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Abstract

Radiolabeled 1,2,4,5-tetrazines are powerful heterocyclic agents for bioorthogonal PET imaging due to their fast cycload-
dition with trans-cyclooctenes. However, fluorine-18 radiolabeling of highly reactive tetrazines is often not feasible due to
limited compound stability. We demonstrate that post-radiolabeling oxidation of thioether functionalities is a viable and
transferable strategy to avoid these limitations, enabling the synthesis of highly reactive '*F-tetrazines.
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Introduction

1,2,4,5-Tetrazines (Tz) react rapidly and selectively with alk-
enes and alkynes in a cycloaddition/cycloreversion cascade
reaction first described by Carboni and Lindsey [1]. Excep-
tionally high second order rate constants can be reached
using strained alkenes, such as trans-cyclooctene (TCO)
[2]. In 2008, the group of Joseph M. Fox demonstrated that
the reactions between tetrazines and TCOs are biocompat-
ible and can be used as bioorthogonal ligation reactions [3].
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While this type of click chemistry has emerged as a valu-
able tool for a variety of applications [4, 5], it is of par-
ticular interest to the field of radiolabeling and molecular
imaging [6]. Here, high reaction rates and selectivity are
crucial, given the diminutive concentrations of radiola-
beled compounds and short half-lives of commonly used
radioisotopes, such as fluorine-18. Enabled by bioorthogo-
nal chemistry, pretargeting strategies decouple accumulation
kinetics from the physical half-life of radionuclides: a tagged
marker compound is administered and given sufficient time
to accumulate in the desired target tissues. Following accu-
mulation and subsequent excretion of non-bound marker, a
radiolabeled agent is administered that rapidly binds to the
pre-administered compound via a bioorthogonal reaction [4,
7-10]. Although a variety of bioorthogonal reactions have
been reported, the ligation between 1,2,4,5-tetrazines and
strained dienophiles proved to be especially suitable for radi-
olabeled agents owing to exceptionally high ligation rates of
upto 10’ M~1s71[9, 11].
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Early radiofluorination attempts of tetrazines conducted
by Fox and coworkers resulted in degradation and led to the
conclusion that 1,2,4,5-tetrazines are unstable under typical
8F_labeling conditions [12]. In 2014, the first radiofluori-
nated tetrazine, [lsF]l, was developed in our lab [13] utiliz-
ing a dialkyl-scaffold that improves Tz stability to allow
for direct fluorine-18 labeling. However, due to the lower
reactivity the in vivo applicability of this probe proved to be
limited. Since our first report of an I18F_Jabeled Tz, several
such compounds have been reported by us and others using
different labeling methods and scaffolds [14—-18].

Here we investigated a series of derivatives of our original
fluorine-18 labeled tetrazine with improved reactivity. Limi-
tations in radiolabeling, caused by high reactivity of some

Fig. 1 a Structures of fluoro-
tetrazines 1-8; b Synthesis of
19F_substituted tetrazines 2-8;
¢ Experimental second order
rate constants of the reaction
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of the tetrazines, can be circumvented by post-radiolabeling
modification that boosts the reactivity after the radiolabeling
step. We translate this concept of post-radiolabeling activa-
tion to highly reactive mono-substituted tetrazines, resulting
in an '8F-labeled tetrazine with exceptional high reactivity.

Results and discussion

To improve on our previously reported tetrazine scaf-
fold, 3-(3-fluoropropyl)-6-methyl-1,2,4,5-tetrazine (1), we
exchanged the methyl group against different aryl substitu-
ents to enhance click reactivity (Fig. 1a). A range of electron
withdrawing and electron donating substituents were chosen
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to cover a range of different reactivities and polarities, both
of which were shown to influence in vivo performance of
tetrazines [16].

First, '°F-labeled tetrazines 2-8 were synthesized apply-
ing the procedure developed by Devaraj and coworkers
(Fig. 1b) [19]. 4-Fluorobutanenitrile (9) was used to directly
produce the fluorinated compounds. Consecutively, their
click reactivity with trans-cyclooctene (10) was investigated
in anhydrous 1,4-dioxane at 25 °C using stopped-flow spec-
trophotometry. Second order rate constants were determined
to range from 1.0 to 15 M~! s! (Fig. 1c). As expected,
the reactivity of aryl-substituted tetrazines modified with
electron-donating groups (Me, OMe, SMe) was found to be
similar to previously reported 1. In contrast, electron-with-
drawing (trifluoromethyl)phenyl and 4-(methylsulfonyl)phe-
nyl substituents accelerate the reaction by 3- to 5-fold. The
highest reactivity is observed for the 2-pyridyl derivative
where a combined electronic and distortion lowering effect
is at play as recently revealed by our group [20]. A com-
putational investigation on the click reactivity of alkyl-aryl
substituted tetrazines 2—8 was published previously [21].

Having investigated the reaction rates of the fluorinated
aryl-alkyl tetrazines, we next turned to radiolabeling. For
direct nucleophilic 18-fluorine labeling of the tetrazines we
used the corresponding tosylated precursors 17-22 which
were prepared from tetrazine alcohols 11-16 (Fig. 2a). Syn-
thesis of 11-16 was carried out using the same methodology
as used for 2-8 [19]. Applying this method, the tosylated
sulfone 24 could not be obtained. Therefore, this tetrazine
was synthesized by oxidation of 21 to 23 using dimethyldi-
oxirane (DMDO) [22] and subsequent tosylation. The p-tolyl
tosylate 18 was used for optimization of the radiofluorina-
tion method. As the standard [2.2.2]cryptand/K,CO5 method
proved to be most suitable for the preparation of [**F]1, the
same procedure was applied for ['®F]3 resulting in 11.2%
yield (determined by radio-HPLC). DMSO as solvent or
the use of KHCO; instead of potassium carbonate resulted
in lower yields (< 6%). When tetrabutylammonium (TBA)
hydrogen carbonate in dry acetonitrile was used for labe-
ling a significantly improved radiochemical yield of [**F]3
(22.9%) was noted. Further optimization of the reaction sol-
vent revealed an increased yield of 56% when a 1:1 (v/v)
mixture of acetonitrile and 2,3-dimethyl-2-butanol (thexyl
alcohol) was used as solvent, which is in agreement with
previous reports documenting the positive effect of tertiary
alcohols on fluorine-18 radiolabeling (Fig. 2b) [23, 24].
This method was transferred onto an automated synthesis
module (TRACERIlab FXppg synthesis module, GE Health-
care) housed in a shielded hot cell, where in a non-optimized
sequence 10 GBq of ['®F]3 could be obtained from 181 GBq
cyclotron produced fluorine-18 (9.5% decay-corrected radio-
chemical yield). In this automated procedure, purification of
the compounds was achieved by preparative RP-HPLC using

10 mM PO,-buffer (pH 6) and acetonitrile as eluents. The
HPLC eluate was monitored in series for radioactivity and
UV absorption, the product fraction was collected, diluted
with water, and passed over a preactivated C18 Sep-Pak Plus
cartridge (Waters, Milford, MA, USA). The cartridge was
then eluted with 2.5 cm?® ethanol to obtain the respective
['8F]tetrazines.

Applying the optimized radiolabeling conditions to
phenyl-Tz-precursor 17, a radiochemical yield of 40% was
achieved as determined by radio-TLC and radio-HPLC. As a
result, 8.9 GBq of [18F]2 with a specific activity of 99 GBq/
umol were obtained using the automated synthesizer (6.3%
isolated radiochemical yield). All attempts of nucleophilic
fluorination with 4-CF;-phenyl Tz 19 as precursor failed to
obtain at least 1% incorporation yield of ['®F]4. Starting
from 20, [®F]5 could be isolated in 15.8% decay-corrected
radiochemical yield (18% yield as investigated by radio-
HPLC) using the TBA-HCO5/thexyl-alcohol/acetonitrile
system. Attempts to further optimize the reaction conditions
for this particular derivative resulted in diminished yields.
Using the automated synthesizer, 7.0 GBq of [**F]5 could
be obtained, corresponding to a decay-corrected radiochemi-
cal yield of 4.9%. For the thiomethyl derivative ['*F]6 up to
47.5% incorporation yield were measured by radio-HPLC.
11.5 GBq of [ISF]6 (8.6% decay-corrected radiochemical
yield) with high specific activity (230 GBq/umol) were
obtained using the automated TRACERIab FXp synthe-
sis module. Attempts of preparing sulfone [**F]7 by direct
radiofluorination of tosylate 24 failed due to decomposition
of the tetrazine observed by HPLC analysis. We assume that
the high reactivity of this tetrazine derivative renders direct
13F_labeling impossible. Despite excessive optimization
attempts, we were not able to prepare the pyridyl derivative
['®F]8 by nucleophilic fluorination of precursor 22 (radio-
chemical yields < 1%). In addition to the successful prepara-
tion of novel radio-tetrazines ['3F]2, ['®F]3, and ['®F]4-6,
the radiosynthesis of already described dialkyltetrazine
['8F11 could also be significantly improved to a decay-cor-
rected isolated radiochemical yield of 35% (vs. previously
reported 5%, [4]) using the TBA-HCO;, thexyl alcohol, and
acetonitrile labeling system (Fig. 2¢).

In conclusion, while showing lower reactivity, more
electron-rich tetrazines can be radiolabeled by direct nucle-
ophilic '®F-fluorination. Access to radiolabeled tetrazines
with higher reactivity is not possible using this method.
To address this limitation, we employed a different strat-
egy in which the high reactivity of the tetrazine is estab-
lished after the radiolabeling step. This post-radiolabeling
activation allows stable but lower reactivity tetrazines to be
used in the radiolabeling step, but still yields highly reac-
tive radiolabeled compounds after additional activation.
Using sulfide ['®F]6, which can be radiolabeled in good
yields, we prepared the more reactive ['*F]7 by oxidation
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Fig.2 a Synthesis of precur-
sors 17-22 and 24; b optimized
radiolabeling procedure for
['®F12, ['8F13, ['®F]5, and
[lsF]6; ¢ yields of radiolabeling
experiments
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with DMDO (Fig. 3). A solution of ['®F]6 in ethanol, as
obtained by automated radiosynthesis, was concentrated
to dryness, and redissolved in acetone (1 cm?) containing
DMDO (~40 mM). After short reaction time (60-80 s) vola-
tiles were removed on the rotary evaporator and the residue
was purified using RP-HPLC to obtain ['®F]7 in 56% radio-
chemical yield and a specific activity of 56 GBg/umol thus
bypassing the inaccessibility through direct radiolabeling.

