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Radiolabeling of a high potency cannabinoid
subtype-1 receptor ligand, N-(4-fluoro-benzyl)
-4-(3-(piperidin-1-yl)-indole-1-sulfonyl)
benzamide (PipISB), with carbon-11 or
fluorine-18

Sean R. Donohue,*P* Christer Halldin,” Magnus Schou,® Jinsoo Hong,?
Lee Phebus,c Eyassu Chernet,® Stephen A. Hitchcock,“® Kevin M.
Gardinier,“ Kevin M. Ruley, Joseph H. Krushinski,“ John Schaus, and
Victor W. Pike®

PipISB [N-(4-fluoro-benzyl)-4-(3-(piperidin-1-yl)-indole-1-sulfonyl)benzamide, 9] was identified as a selective high potency CB,
receptor ligand. Here we describe the labeling of 9 with positron-emitters to provide candidate radioligands for imaging brain
CB, receptors with positron emission tomography (PET). The radiolabeling of 9 was achieved by two methods, method A with
carbon-11 and method B with fluorine-18. In method A, [''C]9 was prepared in one step from [''Clcarbon monoxide, itself
prepared from cyclotron-produced [''Clcarbon dioxide. In method B, ['®F19 was prepared from cyclotron-produced
[*®FIfluoride ion in a two-stage, four-step synthesis with ['®F14-fluoro-benzyl bromide as a labeling agent. The radiosynthesis
time for method A was 44 min; decay-corrected radiochemical yields (RCYs) from [''Clcarbon monoxide ranged from 3.1 to
11.6% and specific radioactivities ranged from 21 to 67 GBq/umol. The radiosynthesis time for method B was 115 min; RCYs
from ['®Flfluoride ion ranged from 1.5 to 5.6% and specific radioactivities ranged from 200 to 348 GBqg/umol. With these

methods, [''C]9 and ['F]9 may be prepared in adequate activity and quality for future evaluation as PET radioligands.
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Introduction

Cannabinoid type-1 (CB,) receptors are implicated in a range of
neuropsychiatric disorders and hence modulation of these
receptors is considered to have broad therapeutic potential. Most
notably, rimonabant (Acomplia® or Zimulti"; SR 141716A) (1,
Figure 1), a potent and selective CB, receptor inverse agonist, has
demonstrated efficacy for the treatment of obesity® and smoking
abatement.® When CB, receptor inverse agonists are given alone or
in combination with other receptor ligands, the treatment
potential may extend to memory deficits,* neuroinflammatory
disorders,* depression,® anxiety,® stress® and schizophrenia.’”
Based on the use of in vitro techniques, substantial progress
has been made in understanding CB; receptor activation,
inactivation and inverse activation. Nevertheless, how changes
in CB; receptor populations and occupancy activate a patho-
physiological or therapeutic response in living subjects is not
well understood. Also, greater clarity is needed to delineate
which neurobiological disorders are likely related to CB,
receptor abnormalities. The development of brain CB, receptor
imaging with positron emission tomography (PET), as a ‘higher-
order’ in vivo assay, is therefore of importance; there is a strong

need for radioligands for use with PET for effective imaging of
CB, receptors in vivo. Considerable progress has been made
recently in the development of promising PET radioligands for
CB, receptors. These include inverse agonists from the 1,5-
diarylpyrazole platform of rimonabant (e.g. ['**'2*]AM281 (2),2°
["'CIJHU75528 (3)'%"" and [''CIJHU75575 (4),"" Figure 1) and
from two other structurally distinct platforms (i.e. [''CIMePPEP
(5)"% and ['®FIMK-9470 (6), Figure 1).">'* Earlier attempts at
radioligand development had focused on the agonist, A®-THC
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Figure 1. Structures of rimonabant (1), AM281 (2), JHU75528 (3), JHU75575 (4), MePPEP (5), MK-9470 (6), 4°-THC (7), WIN-55212-8 (8) and PipISB (9).

(7, Figure 1)'® and the aminoalkylindole core of WIN55212-2 (8,
Figure 1),'®"” but were unsuccessful.

