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Synthesis and Characterization of Radioiodinated (.5)-5-Iodonicotine:
A New Ligand for Potential Imaging of Brain Nicotinic Cholinergic
Receptors by Single Photon Emission Computed Tomography
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(5)-5-Iodonicotine (4a), an (S)-nicotine analog iodinated at the 5-position of the pyridine ring, was synthesized
and evaluated as a potential radiopharmaceutical for investigating brain nicotine receptors by single photon emission
computerized tomography (SPECT). [*2°I]-(S)-5-lodonicotine ([ *°I]-4a) was synthesized by the iododestannylation
reaction under no-carrier-added conditions and purified by high-performance liquid chromatography (HPLC). The
binding affinity of 4a for brain nicotine receptors was measured in terms of displacement of [*H]cytisine from
binding sites in rat cortical membranes. The binding data revealed that the affinity of 4a was the same as that of
(:5)-nicotine and 80-fold higher than that of the (R)-enantiomer (4b). Biodistribution studies in mice disclosed that
the brain uptake of [ ' 2°I]-4a was rapid and profound. Regional cerebral distribution studies in rats by autoradiography
disclosed that the accumulation of ['2°I]-4a was dense in the thalamus, intermediate in the cortex and striatum,
and less marked in the cerebellum. Furthermore, the administration of (S)-nicotine reduced the uptake of [12°1]-4a
in the thalamus and resulted in a nearly identical level of radioactivity in the cerebellum. [*2°T]-(R)-5-lodonicotine
(['2°1]-4b) showed more rapid washout from the brain and a less extensive regional cerebral distribution than the
(S)-enantiomer (['2°1]-4a). Thus, 4a bound to brain nicotine receptors in vivo, and therefore iodine-123-labeled 4a

may be a potential radioligand for use in in vivo cerebral nicotinic receptor studies by SPECT.
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Changes in the density of nicotine receptors have recent-
ly been reported in the brains of patients with various
disorders, including Alzheimer’s disease and Parkinson’s
disease.! ~ An increased density of nicotine receptors has
also been reported in the brains of smokers.® These
observations have stimulated interest in means of imaging
the distribution of brain nicotinic receptors noninvasively
in vivo with external imaging techniques such as positron
emission tomography (PET) and single photon emission
computed tomography (SPECT). For this purpose, [*!C]-
(S)-nicotine has been recently developed as a radioligand
for PET studies.”~'? The successful imaging and func-
tional studies of nicotine receptors with [**C]-(S)-nicotine
and the superior radiation properties of *?*I for SPECT
prompted us to synthesize a radioiodinated nicotine analog
with high receptor affinity.

Structure—activity relationship studies of the nicotine
molecule have shown that the binding of nicotine to
nicotine receptors may be associated with a pyrrolidine
nitrogen atom (a cationic center), a pyridine nitrogen atom
(an electronegative atom), planarity of the pyridine ring,
and the distance between the two nitrogen atoms.'3!# In
addition, modification of the structure of the pyrrolidyl
moiety drastically affects the binding affinity of nicotine
for its receptor.'® Nicotine has two stereoisomers, (S)- and
(R)-nicotine, due to the presence of a center of asymmetry
at the carbon joining the pyrrolidine ring to the pyridine
ring, and the (S)-enantiomer has a greater affinity for brain
nicotine receptors than dose the (R)-enantiomer.'®”1® It
is also known that aryl iodides are more stable than alkyl
iodides'® 2V and that pyridine derivatives halogenated
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at position 5 are less reactive than those halogenated at
position 2, 4, or 6,22~ 2% guggesting that introduction of
iodine at position 5 of the pyridine ring should minimize
susceptibility to deiodination in vivo. Thus, from the
viewpoints of minimum disturbance of receptor binding
and maximum ir vivo stability, position 5 of the pyridine
ring of (S)-nicotine appeared to be the most practical site
for iodination.

Racemic 5-iodonicotine has already been synthesiz-
ed,?**% but no report has appeared on stereoselective
synthesis of (S)- and (R)-5-iodonicotine (4a and 4b). In this
study, the stereoisomers 4a and 4b were each synthesized,
and the binding affinity of the (S)-enantiomer (4a) for
brain nicotine receptors and its biodistribution, including
regional cerebral distribution, were compared with those
of the (R)-enantiomer (4b) to assess the feasibility of using
it for imaging brain nicotine receptors.