Fig. 3 Post-radiolabeling oxida-
tion of ['3F16 to obtain ["¥F]7

5
;

DMDO

Having demonstrated the applicability of post-radiolabe-
ling activation through sulfide oxidation, we turned towards
even more reactive compounds. Recently, we described the
synthesis of fluorine-18 labeled tetrazines using a two-step
reaction sequence in which an azide is first radiofluorinated
and then connected to an alkyne-modified tetrazine by
copper-catalyzed azide-alkyne cycloaddition (Fig. 4a) [16].
Using this strategy, highly reactive '8F-labeled tetrazines
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could be prepared with second order rate constants of up
to 230 times higher than tetrazine 1. During that study we
found that the copper-catalyzed azide-alkyne cycloaddition
between the reactive sulfone-tetrazine 25 and 2-fluoroethyl-
azide is not possible (Fig. 4b). However, we aimed to obtain
the highly reactive sulfone Tz 26 by post-radiolabeling oxi-
dation of sulfide 30 (Fig. 5).

The !°F-labeled reference compound 30 was prepared
using Pinner salt 28, formamidine acetate, and hydrazine
monohydrate, followed by oxidation with sodium nitrite
under acidic conditions to obtain 29 (Fig. 5a), which
was modified by copper-catalyzed click reaction with

Fig.5 a Synthesis of alkyne-
modified tetrazine 29; b

2-fluoroethylazide. 30 could be selectively oxidized to the
sulfoxide 31 and eventually to the sulfone 26 (Fig. 5b).
As expected, reaction kinetics investigations revealed an
increase in second order rate constants in correlation with
increased sulfur oxidation state, ranging from 90 M~! s~!
and 190 M~! s~! for 30 and 31, respectively, to 370 Mgl
for 26 (Fig. 5¢).

To test the post-radiolabeling activation strategy, 29
was coupled to fluorine-18 labeled ['®F]2-fluoroethylazide
(Fig. 6a), which was obtained starting from 2-azidoe-
thyl nosylate using a fully automated procedure previ-
ously described by our group [25]. The highly volatile
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Fig.6 a Two-step radiolabe-
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Pre-Oxidation

['®F]-fluoroethylazide was distilled into a vial already con-
taining tetrazine 29 and a catalytic mixture of copper sulfate,
sodium ascorbate, and disodium bathophenanthroline disul-
fonate (Na,BPDS) in dry DMF. The reaction was carried
out for 103 min at room temperature until the mixture was
diluted with DMSO/water (v/v, 1/1), purified by HPLC and
the collected fraction was trapped on a Sep-Pak C18 plus
cartridge which was eluted with acetonitrile. 41.4 mCi of
['®F]30 were obtained, corresponding to 1.1% non-decay-
corrected radiochemical yield. Further optimization of the
click radiolabeling step was not carried out, as we focused
on showing subsequent post-radiolabeling oxidation to the
respective sulfone [8F]26 and sulfoxide ['®F]31. There-
fore, [8F]30 was treated with DMDO solution in acetone
(~60 mM). After 1 min reaction time at room temperature,
the mixture was concentrated, and the residue redissolved
in acetonitrile. Radio-TLC revealed that the radiofluorinated
sulfide ['®F]30 already contained traces of the sulfoxide and
sulfone tetrazines ['®F]31 and ['®F]26, respectively, most
likely due to air oxidation. Analysis of the DMDO-treated
mixture confirmed complete conversion of the sulfide

*
%

:

Post-Oxidation

['8F]31 to a mixture of the sulfoxide [®F]31 and the sulfone
['8F]26 after a reaction time of 1 min (Fig. 6b).

Conclusion

We show that post-radiolabeling activation via rapid sul-
fur oxidation is a viable strategy for the synthesis of highly
reactive '8F-tetrazines, in particular if the respective Tz
scaffold/precursor cannot be directly radiofluorinated. To
demonstrate this concept, '3F-labeled phenyl-substituted
tetrazines were prepared, including Tz scaffolds with high
bioorthogonal reactivity.

Experimental

Unless otherwise noted, reactions were carried out under
an atmosphere of argon in air-dried glassware with mag-
netic stirring. Air- and/or moisture-sensitive liquids were
transferred via syringe. All reagents were purchased from
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commercial sources and used without further purifica-
tion. Dichloromethane, methanol, THF, diethyl ether,
and 1,4-dioxane were dried using PURESOLV-columns
(Inert Corporation, USA). Solvents used for flash column
chromatography were purchased from Donau Chemie AG
(Austria). Dry acetonitrile and dry DMF were obtained
from Sigma-Aldrich (Germany) and ACROS Organics
(Belgium), respectively, and stored under argon. Thin
layer chromatography was performed using TLC plates
on aluminum support (Merck, silica gel 60, fluorescent
indicator 254). Column chromatography was performed
using a BUCHI Sepacore Flash System (2 x BUCHI Pump
Module C-605, BUCHI Pump Manager C-615, BUCHI
UV Photometer C-635, and BUCHI Fraction Collector
C-660) and a Reveleris® X2 Flash Chromatography/Prep
Purification Systems (BUCHI). Silica gel 60 (40—63 um)
was obtained from Merck. A Kinetex® 5 pm C18 100 A,
AXIA LC column (100 X 30.0 mm, Phenomenex) was
used for preparative HPLC. HPLC grade solvents were
purchased from VWR (USA).

'H, 1C, and F NMR spectra were recorded on
a Bruker AC 200 MHz, Bruker Avance UltraShield
400 MHz, or Bruker Avance III 600 MHz spectrometer
at 20 °C. Chemical shifts are reported in ppm () relative
to tetramethylsilane and calibrated using solvent residual
peaks. Data is shown as follows: chemical shift, multi-
plicity (s =singlet, d =doublet, t =triplet, q = quartet,
quint = quintet, m = multiplet, b=broad signal), coupling
constants (J, Hz), and integration.

GC/MS experiments were done with a Thermo Finni-
gan GC 8000 Top gaschromatograph on a BGB5 column
(I=30m, d;=0.32 mm, 1 um coating thickness) coupled
to a Voyager Quadrupol mass spectrometer (electron ioni-
zation, 70 eV). HPLC analysis was performed on a Nexera
X2® UHPLC system (Shimadzu®) comprised of LC-30AD
pumps, SIL-30AC autosampler, CTO-20AC column oven
and DGU-20A;,; degasser module. Detection was done
using an SPD-M20A photo diode array, an RF-20Axs
fluorescence detector, and ELS-2041 evaporative light
scattering detector (JASCO®) and an LCMS-2020 mass
spectrometer (ESI/APCI). If not stated otherwise, all sepa-
rations were performed using a Waters® XSelect® CSH™
C18 2,5 pm (3.0 x 50 mm) column XP at 40 °C, and a
flowrate of 1.7 cm®/min with water/acetonitrile +0.1%
formic acid gradient elution.

HRMS analysis was carried out using methanol solu-
tions (concentration: 10 ppm) on an Agilent 6230 LC
TOFMS mass spectrometer equipped with an Agilent Dual
AJS ESI-Source. The mass spectrometer was connected to
a liquid chromatography system of the 1100/1200 series
from Agilent Technologies (Palo Alto, CA, USA). The
system consisted of a 1200SL binary gradient pump, a

@ Springer

degasser, column thermostat, and an HTC PAL autosam-
pler (CTC Analytics AG, Zwingen, Switzerland).
trans-Cyclooctene (TCO, 10) [26], 4-mercaptobenzoni-
trile [27], as well as DMDO [22] were prepared following
known procedures. Dry hydrazine was prepared by the vac-
uum thermolysis of hydrazine cyanurate [28]. 2-fluoroethyl-
azide was synthesized according to known procedure [29].

4-Fluorobutanenitril (9) Warning: Alkylfluorides are
potentially highly toxic! NaCN is highly toxic! A mixture
of 1-bromo-3-fluoropropane (14.1 g, 100 mmol), pow-
dered NaCN (6.12 g, 125 mmol), and triethylene glycol (20
cm?) was slowly heated to 130 °C. Care must be taken due
to an exothermic reaction setting in at~40 °C. The mix-
ture was kept between 120-140 °C for 2 h. After cooling
to room temperature, the mixture was distilled to obtain
the desired product as a colorless liquid (5.5 g, 63%). 'H
NMR (200 MHz, CDCl;): 6=1.86-2.14 (m, 2H), 2.47 (t,
J=17.0Hz, 2H), 4.51 (dt, J=47.0 Hz, 5.5 Hz, 2H) ppm; 13C
NMR (50 MHz, CDCl,): 6=13.2 (d, J=5.06 Hz), 26.2 (d,
J=20.7 Hz), 81.2 (d, /J=166.8 Hz), 118.7 ppm.

General procedure A for the synthesis of compounds
1-6and 8

A well-blended mixture of 4-fluorobutanenitrile (9, 1-2 eq.),
anitrile (1-7 eq.), and Zn(OTY), (5 mol%) or NiCl, (5 mol%)
was treated dropwise with hydrazine monohydrate (636 eq.)
while cooled in an ice bath. The mixture was allowed to
warm up to room temperature and stirred at the specified
temperature for the specified time. The crude reaction mix-
ture was poured onto ice-water (50 cm?). After addition of
NaNO, (4 eq.) the solution was acidified with aqueous 2
N HCI solution. The mixture was extracted with EtOAc or
Et,0, dried over MgSO,, filtered and concentrated. The
crude product was purified by column chromatography.

