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Abstract

Monocarboxylate transporters 1 and 4 (MCT1 and MCT4) are involved in tumor development and
progression. Their expression levels are related to clinical disease prognosis. Accordingly, both
MCTs are promising drug targets for treatment of a variety of human cancers. The non-invasive
imaging of these MCTs in cancers is regarded to be advantageous for assessing MCT-mediated
effects on chemotherapy and radiosensitization using specific MCT inhibitors. Herein, we describe
a method for the radiosynthesis of [*®F]JFACH ((E)-2-cyano-3-{4-[(3-[*8F]fluoropropyl)(propyl)
amino]-2-methoxyphenyl}acrylic acid), as a novel radiolabeled MCT1/4 inhibitor for imaging
with PET. A fluorinated analog of a-cyano-4-hydroxycinnamic acid (FACH) was synthesized and
the inhibition of MCT1 and MCT4 was measured via an [**C]lactate uptake assay. Radiolabeling
was performed via a two-step protocol comprising the radiosynthesis of the intermediate (E)/(Z)-
[®F]tert-Bu-FACH (tert-butyl (E)/(Z)-2-cyano-3-{4-[(3-[*®F]fluoropropyl)(propyl)amino]-2-
methoxyphenyl}acrylate) followed by deprotection of the tert-butyl group. The radiofluorination
was successfully implemented using either K[*®F]F-K222-carbonate or [*®F]TBAF. The final
deprotected product [*®FJFACH was only obtained when [*8F]tert-Bu-FACH was formed by the
latter procedure. After optimization of the deprotection reaction, [*®FJFACH was obtained in high
radiochemical yields (39.6 + 8.3%, EOB) and radiochemical purity (>98%).

Keywords:  Radiofluorination, [*®F]JFACH, Positron emission tomography (PET),
Monocarboxylate transporters (MCTs), a-cyano-4-hydroxycinnamic acid (a-CHC)



1 INTRODUCTION

Monocarboxylate transporters (MCTSs) belong to the solute carrier 16 (SLC16) gene family and
comprise of 14 isoforms, each having a unique distribution and different sequence homology (1).
Among them, MCT1 and MCT4 act as H*-linked transporters of short-chain monocarboxylates
(e.g. pyruvate, L-lactate, and ketone bodies) across the plasma membrane of mammalian cells (2-
4). They have also shown to play an important role in supporting the lactate oxidation pathway
and facilitating metabolic symbiosis (5). Cancer cells avoid cytoplasmic acidification that may
lead to apoptosis by facilitated efflux of pyruvate and lactate produced during glycolysis (5, 6).
Accordingly, upregulation of MCTs, in particular of MCT1 and MCT4, has been observed in a
large number of tumors (7-13). Consequently, these two isoforms are known as major selective
targets for the treatment of a broad spectrum of cancers such as high-grade gliomas,
neuroblastomas, soft tissue sarcoma, colorectal carcinomas, lung cancer, cervical cancer and triple-
negative breast carcinoma (7-13). It has been shown that inhibition of MCT1 and/or MCT4 can
block tumor growth through disruption of lactate transport and the glycolytic pathway of cell
energy metabolism (14).

The development and preclinical evaluation of several MCT inhibitors including «-
cyanocinnamate derivatives, quinolinethiophene amides such as AZD3965 and AR-C155858 as
well as bioflavenoids such as quercetin, phenyl pyruvate, and phloretin (Figure 1A) have been
reported (1, 15-17). Among these drugs, AZD3965, initially developed as an immunosuppressor
(17), is currently being evaluated as an anticancer agent in Phase | clinical trials (NCT01791595)
for patients with prostate cancer, gastric cancer or diffuse large B cell lymphoma (18). Although
having relatively low inhibitory activity towards MCT1 (ICso ~ 100 pM), a-cyano-4-
hydroxycinnamic acid (a-CHC) was the first MCTL1 inhibitor reported (19). More recently, we
reported a comprehensive structure-activity relationship (SAR) study on a new series of a-CHC
derivatives as MCT1 inhibitors (7, 8). Accordingly, we have also described the synthesis of the
most potent inhibitors in this series and reported on their in vivo tumor growth inhibition in WiDr
tumor-bearing mice for potential anticancer applications (7, 8).

In this context, it is also of high interest to attain a more detailed understanding of the function and
regulation of MCTs in living animals and humans by positron emission tomography (PET). From
the diagnostic perspective, the involvement of MCT1 and MCT4 in the glycolytic metabolism of
cancer cells makes them valuable imaging biomarkers for many tumors. However, during the last
decade only a few substrates and inhibitors of MCTs were investigated as PET tracers (Figure 1B)
for in vivo investigation of MCTs (20-22).

We have focused on a-CHC derivatives as lead compounds to develop a novel *8F-labeled ligand
targeting MCTs for tumor imaging with PET. To achieve this aim, (E)-2-cyano-3-(4-
(dipropylamino)-2-methoxyphenyl)acrylic acid (1) (Figure 2) appeared to be appropriate because
it shows a high MCT1 inhibition (ICso = 12 = 1 nM) (7, 8). Based on I, a fluorinated derivative
namely, FACH ((E)-2-cyano-3-{4-[(3- fluoropropyl)(propyl)amino]-2-methoxyphenyl} acrylic
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FIGURE 1 (A) Selected potent MCTs inhibitors; (B) Recently developed ‘8F- and *'C-labeled
MCT-targeting tracers (15-22)

acid), has been developed in the present study and considered as a candidate for ®F-labeling
(Figure 2). Herein, we report on the chemical synthesis, measurement of MCT inhibition and
radiosynthesis of the first 18F-labeled MCTs inhibitor [**F]FACH.
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FIGURE 2 The potent MCT1 inhibitor (1) and its fluorinated analog (FACH) developed in the
present study

2 MATERIALS AND METHODS
2.1 Organic syntheses

2.1.1 General methods



Unless otherwise noted, moisture-sensitive reactions were conducted under dry nitrogen or argon.
All chemicals and reagents were purchased from commercial sources and used without further
purification. Thin layer chromatography (TLC): Silica gel 60 F254 plates (Merck KGaA,
Darmstadt, Germany). Flash chromatography (fc): Silica gel 60, 40-64 um (Merck). Room
temperature was 21 °C. MS: MAT GCQ (Thermo Finnigan MAT GmbH, Bremen, Germany). 'H
and °C spectra were recorded on VARIAN "MERCURY plus" (300 MHz for 'H NMR, 75 MHz
for 3C NMR) and VARIAN "MERCURY plus" and BRUKER DRX-400 (400 MHz for '"H NMR,
100 MHz for 1*C NMR, 377 MHz); &in ppm related to tetramethylsilane; coupling constants (J)
are given with 0.1 Hz resolution. Multiplicities of NMR signals are indicated as follows: s (singlet),
d (doublet), t (triplet), m (multiplet), dd (doublet of doublets), dt (doublet of triplets). ESI/Ion trap
mass spectra (LRMS) were recorded with a Bruker Esquire 3000 plus instrument (Billerica, MA,
USA). High resolution mass spectra were recorded on a FT-ICR APEX II spectrometer (Bruker
Daltonics; Bruker Corporation, Billerica, MA, USA) using electrospray ionization (ESI) in
positive ion mode.

