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Abstract

Introduction—Metabotropic glutamate subtype receptor 1 (mGIuR1) is implicated in several
neuropsychiatric disorders and is a target for drug development. [*8F]JFIMX ([*8F]4-fluoro-N-
methyl-N-(4-(6-(methylamino)pyrimidin-4-yl)thiazol-2-yl)benzamide) is an effective radioligand
for imaging brain mGIuR1 with PET. A similarly effective radioligand with a shorter half-life
would usefully allow PET studies of mGIluR1 at baseline and after pharmacological or other
challenge on the same day. Here we describe the preparation of [11C]FIMX for evaluation in
monkey with PET.

Methods—I[*C]FIMX was prepared via Pd-promoted carbonylation of 1-fluoro-4-iodobenzene
with [11C]carbon monoxide, aminolysis of the [11C]acyl-palladium complex with the requisite
Boc-protected amine, and deprotection with HCI in THF. PET scans of [11C]JFIMX injected into a
monkey were performed at baseline and after preblock of mGIluR1 with measurement of the
arterial input function.

Results—The radiosynthesis required 42 min and gave [11C]FIMX in about 5% overall decay-
corrected radiochemical yield and with a specific activity of about 100 GBg/umol. PET in rhesus
monkey at baseline showed that radioactivity peaked high in receptor-rich cerebellum and much
lower in receptor-poor occipital cortex. Radioactivity in cerebellum declined to 32% of peak at 85
min. V7 at baseline appeared stable in all brain regions after 60 min. Under mGIuR1 pre-blocked
condition, radioactivity uptake in all regions declined more rapidly to a low level. Receptor pre-
block reduced V1 from 13.0 to 1.5 in cerebellum and from 2.9 to 1.4 in occipital cortex.

Conclusion—[1C]JFIMX is an effective radioligand for imaging mGIuR1 in monkey with PET.
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1 Introduction

Glutamate is the major excitatory neurotransmitter in brain and acts on a multitude of
receptor types, including two major classes of ionotropic (iGIuR) and metabotropic (mGIuR)
receptors. The former are ligand-gated ion channels whereas the latter are G-protein-coupled
receptors. The metabotropic receptors are futher classified into three main groups. Receptors
1 (mGIuR1) and 5 (MGIuR5) constitute Group 1, and they are closely related structurally
and functionally [1,2]. Their distributions in brain are however very distinct, with mGIuR5
most highly represented in cerebrum [3] and mGIuR1 in cerebellum [4,5]. mGIuR5 and
mGIuR1 are implicated in several neuropsychiatric disorders [2,6], notably autism (Fragile
X), anxiety and psychosis for mGIuR5, and anxiety, mood disorders, stroke, epilepsy, pain,
and schizophrenia for mGIuR1 [7]. These receptors are also prominent targets for
experimental drugs [8-13].

Radioligands for quantifying brain receptors with PET have value for neuropsychiatric
research and also for drug development. PET radioligands for quantifying mGIuR5 in
human brain have reached an advanced stage of development and application [14-16]. PET
radioligand development for mGIuR1 has also been strenuously pursued [17-22]. Hostetler
et al. [18] showed that [18F]MK-1312 ([18F]5-(1-(2-fluoropyridin-3-yl)-5-methyl-1H-1,2,3-
triazol-4-yl)-2-propylisoindolin-1-one; Chart 1) could be applied to measure monkey brain
mGIuR1 receptor occupancy by an experimental drug (MK-5435). Yamasaki et al. [23]
reported on the promising performance of two structurally-related candidate PET
radioligands in rhesus monkey, namely [11CJITMM ([11C]N-[4-[6-
(isopropylamino)pyrimidin-4-yl]-1,3-thiazol-2-y1]-4-methoxy-N-methylbenzamide; Chart 1)
and [11C]ITDM ([*1CIN-[4-[6-(isopropylamino)pyrimidin-4-yl]-1,3-thiazol-2-yl]-4-methy!-
N-methylbenzamide; Chart 1). Only two PET radioligands have thus far reached evaluation
in human subjects [24,25]. Thus, [11C]ITMM showed moderate brain uptake in humans and
slow kinetics, which impair attempts at robust quantification [24]. By contrast, we have
found that the much higher-affinity (1Csg = 1.8 nM) mGIuR1 radioligand [18F]FIMX
([*8F]4-fluoro-N-methyl-N-(4-(6-(methylamino)pyrimidin-4-yl)thiazol-2-yl)benzamide;
Chart 1) has excellent PET imaging characteristics for mGIluR1 quantification both in
monkey [21] and in human [25], including high brain uptake, high receptor-specific signal
and quantifiable reversible kinetics.

