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Radioiodinated 9-fluorenone derivatives for
imaging a7-nicotinic acetylcholine receptorst

Hang Gao, @ Shuxia Wang, Bingchao Qiang, Sixuan Wang and Huabei Zhang*

A series of 9H-fluoren-9-one substituents were synthesized and evaluated for imaging cerebral a7-
nAChRs. Meta-iodine substituted 9-fluorenone 5 with high binding affinity (K; = 9.3 nM) and selectivity was
radiolabeled with *2°I. Fully in vitro and in vivo studies of [1?°I]5 have been performed. [1%°I]5 exhibited well

brain uptake with a peak concentration of 7.5 + 0.9% ID/g in mice brains. Moreover, ex vivo
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autoradiography studies and micro single-photon emission computed tomography (micro-SPECT/CT)
dynamic imaging in mice confirmed its in vivo imaging properties. Besides, molecular docking and MD
studies were also performed to interpret the binding mechanisms of the two series of ligands towards a7-

nAChRs. To conclude, the meta-iodine substituted 9-fluorenone [*?°1]5 could be a promising tracer for

rsc.li/medchemcomm imaging a7-nAChRs.

Introduction

The nicotinic acetylcholine receptors (nAChRs), which are
related to the neurotransmitter acetylcholine (ACh), are
classified into neuronal type (a2-010 and B2-p4) and muscle
type (a1, B1, v, 8 and ¢) receptors." nAChRs in humans are
ligand-gated ion channels and can assemble into different
subtypes.> In human brains, the homomeric o7 and
heteromeric  a4f2 nicotinic receptor subtypes are
predominant among other nAChR subtypes.®

It is clear that nicotine has a high binding affinity to the
04P2 subtype, but a much lower affinity to a7-nAChRs. Due
to their unique structure, the a7-nAChRs exhibit the fastest
desensitization kinetics of all nAChRs and display a strong
binding to methyllycaconitine (MLA) or o-bungarotoxin (a-
Bgt).* The 07-nAChRs have high permeability to calcium and
are expressed in various cells in the brain. In human cerebral
cortical neurons, astrocytes, microglia, oligodendrocyte
precursor cells and endothelial cells, the o7-nAChRs
exhibited their own roles in regulating physiology such as
learning, memory, sensorimotor gating and even
inflammation.>™° Further studies illustrated that a7-nAChRs
have been involved in numerous brain disorders including
schizophrenia (SCZ), Alzheimer's disease (AD), anxiety,
bipolar disorder and traumatic brain injury."***
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With an intensive progress of neurophysiology, the o7-
nAChR emerged as a promising therapeutic target for
psychiatric disorders. Preclinical and early clinical studies
showed that a7-nAChR partial agonists displayed promising
results for the treatment of neurodegenerative diseases.’>"’
However, postmortem studies in AD and SCZ patients
showed a loss of a7-nAChRs in their human cerebral
tissues.”® The suppression of inflaimmation may be a key
point that could protect these receptors in brain pathologies,
but the physiological and pharmacological roles of the a7-
nAChRs in CNS remained unclear.'** Even so, several
selective 07-nAChR partial agonists have reached clinical
trials such as GTS-21, TC-5619 and EVP-6124.>7%°
Unfortunately, the invalid cases of planned therapies
occurred beyond the expected results and a loss of drug effect
was observed when increasing the dose of agonists above the
threshold.>****” Therefore, it is urgently needed to develop
0a7-nAChR biomarkers in vivo to make early diagnosis of
neurodegenerative diseases and to evaluate the efficiency of
such therapies.

