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a7-Nicotinic acetylcholine recepton{-nAChR) agonists are promising therapeutic dragdidates f
treating the cognitive impairment associated witlzh&imer's disease (AD)hus, a novel class
derivatives of 1,4-diazobicylco[3.2.2]nonane haerbeynthesized and evaluatede@snAChR ligands
Five of them displayed high binding affinity (¥ 0.001-25 nM). In particular, the; Kf 14 was 0.006
nM, which is superior to that of the most potegiahid that was previously reporteg an order ¢

magnitude.Four of them had high selectivity fa7-nAChRs overa4p2-nAChRs andno significan
hERG (human ether-a-go-go-related gene) inhibitidheir agonist activity was also discus
preliminarily. One of the compounds5 (Ki = 2.98 + 1.41 nM), was further radiolabeled WitF to
afford [*®F]15 for PET imaging, which exhibited high initial braiiptake (11.60 + 0.14%ID/g at 15 min
post injection), brain/blood value (9.57 at 30 most injection), specific labeling af7-nAChRsand fas
clearance from the brairBlocking studies demonstrated thafF|15 was a7-nAChR selective.In
addition, micro-PET/CT imaging in normal rats fugtiindicated that fF]15 had obviousaccumulatio

in the brain. Therefore’¥]15 was proved to be a potential PET radiotracenfenAChR imaging.
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1. Introduction antagonistsa-bungarotoxin and methyllycaconitind1(A ) [7,

Alzheimer's disease (AD), the most common formeshentia,
is widespread in people over 65 [1]. AD is an irreN#esand
progressive neurodegenerative disease charactériz@iemory  genetic studies and clinical trials have shown thelvement of
impairment, cognitive dysfunction, language detaion, etc. ;7 nAChRs in cognitive deficits. In human studiesjugtion in
[2]AD also imposes a huge economic burden and irgluce;7. naAchR binding sites and protein levels is obseriredhe
psychological pressure that is predicted to be amli#e. pqing of patients with AD[10, 11]. Based on thisearsh, there
However, the medicines currently available can pevahly s 5 strong possibility that7-nAChR agonists are a potential

modest and temporary improvement in cognitive pemimce  5yenye to effectively improve cognitive functionpatients with
and are ineffective in curing AD. AD [12].

_ Nicotinic acetylcholine receptors (NAChRs), aestgmily of For these reasong7-nAChRs as a significant drug target to
ligand-gated ion channels widely expressed in theraeand  eat AD have received increasing interest in tei§ of science
peripheral nervous systems [3], are pentameric CBIf®S  5nq medicine. Thus, great progress in quantitycaradity of o7-
composed ofx (i.e., 02-10) andp (i.e., B2-B4) subunits that KAChR ligands has been made over the past decadae\fews
assemble into various combinations as homopentanoers [2, 13, 14]), including GTS-21 [15], AR-R17779 [16]
heteropentamers [4] in response  to the binding bé t gsr180711 [17], TC-5619 [18], BMS-902483 [19] (figul).
neurotransmitter acetylcholine (ACh). Among the mantypes  ajthough some of the ligands with better propertiesehbeen
in the human brain, heteromergdp2-nAChRs and homomeric proved to improve cognitive performance in animaidels and
a7-NAChRs are the most abundant [p]-nAChRs are composed (jinjcal trials, none have been put on the markegise of their
of five identical o7 subunits and mainly exist in the |imitation in structural diversity, affinity, seléuity or other side
hippocampus, cerebral cortex and other regionsciaged with  offects.

learning, memory and cognition [6Ja7-nAChRs are also Imaging and quantifying7-nAChRs with positron-emission
characterized by high permeability to “Cand affinity for the tomography (PET) and single-photon emission comtpute

tomography (SPECT) might offer a non-invasive way to

IThere is powerful evidence that-nAChRs play a critical role
in the pathogenesis of AD [9]. Many pharmacologieald
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critically facilitate the early diagnosis a7-nAChR-related CNS
disorders and provide an insight into its role in Adnd
schizophrenia. Many leading compounds have beeziddhwith
129 M¢ or ¥F [20, 21], such as'f1]1 [22], [*'C]CHIBA-1001
[23], ['*FINS10743 [24], and ‘fF]JASEM [25] (figure 1), but
most of them displayed low brain uptake or spedificling. The
most recento7-nAChR PET tracer, '{FJASEM with high
specific affinity for a7-nAChR (K = 0.4 nM), which was
developed by Gao et al. [25], has been carried @utuman
studies [26, 27], and homologdi®]DBT10 [27] (K= 1.3 nM)
shows similar characteristic. These two compoundgherenost
promising agents for humat7-nAChR PET imaging.
1,4-Diazobicylco[3.2.2]nonane as a good skeleton widely
found in a7-nAChR ligands [28, 29]. And on the basis of our
previous work [30, 31], herein, we report the desigmd
synthesis of a new derivatives of 1,4-diazobicylc®[3nonane
and their evaluation as/-nAChR ligands based on their affinity,
agonist activity, hERG toxicity and selectivity. Maver,
radiochemical techniques were used to label one heke
compounds,15 [32], with ['*F] to afford [**F]15 which was
biologically evaluated in mice for PET imagingodf-nAChRs.

2. Results and Discussion
2.1.Chemistry

The synthesis of the meta-substitution compouBds$ is
outlined in scheme 1. Bromination and nitrationtloé starting
material 9H-fluoren-9-one 1j provided 2-bromo-7-nitro-9H-
fluoren-9-one 3), which was sequentially reacted with 1,4-
diazabicyclo[3.2.2]nonane via the Buchwald-Hartwig sero
coupling reaction to afford 2-(1,4-diaza-bicycl@2]nonan-4-
yl)-7-nitro-9H-fluoren-9-one 4). Then, reduction of the nitro
group in4 with iron powder yielded the corresponding anilihe
6 was obtained via the Schiemann reaction.

The synthesis of the ortho-substitution compousdsuitlined
in scheme 2. Fluoranthen@&) (was oxidized by chromium (VI)
oxide and brominated to 7-bromo-9-oxo-9H-fluorene-1
carboxylic acid 9) in high yields. The carboxy group Bhwas
converted to a Boc-protected aniline using the iGsirt
rearrangement followed by tert-butyl ester formatiorone pot

although the test conditions were not exactly thmesaThe
affinities of the two fluoro ligand$§ and15, were also high and
were comparable to that dfILA . Fluoro derivative24 also
showed moderate binding affinity whereas the affioitysomer

25was much lower.
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Figure 1. Representative7-nAChRs ligands and radioligands.

Heteromerico4p2-nAChRs is the main cerebral subtype, so
the binding assay foa4B2-nAChRs was also performed using
[*H]cytisine (1InM) as the competing radioligand (ebl) 5 and 14
showed high selectivity because of strong affinityof7-nAChRs.
The fluoro derivatives6 and 15 were also displayed goowl7-
lo4B2-nAChRs selectivity. Because of the excellent &ffiand
selectivity of these four ligands, their agonisdictivities were
preliminarily elucidated by a patch clamp electrggiblogy
assay. The result showed that none of them weregstrganists
to acetylcholine ligand-gated channels at 1 pM tiredato
acetylcholine at 30 uM (the data analysis is shownthe
supporting information).

