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Abstract

P2X sites are emerging targets for molecular imaging research, notably in the context of neurodegeneration and inflamma-
tory conditions. Therefore, we prepared a precursor for (radio)iodination of the P2X; ligand VPGIS191. We then developed a
radioiodination method with %I for SPECT with a radiochemical yield of 71 + 13% and '>I for autoradiography with a
radiochemical yield of 85+ 6% Autoradiography of ['*’I]VPGIS191 in mouse brain cryostat sections demonstrated approxi-
mately 36 nM binding affinity and B, ,, of approximately 400 pmol/gram tissue for P2X binding sites. VPGIS191 (cis) had
a two-fold lower affinity compared to its geometric trans-isomer TZ6019.
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Fig. 1 Cartoon depicting the cellular locations of P2X, receptors and their predicted involvement in various pathologies with an inflammatory

component. Created with BioRender.com

Introduction

P2X, (Fig. 1) is a transmembrane ligand-gated cation chan-
nel that is activated by extracellular adenosine triphosphate
(ATP) and certain other adenosine nucleotides, thereby
mediating cytokine release from cells of hematopoietic lin-
eage such as microglia and macrophages in the brain, ret-
ina, and peripheral nervous system [1]. Activation of P2X,
receptors mediates host immune responses participating in
the regulation of apoptosis and inflammation [2] in a variety
of pathologies including Alzheimer’s and Parkinson’s dis-
eases [3], cardiovascular disorders [4], and cancers [5]. Due
to their potential as markers or therapeutic targets in diverse
disease conditions, P2X receptors are an emerging topic for
molecular imaging by positron emission tomography (PET)
and single photon computer tomography (SPECT). How-
ever, clinical molecular imaging of P2X receptors is in its
infancy, in part due to the inadequate sensitivity of available
radioligands [6].
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The few P2X ligands developed to date for molecular
imaging have called for straightforward syntheses of pre-
cursors for simple [!!C]methylation or ['®F]fluorination for
PET, and ['*’T]iodination for SPECT. The main classes of
these P2X, ligands are pyroglutamic acid-based (e.g. [''C]
GSK-1,482,160 [7], ['2*I1TZ6019 [8]), triazole-based (e.g.
['8F1INJ-64,413,739 [9], [*H]INJ-54,232,334 [10]) and
adamantane-based compounds (e.g., [M'CISMW139 [11]).
The pyroglutamic acid-based radioligands identified thus far
(Fig. 2) include [''C]- or ['®F]GSK 1482160 [7, 12], the [''C]
halo-GSK-1,482,160 analogs [9], ['®F]IUR-1601 and ['®F]
TUR-1602 [13, 14], and ['**I]TZ6019 [8]. The characteriza-
tion and preliminary results of their binding properties (K;,
ICs, Ky, Bay) in HEK293 hP2X-R (HEK) cells are shown
in Table 1. Apart from [!'C]F-GSK 1482160, ['**1]TZ6019
and ['8F]IUR-1602, the pyroglutamic acid-based ligands
have high affinity for P2X. Notably, [''C]GSK 1482160 had
1.2+0.1 nM affinity (K,) [15] versus 19.3 +2.8 nM for ['Z]]
TZ6019 [8]. These lead compounds for PET and SPECT
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Table 1. Preliminary biological Radioligand K 1Cy, K, B,
st vt i o) o (g o
to inhibitory constant (K;), [''CIGSK1482160 5.1+0.94[13] 7.17 [13] 51+1.0[16] 30304100 [15]
hﬂlf-mim?ﬂal I(I;glbl)tory 2.63+0.6[16]  3[6] 1.2:£0.1 [15]
concentration (1Csp), 3.1+0.3[9] 4.3+0.86 [8]
?;:i‘l’f;ﬁifrs‘ g‘;‘:ﬁﬁf and [CIF-GSK1482160  542+6.2[9] 1526+17.5[9]  ND ND
. £ [''CIBr-GSK1482160  2.5+0.7 [9] 7.1+1.9[9] ND ND
(Bax) in HEK cells = =
[''CII-GSK 1482160 1.9+0.6 [9] 53+1.5[9] ND ND
['®F1GSK 1482160 ND ND ND ND
['®F]IUR-1601 4.3+0.9*[13] 7.86 [13] ND ND
['*F]IUR-1602 23.6+1.0°[14] ND ND ND
['**1]TZ6019 6.3+0.9 [8] 9.5-12.9° [6] 19.3+2.8[8] 262+10 [8]

2 radioligand competitive binding assay using [''C]GSK 1482160 in HEK cells
b in different HEK cell assays: ['21]TZ6019, fluorescence, [*H]A-804,598 binding assay

imaging present unexplored opportunities for structural
modification alternative radiosynthetic routes.