The 110-min half-life of fluorine-18 does pose a limitation on the number of times that
[18F]FIMX may be injected into the same animal or human subject on the same day. For
some studies, it may be desirable to inject a radioligand more than once into the same
subject on one day, such as in receptor occupancy studies aiming to assess the effect of
pharmacological challenges on receptor availability [17,26]. Such studies become feasible
with a shorter-lived carbon-11 (t1/» = 20.4 min) label. Therefore, we sought to synthesize
[11C]FIMX to provide an effective shorter-lived mGIluR1 PET radioligand.
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Our studies with [18F]JFIMX have shown that [18F]4-fluorobenzoic acid is a major
radiometabolite arising from amide bond hydrolysis in periphery [25]. Although each
methyl group in FIMX is an appealing site for labeling with carbon-11, we considered that
labeling at either of these positions would risk generating the amine [*1C]3 (Scheme 1) and
also possibly derivatives as potentially brain-penetrant radiometabolites that might confound
robust quantification of radioligand binding to mGIuR1 [27]. Therefore, to circumvent this
possible problem, we set out to label FIMX in the carbonyl group.

2 Results and Discussion

2.1 Chemistry and radiochemistry

[11C]Carbon monoxide is readily prepared on-line from cyclotron-produced [11C]carbon
dioxide [28] and has immense utility for labeling organic molecules in carbonyl positions
[29], including carbonyl groups in aryl carboxamides through transition-metal mediated
carbonyl insertion reactions between aryl halides and secondary amines [30-33]. Such
reactions generally tolerate wide functionality and may be conducted rapidly to give high
radiochemical yields. Different practical procedures have been reported. A single-pot
procedure consists of heating the [11C]carbon monoxide, Pd reagent, iodoarene, and amine
together in an autoclave. Another procedure treats iodoarene with Pd reagent and
[11C]carbon monoxide to form the [11CJacyl-Pd complex, before treating this complex with
amine in a second vessel. Recently, Andersen et al. [33] demonstrated that aryl-Pd
complexes could be pre-formed, purified and stored before being used in a modified one-pot
procedure to synthesize [11C]amides, even for some structurally demanding labeling targets.
Here we aimed to implement the conventional two-stage two-pot procedure. No comparison
of methods or detailed optimizations were performed, as the main objective was to obtain
[11C]FIMX in adequate activity (~ 400 MBq) for evaluation of performance in monkey.

We synthesized 3 (Scheme 1) to act as the secondary amine partner in a [11C]carbonyl
insertion reaction with 4-fluoro-1-iodobenzene. This precursor carries a Boc protecting
group at the pyrimidinyl N-methyl group so that only the secondary N-methylamino group
on the thiazole ring may be involved in the coupling reaction. The reported synthesis of
[18F]FIMX [21] uses a similarly protected precursor, showing that this protecting group may
be removed within minutes. Precursor 3 was obtained in moderate overall yield in three
steps from commercially available 1.

A greatly modified [34] Synthia-type [35] radiosynthesis platform, incorporating a module
for generating [*1C]carbon monoxide and a micro-autoclave [36], was used for automated
radiochemistry. Although a wide range of palladium reagents is available for carbonyl
insertion reactions, only Pd(Ph3)4 was used in this study (Scheme 2). Pd(Phs)y is slightly air
and light sensitive. We observed that [1C]carbon monoxide insertion efficiency decreased
over several syntheses conducted with the same source and weight of reagent, despite
storage of the reagent in a nitrogen-protected glove-box, with only occasional removal
within 1 h before any use. [1C]Carbon monoxide insertion efficiency could be restored by
increasing the weight of Pd(Ph3)4 used from the same batch by 20 to 30%. THF was
preferred as solvent because of its easy removal before the aminolysis. The THF had to be
fresh and anhydrous to achieve optimal insertion and minimal formation of [11C]4-
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fluorobenzoic acid. The other reagents could be handled in open air. One aspect of the
procedure for the aminolysis was important. If the [11CJacyl-Pd complex in THF was first
transferred to a 5-mL glass vial at elevated temperature (110 °C), and then a THF solution of
3 was added, the [11CJacyl-Pd complex was vulnerable to reaction with trace moisture to
form [*1C]4-fluorobenzoic acid and was no longer able to form Boc-protected [LIC]FIMX.
If a solution of 3 and tributylamine in THF was preloaded into the 5-mL glass vial and the
[1CJacyl-Pd complex solution then transferred at a lower temperature (< 80 °C), the
aminolysis reaction went smoothly upon the complete evaporation of THF. Finally, the Boc-
protecting group was readily removed with 1.1 M HCI in THF (550 uL) with heating for 1
min at about 100 °C. [M1C]FIMX was readily separated from the reaction mixture by
reversed phase HPLC and formulated as a sterile solution for intravenous injection.