Table 1
Binding affinites (K, nM) of MLA, nicotine and the 14-
diazobicylco[3.2.2]nonane derivatives f6f-nAChRs andi42-nAChRs

to afford tert-butyl 2-bromo-9-oxo-9H-fluoren-8-gibamate comp. Ki (nM) Selectivity
o : hea N 07° 042" 07/a4p2
(20). In addition, 10 was treated with 1 M HCI to remove the-N
: - : . MLA 2.88+0.78 rit
Boc-protecting group and oxidized with 30%Q4 providing 7- i oine Nt 41+113
bromo-1-nitro-9H-fluoren-9-one1@). The desired compoundssg 0.064 + 0.058 4652 + 798 >10000
14 and 15 were ultimately prepared using similar stepSand 6 7.24+1.02 4734 + 653 654
6. 14 0.0069 + 0.004 6656 + 812 >10000
The synthesis of compoun@s}, 25is outlined in scheme 3. 1° 3-19353-14;2 §?93J—’325 1239
The compoun®1 was obtained through the methods previous 5 377.94 + 118.534 ht

reported [28].

2.2. In vitro binding assay and agonistic effects

To determine the affinity of the synthesized commmisifor
a7-nAChRs, in vitro competition binding assays werdqrened
with extracted rat cerebral cortex as the receptotepn and
[**7] a-bungarotoxin (0.4 nM), am7-nAChR antagonist (K =
0.7 nM), as the competing radioligand. FurthermdfieA , an
a7-nAChR-selective antagonist, was also tested fofircoimg
the reliability of the method (table 1) and for quamison. Five
compounds exhibited remarkable binding affinitiesr f7-
nAChRs (K= 0.001-25 nM). The two amino derivativésand
14, showed two and three orders of magnitude betterittn
than the reference ligandLA , respectively. In particulal4 (K;
= 0.0069 + 0.004 nM) still displayed exceptionahding to the
target: its affinity was superior tbat of the most potent ligarily
an order of magnitude, as indicated by a rough esispn with
the highest affinity compoun@; = 0.023 nM [29], 0.3 nM [25]),

33D rat (female) cerebral cortex; radiotracéfiu-bungarotoxin (0.4 nM),
Kp = 0.7 nM; K values are the means + SD of three experimenfsrpezd
in triplicate.

P SD rat (female) cerebral cortex; radiotrac@#]Cytisine (1 nM), i = 0.77
nM; K; values are the means + SD of three experimentorped in
triplicate.

¢ nt: not determined.

2.3. hERG assay

Inhibition of the hERG potassium channels may inticed QT
interval prolongation, thereby causing serious ieardide effects.
Some famous drugs, such as terfenadine, astemizole,
grepafloxacin and cisapride, were withdrawn from tharket
due to their hERG inhibitory activity [33]. Recogimig hERG
inhibition in an early phase is an indispensablenponent in
drug discovery. We determined the binding affiniy the
reference molecule cisapride and the four liganols HERG
channels by a traditional patch clamp techniqublgt®). Two



amino derivative and14 had no significant affinity for hLERG potassium cheals with less than 10000 selectivity over
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Scheme 1Synthesis of meta-substitution compounds. (a) B¥% NaHS@80-85°C; (b) HNQ, H.SOy; (c) Pd(dba), BINAP, 1,4-diazabicyclo[3.2.2]nonane,
t-BuONa, 1,4-dioxane, 80-85°C; (d) Fe, §&HH,OH, conc. HCI, 80°C; (e) HBF0-5°C; NaN@; xylene, 120°C.
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Scheme 2Synthesis of ortho-substitution compounds. (a) £HO, CHCOOH, 80-85°C, 110-120°C; (b) B180-85°C; (c) toluene, (G&H,):N, DPPA, t-

BuOH, 110°C; (d) CRCN, 1 M HCI, 82°C, 1 M NaOH; (e) 30%.8,, (CRCO)0, CHCl,, 0°C-RT; (f) Pd(dba), BINAP, 1,4-diazabicyclo[3.2.2]nonane,
CsCO,;, toluene, 80-85°C; (g) Fe, GEIH,OH, conc. HCI, 80°C; (h) HBf0-5°C; NaNG@; xylene, 120°C.
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Scheme 3 (a) CHONa, RT; Bg, 0°C; (b) Zn, NHCI, 50°C; (c) Cg KOH, 80-85°C; (d) KCOs;, DMF, 0°C, CHI; (e) 1,4-diazabicyclo[3.2.2]nonane,
(CHsCHy)sN, (CHs).CHOH, 100°C; (f) C£LO;, Pd(dppf)C4, 1,4-dioxane, 85-90°C.

a7-nAChRs. 15 showed modest cross-activity with hERG In all fluoro derivatives we synthesized5 had the best
channels but good separation from its affinity é~nAChRs. binding affinity and high selectivity for a7-nAChRs.
The compounds, however, was found to have strong hERG Furthermore, the radiolabeling off]15 can be accomplished

inhibition because of its relative low affinity fa7-nAChRs. by a direct nucleophilic substitution (&) with [*°F]fluoride via
the nitro13 because the leaving nitro groupli@ is activated for
-hrgt};algzinhibition (1Go, M) of cisapride and the ligands S\Ar fluorination by the electron-withdrawing COAr on the
FERGY 27-nAChRs glcso(hERG)/ ortho position [25, 34]. Therefore, fluoro derivatil5 was
Compd ICse(NM)* ICs¢(NM)° ICa(a7-NAChRS) selected for _Iabe!lng and further evaluation @a$ET radiotracer
Cisapride 13.8+0.76 rt nt for a7-nAChR imaging.
5 2500 + 150 0.21+0.19 >10000
6 460 + 55 20.86+2.94 22 2.4, Acute toxicity studies
14 49700 + 15900 0.023+0.013  >10000
15 460+ 11 6.23 +2.94 74 To evaluate the safety profile &5, Kunming mice (half male
:leova|U?S are the means + SD of three experiments. and half female, 18-22 g, n = 60) were administedifbrent
from an in vitro binding assay. concentrationsof 15 (0.1 mL) via the tail vein, whereas the

°nt: not determined.



control group was injected only with the vehicle $iol. The

mice were monitored and recorded overdy$ dThere was no
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Figure 2. Radiosynthesis. (A) The radiosynthetic route'#f]fL5. (B) HPLC chromatogram of co-injection &fff]15 and15.

morbidity or mortality in control group. In the gip treated with

15, some mice showed different degrees of convulsions,ll_60i0_14

vomiting blood or death. The Lfpvalue ofl5was 53.70 mg/kg,
as calculated by the weighted probit analysis deezldy Bliss,
which is far greater than a PET imaging dose (Lgdm)m
indicating that the homologous radioligaritF[15 is safe for use
in PET imaging and is worthy of further study.

2.5.Radiochemistry

Compoundi5 with high affinity and selectivity was chosen for
radiolabeling with'®F in one step by treating nitro precurd®
with *F/K,C,0, and Kryptofix 222 in anhydrous DMSO at
160°C for 30 min (figure 2) and was purified by high
performance liquid chromatography (HPLC) in 13.1%
radiochemical yield (decay not corrected) with aiogeldemical
purity greater than 98%. The total synthesis times wa
approximately 60 min.'fF]15 was identified by comparison of
its retention time with that of nonradioactiv®via co-injection.

2.6.0ctanol-water partition coefficient and in vitro ity

The ability of {15 to permeate the blood-brain barrier
(BBB) was determined byestimating the partition coefficient

results are summarized in table 3F[15 exhibited high initial
brain uptake with 8.98 + 0.41 %ID/g at 5 min poseation, and
%ID/g, its highest uptake, at 15 mistpojection.
The brainsmi{braingin value was 3.20, a reasonable clearance
rate for brain PET imaging. Among the peripheralanigy the
blood uptake was low, resulting in a high brain/lblaatio of
9.57 at 30 min post injection. The lung displayegesnormal
initial uptake with 70.52 + 7.86 %ID/g at 5 min padsfection
but fast clearance with 20.23 + 1.51 %ID/g at 15 most
injection and 4.99 = 0.45 %ID/g at 90 min post iti@T.
Notably, the bone uptake increased from 3.02 + 04ll/g to
7.65 = 0.52 %ID/g within 90 min post injection demtatng
the slight in vivo defluorination of{F]15.

