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Antagonist 5-HTa PET ligands are available, but an agonist ligand would give more information about
signal transduction capacity. Synthesis and in vivo evaluatio®-ohgthyl+C]24 4-[4-(7-methoxynaphthalen-
1-yl)piperazin-1-yl]buty}-4-methyl-H-[1,2,4]triazine-3,5-dione1(0), a potential high affinity ; = 1.36

nM) 5-HT;, agonist PET tracer is described. PiperaZifigés a 5-HT,4 agonist with an Eg comparable to
serotonin, based on cAMP formation and GEminding assays. Radiosynthesis'd€]10 has been achieved

by reacting 2{4-[4-(7-hydroxynaphthalen-1-yl)piperazin-1-yl]butyd-methyl-H-[1,2,4]triazine-3,5-dione

(9) and FC]CH;OTf in 25 4+ 5% (n = 15) yield at the end of synthesis (EOS). The chemical and
radiochemical purities of'fC]10 were >99% with a specific activity 1508 300 Ci/mmol  =15). PET
studies in anesthetized baboon demonstfa@ 10 specific binding in brain regions rich in 5-HA receptors.
Binding of ['!C]10was blocked by WAY100635 and 8-OH-DPAT. The regional brain volumes of distribution
(V1) of [*1C]10in baboon correlate withifC]WAY 100635V~ in baboons. These data provide evidence that
[C]10 s the first promising agonist PET tracer for the 5-4Teceptors.

Introduction sites of 5-HTa receptort®17 In vitro, the ratio of PH]8-OH-
DPAT:[®H]WAY-100635 (HA:LA + HA) binding in human
neocortex is 1.72.7;8 the in vivo ratio isnot known Second,

it has been suggested that agonist ligands may be more sensitive
éo intrasynaptic levels of endogenous neurotransmitter such as
serotonin or dopamin¥. Antagonist radiotracers bind to both
ﬁhe HA and LA receptors. As serotonin is an agonist which
binds preferentially to the HA state of the receptor, serotonin
may only measurablely displace antagonist radiotracer binding
to the HA receptors. In contrast, all agonist radiotracer binding
could be displaced by increases in synaptic serotonin. As an

cortices > amygdala> striatum and the lowest in cerebel- example, 2 receptor agonjst radioligands are more sensitive
lum 1-12Pgsitron emission tomography (PET) is the best method to d|splacement'by dOPaT“'”e than antagonist rad|oI|géQT(§_%.
to measure 5-Hfi receptor binding in living human brain, and Finally, an agonist radioligand W_ould provide a better estimate
the antagonist radiotracet{C]WAY-100635 is the most com-  ©Of réceptor occupancy for agonist therapeutic agents such as
monly used 5-HT, ligand for in vivo studied? However, the ~ 9ePirone because of a better signal-to-noise ratio. sHT
5-HT14 receptor exists in high and low agonist affinity state® receptor agonism has been postulated to play a role in the action
and antagonist ligands bind both the high affinity (HA) and low ©f atypical antipsychotic drugs (APDs) that achieve an anti-
affinity (LA) conformations of the 5-Ha receptor with psychotic effect with lower rates of extrapyramidal side effects
comparable affinity. In contrast, agonists bind preferentially to (EPS) compared to first-generation APDs such as halopefidol.
the HA state of the receptor which is coupled to G-protein, and ~ Several radioligands for 5-HX receptor have been evaluated
therefore agonist binding provides a more meaningful functional for imaging purposes by PET or SPE€TThe most successful
measure of the 5-Hik receptor. radioligands are 5-Hil receptor antagonists such asfbonyt
Development of an agonist radioligand would provide several “"CIWAY-100635 (WAY), [carbonyt'Cldesmethyl-WAY-
potential advantages over antagonist radioligands. First, it may 100635 (DWAY), ancy-[**]MPPF?>-27 Considering the merits
enable the determination of the HA:LA ratio in vivo in human ©Of 5-HT:a receptor agonist tracers, several efforts are being