Radiochemically pure (99.3 + 0.9%) doses of [11C]JFIMX were obtained with activities of
933 + 396 MBq and specific activities of 102 + 31 GBg/umol at 42 + 3 min (n = 4) from the
end of radionuclide production. Product identity was confirmed by observation of
comobility with authentic FIMX on radio-HPLC and also by LC-MS of carrier ([M+H]*,
observed: 344.1; calculated: 344.09). HPLC showed that [11C]FIMX formulated in saline
containing ethanol (10% v/v) was > 97% unchanged after 1 h at room temperature.

2.2 Lipophilicity (logD) measurement

Lipophilicity influences several PET radioligand imaging characteristics, including plasma
free fraction (fp), brain penetration, non-specific binding and susceptibility to metabolism
[37-40]. Knowledge of logD, as an index of lipophilicity, is useful, for example, for
benchmarking the lipophilicities of radiometabolites. The logD of [L1C]JFIMX was
determined essentially by a previously described technique [41] based on distribution of the
radioligand between 1-octanol and sodium phosphate buffer (0.15 M; pH 7.4), but with a
correction for radioligand instability because it was found that [11C]JFIMX degraded in the
buffer to 79.1 + 3.3% (n = 4) of its original radiochemical purity over 57 min at room
temperature (Fig. 1). With appropriate correction for this instability, the logD of [11C]JFIMX
was found to be 3.27 = 0.03 (n = 6), and appreciably higher than the value (2.52) [21] that
had been obtained without this correction.

2.3 PET imaging of monkey brain

Intravenous administration of [11C]JFIMX into a rhesus monkey at baseline resulted in high
brain radioactivity uptake (Fig. 2; left panel). Regional radioactivity uptakes reflected
known mGIuR1 density and peaked at around 12.5 min. Peak uptakes were highest in
receptor-rich cerebellum (8.50 SUV), moderate in thalamus (6.00 SUV), hippocampus (4.47
SUV), frontal cortex (4.23 SUV), and occipital cortex (3.67 SUV), and lowest in the rest of
the brain. Peak radioactivity uptakes in all regions were followed by a smooth decrease in
radioactivity level, for example, in receptor-rich cerebellum by 32% to 5.74 SUV at 85 min
after injection. This rate of decrease was close to that previously reported for [28F]FIMX
(37% at 90 min after injection) [21]. Summed PET images (Fig. 3, upper row) reflected the
expected distribution of mGIUR1 receptors, as previously seen with [18F]JFIMX [21].
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In the receptor preblocked experiment, the same monkey was administered intravenously
with a selective mGIluR1 antagonist (3,4-dihydro-2H-pyrano[2,3-b]quinolin-7-yl)-(cis-4-
methoxycyclohexyl)-methanone, JNJ-16259685; 3 mg/kg) [42] at 5 min before the injection
of [LICJFIMX. In this experiment, all regional time-activity curves were almost
indistinguishable, showing a fast smooth decline from a marginally higher peak radioactivity
level (Fig. 2, right panel). Summed images showed that the distribution of radioactivity
across brain became low and uniform (Fig. 3, lower row), so indicating that a high level of
brain radioactivity in the baseline experiment was due to specific binding to mGIuR1.