2.8.Biodistribution in brain regions of mice

The distribution of fF]15 in the brain of normal Kunming
mice (28-32 g, female) was studied (figure 4). Thghést
accumulation of radioactivity was observed in thanfal cortex
(9.39 £ 0.24 %ID/g), striatum (8.37 £ 0.27 %ID/g) and
hippocampus (6.31 + 0.82 %ID/g), with peak uptak@@&imin
after injection, followed by a decrease. The lowgsike was
found in the cerebellum, and the radioactivity imet
superior/inferior colliculus and thalamus was motkerarhe

(logP) in ann-octanol/phosphate buffered saline (PBS, pH = 7.4) distribution of [*°F]15 in the brain was consistent with the

system. The logP of §F]15 was 1.64 + 0.12, which falls in a
desirable range (logP = 1-3) and thus indicateseased brain
uptake and decreased nonspecific binding [35, 36].

The in vitro stability of TF]15 in fetal bovine serum and
saline was tested by measuring the radiochemistrtypuia
HPLC after incubation at 37°C and r.t., respectivelihe
radiochemistry purity in fetal bovine serum andrsalafter 1 h
and 2 h was all greater than 98% (figure 3), indlicathe high in
vitro biostability of [°F]15.

2.7.Biodistribution in tissues and organs of mice

The biodistribution of 'fF]15 after intravenous injection was
evaluated in normal Kunming mice (18-22 g, femadeyl the

distribution ofa7-nAChRs in the brain reported in the literature
[20]. Moreover, the clearance rate §H]15 from the cerebellum
was higher than that from any other regions. Contpévethe
most promising ligands'fFJASEM and ®*F-DBT10, [°F]15
showed similar distribution and higher peak uptakethe o7-
nAChR-rich regions. The highest regional \BRalue (Table 4)

at 90 min (2.6 in hippocampus) was lower than that of
[**F]JASEM (8.0 in the superior and inferior colliculusihd
comparable to that of §F]JDBT10 (3.1 in the hippocampus),
probably because the binding affinity 6if]15 (K; = 2.98 nM) is
weaker than that of FJASEM (K;= 0.4 nM) and similar to that
of ['"|FIDBT10 (K; = 1.3 nM); nevertheless, the highest regional
BPyp value of [°F]15 is still better than that of other ligands,
which in general are < 2.0.



A 14.988 min ——Radig Radid

B 14.858 min
Sk Ao
r T T T T T T r r r r T T T T T T T T T T 1
0 3 6 9 12 15 18 21 24 27 00 25 50 75 100 125 150 17.5 20.0 225 250 27.5
Retention time (min) Retention time (min)
C Radio D |——Radio|
FEETL 14.814 min

™ vk .

Adrrhelrtaidvh PO A

T T T T T T T 1
0.0 25 5.0 75 100 125 150 17.5 200 225

Retention time (min)

T T T T T T T 1
00 25 50 75 100 125 150 175 200 225

Retention time (min)

Figure 3. HPLC chromatograms of®F]15in fetal bovine serum and saline. (A) Fetal bovéeeum, 37°C, 1 h. (B) Fetal bovine serum, 37°8, (C) Saline, RT,
1 h. (D) Saline, RT, 2 h.

Table 3
Biodistribution of {®F]15 in Kunming mice (18-22 g, femafe)
time (min)

organs

5 min 15 min 30 min 60 min 90 min
blood 1.43 £0.06 1.24+0.16 1.03 +£0.07 0.68@0. 0.52 + 0.06
brain 8.98 £0.41 11.60 +0.14 9.86 £ 0.05 5.46270 3.63+£0.25
heart 8.37+£0.14 4.45 £ 0.62 3.56 +0.31 2.19160. 1.71+£0.13
liver 8.19+1.19 12.28 £1.96 13.74 £ 1.36 9.7a.a7 7.46 +£0.19
spleen 7.72 £0.65 11.58 £ 0.92 8.67 £0.48 4.0838 2.97+£0.25
lung 70.52 +7.86 20.23+1.51 18.30 £ 1.56 7.6199 4.99 +0.45
kidney 15.92+0.24 11.54 +0.79 8.06 + 0.69 4.8h443 4.26+0.19
muscle 5.51+£0.65 3.48 £0.40 2.36 £0.30 1.79060 1.32+0.11
bone 3.02+0.11 4.55 + 0.68 4.84 £0.18 727413 7.65 +0.52
brain/blood 6.23 9.35 9.57 8.03 6.98

“Data are expressed as the percentage of injecsadpdo gram (%ID/g), mean + SD, n = 5.

——FrCtx

%ID/g tissue

l T T T T
0 20 40 60 80
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Figure 4. Biodistribution of[*®F]15 in the brain regions of Kunming mice (28-32 g, féa)aData are expressed as the percentage ofédjeftise per gram
(%ID/g), mean = SD, n = 5. Abbreviations: Coll, sdpr and inferior colliculus; Hipp, hippocampusCix, frontal cortex; Rest, rest of the brain; Talamus;
Str, striatum; CB, cerebellum.



Table 4
The BRyp values of different tissues in Kunming mice (28-32 g, fe) of[**F]15

i BPxp

Issue 5 min 15 min 30 min 60 min 90 min
FrCtx 0.24 0.63 1.07 1.29 1.47
Hipp nt 0.20 0.39 1.36 2.63
Str 0.2 0.28 0.85 0.87 1.86
Coll nt’ 0.28 0.31 0.45 0.86
Th nt 0.11 0.28 0.82 1.10

2 BPyp = (regional uptake/cerebellum uptake) -1[37].
Pnt: not determined.
Abbreviations: Coll, superior and inferior colliest Hipp, hippocampus; FrCtx, frontal cortex; Resst of brain; Th, thalamus; Str, striatum; CBetellum.

2.9.Blocking studies in CD-1 mice binding of [*°F]15 to a7-nAChRs was selective over its binding

. e to a4B2-nAChRs and 5-H
To further determine the specific binding 8¥F]15 to a7-

nAC_hRs over other similar receptors, _blocking stgdi/eere 2.10.Micro-PET/CT imaging studies in rats
carried out by pre-subcutaneous injection of blogkagents.
04$2-nAChRs, a heteromeric NnAChR subtype widely expressed ['*F]15 was evaluated in small animal PET/CT imaging
in the brain [38], and 5-HTa receptor sharing high sequence studies. CD-1 rats (180-200 g, female) were inpkcte
homology witha7-nAChRs [39], were the most likely receptors intravenously with F]15 (0.3 mL, 200uCi) and anesthetized
to cross-binding witlu7-nAChR ligands. Therefore, cytisine (1 with isoflurane for imaging. Axial, coronal and s#aitPET
mg/kg, a selective partial agonist af4p2-nAChRs) and images of {*F]15in a rat at 15, 30 and 60 min post injection are
ondansetron (2 mg/kg, a selective antagonist of §-We&re pre-  shown in figure 6. In agreement with the biodistribatresults
injected 5 min and 10 min prior to the intravendnjection of mentioned above, the highest tracer uptake in ttaén bwas
[**F]15, respectively. The mice were sacrificed at 60 mufter observed at 15 min post-injection, and relativelyghh
the [°F]15 injection, and the brain tissues were harvested. Asaccumulation remained at 30 min post injection68tmin after
expected (figure 5), the accumulation of radiotranedifferent injection, the tracer uptake in the brain was lower Was still
brain regions of the blocked-group showed almosthanges noticeable. The imaging results further demonstrstat [%F]15
compared to that in the control group, suggestingt tthe could be a potential PET radiotracer for in vivoaging ofa7-
NAChRs.