Chemistry

The synthesis of enantiomers of nonradioactive 5-io-
donicotine, 4a and 4b, is outlined in Chart 1. Racemic
S-bromonicotine (1) was synthesized from ethyl 5-bro-
monicotinate according to the procedure of Leete et al.?>
Resolution of racemic 5-bromonicotine (1) was carried out
by fractional crystallization with (4 )- or (—)-a-methoxy-
a-(trifluoromethyl)phenylacetic acid (MTPA) by a mod-
ification of the method of Jacob for the resolution of
racemic S-bromonornicotine?®); i.e., treatment of 1 with
(—) or (+)-MTPA in ethyl acetate gave the MTPA
salt of (S)-(—)- or (R)-(+)-S-bromonicotine, 2a or 2b,
respectively. The analysis using chiral high-performance
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Chart 1

liquid chromatography (HPLC) disclosed that the en-
antiomeric purities of the resolved 2a and 2b were greater
than 98%. The stereoisomers, 2a and 2b, were reacted with
hexa-n-butylditin in the presence of a catalytic amount
of tetrakis(triphenylphosphine)palladium to produce the
corresponding tributylstannyl derivative, 3a or 3b, in
moderate to high yield (45—94%). Compounds 4a and 4b
were synthesized by iododestannylation of the correspond-
ing tri-n-butylstannyl derivatives, 3a or 3b, with iodine
monochloride in an inert solvent at room temperature,
followed by HPLC purification (9—40% yield). The en-
antiomeric purity of each enantiomer obtained, 4a and
4b, was greater than 98% as assessed by chiral HPLC
analysis.

Radiolabeling The electrophilic iododestannylation
reaction offers several advantages for radioiodination,
since it is performed under very mild conditions and with
very high regional selectivity, as well as affording a high
specific radioactivity. Thus, the preparation of *?*I-labeled
4a and 4b was performed by iododestannylation under
no-carrier-added conditions, and the product was purified
by reverse-phase HPLC. Analysis of the final product by
chiral HPLC revealed that each of [12°1]-4a and [12°1]-4b
was enantiomerically pure, since only a single peak was
found at the same retention time as that of the cor-
responding nonradioactive enantiomer. The total radio-
chemical yield of the synthesis of ['?°I]-4a or [!2°1]-4b
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Fig. 1. Inhibition of [3H]Cytisine Binding to Rat Cortical Membranes
by Various Drugs

O, 2a (S)-5-bromonicotine; @, 2b (R)-5-bromonicotine; [, 4a (S)-5-
iodonicotine; WM, 4b (R)-5-iodonicotine; A, (S)-nicotine; A, (R)-nicotine; <&,
acetylcholine.

Table 1. Inhibition by Various Compounds of [*H]Cytisine Binding
to Rat Cortical Membranes

Compound K; (nm)

2a 9.734£0.85
2b 1893 +161
4a 3.36+£0.22
4b 253453
(S)-Nicotine 3.68 +0.40
(R)-Nicotine 297489
Acetylcholine 13.7+1.77

Each value represents the mean +S.E.M. of three independent experiments.

was approximately 40 or 20% after HPLC purification,
respectively. The radiochemical purity of the product was
greater than 98% as determined by HPLC and thin layer
chromatography (TLC), and the specific activity was
determined from the UV absorbance at 254 nm as more
than 55 TBq/mmol (the detection limit of this method).
The product remained stable for at least one month after
labeling.

In Vitro Binding Using the reference compounds (S)-
nicotine, (R)-nicotine and acetylcholine, we measured the
affinities of (S)- and (R)-5-iodonicotine (4a and 4b) and
(S)- and (R)-5-bromonicotine (2a and 2b) for brain nicotine
receptors by examining competition with [*H]cytisine for
binding sites in rat cortical membranes. Figure 1 illustrates
representative competitive binding curves of these com-
pounds, and the K; values determined from ICs, are
summarized in Table 1. The order of potency was 4a~
(S)-nicotine > acetylcholine > 2a > (R)-nicotine ~4b > 2b.
The results indicate that 4a showed high affinity, essentially
the same as that of (S)-nicotine. In addition, the affinity
of 4a was 80 times greater than that of the (R)-enantiomer
4b, indicating that 4a binds to [*H]cytisine recognition
sites, i.e., neuronal nicotinic acetylcholine receptors, with
high stereoselectivity. Furthermore, 4a showed higher
affinity than the brominated derivative 2a. The relatively
high affinity of 4a in spite of the great steric effect of the
bulky iodine atom might be due to its lower electron-
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Table 2. Biodistribution of Radioactivity after Administration of
[*?°1]-4a and ['2°1]-4b in Mice®

Vol. 45, No. 2

Table 3. Cerebral Regional Distribution of Radioactivity after Ad-
ministration of [12°1]-4a in Rat®

Time after injection (min)

Time after injection (min)

