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The novel quinoline-2-carboxamide derivatives N-[methyl-1*C]-3-methyl-4-phenyl-N-(phenyl-
methyl)quinoline-2-carboxamide ([*'C]4), (%)-N-[methyl-11C]-3-methyl-N-(1-methylpropyl)-4-
phenylquinoline-2-carboxamide ([*!C]5), and (+)-N-[methyl-*1C]-3-methyl-4-(2-fluorophenyl)-
N-(1-methylpropyl)quinoline-2-carboxamide ([*'C]6) were labeled with carbon-11 (t;», = 20.4
min, * = 99.8%) as potential radioligands for the noninvasive assessment of peripheral
benzodiazepine type receptors (PBR) in vivo with positron emission tomography (PET). The
radiosynthesis consisted of N-methylation of the desmethyl precursors 3-methyl-4-phenyl-N-
(phenylmethyl)quinoline-2-carboxamide (4a), (£)-3-methyl-N-(1-methylpropyl)-4-phenylquino-
line-2-carboxamide (5a), and (+)-4-(2-fluorophenyl)-3-methyl-N-(1-methylpropyl)quinoline-2-
carboxamide (6a) with either [*'C]methyl iodide or [*'C]methyl triflate in the presence of
tetrabutylammonium hydroxide or potassium hydroxide in dimethylformamide. The radio-
ligands [''C]4, [*C]5, and [*'C]6 were synthesized with over 99% radiochemical purity in 30
min, 30 + 5% radiochemical yield, calculated at the end of synthesis (EOS) non-decay-corrected,
and 2.5 £+ 1.2 Ci/umol of specific radioactivity. Inhibition studies in rats following intravenous
pre-administration of 1-(2-chlorophenyl)-N-methyl-N-(1-methylpropyl)-3-isoquinolinecarbox-
amide (PK 11195, 1) showed high specific binding to PBR of [*1C]4, [*1C]5, and [*'C]6 in heart,
lung, kidney, adrenal gland, spleen, and brain. The biological data suggest that [*'C]5, [*'C]6,

and particularly [*'C]4 are promising radioligands for PBR imaging in vivo with PET.

Introduction

The presence of two distinct benzodiazepine binding
sites, the central and peripheral benzodiazepine recep-
tors, has been described in mammalian tissue.*? The
central benzodiazepine receptor (CBR) is expressed in
the central nervous system and is part of the GABAA
receptor macromolecular complex which includes a
binding site for the inhibitory neurotransmitter y-
aminobutyric acid (GABA) and a chloride ion channel.”®
The peripheral-type benzodiazepine binding site (PBR),
also known as the w3 binding site,* is anatomically and
pharmacologically distinct from the CBRs.>% PBRs are
mainly localized in peripheral tissues and glial cells.
They are highly expressed in steroidogenic tissues such
as adrenal gland” but also in kidney,18 heart,® testis,?
and at a lower level in the brain parenchyma, epen-
dyma, choroid plexus, and olfactory neurons.1°

The function of PBRs is still unknown, but their
localization on the outer membrane of the mitochon-
drial! suggests a role in the modulation of mitochondrial
function and the immune system. Moreover, their
involvement in cell proliferation, steroidogenesis, cal-
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cium flow, cellular respiration, and malignancy has been
considered (see ref 6 for an extensive review on the
pharmacology and clinical implication of PBR). Preclini-
cal studies on animal models of brain injuries support
the idea of the use of PBR as a marker of brain gliosis
associated with neuronal cell death'?13 which could be
used as an early indicator of the neurodegenerative
processes.

Emission tomography techniques and in particular
positron emission tomography (PET) enable the in vivo
study of several physiological and neurochemical vari-
ables in living subjects using methods originally devel-
oped for quantitative autoradiography. Thus, interest
in the PBR’s study with PET has evolved from the
observation that an increased concentration of PBR was
observed in lesioned brain areas in a variety of neuro-
pathologies such as multiple sclerosis, Alzheimer’s
disease, and Huntington’s disease.12-16

1-(2-Chlorophenyl-N-methyl-N-(1-methylpropyl)-3-
isoquinolinecarboxamide (PK 11195, 1) (Chart 1) labeled
with the positron emitter carbon-111718 (t;,, = 20.4 min,
BT =99.8%) binds to PBRs, being potentially useful for
PBR in imaging of multiple sclerosis,’® brain tu-
mors,1920 cerebral infarct,2! and abnormalities of cal-
cium channel in heart diseases.?2 Compound 1 has high
affinity for PBR (ICsp = 2.2 nM, Ky = 1.4 nM),%324 and
its (R)-isomer labeled with carbon-1125 is, so far, the only
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Chart 1. Peripheral-Type Benzodiazepine Radioligands

PK 11195, 1 (R=CI; R'=H; R"="'CHj)
2-lodo-PK 11195, 2 (R="23; R’=H; R"=CHj)
PK 14105, 3 (R="%F; R'=NO,; R"=CH3)