The in vivo imaging and quantifying of a7-nAChRs with
positron emission tomography (PET) and single-photon
emission computed tomography (SPECT) techniques may be
of paramount importance to answer the questions. In the past
few years, many radiotracers targeted to o.7-nAChRs have been
developed and tested on non-primates, but most have
suboptimal character to do further research on humans. For
the "'C and '®F labelled PET tracers, various basic structures
have been developed such as 1,4-diazabicyclo[3.2.2.Jnonane
derivatives  like  [“'C]CHIBA-1001,>®  spirofuropyridine
derivatives like ['®*F]AZ11637326,>° fluorinated derivatives of
dibenzo[b,d]thiophendioxide like [“*FJASEM and ['°F]
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DBT10,*° and newly discovered 9H-fluoren-9-one substituted
derivative [*®F]1.°"> As for the '*’I and '*°I labelled SPECT
radiotracers, ['*°IJiodo-ASEM showed promising results yet
lacked some in vivo studies (Fig. 1).**

In this study, we describe a series of 9H-fluoren-9-one
substituted derivatives with high to moderate binding
affinities towards o7-nAChRs. Meta-iodine substituted
9-fluorenone [**’I]5 had an improvement on yields of
radiolabelling and is biologically equivalent to ortho-iodine
substituted. [**°I]5 could serve as a promising radiotracer for
imaging a7-nAChRs. In addition, the study of synthesized
amino and fluorinated substituents together with molecular
modeling would provide some help in designing new a7-
nAChR ligands.

Results and discussion
Chemistry

The synthesis routes of the meta-substitution of compounds
3, 4, and 5 are shown in Scheme 1. The nonlabelled
precursor 4 started from 2,7-dibromo-9H-fluoren-9-one (2).
The “one-arm” substituted 3 was synthesised with a chemical
quantity of 0.9 eq. of 1,4-diazabicyclo[3.2.2]nonane via the
Buchwald-Hartwig Pd-catalyzed cross-coupling reaction. The
nonlabelled precursor 4 was prepared from 3 in anhydrous
toluene catalyzed by Pd(PPh;),. The final nonradioactive 5
was easily prepared with iodine and dichloromethane at R.T.
in high yields.

The synthesis of 4-methylpiperazin-1-yl substituted
derivatives started from 6. Fluoranthene 6 was oxidized by
chromium(vi) oxide to open the loop to afford carboxylic acid
7 in a high yield. Carboxylic acid 7 was brominated into 8
and further produced Boc-protected aniline 9 by the Curtius
rearrangement through a one pot reaction. The Boc-
protecting group of 9 was removed with diluted hydrochloric
acid to obtain 14. After the Schiemann reaction, fluorine
substituted 15 was generated. The final derivatives 10, 11, 16
and 17, were prepared by the Buchwald-Hartwig cross-
coupling reaction between the nitrogen heterocyclic rings
and 9 or 15 respectively. It's worth mentioning that in the
procedure of the Buchwald-Hartwig cross-coupling reaction,
the total yields k of 16-18 decreased due to the existence of
the fluorine atom on 15, which was the same as what
Teodoro reported.>” The fluorine atom may act as a leaving
group that leads to the low selectivity of cross-coupling

15F,
“ro. ¢ -0

[''C]CHIBA-1001 ['®FIAZ11637326 ['8F]ASEM

[*51]lodo-ASEM

N@N'O\\Sp. F N@N*

['*FIDBT10 (81

Fig. 1 Reported a7-nAChRs radiotracers.
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reactions and bring difficulties in the separation and
purification of these compounds.

In vitro binding assay

The in vitro binding affinities of a7-nAChRs and selectivity to
homologous 04f2 subtype were measured, respectively. Rat
cortical membranes were used to conduct the binding assays.
0.4 nM ["*’TJo-bungarotoxin ([**’IJo-Bgt) was used as a
competitor to have a Ky value of 0.7 nM.** Besides, the
binding affinity of the specific o7-nAChR antagonist
methyllycaconitine (MLA) was also measured under the same
conditions as the reference compound to ensure the
reliability of the method.*®

As shown in Table 1, among all the tested compounds,
1,4-diazabicyclo[3.2.2]nonan-4-yl substituted 3 and 5 showed a
strong affinity (K; = 9.3 nM) toward the o7-nAChRs and are at
the same level as iodo-ASEM. Precursor 4 was found to suffer
an obvious decrease of affinity (K; > 500 nM), which may be
caused by the steric bulk of the tributylstannyl group. The
4-methylpiperazin-1-yl substituted fluoren-9-ones manifested
moderate affinities compared to 1,4-diazabicyclo[3.2.2]nonane
substituent 5, which indicates that the heterocyclic nitrogen
groups are crucial to obtain binding affinities. Among 10-18,
amino substituents 12 and 13 were found to have higher
binding affinities than the fluoro substituted compounds,
which indicates that a connection between ligands and
proteins may exist. The affinities of piperazin-1-yl
substituents 13 and 18 were higher than 4-methylpiperazin-1-
yl substituents 12 and 16 respectively.

