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A simple and efficient synthesis of nAChR antagonist (+)-7-methyl-2-exo-(3’-iodo-5'-pyridinyl)-7-azabi-
cyclo[2.2.1]-heptane ((+)-NMI-EPB) has been developed. Both enantiomers of (+)-NMI-EPB were sepa-
rated by semi-preparative chiral HPLC. The enantiomers manifested a substantial difference in their
inhibition binding affinities ((+)-NMI-EPB, K; = 2310, 1680 pM; (—)-NMI-EPB, K; = 55, 68 pM). The enanti-
omers were stereoselectively radiolabeled with ''C. In the distribution studies in the rodent brain
[''C](—)-NMI-EPB specifically labeled nAChR whereas [''C](+)-NMI-EPB exhibited little specific binding.
In the baboon PET study [*'C](—)-NMI-EPB did not reach steady-state within 90 min post-injection sug-
gesting that the radioligand may have some limitations for quantitative imaging.

© 2008 Elsevier Ltd. All rights reserved.

Central nicotinic acetylcholine receptors (nAChR) are involved
in tobacco dependence and various conditions and disorders
including Alzheimer’s disease, Parkinson’s disease, schizophrenia,
anxiety, depression, Tourette’s syndrome, attention-deficit hyper-
activity disorder and pain.'"* PET imaging of nAChR is useful for
studying the role of these binding sites in various disorders. The
currently available PET radioligands for human studies (2-['F]FA
and 6-['8F]FA)® exhibit drawbacks including slow brain kinetics
and low binding potentials. Radiolabeled analogs of high affinity
nAChR agonist epibatidine were the first PET radioligands with
good imaging properties in animals.” Unfortunately, use of these
compounds for PET studies in human subjects was too risky due
to the toxicity of epibatidine analogs.®~® Recently a nAChR antago-
nist (+)-7-methyl-2-exo-(3’-iodo-5'-pyridinyl)-7 azabicyclo[2.2.1]-
heptane ((%)-5) structurally related to epibatidine was developed®
and the radiolabeled ['C](+)-5 was synthesized as a potential PET
radioligand-candidate for studies of nAChR in humans with rapid
brain kinetics.'® Since [''C]()-5 consists of two enantiomers that
may exhibit different binding affinities, it was our hypothesis that
separation of a higher affinity radiolabeled enantiomer might yield
a PET radioligand with even better imaging properties than those
of ['1C](+)-5. This prompted us to devise a more efficient, simple
synthesis of racemic (5) with the intention of resolving its enanti-
omers and evaluating their binding affinities at nAChR to deter-

* Corresponding author. Tel.: +1 410 614 0108; fax: +1 410 614 0111.
E-mail address: yongjgao@yahoo.com (Y. Gao).

0960-894X/$ - see front matter © 2008 Elsevier Ltd. All rights reserved.
doi:10.1016/j.bmcl.2008.10.012

mine if they act in a manner similar to the racemate, or whether
one of the isomers behaves differently. Here we describe the new
synthesis, radiosynthesis and preliminary in vivo PET imaging
properties of (['1C](+)-5) and ([''C](—)-5) in mice and baboons.

A multi-step synthesis of racemic 7-methyl-2-exo-(3'-iodo-5'-
pyridinyl)-7-azabicyclo[2.2.1]heptane 5 has been described previ-
ously.>!! This procedure was laborious and suffered from low
yield. This prompted us to devise a more simple synthesis of unla-
beled 5 (Scheme 1). Briefly, palladium catalyzed Heck coupling of
compound 1° with the easily available 3,5-diiodopyrdine!'? pro-
duced the Boc-protected compound 3 in 86% yield.!® Deprotection
of the Boc group and spontaneously N-methylation occurred in one
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Scheme 1. Efficient synthesis of racemic compounds 4 and 5.
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step with HCOOH and HCHO as reagents.!* TFA deprotection of
compound 3 gave the non-methyl compound 4 quantitatively.

Since 4 and 5 are racemic compounds, the corresponding enan-
tiomers were separated by chiral HPLC and their physical proper-
ties are shown in Table 1.

The in vitro inhibition binding assays of (+)-4, (-)-4, (—)-5 and
(+)-5 (Table 1) were performed commercially by NovaScreen Bio-
sciences, a Caliper Life Science Co, (Hanover, MD) under conditions
similar to those previously published,!® using rat cortical mem-
branes as a source of nAChRs and [3H]epibatidine as a radioprobe.
The in vitro inhibition binding assays of (—)-5 and (+)-5 are shown
in the Table 1. The N-methyl enantiomer (—)-5 displayed substan-
tially greater binding affinity than that of enantiomer (+)-5. In
comparison, the K; value of normethyl precursor (+)-4 was shown
to be essentially identical to its enantiomer (—)-4.° The more pro-
nounced enantioselectivity of 5 is similar to that of nicotine, that is,
exhibiting a 38-fold enantioselectivity of binding affinity with (—)-
nicotine versus (+)-nicotine.'®

It is worth noting that N-methylation of normethyl enantiomers
(—)-4 and (+)-4 with CHsl in DMF demonstrated that starting mate-
rial (+)-4 stereoselectively yielded N-methyl enantiomer (-)-5,
whereas normethyl compound (—)-4 produced the corresponding
(+)-N-methyl enantiomer (+)-5. The radiomethylation of (-)-4
and (+)-4 with [''C]JCHsI in anhydrous DMF yielded ['!C]-(+)-5
and [''C]-(-)-5, correspondingly!” (Scheme 2). The radioactive
products were purified by HPLC and reconstituted in 1 mL ethanol
and with 9 mL of 0.9% saline. The final products [''C]-(—)-5 and
[''C]-(+)-5 were obtained in 18 + 2% radiochemical yields (n = 3)
(non-decay corrected). They were analyzed by analytical HPLC to
determine the radiochemical purity and the specific radioactivity.
The total radiosynthesis time was 35 min from end of bombard-
ment with an average specific radioactivity of 22,045 + 1955 mCi/
pmol and a radiochemical purity of >98%. The formulated radiotra-
cers were immediately injected into mice or baboons for PET
studies.