2.1.2 General procedure for synthesis of the reference compounds and precursor

1-Bromopropane (2.55 mL, 28 mmol, 1.0 eq) and potassium carbonate (8.4 g, 60 mmol, 2.1 eq)
were added to a solution of m-anisidine (6.0 mL, 84 mmol, 3 eq) in 50 mL acetonitrile (ACN) and
refluxed overnight. Upon the completion of the reaction, 100 mL 5% aqueous NaHCOj3 solution
was added and the mixture was extracted with ethyl acetate (EtOAc, 3x50 mL). The organic layer
was dried with anhydrous MgxSO4 and evaporated. The residue was purified by column
chromatography (silica, EtOAc/isohexane (IH) = 0.5:9.5 to 1:9) to give the monoalkylated aniline
[52% yield, TLC (silica gel, EtOAc/IH, 2:8): Rr = 0.65]. 1-lodo-3-fluoropropane (2.65 mL, 20
mmol, 1.8 eq) and potassium carbonate (4.2 g, 30 mmol, 2.7 eq) were added to a solution of 3-
methoxy-N-propylaniline (1.82 g, 11 mmol, 1.0 eq) in 50 mL ACN and refluxed overnight. Upon
the completion of the reaction, 100 mL 5% aqueous NaHCO3 solution was added and the mixture
was extracted with EtOAc (3x50 mL). The organic layer was dried with anhydrous Mg>SO4 and
evaporated. POCI3 (1.0 mL, 11 mmol, 1.1 eq) was added dropwise to a solution of dialkylated
aniline (10 mmol, 1.0 eq) in dimethylformamide (DMF, 4.65 mL, 60 mmol, 6.0 eq) at 0 °C and
the reaction mixture was refluxed at 80 °C for 2-4 hours. The reaction was quenched with saturated
Na>CO3 and the solid was filtered and washed with n-hexane to obtain the corresponding N, N-
disubstituted benzaldehyde. Cyanoacetic acid (or #-butyl cyanoacetate) (15 mmol, 3.0 eq) and
piperidine (0.5 mL, 5 mmol, 1.0 eq) were added to a solution of substituted benzaldehyde (5 mmol,
1.0 eq) in 20 mL ACN and refluxed overnight at 80 °C. Upon the completion of the reaction, the
above solution was poured into a mixture of 3M HCI (10 mL) in ice. The solution was stirred for
10 to 15 minutes and the solid was filtered using a Biichner funnel. The final compounds were
obtained in pure form by column chromatography.

N-(3-Fluoropropyl)-3-methoxy-N-propylaniline (2) (colorless oil, 96% yield). TLC (silica gel,
EtOAc/IH, 2:8): Rr=0.82. '"H NMR (400 MHz, DMSO-ds) & 7.13 (t, J = 8.6 Hz, 1H), 6.45-6.06



(m, 3H), 4.57 (t, J = 5.6 Hz, 1H), 4.45 (t, J = 5.6 Hz, 1H), 3.79 (s, 3H), 3.45 (t, J= 7.1 Hz, 2H),
3.23 (m, 2H), 2.30-1.80 (m, 2H), 1.69 (q, J = 7.6 Hz, 2H), 0.99 (t, J= 7.4 Hz, 3H).

4-[(3-Fluoropropyl)(propyl)amino]-2-methoxybenzaldehyde (3) (yellow solid, >98% yield). TLC
(silica gel, EtOAc/IH, 2:8): Rr=0.18. 'H NMR (400 MHz, chloroform-d) § 10.15 (s, 1H), 7.71 (d,
J=8.9 Hz, 1H), 6.30 (dd, J=8.9, 2.3 Hz, 1H), 6.12 (d, J = 2.4 Hz, 1H), 4.61 (t, J= 5.4 Hz, 1H),
4.49 (t,J=5.4 Hz, 1H), 3.90 (s, 3H), 3.58 (t, /= 7.2 Hz, 2H), 3.35 (dd, /=9.1, 6.3 Hz, 2H), 2.34—
1.88 (m, 2H), 1.69 (q, J = 7.6 Hz, 2H), 0.99 (t, J = 7.4 Hz, 3H); *C NMR (100 MHz, chloroform-
d) 5 187.2,164.0, 154.1, 130.7, 114.6, 104.4,92.9, 81.4 (d, /= 164.9 Hz), 55.2,52.8,47.0 (d, J =
3.5 Hz), 28.4 (d,J=20.1 Hz), 20.5, 11.3.

(E)-2-Cyano-3-{4-[(3-fluoropropyl)(propyl)amino]-2-methoxyphenyl}acrylic acid (FACH)
(yellow solid, 90% yield). TLC (silica gel, EtOAc/IH, 1:1): Ry=0.33. 'TH NMR (400 MHz, DMSO-
de) 0 8.40 (s, 1H), 8.18 (d, /=9.2 Hz, 1H), 6.50 (dd, /J=9.3,2.4 Hz, 1H), 6.19 (d, /=2.4 Hz, 1H),
4.57 (t,J=5.7 Hz, 1H), 4.45 (t, /= 5.6 Hz, 1H), 3.86 (s, 3H), 3.67-3.46 (m, 2H), 3.38 (t, /= 7.6
Hz, 2H), 2.06-1.79 (m, 2H), 1.58 (h, J = 7.4 Hz, 2H), 0.89 (t, J = 7.4 Hz, 3H); '*C NMR (100
MHz, DMSO-ds) 6 165.8, 162.1, 154.5, 146.7, 130.3, 118.9, 108.2, 105.9, 93.8, 91.6, 82.2 (d, J =
161.4 Hz), 56.1, 52.2, 46.9 (d, J = 4.8 Hz), 28.4 (d, J = 19.3 Hz), 20.6, 11.5. HRFT-MS (ESI+):
m/z =343.1422 (calcd. 343.1428 for C17H2:FN20O3Na" [M+Na]").