brain. Agonists, some used as therapeutic agents, such aghade for the development of imaging agents. Most imaging
flesinoxan, buspirone and gepirone bind preferentially to HA studies have been carried out with the aminotetralin structural
skeleton (Chart 1). A number of radioiodinated derivatives such
231- _Q._ _ 2311-9.- _
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The 5-HT;a serotonin receptor is implicated in the patho-
physiology of major neuropsychiatric disorders including de-
pression, suicidal behavior, panic disorder, epilepsy, bulimia,
schizophrenia, Parkinson’s disease and Alzheimer’s disease an
is therefore an important target for drug therdp¥.5-HT;a
receptors are expressed as somatodendritic autoreceptors i
serotonin neurons of the raphe nuclei (presynaptic) and as
postsynaptic receptors in cortical and subcortical brain re-
gions?10 Postsynaptic 5-His receptors are found in limbic
regions (hippocampus, septurr) prefrontal and entorhinal
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have previously labeled LY-27460K;(0.6 nM), a full agonist product at the 4-position by sodium hydride in DMF and methyl
at the 5-HTa receptor, but in vivo it lacked detectable specific iodide followed by treatment with catalytETsOH in refluxing
binding and was very rapidly metabolized in mi@eSimilarly, ethanol yielded? in 76% overall yield. The tethering of the
[*C]-labeled &)-8-OH-PPSMAT and<)S-20499 also did not  4-chlorobutyl side chain in compoun? was achieved by
show specific binding in rat® Experiments in monkeys with  alkylation with 1-bromo-4-chlorobutane in the presence of
the [F'Cl-analogue of(R)-11-hydroxy-10-methylaporphine, a  sodium hydride in DMF to afford 2-(4-chlorobutyl)-4-methyl-
potent and selective 5-HZ receptor agonist; = 0.45 nM), 2H-[1,2,4]triazine-3,5-dione J) in 70% vyield. The required
were also unsuccessffi.A number of agonist radioligands, counterpart of compour@ifor the synthesis of the radiolabeling
which possess favorable pharmacological characteristics, suctprecurso®, 8-piperazin-1-ylnaphthalen-2-df)( was synthesized
as MCJORG-13502, JIC|(S)-PPMMB, [eF]FBP, ['8F] and by the reaction of 8-aminonaphthalen-2-af) (and bis-(2-
[*24] analogues of ORG 13063, and!€]-analogue of a  chloroethyl)aming6) in poly(ethylene glycol) under microwave
thiochroman derivative, failed to demonstrate specific binding conditions with 46% yield. Under identical conditions 1-(7-
in vivo.3540 Thus, although the antagonist tracef3C|WAY methoxynaphthalen-1-yl)piperazin8)( the precursor for the
andp-[18F]MPPF, are established PET ligands in clinical studies, synthesis of10 was obtained in 54% yield by coupling
a successful 5-Hil receptor agonist PET radiotracer for studies 7-methoxynaphthalen-1-ylaming)@nd compoun®. Coupling
in living brain has not yet been developed. reactions under thermal conditions resulted in an inseparable
Successful agonist radiotracers have been recently developednixture of products. The synthesis @fwas achieved by cou-
for D, and M, receptorg241 We sought therefore to develop pling compound3 with naphthylamine? in 55% yield. Under

an agonist PET probe to image 5kHTand selected 24-[4- similar conditions, coupling of with naphthylamine provided
(7-methoxynaphthalen-1-yl)piperazin-1-yl]-bytd-methyl-2H- piperazinelO in 50% yield (Scheme 1).
[1,2,4]triazine-3,5-dionel(0 or MPT or F11461) as our candi- Radiochemistry. The labeling of the desmethyl compound
date ligand due to its high affinity to 5-HX receptor (i 9 was initially modeled with nonradioactive methy! triflate and
10.49¥2*3and favorable lipophilicity (calculated octanakater methyl iodide, and the reaction conditions were optimized using
partition coefficient (clog) = 1.8, calculated with ACD/log NaOH as base. The optimal condition for radiosynthesis of
DB program). [11C]10 was eventually identified as treating the radiolabeling

precursoi® with [1IC]CH;OTf in acetone in the presence of 10
uL of 5 M NaOH at room temperature (Scheme 2, Figure 1).
Chemistry. The synthesis ofl0 was established from  The product was purified by RP-HPLC followed by passing
commercial 6-azauracil in five steps (Scheme 1). Accordingly, through a C-18 Sep-Pak cartridge. The radiochemical yield of
6-azauracil {) was selectively acetylated at the 2-position by [1C]10 was 254 5% (n = 15) at the end of synthesis (EOS).
refluxing in acetic anhydride. Methylation of the resulting The chemical identity ofl}C]10was established by coinjecting

Results and Discussion
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the radioactive product with an authentic sample of nonradio-
active standard.0 on an analytical RP-HPLC. The chemical
and radiochemical purities offC]10 were found to be>99%
with a specific activity 150Gt 300 Ci/mmol 6 = 10) at end

of bombardment (EOB). The average time required for tHg] [
labeling was 30 min (EOB). The patrtition coefficient (Rygy)

of [*C]10 was determined by standard shake flask method
and found to be 2.2.

In Vitro Sensitivity and Selectivity. Competition binding
studies with $H]8-OH-DPAT at various concentrations deter-
mined the inhibitory constant valuek;J of 10 and 5-HT to be
1.36 nM and 1.58 nM, respectively (Figure 2). The affinity of

"ci1o

marized in Table 1. Although the assay revealed nanomolar
affinity of compoundl0to 5-HT7 (K; = 9.1 nM) and D (K;
8.5 nM) receptors, the number of these receptors is too small
in brain to detect using PE*®. 47 The next lowesK;s of 10 for
other tested targets were about 20 times more than HHT
receptor [5-HBa (Ki = 41.5), Dy (K; = 22.1 nM), ay (K;
32.2 nM), azc (Ki = 23.7 nM), B2 receptors ; = 60.6 nM)].
The affinity for other brain receptors and transporters was low
(0.1 to 10uM).