3-(3-Fluoropropyl)-6-methyl-1,2,4,5-tetrazine (1) Synthe-
sis was performed according to general procedure A using
4-fluorobutanenitrile (9, 100 mg, 1.15 mmol), dry acetoni-
trile (423 mm?>, 8 mmol), Zn(OTY), (192 mg, 0.53 mmol),
and hydrazine monohydrate (1.25 cm?, 41.1 mmol). After
stirring at 42 °C for 24 h the reaction mixture was oxidized
using NaNO, (550 mg, 8 mmol) and 2 N HCl, and extracted
with Et,O (4 X 150 cm?). Purification was performed by col-
umn chromatography (Et,O in hexanes, gradient elution) to
give the desired product as a red oil (67.3 mg, 38%). Spec-
troscopic data matched previously reported [13].

3-(3-Fluoropropyl)-6-phenyl-1,2,4,5-tetrazine (2,
C,1H;;FN,) Synthesis was performed according to gen-
eral procedure A using benzonitrile (237 mg, 2.3 mmol),
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4-fluorobutanenitrile (9, 400 mg, 4.6 mmol), NiCl,
(45 mg, 0.35 mmol), and hydrazine monohydrate (1.1 cm?,
21 mmol). After stirring at 52 °C for 16 h the reaction mix-
ture was oxidized using NaNO, (2.54 g, 37 mmol) and 2
N HCl, and extracted with EtOAc (4 x 100 cm?). Purifica-
tion was performed by column chromatography (EtOAc in
hexanes, gradient elution) to give the desired product as a
purple solid (83 mg, 17%). '"H NMR (400 MHz, CDCl,):
0=2.36-2.50 (m, 2H), 3.53 (t, J=7.8 Hz, 2H), 4.65 (dt,
J=47.2 Hz, 5.9 Hz, 2H), 7.57-7.66 (m, 3H), 8.57-8.63
(m, 2H) ppm; '*C NMR (101 MHz, CDCl,): §=28.5 (d,
J=20.5 Hz), 30.9 (d, /J=4.9 Hz), 82.8 (d, /=166.7 Hz),
127.9, 129.2, 131.7, 132.6, 164.3, 169.2 ppm; '°F NMR
(377 MHz, CDCly): 6=—219.9 ppm; HRMS: m/z calcd. for
C, H,FN,/" (IM+H]*) 219.1041, found 219.1048.

3-(3-Fluoropropyl)-6-(p-tolyl)-1,2,4,5-tetrazine (3,
C,,Hq3FNy) Synthesis was performed according to gen-
eral procedure A using 4-methylbenzonitrile (404 mg,
3.44 mmol), 4-fluorobutanenitrile (9, 560 mg, 6.43 mmol),
NiCl, (68 mg, 0.52 mmol), and hydrazine monohydrate (1.5
cm’, 31 mmol). After stirring at 65 °C for 20 h the reaction
mixture was oxidized using NaNO, (2.85 g, 41 mmol) and
2 N HC, and extracted with EtOAc (4 x 100 cm?). Purifica-
tion was performed by column chromatography (EtOAc in
hexanes, gradient elution) to give the desired product as red
crystals (51 mg, 6%). 'H NMR (400 MHz, CDCly): 6=2.33—
2.50 (m, 5H), 3.51 (t, J=7.60 Hz, 2H), 4.64 (dt, J=47.1 Hz,
5.6 Hz, 2H), 7.39 (d, /=28.2 Hz, 2H), 8.48 (d, /=8.2 Hz,
2H) ppm; *C NMR (101 MHz, CDCl,): §=21.6, 28.5 (d,
J=20.7 Hz), 30.8 (d, /=5.4 Hz), 82.9 (d, J=166.4 Hz),
127.9, 128.9, 130.0, 143.3, 164.3, 168.9 ppm; '°F NMR
(377 MHz, CDCl): 6=-219.9 ppm; HRMS: m/z calcd. for
C,H,FN,/© (M +H]*) 233.11970, found 233.11922.

3-(3-Fluoropropyl)-6-[4-(trifluoromethyl)-
phenyll-1,2,4,5-tetrazine (4, C;,H,,F;N,) Synthesis was
performed according to general procedure A using 4-trifluo-
romethylbenzonitrile (500 mg, 2.92 mmol), 4-fluorobutanen-
itrile (9, 509 mg, 5.84 mmol), NiCl, (57 mg, 0.44 mmol),
and hydrazine monohydrate (1.3 cm?, 26 mmol). After stir-
ring at 65 °C for 24 h the reaction mixture was oxidized
using NaNO, (1.2 g, 18 mmol) and 2 N HCI, and extracted
with EtOAc (4 x 100 cm?). Purification was performed by
column chromatography (EtOAc in hexanes, gradient elu-
tion) to give the desired product as purple crystals (39 mg,
5%). 'H NMR (400 MHz, CDCl,): §=2.38-2.53 (m, 2H),
3.58 (t, J=7.8 Hz, 2H), 4.67 (dt, J=46.8 Hz, 5.5 Hz, 2H),
7.87 (d, J=8.2 Hz, 2H), 8.75 (d, J=8.2 Hz, 2H) ppm; *C
NMR (101 MHz, CDCl,): 6=28.5 (d, J=19.8 Hz), 31.1 (d,
J=4.9 Hz), 82.8 (d, J=166.0 Hz), 123.7 (q, J=272.7 Hz),
126.2 (q, J=3.5 Hz), 128.3, 134.2 (q, /J=33.2 Hz), 163.5,
169.9 ppm; 'F NMR (377 MHz, CDCl;): 6§=-219.9

(1F), —63.1 (3F) ppm; HRMS: m/z calcd. for C,H,,F,N,*
(M +H]*) 287.09144, found 287.09058.

3-(3-Fluoropropyl)-6-(3,4,5-trimethoxyphenyl)-1,2,4,5-
tetrazine (5, C,,H,;,FN,0;) Synthesis was performed accord-
ing to general procedure A using 3.4,5-trimethoxybenzoni-
trile (444 mg, 2.3 mmol), 4-fluorobutanenitrile (9, 400 mg,
4.6 mmol), NiCl, (45 mg, 0.35 mmol), and hydrazine mono-
hydrate (1.1 cm?, 21 mmol). After stirring at 52 °C for 16 h
the reaction mixture was oxidized using NaNO, (2.54 g,
37 mmol) and 2 N HCI, and extracted with EtOAc (4 x 100
cm?). Purification was performed by column chromatogra-
phy (EtOAc in hexanes, gradient elution) to give the desired
product as a red solid (13 mg, 2%). 'H NMR (400 MHz,
CDCly): 6=2.35-2.51 (m, 2H), 3.53 (t, /=7.8 Hz, 2H), 3.98
(s, 3H), 4.00 (s, 6H), 4.66 (dt, J=46.8 Hz, 5.9 Hz, 2H),
7.90 (s, 2H) ppm; '3C NMR (101 MHz, CDCl,): §=28.4
(d, J=20.5 Hz), 30.8 (d, /J=4.9 Hz), 56.3, 61.0, 82.9 (d,
J=166.0 Hz), 105.1, 126.6, 142.1, 153.9, 163.8, 168.9 ppm;
F NMR (377 MHz, CDCl,): 6=—219.9 ppm; HRMS:
m/z calcd. for C,H,{FN,O;* (IM+H]") 309.1357, found
309.1359.

3-(3-Fluoropropyl)-6-[4-(methylthio)phenyl]-1,2,4,5-tetra-
zine (6, C;,H,3FN,S) and 3-(3-fluoropropyl)-6-[4-(methyl-
sulfinyl)phenyl]-1,2,4,5-tetrazine (32, C;,H,3FN,0S) Syn-
thesis was performed according to general procedure A
using 4-(methylthio)benzonitrile (443 mg, 2.3 mmol),
4-fluorobutanenitrile (9, 400 mg, 4.6 mmol), NiCl,
(45 mg, 0.35 mmol), and hydrazine monohydrate (1.1 cm’,
21 mmol). After stirring at 42 °C for 18 h the reaction mix-
ture was oxidized using NaNO, (2.54 g, 37 mmol) and 2
N HCI, and extracted with EtOAc (4x 100 cm?). Purifica-
tion was performed by column chromatography (DCM in
hexanes, gradient elution) to give 6 as a red solid (8 mg,
1.3%) and the oxidized sulfoxide 3-(3-fluoropropyl)-6-[4-
(methylsulfinyl)phenyl]-1,2,4,5-tetrazine (32) as purple solid
(2 mg, 0.4%).

6: '"H NMR (400 MHz, CDCl,): §=2.35-2.51 (m, 2H),
2.58 (s, 3H), 3.52 (t, J="7.8 Hz, 2H), 4.66 (dt, J=47.2 Hz,
5.5 Hz, 2H), 7.42 (dt, J=8.6 Hz, 2.0 Hz, 2H), 8.52 (dt,
J=8.9 Hz, 2.0 Hz, 2H) ppm; '*C NMR (101 MHz, CDCl,):
5=14.9,28.5(d, J=20.5 Hz), 30.6 (d, /J=5.67 Hz), 82.9 (d,
J=166.7Hz), 125.9, 127.8, 128.1, 145.4, 164.1, 168.9 ppm;
"F NMR (377 MHz, CDCl,): §=~219.9 ppm; HRMS:
m/z caled. for C,H,FN,S* (IM+H]") 265.0918, found
265.0923.

