyl)amino)-2-oxoethyl)-
1,4,7,10-tetraazacyclododecane-1,4,7-triyl)triacetate (9)

[ N
tBuO,C” N N> NHBoc
] o

tBUOZC\/N\ /N\/COZtBU
9

To a solution of acid S15 (896 mg, 1.56 mmol) in anhydrous dichloromethane (40 mL)
were successively added under argon 1-hydroxybenzotriazole monohydrate (233 mg,
1.72 mmol), N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride salt (390
mg, 2.03 mmol) and after 5 min, a solution of tert-butyl N-(2-aminoethyl)carbamate [12]
(325 mg, 2.03 mmol) in anhydrous dichloromethane (5 mL). After stirring at room
temperature for 45 h, the reaction mixture was washed successively with a 2 N
aqueous sodium hydroxide solution (2 x 50 mL) and brine (2 x 50 mL), dried over
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sodium sulfate, filtered and evaporated under reduced pressure. The residue was
purified by column chromatography (SiO2, dichloromethane/ethanol/ammonium
hydroxide, 90/10/0.2, v/viv) to give compound 9 as a white solid (931 mg, 1.30 mmol).
Yield: 83%; mp 102-104 °C; Rf = 0.13 (SiO2, dichloromethane/ethanol/ammonium
hydroxide, 90/10/0.2, viviv); IR (ATR accessory) v 3500-3100, 2976, 2825, 1726,
1667, 1366, 1308, 1226, 1159, 1121, 1106 cm*; *H NMR (500.13 MHz, CDClz) 6 1.38
(s, 9H), 1.42 (s, 27H), 1.90-3.10 (m, 20H), 3.15-3.50 (m, 8H), 6.29 (brs, 1H), 9.03 (brs,
1H); 13C NMR (125.76 MHz, CD3CN) & 28.2 (9C), 28.7 (3C), 40.4, 40.5, 47.0-54.6 (8C),
56.4 (3C), 57.0, 78.6, 82.0 (2C), 82.2, 156.7, 172.8, 173.2 (2C), 173.6; HRMS m/z
calculated for CssHe7NeOo™ [M+H]*: 715.4964, found: 715.4956.

1.5. Synthesis of NODAGA precursor 12

Scheme S32: Synthesis of NODAGA precursor 12
Ts
|

HoN o~ NH, —2— (Nx b . SN\H;E.sHm—C» SN\H/NE
v/

H Ts/N\ /N‘Ts
S16 /
S17 S18 S19

ROZC\/\rCOZH L BnOzC\/\(COZH . Bnozc\/\(COZtBu

NH, Br Br

522 $23
R=H, S20
d,:R:Bn,SM

» BUO,C. N N._COBu tBu0,C._N N°_CO,tBu
o S24 . —R=Bn, $25
o I H, 526
tBuOZCMN/\/NHBoc

. N H
| 8 <\ R CO,tB

quch\_/N\/ -tBu

12

2Reaction conditions: a) (i) 1.05 M aq. K,CO3, TsCl, 90 °C, 1.5 h; (ii)) NaOH, 1 M aq. TBAB,
1,2-dibromoethane, toluene, reflux, 10.5 h; b) (i) conc. H,SO,4, 140 °C, overnight; (ii) H,O,
reflux, 1 h then conc. HCI, 0 °C, 1.5 h; c) aq. NaOH, toluene, Dean-Stark, overnight; d) BnOH,
conc. HySO4 H,0, 70 °C, 45 min; e) 1 M aq. HBr, NaBr.2H,0, NaNO,, 0 °C, 4 h; f) tert-butyl
acetate, 70% aq. HCIO,4, RT, 40 h; g) tert-butyl 2-bromoacetate, CHCI;, RT, 60 h; h) S$23,
K,CO3, CH3CN, 40 °C, 24 h; i) iPrOH, H,, Pd/C 10%, RT, 20 h; j) HOBt.H,O, EDC.HCI,
tert-butyl N-(2-aminoethyl)carbamate, CH,Cl,, RT, 15 h.
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1,4,7-Tritosyl-1,4,7-triazacyclononane (S17)