In Vitro Agonist Activity of 10. Agonism of10 at 5-HTja
receptor was assessed using guanosin®-E-[3°S]thiotri-
phosphate) $S]GTP/S) binding and cyclic adenosine mono-

10 for various brain receptors and transporters was assesseghosphate (CAMP) formation in membranes of Chinese hamster

through the National Institute of Mental Health-Psychoactive
Drug Screening Program (NIMH-PDSP), and results are sum-
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Figure 1. A. Radiosynthesis of'{C]-10. B. Coinjection with nonra-
dioactive10.
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Figure 2. Competition of fH]-8-OH-DPAT binding by 5-HT and.0
in CHO membranes. Values are shown expressed as a percentage of
control which is the binding ofH]-8-OH-DPAT in the absence df0
or 5-HT. Data points are means of duplicate determinations from
representative experiments repeated on at least three independent
occasions with similar results.
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Table 1. K;s of 10 for Receptors and Transporters
targets Ki (nM) selectivity? targets Ki (nM) selectivity

5-HTia 1.36+0.16 1 D 7396 5438
5-HT2a 41.5+43 30 D 22.01+1.3 16.25
5-HTac 99.6+ 16.8 73 Q 62.84+ 21.66 46
5-HTs >10000 >10000 D 8.5+ 1.25 6.2
5-HTsa 228.6+ 56 167 D >10000 >10000
5-HTs 120.3+ 30 88 DAT 407.4+ 94 300
5-HT7 9.1+ 0.76 6.7 DOR >10000 >10000
Az, Az, Ay >10000 >10000 EP >10000 >10000
adrenergiay 32.2+1.3 23.6 GABA >10000 >10000
adrenergia. oa 1012 744 H 150+ 39 111
adrenergia. 25 316.2+ 37 232 H 302+ 48 222
adrenergigc 23.7+9.64 17.4 H, Ha >10000 >10000
adrenergifi 475.8+ 78 350 hERG >10000 >10000
adrenergi@z 60.6+ 10.8 44.5 KOR >10000 >10000
adrenergifs >10000 >10000 M >10000 >10000
BZP >10000 >10000 MDR1 >10000 >10000
Ca' channel >10000 >10000 MOR >10000 >10000
AMPA >10000 >10000 mGIuR >10000 >10000
NET 6980 5132 NMDA >10000 >10000
NK >10000 >10000 SERT 6144 4517
Sigma 480+ 173 352 Sigma >10000 >10000
V1, V2 >10000 >10000 VMAT,, >10000 >10000
Nat channel >10000 >10000 N >10000 >10000
CBy, CB; >10000 >10000 imidazoline >10000 >10000

a Ratio of the inhibitory constants with respect to 544 Teceptor; A: adenosine;: alpha;s: beta; BZP: benzodiazepine; AMPAt-amino-3-hydroxy-
5-methyl-4-isoxazolepropionic acid; V: vasopressin; CB: cannabinoid; D: dopamine; DAT: dopamine transporters; DOR: delta opioid receptors; EP:
prostanoid receptors: GABA: gamma-amino butyric acid; H: histamine; hERG: human ether-a-go-go; KOR: kappa opioid receptors; M: muscarinic;
MDR: multidrug resistance; MOR: mu opioid receptor; mGluR: metabotropic glutamate receptors; NMBdethyl-o-aspartic acid; NK: neurokinin;

SERT: serotonin transporter; VMAT: vesicular monoamine transporter; NET: norepinephrine transporter; NT: neurotrophin.
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Figure 3. Effect of 5-HTia receptor agonists concentration on the Figure 4. Differential inhibition of forskolin stimulated cAMP
stimulation of f¥$S]GTPy'S binding in CHO cells. Values are shown accumulation by 5-HT and0in CHO membranes. Values are shown

as expressed as a percentage above basal which is the binding ofxpressed as a percentage of forskolin stimulation which is as 100%.
[¥S]IGTP/S in the absence of agonists. Data points are means of Data points are means of duplicate determinations from representative
duplicate determinations from representative experiments repeated oréxperiments repeated on at least three independent occasions with
at least three independent occasions with similar results. similar results.
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ovary (CHO) cells expressing the receptor. Figure 3 shows the maximal inhibition of cCAMP, whereas, with the same concen-

dose-response curves foPf5]GTP/'S binding in response to  tration, 5-HT expressed approximately 40% inhibition. ThedC

10, 5-HT, and pindolol and demonstrates increased binding of of 10 and 5-HT using this method are 0.01 nM and 1 nM,

[®°S]GTP/S over the basal level in a concentration-dependent respectively, comparable to the values from measurement by

manner. These experiments were performed in the presence of5TPyS binding. The effect ofl0 in these two assays shows

3 uM GDP to maximize agonist stimulation of>B]JGTP/S that 10 is a 5-HTia agonist with affinity higher than that of

binding relative to the basal signal. At nanomolar concentrations, endogenous ligand 5-HT.

10show saturation of the increase in binding of GBPwhereas In Vivo Evaluation of [11C]10 in Baboons. Metabolite-

only 70% and 10% of saturation was observed for 5-HT and corrected arterial input functions were used to determine the

pindolol, respectively. The B of 10 is about one tenth that  volume of distribution ¥r) of [11C]10. The plasma samples at

of 5-HT (EGso = 0.05 nM and 0.5 nM, respectively). The &C time points 2, 4, 12, 30, 60 and 90 min were extracted with

observed for pindolol, a known 5-HA partial agonist, is several  acetonitrile and were used for metabolite assays. Only polar

log orders higher (Figure 3). metabolites were observed in the assays and the percentage of
To further evaluate the agonist propertyl® we determined unmetabolized C]10 (mean+ SD, n=15) was 9& 2% of

inhibition of forskolin-stimulated cAMP accumulation )0 total plasma radioactivity at 2 min, 8¢ 3% at 4 min, 65+

and 5-HT via activation of the 5-HE receptor which is coupled 5% at 12 min, 30t 5% at 30 min, 2&+ 3% at 60 min and 12

to Gy, (Figure 4). At one nanomolar concentratidi®,shows a + 3% at 90 min respectively (Figure 5). We conducted blockade
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Figure 5. Unmetabolized parent fraction 0f]10in baboon plasma.
Filled circles represent the mean fraction in 15 determinations. Error
bars are standard deviations.