The only published report of a SPECT ligand for P2X,
receptors indicated moderate affinity and specific binding of
['>*I1TZ6019 in HEK cells [8]. However, the ['I]TZ6019 was
prepared from commercially unavailable (E)-(3-bromoprop-
1-en-1-yl)-tributylstannane, which has likely impeded the
broader use of the radioligand. Our compilation of literature
data led us to note that E-3-iodoallyl-derived radioligands
often demonstrate slightly higher affinity for their various
receptor targets as compared to Z-3-iodoallyl-derived radioli-
gands [17-20]. Therefore, we determined to prepare the 23]
TZ6019 geometric Z-isomer from commercially available
(2)-(3-bromoprop-1-en-1-yl)-tributylstannane, and evaluate
its binding to P2X receptors in rodent brain sections. In this

study, we describe the syntheses of a VPGIS191 precursor and
the VPGIS191 chromatographic standard, and procedures for
precursor iodination with '2°I for SPECT and '*I for autora-
diography. Finally, we made a preliminary evaluation of [>°I]
VPGIS191 binding to P2X receptors in mouse brain cryostat
sections, comparing our results with previously reported Kp/
B, Values for [**T]TZ6019 in HEK cells.

Experimental
General methods

For thin-layer chromatography (TLC), we used aluminium
silica gel sheets with detection in UV light (TLC silica
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gel 60 F254, Merck). For TLC visualization, we applied a
dilute solution of H,SO, in MeOH and heated the plates.
For column chromatography, we used 30—-60 um silica gel
(ICN Biomedicals, Costa Mesa, USA). NMR spectra were
recorded using Agilent-MR DDR?2 (Varian, Palo Alto,
USA). HRMS were measured using an LTQ ORBITRAP
VELOS with HESI*/HEST ionization (Thermo Scientific,
Waltham, MA, USA). A quadrupole LC/MS-ESI with
an Infinity III LC system (Agilent Technologies, Santa
Clara, USA) served for LR-MS and HPLC-MS analyses
(10 pm C;g column: 100 mm; UV detection). For the
characterization of radioactive products, we undertook
HPLC analyses (C,g columns, UV, and RAD detections).
Purification procedures employed SPE columns (Bond
Elut Plexa, Agilent Technologies, Santa Clara, USA, and
Strata, Phenomenex, Torrance, USA). Materials for quan-
titative autoradiography included brains of female Balb/c
mice (Palacky University, Olomouc, Czech Republic),
Tissue-Tek gel (Sakura, Torrance, USA), Superfrost plus
microscope slides (Fisher Scientific, Hampton, USA), a
microtome cryostat (Leica Biosystems, IL, USA), phos-
phor storage screens (BAS), and a Cyclone Plus Phosphor
Imager (PerkinElmer, Waltham, USA).

Materials

Bachem (Bubendorf, Switzerland): L-pyroglutamic
acid (>99.0%); Lach-Ner (Neratovice, Czech Repub-
lic): dichloromethane (99%); Sigma-Aldrich (Mis-
souri, USA): acetic acid (99.7%), benzylamine (99%),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydro-
chloride (>98%), dimethylformamide (>99.8%), chlo-
roform (>99%), hexane (95%), hydrochloride acid
(37%) 1-hydroxybenzotriazole hydrate (>97%), lithium
bis(trimethylsillyl)amide (1 M solution in THF), N-iodo-
succinimide (95%), methyl trifluoromethanesulfonate
(>98%), sodium chloride (>99.0%), (+)-sodium L-ascor-
bate (>98%), sodium sulphite (>98%), tetrabromometh-
ane (99%), tetrabutylammonium hydroxide (>99.0%),
tetrahydrofuran (>99.0%), trifluoroacetic acid (>99.0%),
triphenylphosphine (99%); Synthonix (Wake Forest, USA):
(Z)-3-(tributylstannyl)prop-2-en-1-ol (>99%); VWR (Rad-
nor, USA): 2-chlor-3-(trifluormethyl)benzylamine (>97%).
The solvents for column chromatography and reactions for
the synthesis of VPGIS191 were purchased from PENTA
(Prague, Czech Republic) and were used as delivered (all of
p.a. quality). For radio-iodinations, sodium iodide I'** (37
MBg/mL) with sodium chloride, sodium hydrogen carbon-
ate and water for injection were from THP Medical Products
Vetriebs GmbH (Wien, Austria). Sodium iodide 1'% (3550
MBg/mL) solution in sodium hydroxide was purchased from
Izotop (Budapest, Hungary).
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Syntheses of 1, and a precursor for VPGIS191