Y
Ts/N\_/N\Ts
$17

This compound was obtained according to the procedure described by Montagner, D.
et al. [13]. Diethylenetriamine (S16) (10.5 mL, 96.7 mmol) and tosyl chloride (55.36 g,
0.29 mol) were added successively to a 1.05 M aqueous potassium carbonate solution
(300 mL). The reaction mixture was stirred at 90 °C for 1.5 h. After cooling to room
temperature, toluene (200 mL), sodium hydroxide (34.92 g, 0.873 mol), a 1 M aqueous
tetrabutylammonium bromide solution (10 mL) and 1,2-dibromoethane (15.0 mL, 0.174
mol) were added successively. The resulting solution was stirred at reflux for 10.5 h.
After cooling to room temperature, 1,2-dibromoethane (15.0 mL, 0.174 mol) was added
and the solution was stirred at reflux for 7 h. The last procedure was repeated once
again with a reflux time of 14 h. After cooling to room temperature, the solid was
filtered, washed with deionized water (2 x 150 mL) and dried overnight at 35 °C in a
vacuum desiccator to give compound S17 as a white solid (44.32 g, 74.9 mmol), which
was used in the next step without further purification. Yield: 77%; mp 216-217 °C (Lit.:
218-220 °C [14]); IR (ATR accessory) v 1342, 1325, 1154, 1088 cm; *H NMR (200.13
Hz, CDClIs) 6 2.43 (s, 9H), 3.41 (s, 12H), 7.32 (d, 6H, J = 8.1 Hz), 7.69 (d, 6H, J = 8.1
Hz); ¥3C NMR (50.32 Hz, CDClz) § 21.7 (3C), 52.0 (6C), 127.6 (6C), 130.0 (6C), 134.7
(3C), 144.0 (3C); ESI-MS m/z calculated for C27H33N3NaOesSs* [M+Na]*: 614.14, found:
614.21.

1,4,7-Triazacyclononane, trihydrochloride salt (S18)

<\ H/B 3HCI
HN NH
v/
S18
A solution of compound S17 (5.00 g, 6.54 mmol) in concentrated sulfuric acid (5 mL)
was stirred at 140 °C overnight. After cooling to room temperature, the reaction mixture
was poured dropwise in methanol (30 mL). The resulting solution was stored overnight
at 4 °C. The brown precipitate formed was filtered and washed with diethyl ether (20
mL). The solid was dissolved in deionized water (10 mL) and the solution was refluxed
for 1 h. After cooling to room temperature, concentrated aqueous hydrochloric acid
solution (8 mL) was added and the resulting solution was stored at 0 °C for 1.5 h. The
grey precipitate was filtered, washed with diethyl ether (2 x 10 mL) and dried overnight
at 35 °C in a vacuum desiccator to give compound S18 as a grey solid (1.29 g, 5.41
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mmol), which was used in the next step without further purification. Yield: 64%; mp
282-284 °C (Lit.: 280-281 °C [15]); IR (ATR accessory) v 3100-2900, 2900-2500, 2433,
1588, 1431, 1413, 1373, 985 cm; 'H NMR (200.13 MHz, D20+1,4-dioxane) & 3.42 (s,
12H); ¥C NMR (50.32 MHz, D20+1,4-dioxane) & 42.7 (6C).

1,4,7-Triazacyclononane (S19)
N
CH Y
HN  NH

$19

This compound was obtained according to the procedure described by Montagner, D.
et al. [16]. To a solution of sodium hydroxide (2.33 g, 58.3 mmol) in deionized water (8
mL) was added successively 1,4,7-triazacyclononane hydrochloride salt (S18) (4.63 g,
19.4 mmol) and toluene (30 mL). The reaction mixture was refluxed overnight in a
Dean-Stark apparatus in order to remove water. Toluene was decanted and the
residue was taken up with fresh toluene (10 mL). Sodium hydroxide (1.11 g, 27.8
mmol) was added and the resulting solution was heated at reflux for 1.5 h and then
filtered hot. The organic layers were combined, dried over magnesium sulfate, filtered
and evaporated under reduced pressure to give compound S19 as a yellow oil (2.50
g, 19.3 mmol), which solidified on standing (white solid, very hygroscopic). This
compound was used in the next step without further purification. Yield: quant.; mp 88-
90 °C (Lit.: 62 °C [15]); IR (ATR accessory) v 3300, 3050-2400, 1458, 1380, 1347,
1277, 1160, 1068 cm%; *H NMR (200.13 MHz, CDCls) & 2.17 (s, 3H), 2.68 (s, 12H);
13C NMR (50.32 MHz, CDClz) & 45.7 (6C).

5-Benzyl L-glutamate (S21)

Bn02c\/\r002H

NH
s21 2

This compound was obtained according to slight modifications of the procedure
described by Yoshida, M. et al. [17]. To a solution of L-glutamic acid (S20) (14.7 g,
0.10 mol) in deionized water (6.5 mL) was slowly added dropwise concentrated sulfuric
acid (9.8 g) followed by benzyl alcohol (12.0 g, 0.11 mmol). The reaction mixture was
stirred at 70 °C for 45 min. After evaporation of the solvent under reduced pressure at
70 °C for 4 h, the hot resulting sticky residue was poured into a 500 mL beaker
containing a solution of sodium hydrogen carbonate (16.8 g, 0.20 mol) in deionized
water (50 mL) precooled at 0 °C. The remaining syrup in the flask was washed off with
deionized water (3 x 30 mL) and the combined reaction mixture was stirred at room
temperature overnight. After filtration and recrystallization of the solid from deionized
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water, the white precipitate was washed with ethyl acetate (2 x 30 mL) and dried
overnight at 30 °C in a vacuum desiccator to give compound S21 as a white solid
(10.66 g, 44.9 mmol). Yield: 45%; mp 180-181 °C (lit.: 188-189 °C [18]); IR (ATR
accessory) v 3400-2400, 1722, 1577, 1515, 1451, 1410, 1387, 1308, 1169 cm*; 1H
NMR (200.13 MHz, conc. HCI/D20) & 2.25 (m, 2H), 2.69 (t, 2H, J = 7.2 Hz), 4.14 (t, 1H,
J = 6.6 Hz), 5.17 (s, 2H), 7.44 (m, 5H); 13C NMR (50.32 MHz, conc. HCI/D20 with 1,4-
dioxane as internal reference) & 25.4, 30.2, 52.5, 67.8, 128.9 (3C), 129.3 (2C), 136.0,
171.8, 174.6; ESI-MS m/z calculated for C12H16NO4* [M+H]*: 238.11, found: 238.08.