Organ Region
5 15 30 60 2 10 30 60

[*251]-4a Frontal cortex 0.58+£0.04 0.25+0.02 0.23+0.04 0.20+0.01
Blood 1.98+0.20 2.3940.18 2.164+0.16 1.87+0.33 Parietal cortex 0.53+£0.05 0.29+£0.05 0.26+0.03 0.21+0.04
Liver 10.65+1.78 9.594+2.00 7.344+0.70 5.26+0.54 Temporal cortex 0.42+£0.01 0.24+0.05 0.2140.02 0.18+0.03
Kidney 9.13+0.40 8214+1.04 52042.83 574+1.69 Caudate putamen  0.64+0.01 0.244+0.04 0.1940.03 0.1740.01
Stomach 3.924+1.029 3.7440.25 3.84+0.22 3.914+0.34 Thalamus 0.94+0.02 0.454+0.05 0.274+0.04 0.20+0.04
Lung 4.87+0.379 3.4740.69 3.294+0.25 2.104+0.53 Hypothalamus 0.4140.03 0.224+0.06 0.1840.02 0.15+0.03
Heart 3274031 2.6940.17 235+0.16 1.804+0.25 Cerebellum 0.38+0.08 0.16+0.03 0.164+0.01 0.18+0.01
Thyroid? 0.05+0.04 0.0740.02 0.10+£0.03 0.09+0.01 TH/CE? 2554045 2.8740.61 1.674+0.33 1.16+0.22
Brain 3.69+0.47 2.0740.149 1.66+0.209 1.1840.069 - -
['251]-4b a) Percent of injected '2°I dose/g of tissue; average+S.D. for three rats.
Blood 2.08+0.10 2344020 2.1140.09 1.91+40.21 b) TH/CE = thalamus-to-cerebellum ratio.
Liver 11.58+1.07 9324129 848+1.65 5.554+0.66
Kidney 8.48+055 7.03+1.30 7.72+1.58 545£1.19  and liver, but the radioactivity was cleared rapidly from
Stomach 2474022 3543028 3.9240.75 3.77+0.22 these organs. The accumulation of radioactivity in the
Lung 42040.35 3.964+0.24 3274041 2.25+0.20 . . .. . o
Heart 2651 1.16 2604022 2314022 1.62+0.13 thyroid was low, which indicated the high stability of 4a
Brain 3364044 1.51+0.15 1.14+0.08 0.70+0.07  to in vivo deiodination. Compound [*2°I]-4b showed a

a) Percent of injected '2°I dose/g of organ; average+S.D. for four mice.
b) Percent of injected 25T dose/organ; average +S.D. for four mice. ¢) p<0.05
as compared with [*2°1]-4b. d) p<0.01 as compared with [*2°T]-4b (Student’s ¢
test).

withdrawing effect, since different halogen substituents at
the 5-position affect the basicity of the pyridine nitrogen,?%
an important factor in the binding of (S)-nicotine to its
receptors,!3:14)

Biodistribution The results of the radioactivity dis-
tribution studies in mice after intravenous administration
of ['?5I]-4a and ['?°1]-4b are summarized in Table 2.
[*2°I]-4a rapidly entered the brain, and a high uptake of
radioactivity (3.7%/g) was observed at the initial sampling
time of 5min, after which, the radioactivity declined with
time. This high brain uptake was in accordance with the
high brain uptake index (BUI), i.e., [*?°I]-4a showed
a high BUI (mean+S.D.: 137419 with respect to the
tritiated water reference), which was comparable to that
reported by Oldendorf for nicotine (131 +7)2” and higher
than that of [°*™Tc]-HM-PAO (90 + 12), a cerebral blood
flow agent. The cause of the finding that the BUI value
of 4a exceeds 100 may be the use of tritiated water as an
internal reference which is not freely diffusible in the brain
(the maximal extraction of tritiated water into the brain
is reported to be 75%) and the difference of efflux rate
constant between water and nicotine.?®

On the other hand, the radioactivity in the blood was
little changed at about 2%/g during the experimental
period. The TLC analysis of radioactivity in the blood
showed that more than 85% of the original radioactivity
was observed at the position of the intact compound at
2min after the injection of [*2°I]-4a, but this gradually
decreased to 45—55% at 15min and to less than 40% at
30 min in both cases. Thus, the brain-to-blood ratio of the
original compound, which was calculated by taking into
account the fraction of the original compound in the
blood, remained almost constant after 2min (2.0 at 2 min,
1.8 at 15min), suggesting that an apparent equilibrium is
reached in those two compartments after this time.