tert-Butyl (E)/(Z)-2-cyano-3-{4-[(3-fluoropropyl)(propyl)amino]-2-methoxyphenyl }acrylate
((E)/(Z)-tert-Bu-FACH) (yellow solid, >98% yield). TLC (silica gel, EtOAc/IH, 1:1): Ry = 0.50.
"H NMR (400 MHz, chloroform-d) & 8.56 (s, 1H), 8.36 (d, J= 9.0 Hz, 1H), 6.33 (dd, J=9.2, 2.5
Hz, 1H), 6.09 (d, J = 2.5 Hz, 1H), 4.58 (t, J= 5.4 Hz, 1H), 4.46 (t, J= 5.4 Hz, 1H), 3.84 (s, 3H),
3.65-3.48 (m, 2H), 3.42-3.27 (m, 3H), 2.12-1.86 (m, 2H), 1.65 (td, /= 15.6, 8.0 Hz, 2H), 1.55 (s,
9H), 1.03-0.88 (m, 3H); *C NMR (100 MHz, chloroform-d) § 163.7, 161.9, 153.6, 147.2, 131.1,
118.4, 109.5, 105.0, 94.2, 93.0 (d, J = 1.1 Hz), 84.3, 82.0, 80.4, 55.3, 52.9, 47.0 (d, J = 3.5 Hz),
28.5 (d, J=120.0 Hz), 28.1, 25.9, 20.6, 11.3. HRFT-MS (ESI+): m/z= 377.2233 (calcd. 377.2235
for C21H30FN203; [M+H]").

3-[(3-Methoxyphenyl)(propyl)amino]propan-1-ol (5). 3-Bromo-1-propanol (1.81 mL, 20 mmol,
1.8 eq) and potassium carbonate (4.2 g, 30 mmol, 2.7 eq) were added to a solution of 3-methoxy-
N-propylaniline (1.82 g, 11 mmol, 1.0 eq) in 50 mL ACN and refluxed overnight. The work-up
was performed as described in the general procedure (yellow oil, 88% yield). TLC (silica gel,
EtOAc/IH, 2:8): Ry=0.19. '"H NMR (400 MHz, chloroform-d) § 7.15 (t,J= 8.1 Hz, 1H), 6.38 (dd,
J=8.4,2.4Hz 1H), 6.34-6.10 (m, 2H), 3.82 (s, 3H), 3.74 (t, J = 6.0 Hz, 2H), 3.44 (t, /= 7.1 Hz,
2H), 3.34-3.16 (m, 2H), 2.03 (s, 1H), 1.91-1.76 (m, 2H), 1.64 (h, J=7.4 Hz, 2H), 0.95 (t, /= 7.4
Hz, 3H); '*C NMR (100 MHz, chloroform-d) & 160.9, 149.6, 129.9, 105.8, 100.6, 99.3, 60.8, 55.1,
53.3,48.1,30.2,20.3, 11.5.

3-[(3-Methoxyphenyl)(propyl)amino]propyl acetate (6). Acetyl chloride (2.4 mL, 33 mmol, 1.5
eq) and pyridine (5.3 mL, 66 mmol, 3.0 eq) was added to a solution of alcohol 5 (5.0 g, 22 mmol,



1.0 eq) in 50 mL dichloromethane (DCM) and the resulting mixture was allowed to react at room
temperature overnight. The reaction was quenched by the addition of 50 mL ice cold water, the
phases were separated and the organic phase was dried with anhydrous Mg>SO4 and evaporated to
give 6 as yellowish oil which was used in the next reaction without further purification. TLC (silica
gel, EtOAc/IH, 2:8): Rr=0.55. "H NMR (400 MHz, chloroform-d) § 7.14 (t,J= 8.1 Hz, 1H), 6.46—
6.07 (m, 3H), 4.14 (t, J = 6.3 Hz, 2H), 3.81 (s, 3H), 3.39 (t, /= 7.3 Hz, 2H), 3.24 (t, J= 7.7 Hz,
2H), 2.10 (s, 3H), 1.95 (t,J = 7.1 Hz, 2H), 1.63 (m, 2H), 0.94 (t, J = 7.4 Hz, 3H); '*C NMR (100
MHz, chloroform-d) 6 171.1, 160.9, 149.3, 129.9, 105.3, 100.3, 98.8, 62.4, 55.1, 53.1, 47.8, 26.6,
21.0,20.4, 11.4.

3-[(4-Formyl-3-methoxyphenyl)(propyl)amino]propyl acetate (7) (yellow oil, 79% yield). TLC
(silica gel, EtOAc/IH, 2:8): Rr=0.11. 'H NMR (400 MHz, chloroform-d) § 10.19 (s, 1H), 7.76 (d,
J=28.9 Hz, 1H), 6.39 (dd, J=8.9, 2.3 Hz, 1H), 6.29 (s, 1H), 4.16 (t, /= 6.2 Hz, 2H), 3.93 (s, 3H),
3.57-3.42 (m, 2H), 3.42-3.25 (m, 2H), 2.10 (s, 3H), 2.01 (m, 2H), 1.71 (m, 2H), 0.99 (t, J= 7.4
Hz, 3H).

4-[(3-Hydroxypropyl)(propyl)amino]-2-methoxybenzaldehyde (8). A solution of KoCO3 (7.0 g, 50
mmol, 5.0 eq) in 70 mL H>O was added to a solution of 7 (2.5 g, 10 mmol, 1.0 eq) in 75 mL MeOH
and the reaction mixture was stirred for 30 min at room temperature. An aqueous saturated NaCl
solution (50 mL) was added, followed by addition of 100 mL DCM. The resulting phases were
separated and the organic phase was dried with anhydrous Mg>SO4 and evaporated to give 8 as
yellowish oil which was used in the next reaction without further purification. TLC (silica gel,
EtOAc/IH, 1:1): Re=0.15. "TH NMR (400 MHz, chloroform-d) § 10.16 (s, 1H), 7.73 (d, J= 8.9 Hz,
1H), 6.38 (d, /= 9.0 Hz, 1H), 6.28 (s, 1H), 3.91 (s, 3H), 3.76 (t, /= 5.8 Hz, 2H), 3.57 (t, J="7.3
Hz, 2H), 3.36 (dd, J = 8.6, 6.9 Hz, 2H), 1.97-1.84 (m, 2H), 1.70 (h, /= 7.5 Hz, 2H), 0.98 (t, J =
7.4 Hz, 3H).