PBR radioligand used successfully in PET,2¢ although
other analogues of PK 11195 labeled with fluorine-18
(tzz = 109.6 min, 8T = 97%) such as N-methyl-N-(1-
methylpropyl)-1-(2-fluoro-5-nitrophenyl)isoquinoline-3-
carboxamide ([*8F]PK 14105,2 2: Kp = 4.8 nM?%’) or
with the single-photon emitter iodine-123 (ty, = 13.2
h) such as 1-(2-iodophenyl)-N-methyl-N-(1-methylpro-
pyl)isoquonoline-3-carboxamide ([*231]PK 11195,%8 3: Kp
~ 10 nM)?® have been synthesized (Chart 1). However,
the high lipophilicity (log P = 3.4) and the low bioavail-
ability (88% of tracer bound to plasma proteins)26:30
might reduce its sensitivity in the in vivo evaluation of
PBR using PET. These features of 1 may explain its
failure in demonstrating in vivo variations of PBR
density associated with microgliosis in Alzheimer’s
disease.3! Notwithstanding, [*1C]1 is still the current
reference radioligand for the in vivo assessment of PBR
in PET studies, while [8F]3 has not been studied in
humans, and the rapid metabolism in the blood of [*?3I]-
2 (ca. 55% distributed in two polar metabolites)3? could
limit the clinical application of this radioligand.

Recently, the synthesis of new conformationally re-
strained quinolinecarboxamide analogues of 1, which
could be of potential interest for the in vivo imaging of
PBR, has been published.?* Among the most potent
representatives of this class of PBR ligands, compounds
4 (ICsp = 2.1 nM), 5 (IC50 = 2.1 nM), and 6 (ICso = 2.9
nM) (Chart 2) showed in vitro biological properties,
which could be of potential interest for the in vivo
imaging of PBR; thus they were chosen as possible
candidates for PET radioligands.

In this report we describe 'C radiolabeling of 4—6
starting from the corresponding desmethyl precursors
4a, 5a, and 6a and the results of biodistribution and
inhibition studies performed in rats to evaluate their
potential use as PET radioligands.

Results

Chemistry. Optimization of the radiolabeling condi-
tions was initially carried out using precursor 4a.
Reaction conditions such as solvent base and temper-
ature were varied in the attempt to increase the
radiochemical yield (Table 1). The use of [*1C]methyl
triflate as [11C]methylating agent at temperatures rang-
ing from 10 to 50 °C led to low radiochemical yields (9—
40% of [*1C]methyl incorporated into the precursor) due
to the high hydrolysis rate of the triflate leading to the
formation of [Y1C]methanol (40—75%). Lowering the
temperature to —15 °C increased the labeling efficiency,
the incorporation of [Y1C]methyl from [Y1C]methyl tri-
flate being 60% with a reduced formation of [''C]-
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Chart 2. New Quinoline-2-carboxamides
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methanol (34%). The reduction of the amount of potas-
sium hydroxide from 10 to 2 umol in dimethylformamide
as reaction solvent at —15 °C caused an increased
production of [*2C]methanol, which represented 76% of
the radioactivity, while the amount of the target com-
pound was reduced approximately to 7%. Dimethylform-
amide was found to be the solvent of choice for the
radiomethylation. Changing the solvent and the base
did not give satisfactory results as shown in Table 1.

Better results with 4a were obtained using [1C]-
methyl iodide as the methylating agent at 80 °C in
dimethylformamide particularly when potassium hy-
droxide was substituted by TBAH. The last conditions
with 4a as the precursor gave 84% of the radioactivity
associated with the target [*!C]methylated compound.
Under the same conditions, 84% of radioactivity associ-
ated with the target compound was also obtained using
5a and 6a as the precursor (Table 1).

The overall non-decay-corrected radiochemical yield
of the [*1C]N-methylation was 30—35% for all radiotrac-
ers. The specific radioactivity was 2.5 + 1.2 Ci/umol
when calculated at the end of the synthesis (EOS) with
an average time of radiosynthesis of 30 min, including
radioligand formulation for intravenous administration.
In the typical experiment starting from 400 mCi of [*1C]-
CO,, 100 mCi of the formulated radioligands was
obtained with a chemical and radiochemical purity of
99% and 100%, respectively.

Identity of the final radioactive radioligands was
confirmed by co-injection with the authentic sample of
4—6 on reverse-phase high-pressure liquid chromatog-
raphy (HPLC) and by the mass spectrometric analysis
of the products of the carrier-added radiosyntheses (see
Experimental Section). The atmospheric pressure chemi-
cal ionization (APCI) mass spectra of [11C]4 displayed
an intense ion at m/z 367 corresponding to the proto-
nated molecular ion (MH™). [*C]4 radioligand was
confirmed also by electron impact (EI) mass spectros-
copy. The EI spectrum showing a base ion at m/z 91
(PhCHy) and ions at m/z 366 (M*), 275 (M — PHCHy),
246 (M - PthHsN), and 218 (M - PhC3H5NO).
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Table 1. Radiolabeling of [*1C]4, [*1C]5, and [*!C]6 with [1!C]Methyl lodide and [*!C]Methyl Triflate2