The selectivity to heteromeric 0432-nAChRs was also
determined using [*H]cytisine (1 nM) as a competing
radioligand.*® All the tested compounds were found to have
relatively lower affinities to «4PB2-nAChRs. Meta-iodine-
substituted 5 exhibited good selectivity.

Radiochemistry

5, which had a high binding affinity within the series, was
chosen to be radiolabelled with '*°I in a high yield route
(Scheme 2). Compound [“°I]5 was prepared from its
corresponding hexabutylditin precursor 4 through an
iododestannylation reaction using hydrogen peroxide as an
oxidant with a high radiochemical yield of 85.4%. Compared
to iodo-ASEM, the efficiency of radiolabelling was greatly
improved, which made it easier to use [**’I]5 in some ways.
['*’1]5 was eluted at 50.871 min and obtained with a
radiochemical purity of greater than 98% after solid-phase
extraction as shown in Fig. 2. The final radiochemical
identification of radioiodinated ligand ['*’I]5 was verified by
coinjection with a nonradioactive compound 5 using HPLC
profiles. [**’I]5 has a retention time of 8.311 min compared
to 8.004 min of 5.

In vitro stability study

The in vitro stability of [***I]5 in fetal bovine serum and
saline were determined separately. Highly purified ["*°I]5
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Scheme 1 Reagents and conditions: (a) Cs,COs, Pd,(dba)s, BINAP, toluene, 80 °C, 51.6% yield; (b) Pd(PPhs)s, Sny(Bu)s, toluene, 120 °C, 37.4%
yield; (c) I, CH,Cly, NaHSOs. R.T., 58.3% yield; (d) CrOs, H,O, CH3COOH, 80-85 °C, 110-120 °C, 66.1% yield; (e) Br,, 80-85 °C, 96.5% yield; (f)
EtsN, DPPA, t-BuOH, toluene, 110 °C, 73.0% yield; (g and k) Cs,COs, Pd(dba)s, BINAP, toluene, 85 °C, 34.6-67.2% yield; (h and i) CHzCN, 1 N HCl,
80 °C, 1 N NaOH, 78.9-84.5% yield; (j) HBF4, 0-5 °C; NaNO,; H,0, 120 °C, 33.4% yield.

were hatched at 37 °C and R.T., respectively, for 1-12 hours.
The radiochemical purity of the miscible liquids was
determined wvia HPLC. The results showed that the
radiochemical purity of ['*°’I]5 remained greater than 98%
both in serum and saline (Fig. 3). The results demonstrated
that [*°I]5 has a high in vitro biostability in a simulated
physiological environment.

Biodistribution in tissues and organs of mice

The biodistribution studies of [**’I]5 were conducted on
normal Kunming mice (female, 18-22 g). Radioiodinated
[***1]5 showed a rapid brain uptake of 4.2 + 0.2% ID g™* at 5

Table 1 In vitro binding affinities (K;, nM) of MLA, nicotine, 3, 5, 12, 13, 16
and 18 toward a7-nAChR and a4f2 subtypes

K; (nM) Selectivity
Compd a7 aap2? a7/a4p2
MLA 2.7+ 0.9 nt’
Nicotine nt¢ 3.8+1.2
3 1.9+0.3 2036 + 446 1088
5 9.3x04 4975 + 578 537
12 224 + 13 >10000
13 186 £ 9 9211 + 314 50
16 521 £ 55 >10000
18 207 £ 10 8254 + 452 40