tert-Butyl  (E)/(Z)-2-cyano-3-{4-[(3-hydroxypropyl)(propyl)amino]-2-methoxyphenyl } acrylate
(9) (yellow solid, 90%). TLC (silica gel, EtOAc/IH, 1:1): Ry = 0.18. 'H NMR (300 MHz,
chloroform-d) ¢ 8.56 (s, 1H), 8.35 (d, /J=9.2 Hz, 1H), 6.38 (dd, J=9.1, 2.4 Hz, 1H), 6.20 (s, 1H),
3.85(s,3H), 3.73 (t, J=5.8 Hz, 2H), 3.55 (dd, /= 8.1, 6.4 Hz, 2H), 3.38-3.28 (m, 2H), 1.92-1.84
(m, 2H), 1.67 (dt, J=9.4, 7.4 Hz, 2H), 1.57 (s, 9H), 0.95 (t, J = 7.4 Hz, 3H). *C NMR (75 MHz,
chloroform-d) 6 165.5,162.3,154.3,148.1,131.2,118.6, 109.2, 105.3,93.1, 91.0, 59.7, 55.4, 52.8,
52.6, 47.8, 30.1, 20.6, 14.2, 11.4. HRFT-MS (ESI+): m/z = 375.2340 (calcd. 375.2278 for
C2iH31N204" [M+H]).

tert-Butyl (E)/(Z)-2-cyano-3-{2-methoxy-4-{[3-[ (methylsulfonyl)oxy]propyl](propyl)amino}
phenyl}acrylate (10). Methanesulfonyl chloride (30 pL, 0.4 mmol, 1.2 eq) and triethylamine
(EtsN, 130 uL, 0.9 mmol, 3.0 eq) were added to a solution of alcohol 9 (100 mg, 0.3 mmol, 1.0
eq) in 5 mL DCM and the reaction mixture was stirred for 30 minutes at room temperature. The
reaction was quenched by addition of 10 mL saturated aqueous NaHCO3 solution. The aqueous
solution was extracted with DCM (2 x 10 mL) and the combined organic phases were washed with
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brine (10 mL) and dried over MgSO4. Evaporation of the solvent under reduced pressure afforded
quantitatively the corresponding mesylate 10 as yellow solid with >98% yield. TLC (silica gel,
EtOAc/IH, 1:1): Ry=0.22. "H NMR (400 MHz, chloroform-d) & 8.57 (t,J = 0.5 Hz, 1H), 8.36 (dd,
J=9.2,0.5 Hz, 1H), 6.32 (dd, /=9.2, 2.4 Hz, 1H), 6.07 (d, J = 2.5 Hz, 1H), 4.30 (t, J = 5.8 Hz,
2H), 3.85 (s, 3H), 3.64-3.48 (m, 2H), 3.42-3.26 (m, 2H), 3.03 (s, 3H), 2.15-2.01 (m, 2H), 1.67 (q,
J=17.6 Hz, 2H), 1.55 (s, 9H), 0.96 (t, J = 7.4 Hz, 3H). *C NMR (100 MHz, chloroform-d) § 163.6,
161.9,153.3,147.2,131.1, 118.40, 109.67, 105.03, 94.59, 93.15, 82.15, 67.35, 55.46, 52.98, 47.22,
37.45, 28.10, 27.20, 20.60, 11.4. HRFT-MS (ESI+): m/z = 453.2134 (calcd. 453.2054 for
C22H33N206S* [M+H]).

2.2 [**C]Lactate uptake assay for assessment of MCT1 and MCT4 inhibition

Inhibition of MCT1-mediated lactate transport was determined in rat brain endothelial cell line
(RBE4) as previously described (7, 8). PCR analysis and Western Blot demonstrated that only the
MCT1 isoform is expressed by RBE4 cells (data not shown). For determination of the inhibition
of MCT4-mediated transport, MB-231 cells were used because these cells express exclusively
MCT4 as determined by PCR and Western Blot (data not shown). For both cell lines, an L-
[**C]lactate based transport assay was implemented to quantify the transport of lactate via the
respective MCT and the inhibition thereof by FACH. Cells were seeded at 4 x 10° cells/mL in
24-well culture dishes. After 24 hours, cells were washed twice with 500 uL HEPES buffer and
allowed to equilibrate for 15-20 minutes at 37 °C. Afterwards, cells were incubated for one hour
in the presence of L-[**C]lactate and different concentrations (100 pM — 1 uM) of the respective
test compound. The DMSO stock solution of FACH was diluted to the respective working
concentration in HEPES buffer (140 mM NaCl, 5 mM KCI, 2 mM CaClz, 2 mM MgClz, 10 mM
HEPES, pH 7.0) containing 3 uM L-[**C]lactate (Perkin Elmer) and 2 uM L-lactate. a-CHC and
dimethylsulfoxide (DMSQO) were used as positive and vehicle controls. The incubation was
terminated by replacing the incubation medium with 500 pL ice-cold HEPES buffer (containing
0.1 mM o-CHC, pH 7.4) and transferring the plates on ice. Cells were washed twice with ice-cold
HEPES buffer and finally solubilized using 250 pL of 0.1 M NaOH in 5% Triton-X (Millipore
Sigma). A 150 pL aliquot from each well was added to 4 mL EcoLite(+)™ scintillation fluid (MP
Biomedicals) and radioactivity was determined by scintillation spectrometry. The inhibition of L-
[**C]lactate uptake by each test solution was calculated as a percentage of the maximum control
uptake and ICso values were calculated using GraphPad PRISM.

2.3 Radiochemistry
2.3.1 General methods

A Nirta XL target filled with [**0]H.O (Hyox 18 enriched water, Rotem Industries Ltd., Arava,
Israel) attached to the Cyclone 18/9 (iba RadioPharma Solutions, Belgium) was irradiated with
fixed energy proton beam to produce no-carrier-added [‘®F]fluoride via the [*3O(p,n)*®F] nuclear
reaction. Discover PET Wave Microwave (CEM, NC, USA) was used for the azeotropic drying



process of [*®F]fluoride. Radio thin-layer chromatography (radio-TLC) analyses were carried out
on silica gel (Polygram SIL G/UV254) and aluminum oxide (Polygram Alox N/UV254) pre-
coated plates developed with EtOAc/n-hexane 1:1 (for [‘®F]tert-Bu-FACH) and DCM/MeOH 8:2
(for [*F]JFACH), respectively. The plates were exposed to storage phosphor screens (BAS-
MS2025, FUJIFILM Co., Tokyo, Japan) and recorded using the Amersham Typhoon RGB
Biomolecular Imager (GE Healthcare Life Sciences). Images were quantified with the Image
Quant TL8.1 software (GE Healthcare Life Sciences).