2.4 Plasma free fraction (fp)

Only radioligand that is free in plasma is considered to be able to penetrate the blood-brain
barrier. The plasma-free fraction (fp) of [11 P CJFIMX for rhesus monkey was found to be
0.016 = 0.001 (n = 3) at baseline. This value is similar to that previously measured with
[18F]JFIMX [21]. The fp value increased to 0.042 + 0.003 (n = 3) under the pre-blocked
condition. These fp values are in the range expected for a radioligand with a measured logD
value of 3.27 [41].

2.5 Stability of [11C]JFIMX in monkey brain homogenates

[11C]FIMX was found to be 99.4% unchanged when incubated with monkey brain
homogenates for 30 min at room temperature.

2.6 Stability of [LIC]JFIMX in monkey whole blood and plasma

When [L1C]FIMX was incubated for 30 min at room temperature with monkey whole blood
or plasma from the baseline and preblock PET experiments, [11C]JFIMX was 92% and 91%
unchanged, respectively.

2.7 Emergence of radiometabolites in monkey plasma

After intravenous injection of [LIC]JFIMX into monkey, radioactivity decreased rapidly in
plasma. HPLC analysis of arterial plasma during the scanning period, showed that the
percentage of radioactivity in plasma represented by [11C]JFIMX was lower at baseline than
under the preblocked condition up to about 1 h (Fig. 4). [F1C]JFIMX represented 31 and 21%
of total radioactivity at 10 and 30 min, respectively, at baseline. The corresponding values
under the preblocked condition were 43 and 31%, respectively. After 1 h from intravenous
radioligand injection, the percentage of radioactivity represented by [*1C]JFIMX changed
very little at baseline but continued to fall slowly in the pre-blocked experiment.

Four radiometabolites ([11C]JA-[*1C]D) were detected in plasma at 30 min after radioligand
injection, and these were all less lipophilic than [1IC]JFIMX, as judged by their shorter
retention times in reversed-phase HPLC (Fig. 5). One radiometabolite ([11C]B) was
identified as [11C]4-fluorobezoic acid. The other radiometabolites were not identified. Their
lower lipophilicities relative to [21C]FIMX (logD, 3.27) may restrict their brain entry to
contaminate receptor-specific signal. Continuous declines in the time-activity curves for
monkey brain regions following intravenous injection of [11C]FIMX throughout the
scanning period (Fig. 2) suggest that entry of radiometabolites into brain was indeed limited.
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2.8 Two-tissue compartmental modeling of PET data

Two-tissue compartmental modeling (Fig. 6) showed that the total volume of distribution
(V1) in receptor-rich cerebellum decreased from 13.0 to 1.5, a reduction close to 90%. V1 in
receptor-poor occipital cortex decreased from 2.9 to 1.4. After preblock, V in all regions
decreased to 1.4. For baseline scans, the two-tissue compartment model showed that V1
values are within 10% of the terminal value by 40 min of imaging (Fig. 7). [1C]JFIMX
binding to receptors in the brain can be quantified from about 60 min of PET imaging data
along with the measured plasma arterial input function. The stable V1 values again indicate a
lack of accumulation of radiometabolites in the brain, consistent with the observations that
all radiometabolites in plasma were less lipophilic than [11C]FIMX (Fig. 5) and that
[11C]FIMX was not metabolized by monkey brain homogenates in vitro.

2.9 Comparison of [11C]JFIMX with other prominent 11C-labeled mGIuR1 radioligands

Hitherto, the most promising 11C-labeled radioligands for imaging mGIuR1 in monkey
brain, appear to have been [11C]ITMM and [*1C]ITDM (Chart 1) [23]. However, each of
these radioligands has much lower peak uptake in mGIluR1-rich rhesus monkey cerebellum
(< 1.3 SUV), and much lower V7 (< 3.6 mL/cm3) than the much higher-affinity [11C]FIMX
(8.5 SUV and 13 mL/cm? respectively). Moreover, the relative proportion of Vi represented
by specific binding (Vs) has not been estimated through receptor blocking experiments for
[11C]ITMM and [*1C]ITDM, whereas a very high proportion of the signal obtained in
rhesus monkey cerebellum with [11C]FIMX appears to be specific binding. [1IC]FIMX is
clearly superior to [11C]ITMM or [11C]ITDM for monkey mGIuR1 imaging, likely due in
large measure to its higher affinity.

3 Experimental

3.1 General methods

All chemicals were purchased from commercial sources and used as received.