2-Bromopentandioic acid 5-benzyl ester (S22)

BnOZC\/\(COZH

Br
S22

This compound was obtained according to slight modifications of the procedure
described by Lamarque, L. et al. [19]. To a solution of 5-benzyl L-glutamate (S21) (5.00
g, 21.1 mmol) and sodium bromide dihydrate (8.00 g, 57.6 mmol) in 1 M hydrobromic
acid solution (125 mL) was added dropwise, at 0 °C, a solution of sodium nitrite (2.25
g, 39.9 mmol) in deionized water ( 25 mL) keeping the reaction temperature below 5
°C. After stirring at 0 °C for 4 h, concentrated sulfuric acid (2.5 mL) was slowly added
at 0 °C followed by diethyl ether (100 mL). After decantation, the aqueous layer was
extracted with diethyl ether (2 x 150 mL). The combined organic layers were dried over
magnesium sulfate, filtered and evaporated under reduced pressure. The residue was
purified by column chromatography (SiO2, ethyl acetate/cyclohexane/trifluoroacetic
acid, 20/80/0.1—50/50/0.1, v/viv) to give compound S22 as a light yellow oil (2.58 g,
8.57 mmol). Yield: 41%; Rs = 0.69 (SiO2, ethyl acetate/cyclohexane/trifluoroacetic acid,
50/50/0.1, viviv); IR (ATR accessory) v 3100-2900, 1750-1700, 1261, 1200-1100 cm"
1 1H NMR (200.13 MHz, CDCl3) 6 2.2-2.55 (m, 2H), 2.51 (m, 2H), 4.30 (dd, 1H, J =
5.9, 8.3 Hz), 5.04 (s, 2H), 7.27 (m, 5H), 7.51 (brs, 1H); **C NMR (50.32 MHz, CDCls)
6 29.5,31.5,44.3,66.9, 128.4 (2C), 128.5, 128.7 (2C), 135.6, 172.2, 174.5; HRMS m/z
calculated for C12H14BrO4* [M+H]*: 301.0070, found: 301.0065.

5-Benzyl 1-tert-butyl 2-bromopentandioate (S23)

BnO,C CO,tBu
This compound was obtained according to slight modifications of the procedure
described by Lamarque, L. et al. [19]. To a solution of 2-bromopentandioic acid 5-
benzyl ester (S23) (1.43 g, 4.75 mmol) in tert-butyl acetate (18 mL) was added
dropwise an aqueous perchloric acid solution (70 wt%, 21 uL, 0.22 mmol). After stirring
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at room temperature for 40 h, deionized water was added (25 mL) and the aqueous
layer was extracted with tert-butyl acetate (2 x 5 mL). The combined organic layers
were washed successively with deionized water (15 mL), 5% aqueous sodium
hydrogen carbonate solution (15 mL) and deionized water (15 mL). The organic layer
was dried over magnesium sulfate, filtered and evaporated under reduced pressure.
The residue was purified by column chromatography (SiO2, ethyl acetate/cyclohexane,
1/9, viv) to give compound S23 as a colourless oil (1.21 g, 3.39 mmol). Yield: 71%; Rs
= 0.49 (SiOz2, ethyl acetate/cyclohexane, 1/9, v/v); IR (ATR accessory) v 2979, 1731,
1368, 1257, 1139 cm; H NMR (200.13 MHz, CDCls) & 1.47 (s, 9H), 2.20-2.50 (m,
2H), 2.56 (m, 2H), 4.25 (dd, 1H, J = 6.0, 8.2 Hz), 5.13 (s, 2H), 7.34 (m, 5H); 13C NMR
(50.32 MHz, CDCls) 6 27.8, 29.8 (3C), 31.7, 46.7, 66.6, 82.7, 128.4 (2C), 128.5, 128.7
(2C), 135.8, 168.4, 172.1; HRMS m/z calculated for CisH21BrNaOs* [M+Na]*:
379.0515, found: 379.0518.