W cytisine [ cytisine-blank
E—TJ ondanstron EZZF ondanstron-blank
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Figure 5. Blocking studies of fF]15 accumulation in Kunming mouse brains (28-32 g, d&nby pre-subcutaneous injection of cytisine (@/kg) and
ondansetron (2 mg/kg). Data are expressed as theriage of injected dose per gram (%ID/g), me&D+n = 5. Abbreviations: Coll, superior and inferi
colliculus; Hipp, hippocampus; FrCtx, frontal cost®est, rest of brain; Th, thalamus; Str, strigt@B, cerebellum.
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Figure 6. Micro-PET/CT images of'fF]15in CD-1 (180-200 g, female) rats.

3. Conclusion quadrupole mass spectrometer. HPLC analysis andigation
. . ) 3 were performed on a Shimad4.C-20AT system equipped with
A series of 1,4-d|azob|cylco[3.2.2]nonane. detiixess Was  an SPD-20A UV detectorh(= 280 nm) and a BioscArflow
prepared and evaluated ag-nAChR-targeted ligands. Five of o0t 3200 Nal/PMTy-radiation scintillation detector. HPLC
them had high binding affinity fou7-nAChR (K = 0.001-25  genarations were achieved on an Inéh@IDS-3 C18 reverse
nM), especially the compourith (K; = 0.0069 nM). And four of  phrase semi-preparative column (GL Sciences, Ingms 10
them showed high selectivity fa7-nAChRs oven4f2-nAChRs.In mmx250 mm) with elution using a binary gradient egstat a
the preliminary study of agonistic activities, nwosg agonist  fow rate of 4 mL/min. HPLC analysis was performed an
activity was found at 1 pM relative to acetylcholiae30 uM.5 Venusil XBP C18(L) reverse phrase analytical columgela
and 14_1 exhibited minimal binding affinity for _the hERG Technologies, 5um, 150 A, 4.6x250 mm) with elution using a
potassium channels, where@isand 15 displayed slight cross-  pinary gradient system at a flow rate of 1 mL/miheTpurity of
binding with these channels but good separation ftbeir 5 the “synthesized compounds used for biologicadiuation
affinity for o7-nAChRs. In acute toxicity studies, the 4Df 15 \yare detected to be > 95% by an HPLC method. Radlitgct
(53.70 mglkg) was far greater than a PET imagingedos,as measured on a WIZARD2480 automaticy-counter
(ug/human). _ o . (PerkinElmer, USA). SD rats (female, 180 - 200 g),nmair
Fluoro derivativels with good binding affinity (K= 2.98 + Kunming mice (18-22 g, 28-32 g, female) and CD& (Eemale,
1.41 nM) was further radiolabeled witfF to afford [*F15 for 150000 g) were provided by Beijing Xinglong Animal
PET/QT imaging. F]15 displayed high .in vitro stability and can Technology Co, Ltd., and SD mice (female, 180-200wg)e
sufficiently permeate the BBB to specially labet t7-nAChRs 1, ,;chased from Beijing Vital River Animal Technolo@p, Ltd.

in the brain. Furthermore, micro-PET/CT imagingnormal rats  a] mice protocols were approved by the Animal Care
further indicated that'{F]15 had obvious accumulation in the Committee of Beijing Normal University.

brain. Therefore,'fF]15 has potential to be a suitablé-nAChR-
targeted imaging radiotracer for early AD diagnoaisd further 4 o Chemistry
studies on this radioligand are ongoing.

4.2.1.2-Bromo-9H-fluoren-9-on€2) [40]

4. Experiments Br, (32.0 g, 0.2 mol) was added to a solution of 9kbiféun-9-
. one (@) (30.0 g, 0.17 mol) in 100 mL of @ dropwise at 80-
4.1. Materials and measurements 85°C over 30 min and stirred for 4 h. After complebnversion

) ] ) was detected by TLC, the reaction mixture was cotde®T,
General procedures. All chemicals used in thiskweere  q,enched by the addition of 10% NaH®@d then stirred for 30
commercial products and were utilized without furthermin The solid was filtered and dried to afford tweresponding
purification unless otherwise specifiedfE was obtained from compound 2-bromo-9H-fluoren-9-or(@) (39.1 g, 90.4%) as a
Peking Cancer Hospital (Beijing, China). Chemicahcte®ns yellow solid."H NMR (400 MHz, CDCJ) 6 7.76(d,J = 1.64 Hz,
were monitored by thin-layer chromatography (TLChgssilica 1H), 7.66 (dJ = 7.36 Hz, 1H), 7.61 (ddl = 7.84 Hz, 1.76 Hz,

gel 60 Gks,and were visualized by a UV lamp at 254 nm. FIasth)’ 7.51-7.50 (m, 2H), 7.39 (d,= 7.92 Hz, 1H), 7.35-7.29 (m,
column chromatography was conducted on silica gein(i- 1H): MS (M+H"): m/z = 260.98.

Ageld® flash silica, 40-60pm, 60 A) using an Interchim

Puriflastf 4100 medium pressure preparative chromatography 5 o 2-Bromo-7-nitro-9H-fluoren-9-or(8) [40]

apparatus. NMR spectra were recorded on a Bruker Aaltic A suspension of 2-bromo-9H-fluoren-9-or& (0.09 mol) in
HD 400 with chemical shiftso] expressed in parts per million 1y o (180 mL) was heated to 80-85°C and a solution & 65
(ppm) relative to TMS as an internal standard at Rdupling HNO; (2.6 mol, 180 mL) and 98%480,(3.3 mol, 180 mL) was
constants J) are reported in hertz. Multiplicity is denoted by aqded dropwise. The reaction mixture was heatedfhoxrand
(singlet), d (doublet), t (triplet), quartet (qndam (multiple?).  continued for 4 h. After cooling to room temperafurO (300
MS spectra were recorded on a Waters Quattro Microm ) was added and the mixture was filtered. The yeltmke