1H- (400.13 MHz) and 13C- (100.62 MHz) NMR spectra were recorded at room temperature
on an Avance-400 spectrometer (Bruker; Billerica, MA). Chemical shifts are reported in &
units (ppm) downfield relative to the chemical shift for TMS. Abbreviations s, d, t, and g
denote singlet, doublet, triplet, and quartet, respectively. HRMS data were acquired at the
Mass Spectrometry Laboratory, University of Illinois at Urbana-Champaign (Urbana-
Champaign, IL) under electron ionization conditions using a double-focusing high-
resolution mass spectrometer (Micromass, Waters; Milford, MA). Synthesized compounds
were analyzed with LC-MS on an LCQ Deca instrument (Thermo Fisher Scientific Corp.;
Waltham, MA).

v-Radioactivity from 11C was measured with a calibrated dose calibrator (Atomlab 300;
Biodex Medical Systems; Shirley, NY) or a y-counter (Wallac Wizard 3”, 1480 automatic y-
counter; PerkinElmer; Waltham, MA). Radioactivity measurements were corrected for
physical decay. All radiochemistry was performed in a lead-shielded hot-cell for radiation
safety to personnel. Decay-corrected radiochemical yields are estimated for formulated
[11C]FIMX from the estimated initial amount of [11C]carbon dioxide.
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3.2 Synthesis
tert-Butyl 6-(1-ethoxyvinyl)pyrimidin-4-yl(methyl)carbamate (2). Pd(PPh3)4 (0.49 g,
0.42 mmol), CsF (4.2 g, 28 mmol) and Cul (0.27 g, 1.4 mmol) were added to a solution of
tert-butyl 6-chloropyrimidin-4-yl(methyl)carbamate (1; 3.3 g, 14 mmol) and tri-butyl(1-
ethoxyvinyl)stannane (5.0 g, 14 mmol) in DMF (60 mL) The solution was degassed with a
stream of argon for 20 min then heated at 80 °C for 5.5 h under argon. The solution was then
cooled to room temperature, quenched with CH,Cl>/H,0 (1: 1 v/v), and filtered through
Celite. The aqueous layer was extracted three times with CH,Cl,. The organic layers were
combined and dried over MgSQyg,. Solvent was removed with a rotary evaporator. Silica gel
chromatography (EtOAc: hexane; 1: 20 v/v) of the residue gave 2 as a white solid (2.5 g,
66%). 1H-NMR (CDCl3): §1.44 (3H, 1), 1.58 (9H, s), 3.45 (3H, s), 3.97 (2H, q), 4.48 (1H, d,
J=2Hz),557 (1H,s), 8.14 (1H, d, = 1.2 Hz), 8.85 (1H, s, J = 1.2 Hz). 13C-NMR
(CDClg): 614.48, 28.23, 33.29, 63.67, 82.63, 87.53, 108.15, 153.55, 156.90, 157.11, 160.10,
161.89. LC-MS: m/z[M + H]*, 280.2; HRMS: calc’d for C14H2oN303 [M + H]*, 280.1661;
found, 280.1653.

tert-Butyl methyl(6-(2-(methylamino)thiazol-4-yl)pyrimidin-4-yl)carbamate (3). A
solution of 2 (1.0 g, 3.60 mmol) and N-bromo-succinimide (NBS) (0.7 g, 4.0 mmol) in a
mixture of THF (20 mL) and H,O (20 mL) was stirred at room temperature for 2 h. 1-
Methyl thiourea (0.32 g, 1.79 mmol) was added and the reaction mixture stirred for 2 h.
Solvent was then evaporated off. Silica gel chromatography (CH,Cly: MeOH; 20: 1 v/v) of
the residue gave 3 as a light brownish foam (1.08 g, 94%). 1H-NMR (CDCl3): §1.57 (9H,
s), 2.99 (3H, d), 3.47 (3H, s), 5.30 (1H, s), 7.32 (1H, s), 8.47 (1H, s), 8.87 (1H, s). 13C NMR
(CDCls): 528.18, 32.10, 33.17, 82.48, 108.56, 109.17, 149.86, 153.55, 157.37, 158.93,
161.70, 170.89. LC-MS: m/z[M + H]*, 322.2; HRMS: calc’d for C14HooN50,S [M + H]*,
322.1338; found, 322.1331.