Recently, a series of arylsulfonyl-substituted indoles was
disclosed as a new class of CB; receptor inverse agonists with
promising therapeutic potential.’”® We sought to explore this
class of CB; receptor ligand to develop a radioligand for
neuroreceptor imaging with PET.

We considered that one of these ligands, PipISB [N-(4-fluoro-
benzyl)-4-(3-(piperidin-1-yl)-indole-1-sulfonyl)benzamide; 9] might
compare well with previously tested imaging radioligands with
regard to critical parameters,'®?' such as high potency and
selectivity. Furthermore, we considered 9 to be amenable to
labeling with carbon-11 (8%, t;,,=20.4min) or fluorine-18 (5%,
t12=109.7 min). The opportunity to label with either positron
emitter may be advantageous for avoiding troublesome metabo-
lites in vivo and for matching the half-life of the radiolabel to the
pharmacokinetics of the radioligand. Here, we report the potency
and selectivity of PipISB (9) for binding to CB, receptors and also
its radiolabeling by two different pathways (methods A and B). In
method A, [''CIPipISB ([''C]9) was prepared within a commercially
available Synthia apparatus®® from [''Clcarbon monoxide. In
method B, ['®FIPipISB (['®F19) was prepared within a custom-made
remotely controlled apparatus®® using ['®Fl4-fluoro-benzyl bro-
mide as the labeling agent.

Results and discussion

The computed lipophilicity of PipISB (9) (c Log Dy 4= 5.10) is high
but is lower than those of all other radioligands reported as
being promising for imaging CB; receptors, with only one
exception (Table 1). Ligand 9 was prepared from 3-pyridine-1-yl-

1H-indole (10), as previously described,'® and showed both high
potency at CB; receptors (K,=1.5nM) and high selectivity
versus CB, receptors (>4667) (Table 1). Overall, these properties
of 9 compared well with other tested imaging radioligands
(Table 1) and encouraged us to pursue the labeling of 9 with
positron-emitters to provide candidate radioligands for PET
imaging of brain CB; receptors. The precursors (11, 13) that we
required for use in radiolabeling were synthesized from 10 in
few steps and in moderate yields (Figure 2).

[''Cl9 was prepared in one step from [''Clcarbon monoxide
through palladium-catalyzed coupling between the aryl halide
11 and 4-fluoro-benzylamine (14) (Figure 3) based on a
previously reported general methodology.®* The radiosynthesis
was performed in a lead-shielded automated Synthia radio-
chemistry apparatus®® that had been equipped with an
autoclave for performing carbonylations with [''Clcarbon
monoxide.?> The required [''Clcarbon monoxide was obtained
by passing cyclotron-produced [''Clcarbon dioxide over heated
molybdenum.?® [''C]9 was purified with reverse-phase high-
performance liquid chromatography (HPLC) (Figure 4). The
fraction containing [''C]9 (tz=10min) was evaporated to
dryness and formulated for intravenous injection first by
dissolution in sterile saline containing hydroxypropyl-f-cyclo-
dextrin (to avoid sticking of the radioligand to the glass vessel)
and then final sterile filtration. The overall radiosynthesis time
was 44min. Non-optimized decay-corrected radiochemical
yields (RCYs) of formulated [''C]9 from [''Clcarbon monoxide
ranged from 3.1 to 11.6%. [''C]9 was obtained in acceptable
radiochemical purity (>98%) and chemical purity (>90%) and
was free of labeling precursors. Specific radioactivities at the end
of synthesis (EOS) ranged between 21 and 67 GBg/umol.
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Figure 2. Synthesis of precursors 11 and 13. Conditions and yields: a) 4-iodo-
benzenesulfonyl chloride, t-BuOK, dioxane, RT, 2h, yield 41%; b) 4-cyano-
benzenesulfonyl chloride, t-BuOK, dioxane, RT, 4h, yield 27%; c) NaOH, EtOH-
H50, 30% H,0,, RT, 18h, yield 52%.

Product identity was confirmed with liquid chromatography-
mass spectrometry (LC-MS) of the carrier and observation of co-
elution of radioligand with reference compound 9 in analytical
HPLC.