(S)-N-(2-Chloro-3-(trifluoromethyl)benzyl)-5-oxopyr-
rolidin-2-carboxamide (1): To a solution of 2-chloro-3-
(trifluoromethyl)phenyl)methanamine (650 mg, 3.1 mmol)
in 30 mL of dry CH,Cl, L-pyroglutamic acid (426 mg,
3.3 mmol), N-hydroxybenzotriazole (HOBt, 502 mg, 3.7
mmol) and ethyl(dimethylaminopropyl)carbodiimide (EDCI,
713 mg, 3.7 mmol) were added, respectively. The mixture
was put aside at room temperature for 14 h, whereupon sol-
vents were removed under reduced pressure and the residue
was purified by column chromatography in CHCl;-MeOH
(20:1-10:1, v/v) to give 1 (649 mg, 2 mmol, 61%) as a color-
less solid. After lyophilization, the product was stored at
4 °C as a white foam. Rg = 0.25 in CH,Cl,-MeOH 20:1
(v/v). ' HNMR (400 MHz, acetone-dg) & ppm: 2.07-2.33
(m, 3 H), 2.40-2.52 (m, 1 H), 4.25 (dd, /=9.0,3.9 Hz, 1 H),
4.53-4.65 (m,2 H), 7.29 (br s, 1 H), 7.47-7.54 (m, 1 H), 7.72
(t, J=6.7 Hz, 2 H), 8.10 (br s, 1 H). > C NMR (101 MHz,
acetone-dg) 6 ppm: 27.01 (CH,, pyrr), 41.82 (CH,, pyrr),
57.83 (NH-CH,), 124.50 (q, J=272.4 Hz, CF;), 127.65 (q,
J=5.6 Hz, ArCH), 128.45, 129.21 (q, /J=30.5 Hz, ArCH),
131.65 (d, J=1.5 Hz, ArCH), 134.10 (ArCH), 134.12
(ArCH), 140.53 (ArCH), 174.21 (-NHC=0), 179.01 (C=0,
pyrr). MS-ESI: for C,;H,,CIF;N,0, calcd. 320.05 Da, found
338.7 [M+NH,]".

(8,2)-N-(2-Chloro-3-(trifluoromethyl)benzyl)-5-oxo-
1-(3-(tributylstannyl)allyl)pyrrolidine-2-carboxamide (2):
Step 1. To a solution of (Z)-3-(tributylstannyl)prop-2-en-
l-ol (1 g, 2.9 mmol) in 40 mL of THF triphenylphosphine
(982 mg, 3.7 mmol) and CBr, (1.23 g, 3.7 mmol) were
added. The mixture was stirred at 0 °C (on ice) for 3 h,
and then at room temperature for 14 h. The solvents were
removed under reduced pressure and the residue was puri-
fied by column chromatography with hexane to give (Z)-
(3-bromprop-1-en-1-yDtributylstannane [21] (800 mg, 1.95
mmol, 68%) as a colorless liquid. The product thus obtained
was used directly in the next reaction. 'HNMR (400 MHz,
CDCl;) 6 ppm: 0.80-0.87 (m, 15 H), 1.18-1.30 (m, 6 H),
1.38-1.46 (m, 6 H), 3.89 (dd, J=6.7, 0.9 Hz, 2 H), 6.05
(dt, J=18.5,6.6 Hz, 1 H), 6.22 (d, J=18.7 Hz, 1 H). * C
NMR (101 MHz, CDCl;) 6 ppm: 9.6, 13.7, 27.2, 29.0, 35.8,
135.1, 143.0.