33: 'H NMR (600 MHz, CDCL,): 6=2.40-2.50 (m, 2H),

2.83 (s, 3H), 3.58 (t, J=7.6 Hz, 2H), 4.67 (dt, J=46.9 Hz,
5.6 Hz, 2H), 7.89 (dt, J=8.8 Hz, 1.8 Hz, 2H), 8.79 (dt,
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J=8.8 Hz, 1.8 Hz, 2H) ppm; '*C NMR (151 MHz, CDCl,):
6=28.4(d, J=19.6 Hz), 31.0 (d, /=5.5 Hz), 43.9, 82.9 (d,
J=166.8 Hz), 124.4, 128.8, 134.3, 150.6, 163.6, 169.8 ppm;
“F NMR (377 MHz, CDCl,): 6=—219.9 ppm.
3-(3-Fluoropropyl)-6-[4-(methylsul-
fonyl)phenyl]-1,2,4,5-tetrazine (7,
C,,H,3FN40,S) 3-(3-fluoropropyl)-6-[4-(methylsulfinyl)
phenyl]-1,2.4,5-tetrazine (6, 20 mg, 0.07 mmol) was treated
with an ice-cold solution of dimethyl dioxirane (DMDO) in
acetone (10 cm?, ~40 mM). The pink reaction mixture was
allowed to warm to room temperature and stirred for 40 min.
The mixture was concentrated and the residue purified by
column chromatography (EtOAc in hexanes, gradient elu-
tion) to afford the desired product as a pink solid (13 mg,
63%). '"H NMR (400 MHz, CDCl;): §=2.39-2.54 (m,
2H), 3.14-3.17 (m, 3H), 3.60 (t, J=7.8 Hz, 2H), 4.67 (dt,
J=46.8 Hz, 5.5 Hz, 2H), 8.20 (dt, J=8.5 Hz, 2.0 Hz, 2H),
8.84 (dt, J=8.6 Hz, 2.0 Hz, 2H) ppm; '>*C NMR (101 MHz,
CDCly): 6=28.5(d, J=20.5Hz), 31.2 (d, J=5.7 Hz), 44 .4,
82.8 (d, J=166.7 Hz), 128.3, 128.8, 136.7, 144.1, 163.25,
170.1 ppm; '°F NMR (377 MHz, CDCly): 6=-219.8 ppm;
HRMS: m/z calcd. for C,,H,,FN,0,S* (M +H]*) 297.0816,
found 297.0816.

3-(3-Fluoropropyl)-6-(pyridin-2-yl)-1,2,4,5-tetrazine (8,
CyoHq0FNs) Synthesis was performed according to gen-
eral procedure A using 2-pyridinecarbonitrile (561 mg,
5.4 mmol), 4-fluorobutanenitrile (9, 470 mg, 5.4 mmol),
NiCl, (70 mg, 0.54 mmol), and hydrazine monohydrate (1.6
cm’, 32 mmol). After stirring at 60 °C for 24 h the reaction
mixture was oxidized using NaNO, (1.52 g, 22 mmol) and 2
N HC, and extracted with EtOAc (4 x 100 cm?®). Purification
was performed by column chromatography (EtOAc in hex-
anes, gradient elution) to give the desired product as a red
oil (128 mg, 11%). 'H NMR (400 MHz, CDCl;): §=2.29—
2.44 (m, 2H), 3.52 (t, J=7.7 Hz, 2H), 4.58 (dt, J=47.2 Hz,
5.9 Hz, 2H), 7.46-7.52 (m, 1H), 7.92 (td, J=7.9 Hz, 1.8 Hz,
1H), 8.56 (d, J="7.7 Hz, 1H), 8.87 (d, J=4.03 Hz, 1H) ppm;
13C NMR (101 MHz, CDCl,): §=28.3 (d, J=20.7 Hz),
30.9 (d, J=4.6 Hz), 82.7 (d, /=166.4 Hz), 123.8, 126.2,
137.3, 150.0, 150.7, 163.6, 169.9 ppm; '°F NMR (377 MHz,
CDCl,): 6=-219.9 ppm; HRMS: m/z calcd. for C, H,,FNs*
([M+H]*) 220.09930, found 220.09865.

General procedure B for the synthesis of compounds
11-16

A well-blended mixture of a nitrile (1 eq.), 4-hydroxybu-
tanenitrile (2 eq.), and NiCl, (5 mol%) was treated dropwise
with hydrazine monohydrate (9—12 eq.) while cooling in
an ice bath. The mixture was allowed to warm up to room
temperature and stirred at the specified temperature for the
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specified time. The crude reaction mixture was poured onto
ice-water (50 cm?). After addition of NaNO, (4-6 eq.) the
solution was acidified with aqueous 2 N HCI solution. The
mixture was extracted with EtOAc, dried over MgSO,, fil-
tered and concentrated. The crude product was purified by
column chromatography.

3-(6-Phenyl-1,2,4,5-tetrazin-3-yl)propan-1-ol (11,
C;7H;,N,0) Synthesis was performed according to gen-
eral procedure B using benzonitrile (4 g, 38.8 mmol),
4-hydroxybutanenitrile (6.6 g, 77.6 mmol), NiCl, (753 mg,
5.8 mmol), and hydrazine monohydrate (16.9 cm?,
350 mmol). After stirring at 42 °C for 72 h the reaction
mixture was oxidized using NaNO, (16 g, 233 mmol) and 2
N HCI, and extracted with EtOAc (4 X250 cm?®). Purification
was performed by column chromatography (EtOAc in hex-
anes, gradient elution) to give the desired product as a purple
solid (3.6 g, 42%). '"H NMR (400 MHz, CDCl,): 6=1.73
(bs, 1H), 2.24-2.33 (m, 2H), 3.52 (t, J=7.4 Hz, 2H), 3.85 (t,
J=6.1Hz, 2H), 7.57-7.67 (m, 3H), 8.58-8.63 (m, 2H) ppm;
3C NMR (101 MHz, CDCl,): 6=30.6, 31.5, 61.8, 127.9,
129.2, 131.8, 132.6, 164.2, 169.9 ppm; HRMS: m/z calcd.
for C;,H3N,O" (IM+H]*) 217.1084, found 217.1089.

3-[6-(p-Tolyl)-1,2,4,5-tetrazin-3-yl]propan-1-ol (12,
C;,H4N,0) Synthesis was performed according to general
procedure B using 4-methylbenzonitrile (1 g, 8.54 mmol),
4-hydroxybutanenitrile (1.45 g, 17.1 mmol), NiCl,
(166 mg, 1.28 mmol), and hydrazine monohydrate (3.7
cm’, 77 mmol). After stirring at 65 °C for 23 h the reaction
mixture was oxidized using NaNO, (3.5 g, 51 mmol) and
2 N HCI, and extracted with EtOAc (4 x 100 cm?). Purifi-
cation was performed by column chromatography (EtOAc
in hexanes, gradient elution) to afford the desired product
as purple crystals (620 mg, 32%). 'H NMR (400 MHz,
CDCly): 6=2.25 (quin, J=7.3 Hz, 2H), 2.41 (bs, 1H), 2.44
(s, 3H), 3.46 (t, J=7.5 Hz, 2H), 3.82 (t, J=6.1 Hz, 2H),
7.36 (d, J=8.2 Hz, 2H), 8.43 (d, J=8.2 Hz, 2H) ppm; '*C
NMR (101 MHz, CDCl,): §=21.6, 30.6, 31.4, 61.6, 127.8,
128.9, 129.9, 143.2, 164.2, 169.5 ppm; HRMS: m/z calcd.
for C;,H,sN,O" (M +H]") 231.12404, found 231.12349.

3-[6-[4-(Trifluoromethyl)phenyl]-1,2,4,5-tetrazin-3-yl]-
propan-1-ol (13, C;,H,F;N,0) Synthesis was performed
according to general procedure B using 4-(trifluoromethyl)
benzonitrile (500 mg, 2.92 mmol), 4-hydroxybutaneni-
trile (497 mg, 5.84 mmol), NiCl, (57 mg, 0.44 mmol), and
hydrazine monohydrate (1.3 cm?, 26 mmol). After stirring
at 60 °C for 24 h the reaction mixture was oxidized using
NaNO, (1.2 g, 17.5 mmol) and 2 N HCl, and extracted with
EtOAc (4 x 100 cm?). Purification was performed by col-
umn chromatography (EtOAc in hexanes, gradient elution)
to afford the desired product as purple crystals (226 mg,
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27%). "H NMR (400 MHz, CDCl,): §=1.74 (bs, 1H), 2.30
(quin, J=6.7 Hz, 2H), 3.55 (t, J=17.5 Hz, 2H), 3.86 (t,
J=5.9 Hz, 2H), 7.86 (d, J=8.2 Hz, 2H), 8.73 (d, J=8.2 Hz,
2H) ppm; *C NMR (101 MHz, CDCl,): §=30.6, 31.7,
61.7,123.7 (q, J=272.2 Hz), 126.2 (q, J=3.8 Hz), 128.2,
134.1 (q, J=32.9 Hz), 135.1, 163.3, 170.5 ppm; '°F NMR
(377 MHz, CDCl,): 6=—63.1 ppm; HRMS: m/z calcd. for
C,,H,(F;N,0 (IM-H]") 283.08122, found 283.08203.

3-[6-(3,4,5-Trimethoxyphenyl)-1,2,4,5-tetrazin-3-yl]pro-
pan-1-ol (14, C;,H,gF3N,0,) Synthesis was performed
according to general procedure B using 3,4,5-trimeth-
oxybenzonitrile (1 g, 5.18 mmol), 4-hydroxybutanenitrile
(881 mg, 10.4 mmol), NiCl, (100 mg, 0.77 mmol), and
hydrazine monohydrate (3.1 cm?®, 63 mmol). After stir-
ring at 50 °C for 72 h the reaction mixture was oxidized
using NaNO, (2.2 g, 31 mmol) and 2 N HCI, and extracted
with EtOAc (4 x 100 cm®). Purification was performed by
column chromatography (EtOAc in hexanes, gradient elu-
tion) to afford the desired product as a pink crystalline solid
(198 mg, 13%). '"H NMR (400 MHz, CDCl,): §=2.22-2.32
(m, 2H), 3.50 (t, J=7.4 Hz, 2H), 3.85 (t, J=6.1 Hz, 2H),
3.97 (s, 3H), 4.00 (s, 6H), 7.89 (s, 2H) ppm; '3C NMR
(101 MHz, CDCl;): §=30.6, 31.4, 56.3, 61.0, 61.8, 105.0,
126.7, 142.0, 153.9, 163.7, 169.6 ppm; HRMS: m/z calcd.
for C,,H,oF;N,0,* (M +HJ]") 307.1401, found 307.1406.