High affinity radioligand [''C]-(—)-5 and its low affinity enan-
tiomer [''C]-(+)-5 were injected in mice and the distribution of
radioactivity in the mouse thalamus and cerebellum was studied
(Fig. 1). The accumulation of [''C]-(—)-5 in nAChR-rich thalamus
was higher than that of [''C]-(+)-5 whereas the uptake of both
enantiomeric radioligands was comparable in the nAChR-poor cer-
ebellum. As a result, the thalamus/cerebellum ratio was found to
be 6 and 1.8 for [1'C]-(—)-5 and [''C]-(+)-5, correspondingly. Based
on the previously published results with the racemic mixture
[MC]-(#)-5 ((2)-["'CINMI-EPI)!° these data suggest that [''C]-(—)-
5 might display a higher binding potential in PET imaging studies
than its less active enantiomer [''C]-(+)-5 or the racemic mixture.

The baboon PET imaging study with active enantiomer ['!C]-
(—)-5 demonstrated that the radioligand labels the nAChR-rich re-
gions in the baboon brain whereas the accumulation of radioactiv-
ity in the CB-poor cerebellum was lower (Fig. 2). However, PET
modeling demonstrated that accumulation of radioactivity in the
thalamus did not reach steady-state during 90 min scanning
post-injection.'® The radioactivity accumulation in the thalamus
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Scheme 2. Stereoselective synthesis of normethyl enantiomers (—)-5 and (+)-5.
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Figure 1. Accumulation of [''C]-(—)-5 and [''C]-(+)-5 radioactivity in CD1 mouse
brain, 60 min post-injection. Data are mean %ID/g tissue + SD (n = 3).

(Fig. 2) had not reached the peak and the Th/CB ratio was still ris-
ing. This brain kinetics of [''C]-(—)-5 were different in comparison
with [''C]-(+)-5 ((+)-[''CINMI-EPI) that reached the peak in all
brain regions at 5-10 min post-injection and the thalamus/cere-
bellum ratio of the enantiomer had reached the plateau at about
90 min post-injection.!® This finding suggests that [''C]-(-)-5
([**C](-)-NMI-EPB) requires more than 90 min of scanning for reli-
able quantification of nAChR in baboon brain and may not be suit-
able for quantification of nAChRs in the baboon brain because the
scanning time for the most ''C-PET radioligand is limited to 90—
120 min due to the short half-life (t;,> = 20 min) of ''C. If radiola-
beled with ['?%[] the enantiomer (—)-5 ((—)-NMI-EPB) may be of
interest as potential SPECT radioligand for imaging of nAChR in hu-
man subjects.

In summary, our work has resulted in the simple and efficient
synthesis of (+)-7-methyl-2-exo-(3'-iodo-5'-pyridinyl)-7-azabicy-
clo[2.2.1]-heptane ((+)-NMI-EPB). A substantial increase of yield
and shorter synthesis steps are the crucial advantages of this
method. Most importantly, we discovered that the enantiomers
of (+)-NMI-EPB displayed substantial difference in their binding
affinities at nAChRs. The in vivo enantioselectivity of the radiola-

Table 1
Chiral HPLC separation of enantiomers of 4 and 5, and comparison of their nAChR inhibition binding affinity (K;) with epibatidine

Eluent Retention time (tg, min) ee (%) [2]p22 (CHCl3) Physical properties K; (pM)
(-)-4 A 14.0 >98 -8.85¢c=0.78 Colorless oil 45+ 72
(+)-4 A 12.3 >08 9.53 c=0.75 Colorless oil 48 + 77
(-)-5 B 6.8 >08 —-144c=0.8 Colorless oil 2310; 1680
(+)-5 B 7.8 >98 15.5¢c=0.79 Colorless oil 55, 68
Epibatidine — — — — — 46; 56

A: hexane/i-PrOH/Et3N 30:470:1.5. B: hexane/i-PrOH/EtsN 15:485:2.
" ee, enantiomeric excess.
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Figure 2. Regional time-uptake curves of [''C]-(—)-5 in the baboon brain. Symbols:
CB, cerebellum; Th, thalamus; FrCtx, frontal cortex; Pu, putamen; CN, caudate
nucleus; Th/CB, thalamus/cerebellum ratio.

beled [''C](-)-NMI-EPB and ['!C](+)-NMI-EPB were also observed
in the distribution studies in the rodent brain with PET. In ba-
boon PET study, [''C](—)-NMI-EPB did not reach steady-state
within 90 min post-injection suggesting that it may be not suit-
able for quantification of nAChRs. Further studies on radiolabel-
ing the enantiomer (—)-5 ((—)-NMI-EPB with ['?°I] hold promise
as potential SPECT radioligand for imaging of nAChR in human
subjects and are in progress.
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