['8F19 was prepared by treating the carboxamide 13 with
['®F14-fluoro-benzyl bromide (['®F]17) in an overall two-stage,
four-step synthesis. In the first stage (Figure 5), ['®F117 was
synthesized in three steps from cyclotron-produced ['®F]
fluoride ion, as described previously,?’?#%° but within a
custom-made remotely controlled apparatus®.

In the second stage, brief treatment of the carboxamide 13
with ['®F]17 in the presence of sodium hydride gave ['®F]9 in
about 36% RCY (n=2) (Figure 5). The dichloromethane was
evaporated off, leaving a dimethylformamide (DMF) solution of
the crude reaction product. ['®F]9 was purified from the DMF
solution with reversed phase HPLC (Figure 6). The fraction
containing ['®F19 (tz=15.8min) was evaporated to dryness.

Table 1. Properties of CB; receptors ligands 1-6 and PipISB (9)
Ligand Potency at CB; receptors (Kg® or ICso) Potency at CB, receptors (Kg® or ICsq) CB;vsCB, cLogD;4
(nM) (nM) selectivity
1( Rimonabant) 6.1 KgP >6776 Kg° >1111° 6.95°
2 (AM281) 8.9 Kg° 1069 Kg° 120° 5.66°
3 (JHU75528) 313 Kg 1710 Kz 54 5.34
4 (JHU75575) 213 K 1640 Kg 84.2 4.80
5 (MePPEP) 0.6 Kg© 363 Kg© 610 5.60
6 (MK-9470) 0.7 ICso° 44 ICso° 63 5.76
9 (PipISB) 1.5 Kg >7000 Kz > 4667 5.10
3In vitro potencies determined through GTPy*’S assay.
PData from reference [33].
“Data from reference [12].
9Data from reference [13].
The radioactive residue was dissolved in a mixture of

ethanol-propylene glycol with sterile sodium phosphate buffer
solution and then sterile filtered.>® The overall radiosynthesis
time was 115min. Non-optimized RCYs of formulated ['®F]9
ranged from 1.5 to 5.6% from ['®Flfluoride ion. ['®F]9 was obtained
in high radiochemical purity (>98%) and chemical purity (>90%)
and was free of labeling precursors. Specific radioactivity (EOS)
ranged from 200 to 348 GBg/umol. Product identity was confirmed
by its co-elution with reference 9 in analytical HPLC.

Experimental
Materials

All solvents and reagents were purchased from commercial
sources and used without further purification. Compounds 3
and 4 were prepared at NIMH using previously published
procedures.”’ PipISB (9) and 3-piperidine-1-yl-1H-indole (10)
were prepared according to Smith et al.'® 4-(Trimethylamino)-
benzaldehyde trifluoromethanesulfonate was prepared as de-
scribed previously.®

General methods

Column chromatography was performed on silica gel columns
(35-65um; lIsco Inc, Lincoln, NE, USA). 'H NMR spectra
(400 MHz) were measured on an INOVA spectrometer (Varian,
Palo Alto, CA, USA). Abbreviations s, d, dd, m and br denote
singlet, doublet, double doublet, multiplet and broad, respec-
tively. Mass detection was performed with an 1100 Series
LC/MSD single quadrupole spectrometer (Agilent, Santa Clara,
CA, USA) with ESI interface. LC-MS was performed with a
reversed-phase column (Luna C18: 150 x 2mm, 5 um; Phenom-
enex, Torrance, CA, USA) eluted with a mixture of ag. 10mM
ammonium formate and acetonitrile (25:75 v/v) at 150 puL/min.
After electrospray ionization of the eluted test sample, ions
between m/z 150 and 750 were acquired. LC analyses, unless
otherwise stated, were performed with a heated (50+10°C)
reversed phase column (Xterra C18:2.1 x 50 mm, 3.5 um; Waters
Corp., Milford, MA, USA) eluted at 1 mL/min with a gradient of
MeCN-MeOH (50:50 v/v) (A) and 0.2% aqg. HCO,NH, (B), with A
increased linearly from 5 to 100% v/v over 7 min and then held for
1 min. The chemical purities of 11 and 13 were assessed with an
identical chromatographic system eluted with a mixture of A and
B, with A held at 1% for 2 min, then increased linearly to 30% over
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Figure 3. Radiosynthesis of [''CIPipISB ([''C]9). Conditions and isolated decay-corrected radiochemical yield; a) Pd(PPhs),, THF, 6000 psi, 150 °C, 5 min, 3.1-11.6% RCY.
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Figure 4. Chromatogram from the HPLC separation of [''C]PipISB ([''C]9) (absorbance at 245 nm response, Panel A; radioactivity response, Panel B).