Step 2. To a solution of 1 (300 mg, 0.93 mmol) in 5 mL
of DMF, stirred under an atmosphere of argon at 0 °C (on
ice), 2 mL of lithium bis(trimethylsilyl)amide solution in
THF (1 M) was added. Thereafter, (Z)-(3-bromprop-l-en-lyl)
tributylstannane (800 mg, 1.95 mmol) was added dropwise.
The mixture was stirred at 0 °C (on ice) for 10 min, and
then at room temperature for 3 h, whereupon the reaction
was stopped by adding 25 mL of aqueous HCI (1 M). The
resultant mixture was extracted with EtOAc (3 x50 mL).
The combined organic layer was washed with a saturated
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solution of NaCl (2x 50 mL) and dried over Na,SO,. The
solvent was evaporated under reduced pressure and the
residue was purified by column chromatography (hexane-
EtOAc 4:1-1:2, v/v) to give 2 (268 mg, 3.7 mmol) as a
pale-yellow viscous substance. Rp = 0.3 in hexane-EtOAc
1:1. The product was visualized on TLC by gaseous iodine
(brown spot). The product 2 was injected onto an analyti-
cal HPLC (YMC-Triart C 4 column, 150X 4.6 mm, 5 pm;
gradient 40/60-90/10, v/v AcCN/0.1% TFA, 1 mL/min, tg
=28 min). ' HNMR (400 MHz, CDCl,) & ppm: 0.75-0.98
(m, 15 H, overlap 3XCH, a 3XCH3), 1.18-1.37 (m, 6 H,
3xCH,), 1.37-1.51 (m, 6 H, 3xCH,), 1.96-2.10 (m, 1 H,
CH), 2.16-2.53 (m, 3 H, overlap, 3XCH, 1XCH,), 3.51 (br
dd, /=14.9,7.4 Hz, 1 H, CH), 4.07 (br dd, J=9.2, 2.5 Hz,
1 H, CH), 4.21 (br dd, J=14.9, 5.5 Hz, 1 H, CH), 4.58 (d,
J=59Hz, 1H, CH), 6.04 (brd, J=12.5Hz, 1 H, CH), 6.28
(ddd, J=12.8,7.3,5.7Hz, 1 H, CH), 7.07 (br t, J=5.7 Hz,
NH), 7.29-7.36 (m, 1 H, CH), 7.56 (brd, /J=7.4 Hz, 1 H,
CH), 7.63 (brd, J=7.8 Hz, 1 H, CH). '* C NMR (101 MHz,
CDCl;) & ppm: 10.23 (d, Jcg, = 343.3 Hz, 3XCH,), 13.66
(3xCHj3), 24.21 (CH,, pyrr), 27.23 (d, Jog, = 58 Hz,
3XCH,), 28.08 (d, J-_g, = 21.4 Hz, 3XCH,), 29.52 (1XCH,,
pyrr), 41.48 (NH-CH,), 47.24 (d, Jo_g, = 38.9 Hz, N-CH,),
60.90 (CH, pyrr), 122.75 (q, J=273.6 Hz, CF;), 126.94 (q,
Jop = 5.9 Hz, ArCH), 129.06 (q, Jor = 31.3 Hz, ArCH),
131.60 (d, Jor = 1.5 Hz, ArCH), 133.47 (ArCH), 134.60 (d,
Josn = 339.52 Hz, = CH) 134.61 (ArCH), 137.78 (ArCH),
141.61 (=CH) 171.64 (-NHC=0), 175.51 (C=0, pyrr).
MS-ESI: for C,gH,,CIF;N,0,5n calcd. 650.2 Da, found m/z
651.2 [M+H]*.

(S,2)-N-(2-Chloro-3-(trifluoromethyl)
benzyl)-1-(3-iodoallyl)-5-oxopyrrolidine-2-carboxamide
(VPGIS191):

Method I. To a solution of 2 (6.5 pg, 10 nmol) in 20 pL
1% acetic acid in MeOH was added 4 puL N-iodosuccin-
imide (10 mg/mL 1% acetic acid in MeOH). The mixture
was stirred at RT for 15 min, whereupon the reaction was
stopped with sodium thiosulfate (5 mg, 1.6 nmol). Subse-
quently, the mixture was diluted with 1 mL of distilled water
and passed through a preconditioned SPE cartridge (2 mL,
20% EtOH), and eluted with 2 mL of 80% EtOH. The prod-
uct 3 was injected onto an analytical HPLC (YMC-Triart
C,g column, 150 X 4.6 mm, 5 pm; gradient 40/60-90/10, v/v
AcCN/0.1% TFA, 1 mL/min, tg = 12 min).