amount temp [1*C]radioligands  [*C]CH3OH  other [*1Climpurities
[**C]synthon  precursor base (umol) (°C) solvent (%) (%) (%) n
MeOTf 4a KOH 10 10 HMPA 9 76 14 3
MeOTf 4a KOH 10 25 DMF 43 39 2 3
MeOTf 4a KOH 10 50 DMF 37 50 3 3
MeOTf 4a KOH 10 —-15 DMF 60 34 5 3
MeOTf 4a KOH 2 —-15 DMF 7 76 3 3
MeOTf 4a KOH 10 -15 CH3CN 5 65 29 3
MeOTf 4a KOH 10 —15 CH30OH 0 100 3
MeOTf 4a TBAH 6 —15 DMF 5 7 9 3
MeOTf 4a TBK saturated -15 DMF 40 3 56 3
Mel 4a KOH 10 80 DMF 57+5 36+3 3+3 6
Mel 4a TBAH 4 80 DMF 83+4 13+3 2+1 9
Mel 4a TBAH 2 80 DMF 84+ 1 11+1 4+1 4
Mel 5a TBAH 2 80 DMF 84+ 1 11+1 4+1 4
Mel 6a TBAH 2 80 DMF 84+ 1 11+1 4+1 4

a Reaction times for the reaction with [*1C]methyl triflate and [11C]methyl iodide were 3 and 4 min, respectively, for 1 mg of desmethyl
precursor 4a, 5a and 6a. Data points with n > 3 represent the mean + SD. HMPA= hexamethylphosphoramide; TBAH =
tetrabutylammonium hydroxide; TBK= potassium tert-butoxide.

Table 2. Tissue Biodistribution of [*C]4 in Albino Male CD Rats?

tissue 5 min 15 min 30 min 60 min 90 min
blood 0.20 +0.05 0.09 4+ 0.05 0.06 4+ 0.02 0.06 + 0.02 0.04 +0.01
plasma 0.16 4+ 0.04 0.09 + 0.04 0.06 4+ 0.02 0.054+0.01 0.05 4+ 0.01
heart 1.79 +1.03 2.62 +1.87 2.58 + 1.35 2.09 +0.83 2.38 + 0.82
lung 4.00 £ 1.74 3.32 + 2.08 2.00 +0.83 1.48 £ 0.15 1.21 +0.18
liver 0.37 +0.19 0.59 +0.30 0.43+0.12 0.41 4+ 0.03 0.40 4+ 0.08
adrenal gland 0.77 £ 0.55 2.294+1.90 299+ 271 4.00 + 1.69 3.74+0.74
kidney 0.79 £ 0.30 1.17 £ 0.74 1.05 £ 0.45 1.14 £ 0.23 1.34 +0.32
spleen 0.28 + 0.22 1.27 +£0.88 1.46 £ 0.61 1.55 £+ 0.19 1.56 + 0.44
testicle 0.06 +0.03 0.12 +0.09 0.13 4+ 0.07 0.15 4+ 0.06 0.20 4+ 0.05
intestine 0.30 £ 0.17 0.78 + 0.54 0.55 + 0.27 0.62 +£0.18 0.68 + 0.15
muscle 0.19 +£0.11 0.25 +0.17 0.26 +0.14 0.14 + 0.07 0.21 +£0.10
pituitary 0.33 +0.09 0.49 +0.13 0.30 + 0.07 0.36 +0.19 0.15 4+ 0.06
cerebellum 0.254+0.12 0.20 +0.12 0.12 4+ 0.06 0.08 4+ 0.00 0.09 4+ 0.03
cortex 0.25+0.14 0.17 + 0.09 0.09 + 0.04 0.06 + 0.01 0.05 + 0.01

a Radioactivity concentration is expressed as % of injected dose per gram of organ (%1.D./g). Values are expressed as mean + SD. Data
points for all tissues represent three rats, except for pituitary at 90 min = 2.

Analysis of authentic standards 5 and 6 and labeled
radioligands [1C]5 and ['1C]6 was carried out by liquid
chromatography-APCI (LC-APCI) in order to confirm
the identity of the two rotamers of each compound,
which were previously characterized by NMR.?* The LC-
APCI chromatogram of 5 showed two main peaks
(>95%) showing retention times at 10 and 11.30 min.
Mass spectra of the two peaks both displayed an intense
ion at m/z 333 corresponding to the protonated molec-
ular ion (MH™) of the two rotamers of 5. Identity of [11C]-
5 was ensured by its EIl spectrum, which showed a base
ion at m/z 86 (CsH12N) and ions at m/z 332 (MH™), 275
(M — C4Hg), 246 (M — CsH12N), and 218 (M — CgH1o-
NO). The LC-APCI chromatogram of [11C]6 showed two
main peaks at room temperature of 9.10 and 10 min.
Mass spectra of these peaks both displayed an intense
ion at m/z 351 corresponding to the protonaned molec-
ular ion (MH™) of the two rotamers of 6.