4min, and finally increased linearly to 100% over 1 min. Radio-
thin-layer chromatography (TLC) was performed on silica gel and
analyzed with an automatic AR-2000 Imaging Scanner (Bioscan
Inc,, Washington, DC, USA) with Winscan 2.2 software (LabLogic
Inc, Sheffeld, UK). Radioactivity was measured in calibrated
ionization chambers (AtomlLab 300, Biodex, Shirley, NY, USA)
and corrected for background and physical decay.

CB, and CB, GTPy*>>S binding assays

GTPy35S binding of 9 in Sf9 cell membranes expressing human
CB, or CB, receptors was measured in a 96-well format with a
modified antibody capture technique described previously.3>*3
Agonist ECso and antagonist /Csy values were calculated with
Activity Base software using a four-parameter fit and Kz values
(binding constants) calculated as follows:

Kg = ICSO/“ + [AgOﬂiSt]/ECSO]

Chemistry

1-(4-lodo-benzenesulfonyl)-3-piperidin-1-yl-1H-indole (11): Potassium
tert-butoxide (440 mg, 3.9mmol) was added to a cooled (ice
bath) solution of 3-piperidin-1-yl-1H-indole (10) (665 mg,
3.3mmol) in dioxane (10mL). The ice bath was removed and
the reaction warmed to room temperature over 40 min. A
solution of 4-iodo-benzenesulfonyl chloride (960 mg, 3.2 mmol)
in dioxane (6 mL) was added and the reaction mixture stirred at
room temperature for 2 h. The reaction mixture was partitioned

between water and ethyl acetate. The aqueous layer was
extracted with ethyl acetate. The ethyl acetate extracts were
combined, washed with water and then brine, dried over
sodium sulfate, filtered and concentrated under reduced
pressure to give crude product (1.5 g). Silica gel chromatography
(eluent: 10% ethyl acetate-hexanes) of this crude product gave
pure 11 as a yellow foam (600 mg, 41%). 'H NMR (dimethyl
sulfoxide (DMSO)-dg) 6 7.874 (d, 1H, J=7.9Hz), 7.866 (d, 2H,
J=8.8Hz), 7.59 (d, 2H, J=8.8 Hz), 7.50 (d, 1H, J=7.5Hz), 7.30 (dd,
1H, J=7.9, 79Hz), 7.20 (dd, 1H, J=7.6, 7.6Hz), 6.99 (s, TH),
2.94-2.90 (m, 4H), 1.66-1.59 (m, 4H), 1.53-1.46 (m, 2H); MS (ESI)
m/z 467 (M™ +1); HPLC, 100%.

4-(3-Piperidin-1-yl-indole-1-sulfonyl)-benzonitrile (12): Potassium
tert-butoxide (420 mg, 3.7 mmol) was added to a solution of 10
(600 mg, 3.0 mmol) in dioxane (30 mL). The mixture was stirred
at room temperature for 30 min. A solution of 4-cyanobenzene-
sulfonyl chloride (634mg, 3.2mmol) in dioxane (2mL) was
added and the reaction mixture stirred at room temperature for
4 h. The reaction mixture was diluted with ethyl acetate and
then washed with saturated sodium bicarbonate and brine. The
organic layer was dried over sodium sulfate and then
evaporated to dryness. The residue was purified with silica gel
chromatography (eluent: 10% ethyl acetate—hexanes) to yield 12
as a yellow solid (298 mg, 27%). "H NMR (DMSO-dy) J 8.04 (d, 2H,
J=8.8Hz), 7.97 (d, 2H, J=8.8Hz), 7.91 (d, 1H, J=8.4Hz), 7.51 (d,
1H, J=79Hz), 732 (dd, 1H, J=7.7, 7.7Hz), 7.21 (dd, 1H, J=7.7,
7.7Hz), 7.04 (s, 1H), 2.96-291 (m, 4H), 1.66-1.59 (m, 4H),
1.54-1.46 (m, 2H).
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Figure 5. Radiosynthesis of ['®FIPipISB (['®F19). Conditions and yields: a) Kryptofix 2.2.2, K,CO3, DMSO, 110 °C, 7 min; b) ag. NaBH,, RT, 5 min; c) PPh3Br,, RT, 5 min; d) NaH,