Method II. To a solution of 2 (32.5 mg, 0.05 mmol) in
3 mL of CHCl; was added 0.5 mL solution of iodine in
CHCI; (0.1 M) dropwise. The mixture was stirred at RT
for 20 h, and then diluted with 4 mL of CHCI;, and washed
with saturated solution of first Na,S,0; (6 X 15 mL), and
then with a saturated solution of NaCl (15 mL). The

combined organic layer was dried over Na,SO,. The sol-
vents were removed under reduced pressure and the residue
was purified by column chromatography CHCl;-MeOH
(20:1-10:1, v/v) to give VPGIS191 (12.7 mg, 52%) as a
brown solid. The product was injected onto an analytical
HPLC (YMC-Triart C,g column, 150 X 4.6 mm, 5 pm; gra-
dient 40/60-90/10, v/v AcCN/0.1% TFA, 1 mL/min, t; =
12 min). ' H NMR (400 MHz, CDCl;) & ppm: 2.02-2.12
(m, 1 H), 2.27-2.41 (m, 2 H), 2.50-2.61 (m, 1 H),
3.75 (br dd, J=15.5, 7.6 Hz, 1 H), 4.00 (br dd, J=8.6,
2.7 Hz, 1 H), 4.25 (br dd, /J=15.3, 5.1 Hz, 1 H), 4.63 (d,
J=5.9 Hz, 2 H), 6.11 (br q, J=7.4 Hz, 1 H), 6.38 (br d,
J=7.8 Hz, 1 H), 7.37 (t, J=7.4 Hz, 1 H), 7.66 (br dd,
J=17.6,2.5Hz,2 H).!* C NMR (101 MHz, CDCl5) § ppm:
23.76, 29.40, 41.83, 46.17, 61.02, 86.62, 121.36, 124.08,
127.01, 127.31 (q, J.p = 5.3 Hz), 129.34, 134.34, 134.89,
137.44, 171.31, 175.76. MS-ESI: for C,4H,;CIF;IN,0O,
calcd. 486.7 Da, found m/z 504.7 [M +NH,]*.

Manual syntheses of iodine-123 or iodine-125
labelled VPGIS191

(8,Z)-N-(2-Chloro-3-(trifluoromethyl)benzyl)-1-(3-[ 12°1]
iodoallyl)-5-oxopyrrolidine-2-carboxamide (1 [!?°1]
VPGIS191): To a solution of 2 (6.5Sch pg, 10 nmol) in 20
puL 1% acetic acid in MeOH were added 23.5 MBq [121]
Nal and chloramine-T (2 uL, 10 mg/mL). The mixture was
stirred at RT for 10 min, and the reaction was stopped
with sodium ascorbate (5 pL, 50 mg/mL). Subsequently,
the mixture was diluted with 2 mL of distilled water and
1 mL of 1% acetic acid in MeOH and passed through a
preconditioned SPE cartridge (2 mL, 20% EtOH, Bond
Elut Plexa, Agilent) and eluted with 1.5 mL of 60% EtOH.
The product ['*I]VPGIS191 was isolated 20 MBq with
85% radiochemical yield (RCY, Tab. S1). The product
was injected onto an analytical HPLC (YMC-Triart C
column, 150%x 4.6 mm, 5 pm; gradient 40/60-90/10, v/v
AcCN/0.1% TFA, 1 mL/min, t; = 12 min).(S,Z)-N-(2-
Chloro-3-(trifluoromethyl)benzyl)-1-(3-[ I ]iodoallyl)-
5-oxopyrrolidine-2-carboxamide ([123I]VPGIS191) ([1231]
VPGIS191): To a solution of 2 (6.5 pg, 10 nmol) in 20
uL 1% acetic acid in MeOH were added 12.3 MBq ['%I]
Nal and chloramineT (2 pL, 10 mg/mL). The mixture was
stirred at RT for 20 min, and the reaction was then stopped
with sodium ascorbate (5 pL, 50 mg/mL). Subsequently,
the mixture was diluted with 2 mL of distilled water and
1 mL of 1% acetic acid in MeOH, passed through a pre-
conditioned SPE cartridge (2 mL, 20% EtOH, Strata, Phe-
nomenex), and then eluted with 1.5 mL of 70% EtOH.
The product ['2*I]VPGIS191 was isolated at 10.4 MBgq,
corresponding to 85% RCY (Tab. S2).
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Scheme 1 Synthesis of the P2X; receptor ligand VPGIS191 and
its radio-iodination. Reagents and conditions: (a) PPh;, CBr,, THF,
0 °C — 20 °C, 17 h; (b) EDCI, HOBt, CH,Cl,, RT, 12 h; (¢) (2)-
(3-bromoprop-1-en-1-yl)-tributylstannane, LHMDS in THF, DMF,
0 °C — RT, 3 h; (d) Method (I) Nal, chloramine-T, MeOH, AcOH,