% SD rat (female, 180-270 g) cerebral cortex; radiotracer, ["*°IJo-Bgt
(0.4 nM), K4 = 0.7 nM; K; values are the mean + SD of assays
performed in triplicate. * SD rat (female, 180-270 g) cerebral cortex;
radiotracer, [*H]eytisine (1 nM), Kq = 0.77 nM; K; values are the mean
+ SD of assays performed in triplicate. © nt: not tested.
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min of post-injection (Table 2). The peak concentration of
[***1]5 in the brain was 7.5 = 0.9% ID g™* at 30 min, then
gradually dropped to 4.6 + 0.5% ID g™ ' at 60 min. The braing,
min/bPraingomin Was 2.7, presenting a good clearance rate for
brain imaging. Among the peripheral organs, the lungs
exhibited an exceptional absorption of 49.8 + 9.2% ID g " at 5
min and also a fast clearance. The organs of liver and kidney
showed moderate radioactive uptake, probably due to the
metabolism of these organs. The thyroid showed a relatively
low uptake within 60 min, indicating the good stability of the
iodide group in vivo. The highest brain/blood ratio was 8.3 at
30 min, which illustrated good properties of ['*°I]5 in SPECT/
CT imaging studies.

Biodistribution of brain regions in mice

The brain region distribution studies of ['*’I|5 were
performed on Kunming mice to test the dynamic binding
properties under the physiological level (Fig. 4). In a few
minutes of tail vein injection, [**’I]5 exhibited rapid initial
brain uptake. The peak concentration in the brain was
appeared at 30 min, followed by a moderate washout. A
higher radioactive accumulation of ['*’I|5 appeared in the
frontal cortex, hippocampus, superior/inferior colliculus

h S O -
* H,0,/HCI

[1251)5
Scheme 2 Radiosynthesis of ['2°I]5.

This journal is © The Royal Society of Chemistry 2019
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Fig. 2 (A) HPLC chromatogram of the preparation of [**°I]5. (B)
Coinjection of [*2°]]5 and 5.
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and striatum. In the frontal cortex of the brain, [**°I]5
exhibited the highest value of 6.6 + 0.5% ID g at 30
min. The hippocampus had the second-ranked uptake of
5.9 + 0.4% ID g ' at 30 min and a slower clearance. The
uptakes of the superior/inferior colliculus and striatum
were relatively lower, 5.3 + 0.4% ID g™ and 4.5 * 0.3%
ID g at 15 min respectively. The cerebellum had the
lowest uptake. The distribution of ["*’I]5 were in
accordance with the biodistribution of o7-nAChRs in
rodents.?”

Blockade studies

To ensure the specificity of the radiotracer under
physiological conditions, self-blockade studies with a non-
labelled standard 5 were studied on Kunming mice. An
obvious reduction of radioactive accumulation among all
regions in the mice cerebellum was observed, which
indicated a successful blockade of the ligand in the mice
brain. The frontal cortex, hippocampus and superior/inferior
colliculus of the brain have a blockade ratio of 66.9%, 85.1%
and 80.1%, respectively (Fig. 5A). The blockade ratio of the
cerebellum is less than 40%, indicated that the uptake of the
cerebellum is a nonspecific binding. The self-blockade result
demonstrated that ['*’I]5 was specific to the brain regions
that are rich in a7-nAChRs. In order to confirm the selectivity
of [**’1]5, blockade studies with the homogeneous nAChR

mV —— Saline 12h
—— Saline 6h
oo A - Saline 2h
5500 K —— Saline 1h
5000 —— Serum 12h
4500 A Serum 6h
;’4000 4 -/\ —— Serum 2h
E! 3500 - /\ —— Serum 1h
e 3000
E 2500 -
2000
1500 A_
1000
500 k
0

0 2 4 6 8 10 12 14 16 18 20
Retention time

Fig. 3 HPLC chromatograms of [**°]5 in fetal bovine serum and
saline.
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Table 2 Biodistribution of [**[]5 in the Kunming mice (female 1, 18-22
9