was washed with water (3x100 mL) and methanol (200 mhg. = 7.24-7.19 (m, 3H), 7.05 (d} = 2.28 Hz, 1H), 7.02 (dd] = 8.4
obtained solid was dried to provide the title prad2bromo-7-  Hz, 2.4 Hz, 1H), 6.74 (dd] = 8.32 Hz, 2.56 Hz, 1H), 4.0437-
nitro-9H-fluoren-9-one 3) (21.0 g, 76.4%) as a yellow solitH 4.0391 (m, 1H), 3.55-3.52 (m, 2H), 3.15-3.07 (m, 43i01-2.94
NMR (400 MHz, CDCJ) 6 8.49 (s, 1H), 8.44 (d] = 8.16 Hz, (m, 2H), 2.12-2.05 (m, 2H), 1.77-1.68 (m, 2H)C NMR (101
1H), 7.90 (s, 1H), 7.75 (d,= 7.92 Hz, 1H), 7.71 (dl= 8.16 Hz, MHz, CDCk) § 192.51 (d,J = 2.2 Hz), 162.49 (s), 160.03 (s),
1H), 7.55 (dJ = 7.92 Hz, 1H); MS (M+H): m/z = 306.02. 148.88 (s), 140.55 (d, = 2.9 Hz), 130.56 (s), 120.13 (s), 119.86
(s), 119.63 (s), 118.92 (s), 118.85 (s), 116.74 140.86 (s),
4.2.3. 2-(1,4-Diazabicyclo[3.2.2]nonan-4-yl)-7-nitBH-fluoren-  110.63 (s), 108.67 (s), 55.97 (s), 50.73 (s), 434843.49 (s),
9-one(4) [41] 25.76 (s);F NMR (376 MHz, CDC}) ¢ -115.21 (s); MS
2-bromo-7-nitro-9H-fluoren-9-one 3 (9.0 g, 0.03 mol), (M+H"): m/z =323.2.
Pd,(dba), (0.6 g, 0.655 mmol), BINAP (1.3 g, 2.087 mmol), t-
BuONa (3.3 g, 0.0343 mol), and 1,4-diazobicylco[JribRane 4.2.6. 9-Oxo-9H-fluorene-1-carboxylic adi@) [43]
(3.0 g, 0.024 mol) were added to anhydrous 1,4-diex@50 A solution of CrQ(138.0 g, 1.38 mol) in acetic acid (80 mL)
mL) sequentially and the reaction mixture was dirowernight and water (120 mL) was added dropwise to a solution of
at 80-85°C under an atmosphere of nitrogen. Afteslicg to  fluoranthene (40.0 g, 0.2 mol) in acetic acid (30D) at 85°C.
room temperature, the mixture was diluted with ethgétate The solution was heated to reflux for 2 h and thearged into
(150 mL) and filtered through Celite. The filtrates adjusted to water (3 L). The solid precipitate was filtered anskdlved in 2
pH = 8.0 with 10% KCO; and then extracted with Gal,. The M NaOH solution (0.6 L). Conc. HCI was added, and tHeowe
combined organic layers were dried over MgSfiitered and solid obtained was filtered and dried in an ovenl@®°C to
concentrated. The crude product 2-(1,4-provide pure 9-oxo-9H-fluorene-1-carboxylic aci@) (29.5 g,
diazabicyclo[3.2.2]nonan-4-yl)-7-nitro-9H-fluorenehe @) was  66.0%)."H NMR (400 MHz, CDC}) ¢ 8.20 (d,J = 7.84 Hz, 1H),
obtained as bluish violet solid (2.1 g, 20.4%) arseéd without  7.76-7.54 (m, 5H), 7.37 (8 = 7.36 Hz, 1H); MS (M+H): m/z =
further purification'H NMR (400 MHz, CDCJ) § 7.56 (d,J = 225.10.
7.24 Hz, 1H), 7.38 (d] = 6.56 Hz, 1H), 7.34 (d] = 2.8 Hz, 1H),
7.14-7.09 (m, 2H), 6.78 (d,= 8.16 Hz, 1H), 4.13-4.11 (m, 1H), 4.2.7. 7-Bromo-9-0x0-9H-fluorene-1-carboxylic a(9
3.67-3.65 (m, 1H), 3.61-3.58 (m, 1H), 3.15-3.14 (H),43.04 The same method as described above for prep2nvag used,
(m, 2H), 2.14 (m, 2H), 1.78 (m, 2H); MS (M¥4m/z = 350.16. and 7-bromo-9-oxo-9H-fluorene-1-carboxylic aci®) (was
obtained as a yellow solid (19.5 g, 96.5%).NMR (400 MHz,
4.2.4. 2-Amino-7-(1,4-diazabicyclo[3.2.2]lnonan-4-9H-  CDCl) 6 8.22 (d,J = 7.04 Hz, 1H), 7.85 (s, 1H), 7.73-7.66 (m,
fluoren-9-one %) [42] 3H), 7.43 (dJ = 7.84 Hz, 1H).
A mixture of4 (2.1 g, 6.02 mmol), iron powder (1.7 g, 0.03
mol) in ethanol (80 mL), kD (54 mL) and conc. HCI (1.8 mL) 4.2.8. Tert-butyl 2-bromo-9-oxo-9H-fluoren-8-ylcarhate(10)
was heated to 80°C for 5 h. After complete conversias A solution of 7-bromo-9-oxo-9H-fluorene-1-carboxylaid
detected by TLC, the crude reaction mixture wassdfito pH  (9) (6 g, 19.87 mmol) in t-BuOH (10 mL) and toluen® (&L)
= 8.0 with a 10% solution of 0O, diluted with ethyl acetate was treated with BN (4.1 mL, 29.8 mmol) and DPPA (6.4 mL,
(150 mL) and filtered through Celite. The extractsvaaied and 29.8 mmol). The reaction mixture was refluxed forl2dnd then
concentrated under vacuum. The obtained solid wesollied in  cooled to RT. The solvent was removed under vaclwaund,the
dichloromethane and washed with water. The organierlaas crude product was purified by flash column chromeipby
dried over NgSO, and filtered, and the solvent was removed(PE:EA = 30:1) to provide the title compound tertybu2-
under vacuum to provide the title product 2-amin(iA-  bromo-9-oxo-9H-fluoren-8-ylcarbamatd0j (5.5 g, 74%).'H
diazabicyclo[3.2.2]nonan-4-yl)-9H-fluoren-9-ong5) (1.5 g, NMR (400 MHz, CDCY) 6 9.25 (s,1H), 8.15 (d,J = 8.56 Hz,
80%)."H NMR (400 MHz, CDCJ) 6 7.12 (d,J = 8.24 Hz, 1H), 1H), 7.72 (d,J = 1.56 Hz, 1H), 7.60 (dd] = 7.92 Hz, 1.72 Hz,
7.08 (d,J = 7.92 Hz, 1H), 7.01 (d] = 2.44 Hz, 1H), 6.88 (d] = 1H), 7.43 (tJ = 7.56 Hz, 1H), 7.37 (dl = 7.84 Hz, 1H), 7.10 (d,
2.2 Hz, 1H), 6.70 (dd) = 8.24 Hz, 2.52 Hz, 1H), 6.64 (dd,= J=7.24 Hz, 1H), 1.55 (s, 9H).
7.88 Hz, 2.24 Hz, 1H), 4.01 (s, 2H), 3.51-3.48 (m, ZA4)3-3.06
(m, 4H), 3.01-2.94 (m, 2H), 2.12-2.05 (m, 2H), 1.7671(m, 4.2.9. 1-Amino-7-bromo-9H-fluoren-9-or(@1)
2H); °C NMR (101 MHz, CDG)) ¢ 194.18, 148.14, 144.99, HCI (1 M, 22 mL, 21.6 mmol) was added to a stirrelditson
135.02, 134.79, 134.56, 132.85, 119.00, 118.94,1117.10.32, of tert-butyl 2-bromo-9-oxo-9H-fluoren-8-ylcarbaraafL0) (808

108.94, 55.59, 50.91, 45.26, 43.25, 25.50; MS (M#kh/z = mg, 2.16 mmol) in CECN (80 mL) and heated to 80°C for 4 h.
320.2. The reaction mixture was cooled to RT, adjustedHao=pl2 with

1 M NaOH and extracted with ethyl acetate. The combined
4.2.5. 2-(1,4-Diaza-bicyclo[3.2.2]nonan-4-yl)-7-fiue9H- organic layers were dried over }$20,, filtered and concentrated
fluoren-9-ong6) under vacuum. 1-Amino-7-bromo-9H-fluoren-9-ongl) was

A mixture of5 (1.9 g, 6 mmol) in HBF(30 mL) was cooled to  obtained as a yellow solid (500 mg, 84.5%).NMR (400 MHz,
0-5°C and stirred for 5 min. A cold solution of NaN@®.5 g, 7.2 CDCls) 6 7.71 (d,J = 1.4 Hz, 1H), 7.55 (dd} = 7.8 Hz, 1H), 7.35
mmol) in KO (15 mL) was added dropwise to the above solutior(d, J = 7.9 Hz, 1H), 7.22 (t) = 7.6 Hz, 1H), 6.81 (d] = 7.1 Hz,
and stirred for 30 min. The precipitate was filtessl washed 1H), 6.52 (d,J = 8.4 Hz, 1H), 5.54 (s, 2H); MS (M¥H m/z =
with ethanol and tert-butyl methyl ether. The obgdiliazonium  273.99, 275.98.
tetrafluoroborate was dried and refluxed at 120°Cxytene.