In vitro autoradiography

We followed an autoradiographic procedure much as
described by Kuhar et al. [22]. Saline-perfused mouse
brains were frozen by immersion to isopentane at —40 °C,
and stored at — 80 °C until use. A cerebral hemisphere was
mounted in the sagittal orientation in a cryostat for cutting

—20 °C into 20 pm-thick sections, which were thaw-
mounted onto Superfrost glass slides. After air-drying and
storage overnight at — 80 °C, the slides were preincubated
in buffer (50 mM buffer: Tris-HCI, pH 7.4, 1 mM EDTA,
0.1% BSA) for 15 min. After removal of the excess buffer,
the slides were incubated with the same buffer (1 mL)
modified by addition of radiotracer ['**I]VPGIS191 (A,
= 4.6 MBg/nmol) at final concentrations of 2, 10, 50 and
100 nM. Nonspecific binding was evaluated in consecu-
tive brain sections by the addition of GSK1482160 to a
final concentration of 10 pM. After one-hour incubation,
the sections were washed by immersion in ice cold buffer
(3% 1 min) and finally dipped in distilled water (30 s, 5 °C)
to remove buffer salts, followed by rapid drying under
an air stream. The dried slides were then exposed to a
phosphor storage screen for 1 — 6 min together with slides
bearing dried drops of buffer of known concentrations of
The imaging screens were read using a Cyclone phosphor
imager (Perkin-Elmer, USA), and the brain binding results
(total, non-specific, and specific) converted into units of
pmol/gram tissue (wet weight).
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sodium ascorbate, RT, 5 min; Method (II) I,, CHCl;, RT, 20 h; e)
Na!®I, chloramine-T, MeOH, AcOH, sodium ascorbate, RT, 5 min;
f) Na'?L, chloramine-T, MeOH, AcOH, sodium ascorbate, RT,
5-20 min

Data analysis

Data from autoradiography experiments were analyzed using
Microsoft Excel (Microsoft, Redmond, WA, USA). The sat-
uration binding parameters (B, and K;) were determined
using linear regression of the Scatchard plot.

Results and discussion
Chemical synthesis and radiochemistry

The preparation of amide 1 was carried out according to the
procedure previously described using the reagent 1-ethyl-
3-(3-dimethylaminopropyl)carbodiimide (EDCI) with the
addition of N-hydroxybenzotriazole (HOBY) as a catalyst [7].
The reaction and isolation of the product were unproblem-
atic, although the 61% yield fell short of the 76% reported
in the literature [7]. We produced (Z)-(3-bromoprop-1-en-
1-yDtributylstannate from the commercially available (Z)-
3-(tributylstannyl)prop-2-en-1-ol using the Appel reaction,
following a literature method [21] (Scheme 1).

The preparation of the (E)-stereoisomer of substituted
lactam 2 was as previously described [8], through N-alkyla-
tion in DMF with tributyl-(3-chloropropenyl)stannane in the
presence of lithium bis(trimethylsilyl)amide (LHMDS) as a
base. In our case, we used a bromine-substituted analog as
the alkylation reagent (Scheme 1). Reaction and isolation of
the product were unproblematic, with 68% yield, compared
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Fig. 3 In vitro autoradiography of ['*IJVPGIS191 in sagittal mouse
brain cryostat Sect. (20 pm-thick). Non-specific binding was deter-
mined in the presence of excess of unlabeled GSK1482160 (10 uM).

to 88% as reported for the (E)-stereoisomer [8]. We suppose
that our replacement of chlorine for bromine accounts for
the lower yield.