DMF-DCM, RT, 3 min, 1.5-5.6% RCY (from ['®FIfluoride ion).
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Figure 6. Chromatogram from the HPLC separation of ['®FIPipISB (['®F]9) (upper
trace shows absorbance response and lower trace radioactivity response).

4-(3-Piperidin-1-yl-indole-1-sulfonyl)-benzamide (13): Sodium
hydroxide pellets (520 mg) were dissolved in water (3.9mL)
and the solution was chilled to —10°C. A solution of 12 (145 mg,
0.4mmol) in ethanol (7.8mL) was added to the sodium
hydroxide solution. Then hydrogen peroxide solution (30%,
390 pL) was added over 20 min. The mixture was slowly warmed
to room temperature, stirred for 18 h, quenched with a sodium
bisulfite solution (20% w/v, 3 mL), and then stirred for 30 min at
room temperature. The ethanol was removed under vacuum
and the resulting aqueous solution partitioned between ethyl
acetate and water. The water was removed and the organic layer
washed with brine, dried over sodium sulfate and then

evaporated to dryness. The residue was purified with silica gel
chromatography (eluent: 50% ethyl acetate—hexanes) to yield 13
as a yellow solid (78 mg, 52%). '"H NMR (DMSO-dg) & 8.04 (br s,
1H), 7.93 (d, 2H, J=8.8Hz), 7.92 (d, 1H, J=8.2Hz), 7.87 (d, 2H,
J=8.7Hz), 7.54 (br s, 1H), 7.49 (d, 1H, J=7.9Hz), 7.30 (dd, 1H,
J=7.7,77Hz),7.19 (dd, 1H, J=7.6, 7.6 Hz), 7.03 (s, 1H), 2.95-2.90
(m, 4H), 1.66-1.59 (m, 4H), 1.53-1.46 (m, 2H); MS (ESI) m/z 384
(M™+1); HPLC, 100%.

Calculation of clogD; 4

The cLog Dy 4 values of ligands (Table 1) were calculated with
Pallas 3.0 software (Compudrug International Inc., San Francisco,
CA, USA).

Radiochemistry instrumentation

Labeling with [''Clcarbon monoxide was performed within a
lead-shielded automated Synthia apparatus (Uppsala Imanet,
Uppsala, Sweden), equipped with an autoclave module.?? The
Synthia consists of a Gilson Aspec AL, XYZ-robot, a Compact PCl
running a Visual C++ program, an evaporation unit, specially
designed modules (for labeling chemistry, solid-phase extrac-
tion, HPLC purification and sterile filtration) and photo-diodes
for monitoring radioactivity levels.

Labeling with ['®FIfluoro-benzyl bromide was performed within
a lead-shielded custom-made remotely controlled apparatus
(Laboratech, Stockholm, Sweden).?® This apparatus is essentially
based on a stainless-steel box housing control electronics and
supporting on its outside face nine 3-way valves (Birkert-
Contromatic AB, Malmo, Sweden), a heating block with a cooling
gun, two reaction vessels with moving needles and a gas manifold.