After complete convention was detected, the reactjstem was 4.2 10. 7-bromo-1-nitro-9H-fluoren-9-oif&2)

brought to RT and dissolved in @El,. The organic layer was A solution of trifluoroacetic anhydride (2.736 mL9.68
dried over NgSQ, filtered and concentrated under vacuum. Themmol) in CHCl, (2 mL) was added dropwise to 30%Q4
crude product was purified by flash column chromeipgy (16.95 mmol, 16.95 mmol) at 0°C and stirred for .3.-Amino-
(CH,Cl:CH,OH = 25:1) to provide the final compound 2-(1,4- 7_promo-9H-fluoren-9-onel(l) (500 mg, 1.824 mmol) in Cigl,
diaza-bicyclo[3.2.2]nonan-4-yl)-7-fluoro-OH-fluorehone ~ €) (4 mL) was added dropwise to the above mixture andneerto
(1.2 g, 67.3%) as a purple solti NMR (400 MHz, CDC) & RT. After 3-9 was consumed completely, the mixture was



guenched by adding water. The phases separated,thend
aqueous layer was extracted three times with,GIH The
combined organic layers were dried over,3{@,, filtered and
concentrated under vacuum. The crude product wafigouby
flash column chromatography (PE:EA = 10:1) to providetttie
compound 7-bromo-1-nitro-9H-fluoren-9-onel2) (212 mg,
38.2%)."H NMR (400 MHz, CDCJ) & 7.85 (d,J = 1.6 Hz, 1H),
7.78-7.76 (m, 1H), 7.72-7.70 (m, 1H), 7.68-7.86, 1H), 7.64-
7.62 (m, 1H), 7.49 (d] = 7.9 Hz, 1H). MS (M): m/z = 303, 305.

4.2.11. 7-(1,4-Diaza-bicyclo[3.2.2]nonan-4-yl)-1oi9H-
fluoren-9-ong13)

Under an atmosphere of nitrogen, (@ta) (0.6 g, 0.655
mmol) and BINAP (61 mg, 0.099 mmol) were stirred
anhydrous toluene (2 mL) for 15 min at 90°C. Thkitson was
cooled to RT, and a mixture of 7-bromo-1-nitro-9Hefen-9-
one (2) (100 mg, 0.329 mmol), @S0, (426 mg, 1.31mmol),
and 1,4-diazobicylco[3.2.2]Jnonane (125 mg, 0.989 afinin
anhydrous toluene (2 mL) waslded. The reaction mixture was
heated to 80-85°C and stirred overnight. After aaplto room
temperature, the mixture was quenched by adding wates
phases separated and the aqueous layer extractedithes with
CH,Cl,. The combined organic layers were dried ovesS@,

filtered and concentrated undeacuum The crude product was
purified by flash column chromatography (&H:CH,OH =
20:1) to provide the title compound 7-(1,4-diaza-
bicyclo[3.2.2]nonan-4-yl)-1-nitro-9H-fluoren-9-or(@3) (48 mg,
41.8%)."H NMR (400 MHz, CDCJ) & 7.52-7.49 (m, 2H), 7.36
(d,J=7.9 Hz, 2H), 7.10 (s, 1H), 6.82 {t= 7.6 Hz, 1H), 4.13 (s,
1H), 3.63-3.62 (m, 2H), 3.18-3.04 (m, 6H), 2.31 (s, ,2HB3-
1.82 (m, 2H); MS (M+H): m/z = 350.37.

in

4.2.12. 7-(1,4-Diaza-bicyclo[3.2.2]nonan-4-yl)-1-ami@H-
fluoren-9-ong14)

The same method as described above for prep&rimgs
used, and 7-(1,4-diaza-bicyclo[3.2.2]Jnonan-4-yBshino-9H-
fluoren-9-one 14) was obtained as a purple solid (1.5 g, 80%).
'"H NMR (400 MHz, CDCJ) 5 7.30 (d,J = 8.28 Hz, 1H), 7.16-
7.12 (m, 1H), 7.06 (d) = 2.48 Hz, 1H), 6.75 (dd] = 8.28 Hz,
2.52 Hz, 1H), 6.67 (dJ = 7.04 Hz, 1H), 6.35 (d) = 8.28 Hz,
1H), 5.43 (s, 2H), 4.10 (s, 1H), 3.58 Jt= 5.48 Hz, 2H), 3.19-
3.13 (m, 3H), 3.07-3.00 (m, 2H), 2.14-2.11 (m, 2HB01.74
(m, 3H); °C NMR (100 MHz, CDCJ) 5 195.66 (s), 150.20 (s),
147.18 (s), 137.02-136.73 (m), 136.37 (s), 13122121.42 (s),
116.55 (s), 115.39 (s), 108.58 (s), 108.48 (sP&Ts), 51.87 (s),
46.56 (s), 44.64 (s), 26.91 (s); MS (MHHm/z = 320.16.

4.2.13. 7-(1,4-Diaza-bicyclo[3.2.2]nonan-4-yl)-1-dko-9H-
fluoren-9-ong15)

The same reaction as described above for prepérnives used,
and 7-(1,4-diaza-bicyclo[3.2.2]nonan-4-yl)-1-fluedbl-fluoren-
9-one (L5) was obtained as a purple solid (446 mg, 34.0t).
NMR (400 MHz, CDC}) $ 7.39-7.34 (m, 1H), 7.32 (d,= 8.36
Hz, 1H), 7.11 (dJ = 7.36 Hz, 1H), 7.09 (d] = 2.48 Hz, 1H),
6.80-6.74 (m, 2H), 4.10 (s, 1H), 3.60 It 5.76 Hz, 2H), 3.19-
3.12 (m, 4H), 3.05-2.99 (m, 2H), 2.15-2.10 (m, 2HB211.73
(m, 2H); °C NMR (101 MHz, CDCJ) 5 191.17 (s), 158.08 (s),
150.54 (s), 137.22 (s), 137.14 (s), 135.82 (s),.94B(Qs), 121.76
(s), 117.27 (s), 115.33 (s), 115.12 (s), 114.98 16p.26 (s),
56.85 (s), 51.62 (s), 46.36 (s), 44.39 (s), 295)026.65 (S)°F
NMR (376 MHz, CDC)) & -114.11 (s); MS (M+H): m/z
323.2.

4.2.14. 2-nitropyridin-3-0(17)
Under an atmosphere of nitrogen, a solution lef@Na (2.89
g, 53.5 mmol) in CEOH (15 mL) was added dropwise to a

solution of 2-nitropyridin-3-ol 16) (5 g, 35.7 mmol) in CEOH

(50 mL) and the mixture was stirred at RT for 3Gmfter the
reaction system cooling to 0°C,.B6.3 g, 39.4 mmol) was added
dropwise with stirring. Afted6 was consumed, the mixture was
quenched by adding a solution of 10%,8l@; and then cooled
to -15°C. Yellow solid was precipitated, filtered amdshed with
cold CH,OH. The title compound was obtained as a yellow solid
(4.2 g, 53%)'H NMR (400 MHz, DMSO)5 7.85 (d,J = 8.64 Hz,
1H), 7.66(dJ = 8.64 Hz, 1H); MS (M+H): m/z = 216.97.

4.2.15. 6-bromo-2-nitropyridin-3-d[L8)

Under an atmosphere of nitrogen, zinc powder (1.22.9
mmol) and NHCI (1.5 g, 22.9 mmol) were added to the solution
of 2-nitropyridin-3-ol 7) (1 g, 4.6 mmol) in gHsOH (20 mL).
The reaction was heated to 50°C and stirred for.Ibhe crude
reaction mixture was filtered and purified by flasblumn
chromatography (PE:EA = 5:1) to provide the titlenpmund 6-
bromo-2-nitropyridin-3-ol 18) (524 mg, 60%)."H NMR(400
MHz, DMSO)3 9.70(s, 1H), 6.74(d] = 7.8 Hz, 1H), 6.49 (d] =
7.8 Hz, 1H), 5.91(s, 1H); MS (M+Bt m/z = 188.99.