Analytical chromatographic separations were performed on a JASCO LC-2000 system (JASCO
Labor- und Datentechnik, Gross-Umstadt, Germany), incorporating a PU-2080 Plus pump, AS-
2055 Plus auto injector (100 uL sample loop), and a UV-2070 Plus detector coupled with a gamma
radioactivity HPLC detector (Gabi Star, Raytest Isotopenmessgerdte GmbH, Straubenhardt,
Germany). Data analysis was performed with the Galaxie chromatography software (Agilent
Technologies) using the chromatograms obtained at 210 and 254 nm. Semi-preparative HPLC
separations were performed on a JASCO LC-2000 system, including a PU-2080-20 pump, a
UV/vis-2075 detector coupled with a gamma radioactivity HPLC detector with slightly modified
measurement geometry (Gabi Star, Raytest Isotopenmessgerate GmbH), and a fraction collector
(Advantec CHF- 122SC, Dublin, CA, USA). Data analysis was performed with the Galaxie
chromatography software (Agilent Technologies) using the chromatograms obtained at 254 nm.
The ammonium acetate (NH4OAc) and ammonium formate (NHsHCO2) concentrations (20 mM
NHsOAc/NH4HCO:? ag.) correspond to the concentrations in the aqueous component of an eluent
mixture.

2.3.2 General procedure for radiosynthesis of [\®F]FACH by using K[*®¥F]F-K2.2.2-
carbonate complex

No-carrier-added [*®F]fluoride (1-2 GBq) in 1 mL of H>O was trapped on a Chromafix 30 PS-
HCOgs-cartridge (Macherey-Nagel GmbH & Co. KG, Diren, Germany). The activity was eluted
with 300 pL of an aqueous solution of potassium carbonate (K2COs, 1.5 mg, 10.5 umol) into a 4
mL V-shape vial containing Kryptofix 2.2.2 (Kz.2.2, 11.2 mg, 29.5 pmol) in 1 mL of ACN. The
aqueous [*®F]fluoride was azeotropically dried under vacuum and nitrogen flow within 7-10 min
using a single mode microwave device (75 W, at 50-60 °C, power cycling mode). Two times 1.0
mL of ACN were added during the drying procedure, and the final complex was dissolved in 500
uL of ACN or DMSO. Thereafter, certain volumes of the K[*8F]F-K2.22-carbonate complex, which
correspond to the required amount of the complex, was added to a solution of 2 mg of precursor
10 in 500 pL of ACN or DMSO. Radiofluorination was performed under conventional heating at
different temperatures in a total volume of 750 uL. To determine the radiochemical yields of the
products by radio-HPLC and radio-TLC, samples were taken from each crude reaction mixture at
different time points after cooling the vial in ice to < 30 °C.

After cooling the vial to room temperature, HCI (2.0 and 6.0 N) or TFA was added to the crude
mixture and the deprotection reaction was performed during different reaction times at different
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temperatures. Thereafter, aqueous 2.0 M NaOH or saturated Na,COsz was used for neutralization
of the reaction mixture. In case of performing the deprotection in dichloromethane (DCM), the
evaporation of ACN and re-dissolving the residue in 100 pL of dry DCM was needed. Evaporation
of remaining TFA was considered as an alternative for neutralization when ACN or DCM were
used as solvent. In this case, volatile solvents were evaporated at room temperature under vacuum
and a gentle stream of argon.

2.3.3 General procedure for radiosynthesis of [\8F]FACH by using [*F]TBAF

The aqueous solution of no-carrier-added [‘®F]fluoride was added to a solution of 50 pL of tetra-
n-butylammonium bicarbonate (0.075 M) in 1 mL of ACN to a V-shape reaction vial. The aqueous
[*®F]fluoride was azeotropically dried under vacuum and nitrogen flow within 7-10 min using a
single mode microwave device (75 W, at 50—60 °C, power cycling mode). Two times 1.0 mL of
ACN were added during the drying procedure, and the final complex was dissolved in 250 uL of
ACN ready for labeling. A solution of 2 mg of precursor 10 in 500 pL of tert-BuOH or ACN was
added to the reaction vial, sealed and mixed. The mixture with a total volume of 750 pL was heated
at 100 °C for up to 20 min. After completion of the reaction, the reaction mixture was allowed to
cool to < 40 °C and the solvents were evaporated under vacuum and a gentle stream of argon at 40
°C for 6-10 min. Thereafter, 100 uL of fresh ACN was added to the residue and then 400 puL of
TFA were slowly added. The deprotection was conducted at room temperature for up to 20 min.
Sampling was carried out at desired time points to determine the optimized reaction time for both
steps. Neutralization was performed by addition of the required amount of EtsN to adjust the pH
to 4-5 and subjected to a semi-preparative RP-HPLC for isolation of [*®FJFACH (46% ACN/20
mM NHsHCOg, pH = 4-5, 3.5 mL/min, Reprosil-Pur C18-AQ column, 250 mm x 10 mm; 5 pum;
Dr. Maisch HPLC GmbH, Ammerbuch-Entringen, Germany). The collected radiotracer fraction
was diluted with 40 mL of H20 to perform final purification by sorption on a Sep-Pak C18 light
cartridge (Waters, Milford, MA, USA) and successive elution with 0.75 mL of ethanol. The solvent
was reduced under a gentle argon stream and the desired radiotracer was formulated in sterile
isotonic saline containing 10% EtOH (v/v).

Identity and radiochemical purity of [*FJFACH was confirmed by radio-HPLC (gradient and
isocratic modes) and radio-TLC (SIL G/UV254, DCM/MeOH 8:2). For analytical radio-HPLC, a
Reprosil-Pur C18-AQ column (250 mm x 4.6 mm; 5 um; Dr. Maisch HPLC GmbH; Germany)
and an eluent mixture containing ACN mixed with aqueous 20 mM NH4OAc or NH4sHCO2 was
used with a flow of 1.0 mL/min (see supplementary data). Molar activity was determined based
on a calibration curve carried out under isocratic HPLC conditions (46% ACN/ ag. 20 mM
NH4HCO,, pH = 4-5) using chromatograms obtained at 210 nm.