Di-tert-butyl 2,2'-(1,4,7-triazacyclononane-1,4-diyl)diacetate (S24)
N
{H D
tBquC\/N\_/NvCOZtBu

S24

This compound was obtained according to a modified procedure of the protocol
described by Shetty, D. et al. [20]. To a solution of 1,4,7-triazacyclononane (S19) (1.60
g, 12.4 mmol) in anhydrous chloroform (35 mL) was added dropwise, over 4 h, a
solution of tert-butyl 2-bromoacetate (4.0 mL, 27.1 mmol) in anhydrous chloroform (60
mL). The reaction mixture was stirred at room temperature until TLC monitoring (SiOz,
dichloromethane/ethanol/ammonia, 9/1/0.1, v/v/v) indicated no further advancement of
the reaction (60 h). After filtration, the solid was washed with dichloromethane (2 x 10
mL) and the combined filtrates were evaporated under reduced pressure. The crude
was taken up with deionized water (10 mL) and pH was adjusted to 3 by addition a 1
N hydrochloric acid solution. The resulting solution was washed with diethyl ether (4 x
25 mL) before adjusting carefully the pH to 8 with a 1 N aqueous sodium hydroxide
solution. After extraction with dichloromethane (3 x 25 mL), the combined organic
layers were dried over magnesium sulfate, filtered and evaporated under reduced
pressure. The residue was taken up with hexane (5 mL) and stirred at 0 °C for 30 min.
The solid was filtered to give compound S24 as an off-white solid (1.94 g, 5.43 mmol),
which was used in the next step without further purification. Yield: 44%; mp 154-156
°C; Rf =0.20 (SiO2, dichloromethane/ethanol/ammonia, 9/1/0.1, v/vi/v); IR (ATR
accessory) v 3050-2900, 2800-2700, 1726, 1369, 1214, 1154 cm'; *H NMR (200.13
MHz, CDCls) § 1.44 (s, 18H), 2.75 (s, 4H), 3.04 (t, 4H, J = 5.7 Hz), 3.21 (m, 4H), 3.35
(s, 4H); 3C NMR (50.32 MHz, CDCIs3) § 28.2 (6C), 44.7 (2C), 48.8 (2C), 51.8 (2C), 56.7
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(2C), 82.1 (2C), 170.9 (2C); ESI-MS m/z calculated for C1sH3sN304* [M+H]*: 358.27,
found: 358.26.

1-Benzyl 5-tert-butyl 4-(4,7-bis(2-(tert-butoxy)-2-oxoethyl)-1,4,7-triazacyclononan-1-
yl)pentanedioate (S25)

tBUOQC Y\/COQBn

N

tBUOzC\/N N\/COZtBU
-/

S25
To a solution of compound S24 (600 mg, 1.68 mmol) in anhydrous acetonitrile (6 mL)
were successively added, under argon, potassium carbonate (464 mg, 3.36 mmol) and
a solution of 5-benzyl 1-tert-butyl 2-bromopentandioate (S23) (720 mg, 2.02 mmol) in
anhydrous acetonitrile (1 mL). The reaction mixture was stirred at 40 °C for 24 h. After
cooling to room temperature the solution was filtered and the solid was washed with
acetonitrile (2 x 3 mL). The combined filtrates were evaporated under reduced
pressure. The crude was purified by column chromatography (Al203, dichloromethane
/ethanol, 99/1, v/v) to give compound S25 as a yellow oil (731 mg, 1.15 mmol). Yield:
69%; R =0.30 (Al2Os, dichloromethane/ethanol, 99/1, v/v); IR (ATR accessory) v
2976, 2929, 1719, 1366, 1253, 1215, 1143 cm™; H NMR (200.13 MHz, CDCl3) & 1.46
(s, 27H), 1.75-2.15 (m, 2H), 2.40-3.10 (m, 14H), 3.19 (dd, 1H, J = 6.4, 8.9 Hz), 3.29 (s,
4H), 5.14 (s, 2H), 7.36 (m, 5H); *3C NMR (50.32 MHz, CDCls) & 25.3, 28.3 (9C),
31.1,53.3 (2C), 55.6 (2C), 56.2 (2C), 59.4 (2C), 66.3, 66.9, 80.7 (2C), 80.9, 128.3
(3C), 128.6 (2C), 136.1, 171.7 (2C), 172.6, 173.4; ESI-MS m/z calculated for
C34Hs56N30s*™ [M+H]*: 634.41, found: 634.50.

4-(4,7-Bis(2-(tert-butoxy)-2-oxoethyl)-1,4,7-triazacyclononan-1-yl)-5-(tert-butoxy)-5-
oxopentanoic acid (S26)

tBuOZCWCozH

N

tBUOzC\/N NVCOZtBU
L/

S26
To a degassed solution of benzyl derivative S25 (493 mg, 0.78 mmol) in propan-2-ol
(23 mL) was added Pd/C 10% (50 mg). After stirring at room temperature for 20 h
under hydrogen atmosphere, the suspension was filtered over 0.45 uym PTFE
membrane filter and the filtrate was evaporated under reduced pressure to give
compound S26 as a yellow oil (397 mg, 0.73 mmol). Yield: 94%; IR (ATR accessory)
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v 3000-2700, 1722, 1367, 1248, 1147 cm™; *H NMR (200.13 MHz, CDCl3) § 1.42 (s,
27H), 1.93 (m, 2H), 2.40 (m, 2H), 2.75-3.15 (m, 12H), 3.20-3.50 (m, 5H), 10.32 (brs,
1H); C NMR (50.32 MHz, CDCIs) & 25.4, 28.0 (9C), 32.8,51.3 (2C), 53.2 (2C),
54.1 (2C), 58.1 (2C), 66.7,81.3 (3C), 170.1 (2C), 171.7, 176.9; ESI-MS m/z calculated
for C27Hs0N3Os* [M+H]*: 544.36, found: 544.41.