Figure 6. Sum of last 60 minC]10 PET scans in baboon brain

(images are normalized to the injected dose). Top row: baseline; middle

row: pretreatment with WAY100635 (0.5 mg/kg iv); bottom row:
pretreatment with 8-OH-DPAT(2 mg/kg iv). First column: sagittal,
middle column: coronal, last column: axial views.

studies in the same baboon and no significant changes in

metabolites or free fractions were observed.

[*C]10 penetrated the BBB and accumulated in brain regions
known to possess high concentrations of 5tkfEceptor (Figure
6, top row). Time activity curves (TACs) showed rapid pas-
sage of the tracer across the BBB (Figure 7A). A high corre-
lation (R = 0.885,p = 0.003) betweenfC]WAY100635
Vr and [C]10 V¢ was observed (Figure 7B). Ther of
[YIC]WAY 100635 was higher compared with'C]10, presum-
ably because!fC]WAY100635, an antagonist, binds to both
HA and LA states of 5-H7a receptor. Cerebellum had the
lowest binding of {1C]10and FC]WAY 100635, consistent with
our previous post-mortem binding studly*8

We examined the in vivo specificity ofJC]10 by conducting
block studies with WAY100635 (0.5 mg/kg iv, 20 min prior to
[*1C]10 administration; Figure 6 middle row and Figure 8A)
and the 5-HTa agonist 8-OH-DPAT (2 mg/kg iv, 30 min prior
to the administration oftf{C]10 (Figure 6 bottom row and Figure
8B). The TACs show that uptake of'C]10 to brain regions
with specific binding was reduced to levels found in the

Journal of Medicinal Chemistry, 2006, Vol. 49, N&29

we conducted block studies with M100907 (544 Bntagonist,

2 mg/kg iv, Figure 9A.) and haloperidol ¢PD; and Dy
antagonist, 0.25 mg/kg iv, Figure 9B.) 30 min prior to the
administration of 1C]10. To evaluate the effect of haloperidol
and M100907 on!C]10 binding, the specific to nonspecific
equilibrium partition coefficient (Bf) was analyzed using a
mixed-effects model with M100907 or haloperidol vs baseline
status and ROI as fixed effects and individual PET scans and
experimental order as random effects. To correct for inhomo-
geneity of variance, the analysis was performed on log-
transformed BPdata. The model was fit using SPSS software
(Chicago, IL) running on Mac OSX (Apple Computer, Inc.,
Cupertino, California). Alp values reported correspond to two-
sided alternative hypotheses. Model adequacy of the transformed
variables was checked via standard residual-based diagnostics.
Neither M100907 nor haloperidol affect&f of the reference
region F = 7.23,df=1,p=0.23; F=0.67, d&1, p = 0.564
respectively). Binding potential (Bl differs between brain
regions F = 606.67, df= 4, p < 0.0001). There is no significant
M100907 or haloperidol effect oh0 binding in the regions of
interest £ = 31.81, d=1, p M100907 0.112; F 1.63, df=1,

p = 0.423 respectively), demonstrating that blocking 5T

or dopamine receptors does not aliér binding (BR). This
suggests thatl0 does not bind significantly to 5-Hk or
dopamine receptors in vivo at tracer doses.

Experimental Section

The commercial chemicals used in the synthesis were purchased
from Sigma-Aldrich Chemical Co., Fisher Scientific Inc. or
Lancaster and were used without further purification. Melting points
were determined on a Fisher Scientific Melting point apparatus.
IH NMR spectra were recorded on a Bruker PPX 300 and 400
MHz spectrometer. Spectra were recorded in GD&2l CD;OD
and chemical shiftsd) are reported in parts per million (ppm)
relative to tetramethylsilane (TMS). The mass spectra were recorded
on JKS-HX 11UHF/HX110 HF Tandem Mass Spectrometer in the
fast atom bombardment (FAB mode. Microwave experiments
were conducted on Sharp carousel model instrument. Elemental
analyses of selected compounds as HCI salts were performed by
Galbraith Inc. Thin-layer chromatography (TLC) were performed
using silica gel 60 F254 plates from Emerck. Semipreparative HPLC
analyses were performed using a Waters 1525 HPLC system,
Phenomenex, Prodigy ODS(3) 20250 mm, 10u column using
40:60 (acetonitrile: 0.1 M ammonium formate solution), 10 mL
per minutes flow rates and for analytical studies Phenomenex,
Prodigy ODS(3) 4.6x 250 mm, 5u column using 40:60
(acetonitrile: 0.1 M ammonium formate solution), 2 mL per minute
as flow rate were used. Flash column chromatography was
performed on silica gel (Fisher 26@00 mesh) using the solvent
system indicated in the experimental procedure for each compound.
[HC]Methyl triflate was synthesized in the Radioligand Laboratory
of Columbia University by transferringJC]methyl iodide through
a glass column containing silver triflate (AgOTf) at 280.4° The
radiochemical and chemical purities were analyzed by RP-HPLC
with PDA and Nal detectors. Partition coefficient determination
was performed with a Packard Instruments Gamma Counter (Model
E5005). Metabolite analyses were performed using Waters bond-
pack C18 column (7.8« 300 mm) using a mobile phase 40:60
(acetonitrile: 1% phosphoric acid solution). The free fractions and
metabolites were measured using Packard Instruments Gamma
Counter (Model E5005).