4.2.16. 5-bromooxazolo[4,5-b]pyridine-2-thi@0)

KOH (191 mg, 4.76 mmol) was added to a stirredtuméx of
6-bromo-2-nitropyridin-3-ol 18) (0.3 g, 1.59 mmol) in §H:0H
(10 mL) under an argon atmosphere. Carbon disuffiié2 g,
31.7 mmol) was added and the reaction mixture watetida
reflux for 16 h. The reaction mixture was evaporatedryness,
and water (250 mL) was added followed by HCI until pirewas
~3. The formed precipitate was separated by fitirgtivashed
with H,O, and dried to provide the crude product 19 (0)26 g

K,CO; was added to a stirred mixture of the above product
(0.26 g, 1.13 mmol) in DMF (10 mL) under argon. Theethyl
iodide (1.24 mmol) was added dropwise at 0°C. Theuréxwas
stirred at RT for 2 h and evaporated,CH(60 mL) and ethyl
acetate (20 mL) were added to the residue, and thteine was
stirred for 5 min. The organic layer was separatu] the
aqueous layer was extracted with ethyl acetate (@0x2L). The
combined organic layers were dried over®3, and evaporated
to provide the title compound 5-bromooxazolo[4,pybidine-2-
thiol (20) (180 mg, 65%)*H NMR(400 MHz, DMSO)s 8.06 (d,
J = 8.4 Hz, 1H), 7.55 (dJ = 8.4 Hz, 1H), 2.79 (s, 3H); MS
(M+H™): m/z = 246.93.

4.2.17. 5-bromo-2-(methylthio)oxazolo[4,5-b]pyridifzd)

1,4-Diazabicyclo[3.2.2]nonane (200 mg, 1.58 mmulas
added to a solution of 5-bromooxazolo[4,5-b]pyred2rthiol R0)
(466 mg, 1.9 mmol) and NE{321 mg, 3.17 mmol) in i-PrOH
(10 mL). The mixture was placed in an oil bath @°®and the
solvent was evaporated. The mixture was allowed tonstt at
90°C overnight. Upon cooling to RT, the mixture wasified by
flash column chromatography (EA) to provide theettbmpound
5-bromo-2-(methylthio)oxazolo[4,5-b]pyridine21) (250 mg,
48.8%)."H NMR (400 MHz, DMSO)5 7.68 (d,J = 8.12 Hz, 1H),
7.15(d,J =8.12 Hz, 1H), 4.43-4.42 (m, 1H), 3.90Jt 5.56 Hz,
2H), 3.09 (t,J = 5.76 Hz, 2H), 3.04-2.95 (m, 4H), 2.10-2.07 (m,
2H), 1.84-1.76 (m, 2H); MS (M+H: m/z = 323.905.

4.2.18. 2-(1,4-diazabicyclo[3.2.2]nonan-4-yl)-5f(Reropyridin-
3-yl)oxazolo[4,5-b]pyriding24)

Under an atmosphere of nitrogen,@3;(303 mg, 0.93 mmol)
and Pd(dppf)Gl(45 mg, 0.062 mmol) were added to a solution of
5-bromo-2-(methylthio)oxazolo[4,5-b]pyridine21) (100 mg,
0.31 mmol), 2-fluoro-3-(4,4,5,5-tetramethyl-1,3,@xhborolan-
2-yhpyridine @2) (70 mg, 0.314 mmol) in 1,4-dioxane and
heated to 85-90°C. After complete convention wasatiede the
residue was purified by flash column chromatogra@®i:EA =



10:1) to  provide the title = compound
diazabicyclo[3.2.2]nonan-4-yl)-5-(2-fluoropyridin-3
yl)oxazolo[4,5-b]pyridine(24) as yellow solid (89.4 mg, 85%).
'H NMR(400 MHz, CDC}) & 8.72 (td,J = 8.82 Hz, 2 Hz, 1H),
8.18 (dt,J = 1.76 Hz, 4.32 Hz, 1H), 7.61 (dd= 8.24 Hz, 1.32
Hz,1H), 7.49 (dJ = 8.2 Hz, 1H), 7.30 (td] = 5.94 Hz, 2.04 Hz,
1H), 4.61 (s, 1H), 3.99(m, 2H), 3.21-3.13 (m, 4H), 2089(m,
2H), 2.18-2.16 (m, 2H), 1.88-1.80 (m, 2HIC NMR (100 MHz,
CDCl,) 6163.54, 161.83, 159.45, 158.78, 146.72, 146.02,7%41
141.05, 122.63, 122.37, 122.01, 116.37, 114.92965650.73,
46.32, 44.33, 26.82; MS (M+H m/z = 340.15.
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4.2.19. 2-(1,4-diazabicyclo[3.2.2]nonan-4-yl)-54@eropyridin-
3-yl)oxazolo[4,5-b]pyriding25)

The same method as described above for prepadnwas
used, and 2-(1,4-diazabicyclo[3.2.2]nonan-4-yl)B5-(
fluoropyridin-3-yl)oxazolo[4,5-b]pyridine 25) was obtained as
yellow solid (53 mg, 50%)'H NMR (400 MHz, CDC}) 5 8.80
(d,J = 2.32 Hz, 1H), 8.52 (td} = 7.8 Hz, 2.52 Hz, 1H), 7.50 (d,
=8.16 Hz, 1H), 7.35 (d] = 8.12 Hz, 1H), 6.99 (dd] = 8.52 Hz,
2.8 Hz, 1H), 4.65 (s, 1H), 4.03 @,= 5.36 Hz, 2H), 3.25-3.19
(m,4H), 3.10-3.04 (m, 2H), 2.22 (m, 2H), 1.93-1.86 @H); °C
NMR (100 MHz, CDC}) 5 164.88, 163.48, 162.49, 158.88,
149.03, 145.90, 141.07, 139.96, 133.43, 115.37,281209.51,
109.14, 55.83, 50.57, 46.30, 26.43, 8.70; MS(MtHn/z
340.16.

4.3. Radiolabeling

[*®Ffluoride trapped on a QMA cartridge was transferired
a high-pressure digestion tank with a solution ofygofix
222/K,C,0, (a mixture of 15 mg Kryptofix 222 in 0.7 mL
CH:CN and 2 mg KC,O,in 0.3 mL HO). The solvent was
removed at 100°C under a stream of nitrogen gase. rékidue
was azeotropically dried with 0.5 mL of anhydrouss;CN three
times at 100°C under a stream of nitrogen gas. gitecursor.3
(2 mg) in anhydrous DMSO (0.3 mL) was added to thevab
mentioned high-pressure digestion tank and heateld®°C for
30 min. The mixture was diluted with water (2x10 mljda
passed through a Sep-Pak C18 cartridge. After wasttieg
column with additional water (10 mL), the crude prodwas

a7-nAChR assay: the saturation binding assay was cbedu
using the membranes (1.5 mg) prepared above inedibatTris-
HCI buffer at 37°C for 150 min with different conceattons of
[**%]a-bungarotoxin (10 uL) in a final volume of 500 pL.
Nonspecific binding was estimated by addirbungarotoxin (2
UM, 100 pL). The binding was terminated by rapid wan
filtration through glass fiber filters (Whatman ®¥F-/presoaked
in 0.5% (v/v) polyethyleneimine for 150 min) usiag Mp-48T
cell harvester (Brandel, Gaithersburg, MD), and itier§ were
washed with ice-cold Tris-HCI buffer 3 times. The aitivity
retained on the filters was counted using an autematounter.
The reference liganMILA and the synthesized compounds were
evaluated in the presence &8 a-bungarotoxin (0.4 nM). These
assays were performed independently in triplicatediBg assay
results were analyzed using GraphPad Prism 5.0 seftvead
the Ki values were calculated using the Cheng-Pfespfation.

a4B2-nAChRs assay: the affinity of the compoundsdép2-
nAChRs was carried out using a modification methostdeed
above. In brief, JH]cytisine (1nM) as the radioligand competed
with test compounds. Nonspecific binding was measurgd
adding 1M cytisine. Incubation and filtration were performasl
described above. The samples were counteda liquid
scintillation counter and the data was analyzed using the method
mentioned above.