Radiochemistry

NCA ["Clcarbon monoxide: No-carrier-added (NCA) [''Clcarbon
dioxide was produced at the National Institutes of Health (NIH)
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with a PETtrace cyclotron (GE Medical Systems, Milwaukee, WI,
USA) to implement the "N(p,x)""C reaction on nitrogen (300 psi)
containing a low concentration of oxygen (1%). Typically, proton
irradiations (16.5 MeV, 45 pA) for 20 min gave about 52 GBq of
["'Clcarbon dioxide. [''C]Carbon monoxide was generated by
passing the [''Clcarbon dioxide in helium carrier gas (20 mL/
min) over molybdenum wire (3.5-5.89; Strem Chemicals,
Newport, MA, USA) contained in a quartz column (7mm
ID x 12mm OD) while heated in a furnace at 845°C3' The
resulting [''Clcarbon monoxide was trapped on GC-grade silica
(19 mg, 100/120, GC grade, Alltech, Raleigh, NC, USA) contained
in a stainless-steel tube (1 mm ID x 26 mm) that was cooled in
liquid nitrogen.

NCA ["®F]fluoride ion: NCA ['®FIfluoride ion was produced at
the Karolinska Hospital with a PETtrace cyclotron (GE Medical
Systems, Uppsala, Sweden) to implement the '80(p,n)'®F
reaction on '®0-enriched water (95 atom %, 2mL). Typically,
proton bombardments (16.4 MeV, 35 pA) for 20 min gave 27 GBq
of ["®FIfluoride ion.

[M"'CiPipiSB  ([''C19): Trapped [''Clcarbon monoxide was
released from the silica gel by heating the gel to 60°C. The
["'Clcarbon monoxide was transferred into a stream of helium
(20 mL/min) into the high-pressure stainless-steal micro-auto-
clave [which had been pre-washed with tetrahydrofuran (THF)
(10 mL) and then dried by heating to 150°C for 5min)]. A THF
solution (200uL) of tetrakistriphenylphosphine palladium(0)
(1.5mg, 1.3umol), aryl iodide (11) (2.1 mg, 4.5umol) and 4-
fluoro-benzylamine (14) (20 L, 180 umol) was injected into the
loading vessel of the apparatus and then flushed into the micro-
autoclave with a steam of helium (90 mL/min). The autoclave
was sealed and heated under pressure (41 MPa, 6000 psi) for
5min in a 150°C bath. The autoclave contents were then
emptied into an evacuated V-vial and the THF (0.2mL plus
0.2mL rinse) was evaporated off under nitrogen. The crude
residue was dissolved in MeCN-aq. HCO,NH, (0.1 M) (65:35 v/v)
and injected onto a Luna C-18 column (10 x 250 mm; Phenom-
enex, Torrance, CA, USA) eluted at 6 mL/min with a gradient of
65% acetonitrile (C) and 35% HCO,NH, (0.1M) (D) with C
increasing linearly to 80% over 10 min. The fraction containing
[''C19 (tg=9.8min) was collected and the mobile phase was
removed by rotary evaporation at 60 °C. The residue of [''C]9
was reconstituted in a solution of hydroxypropyl-f-cyclodextrin
(TCl America, Portland, OR, USA) (10% w/v) in sterile saline for
injection (5-10mlL), in readiness for intravenous injection into
monkey.

The radiochemical and chemical purities of [''C]9 were
assessed with HPLC on a Luna C-18 column (4.6 x 250 mm,
Phenomemex) eluted with MeCN-aq. HCO,NH, (0.1 M) (80:20
v/v) at 2mL/min (tg=4.7 min). The identity of the product was
confirmed by its co-elution with reference 9 in the HPLC system
and also LC-MS of associated carrier in NCA material.