The identity of the radioligands was also confirmed
by HPLC. The authentic samples of 4—6 were co-
injected with the labeled radioligands. The products
coeluted with the standard (see Experimental Section).

Biodistribution Studies. The tissue biodistribution
of [Y1C]4, [1C]5, and ['C]6 in vivo in albino male CD
rats as a function of time is presented in Tables 2—4.
Low radioligand uptake was observed within the brain,
as previously observed for compound 1 of nonlesioned
rats. Among the other tissues examined all radioligands
exhibited a higher accumulation in organs known to be

rich in PBR such as heart, lung, kidney, spleen, and
particularly adrenal gland. In most of these organs the
time of maximum radioligand accumulation was ob-
served between 30 and 60 min after radioligand injec-
tion. The specificity of the in vivo binding of [*'C]4,
[*1C]5, and [*!C]6 to PBR was evaluated in separate
groups of rats pretreated (5 mg/kg iv) with either
compound 1 or vehicle immediately before radioligand
injection. Results of inhibition experiments are pre-
sented in Table 5 and Figure 1. At 30 min after the
injection of ['C]4, [C]5, and [}C]6 a significant
reduction of radioactivity concentration in the heart,
lung, adrenal gland, kidney, and spleen but not in the
blood of rats pretreated with compound 1 was observed.
A significant reduction in radioactivity concentration
was found also in the pituitary gland and cortex in
animals injected with [11C]5 and [*1C]6, respectively.

Discussion

The aim of this study was to synthesize and evaluate
the properties of [11C]4, [11C]5, and [*'C]6 as potential
radioligands to investigate PBRs in vivo. Since the
compounds were never evaluated in animals, the first
step of this project was focused to verify if [11C]4, [\1C]-
5, and [11C]6 distribute in normal rats according to the
known regional expression of PBR in peripheral tissues.

The radioligands were efficiently synthesized by ['C]-
N-methylation from the corresponding desmethyl pre-
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Table 3. Tissue Biodistribution of [*1C]5 in Albino Male CD Rats?®

tissue 5 min 15 min 30 min 60 min 90 min
blood 0.13+0.01 0.08 4+ 0.02 0.06 +0.01 0.03+0.01 0.03 +0.01
plasma 0.124+0.01 0.05 4+ 0.01 0.03 +0.01 0.03 4+ 0.00 0.02 4+ 0.00
heart 0.86 +0.19 0.80 + 0.19 1.21 £0.15 1.26 +£0.19 1.23+£0.18
lung 3.09 +£ 0.70 2.01 +0.42 2.34 £ 0.77 1.33 £ 0.25 1.27 £0.12
liver 0.64 +0.11 0.50 +0.14 0.55 + 0.08 0.32 +£ 0.04 0.27 +£0.01
adrenal gland 1.32 +£0.22 1.38 £0.32 2.54 4051 2.27 +£1.03 1.80 +£0.41
kidney 0.59 + 0.17 0.60 + 0.16 0.77 £0.25 0.78 + 0.15 0.73 + 0.09
spleen 0.50 + 0.20 0.92 +0.17 1.25 +£0.17 1.25 £+ 0.29 1.06 + 0.10
testicle 0.06 +0.01 0.05 4+ 0.02 0.08 +0.01 0.09 4+ 0.40 0.08 4+ 0.00
intestine 0.25 + 0.08 0.32 + 0.09 0.40 + 0.06 0.40 + 0.07 0.37 + 0.06
muscle 0.11 + 0.03 0.14 + 0.09 0.16 + 0.02 0.12 + 0.03 0.12 + 0.01
pituitary 0.22 +0.05 0.20 4+ 0.07 0.24 4+ 0.09 0.25 + 0.06 0.20 4+ 0.02
cerebellum 0.13 +0.03 0.08 4+ 0.02 0.09 +0.01 0.054+0.01 0.04 4+ 0.00
cortex 0.12 + 0.03 0.07 + 0.02 0.07 £+ 0.02 0.04 +0.01 0.03 + 0.00

a Radioactivity concentration is expressed as % of injected dose per gram of organ (%1.D./g). Values are expressed as mean + SD. Data
points for all tissues represent three rats.