3.3 Radiosynthesis

[1C]Carbon dioxide was produced via the 14N(p,a)11C reaction in a target containing 1%
oxygen in nitrogen, initially pressurized to 225 psi. This target was bombarded with a beam
(45 pA) of protons (16.5 MeV) from a PETtrace cyclotron (GE Medical Systems;
Milwaukee, WI). At the end of irradiation, radioactivity was released to a trap containing
molecular sieve (13X; 300 mg) at room temperature, which was then swept with helium at
80 mL/min to remove residual oxygen. Irradiations were conducted for 40 min for
radiotracer production and typically provided about 110 GBq of trapped [11C]carbon
dioxide. Shorter irradiations were used to produce lower amounts of [11C]carbon dioxide for
radiochemistry experiments.

[11C]Carbon dioxide was released from the molecular sieve trap at 280 °C in a stream of
helium (10 mL/min) for concentration in another trap containing silica (10 mg) cooled in
liquid nitrogen. This trap was heated with a halogen lamp (150 W) to release [*1C]carbon
dioxide into helium (10 mL/min) for conversion into [11C]carbon monoxide by passage over
a heated (875 °C) quartz tube (22 cm length; 0.7 cm i.d.) packed with molybdenum wire
(99.97%, 0.05 mm diameter; Strem Chemicals, Newburyport, MA). The effluent was passed
through ascarite to trap unconverted [11C]carbon dioxide and the [11C]carbon monoxide was
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then trapped in a second silica trap at =196 °C. By heating this trap with a halogen lamp,
[11C]carbon monoxide was released in helium for transfer to an autoclave [36] containing
Pd(Ph3)4 (2.6 umol) and 4-fluoro-1-iodobenzene (14 pmol) in THF (80 pL). The autoclave
was then pressurized to 3500 psi with THF from a HPLC pump (SSI Isocratic; Scantech
Lab, Sweden) and heated to 130 °C for 4 min. The reaction mixture was then flushed out of
the autoclave into a 5-mL Alltech glass vial (Sigma Aldrich; St Louis, MI) that had been
loaded with a solution of the Boc-protected precursor 3 (2.2 pmol) and BugN (9.1 pmol) in
THF (200 pL). The vial was heated from 80 to 110 °C while THF was evaporated off to
dryness through a vent needle over about 6.5 min. Then a solution of HCI in THF (1.1 M;
550 pL) was added, and the mixture further heated for 1 min at about 100 °C. Finally water
(2.5 mL) was added to quench the reaction. The aqueous mixture was injected onto a Luna
C18 column (10 pm, 10 x 250 mm; Phenomenex; Torrance, CA) eluted at 6 mL/min,
initially with (MeCN: 0.1% formic acid (25: 75 v/v) for 1 min, and then with the MeCN
component increased linearly to 70% over 10 min, and to 90% at 11 min. Absorbance was
monitored at 254 nm (System Gold 166; Beckman Coulter Inc., Pasadena, CA) while
radioactivity was monitored with a pin-diode detector (Bioscan Inc., Washington DC). The
fraction eluting between 6.9 and 7.5 min was collected and concentrated under vacuum at 80
°C for 1 min. The radioactive residue was reconstituted in 10% ethanol in saline (10 mL),
and sterilized by filtration through a 0.22 um sterile filter (Millipore-MP; Waters Corp.;
Milford, MA).

An aliquot (100 uL) of the formulated product was analyzed with radio-HPLC on a Gemini-
NX column (5 pm, 4.6 x 250 mm; Phenomenex) to obtain radiochemical purity, chemical
purity and specific activity. The column was eluted at 2 mL/min with MeCN: 0.1% TEA in
water (45: 55 v/v) with eluate monitored for absorbance at 254 nm (System Gold 166
detector) and for radioactivity with a PMT detector (Bioscan Inc.). Retention time of
[LICIFIMX was 3.9 min. The absorbance response had been pre-calibrated with respect to
mass of FIMX in the injectate, to permit calculation of specific activity.