Chemistry. 4-Methyl-2H-[1,2,4]triazine-3,5-dione (2).A solu-
tion of 6-azauracil 1, 2.0 g, 17.70 mmol) in acetic anhydride (10
mL) was refluxed for 2h. The reaction mixture was then cooled to
room temperature and dried under vacuum. The crude product was

cerebellar reference region, demonstrating the in vivo specificity repeatedly treated with toluene and concentrated under vacuum to
of [11C]10binding for 5-HT;a receptor. To determine the degree give the acetyl derivative (1.92 g, 80%). The resultant acetyl
of in vivo binding of 10 to 5-HTa, D2, D3 and Dy receptors, derivative (1.92 g, 12.4 mmol) was added to a suspension of NaH
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Figure 8. Time—activity curves of the radioactivity in baboon after the injection’d€]10. A. Pretreatment with WAY100635 (0.5 mg/kg iv). B.
Pretreatment with 8-OH-DPAT (2 mg/kg i.v). ACN anterior cingulate, CER= cerebellum, HIP= hippocampus, PF& prefrontal cortex.

(545 mg, 13.63 mmol, 60 wt %) in DMF (15 mL). After stirring  (m, 4H); HRMS calcd for @H13CIN3O, (MHT): 218.0696;
for 30 min at room temperature (rt), the reaction mixture was treated Found: 218.0696.
with iodomethane (0.9 mL, 14.45 mmol) and stirred for 6h. After 8-Piperazin-1-yl-naphthalen-2-ol (7).A suspension of 8-ami-
concentrating to dryness under vacuum, the residue was dis-nonaphthalen-2-o¥ 796 mg, 5 mmol) and dichlorid@ (892 mg,
solved in ethanol (10 mL) and treated with catalytic amount of 5 mmol) in PEG-400 (2 mL) was heated under microwave
p-toluenesulfonic acid (PTSA) (250 mg, 1.31 mmol) and then heated conditions (3x 10 s) with ample time between the heating to allow
for 2h under reflux conditions. The reaction mixture was concen- the reaction mixture to cool to room temperature. (CAUTION! A
trated under vacuum, treated with water (5 mL), and extracted with copious amount of HCI gas is released). After the evolution of HCI
chloroform (3 x 15 mL). The organic phases were dried over gas subsided, the reaction mixture was triturated with chloroform
MgSQ,, concentrated and recrystallized from hexane: diethyl ether to precipitate out the crude solid. The solid residue was filtered
(90:10) to give the methylated produ2t(934 mg, 60%)2: H and washed with chloroform. The product fraction was further
NMR (400 MHz, CDC}) 7.37 (s, 1H), 3.34 (s, 3H). recrystallized from chloroform: methanol (80:20) to give the
2-(4-Chlorobutyl)-4-methyl-2H-[1,2,4]triazine-3,5-dione (3). piperaziner®t (524 mg, 46% yield)7: *H NMR (CDCls, 400 MHz)
4-Methyl-2H-[1,2,4]triazine-3,5-dion&( 859 mg, 6.76 mmol) was 7.80 (d,J = 11.6 Hz, 1H), 7.62 (dJ = 8.1 Hz, 1H), 7.53-7.54
added in portions to a suspension of NaH (352 mg, 8.79 mmol, 60 (m, 1H), 7.30 (m, 1H), 7.22 (s, 1H), 7.35.20 (m, 1H), 3.60 (tJ
wt %) in anhydrous DMF (6 mL). The reaction mixture was stirred = 6.8 Hz, 4H), 3.39-3.41 (m, 4H); HRMS calcd for GH17N,O
at room temperature for 10 min followed by the addition of (MHT): 229.1341; Found: 229.1348.
1-bromo-4-chlorobutane (1 mL, 8.8 mmol). The mixture was stirred  1-(7-Methoxynaphthalen-1-yl)piperazine (8) A suspension of
for 12 h at room temperature and poured into crushed ice, ex- 7-methoxy-naphthalen-1-ylaming, 871 mg, 5 mmol) and dichlo-
tracted with EtOAc (3x 30 mL). The combined organic layer was ride (892 mg, 5 mmol) in PEG-400 (2 mL) was heated under
washed with brine, dried (MgS{) concentrated and column  microwave conditions (3 10 s). After the evolution of HCI gas
chromatographed (hexane: EtOAc) to yield the prodief1.27 subsided, the reaction mixture was diluted with chloroform, brought
g, 87%).3: *H NMR (CDCl;, 400 MHz) 7.39 (s, 1H), 4.02 (d) to reflux, diluted with hexane and allowed to cool to room
= 8.9 Hz, 2H), 3.58 (dJ = 8.5 Hz, 2H), 3.34 (s, 3H), 1.771.98 temperature. The solid residue was filtered, washed with hexane
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Figure 9. Time activity curves of the radioactivity in baboon after the injection ®4€J10. A. Pretreatment with M100907 (2 mg/kg iv). B.
Pretreatment with haloperidol (0.25 mg/kg i.v). CH cingulate, INS= insula, OCC= occipital cortex, regions with significant densities of

5-HT,a and/or B receptors. CER= cerebellum.