3-[6-[4-(Methylthio)phenyll-1,2,4,5-tetrazin-3-yl]propan-1-ol
(15, C;,H,4,N,40S) Synthesis was performed according to
general procedure B using 4-(methylthio)benzonitrile (1 g,
6.7 mmol), 4-hydroxybutanenitrile (1.14 g, 13.4 mmol),
NiCl, (129 mg, 1 mmol), and hydrazine monohydrate (3
cm®, 60 mmol). After stirring at 52 °C for 18 h the reaction
mixture was oxidized using NaNO, (4 g, 54 mmol) and 2 N
HCI, and extracted with EtOAc (4 x 100 cm?®). Purification
was performed by column chromatography (EtOAc in hex-
anes, gradient elution) to afford the desired product as a red
solid (96 mg, 6%). "H NMR (400 MHz, CDCl,): §=2.26 (tt,
J=17.4Hz, 6.2 Hz, 2H), 2.57 (s, 3H), 3.48 (t, J=7.4 Hz, 2H),
3.83 (t, J=6.1 Hz, 2H), 7.40 (dt, J=8.6 Hz, 2.3 Hz, 2H),
8.48 (dt, J=8.6 Hz, 2.3 Hz, 2H) ppm; '>°C NMR (101 MHz,
CDCly): 6=14.8, 30.6, 31.4, 61.7, 125.9, 128.0, 145.2,
163.9, 169.5 ppm; HRMS: m/z caled. for C,H,;sN,OS™
(IM+H]*") 263.0961, found 263.0970.

3-[6-(Pyridin-2-yl)-1,2,4,5-tetrazin-3-yl]propan-1-ol (16,
C,oH11N50) Synthesis was performed according to general
procedure B using 2-pyridinecarbonitrile (1 g, 9.6 mmol),
4-hydroxybutanenitrile (1.6 g, 19.2 mmol), NiCl, (188 mg,
1.44 mmol), and hydrazine monohydrate (4.2 cm?,
86 mmol). After stirring at 45 °C for 16 h the reaction mix-
ture was oxidized using NaNO, (4.1 g, 60 mmol) and 2 N
HCI, and extracted with EtOAc (4 x 100 cm?). Purification

was performed by column chromatography (EtOAc in hex-
anes, gradient elution) to afford the desired product as a
red crystalline solid (130 mg, 6%). '"H NMR (400 MHz,
CDCly): 6=2.23-2.32 (m, 2H), 3.55 (t, /=7.4 Hz, 2H), 3.83
(t, J=6.1 Hz, 2H), 7.55 (ddd, J=7.7 Hz, 4.8 Hz, 1.2 Hz,
1H), 7.97 (td, /J=7.8 Hz, 1.9 Hz, 1H), 8.61-8.65 (m, 1H),
8.90-8.96 (m, 1H) ppm; '3C NMR (101 MHz, CDCl,):
6=30.7,31.7,61.6, 123.9, 126.4, 137.5, 150.2, 150.8, 163.5,
170.8 ppm; HRMS: m/z caled. for C,oH,,NsO" (IM +H]*)
218.10364, found 218.10316.

3-[6-[4-(Methylsulfonyl)phenyl]-1,2,4,5-tetrazin-3-yl]pro-
pan-1-ol (23, C;,H,,N,0,S) 3-[6-[4-(Methylthio)phenyl]-
1,2,4,5-tetrazin-3-yl]propan-1-ol (15, 40 mg, 0.15 mmol)
was treated with an ice-cold solution of dimethyl dioxirane
(DMDO) in acetone (25 cm?, approx. 40 mM). The pink
reaction mixture was allowed to warm to room temperature
and stirred for 30 min. The mixture was concentrated and
the residue purified by column chromatography (MeOH
in DCM, gradient elution) to afford the desired product as
pink solid (34 mg, 75%). 'H NMR (600 MHz, DMSO-d;):
6=2.06-2.13 (m, 2H), 3.39 (t, J=7.6 Hz, 2H), 3.55-3.60
(m, 2H), 4.63 (t, J=5.1 Hz, 1H), 8.22 (dt, /=8.5 Hz, 1.8 Hz,
2H), 8.72 (dt, J=8.8 Hz, 2.1 Hz, 2H) ppm; '°C NMR
(151 MHz, DMSO-d,): 6=30.6, 31.3, 43.3, 60.0, 128.0,
128.4, 136.6, 143.8, 162.6, 170.3 ppm; HRMS: m/z calcd.
for C;,H,sN,0;S* (M +H]*) 295.0859, found 295.0873.

General procedure C for the synthesis of compounds
17-22 and 24

A mixture of respective butanol-tetrazine (1 eq.) and tosyl
chloride (24 eq.) was dissolved in dry DCM and cooled in
an ice-bath. Dry pyridine (2—4 eq.) was added dropwise, and
the mixture was stirred at room temperature for the specified
time. The crude reaction mixture was diluted with DCM,
washed with water and aqueous 1 N HCI followed by aque-
ous NaHCOj; solution. Combined organic layer was dried
over MgSO,, filtered and concentrated. The crude product
was purified by column chromatography.

3-(6-Phenyl-1,2,4,5-tetrazin-3-yl)propyl 4-methylbenze-
nesulfonate (17) Synthesis was performed according to
general procedure C using 3-(6-phenyl-1,2,4,5-tetrazin-
3-yl)propan-1-ol (11, 200 mg, 0.93 mmol), tosyl chloride
(353 mg 1.85 mmol), and pyridine (146 mm?, 1.85 mmol)
in DCM (30 cm?®). After stirring for 24 h the reaction mix-
ture the described workup was followed. Purification was
performed by column chromatography (EtOAc in hexanes,
gradient elution) to afford the desired product as a pur-
ple crystalline solid (250 mg, 73%). '"H NMR (400 MHz,
CDCl,): 6=2.36-2.44 (m, 5H), 3.44 (t, J=7.4 Hz, 2H), 4.25
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(t, J=6.1 Hz, 2H), 7.30 (d, J=8.2 Hz, 2H), 7.57-7.68 (m,
3H), 7.74-7.80 (m, 2H), 8.56-8.60 (m, 2H) ppm; '*C NMR
(101 MHz, CDCl,): §=21.6, 26.6, 30.7, 68.9, 127.9, 128.0,
129.3,129.8, 131.6, 132.7, 132.8, 144.9, 164.3, 168.6 ppm.

3-[6-(p-Tolyl)-1,2,4,5-tetrazin-3-yl]propyl 4-methylbenze-
nesulfonate (18, C;qH,,N,0;S) Synthesis was performed
according to general procedure C using 3-[6-(p-tolyl)-
1,2,4,5-tetrazin-3-yl]propan-1-ol (12, 330 mg, 1.43 mmol),
tosyl chloride (681 mg 3.6 mmol), and pyridine (350 mm?>,
4.3 mmol) in DCM (8 cm?). After stirring for 16 h the reac-
tion mixture the described workup was followed. Purifica-
tion was performed by column chromatography (EtOAc in
hexanes, gradient elution) to afford the desired product as
a red crystalline solid (430 mg, 78%). '"H NMR (400 MHz,
CDCly): 6=2.35-2.43 (m, 5H), 2.48 (s, 3H), 3.41 (t,
J=7.5Hz,2H), 4.24 (t, J=6.1 Hz, 2H), 7.30 (d, /=8.2 Hz,
2H), 7.40 (d, /=8.2 Hz, 2H), 7.77 (d, J=8.2 Hz, 2H), 8.46
(d, J=8.2 Hz, 2H) ppm; '*C NMR (101 MHz, CDCl,):
0=21.6,21.7,26.6, 30.7, 69.0, 127.8, 127.9, 128.8, 129.8,
130.0, 143.4, 144.9, 164.3, 168.3 ppm; HRMS: m/z calcd.
for C,oH,N,O,S™ (IM+H]") 385.13289, found 385.13181.

3-[6-[4-(Trifluoromethyl)phenyl]-1,2,4,5-tetrazin-3-yllpropyl
4-methylbenzenesulfonate (19) Synthesis was performed
according to general procedure C using 3-[6-[4-(trifluo-
romethyl)phenyl]-1,2,4,5-tetrazin-3-yl]propan-1-ol (13,
100 mg, 0.35 mmol), tosyl chloride (134 mg 0.71 mmol),
and pyridine (60 mm?, 0.71 mmol) in DCM (5 cm?). After
stirring for 16 h the reaction mixture the described workup
was followed. Purification was performed by column chro-
matography (EtOAc in hexanes, gradient elution) to afford
the desired product as a purple crystalline solid (125 mg,
81%). '"H NMR (400 MHz, CDCl,): §=2.37-2.47 (m, 5H),
3.49 (t, J=7.5 Hz, 2H), 4.26 (t, J=5.9 Hz, 2H), 7.31 (d,
J=79Hz, 2H),7.77 (d, J=8.2 Hz, 2H), 7.87 (d, J=8.2 Hz,
2H), 8.71 (d, J=8.2 Hz, 2H) ppm; '*C NMR (101 MHz,
CDCly): 6=21.6, 26.6, 31.0, 68.9, 123.7 (q, /=272.2 Hz),
126.2 (q, J=3.1 Hz), 127.9, 128.3, 129.9, 132.7, 134.2 (q,
J=32.9 Hz), 135.0, 144.9, 163.4, 169.3 ppm.