3.4 Lipophilicity measurements and stability in aqueous buffer

The value for the distribution coefficient (logD) of [11C]JFIMX between 1-octanol and
sodium phosphate buffer (0.15 M, pH 7.4) was determined essentially with a technique
described previously [41], but with correction for radioligand instability in the buffer phase.
For the purpose of measuring the degree of instability, formulated [*1C]JFIMX solution was
placed in sodium phosphate buffer (0.15 M; pH 7.4) for the duration of a logD
determination, and reanalyzed by radio-HPLC on an X-Terra C18 column (10 pm; 7.8 x 300
mm; Waters Corp.) eluted with MeOH: H,0: Et3N (65: 35: 0.1 by vol.) at 4.5 mL/min. For
the logD determination, the percentage of radioactivity represented by unchanged
[11C]FIMX in the aqueous buffer at the end of extraction with 1-octanol was determined
with radio-HPLC.

3.5 Stability of [LIC]JFIMX in monkey brain homogenate

Monkey brain tissue, that had been stored at =70 °C, was thawed on the day of the
experiment. Formulated [11C]FIMX solution (2.8 MBq; 11 uL) was incubated with monkey
brain homogenate (0.06 g; 500 uL) in phosphate-buffered saline (pH 7.4) for 30 min at room
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temperature, and then analyzed by reversed phase HPLC to measure change in
radiochemical purity.

3.6 Analysis of radiometabolites in monkey blood and plasma

Experiments were performed to verify the stability of [11C]JFIMX in whole monkey blood
and plasma to ensure that no significant degradation of [1C]JFIMX would occur between
blood sampling from monkey and processing for the analysis of radiometabolites. Thus,
formulated [11C]FIMX solution (~ 23 uL; < 35 kBq) was incubated with monkey whole
blood (200 uL) and monkey plasma (200 uL) at room temperature for at least 30 min. After
incubation, the radioactive whole blood sample (200) was mixed with distilled water (300
pL) for 30 s to lyse blood cells. Samples of the lysed cells (450 pL) and of the incubated
radioactive plasma were each added to MeCN (720 uL) for deproteinization. The samples
were then centrifuged (10,000 g) and the clear supernatant liquids were analyzed with radio-
HPLC. The precipitates were counted in a y-counter to allow calculation of the extraction
efficiency. The extraction efficiency of all samples was high at 91.5 £ 7.4% (n=6). The
percentage of unchanged radioligand in the analyte, as determined by radio-HPLC, was
divided by the radiochemical purity of the radioligand to give the stabilities of the
radioligand in whole blood and plasma.

For the analysis of [11CJFIMX and radiometabolites in plasma, arterial blood samples were
collected at different times after intravenous injection of [11CJFIMX into a male rhesus
monkey (13.2 kg). Plasma was separated and analyzed with radio-HPLC on a Novapak C18
column (4 um, 100 x 8 mm; Waters Corp.; Milford, MA) housed in a radial compression
module (RCM-100) and eluted at 2.0 mL/min with MeOH: H,0O: Et3N (65: 35: 0.1 by vol.),
as described previously.[42] Full recoveries of radioactivity from these HPLC analyses were
routinely verified. Radioactivity levels in different blood components were expressed as
standardized uptake value (SUV), defined as [(% injected activity/cm3) x body weight (g)]/
100.

3.7 Plasma free fraction determination

Plasma-free fractions for [11C]JFIMX in monkey plasma were determined by a method
described previously [44].

3.8 PET Imaging

PET imaging experiments in monkey were performed in accordance with the Guide for Care
and Use of Laboratory Animals [45] and were approved by the National Institute of Mental
Health Animal Care and Use Committee.

PET Scans—A single rhesus monkey (Macaca mulatta; 13.2 kg), anesthetized with
ketamine (10 mg/kg, i.m.) and then maintained in anesthesia with 1.6% isoflurane and
98.4% O,, was used for two PET scan sessions. Thus, at baseline, [L1C]JFIMX (192 MBq;
39.8 GBg/umol) was injected intravenously as a bolus. Under receptor-preblocked condition
at more than 3 h later on the same day, JNJ16259685, a selective mGIuR1 ligand (3 mg/kg),
was administered intravenously at 5 min before [LIC]JFIMX (204 MBq; 78.6 GBg/umol). In
each experiment, PET images of brain were acquired with a microPET Focus 220 scanner
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(Siemens Medical Solution; Knoxville, TN) for 90 min with scan durations ranging from 30
s to 5 min. The position of the head was fixed using a stereotaxic frame. Electrocardiogram,
body temperature, heart, and respiration rates were monitored throughout the experiment.