Di-tert-butyl 2,2'-(7-(2,2,15,15-tetramethyl-4,9,13-trioxo-3,14-dioxa-5,8-
diazahexadecan-12-yl)-1,4,7-triazacyclononane-1,4-diyl)diacetate (12)
o}
tBquCMNN NHBoc
N H
tBuOZCvN\_/N _-COutBu
12

To a solution of acid S26 (397 mg, 0.73 mmol) in anhydrous dichloromethane (18 mL)
were successively added, under argon, 1-hydroxybenzotriazole monohydrate (128 mg,
0.95 mmol), N-ethyl-N*-(3-dimethylaminopropyl)carbodiimide hydrochloride salt (182
mg, 0.95 mmol) and a solution of tert-butyl N-(2-aminoethyl)carbamate [12] (152 mg,
0.95 mmol) in anhydrous dichloromethane (10 mL). After stirring at room temperature
for 15 h, the reaction mixture was washed successively with a 1 N aqueous sodium
hydroxide solution (2 x 25 mL) and brine (2 x 25 mL), dried over magnesium sulfate,
filtered and evaporated under reduced pressure. The residue was purified by column
chromatography (SiO2, dichloromethane/ethanol/ammonia, 90/10/0.2, viv/v) to give
compound 12 as a colourless oil (336 mg, 0.49 mmol). Yield: 67%; Rt = 0.15 (SiOz,
dichloromethane/ethanol/ammonia, 90/10/0.2, v/viv); IR (ATR accessory) v 3450-
3150, 2976, 2932, 1715, 1519, 1455, 1392, 1366, 1249, 1147 cm'; 'H NMR (500.13
MHz, CDCls) 6 1.30-1.45 (m, 36H), 1.77 (m, 1H), 2.00 (m, 1H), 2.29 (m, 1H), 2.42 (m,
1H), 2.55-2.95 (m, 12H), 3.05-3.35 (m, 9H), 5.34 (m, 1H), 6.86 (m, 1H); 13C NMR
(50.32 MHz, CDCl3) 6 26.3, 28.3 (9C), 28.5 (3C), 33.3, 40.0, 41.0, 53.7 (2C), 55.9 (4C),
59.7 (2C), 66.9, 79.3, 81.2 (3C), 156.5, 171.5 (2C), 172.8, 173.9; HRMS m/z calculated
for C3sHe4NsOo* [M+H]*: 686.4699, found: 686.4702.
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1.6. Synthesis of N3-PEG4-NHS derivative S32

Scheme S42; Synthesis of N3-PEG4-NHS derivative S32

0
HO/%\/O}H -2 HO/<\/ >\/\COZtBu > . R/<\/ >\/\COZtBu

R = OTs, S29
CI:R N, S30

o)
o) e o) .
T
S31 $32 O 5

3Reaction conditions: a) (i) NaH, THF, RT, 10 min; (ii) tert-butyl acrylate, THF, RT, 20 h; b)
TsCl, pyridine, 0 °C, 2 h then 4 °C, 60 h; c) NaN3, DMF, RT then 55 °C, 1.5 h; d) HCI 4M in
1,4-dioxane, RT, 19 h; e) NHS, EDC.HCI, CH,Cl,, RT, 5.5 h.

tert-Butyl 1-hydroxy-3,6,9,12-tetraoxapentadecan-15-oate (S28)

0
HO/<\/ Z\/\COztBu
S28

Tetraethylene glycol (S27) (80.0 g, 0.41 mol) was dried by co-evaporation of
anhydrous toluene (2 x 20 mL) and dissolved under argon in anhydrous
tetrahydrofuran (200 mL). Sodium hydride 60% in mineral oil (290 mg, 7.25 mmol) was
then added portionwise. After gas evolution stopped (10 min), a solution of tert-butyl
acrylate (20.1 mL, 138 mmol) in anhydrous tetrahydrofuran (60 mL) was added
dropwise over 1 h. After stirring at room temperature for 20 h, the reaction mixture was
neutralized by addition of acetic acid (140 yL) and deionized water (690 pL). After
stirring at room temperature for 30 min, brine (150 mL) was added and the resulting
solution was extracted with ethyl acetate (3 x 150 mL). The combined organic layers
were washed with brine (3 x 150 mL), dried over magnesium sulfate, filtered and
evaporated under reduced pressure to give ester S28 as a colourless oil (32.05 g, 99.4
mmol). Yield: 73%; IR (ATR accessory) v 3700-3300, 3100-2700, 1727, 1366, 1157,
1100 cmt; *H NMR (200.13 MHz, CDCls) § 1.40 (s, 9H), 2.46 (t, 2H, J = 6.5 Hz), 2.98
(brs, 1H), 3.50-3.70 (m, 18H); **C NMR (50.32 MHz, CDClz) § 28.1 (3C), 36.2, 61.7,
66.9, 70.4, 70.6 (5C), 72.6, 80.6, 171.0; HRMS m/z calculated for CisH3oNaO7*
[M+Na]*: 345.1884, found: 345.1885.
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tert-Butyl 1-tosyloxy-3,6,9,12-tetraoxapentadecan-15-oate (S29)