3-[6-(3,4,5-Trimethoxyphenyl)-1,2,4,5-tetrazin-3-yl]propyl
4-methylbenzenesulfonate (20, C,,H,,N,0,S) Synthesis
was performed according to general procedure C using
3-[6-(3,4,5-trimethoxyphenyl)-1,2,4,5-tetrazin-3-yl]pro-
pan-1-ol (14, 100 mg, 0.33 mmol), tosyl chloride (124 mg
0.65 mmol), and pyridine (55 mm?, 0.65 mmol) in DCM
(2 cm?). After stirring for 24 h the reaction mixture the
described workup was followed. Purification was performed
by column chromatography (EtOAc in hexanes, gradient elu-
tion) to afford the desired product as a red crystalline solid
(142 mg, 95%). '"H NMR (400 MHz, CDCl,): §=2.36-2.44
(m, 5H), 3.43 (t, J=7.4 Hz, 2H), 3.98 (s, 3H), 3.99-4.03
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(m, 6H), 4.26 (t, J=6.1 Hz, 2H), 7.32 (d, J=7.8 Hz, 2H),
7.75-7.80 (m, 2H), 7.87 (s, 2H) ppm; '>*C NMR (101 MHz,
CDCl,): 6=21.6, 26.6, 30.7, 56.4, 61.0, 69.0, 105.1, 126.5,
127.9,129.9, 132.8, 142.2, 144.9, 153.9, 163.8, 168.3 ppm;
HRMS: m/z calcd. for CyH,sN,O,S* (IM+H]™) 461.1489,
found 461.1504.

3-[6-[4-(Methylthio)phenyl]-1,2,4,5-tetrazin-3-yl]propyl
4-methylbenzenesulfonate (21) Synthesis was performed
according to general procedure C using 3-[6-[4-(methyl-
thio)phenyl]-1,2,4,5-tetrazin-3-yl]propan-1-ol (15, 54 mg,
0.21 mmol), tosyl chloride (156 mg 0.82 mmol), and pyri-
dine (70 mm?, 0.82 mmol) in DCM (3 cm?®). After stirring
for 24 h the reaction mixture the described workup was
followed. Purification was performed by column chroma-
tography (EtOAc in hexanes, gradient elution) to afford the
desired product as a red crystalline solid (57 mg, 67%). 'H
NMR (400 MHz, CDCl,): 6=2.35-2.43 (m, 5H), 2.58 (s,
3H), 3.41 (t, J=7.41 Hz, 2H), 4.25 (t, J=6.05 Hz, 2H), 7.31
(d, J=7.8 Hz, 2H), 7.42 (dt, J=8.6 Hz, 2.3 Hz, 2H), 7.78
(dt, J=8.2 Hz, 2.0 Hz, 2H), 8.49 (dt, J=8.9 Hz, 2.0 Hz, 2H)
ppm; °C NMR (101 MHz, CDCly): §=14.9, 21.6, 26.6,
30.7, 69.0, 125.9, 127.7, 127.9, 128.1, 129.9, 132.8, 144.9,
145.5, 164.1, 168.3 ppm.

3-[6-(Pyridin-2-yl)-1,2,4,5-tetrazin-3-yl]propyl 4-methylben-
zenesulfonate (22, C,;H;;N;0,;S) Synthesis was performed
according to general procedure C using 3-[6-(pyridin-2-yl)-
1,2,4,5-tetrazin-3-yl]propan-1-ol (16, 64 mg, 0.29 mmol),
tosyl chloride (115 mg 0.6 mmol), and pyridine (55 mm?,
0.6 mmol) in DCM (3 cm?®). After stirring for 3 days the
reaction mixture the described workup was followed. Puri-
fication was performed by column chromatography (EtOAc
in hexanes, gradient elution) to afford the desired product as
a pink crystalline solid (72 mg, 67%). 'H NMR (400 MHz,
CDCly): 6=2.35-2.45 (m, 5H), 3.48 (t, J=7.3 Hz, 2H),
4.23 (t, J=6.0 Hz, 2H), 7.30 (d, J=8.1 Hz, 2H), 7.56 (dd,
J=7.5Hz, 49 Hz, 1H), 7.76 (d, /J=8.1 Hz, 2H), 7.98 (t,
J=17.5Hz, 1H), 8.61 (d, /=8.1 Hz, 1H), 8.94 (d, J/=4.8 Hz,
1H) ppm; *C NMR (101 MHz, CDCl,): §=21.5, 26.6,
30.9, 68.9, 123.9, 126.4, 127.8, 129.8, 132.7, 137.4, 144.9,
150.1, 150.8, 163.7, 169.5 ppm; HRMS: m/z calcd. for
C,;H,gN5O5S* (IM+H]") 372.11249, found 372.11156.

3-[6-[4-(Methylsulfonyl)phenyl]-1,2,4,5-tetrazin-3-yl]propyl
4-methylbenzenesulfonate (24) Synthesis was performed
according to general procedure C using 3-[6-[4-(methylsul-
fonyl)phenyl]-1,2,4,5-tetrazin-3-yl]propan-1-ol (28, 27 mg,
90 umol), tosyl chloride (69 mg, 0.36 mmol), and pyridine
(50 mm?, 0.45 mmol) in DCM (4 cm?). After stirring for
16 h the reaction mixture the described workup was fol-
lowed. Purification was performed by column chromatogra-
phy (MeOH in DCM, gradient elution) to afford the desired
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product as a pink crystalline solid (32 mg, 79%). '"H NMR
(600 MHz, CDCl,): 6§ =2.39-2.46 (m, 5H), 3.15 (s, 3H),
3.51 (t, J=7.5 Hz, 2H), 4.26 (t, J=5.9 Hz, 2H), 7.33 (d,
J=17.92 Hz, 2H), 7.77 (dt, J=8.5 Hz, 2.1 Hz, 2H), 8.19 (dt,
J=8.5 Hz, 1.8 Hz, 2H), 8.81 (dt, J=8.8 Hz, 1.8 Hz, 2H)
ppm; 3C NMR (151 MHz, CDCl,): §=21.6, 26.7, 31.1,
44.4,68.9, 127.9, 128.3, 128.8, 129.9, 132.7, 136.6, 144.0,
145.0, 163.2, 169.5 ppm.

4-(But-3-ynylthio)benzonitrile (27) 4-Mercaptobenzontitrile
(550 mg, 4.07 mmol) and K,CO; (845 mg, 6.1 mmol) were
dissolved in dry DMF (20 cm?) and the mixture was stirred
at 85 °C for 15 min under an atmosphere of argon. 4-Bro-
mobutyne (402.5 mm?, 4.48 mmol) was added dropwise and
the reaction mixture was stirred at 85 °C for 72 h. The result-
ing brownish solution was diluted with DCM (100 cm?) and
filtered. The filtrate was extracted with aq. 5% LiCl solution
(4x80 cm3), dried over Na,SOy,, filtered, and concentrated.
Purification by column chromatography (EtOAc in hexanes,
gradient elution) gave the desired product as a colorless oil
(305 mg, 40%). 'H NMR (400 MHz, CDCl,): §=7.54 (d,
J=8.4Hz, 2H), 7.33 (d, J=8.4 Hz, 2H), 3.16 (t, /=7.4 Hz,
2H), 2.56 (dd, J=7.6 Hz, 2.7 Hz, 2H), 2.08 (t, /J=2.5 Hz,
1H) ppm; '*C NMR (100 MHz, CDCl,): 6= 143.6, 132.5,
127.5,118.8, 108.9, 81.5, 70.5, 31.1, 19.1 ppm.

3-[4-(But-3-yn-1-ylthio)phenyl]-1,2,4,5-tetrazine (29,
Cy,HqoN,S) 4-(But-3-ynylthio)benzonitrile (27, 210 mg,
1.12 mmol) was dissolved in dry ethanol (1.2 cm®) and
the mixture was cooled in an ice bath. Acetyl chloride
(640 mm>, 9 mmol) was added dropwise within 10 min, the
reaction mixture was allowed to warm to room temperature
and stirred for 24 h. The suspension was cooled to -20 °C
and allowed to stand for 48 h for further crystallization. The
mixture was concentrated to give the corresponding Pinner
salt (28, 310 mg, 99%) as a white solid.

A well-blended mixture of Pinner salt (310 mg,
1.17 mmol) and formamidine acetate salt (428 mg,
4.1 mmol) was treated dropwise with hydrazine monohy-
drate (2.7 cm®, 55.7 mmol) under cooling in an ice bath.
The resulting dark purple suspension was allowed to warm
to room temperature and stirred for 20 h. The mixture was
poured onto ice-water (30 cm?), sodium nitrite (325 mg,
4.7 mmol) was added, and the solution acidified to pH 5
using acetic acid (120 cm®) causing a color change to bright
purple-red. The colorful mixture was extracted with EtOAc
(3 %90 cm?), the combined organic layer washed with aq.
NaHCO; solution (2x200 cm?) and brine (200 cm?). The
clear red solution was dried over Na,SO,, filtered, and con-
centrated. Purification by column chromatography (5-35%
EtOAc in hexanes, gradient elution) afforded the product as
a red crystalline solid (83 mg, 30%). "H NMR (600 MHz,

CDCl,): §=10.12 (s, 1H), 8.47 (d, J=8.3 Hz, 2H), 7.42
(d, J=8.3 Hz, 2H), 3.16 (t, J=7.4 Hz, 2H), 2.54 (dd,
J=17.4 Hz, 2.6 Hz, 2H), 2.03 (t, J=2.6 Hz, 1H) ppm; 1°C
NMR (151 MHz, CDCl,): §=166.3, 157.8, 143.5, 128.8,
128.0, 81.8, 70.4, 31.3, 19.3 ppm; ESI-MS: m/z calcd. for
C,H;N,S* (IM+H]") 243.07, found 242.90.

3-[4-(But-3-yn-1-ylsulfonyl)phenyl]-1,2,4,5-tetrazine (25,
C;,H1oN4O,S) Tetrazine 29 (14 mg, 57.8 umol) was dis-
solved in dry DCM (2 cm?®) and the solution was cooled
in an ice bath. DMDO solution (0.08 M in dry acetone; 3
cm?®, 173 pmol) was added dropwise and the reaction mix-
ture was warmed up to room temperature and stirred for
40 min. The colorful solution was concentrated to afford the
desired product as a red solid (15.8 mg, 99%) without further
purification needed. 'H NMR (400 MHz, CDCl,): 6=10.27
(s, 1H), 8.79 (d, /=8.6 Hz, 2H), 8.10 (d, J=8.6 Hz, 2H),
3.33 (t, J=7.7 Hz, 2H), 2.63 (dd, J=7.7 Hz, 2.8 Hz, 2H),
1.88 (t, J=2.5 Hz, 1H) ppm; '*C NMR (151 MHz, CDCly):
0=165.5, 158.4, 142.7, 137.0, 129.4, 129.3, 79.1, 71.1,
54.7, 13.4 ppm; ESI-MS: m/z caled. for C;,H,;N,0,S*
(IM+H]") 275.06, found 274.90.