Image analysis—Images were reconstructed using Fourier rebinning plus two-
dimensional filtered back-projection. PET images were co-registered to a standardized
monkey MRI template using SPM5 (Wellcome Trust Centre, London, UK). A set of 34
predefined brain regions of interest from the template were then applied to the co-registered
PET image to obtain regional decay-corrected time-activity curves. All PET images were
corrected for attenuation and scatter. Cerebellar gray matter, which is not included in the
template, was delineated semiautomatically using isocontour regions of interest. Uptake of
radioactivity in each region of interest was expressed as SUV.

Compartmental modeling—Total distribution volumes (V) [46] were estimated for
different regions by a two-tissue compartmental model [46] using the PET brain time-
activity curves and the measured metabolite-corrected arterial input function. The temporal
stabilities of V1 in cerebellum and other regions in the baseline and preblock experiments
were assessed by estimating V1 from progressively time-truncated data sets. The PET data
analysis was performed using PMOD (PMOD Technologies Ltd.; Zurich, Switzerland).

4 Conclusions

FIMX, labeled in the carbonyl group with carbon-11 as described here, shows excellent
imaging characteristics for monkey brain mGIuR1 that are clearly superior to those of
[Y1C]ITMM or [11C]ITDM, and highly comparable to those of [18F]FIMX [21]. [*1C]FIMX
provides an alternative shorter-lived radioligand for studies where it would be efficient to
have two radioligand injections into the same subject on the same day, such as in receptor
occupancy studies.
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Decline in [Y1C]JFIMX radiochemical purity in sodium phosphate buffer (0.15 M, pH 7.4) at

room temperature.
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Fig. 2.
PET time-activity curves in selected brain regions of a rhesus monkey administered

[*1C]FIMX at baseline (left panel), and after preblock of mGIuR1 with the selective

antagonist JINJ16259685 (3 mg/kg, i.v.) (right panel).
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Fig. 3.

Brgain PET images acquired as summed data from 0-90 min after intravenous injection of
anesthetized rhesus monkey with [11C]JFIMX (~ 200 MBq) at baseline (top row) and after
preblock of mGIuR1 with the selective antagonist JINJ16259685 (3 mg/kg, i.v.) (bottom
row). Panels A and D are coronal, B and E, sagittal, and C and F transaxial images,
respectively.
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Fig. 4.
Time course of the percentage of plasma radioactivity represented by unchanged [L1C]JFIMX

after intravenous injection into monkey under baseline (O) and prebloc (O) conditions.
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Fig. 5.
Radiochromatogram from the HPLC analysis of monkey plasma at 30 min after intravenous
injection of [11C]FIMX at baseline.
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Fig. 6.

[YLCIFIMX distribution volume (V1) values under baseline and preblocked conditions

calculated for selected brain regions using a two-tissue compartmental model. Brain regions:
CE, cerebellum; TH, thalamus; HP, hippocampus; FC, frontal cortex; OC, occipital cortex.
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Fig. 7.

Ngrmalized distribution volume (V) as a function of duration of image acquisition after
[*1C]FIMX injection at baseline in rhesus monkey. V1 was calculated for selected brain
regions using a two-tissue compartmental model and normalized to a fraction of the Vt
value from 90-min data.
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Scheme 1.
Synthesis of Boc-protected amine precursor (3). Conditions and yields: (a) tri-butyl(1-

ethoxyvinyl)stannane, Pd(PPh3),4, CsF, Cul, DMF, 80 °C, 5.5 h; 66%. (b) NBS, THF/H,0,
rt, 2 h; (c) 1-methyl thiourea, rt, 2 h; 94% (for b and c together).
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Scheme 2.
Synthesis of [11C]JFIMX via Pd-mediated 11C-carbonylation of 1-fluoro-4-iodobenzene

followed by aminolysis of [11C]acylpalladium complex, and Boc deprotection. Conditions:
(a) Mo, 875 °C; (b) THF, 130 °C, 4 min; (c) BuzN, 80-110 °C, 6 min, evaporate to dryness;
(d) HCl in THF, 100 °C, 1 min.
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Chart 1.
Prominent PET radioligands for imaging mGIuR1.
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