and column chromatographed (10% MeOH in CgJCThe product
fraction was further recrystallized from chloroform: hexane
(50:50) to give the piperazing? (653 mg, 54%).8: H NMR
(CDCl;, 400 MHz) 7.74 (dJ = 11.6 Hz, 1H), 7.56 (dJ = 10.4
Hz, 1H), 7.37 (s, 1H), 7.367.23 (m, 1H), 7.15 (dJ = 9.2 Hz,
2H), 3.93 (s, 3H), 3.643.22 (m, 8H); HRMS calcd for gH;gN,0-
(MH™): 243.1497; Found: 243.1501.
2-{4-[4-(7-Hydroxynaphthalen-1-yl)piperazin-1-yl]butyl} -4-
methyl-2H-[1,2,4]triazine-3,5-dione (9).A solution of the pip-
erazine {, 272 mg, 1.19 mmol) and azauracil derivati®g151
mg, 0.7 mmol) were dissolved in 1-butanol (4 mL) and treated
dropwise with EfN (0.5 mL). The reaction mixture was refluxed

1.65-1.59 (m, 2H). HRMS calcd for £H3NsO3 (MHT): 424.2349;
Found: 424.2361. Analytical HPLC: reverse phase (acetonitrile/
0.1 M ammonium formate/acetic acid solution 35: 65: 0.5, flow
rate: 2 mL/min)tg: 6.1 min., purity>99%; normal phase Phenom-
enex, luna silica 4.6 250 mm, 5« column (ethyl acetate/hexane/
diethylamine 90:10:0.2, flow rate 2 mL/mintk: 2.5 min, purity
>99%. For the purpose of elemental analyses, a solution of the
compoundlO (50 mg, 0.118 mmol) in CkCl, (5 mL) under argon
was added dropwise to a solution of hydrochloric acid (1 M in
Et,O, 120uL, 0.12 mmol) at 0°C. After stirring for 30 min at
room temperature, the resultant precipitate was filtered, repeatedly
washed with dichloromethane followed by ice-cold methanol

for 12 h and then concentrated under vacuum. The concentrated(2 x 5 mL), and dried under vacuum to give the corresponding
solution was triturated with diethyl ether and the resultant off-white hydrochloride salt (42 mg, 0.091 mmol) in 77% vyield. Anal.

solid which precipitated out was filtered, washed with copious (C,3H,gNs05.HCI) C: calcd, 60.06; found, 59.30. H: calcd, 6.57;

amounts of ether and then column chromatographedl(86
MeOH in CHCE) to give9 as a colorless solid (146 mg, 5198).
Mp 205 °C (d); *H NMR (400 MHz, CDC}): 7.71 (d, 11.7 Hz,
1H), 7.48-7.45 (m, 2H), 7.37 (s, 1H), 7.227.19 (m, 1H), 7.08&

7.4 (m, 2H), 4.02 (tJ = 9.5 Hz, 2H), 3.33 (s, 3H), 3.193.08 (m,
4H), 2.85-2.70 (m, 4H), 2.542.49 (t,J = 10.1 Hz, 2H), 1.87
1.77 (m, 2H), 1.66:1.56 (m, 2H). HRMS calcd for £H,gNs0;
(MH™): 410.2192; Found: 410.2194; Analytical HPLC: reverse

phase (acetonitrile/0.1 M ammonium formate/40: 60, flow rate: 2

mL/min), tz: 2.7 min., purity>99%; For the purpose of elemental
analyses, a solution of the compou@d40 mg, 0.1 mmol) in

CH.Cl; (5 mL) under argon was added dropwise to a solution of

hydrochloric acid (1M in BO, 100uL, 0.10 mmol) at O°C. After
vigorously stirring fa 2 h at room temperature, the resultant

precipitate was filtered, repeatedly washed with dichloromethane

followed by ice-cold methanol (2 5 mL) and dried under vacuum

to give the corresponding hydrochloride salt (37 mg, 0.083 mmol)

in 85% yield. Anal. (G;H,7/NsO3.HCI) C, H, N.
2-{4-[4-(7-Methoxy-naphthalen-1-yl)piperazin-1-yl]-butyl} -4-
methyl-2H-[1,2,4]triazine-3,5-dione (10).A solution of the pip-
erazine 8, 272 mg, 1.19 mmol) and azauracil derivati®g151
mg, 0.7 mmol) were dissolved in 1-butanol (4 mL) and treated
dropwise with EfN (0.5 mL). The reaction mixture was refluxed

found, 6.54. N: calcd, 15.23; found, 14.92.

Radiosynthesis of 1C]10. The precursord (1.0 mg) was
dissolved in 40QuL of acetone in a capped 1 mL vial. Aqueous
NaOH (10uL, 5 M) was then added to the solution and was allowed
to stand for 5 min.J}C]-Methyl triflate was transported by a stream
of argon (26-30 mL/min) into the vial over a period of 5 min at
room temperature. At the end of the trapping, the reaction mixture
was directly injected into a semipreparative RP-HPLC (Phenomenex
C18, 10x 250 mm, 10u) and eluted with acetonitrile: 0.1 M
ammonium formate solution (40:60) at a flow rate of 10 mL/min.
The precursor appeared at-8 min during the semipreparative
HPLC analysis. The product fraction with a retention time %08
min based ony-detector was collected, diluted with 100 mL of
deionized water, and passed through a classic C-18 Sep-Pak
cartridge. Reconstitution of the product in 1 mL of absolute ethanol
afforded [*C]10in 25+ 5% (n = 15) yield based on'fC]CO;, at
EOS. A portion of the ethanol solution was analyzed by analytical
HPLC (Phenomenex, Prodigy ODS(3) 46250 mm, 5u; mobile
phase: acetonitrile/0.1 M ammonium formate/acetic acid solution
35: 65: 0.5, flow rate: 2 mL/min, retention time: 6.1 min) to
determine the specific activity and radiochemical purity.