3-[4-[[2-[1-(2-Fluoroethyl)-1H-1,2,3-triazol-4-yl]ethyl]thio]-
phenyl]-1,2,4,5-tetrazine (30, C;,H,,FN,S) Tetrazine 29
(23 mg, 94.9 umol) was dissolved in dry DMF (600 mm?)
and 2-fluoroethylazide (1.5 mmol/cm? solution in DMF; 140
mm?, 189.8 umol) was added. Catalyst solution containing
aq. sodium ascorbate (300 mg/cm? solution; 40 mm?), aq.
copper sulfate pentahydrate (112 mg/cm?® solution; 40 mm?),
and aq. bathophenantrolinedisulfonic acid disodium salt
hydrate (Na,BPDS) (50 Ing/(:m3 solution; 80 mm?®) was
added and the brownish-red mixture was stirred at room
temperature for 90 min. Purification by column chromatog-
raphy (H,O/MeCN gradient elution, 0.1% formic acid) gave
the desired click product as a bright purple solid (14.4 mg,
47%). "H NMR (600 MHz, CDCl,): §=10.11 (s, 1H) 8.46 (d,
J=8.7Hz, 2H), 7.46 (s, 1H), 7.41 (d, J=8.6 Hz, 2H), 4.75 (t,
J=4.6 Hz, 1H), 4.68 (t, J=4.6 Hz, 1H), 4.61 (t, J=4.5 Hz,
1H), 4.56 (t, J=4.5 Hz, 1H), 3.35 (t, J=7.3 Hz, 2H), 3.10
(t, J=7.4 Hz, 2H) ppm; '3C NMR (151 MHz, CDCI,;):
0=166.3, 157.8, 145.9, 144.0, 128.7, 128.5, 127.7, 122.7,
82.3 (" 3c.10p=172.1 Hz), 50.8 (*J}3¢.10r=20.6 Hz), 31.7,
25.6 ppm; '°F NMR (376 MHz, CDCl,): 6=—221.4 ppm;
ESI-MS: m/z calcd. for C,H,sFN;S* (IM+H]") 332.11,
found 331.95.

3-[4-[[2-[1-(2-Fluoroethyl)-1H-1,2,3-triazol-4-yl]ethyl]sulfi-
nyllphenyl]-1,2,4,5-tetrazine (31, C; ,H,,FN,0S) Tetrazine 30
(5.9 mg, 17.8 umol) was dissolved in dry DCM (300 mm?)
and the mixture was cooled in an ice bath. DMDO solu-
tion (0.075 M in dry acetone; 237 mm?>, 17.8 umol) was
added dropwise and the reaction mixture was warmed to
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room temperature and stirred for 20 min. The colorful solu-
tion was concentrated and purified by column chromatog-
raphy (H,O/MeCN gradient elution, 0.1% formic acid) to
afford the desired product as a dark purple solid (6.2 mg,
99%). NMR (400 MHz, CDCl,): 6=10.29 (s, 1H), 8.81
(d, J=8.3 Hz, 2H), 7.90 (d, J=8.3 Hz, 2H), 7.56 (s, 1H),
4.84 (t, J=4.6 Hz, 1H), 4.72 (t, J=4.6 Hz, 1H), 4.68 (t,
J=4.5 Hz, 1H), 4.62 (t, J=4.5 Hz, 1H), 3.50-3.43 (m,
1H), 3.38-3.31 (m, 1H), 3.27-3.20 (m, 1H), 3.15-3.08
(m, 1H) ppm; '*C NMR (151 MHz, CDCl,): §=166.0,
158.2, 149.1, 144.8, 134.2, 129.1, 125.1, 122.8, 82.2
(M 30105 = 172.4 Hz), 55.7, 50.8 (*J,53¢.10r=20.7 Hz),
18.5 ppm; '°F NMR (376 MHz, CDCl,): §=—221.6 ppm;
ESI-MS: m/z calced. for C,H,sFN,OS* (M +H]*) 348.10,
found 347.90.

3-[4-[[2-[1-(2-Fluoroethyl)-1H-1,2,3-triazol-4-yl]ethyl]sul-
fonyllphenyl]-1,2,4,5-tetrazine (26, C,,H,,FN,0,S) Tetra-
zine 30 (5.1 mg, 15.4 umol) was dissolved in dry DCM
(500 mm?®) and the mixture was cooled in an ice bath.
DMDO solution (0.075 M in dry acetone; 820 mm?>,
61.6 umol) was added dropwise and the reaction mixture
was warmed to room temperature and stirred for 25 min.
The colorful solution was concentrated to afford the desired
product as a dark purple solid (15.8 mg, 99%) without
further purification needed. '"H NMR (400 MHz, CDCl,):
6=10.34 (s, 1H) 8.85 (d, J=8.5 Hz, 2H), 8.17 (d, J=8.5 Hz,
2H), 7.53 (s, 1H), 4.81 (t, J=4.6 Hz, 1H), 4.70 (t, J=4.6 Hz,
1H), 4.65 (t, J=4.5 Hz, 1H), 4.58 (t, J=4.5 Hz, 1H),
3.66 (t, J=7.5 Hz, 2H), 3.26 (t, J=7.6 Hz, 2H) ppm; *C
NMR (151 MHz, CDCl;): 6=165.5, 158.4, 143.8, 143.1,
136.8, 129.2, 128.1, 122.7, 82.2 (1J13C_19F=172.2 Hz),
55.2, 50.8 (*Jy3¢.10r =20.7 Hz), 19.4 ppm; '"F NMR
(376 MHz, CDCl;): 6=—221.6 ppm; ESI-MS: m/z calcd.
for C,,H,sFN;0,S* (IM + H]*) 364.10, found 363.96.

Click kinetics

Stopped-flow measurements were performed using an
SX20-LED stopped-flow spectrophotometer (Applied
Photophysics) equipped with a 535 nm LED (optical path-
length 10 mm, full width half-maximum 34 nm) to moni-
tor the characteristic tetrazine visible light absorbance
(520-540 nm). The reagent syringes were loaded with tetra-
zine and TCO (10) solutions and the instrument was primed.
Subsequent data were collected in triplicate to sextuplicate
for each tetrazine. Reactions were conducted at 25 °C and
recorded automatically at the time of acquisition.

Data sets were analyzed by fitting an exponential
decay using Prism 6 (Graphpad) to calculate the observed
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pseudo-first order rate constants that were converted into
second order rate constants by dividing through the con-
centration of excess TCO.

TCO (10) was dissolved in dry 1,4-dioxane to reach an
approximate concentration of 4 mM. The exact concentra-
tion was determined by absorbance titration with DMT
tetrazine (extinction coefficient 510 M~! cm™! at 520 nm)
[30], quantifying the decrease in tetrazine absorbance
upon reaction with TCO.

Tetrazines (1-8, 26, 30, 31) were dissolved in dry
1,4-dioxane to reach an approximate concentration of
0.1 mM and used without further dilution for stopped-
flow analysis with TCO.

Radiolabeling

Thin layer chromatography was performed using TLC
alumina plates (Merck, silica gel 60, fluorescence indica-
tor F254, or Merck, aluminum oxide neutral, fluorescence
indicator F254). Detection in radio-TLC was performed
by placing the TLC plates on multisensitive phosphor
screens (Perkin-Elmer Life Sciences, Waltham, MA).
The screens were scanned at 300 dpi resolution using a
PerkinElmer Cyclone® Plus Phosphor Imager (Perkin-
Elmer Life Sciences). [\®F]Fluoride was produced via
the '80(p,n)'®F nuclear reaction by irradiating oxygen-18
enriched water IASON, Austria) using a PETtrace cyclo-
tron equipped with high yield liquid target system (GE
Healthcare, Uppsala, Sweden). HPLC analysis was per-
formed on a 1200 series system (Agilent Technologies)
using a reversed phase columns and acetonitrile/water or
acetonitrile/phosphate buffer gradients. Analytical condi-
tions: (A): Agilent Extend-C18 3.5 um, 3 X 100 mm, gra-
dient 10 mM phosphate-buffer pH 6/acetonitrile, 1.3 cm?/
min, 0—1 min 15% acetonitrile, 1 — 8 min 15% — 85%
acetonitrile, 8-9 min 85% acetonitrile. (B): Agilent ZOR-
BAX SB-Aq 5 pum, 4.6 X250 mm, water/acetonitrile, 1.2
cm’/min, 0—2 min 5% acetonitrile, 2 — 10 min 5% — 20%
acetonitrile, 10—16 min 20% — 90%, 16—20 min 90% ace-
tonitrile. For radio-HPLC a GABI star radioactivity detec-
tor (raytest Isotopenmessgeraete GmbH, Straubenhardt,
Germany) was used. Preparative HPLC separations were
done on the built in HPLC system on a synthesis module
(TRACERIab™ FXyp, General Electric Healthcare, Upp-
sala, Sweden) using a Macherey—Nagel EP 250/16 100-7
C-18 (10 um, 16 X 250 mm) column and phosphate-buffer
(10 mM, pH 6)/acetonitrile-gradient (flow rate: 5 cm?/
min, 0—6 min 10% acetonitrile, 6.01 min 30% acetonitrile,
6.01 — 40 min 30% — 80% acetonitrile) in combination
with a K-2001 UV detector (Knauer) and radioactivity
detector.
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General procedure for manual radiolabeling
of ['®F11, ['®F12, ['®F13, ['®F]5, and ['®F16

A QMA light cartridge (Waters) was preconditioned
with 0.5 M K,COj solution (7 cm?) followed by 15 cm?
water. Cyclotron produced '®F-fluoride in water (0.5-2.5
cm?®) was passed over the cartridge, and the cartridge
was eluted with a solution 0.075 M tetrabutylammonium
hydrogen carbonate solution, followed by 1 cm? of ace-
tonitrile. Volatiles were removed in a stream of argon at
105 °C and residual water was removed by addition and
subsequent evaporation of 700 mm? dry acetonitrile. The
azeotropic drying step was repeated two more times. Pre-
cursor was added in the labelling solvent, and the reaction
mixture was heated to the indicated temperature for the
indicated time span. After cooling of the reaction contents
the incorporation yield was investigated by radio-HPLC
and/or radio-TLC. In several cases the fluorine-18 tetra-
zine derivatives were additionally isolated using prepara-
tive HPLC.