["8F]4-Fluoro-benzyl bromide (["®F]9): NCA ['®FIfluoride ion was
separated from irradiated '®0-enriched water on an anion
exchange resin (Sep-Pak” Light QMA cartridge, Accell™; Waters
Corp.) that had been preconditioned by elution first with
potassium carbonate solution (0.5M, 10 mL) and then deionized
with water (10mL). The ['®Flfluoride ion was transferred to a
10-mL vial by elution of the QMA resin with acetonitrile-water
(94:4 v/v, 2mL) containing Kryptoﬁx" 2.2.2 (9.5mg, 25 umol;
Aldrich Chem. Co.) and potassium carbonate (1.7 mg, 12 umol).
Solvents were evaporated off at 130°C under a nitrogen flow.
The resulting ['®FIfluoride-K*—Kryptofix 2.2.2 complex was

heated to 110°C for 7 min with a solution of (4-trimethylamino)
benzaldehyde trifluoromethanesulfonate (7 mg, 22.4pmol) in
DMSO (500 pL). The reaction mixture was then cooled, diluted
with water (2 x 7 mL) and eluted through a short cartridge (Sep-
Pak” Plus C-18, Accell™; Waters Corp.) that had been precondi-
tioned by elution first with ethanol (10 mL) and then deionized
water (10mL). ['®Fl4-Fluorobenzaldehyde (['®F115) (silica gel-
TLC: R¢=0.59, chloroform) was retained on the cartridge.
Aqueous sodium borohydride (30 mg/mL) solution was slowly
passed through the cartridge and then nitrogen was passed
through for 5min. The generated and retained ['®Fl4-fluoro-
benzyl alcohol (['®F]16) (silica gel-TLC: R¢=0.15, chloroform) was
then eluted from the column with dichloromethane (2mL),
passed through an extraction tube (3 mL; Supelco, Stockholm,
SE) that had been filled with potassium carbonate (1 g in upper
part) and magnesium sulfate (800 mg in lower part), and finally
emptied into a vial containing triphenyldibromophosphorane
(90mg, 213 pumol). The reaction mixture was vortexed with
remote control at room temperature for 5 min. The crude ['®Fl4-
fluoro-benzyl bromide (['®F117) (silica gel-TLC: R¢=0.83, chloro-
form) was then purified by passage through a Sep-Pak” Plus
silica cartridge.

["8FIPipISB (['®F]9): The purified ['®F]4-fluoro-benzyl bromide
was immediately reacted with precursor (13) (1 mg, 2.6 umol)
dissolved in DMF (300 piL) containing sodium hydride (1 mg, 60%
in dispersion) at room temperature for 3min. The remaining
dichloromethane was removed by heat under a nitrogen flow.
HPLC mobile phase (700 pL), consisting of MeCN--aq. HCO,NH,
(0.1 M) (55:45 v/v), was added to the reaction vial containing the
remaining DMF solution and the resultant solution was
transferred to a HPLC loop. The ['®F19 was purified on a p-
Bondapak C-18 column (300 x 7.8 mm, 10pum; Waters Corp.)
eluted at 7mL/min. Mobile phase was evaporated off from the
fraction containing radioligand ['®F19 (tz=15.8 min). The residue
was re-dissolved in a mixture of ethanol-propylene glycol (30:70
v/v, 3mL) with sterile sodium phosphate buffer solution (0.2 M,
pH=74, 5mL), and filtered through a sterile filter (Millex GV,
0.22 um pore size; Millipore Corp., Corrigtwohill, Co. Cork, Ireland).

The radiochemical and chemical purities of ['®F19 were
determined by HPLC on a p-Bondapak C-18 column
(300 X 3.9mm, 10um; Waters corp.) eluted with MeCN-aq.
HCO,NH,4 (0.1 M) (55:45 v/v) at 3 mL/min. The identity of ['®F]9
was confirmed by its co-elution with reference 9 (tg =9.95 min)
under the same HPLC conditions.

Specific radioactivity determination

Specific radioactivities (GBg/pmol) at EOS were determined with
analytical radio-HPLC, calibrated for absorbance (Z=254nm)
response per mass of ligand, using the same HPLC conditions
that were used to determine the radiochemical and chemical
purities for [''C19 or ['8F19, respectively. The radioactivity of the
radioligand peak (decay corrected) (GBq) was divided by the
mass of the associated carrier peak (umol).

Conclusion

PipISB (9) was identified as a highly potent and selective CB;,
receptor ligand with a calculated lipophilicity similar to other
PET radioligands targeting brain CB; receptors and was
successfully labeled with No-carrier-added (NCA) carbon-11 or
fluorine-18, hence permitting future evaluation of the two
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