0
TsO/<\/ };/\COZtBu
S29

To a solution of alcohol S28 (17.78 g, 55.2 mmol) in anhydrous pyridine (23 mL) was
added portionwise under argon and at O °C, tosyl chloride (11.60 g, 60.8 mmol). The
reaction was stirred at 0 °C for 2 h then at 4 °C for 60 h. The mixture was poured into
ice/water (300 mL) and extracted with dichloromethane (4 x 100 mL). The combined
organic layers were washed successively with a 1 N hydrochloric acid solution (2 x 100
mL) and brine (100 mL), dried over magnesium sulfate, filtered and evaporated under
reduced pressure. The residue was purified by column chromatography (SiOz, ethyl
acetate/cyclohexane, 8/2, v/v) to give compound S29 as a colourless oil (24.06 g, 50.5
mmol). Yield: 91%; Rf = 0.60 (SiO2, ethyl acetate/cyclohexane, 8/2, v/v); IR (ATR
accessory) v 3050-2850, 1732, 1352, 1174, 1095, 917 cm™; 'H NMR (200.13 MHz,
CDCI3) 6 1.40 (s, 9H), 2.41 (s, 3H), 2.45 (t, 2H, J = 6.5 Hz), 3.50-3.60 (m, 14H), 3.66
(t, 2H, J = 6.5 Hz), 4.12 (t, 2H, J = 4.7 Hz), 7.31 (d, 2H, J = 8.3 Hz), 7.75 (d, 2H, J =
8.3 Hz); ¥3C NMR (50.32 MHz, CDCls) § 21.5, 27.9 (3C), 36.1, 66.7, 68.4, 69.2, 70.2,
70.3 (2C), 70.4 (2C), 70.5, 80.2, 127.8 (2C), 129.7 (2C), 132.8, 144.7, 170.7; HRMS
m/z calculated for C22H3sNaOeS* [M+Na]*: 499.1972, found: 499.1971.

tert-Butyl 1-azido-3,6,9,12-tetraoxapentadecan-15-oate (S30)

0
N3/<\/ Z\/\COztBu
$30

To a solution of tosylated derivative S29 (35.20 g, 73.9 mmol) in anhydrous N,N-
dimethylformamide (110 mL) was added under argon sodium azide (16.81 g, 259
mmol). The reaction mixture was stirred at room temperature for 26 h and then at 55
°C for 1.5 h. After cooling to room temperature, the reaction mixture was diluted with
deionised water (650 mL) and extracted with ethyl acetate (3 x 250 mL). The combined
organic layers were washed successively with deionised water (3 x 250 mL) and brine
(300 mL), dried over magnesium sulfate, filtered and evaporated under reduced
pressure to give compound S30 as a pale yellow oil (25.52 g, 73.5 mmol), which was
engaged in the next step without further purification. Yield: 99%; IR (ATR accessory)
v 2950-2800, 2101, 1727, 1366, 1281, 1253, 1106 cm*; *H NMR (200.13 MHz, CDClz)
81.38 (s, 9H), 2.43 (t, 2H, J = 6.5 Hz), 3.32 (t, 2H, J = 5.0 Hz), 3.50-3.75 (m, 16H); 3C
NMR (50.32 MHz, CDCI3) & 28.0 (3C), 36.2, 50.6, 66.8, 70.0, 70.3, 70.4, 70.6 (4C),
80.4, 170.8; ESI-MS m/z calculated for CisH2oN3sNaOs* [M+Na]*: 370.20, found:
370.21.
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tert-Butyl 1-azido-3,6,9,12-tetraoxapentadecan-15-oic acid (S31)

o)
N3/<\/ Z\/\COZH
$31

Compound S30 (418 mg, 1.20 mmol) was dissolved under argon in a 4 M solution of
hydrogen chloride in anhydrous 1,4-dioxane (4 mL). After stirring at room temperature
for 19 h, the reaction mixture was evaporated under reduced pressure (bath
temperature < 40 °C) to give acid S31 as a yellow oil (338 mg, 1.16 mmol), which was
used in the next step without further purification. Yield: 96%; Rs = 0.16 (SiOz, ethyl
acetate); IR (ATR accessory) v 2950-2800, 2105, 1724, 1350, 1173, 1095 cm?; H
NMR (500.13 MHz, CDCls) 6 2.62 (t, 2H, J = 6.3 Hz), 3.38 (t, 2H, J = 5.2 Hz), 3.58-
3.70 (m, 14H), 3.75 (t, 2H, J = 6.3 Hz), 9.14 (brs, 1H); *3C NMR (125.76 MHz, CDCla)
6 35.0, 50.8, 66.5, 70.1, 70.5, 70.6, 70.7, 70.8, 76.9, 77.2, 176.1; ESI-MS m/z
calculated for C11H21N3sNaOs* [M+Na]*: 314.13, found: 314.14.