3 RESULTS AND DISCUSSION

3.1 Organic chemistry and MCT inhibition
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In order to develop a fluorinated analog of the lead compound I, we replaced one of the propyl
groups attached to the amino function by a fluoropropyl group. The synthesis of compound I was
previously described in three steps starting from m-anisidine in 67% overall yield (7). A similar
synthetic approach was used to synthesize the new fluorinated derivative FACH (Scheme 1).
Additionally, the carbonic acid protected derivative tert-Bu-FACH was synthesized, as this
compound would necessarily be an intermediate in the *8F-radiosynthesis. Briefly, N,N-dialkylated
anisidine 2 was formed via two consequence alkylation reactions on m-anisidine 1 followed by a
Vilsmeier-Haack formylation to give compound 3 in 49% yield (three steps) (23). The
Knoevenagel condensation reaction of aldehyde 3 with cyanoacetic acid and tert-butyl
cyanoacetate afforded FACH and tert-Bu-FACH in 44% and 48% overall yields, respectively
(Scheme 1). The characterization of tert-Bu-FACH by HPLC and LC-MS revealed that a mixture
of E- and Z-isomers was obtained whereas the E-isomer was the predominant product (E/Z = 96:4;
Figures S2.1 and S2.2). According to the reported *H NMR data, the chemical shift for the alkene
hydrogen in the Z-isomer could be distinguishable in coumarin analogs (22). However, in our case
the characterization of (Z2)-tert-Bu-FACH was not possible by NMR analyses probably due to the
very low ratio of Z-isomer compared to the E-isomer (Figures S3.1 and S3.2).

~N
(0] (e}
\O

o o i
(a) /© ﬂ» /@A O X OH
HZN/© T N’ SN e -
F/\) F/\) F/\)

1 2 FACH

3
o o)
(d) Mok
Ny CN
N

(E)/(2)-tert-Bu-FACH

SCHEME 1 Synthesis of the reference compounds FACH and tert-Bu-FACH: a) i. Br(CH>)3,
K2COs, ACN, reflux, overnight, 52%; ii. I(CH)sF, KoCOz, ACN, reflux, 96%; b) POClz/DMF,
80 °C, 98%); c) cyanoacetic acid, piperidine, ACN, reflux, 90%; d) tert-butyl cyanoacetate,
piperidine, ACN, reflux, 98%

In order to determine the inhibitory potency of FACH towards MCT1 and MCT4, an L-
[**C]lactate uptake assay was performed using RBE4 and MDA-MB-231 cells, respectively (7, 8).
FACH revealed high MCT1 and MCT4 inhibition (ICso = 11.0 nM and 6.5 nM, respectively;
Figure S4.1) comparable to the corresponding lead compound | (Figure 2). The high MCT4
inhibition found for FACH is favorable for further investigations considering the high density of
MCT4 in several tumors cells (e.g. brain, breast and prostate) (9-13).
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For the radiosynthesis of new PET radioligand [*3F]FACH, a precursor compound with a suitable
leaving group for nucleophilic aliphatic substitution with [*®F]fluoride is required. Furthermore,
protection of the carboxylic acid group was performed to prevent its interference in the
radiofluorination step. The synthesis route is depicted in Scheme 2. Starting with the treatment of
3-methoxy-N-propylaniline 4 with 3-bromo-1-propanol afforded 3-[(3-methoxyphenyl)(propyl)
amino]propan-1-ol 5 in 88% yield. In order to avoid side reactions in the formylation step,
conversion of the alcoholic group to its corresponding acetate 6 was performed. Removal of the
protecting group after Vilsmeier-Haack formylation afforded the aldehyde 8 which was subjected
to the Knoevenagel condensation with tert-butyl cyanoacetate to give the protected alcohol 9. The
mesylate precursor 10 was finally prepared by treating the alcohol 9 with methanesulfonyl chloride
and trimethylamine in 62% overall yield (Scheme 2). According to the *H NMR data, a mixture
of E- and Z-isomers of the mesylate precursor 10 was found. Further HPLC and LC-MS analyses
revealed an approximate ratio of 4:1 for isomer E to Z (Figures S2.3 and S2.4). The chemical purity
of the mesylate precursor 10 was estimated to be >95% including both isomers.

\O (0] (|3
o On e e
\/\ \/\ O \/\ o
4 5 6 7
~N
\O (e} \O (0] N o
I J< N OJ<
(e) Ny o ®
Ny Ny cN \Q o

HO/\)

8 9 (E)/(2)-10

SCHEME 2 Synthesis of precursor 10: a) Br(CH2)30H, K>.COs, ACN, reflux, 88%; b) AcCl,
pyridine, DCM, R.T.; c) POCIs/DMF, 80 °C, 79%; d) K2CO3, MeOH/H20 (1:1), 30 min, R.T.; e)
tert-butyl cyanoacetate, piperidine, ACN, reflux, 90%; f) MsCI, EtsN, DCM, 30 min, >98%

3.2 Radiochemistry

For the radiosynthesis of [*®F]JFACH, a two-step approach including radiofluorination and
deprotection was applied (Scheme 3). An alkali metal fluoride/cryptand complex such as K[*®F]F-
K2.2.-carbonate is a reagent traditionally used for aliphatic nucleophilic substitution with 8F-
fluoride (24-28). This system is generally strongly basic, which restricts its synthetic utility for
base-sensitive precursors because it generates various side reactions, such as eliminations of alkyl
halides or sulfonates to form alkenes (29). On the other hand, tetraalkylammonium salts, such as
BusNHCOs (30), are milder reagents with enhanced solubility in organic solvents and have been
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widely used as an alternative to the Kryptofix 2.2.2/K>COs. In the current study, we investigated
both agents for the radiosynthesis of [:®F]FACH.

o ) o 0 ~

X O'Bu N O'Bu X OH
—_— —_—
" CN SN CN N CN

/H Radiofluorination /H Deprotection /H
18,

18p

MsO 10 © '®Fltert-Bu-FACH ["®FJFACH

SCHEME 3 Two-step approach for the radiosynthesis of the novel MCT radioligand
[**F]FACH

3.2.1 Radiosynthesis of [*®F]JFACH using K['®F]F-Kz2.22-carbonate complex

Optimization of the radiofluorionation via the K[*8F]F-K2.22-carbonate system was accomplished
by varying the amount of complex, solvent, reaction time and temperature. Attempts to obtain the
intermediate [*8F]tert-Bu-FACH in a reasonable radiochemical yield (RCY) are summarized in
Table 1. The radiofluorination was investigated in two solvents including DMSO and ACN using
11.2 mg (29.5 pmol) of K222, 1.5 mg (10.5 pmol) of K>CO3 and aqueous solution of no-carrier-
added [*®F]fluoride (hereinafter referred to as 100 mol% of K[*®F]F-K2.22-carbonate complex) at
a fixed concentration of the precursor 10 (2 mg, 4.4 pumol). In all cases, RCYs were higher in
DMSO compared to ACN (Table 1).