Time

Organs 30 min 60 min 120 min
Blood 0.9+0.4 09 +0.3 0.5+0.2
Brain 7.5+0.9 4.6 + 0.5 2.8+0.3
Thyroid” 1.1+0.2 2.0+0.2 45+0.4
Heart 3.3+0.9 29+0.4 2.3+0.2
Liver 16.2 £ 1.3 12.0 £ 1.2 8.5£0.5
Spleen 11.0 £ 0.9 7.6 £ 0.6 6.5+1.0
Lungs 219 %25 19.7 £ 2.3 8.4 +£0.9
Kidney 12.0 + 1.4 7.4 +1.0 5.3+0.6
Muscle 3.9+0.4 2.4 +0.4 2.4+0.5
Bone 4.9 £ 0.6 4.6 £ 0.6 3.7+0.5
Intestine 3.4+04 5.3 +£0.6 5.5+0.5
Stomach 4.5+ 0.6 5.2 £0.9 59+ 0.5
Brain/blood 8.3 5.1 5.6

“ Data are expressed as the percentage of injected dose per gram (%
ID g'), mean = SD, n = 3. ” Data are expressed as the percentage of
injected dose (% ID), mean + SD, n = 3.

ligands were performed under the same physiological
conditions.

The independent experiments of the blockade studies
were conducted for the purpose of determining the specificity
of the studied radiotracer to a.7-nAChRs over a4f32-nAChRs
and 5-HT; receptors. The three blocking agents were pre-
intravenous/subcutaneous injected before the administration
of [*°I]5. SSR180711, a selective a7-nAChR partial agonist
with a good affinity, was chosen to study in vivo selectivity.*®
For the a4f2-nAChRs and 5-HT; receptors, cytisine and
ondansetron  were chosen as  blocking  agents,
respectively.’>*® All the three blocking agents were pre-
injected 15 min before the injection of the radiotracer. The
non-blocking group was pre-injected with saline to avoid
interferences. The mice were sacrificed at 45 min of post-

- —— FrCtx
71 <o Str
6 - Coll
g - Th
2s cB
My - Rest
204
)
=E¥
X
2]
14
0 T T T .

0 20 40 60 80 100 120
time (min)
Fig. 4 Biodistribution of [**I]5 in the cerebral regions of the mice.
The data are expressed as the percentage of injected dose per gram (%
ID g%, mean * SD, n = 3. Abbreviations: FrCtx, frontal cortex; Hipp,
hippocampus; Str, striatum; Coll, superior and inferior colliculi; Th,
thalamus; CB, cerebellum; Rest, the rest of the brain.
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Fig. 5 Blockade studies of [**°[]5. (A) Self-blocking and (B) blocking

with selective a7-nAChR, a4p2-nAChR and 5-HTj3 ligands in the mice.

Abbreviations: FrCtx, frontal cortex; Hipp, hippocampus; Str, striatum;

Coll, superior and inferior colliculi; Th, thalamus; CB, cerebellum. Rest,

the rest of the brain.
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injection of the radiotracer and brain tissues were harvested.
As shown in Fig. 5B, the SSR180711 blocking group suffered
an obvious reduction of radioactivity and the inhibitor ratio
was more than 50%, which suggests that ['*’I]5 was specific
to 07-nAChRs. As for the cytisine and ondansetron blocking
groups, the radioactivity accumulation of the front cortex,
hippocampus and striatum was hardly reduced. The
inhibitor ratio of the two homologous receptors was less
than 15%, which demonstrates that [*°I]5 was specific to
07-nAChRs versus a4f2 subtypes and 5-HT; receptors. In
addition, the accumulation of radioactivity in the
cerebellum was not influenced by all the blocking agents,
which demonstrated that [**°I]5 in the cerebellum was a
nonspecific binding.

Ex vivo autoradiography

Blockade studies showed that ['*’I]5 has good selectivity
and specificity, and to further confirm the binding ability
and specificity of [**’I]5 intuitively, ex vivo autoradiography
on living mice was performed. The results were cross-
referenced to mouse brain atlases.’’ As shown in Fig. 6,
radioiodinated tracer ['*’I]5 exhibited intensive labeling and
showed strong radioactive accumulations in the front
cerebral cortex, hippocampus, thalamus, and striatum, as

High

ivity

Radioact

Reference Blocking Control

[1251]5

Fig. 6 Ex vivo autoradiography of [**1]5 on the mice.
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well as hypothalamus, where o7-nAChRs were highly
expressed. Moreover, SSR180711 was used as the blocker to
form an inhibiting group. As shown in the figure, ["*°1]5
was significantly blocked in the Kunming mice by
SSR180711 and the uptakes of all the regions suffered
obvious reductions. ["*’I|5 showed little unexpected
radioactive accumulation and an obvious specific labelling
of a7-nAChRs, which proved that it has a good ability for
imaging o7-nAChRs.