2,5-Dioxopyrrolidin-1-yl 1-azido-3,6,9,12-tetraoxapentadecan-15-oate (S32)
o]
SN S0
sz © 4

To a solution of acid S31 (338 mg, 1.16 mmol) in anhydrous dichloromethane (8 mL)
were successively added, under argon, N-hydroxysuccinimide (200 mg, 1.74 mmol)
and N-ethyl-N-(3-dimethylaminopropyl)carbodiimide hydrochloride salt (334 mg, 1.74
mmol). The reaction mixture was stirred at room temperature for 5.5 h. After
evaporation under reduced pressure, the residue was purified by column
chromatography (SiO2, ethyl acetate) to give activated ester S32 as a colourless oll
(290 mg, 747 umol). Yield: 64%; Rs = 0.59 (SiO2, ethyl acetate); IR (ATR accessory) v
3000-2800, 2102, 1734, 1203, 1150-1000 cm™*; *H NMR (500.13 MHz, CDCls) § 2.76
(brs, 4H), 2.83 (t, 2H, J = 6.4 Hz), 3.32 (t, 2H, J = 5.2 Hz), 3.56-3.63 (m, 14H), 3.78 (t,
2H, J = 6.4 Hz); ¥*C NMR (50.32 MHz, CDCI3) § 25.5 (2C), 32.1, 50.6, 65.6, 69.9, 70.4,
70.5 (2C), 70.6 (3C), 166.7, 169.1 (2C); ESI-MS m/z calculated for CisH24N4NaOs*
[M+Na]*: 411.15, found: 411.15.
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2. ?|-labelling of trastuzumab and immunoreactive fraction (IRF)
determination

2.1. General
['?°[]Nal (3.60-3.63 GBg/mL, 643.8 MBg/mg) was purchased from PerkinElmer Life
and Analytical Sciences (331 Treble Cove Road, Billerica, MA 01862, US) as a no-
carrier-added solution in reductant free 1.0 x 10°° M aqueous sodium hydroxide
solution (pH 8-11). Pierce iodination tubes were purchased from Thermo Fischer
Scientific (28601). Radio-instant thin-layer chromatography (radio-ITLC) analyses
were measured on a miniGITA Dual radio-TLC system (Elysia-Raytest) using silica
gel-impregnated chromatography paper (Varian inc.) eluted with PBS. The anti-HER2
antibody, Trazimera a biosimilar of trastuzumab (also called trastuzumab-qyyp, PF-
05280014) was provided by the Cancer Center Jean Perrin, Clermont-Ferrand,
France.

2.2. Radiolabelling of trastuzumab with iodine-125

Native trastuzumab was radiolabelled via direct electrophilic radioiodination on tyrosine
residues using Pierce tubes pre-coated with iodogen, a mild oxidative reagent.
Typically, a solution of antibody (400 ug) in PBS (200-250 uL) was introduced in the
Pierce tube before addition of carrier-free [*?°1]Nal (18-19 uL, 36.6-38.5 MBq). The
Pierce tube was sealed and maintained under gentle agitation at room temperature.
After 20 min, the reaction media was transferred to a glass vial. The final radiochemical
purity (RCP) of the radiotracer was determined by radio-ITLC analyses (see Figure
S1). RCY: 68 = 7%; RCP: 96.3 + 2.8%; Molar activity: 13.5 + 1.2 GBg/umol (n = 3).

2.3. IRF determination
The immunoreactivity of [*?%I]I-trastuzumab was determined by a conventional
saturation assay according to the method recommended by Denoél et al. [21].
Increasing concentrations of BT474 cells (1.108, 2.108, 5.106 and 10.10° cells per tube)
were incubated in 0.5 mL of binding media (25 mM HEPES pH 7, completed with
Dulbecco’s Modified Eagle’s Medium (DMEM) F12 (1/1, v/v) glutamax) with 0.65 pmol
of [*?%1]I-trastuzumab (31 GBg/umol) in a final volume of 1 mL. After 30 min of gentle
shaking, samples were centrifuged at 460 g for 8 min at 4 °C. The supernatants were
removed, the cell pellets were washed with PBS containing 0.2% of BSA and
centrifuged again at 460 g for 8 min. The collected supernatants and pellets were
separately recovered for radioactivity counting using a y-counter (Wallac 1480 Wizard
3, Perkin Elmer). The IRF was determined by performing a rectangular hyperbolic fit
(one site specific binding, GraphPad Prism 9.4.1) of the binding curve obtained by
plotting B/(B+S) as a function of cell concentration where B and S are the activities
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counted in pellets and supernatants, respectively. IRF was obtained from the
extrapolation of the quadratic hyperbola value at infinite antigen concentration.
Experiment was performed in triplicates.