Surprisingly, the amounts of K222 and K>COs showed significant impact on the RCY's in both
solvents based on the radio-HPLC analyses of the crude reaction mixture (Figure 3). While, only
radiolabeled by-products were formed using 200 mol% of the K[*®F]F-K222-carbonate complex
in DMSO and ACN (Table 1, entries 1 and 4; Figure 3), by decreasing the complex amount to 100
mol%, [*®F]tert-Bu-FACH was detected in both solvent systems (Table 1, entries 2 and 5).
Interestingly, further decrease of the basicity of the system (complex amount 50 mol%, entries 3
and 6, Table 1) promoted a substantial increase in the RCYs of [*®F]tert-Bu-FACH in both solvent
systems investigated. However, the radiochemical yield was decreased when less than 50 mol%
of the complex was used. In both solvents, the RCY's were diminished when the reactions were
carried out at longer times or at higher temperatures (Table 1). Finally, the highest RCY for
[‘®F]tert-Bu-FACH was obtained using 50 mol% K[*F]F-K2.2.-carbonate complex in DMSO at
100 °C in 20 min reaction time. Under this labeling condition, the ratio between E- and Z-isomers
of [*8F]tert-Bu-FACH was found to be 99:1%.

FIGURE 3 Representative radio-HPLC chromatograms showing the effect of different
amounts of the K[*8F]F-K2.2.2-carbonate complex on the radiochemical yields of [*®F]tert-Bu-
FACH in DMSO at 135 °C (left) and ACN at 100 °C (right); condition A was applied for HPLC
measurements (see supplementary data)
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The deprotection reaction was investigated using different concentrations of hydrochloric acid and
trifluoroacetic acid (TFA) at different reaction times and temperatures (Table 2). The deprotection
of [®F]tert-Bu-FACH in DMSO by using both acids did not afford [*®F]JFACH (Table 2, entries
1 and 2). Assuming that DMSO is not suitable as solvent for this conversion, we then performed
the radiofluorination in ACN. The first attempts for removal of the tert-butyl group in ACN also
failed, due to the conversion of [*®F]tert-Bu-FACH to radioactive by-products (Table 2, entries 3
and 4; Figure S5.1). This fact might be associated to (i) the thermal instability of [*®F]JFACH, (ii)
the remaining K[!*8F]F-K2.2.-carbonate complex or (iii) the presence of water in the reaction
mixture. Neither conducting the reaction at lower temperatures (at 40 °C or even at room
temperature) nor removing the K[*®F]F-K2.2.-carbonate complex by using solid-phase extraction
resulted in the formation of [*8F]JFACH. However, the deprotection of [*®F]tert-Bu-FACH by
using TFA in ACN under dry conditions afforded [*®F]JFACH with RCY of 14.6 + 6.4% (Table
2, entry 5). When dry dichloromethane (DCM) was used instead of ACN, [*®F]JFACH was
synthesized with RCY's of 26.7 + 2.9% based on radio-HPLC of the crude reaction mixture (n =
3). Higher RCYs could be obtained at room temperature indicating that milder conditions prevent
the formation of side products. However, subsequent attempts to neutralize the reaction mixture
by using saturated Na,COs or 2.0 N NaOH revealed the decomposition of [*®F]FACH resulting in
the same by-products as observed in our initial deprotection experiments (Figure S5.1), thus
supporting the assumption of the impact of water on the stability of [*®F]JFACH in the crude
reaction mixture.

3.2.2 Radiosynthesis of [*8F]FACH using [\®F]TBAF

As an alternative radiosynthetic route for radiofluorination, tetra-n-butyl ammonium [*8F]fluoride
([*®F]TBAF) was used. First, the radiofluorination was investigated in a mixture of tert-BuOH and
ACN (2:1) using 50 pl of tetra-n-butylammonium bicarbonate (0.075 M, aqueous solution) and an
aqueous solution of no-carrier-added [‘®F]fluoride at a fixed concentration of the precursor 10 (2
mg, 4.4 umol) at different temperatures. In comparison to the radiofluorination using the K[*®F]F-
K2.2.2-carbonate system, RCY's of about 80% were obtained after 20 min at 100 °C as determined
via radio-TLC and radio-HPLC analyses (Figure 4a, n = 3). Interestingly, the formation of (Z)-
[‘8F]tert-Bu-FACH was time- and temperature-dependent with the highest RCY of 27% at 110
°C after 20 min based on the radio-HPLC of the crude reaction mixture (Figures 4a-b).
Nevertheless, the occurrence of the undesired Z-isomer did not diminish the formation of the final
product, because after deprotection with TFA only the more stable E-isomer of [*F]FACH could
be detected, as confirmed by co-injection of the non-radioactive reference compound FACH
(Figure S5.2). The deprotection of (E)/(2)-[‘®F]tert-Bu-FACH with TFA at room temperature
afforded [*®F]JFACH with RCYs of approximately 20%. Radio-HPLC analysis revealed an
incomplete deprotection under these conditions as well as the formation of a new radioactive by-
product, which might be a result of the presence of tert-BuOH in the crude mixture (Figure S5.2).
Neither excess TFA nor longer reaction times promoted a complete deprotection of the
intermediate [*®F]tert-Bu-FACH.
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FIGURE 4 The effect of the reaction time and temperature on the radiochemical yields of (E)-

and (2)-[*®F]tert-Bu-FACH in tert-BuOH/ACN (2:1): (a) the reaction was accomplished at 100

°C and samples were taken at different time points (b) the reactions were carried out at different
temperatures for 20 min (n = 2)

Therefore, the possibility of implementing the radiofluorination in pure ACN was investigated.
The radiofluorination in pure ACN rendered both isomers after 15 min at 100 °C with only slightly
decreased RCYs [63.3 + 10.8% and 7.6 + 4.0% for E- and Z-isomers (n = 11, non-isolated),
respectively], compared to tert-BuOH/ACN (2:1) [71.9 + 13.2% and 4.6 £ 2.0% for E- and Z-
isomers (n = 4, non-isolated), respectively]. Furthermore, no radioactive by-products were
observed by deprotection of (E)/(Z)-[®F]tert-Bu-FACH with TFA in pure ACN at room
temperature (Figure S5.3).