Partition Coefficient Measurement. Partition coefficient (Io&)

for 12 h and then concentrated under vacuum. The concentratedof the [''C]10 was measured by mixing 0.1 mL of the radioligand
solution was triturated with diethyl ether, and the resultant off- formulation wit 5 g each of 1-octanol and freshly prepared PBS
white solid which precipitated out was filtered, washed with copious buffer (pH= 7.4) in a culture tubé* The culture tube was shaken

amounts of ether, and then column chromatographeell (86
MeOH in CHCE) to give 10 as a colorless solid (146 mg, 51%)
yield. 10: Mp: 210°C (decomp)H NMR (400 MHz, CDC}):
7.73 (d, 8.9 Hz, 1H), 7.527.48 (m, 1H), 7.41 (s, 1H), 7.257.28
(m, 1H), 7.13 (ddJ = 2.6, 8.9 Hz, 1H), 7.087.10 (m, 1H), 4.04
(t, J= 7.2 Hz, 2H), 3.94 (s, 3H), 3.35 (s, 3H), 3:28.12 (m, 4H),
2.78-2.74 (m, 4H), 2.52 (1) = 7.4 Hz, 2H), 1.88-1.80 (m, 2H),

mechanically for 5 min followed by centrifugation for 5 min.
Radioactivity per 0.5 g each of 1-octanol and aqueous layer was
measured using a well counter. The partition coefficient was
determined by calculating the ratio of counts/g of 1-octanol to that
of buffer. 1-Octanol fractions were repeatedly portioned with fresh
buffer to get consistent values for partition coefficient. All the
experimental measurements were performed in triplicate.
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In Vitro Agonist Binding Assay. Preparation of Membrane interest drawn on the animal’'s MRI scan were transferred to co-
Fractions from CHO-h5-HT ;4 Cells. Membranes from CHO cells  registered (AIR) frames of PET data.
stably expressing the human 5-HTreceptor at a density of 8 Metabolite Assays.The percentage of radioactivity in plasma

pmol/mg membrane protein with 5-Hdreceptor background were a5 unchangediC]10 was determined by HPLC. Blood samples
prepared. Cells were grown in DMEM/F-12 medium supplemented \vere taken at 2, 6, 12, 30, 60, and 90 min after radioactivity
with 5% fatal bovine serum, 5@g/mL geneticin, and 5@g/mL injection for metabolites analyses. The supernatant liquid obtained
hygromycin B in a humidified atmosphere of 5% €antil they after centrifugation of the blood sample at 2000 rpm for 1 min
reached confluence. Cells were harvested by centrifugatiorg(800 as transferred (0.5 mL) in to a tube and mixed with acetonitrile
for 5 min) and homogenized using a polytron homogenizer (Poly- (0.7 mL). The resulting mixture was vortexed for 10 s and
tron, CH-6010 Kreiens-Lu, Brinkman Instrument, Westbury, NY)  centrifuged at 14 000 rpm for 4 min. The supernatant liquid (1 mL)
in buffer containing 20 mM HEPES, pH7.4, 3 mM MgCand a  was removed, the radioactivity was measured in a well-counter,
cocktail of protease inhibitors (Sigma-Aldrich, St. Louis, MO) at gnd the majority (0.8 mL) was subsequently injected onto the HPLC
1:2000 dilution. The homogenate was centrifuged (Beckman Optima cojumn (column: WateraBondpack-C18 7.8< 300 mm, 10«;
LEBOK Ultracentrifuge) at 100 0@¥or 15 min at 4°C. The pellet  mopile phase: 40:60 (acetonitrile:water containing 1% phosphoric
was suspended in the same buffer and recentrifuged. The final pelletacid); flow rate: 5.5 mL/min; retention time of th&lC]10: 8 min)

was suspended in assay buffer containing 20 mM HEPES, PH 7.4,equipped with a series radioactivity detector. The metabolite and
3 mM MgCl,, 100 mM NaCl, and a mixture of protease inhibitors  free fractions were collected using a Bioscan gamma detector. All
and stored at-70 °C. Protein concentration was determined by the acquired data were then subjected to correction for background
detergent compatible colorimetric assay using DC Protein Assay radioactivity and physical decay to calculate the percentage of the
Reagents as recommended by the manufacturer (Bio-Rad, Herculesparent compound in the plasma at different time points. To reaffirm

CA). that the retention time of the parent has not shifted during the course
Inhibition of [ 2H]-8-OH-DPAT Binding by 10 or 5-HT in of the metabolite analysis, a QC sample B€]10 was injected in

Membranes. For inhibition experiments, the incubation medium the beginning and end of the study. The percentage of radioactive

consisted of 20 mM HEPES, pH 7.4, 4 mM Ca@ nM [3H]-8- parent obtained is used for the measurement of metabolite corrected