Table 4. Tissue Biodistribution of [*1C]6 in Albino Male CD Rats?

tissues 5 min 15 min 30 min 60 min 90 min
blood 0.11 4+ 0.07 0.14 4+ 0.03 0.11 4+ 0.04 0.08 +0.02 0.05 4+ 0.02
plasma 0.11 4+ 0.07 0.09 4+ 0.03 0.06 4+ 0.01 0.06 4+ 0.04 0.04 +0.01
heart 0.68 + 0.49 0.86 +0.21 0.73 £0.23 0.60 + 0.25 0.58 +0.11
lung 237 +2.41 2.25 + 0.54 2.09 + 1.00 1.77 £1.05 1.55+0.41
liver 0.41 4+ 0.29 0.69 +0.10 0.55 4+ 0.10 0.454+0.11 0.39 4+ 0.09
adrenal gland 1.12 +£0.91 2.53 + 0.47 2.78 +0.37 2.85 + 0.36 2.22 +0.54
kidney 0.41 + 0.30 0.73 +0.08 0.55 +0.13 0.51 +0.23 0.46 +0.11
spleen 0.34 +£ 0.24 0.75+0.10 0.77 +0.30 0.65 + 0.29 0.71+0.13
testicle 0.04 +0.03 0.09 4+ 0.02 0.09 4+ 0.02 0.09 4+ 0.09 0.08 +0.01
intestine 0.18 +0.13 0.37 £ 0.12 0.31 £ 0.07 0.25 + 0.09 0.24 + 0.05
muscle 0.06 + 0.06 0.13 +0.00 0.10 + 0.05 0.07 + 0.04 0.08 +0.02
pituitary 0.16 +0.11 0.27 +0.14 0.12 4+ 0.03 0.14 4+ 0.04 0.15 4+ 0.02
cerebellum 0.10 + 0.07 0.11 + 0.02 0.09 +0.03 0.07 + 0.02 0.06 +0.01
cortex 0.10 + 0.07 0.11 +0.02 0.1 +£0.03 0.07 + 0.02 0.06 +0.01

a Radioactivity concentration is expressed as % of injected dose per gram of organ (%1.D./g). Values are expressed as mean + SD. Data
points for all tissues represent three rats.

Table 5. Tissue Concentration of Radioactivity at 30 min Post-Injection of [*1C]4, [11C]5, and [*'C]6 into Albino Male CD Rats? After
Pretreatment with Cold PK 11195 or Vehicle

[llc]4 [llc]s [llc]G

tissue vehicle  PK 11195-pretreated p vehicle  PK 11195-pretreated p vehicle PK 11195-pretreated p
blood 0.01 +£0.01 0.02 + 0.003 NS 0.03 +£0.01 0.06 + 0.01 * 0.04+0.01 0.04 +0.01 NS
heart 0.35+0.04 0.04 £0.01 * 0.77 £0.07 0.13 +£0.08 ** 0.35+0.03 0.11+0.01 *x
lung 0.35+0.22 0.05+0.01 * 0.91+0.39 0.14 £ 0.04 * 0.56 +£0.30 0.12 +£0.01 *
liver 0.08 + 0.04 0.16 + 0.06 * 0.30+£0.06 0.56 + 0.09 * 0.35+0.03 0.45 + 0.07 *
adrenal gland 0.62 + 0.62 0.17 £+ 0.02 * 1.60+0.16 0.94 +0.85 NS 1.79 +£0.61 0.78 +0.12 *x
kidney 0.19 +£0.12 0.05 + 0.02 * 0.45+0.02 0.16 + 0.06 * 0.35+0.26 0.12 +0.01 NS
spleen 0.26 £ 0.16 0.02 £ 0.01 * 0.56+0.16 0.11 + 0.06 * 0.28+£0.02 0.09 + 0.01 ok
muscle 0.03 + 0.02 0.02 +£0.01 NS 0.09 +0.01 0.07 + 0.06 NS 0.05 +0.01 0.03 +0.01 *x
pituitary 0.11 + 0.07 0.09 + 0.06 NS 0.25+0.1 0.07 £ 0.05 * 0.09+0.03 0.06 + 0.04 NS
cortex 0.02 £ 0.01 0.02 £0.01 NS 0.05 £ 0.01 0.04 £+ 0.02 NS 0.05 + 0.0048 0.02 + 0.003 Hx

a Radioactivity concentration is expressed as % of injected dose per gram of organ (%I.D./g). Values are expressed as mean=+ SD of five
rats. Differences between groups were examined with Student t-test. NS = not significant (p > 0.05); *significant (p < 0.05); **very

significant (p < 0.001).

cursors in high yields and high specific radioactivity to
perform animal studies. The radioligands are rapidly
taken up and retained in tissues rich in PBR such as
heart, adrenal gland, kidney, and spleen. In lungs,
where PBRs are also expressed, we observed a high
initial accumulation of the radioligands (4% for [11C]4,
3% for [11C]5, and 2.4% for [*1C]6 1.D./g of tissue,
respectively) followed by a continuous decrease. Be-
tween the various organs examined the highest ac-
cumulation of radioactivity was found in the adrenal
gland, the organ with the higher concentration of PBR.8
In this tissue at 30 min after injection approximately
the %I1.D./g of tissue was 3.0%, 2.2%, and 2.8% for [*1C]-
4, [11C]5, and ['1C]6, respectively. At this time radioli-
gand [11C]4 displayed the highest tissue-to-blood radio-

activity concentration (50) in comparison with [*1C]5
(42) or [''C]6 (25), respectively. In the kidney the
behavior of [*1C]4 and [*C]5 was similar whereas a
lower signal-to-noise ratio was observed for [11C]6. Also
in the heart higher radioactivity concentration as well
as tissue-to-lung radioactivity ratios were observed in
the group of rats injected with compound [*1C]4. Heart-
to-lung radioactivity ratios progressively increased with
time in rats treated with either [11C]4 or [*1C]5; how-
ever, only in the case of [11C]4 did they reach values
higher than 1.