Upon completion of the reaction after 15 minutes, the excess TFA was neutralized with EtsN. The
radiotracer was isolated by semi-preparative RP-HPLC with 46% ACN/ag. 20 mM NHsHCO3, pH
4-5 as eluent (Figure 5a). [*®F]JFACH was then purified, concentrated via solid-phase extraction
and formulated in saline containing 10% (v/v) of EtOH for better solubility. Analytical radio-
HPLC of the final product, co-eluted with the non-radioactive reference compound, confirmed the
identity of the desired product (Figure 5b). At the end, [*®FJFACH was obtained with a RCY of
39.6 + 8.3% (n = 10, end of bombardment), high radiochemical purity (>98%) and molar activities
between 42-100 GBg/umol (EOS), based on starting activities of 1-2 GBq.

FIGURE 5 (a) Representative semi-preparative radio- and UV-HPLC chromatograms of
[*®F]FACH (conditions: Reprosil-Pur C18-AQ, 250 mm x 10 mm, 46% ACN/ag. 20 mM
NH4HCO,, pH = 4-5, flow: 3.5 mL/min); (b) Representative analytical radio- and UV-HPLC
chromatograms of [*®F]JFACH co-eluted with the reference FACH (conditions: Reprosil-Pur
C18-AQ, 250 mm x 4.6 mm, 46% ACN/aq. 20 mM NHsHCO3, pH = 4-5, flow: 1.0 mL/min)

3.2.3 The effect of pH on the deprotonation of [**F]JFACH

Interestingly, during further radio-HPLC experiments, two species of [*®F]JFACH were observed
which were corresponding to two species of the reference compound FACH observed under the
same conditions (Figure 6). We therefore assumed that either deprotonation of the carboxylic acid
group (Figure 6A) or photocatalytic E to Z isomerization (22) might be considered as possible
mechanisms for the formation of these two forms. In order to investigate the hypothesis of an pH-
dependent equilibrium between the two species of [*F]FACH, a set of experiments was performed
at which the pH value of the sample solutions was varied from 2.5-11.3. Only one HPLC signal
was observed at pH values less than 5.5 which is probably related to the neutral form of [*®F]FACH
(Figure 6B, left). When the pH values were higher than 6, a second HPLC signal at lower retention
time was observed which can be designated to the deprotonated form of [**FJFACH (Figure 6B,
right; Figure S5.4). Based on these findings, the possibility of photocatalytic E to Z isomerization
was investigated by exposing sample solutions of [*F]JFACH and FACH at pH value of 5 to
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daylight. After a reasonable exposure time, the formation of a second species did not occur as
proven by UV- and radio-HPLC analyses.

FIGURE 6 (A) Proposed pH-dependent equilibrium between neutral and deprotonated forms of
[*®F]FACH; (B) Analytical radio- and UV-HPLC chromatograms represent two forms of
[*®F]FACH at different pH (column: Reprosil-Pur C18-AQ, 250 x 4.6 mm, particle size: 5 pum;
eluent: 46% ACN/ag. 20 mM NH4HCO2, pH = 4-5; flow: 1 mL/min).

4 CONCLUSIONS

The new fluorinated a-CHC derivative, FACH, showed high MCT1 and MCT4 inhibition
comparable to the lead compound 1, which made it suitable for the development of a novel 8F-
labeled radiotracer for PET imaging of MCTs. We herein investigated the use of the K[*3F]F-K2.2.2-
carbonate complex and [*®F]TBAF as phase transfer catalysts for radiosynthesis of the
intermediate [*®F]tert-Bu-FACH and explored the influence of multiple reaction parameters to
obtain [*F]JFACH. Our experiments revealed a base-sensitive behavior when using the
conventional K[*®F]F-K2.2-carbonate system as well as the formation of undesirable by-products
during the deprotection step. By using the milder basic [*8F]TBAF system in ACN, the RCY of
(E)/(2)-[*®F]tert-Bu-FACH was nearly doubled in comparison to the K[®F]F-K2.22-carbonate
system. Moreover, [*®F]TBAF offered a relevant route for the radiosynthesis of [!F]FACH via a
two-step one-pot strategy. [®F]FACH was finally obtained in high radiochemical yield and purity
within a reliable and reproducible radiosynthesis route, which is intended to be translated to an
automated module device for large-scale production of the radiotracer. This newly developed
radiotracer is expected to enable PET investigations of solid tumors expressing MCTs.
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TABLE 1 Investigated parameters for radiosynthesis of [*8F]tert-Bu-FACH?

Entry Solvent  K[*®F]F-K22.-carbonate Temp. (°C) Time (min) Radiochemical

complex (mol%) yield (%)b

1 DMSO 200 110, 130, 150 10, 20, 30 0

2 DMSO 100¢ 110, 120, 135 10, 20, 30 22.3x55

3 DMSO 50 135 20 450+£95

4 ACN 200 90, 100, 110 5,10, 15, 20 0

5 ACN 100 90, 100, 110 5,10, 15, 20 19.7+£21

6 ACN 50 100 10, 15, 20 38.7+£149

2In all experiments, 2 mg (4.4 umol) of precursor 10 was used in a total reaction volume of 750 l; ® The RCY's were determined
based on the radio-HPLC analysis of the crude reaction mixture (n > 3, non-isolated); ¢100 mol% of K[*®F]F-K-carbonate
complex represents 11.2 mg (29.5 pmol) of Kryptofix 2.2.2 and 1.5 mg (10.5 pmol) of K,COs.
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TABLE 2 Investigated parameters for the formation of [**F]JFACH

Entry Solvent Acid Temp. (°C) Time (min) Radiochemical

yield (%)°

1 DMSO HCI (2,6 N) 85, 100, 115 5, 10, 15, 20 0

2 DMSO TFA 85 10, 20 0

3 ACN HCI (2,6 N) r.t. 40, 85 5, 10 0

4 ACN TFA/H,0 r.t., 40, 85 10, 15, 20 0

5 ACN TFA r.t., 40, 85 10, 15, 20 14.6 + 6.4°

6 DCM TFA r.t., 40 10, 15, 20 267+29

2The radiochemical yields were determined based on radio-TLC and radio-HPLC analyses of the crude reaction mixture
(n > 3, non-isolated); ® Evaporation of TFA was needed before separation.
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