In vivo SPECT/CT imaging on the Kunming mice

Dynamic SPECT/CT studies of [**°I]5 were further performed
on the mice. The mice were anesthetized with isoflurane
followed by the intravenous injection of radioiodinated
probes (0.1 mL, 80 uCi, 2.96 MBq). Dynamics SPECT/CT was
conducted consecutively for 60 min. Moreover, two more
static scanning tests (90 min and 120 min of post-injection)
have been also performed to study internal retention and
metabolism. As shown in Fig. 7A, significant radioactive
accumulation was observed post-injection. The mice cerebral
regions had an obvious uptake, which is in agreement with
the studies discussed above. Slight deiodination was
observed during the studies after 30 min, but was in the
acceptable limits. [*’I]5 has good cerebral retention and
moderate washout in the mice brain. The radioactivity
concentration was basically cleared after 120 min. The
imaging results are well consistent with the biodistribution
data and further proved that radioiodinated [**°I]5 has good
dynamic properties in the mice brain.

To further ensure the blockade results, a blocking agent
was also used in the study. The mice were pre-injected with
SSR180711 (1 mg kg™') 15 min before the injection of the
radiotracer. As shown in Fig. 7B, significant blockade of
cerebral uptakes were observed at 30 min and 60 min of
post-injection. Taken together, the blocking imaging study,
in combination with the dynamics SPECT/CT studies and
experiments in vivo/vitro discussed above, illustrated that
radioiodinated 5 was specific and selective to rodent o7-
nAChRs. With the good in vitro/vivo properties of [**°1]5, it
could be an excellent choice for imaging human o7-
nAChRs.

Docking study

For purpose of elucidating the binding modes of o.7-nAChRs
with the series ligands, docking studies were performed
using Glide 6.7.**™** We chose 3, 5, 12, 13, 16, and 18
together with the previously reported compounds ASEM,
iodo-ASEM and DBT-10 hoping to reveal the binding modes
of the dibenzo[b,d]thiophendioxide and 9H-fluoren-9-one
derivatives. The studied ligands were successfully docked into
the binding pockets and the docking poses of iodo-ASEM and
5 are shown in Fig. 8. The docking results revealed that the
main interactions of the chosen compounds with a7-nAChR
were dominated by the heterocyclic nitrogen groups. The
docking poses of the two series of compounds were quite

This journal is © The Royal Society of Chemistry 2019
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Fig. 7 Dynamic micro-SPECT/CT studies of radiotracers on the Kunming mice (female, 18-22 g). (A) Dynamic micro-SPECT/CT images of [*?°I]5.

(B) Micro-SPECT/CT blockade studies of [*2°]]5.
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sites of a7-nAChRs. (B) Binding contacts during MD simulations of iodo-ASEM in the active sites of a7-nAChRs.

similar, which illustrated that the 3D geometry of 1,4-
diazobicylco[3.2.2Jnonane groups may play a vital role in the
binding mechanism. For the studied two series of derivatives,
a strong H-bond was observed between the protonated
secondary/tertiary amine of the nitrogen heterocyclic ring
and Trp145. Besides, moderate H-bonds were observed
between the oxygen atoms on the sulfonyl/ketone group. Two
n—-cation interactions between the protonated nitrogen atom
and  Tyr184/Tyr191 observed

were simultaneously.

This journal is © The Royal Society of Chemistry 2019

Additionally, a n-n stacking was found between the benzo
groups from the basic structure of the two series and Trp53.
Interestingly, the n-cations between the protonated nitrogen
atom on 4-methylpiperazin-yl and Tyr184 were not found,
which may explain the reason why 12 and 16 have lower
affinities than 13 and 18. The predicted binding models
demonstrated that among all the o7-nAChR ligands, the
heterocyclic nitrogen groups were crucial for the binding
mechanism.