4.5. Patch clamp electrophysiology

Agonistic effects were assessed by a manual peltmp
technique performed commercially by Beijing Ice ®i@nce
NIC.

4.6. hERG assay

The hERG inhibitory activity of the four derivativesas
measured by a traditional patch clamp techniqudopaed
commercially by Beijing Ice Bioscience NIC. In gealer
HEK293 cells stably expressing hERG potassium chanmete
routinely grown at 37°C under a 5% ¢@tmosphere in
Dulbecco’s modified eagle’s medium/nutrient mixt{EMEM)
supplemented with 10% heat-inactivated fetal bowerim and
0.2 mg/mL geneticin. After culture, Tryp[®Express solution

eluted with CHCN (2 mL), and the solvent was removed underwas used to separate the cells, then 3sdlls were spread onto

vacuum. The residue was dissolved insCN and purified by
HPLC (mobile phase: C£N/H,O (0.2% NHOAC) = 28/72,
flow rate = 4 mL/minA = 280 nm). Identification was achieved
by analytical HPLC (mobile phase: GQEN/H,O (0.2%
NH,OAC) = 28/72, flow rate = 1 mL/mirl, = 280 nm). The total
synthesis time was approximately 60 min. The radiaghbal
yield was 13.1% (decay not corrected), and the chdimical
purity was greater than 98%.

4.4. In vitro binding assay

Preparation of rat membranes: SD rats (fenis8, - 200 g)
were used for the experiment. After the rats wereifgaet by
decapitation, the brains were rapidly removed frbegkulls and
dissected on ice. The cerebral cortexes (riaiZimAChRS) were
collected, homogenized at 4°C in 15 volumes ofdalg Tris-
HCI buffer (50 mM Tris, 120 mM NaCl, 5 mM KCI, 2 mM

CaCb, 1 mM MgC), pH = 7.4) and centrifuged at 48000 g for 20

min at 4°C. The supernatant was discarded, andehetpwere
resuspended, homogenized and centrifuged as abmeetimes.
Subsequently, the pellets were resuspended intoolilimes of
buffer and kept at -80°C. Protein concentrationsewaeasured
using the method of Lowry et al. [44]

Ligand-binding assay:
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a cover glass, and the cell electrophysiologicaiviag was
detected after incubation for 18 h in a 24 well @ldthe ligands
were evaluated until the hERG channel currents weidestAll
of the experiments were performed independentlyn@di

4.7. Acute toxicity assay

Kunming mice (half male and half female, 18-20 g+ 160)
were fed for 3 days, and after 12 h of fasting (fbotl not water
was withheld), the mice were weighed and randomlydéiviinto
6 groups. Every mouse was injected with differentcenirations
of 15 (0.1 mL) via the tail vein, and the control growpsre
injected only with the vehicle solution. The comalits of the
mice, including behavioral activities, food intakehanges in
body weight, and signs of toxicity or death, wereested over a
span of 14 days. The LsPvalue was obtained by the weighted
probit analysis developed by Bliss.

4.8. Partition coefficient determination

The partition coefficient of {F]15 was determined by
measuring the distribution of the radioligand iroatanol and
phosphate buffered saline (PBS¥F[15 (10 nCi) dissolved in
0.1 mL of saline was added to a centrifuge tubyhizh 0.8 mL
of PBS saturated with n-octanol and 0.9 mL n-octaadlirated



with PBS were added. The tube was vortexed for 1.0, minposition. Images were acquired at 15, 30 and 60 pust-

followed by centrifugation for 5 min at 7000 rpm. € two
samples (0.1 mL each) from each phase were countegh i

injection.

automaticy-counter. The partition coefficient was expressed aCompliance with ethical standards

log P which was calculated using the following equatiog P =
log(counts (n-octanol)/counts (PBS)). Samples (0ml5 from

the n-octanol layer were repartitioned until coreisdistribution
coefficient values were obtained. The measurementreyzesated
three times in triplicate.

4.9. In vitro stability studies

In vitro stability in fetal bovine serum andisa: [**F]15 (10
uCi) was incubated in fetal bovine serum (400 and saline
(100 pL) at 37°C and RT, respectively. The incubation tonigs
were sampled at 60 min and 120 min and loaded tetdiPLC
system for analysis. Specifically, the fetal bovssrum sample
was treated using the following procedure: after lrating, the
serum protein was precipitated by adding acetoai{@00puL),
and the sample was centrifuged for 5 min at 7000. rptre
supernatant was filtered through an organic Millg#éler (0.22
um) for HPLC analysis.

4.10.Biodistribution in tissues and organs in mice

Normal Kunming mice (female, 18-22 g, n = 5) wisrjected
with [**F]15 (10 uCi, in saline (0.1 mL) containing 5% DMSO)
via the tail vein and sacrificed by decapitatio®at5, 30, 60 and
90 min post-injection. The tissue and organs oéredt were
removed, weighed and counted by an automgatiounter. The
percent dose per gram of wet tissue (%ID/g) was catied!by
comparison of the tissue counts with suitably dduddiquots of
the injected material. The values were expressdtieasnean +
SD (n =5).

4.11.Biodistribution in the brain regions of mice

Normal Kunming mice (female, 28-32 g, n = 5) wisrjected
with [**F]15 (10 uCi, in saline (0.1 mL) containing 5% DMSO)
via the tail vein and sacrificed by cervical digtion at 5, 15, 30,
60 and 90 min post-injection. The brains were rapiéimoved
from the skulls and then dissected on ice into togtex,
hippocampus, striatum, superior and inferior callis, thalamus,
cerebellum and rest of the brain. The brain regiwese weighed
and the radioactivity was determined with an autoenati
counter. The data was analyzed as described as.above

4.12. Drug inhibition studies

Blocking studies were carried out by pre-suboetas
injection of normal Kunming mice (female, 28-32ngz 5) with
blocking agents. Cytisine (1 mg/kg, 0.1 mL salimefyylene
glyco (v/iv = 1/1)) and ondansetron (2 mg/kg,
saline/DMSO (v/v = 5/1)) were injected 5 min and 1 iprior
to the intravenous injectiorof ['*F]15 (0.1 mL, 60 pCi),
respectively. Control groups were injected with thehigle
solution (0.1 mL). At 60 min after thé®F]15 injection, the brain
was treated according to the procedure for detengini
biodistribution in various brain regions of mice.

4.13. Micro-PET/CT imaging

CD-1 rats (female, 180-200 g) were injected irgreously with

[**F]15 (0.3 mL, 200uCi), anesthetized with isoflurane (3%

isoflurane for preparation and 1% isoflurane durswanning)
and fixed on the bed of a micro-PET/CT scannerhia prone
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0.1 mL

All protocols requiring the use of mice were agved by the
Animal Care Committee of Beijing Normal University.
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1 A class of 1,4-diazobicylco[3.2.2]nonane derivatives was synthesized and evaluated

asa7-nAChR ligands.

2 Five ligands displayed high binding affinity (K; = 0.001-25 nM) for a7-nAChRs.

3 [*®*F]15 displayed high binding affinity, selectivity for a7-nAChRs and good
pharmacokinetics in mice.