OH-DPAT, and 30ug of membrane protein in the presence of arterial input functions.

different concentrations 010 or 5-HT. The assay mixture was Kinetic Modeling. Quantification of [ 1IC]JWAY100635 V.
incubated for 10 min at 30C. The reaction was terminated by  Regional distribution volumes offC]WAY100635 are derived
rapid filtration through Whatman GF/B filters followed by three  from kinetic analysis using the arterial input function and a two
washes with ice cold 20 mM HEPES buffer, pH 7.4, using a cell tissye compartment (2T) model as the general frameWork.
harvester (Brandel, M-24R Gaitherburg, MD). Bound radioactivity Quantification of [}C]10 V; and BP;. Derivation of F1C]10
was determined by liquid scintillation spectrometry (Beckman). regional distribution vqumes\T/(;) for thé ROI and voxel based

Agonist-Stimulated P°S]GTPyS Binding to Membranes.  gnalysis was performed using the likelihood approach to the
These experiments were carried out as described previously withgraphical method (LEGAJS5” which estimates parameters using
some modificatiot? CHO-h5-HTi, membranes (3Qug) were standard likelihood theory, removing the bias present when using

preincubated with agonists for 5 min at room temperature with orginary least squares. Brain activity was corrected for the
indicated concentrations in a buffer containing 20 mM HEPES pH ontribution of plasma activity assuming a 5% blood volume in
7.4,3mM 'VLQCIZ’ 100 mM Nagl,and #M GDPinafinal volume  the ROIS®® Our main outcome measure was the specific to
of 0.5 mL. P’SJGTRYS (0.1 nM; 1250 Ci/mmol Perkin-Elmer Life  nonspecific equilibrium partition coefficient or BRBP,= (Vr —
Science, Boston, MA) was added, and the incubation was contlnuedvz)/\/2 = ,BmadKp) Wheref; is the free fraction of fC]10in the

for 60 min at room temperature. Experiments were terminated by prajn B,.,,is the total number of available receptors, ankllis
rapid filtration through Whatman GF/B filters followed by three e affinity. We used BP becausef; of this compound is not

washes with ice-cold 20 mM HEPES buffer, pH 7.4, using a cell measurable. For clarity and consistency among groups, we use the
harvester. Bound radioactivity was determined by liquid scintillation gp, and BR nomenclature as opposed to 'Bd Vs,

spectrometry.

Assay of Adenylyl Cyclase Activity. These experiments were  cqnclusion
carried out as described previously with some modificatid@ells
were cultured in 35< 10 mm dish until confluent. The day before We synthesized'{C]10, a promising agonist 5-Hk receptor
use, cells were cultured overnight under serum and geneticin/ PET ligand. Competition binding assays in cell lines demon-
hygromycin B free conditions. Cells were preincubated with strated thatl0 has high affinity and selectivity for 5-HEK
DMEM/F-12 containing 10«M of IBMX for 20 min at 37 °C. receptor. Agonist-stimulated®S]GTP/S binding assay and

g‘ggir,:i'jrt] \cl)vfaqult\j/ldf?)(:sigllirr]]dI'I(Eﬁateegiscr?ensc\?vr:rr:tilr?:usbgre(?chrlgobrifi?]re inhibition of forskolin-stimulated cAMP production indicated
at 37°C, and the reaction was stopped by aspiration of the medium that10is a 5-HTia trleceptor agonist. PET imaging StUd'.eS n
and addition of 0.1 M HCI. Cellular extract was centrifuged at Paboons show that{C]10 penetrated the BBB and regional

14 00@ for 10 min at 4°C. Supernatants were diluted to 1:4 and brain uptake was proportional to known concentrations of
assayed for cAMP levels in duplicate, using a Direct Cyclic AMP 5-HT:a receptor binding sites. Metabolite studies show that
enzyme immunoassay Kit (Assay Design, Ann Arbor, MI). [11C]10 underwent fast metabolism and 203% of unchanged
Baboon PET Scanning with F1C]10. All studies were per- parent was left in the plasma after 30 min postinjection of
formed in a single male baboon. A fasted animal was induced with [11C]10. Block studies with WAY100635 and 8-OH-DPAT
ketamine (10 mg/kg, im) and anesthetized with~1225% isoflurane displaced all detectable specific binding fq]10, further
via an endotracheal tube. Core temperature was kept constant ajemonstrating the potential of]10 to measure 5-Hi
37°C with a heated water blanket. An iv infusion line with 0.9%  receptor in vivo. Future studies will determine the sensitivity
NaCl was maintained during the experiment and used for hydration of the ligand to competition by endogenous serotonin and

and radiotracer injection. An arterial line is placed for obtaining - o ;o4 agonist drugs and the potential of this tracer to measure
arterial samples for the input function. After a 10 min transmission

scan, 5+ 0.5 mCi of [1C]10 (specific activity of 1500+ 300 agoni;t receptor occ.:upancy.'We'conclude that this Frager has
Ci/mmol) was injected as an iv bolus and emission data were Potential for assessing agonist binding and can assist in dose
collected for 120 min in 3-D mode in a Siemens ECAT EXACT finding studies for 5-HTa agonists being developed for
HR+ (CPS/Knoxville, TN). The head was positioned at the center therapeutic applications as well as in the study of disease process
of the field of view as defined by imbedded laser lines. Regions of and therapeutic effects involving the 5-iTreceptor.
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