Results of inhibition studies in peripheral tissues
suggest that radioligand uptake in heart, lung, adrenal
gland, kidney, and spleen was due to specific binding
of the radioligands with PBR (Table 5). In these organs
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Figure 1. Effect of pretreatment with PK 11195 on radio-
activity concentration in tissues 30 min after injection of [*!C]-
4, [*C]5, or [*!C]6. Data are presented as a percentage of
reduction of radioligand radioactivity concentration in rats
treated with 5 mg/kg PK 11195 compared to vehicle-treated
rats.

approximately 70—90% of [11C]4 uptake and 60—90%
of [11C]5 and [*'C]6 uptake was inhibited by the pre-
administration of 5 mg/kg of 1. A significant reduction
(70%) was also observed in the pituitary gland of the
group of rats injected with [1*C]5 but not in the group
of rats treated with either [11C]4 or [1C]6.

The relatively low specific binding obtained in the
inhibition experiments in the adrenal gland with radio-
ligands [11C]5 (41%) and ['1C]6 (56%) compared with
[11C]4 (72%) was expected based on the racemic nature
of 5 and 6. The enantiomers may behave differently in
vivo with respect to specific receptor binding.3334 Thus,
the presence of an inactive isomer might increase only
the amount of unspecific binding and consequently
reduce the signal-to-noise ratio. However, if the (R)- or
(S)-isomers of 5 and 6 differ on PBRs requires further
investigation.

Pretreatment with compound 1 increased liver uptake
in animals injected with either [*1C]4, [*1C]5, or [1C]6.
A similar increase of radioactivity concentration was
observed in the liver of mice injected with [?H]1 plus 5
mg/kg of cold compound.3®

The uniform distribution of the radiolabeled com-
pounds [*C]4, [*'C]5, and ['C]6 within the rat brain
was in agreement with the low expression of PBR in
the brain of nonlesioned rats. At 60 min after injection
of the radioligands the highest stable uptake was found
in the pituitary (0.36% for [*1C]4, 0.25% for ['1C]5, and
0.14% for [11C]6, respectively) compared to that found
in the other areas such as cerebellum and cortex (Figure
2).

In conclusion, results of this study indicate that [*1C]-
4, [*1C]5, and ['1C]6 are promising radioligands for the
in vivo imaging of PBR. Among these, radioligand [*1C]-
4 showed a higher specific binding to PBR as indicated
by the high reduction of radioligand uptake observed
in the inhibition study with cold PK 11195 and tissue-
to-blood ratio. Due to its easy preparation and in vivo
behavior [11C]4 seems to be a suitable radioligand for
the quantification and visualization of PRBs with PET.
Further studies in appropriate animal models of brain
injuries or inflammation should confirm the potential
interest of [11C]4 for the in vivo imaging of PBR.
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Figure 2. Radioactivity distribution in rat brain measured
60 min after injection of [*'C]4, [**C]5, or [*'C]6. Data are
presented as the mean value of radioactivity concentration in
the pituitary gland, cerebellum, and cortex (n = 3).

Experimental Section

Materials. Reagents and solvents were obtained from
Aldrich Italia S.p.A. (Milano, Italy) and were HPLC or
American Chemical Society (ACS) grade.

[**C]Carbon dioxide was produced by the **N(p,a)'*C reac-
tion on a CTI-Siemens RDS-112 cyclotron, using 11.5 MeV
proton beam at currents 10—30 uA, and trapped in a hollow
stainless steel loop, cooled with liquid nitrogen. [**C]Methyl
iodide was synthesized as described by Langstrom3® involving
the reduction of [**C]CO, with LiAlIH,4 to lithium aluminum
[**Clmethylate, hydrolysis of this intermediate organometallic
complex, and subsequent iodination of the formed [*'C]metha-
nol with hydriodic acid and distillation through an Ascarite-
Sicapent purification column. [**C]Methyl triflate was pre-
pared as described by Jewett®” from [*'C]methyl iodide on
silver triflate-graphitized column. Radiochemical syntheses
were performed on the fully automated synthesis module (PET
tracer synthesizer, Nuclear Interface Datentechnik GmbH,
Munster, Germany) for [*'C]methylation.