Med. Chem. Commun., 2019, 10, 2102-2110 | 2107
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Fig. 9 The RMSDs and interactions of the simulated ligand-a7-nAChR complex backbones and ligand atoms. (A) RMSD and interactions of 5-a7-
nAChR complex. (B) RMSD and interactions of iodo-ASEM-a7-nAChR complex.

Molecular dynamics simulations

Docking studies showed us a feature of the ligands and a7-
nAChRs in a static and relatively rigid environment. To
further reveal the behaviour of the complexes taking the
protein flexibility into account, 40 ns molecular dynamics
studies for each complex were conducted in explicit aqueous
solution using Desmond 4.2.*>*® Todo-ASEM and 5 was
chosen to conduct the studies. The RMSD of each system was
calculated and analysed to explore their dynamic stability
and ensure the rationality of the sampling method.

The RMSDs of the initial structures of proteins and
ligands are shown in Fig. 9. The protein-ligand contacts of
the systems were also monitored as shown in Fig. 8 and 9. As
can be seen in the figure, the two complexes had an initial
increase of RMSD at first, which was probably due to the
relaxation of the solvated complexes. The studied two
complexes showed smooth motion till the end of the
simulations and found fluctuations less than 3 A. The ligand
RMSDs that was fitted on the proteins were all smooth
likewise, indicating that they all have good binding stability
in a dynamic environment. The ligand RDSM of complex
5-07-nAChR showed the highest value of more than 4.5 A,
indicating that 5 has a relatively moderate binding affinity
towards a7-nAChRs. A sudden fluctuation was found during
the simulations, indicating that the bond rotation of 5 may
exist. The main backbone residues of the proteins were stable
to have low RMSF values during the simulations, indicating
less fluctuations of the oa7-nAChR protein. For the two
ligands, a strong H-bond (backbone acceptor) between
Trp145 and the protonated tertiary amine of the nitrogen
heterocyclic ring was maintained during the simulations. In

2108 | Med. Chem. Commun., 2019, 10, 2102-2110

addition, another several H-bonds between Glu185, Arg182,
Asn92, Tyr184 and a sulfonic base were found in the iodo-
ASEM-07-nAChR complexes. As for the 5-07-nAChR
complexes, moderate H-bonds were found between the
oxygen atom on the ketone group and Glu185 which could be
the reason why the 9-fluorenone derivatives exhibited
moderate affinity than dibenzo[b,d]thiophene 5,5-dioxide
substituendum. The hydrophobic contacts of the two
complexes were more consistent. The hydrophobic contacts
between Trp53 and the aromatic rings were found during the
simulations. As it's known, H-bonds dominate the ligand
binding and hydrophobic interaction is the driving force of
binding, they all played important roles in ligand-a7-nAChR
binding. To sum up, the stabilizations were achieved from
both the H-bonds and n-n stacking hydrophobic contacts,
which made the two ligands exhibit high binding affinities to
07-nAChRs. The results of molecular dynamics studies are in
good agreement with the assay results and will be a help for
further structure-based modifications.

Conclusions

In this paper, a series of 9H-fluoren-9-one derivatives with
high affinities and selectivity have been synthesized and
evaluated for the SPECT/CT imaging of a7-nAChRs. Among
the different nitrogen heterocyclic derivatives, meta-iodine
substituted 9-fluorenone 5 with a high a7-nAChR affinity (K;
= 9.3 + 0.4 nM) and selectivity versus homologous subtypes
was radiolabeled with "*I.

[***1]5 has a good in vitro stability and a good blood brain
permeability. Furthermore, cerebral biodistribution studies,
blocking studies, ex vivo autoradiography and micro-SPECT/

This journal is © The Royal Society of Chemistry 2019
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CT imaging in mice confirmed the good in vivo
pharmacokinetic properties. Additionally, docking studies
and MD simulations were performed to reveal the binding
mechanisms and differences in potency of the studied
compounds towards a7-nAChRs.

To sum up, [**’1]5 exhibits excellent properties to study
07-nAChRs in vitro/vivo. Therefore, 5 may serve as a potential
SPECT/CT radiotracer in quantifying o7-nAChRs. Further
studies of 5 labelled with ***I are ongoing.
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