3. Supplementary figures

A [5*CulCu-DOTA-trastuzumab B  [(*Cu]Cu-15-5-trastuzumab c [**Cu]lCu-NODAGA-trastuzumab D [2251]I-trastuzumab

Figure S1. Radiochemical purity of [(4Cu]Cu-DOTA-trastuzumab (A), [64Cu]Cu-15-5-trastuzumab (B),
[64Cu]Cu-NODAGA-trastuzumab (C) and [*5l]I-trastuzumab (D) assessed by radio-ITLC
chromatograms (eluent: PBS with 1 mM EDTA for %Cu-labelled conjugates). The radiolabelled
immunoconjugates remained at the origin (R¢= 0) while unbound é*Cu?* migrated near the solvent front
(Rf=0.9-1).

A B [ D
[f*Cu]Cu-DOTA-trastuzumab [F*Cu]Cu-156-6-trastuzumab [5#Cu]Cu-NODAGA-trastuzumab ['251]1-trastuzumab
1.0 10 1.0
_ 08 _ 2™ o8
2 E K 2
06 2 0.6 _’:O.S 7 30‘6
3 2 H 3
504 S04 304 So4
o o ] o
a @ @
0.2 0.2 0.2
o.u T 1 0.0 T 1 0.0 T 1
0 [} 10 0

CeIIconcentratlan(mllllon,lml) Cellconcentratinn(milliunp’ml) Cell concentration (million/mL) ’ CE\Icuncentra:ion[miIIiun,fml)
Figure S2. Binding assays plots used to determine the IRF of [*Cu]Cu-DOTA-trastuzumab (A),
[64Cu]Cu-15-5-trastuzumab (B), [#*Cu]Cu-NODAGA-trastuzumab (C) and [*?3I]l-trastuzumab (D) in
HER2-expressing BT474 cell line by nonlinear regression analyses (one site specific binding) on
GraphPad Prism 9.4.1. Each curve represents one replicate from one to four experiments performed in

triplicate.
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4. H and 3C NMR spectra of all synthesised compounds
'H (top) and 3C (down) NMR spectra of compound S2 in CDClz
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H (top) and 3C (down) NMR spectra of compound S3 in DMSO-ds
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H (top) and 3C (down) NMR spectra of compound S4 in CDClz
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1H (top) and 3C (down) NMR spectra of compound S6 in CDClz
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1H (top) and 3C (down) NMR spectra of compound S7 in CDClz
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1H (top) and 3C (down) NMR spectra of compound S8 in CDClz
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H (top) and 3C (down) NMR spectra of compound S9 in DMSO-ds
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1H (top) and 3C (down) NMR spectra of compound S10 in CDCls
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1H (top) and 3C (down) NMR spectra of compound S11 in CDCls
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1H (top) and 3C (down) NMR spectra of compound S13 in CDCls
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1H (top) and 3C (down) NMR spectra of compound S14 in CD3CN
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H (top) and 3C (down) NMR spectra of compound S15 in CDClz and CDzCN,
respectively
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1H (top) and 3C (down) NMR spectra of compound S17 in CDCls
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1H (top) and 3C (down) NMR spectra of compound S18 in D20O+1,4-dioxane
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1H (top) and 3C (down) NMR spectra of compound S19 in CDCls
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1H (top) and 3C (down) NMR spectra of compound S21 in conc. HCI/D2O (with
1,4-dioxane as internal reference for $3C NMR)
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1H (top) and 3C (down) NMR spectra of compound S22 in CDCls
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1H (top) and 3C (down) NMR spectra of compound S23 in CDCls
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1H (top) and 3C (down) NMR spectra of compound S24 in CDCls
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1H (top) and 3C (down) NMR spectra of compound S25 in CDCls
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1H (top) and 3C (down) NMR spectra of compound S26 in CDCls
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1H (top) and 3C (down) NMR spectra of compound S28 in CDCls
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1H (top) and 3C (down) NMR spectra of compound S29 in CDCls
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1H (top) and 3C (down) NMR spectra of compound S30 in CDCls
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1H (top) and 3C (down) NMR spectra of compound S31 in CDCls
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1H (top) and 3C (down) NMR spectra of compound S32 in CDCls
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1H (top) and 3C (down) NMR spectra of compound 2 in D20+1,4-dioxane
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1H (top) and 3C (down) NMR spectra of compound 3 in CDCl3
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1H (top) and 3C (down) NMR spectra of compound 4 in CDCl3
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1H (top) and 3C (down) NMR spectra of compound 5 in CDCl3
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1H (top) and 3C (down) NMR spectra of compound 6 in CDCl3
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1H (top) and 3C (down) NMR spectra of compound 7 in CDCl3
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H (top) and 3C (down) NMR spectra of compound 8 (15-5-ADIBO) in CD3OD
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H (top) and 3C (down) NMR spectra of

compound 9 in CDCIs

and CDsCN,
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1H (top) and 3C (down) NMR spectra of compound 11 (DOTA-ADIBO) in CD3OD
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1H (top) and 3C (down) NMR spectra of compound 12 in CDCls
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1H (top) and '3C (down) NMR spectra of compound 14 in CD30D
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