The EI spectra were obtained with sample introduction into
a particle beam HP 5988 instrument operating at 70 eV. The
instrument was acquiring data from m/z 50 to m/z 500. The
LC-APCI analyses were carried out with a Finnigan MAT95
double-focusing mass spectrometer. The corona discharge was
set at 2 uA, the vaporizer at 350 °C, and the heated capillary
at 200 °C. Chromatographic separation of the two rotamers
of [**C]5 and [*'C]6 was achieved using a Hypersil-BDS C-18
(250 x 4.6 mm; 5 um) reverse-phase column at 1 mL/min with
a solvent mixture of H,O:CH3;CN (40:60, v:v). The HPLC
column end was connected to the APCI source. Purified
samples were introduced directly into the APCI source by loop
injection technique using H,O:CH3OH (1:1) at 0.3 mL/min by
a Rheodyne injector with a 20-uL loop. Acquisition was carried
out in Lcent mode scanning over the 100—900 mass range.

The course of the [*1C]methylations was assessed by radio-
HPLC using CH3;CN—25 mM sodium dihydrogen orthophos-
phate as eluent at 1 mL/min. HPLC was performed with a
Waters Millennium system equipped with UV absorbance
detector set at 254 nm, a flow radioactivity detector (Bioscan),
and a reversed-phase analytical HPLC column (Shandon
Hypersil BDS C-18, 5 um, 250 x 4.6 mm). pH of the final
solutions was measured on a Schott Gerate pH meter.

Sterility and pyrogenity tests were performed according to
Italian Pharmacopoeia® and using the Limulus Amebocyte
Lysate (LAL) test (Bio Whittaker, Inc.), respectively.

Procedures for the Radiosyntheses of [*'C]4, [*C ]5,
and [*'C]6. The radiosyntheses of [*C]4b, ['1C]5b and [*'C]-
6b were accomplished by reaction of [*!C]methyl iodide or [**C]-
methyl triflate with the corresponding desmethyl precursors
in the presence of a base such as potassium hydroxide or
tetrabutylammonium hydroxide (Scheme 1).

No-Carrier-Added Radiosyntheses. In the experiments
addressed to the setting of optimal synthetic conditions
(temperatures, solvent, [**C]synthone and base) radioactivity
was measured in an ascarite/molecular sieves activated carbon
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Scheme 1. Radiolabeling of the New
Quinoline-2-carboxamide Analogues of PK 11195

., .,

a) [''C]Methyl triflate
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trap placed at the reactor outlet. The reaction mixture was
then analyzed by HPLC ant the percent distribution of
radioactivity among the [*C]methylated target compound,
[**C]methanol, and other radioactive impurities was deter-
mined on the basis of the radioactivity peak.

(a) Methylation with [*'C]Methyl Triflate. In a closed
reaction vial containing 1 mg of desmethyl precursor 4a
(0.0028 mmol) or 5a (0.0031 mmol) or 6a (0.003 mmol) and
10 uL (10 umol) of 1 N potassium hydroxide in dimethylform-
amide (100 uL) [*'C]methyl triflate was transported by a
stream of argon (10 mL/min) at —15 °C. At the end of trapping
(3 min) the reaction mixture was diluted with 0.8 mL of mobile
phase prior to injection into the HPLC semipreparative
reversed-phase column (see below).

(b) Methylation with [**C]Methyl lodide. [*!C]Methyl
iodide was transported by a stream of argon (5 mL/min) into
the reaction vessel containing 1 mg of desmethyl precursor
4a (0.0028 mmol) or 5a (0.0031 mmol) or 6a (0.003 mmol) in
of 100 uL of dimethylformamide containing 1 uL (2 umol) of
tetrabutylammonium hydroxide (60% aqueous solution; Fluka)
at 80 °C. After 4 min the reaction mixture was diluted with
0.8 mL of a solution of acetonitrile:water (1:1; v:v) and injected
into the HPLC semipreparative reversed-phase column. Pu-
rification of each radioligand was accomplished using an HPLC
Shandon Hypersil BDS C-18 (250 x 10 mm, 5 um) column
using the following chromatographic conditions: (1) [*'C]4:
CH3CN:5 mM sodium dihydrogen orthophosphate (65:35, v:v)
at 4 mL/min flow rate (retention times were 8.5 and 11.5 min
for [!C]4 and 4a, respectively); (2) [**C]5 and [*1C]6: CH3CN:5
mM sodium dihydrogen orthophosphate (60:40, v:v) at 4 mL/
min flow rate (retention times were 9.2—11.2 min for the [*'C]-
5 rotamers and 12.5 min for 5a, respectively, and 8.4—9.5 min
for the [*1C]6 rotamers and 11 min for 6a, respectively).

Retention times were confirmed before each radiosynthesis
by comparison with authentic standards. The effluent from
the column corresponding to [''C]4, [*'C]5 or [*'C]6 was
collected in 40 mL of sterile water, and the radioligand was
recovered by solid-phase extraction on Sep-Pak C-18 cartridge
(Millipore) preactivated with 5 mL of MeOH followed by 10
mL of water. The Sep-Pak was washed with water (10 mL)
before eluting with ethanol (0.5 mL) in a vial containing 5 mL
of saline solution, which was sterilized through a sterile 0.22-
um filter (Gelman Acrodisc). The pH of the final solution was
ranging from 6.5 to 7.