We carried out the syntheses of the non-radioactive chro-
matographic VPGIS191 standard by two different methods,
using either 82.2 pmol (Method I) or 10 nmol of precursor
(Method IT) (Scheme 1). Method I followed the procedure
of Jin et al. [8], but replacing CHCl;-MeOH (20:1-10:1,
v/v) for hexane-EtOAc (4:1, v/v) as solvent in the silica-gel
column purification. We obtained the product in 54% yield,
as compared to the 90% reported by Jin et al. [8]. In the
slightly modified Method II, we stopped the reaction with
sodium ascorbate instead of sodium thiosulfate, with reac-
tion time of 5 min instead of 15 min. We developed a new
procedure for the SPE purification of the radiotracer, using
10% ethanol in water for SPE washing and 60% ethanol to
elute the product, and had optimized the SPE purification
for Bond Elute Plexa and alternately for Strata Phenomenex
cartridges. Despite these measures, the product contained up
to 0.01% tin-containing precursor according to HPLC-UV
(Suppl. Mat. Fig. S1). We estimate a 100-fold margin of
safety for the maximum possible carryover of tin from the
synthesis, were this method eventually applied for human
SPECT studies. We also tested the Sep pack C,4 cartridge for
SPE purification, which proved to retain the product even in
95% ethanol. Therefore, we used the optimized SPE proce-
dure above for the radiosyntheses with %I and '2I.

In vitro autoradiography of ['>’IIVPGIS191 in mouse
brain tissue

We performed in vitro autoradiography of ['*’I[VPGIS191
in mouse brain sagittal cryostat sections (Fig. 3), following
an established procedure with optimized washing conditions

Exposure time 1 min (A) and 6 min (B). TB — total binding, NSB —
nonspecific binding

by Kuhar et al. [22] as modified in [8]. The specific bind-
ing was invariably less than 50% of total binding, which
disfavored quantitation by Scatchard analysis. Nonetheless,
we were able in one trial to obtain estimates of K; = 36
nM and B,,,, = 402 pmol/g, which closely matched cor-
responding affinity for ['>*I]TZ6019 in HEK cells Ky=19
nM) [8]. In what seems to be the first quantitation of P2X,
sites in rodent brain cryostat sections, we find a rather high
B,,..x» comparable to that seen for [*’HJPK11195 binding at
microglial TSPO sites [23]. Despite this high B, the low
affinity and high non-specific binding of ['**I]JVPGIS191
disfavored its use in quantitative autoradiography, and may
likewise predict low signal-to-background in SPECT studies
with this ligand (Fig. 4).

Conclusions

Several structural classes of radioligands for the P2X; recep-
tor intended for PET or SPECT imaging have affinities in the
range 1-20 nM (Table 1); among these, only the pyroglu-
tamic acid derivative ['ZI]TZ6019 is intended for SPECT
imaging had 20 nM affinity in HEK cells [8], which may
not suffice for visualization on P2Xj sites in living brain. As
an alternative to ['*1]TZ6019, we prepared its geometric
isomer VPGIS191 as reference standard, and also labelled
with iodine-123 for SPECT, or iodine-125 for autoradiogra-
phy in vitro. Unlike the literature synthesis for TZ6019, our
synthesis of VPGIS191 employs a commercially available
intermediate, namely (Z)-3-(tributylstannyl)prop-2-en-1-ol.
We obtained the precursor in 68% yield, the reference stand-
ard VPGIS191 VPGIS191 in 52% yield, '*I labelled radi-
otracer in 71 + 13% radiochemical yield, and '*°I labelled
radiotracer in 85 + 6% radiochemical yield. Despite its high

@ Springer
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Fig.4 Scatchard analysis of the saturable binding of ['*I]VPGIS191
in mouse brain sagittal cryostat sections. Each point indicates
the mean of four determinations at 2, 10, 50, and 100 nM ['*]]
VPGIS191.

non-specific binding in vitro, we obtained adequate esti-
mates of the saturation binding parameters K, (36 nM) and
B, ,ax (402 pmol/g) in mouse brain sections. The two-fold
lower affinity of ['’I]VPGIS191 compared to the literature
value for its geometric isomer TZ6019 seems in agreement
with previously published comparisons of Z- and E-3-io-
doallylated PET and SPECT tracers [17-20].
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