['8F]1: 328 MBq '®F fluoride, 430 mm® TBA-HCO;-Lsg
(32.25 pmol), 10 mg (32.4 umol) 3-(6-methyl-1,2,4,5-tetra-
zin-3-yl)propyl 4-methylbenzenesulfonate [13] in 400 mm?
thexyl alcohol/dry acetonitrile v/v=1:1, 4.5 min; 95 °C:
incorporation yield (HPLC)=46.5%, incorporation yield
(TLC)=48.3%, isolated yield (decay-corrected) =33.4%.

['8F]2: 356 MBq '8F fluoride, 250 mm* TBA-HCO;-
Lsg (18.75 pumol), 6.7 mg (18.1 pymol) of 17 in 400 mm?
thexyl alcohol/dry acetonitrile v/v=1:1, 5 min; 95 °C:
incorporation yield (HPLC)=40%, incorporation yield
(TLC)=40.5%.

['8F]3: 363 MBq '®F fluoride, 500 mm* TBA-HCO,-
Lsg (37.5 umol), 12.7 mg (33.0 umol) of 18 in 500 mm?
thexyl alcohol/dry acetonitrile v/v=1:1, 5 min, 107
°C: incorporation yield (HPLC)=56.2%, isolated yield
(decay-corrected) =41.7%.

['8F]5: 355 MBq '8F fluoride, 250 mm* TBA-HCO;-
Lsg (18.75 pumol), 9.0 mg (19.5 pumol) of 20 in 400 mm?
thexyl alcohol/dry acetonitrile v/v=1:1, 5 min; 95 °C:
incorporation yield (HPLC)=13.7%, incorporation yield
(TLC)=18%.

['®F]6: 481.7 MBq '°F fluoride, 166 mm® TBA-HCO;-Lsg
(12.5 umol), 5.2 mg (12.5 umol) of 21 in 400 mm? thexyl
alcohol/dry acetonitrile v/v=1:1, 8 min; 97 °C: incorpora-
tion yield (HPLC)=47.7%.

General procedure for manual radiolabeling
of ['®F12, ['®F13, ['®F15, and ['®F16

A remote-controlled synthesis module (TRACERlab™
FXFDG, General Electric Healthcare, Uppsala, Sweden)
with a 3 cm® glass reactor housed in a hot cell was used
for automated labeling experiments. Cyclotron produced
no carrier added ['®F] fluoride was trapped on a precon-
ditioned (5 cm® 0.5 M K,COj, followed by 15 cm® water)
Waters QMA light cartridge. The radioactivity was eluted
with 500 mm® 0.075 M TBA-HCO; solution followed
by 1 cm?® acetonitrile. Volatiles were removed in vacuo
at a temperature of 60—120 °C. After cooling to 50 °C
a solution of precursor in a mixture of dry acetonitrile
and thexyl alcohol was added. The reaction mixture was
heated to 93 °C for 8 min followed by cooling to 45 °C
and consequent transfer into a vial. The reactor was rinsed
with 2 cm® DMSO:water=1:1 (v/v). Combined solutions
were injected into a preparative HPLC column (Mach-
erey—Nagel EP 250/16 100-7 C-18, 10 um, 16 X250 mm)
and eluted using a gradient of phosphate buffer (10 mM
pH 6) and acetonitrile at a flow rate of 5 cm>/min (0—6 min
10% acetonitrile, 6.01 min 30% acetonitrile, 6.01 — 40 min
30% — 80% acetonitrile). The product fraction was diluted
with 50 cm? water, prior to passage over a preconditioned
(5 cm? acetonitrile followed by 15 cm® H,0) tc18 plus
SepPak cartridge (Waters). The cartridge was eluted
with 1.5 cm?® ethanol. '8F-species prepared by automated
labeling matched HPLC retention times with authentic
standards.

['8F]2: 246.4 GBq '®F fluoride, 12.2 mg (33 umol) of 17
in a mixture of 200 mm? thexyl alcohol and 300 mm? dry
acetonitrile yielded 8.88 GBq [8F]2 (6.3% decay-corrected),
retention time on preparative HPLC: 29.0 min, radio-
chemical purity (analytical HPLC)=95%. Specific activity
(HPLC)=99 GBg/umol.

[®F13: 181.3 GBq '®F fluoride, 12.0 mg (31.2 pmol) of 18
in a mixture of 300 mm? thexyl alcohol and 300 mm?® dry
acetonitrile yielded 9.99 GBq ['®F]3 (9.5% decay-corrected),
radiochemical purity (analytical HPLC)=98.3%.

['®F]5: 233.2 GBq '®F fluoride, 11.7 mg (25.4 pumol) of 20
in a mixture of 200 mm? thexyl alcohol and 300 mm? dry
acetonitrile yielded 6.98 GBq ['8F]5 (4.9% decay-corrected),
retention time on preparative HPLC: 28.1 min, radiochemi-
cal purity (analytical HPLC)=94.4%.
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[®F16: 218.3 GBq '®F fluoride, 11.0 mg (26.4 umol) of 21
in a mixture of 200 mm? thexyl alcohol and 300 mm? dry
acetonitrile yielded 11.5 GBq ['®F]6 (8.6% decay-corrected),
retention time on preparative HPLC: 32.6 min, radiochemi-
cal purity (analytical HPLC)=95.4%. Specific activity
(HPLC)=229.5 GBg/umol.

Preparation of ['®F]7

5.3 GBq ['®F16 in 1.5 cm® EtOH as obtained by automated
labeling was evaporated to dryness on the rotary evaporator
(40 °C, 20 mbar) in an 8 cm? vial. The residue was treated
with 0.5 cm? of an ice-cold solution of dimethyldioxirane
(DMDO) in acetone (~40 mM). After 60 s reaction time
volatiles were removed on the rotary evaporator. The residue
was re-dissolved in 2.5 cm® DMSO:water= 1:1 (v/v) and
injected into the preparative HPLC system described at the
section automated labeling. 2.36 GBq ['®F]7 (56% decay-
corrected yield) eluted with a retention time of 23.1 min.
Radiochemical purity (analytical HPLC)=93.0%, specific
activity (HPLC)=56.2 GBg/umol. HPLC retention time of
['8F]7 matched with the retention time of authentic standard.

Preparation of ['®F]30

First, a solution for the copper catalyzed azide-alkyne
cycloaddition (CuAAC) was prepared: An aqueous solution
of CuS0O,-5H,0 (10 mm?, 100 mg/cm?®) was mixed with an
aqueous solution of sodium ascorbate (10 mm?>, 300 mg/
cm?). When the color of the mixture turned yellow a solu-
tion of Na,BPDS (40 mm?>, 50 mg/cm3) in water was added.

['8F]Fluoroethylazide was prepared according to lit-
erature [29]: irradiated ['®O]water containing ['8F]F~ was
passed through an anion exchange resin cartridge (Sep-Pak
Accell Plus QMA Plus Light, chloride form). ['8F]Fluo-
ride trapped on the QMA was then eluted with 1 cm? of
a Kryptofix,,,/K,COj; solution (4,7,13,16,21,24-hexaoxa-
1,10-diazabicyclo[8.8.8] hexacosane (330 mg), K,CO;
(100 mg), and water (0.8 cm®) in MeOH (19.2 cm?)) into
a 4 cm? glass vial. The resulting mixture was then gently
concentrated to dryness at 90-110 °C via azeotropic dry-
ing using 2xMeCN (1 cm®) and a stream of helium. The
procedure took 25-30 min and yielded in the ready to react
[ISF]—K222 complex. To the dried residue containing ['¥F]
fluoride (3884 mCi), precursor azidoethylnosylate (12.5 mg,
46 umol) in dry MeCN (300 mm?) was added. The mixture
was heated at 110 °C for 5 min. All volatiles in the reac-
tor were distilled into a vial containing the alkyne-modified
tetrazine 29 (0.9 mg) and the solution for the CuAAC. Dur-
ing the distillation in the TRACERIab™ FXFDG module,
the temperature was gradually increased to 135 °C, and a
second portion of MeCN (200 mm?) was added to the reactor

@ Springer

during distillation, to enable most efficient transfer of ['®F]
fluoroethylazide into the CuAAC reaction mixture.

Following distillation and a 5 min reaction time at room
temperature, the mixture was diluted with DMSO/water (1:1,
2 cm®) and purified by semi-preparative HPLC. The col-
lected HPLC fraction was trapped on a Sep-Pak C18 plus
short cartridge, which was eluted with 1 cm? acetonitrile.
41.4 mCi of ['®F]30 could be obtained (1.07% non-decay-
corrected radiochemical yield) and synthesis duration was
103 min.

Preparation of ['®F126 and ['®F]31

Volatiles of the ['8F]30 solution in acetonitrile were removed
by rotary evaporation, and the residue was treated with 0.5
c¢m® DMDO solution in acetone. After 60 s reaction time,
volatiles were removed, and the residue was taken up in 1
cm? acetonitrile. Fractions pre- and post-oxidation were ana-
lyzed using radio-TLC (SiO,, 5% MeOH in DCM).
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