The final solution of known volume of each radioligand was
assayed for total radioactivity and a 20-uL aliquot was applied
to an analytical HPLC Shandon Hypersil BDS C-18 (250 x
4.6 mm, 5 um) column. The amount of carrier was calculated
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from the UV absorbance peak area by means of the external
standard calibration plot. Chromatographic conditions used
for each radioligand were CH3CN:25 mM sodium dihydrogen
orthophosphate (75:25, v:v) at 1 mL/min flow rate. Retention
times were 6 and 7.1 min for [*!C]4 and 4a, respectively; 5.5—
6.1 min for the two rotamers of [**C]5 and 6.8 min for the
precursor 5a, respectively; 5.2—5.6 min for the two rotamers
of [*1C]6 and 6.5 min for the precursor 6a, respectively). The
minimal detectable concentration was 0.51 nmol/mL for [*'C]-
4, 2.2 nmol/mL for [*1C]5, and 2.2 nmol/mL for [*'C]6.

Carried-Added Radiosyntheses of [*C]4, [*'C]5, and
[*1C]6. The synthesis was carried out as described above for
the no-carried-added preparation but 20 uL of methanol carrier
was added to the hydriodic acid used for [**C]methyl iodide
formation. After semipreparative HPLC purification the frac-
tion corresponding to the desired radioligand was collected in
40 mL of sterile water and the product was recovered by solid-
phase extraction on a preactivated Sep-Pak C-18 cartridge by
elution with 1 mL of methanol. The nonradioactive material
with the '!C-labeled radioligands was ensured by the well-
detectable UV peak at the retention time of the target
compound. The peak was collected and its identity was
confirmed by mass spectrometry. Addition of authentic stan-
dard to the preparation before HPLC analysis caused the
expected increase of the UV peak coeluting with the radio-
active material.

In Vivo Studies with [*'C]4, [**C]5, and [*!C]6. Tissue
Distribution Studies. Biodistribution studies in rats were
performed in conformity with the demands of the Laboratory
Animal Ethical Committee (IACUC) of the Scientific Institute
H San Raffaele, Milano, Italy. Albino male CD rats weighing
225—250 g were obtained from Charles River (Italy) which
were injected in the tail vein with [*1C]4, [*'C]5, or [*'C]6 as
follows: (1) [**C]4: injected dose of 100—150 xCi/100—150 uL
of saline/animal (2 £ 1 Ci/umol of specific radioactivity at time
of injection); (2) [*'C]5: injected dose of 180—200 uCi/120—
150 uL of saline/animal (1 £ 0.04 Ci/umol of specific radio-
activity at time of injection); (3) [**C]6: injected dose of 150—
200 uCi/150—180 uL of saline/animal (1 £ 0.1 Ci/umol of
specific radioactivity at time of injection).

At 5, 15, 30, 60 and 90 min, rats (three animals at each
time point) were sacrificed by decapitation under slight ether
anaesthesia and blood was collected into a heparinized tube.
Plasma was separated by centrifugation and both blood and
plasma were counted. Immediately after killing, the brain was
removed quickly and dissected into cerebellum, whole cortex
and pituitary gland. Peripheral organs, including heart, lung,
liver, kidney, adrenal gland, spleen, testicle, intestine and
muscle, were sampled and washed with cold saline. Tissue
samples were then placed in preweighed tubes and assayed
for the radioactivity by an automated well counter (LKB
Compugamma CS 1282). In particular were sampled the whole
kidney, adrenal gland, spleen, testicle, and heart, the duode-
num, and the right deltoid muscle. One piece of the left, right
and median lobes of the liver or one piece of anterior, median
and posterior right lobes of the lungs were considered repre-
sentative of the whole organ, i.e., liver or lung, placed in the
same tube and counted. After counting samples were weighed
and the uptake of radioactivity was calculated as a percentage
of the injected dose per gram of tissue (%l.D./g tissue).

Inhibition Studies. Inhibition studies were performed in
separate groups of rats. Animals (five rats each group) were
injected in a tail vein with either 30 uL of 1 dissolved in DMSO:
EtOH solution (1:1; v:v) or vehicle prior to the administration
of the radioligands: (1) 1.4 mg (0.0039 mmol) of 1 followed by
injection of 90—100 uCi of [*C]4/130—150 uL of saline/animal
(0.9 Ci/umol of specific radioactivity at time of injection); (2)
1.6 mg (0.0049 mmol) of 1 followed by injection of 100—120
uCi [**C]5/130—150 uL of saline/animal (0.9 Ci/umol of specific
radioactivity at time of injection); (3) 1.4 mg (0.0039 mmol) of
1 followed by an injection dose of 140—170 uCi of [*1C]6/120—
150 uL of saline/animal (1 Ci/umol of specific radioactivity at
time of injection).
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At 30 min, animals were decapitated and processed as
described above (%l.D./g of tissue). Differences between groups,
i.e., PK 11195 versus saline-pretreated rats, were examined
by Student’s t-test for unpaired data. Differences were con-
sidered significant at P values lower than 0.05.
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