High initial uptake was also observed in the kidneys

high BUI (119419 with respect to the tritiated water
reference) and high initial uptake by the brain (3.4 %/g),
which were similar to those for the (S)-enantiomer 4a,
but the radioactivity subsequently declined more rapidly.
Consequently, the uptake of ['2°I]-4a by the brain at and
after 15min postinjection was significantly higher than
that of [12°I]-4b, although the two compounds showed
similar radioactivity levels in the blood and other organs.
The cerebral regional distribution of radioactivity after
injection of [*2°I]-4a was determined in rats using ex vivo
quantitative autoradiography (Table 3). At 10min after
injection, marked differences in the regional distribution
of radioactivity were observed: i.e., the thalamus showed
the highest uptake, followed by the cortex, striatum and
cerebellum in that order (Fig. 2a). At this time, the
thalamus-to-cerebellum (TH/CB) ratio (i.e., specific versus
nonspecific uptake) was 2.7, but it declined after 30 min.
Analysis of brain homogenates was carried out at 10 and
30 min after injection of [12°1]-4a. At 10 min, about 80%
of the radioactivity in the homogenates could be extracted
with methanol, and the extracted material displayed a
single peak on TLC with the same Rf value as that of cold
4a added simultaneously. On the other hand, about 60%
of the radioactivity was in the original form at 30 min after
injection. Thus, the cause of the lower cerebral localization
of radioactivity at 30 min after injection of [*2°I]-4a may
be the presence of metabolites in the brain. Considering
that a pseudoequilibrium in the brain and the blood
compartments was observed after 2 min in the biodistribu-
tion studies and that the highest cerebral localization of
radioactivity (TH/CB ratio) was obtained at 10 min, sub-
sequent studies were carried out at 10 min after injection.
The regional distribution of specifically bound [*2°I]-4a
at 10min, obtained by subtracting the cerebellar values
from those for each region, correlated well with the dis-
tribution of nicotine receptors reported from in vitro
studies (r2=0.99) (Fig. 3).1218:29733 Figyre 2b shows
the effect of (S)-nicotine on brain distribution of [*2°T]-
4a. Treatment with (S)-nicotine reduced the radiotracer
levels in the thalamus, cortex, and striatum by 53, 19,
and 19%, respectively, and resulted in similar levels of
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Fig. 2. Ex Vivo Autoradiography of Rat Coronal Brain Sections at 10 min after Injection of Each Radioligand
(a) [1251]-4a. (b) (S)-nicotine (60 ug/kg) administered simultaneously with ['>°I]-4a. (c) [*2°1]-4b.
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Fig. 3. Correlation of Radioactivity Levels Determined from ex Vivo
Autoradiograms at 10min after Injection of ['?°I]-4a with Density
of Nicotinic Cholinergic Receptor Sites as Determined by in Vitro
[*H]Nicotine Binding®®

radioactivity throughout the brain (Fig. 4). Dexetimide,
a drug with high selective affinity for muscarinic cholin-
ergic receptors,®® caused no change in the accumulation
of [125]]-4a in any brain region examined. None of the
tested compounds showed any effect on the radioactivity
in the blood. These findings indicated that 4a binds to
nicotine receptors in the brain following intravenous in-
jection.

However, displacement studies of [251]-4a showed that
a significant amount of radioactivity remained in the brain

0.5 5 1257) 43 alone

[
[12%]}-4a with (S)-nicotine
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Fig. 4. Regional Cerebral Distribution of [*25I]-4a and ['2°1]-4b and
Effect of Various Drugs on the Regional Uptake of [!2°1]-4a

Rats were injected with the radioligand alone or simultaneously with (S)-nicotine
(60 ug/kg) and dexetimide (10mg/kg) and were killed 10min after injection.
«p<0.01 as compared with the ['2°I]-4a alone (¢ test). Results are expressed in
% dose/g of tissue+ S.D. for 3—4 animals.

after treatment with (S)-nicotine. Several factors may have
contributed to this phenomenon. First, since the toxicity
of (S)-nicotine makes it technically impossible to ad-
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minister high doses,*> the dose used in this study may
have been too low to inhibit completely the specific binding
to the nicotine receptor. Second, (S)-nicotine increases
cerebral blood flow and thereby would also increase the
supply of radioligand to the brain.*® This effect could
result in an increase of total radioligand binding in the
brain. Third, 4a might exhibit high nonspecific binding in
vivo.

On the other hand, the (R)-enantiomer, [*2°1]-4b pro-
duced a significantly lower level of radioactivity in the
thalamus than the (S)-enantiomer, [*2°I]-4a, and showed
less marked regional differences in brain radioactivity
10 min after injection (Fig. 2c, Fig. 4). The TLC analysis
of brain homogenates at 10 min after injection of [#°1]-4b
showed a single peak with the same Rf value as that of
cold 4b added simultaneously, indicating that the cerebral
accumulation of [!2°1]-4b occurred in the intact form.
Since [12°1]-4b gave a blood radioactivity level and BUI
similar to those of the [1?°1]-4a, the less marked regional
variation in cerebral distribution of [12°1]-4b is presumed
to be due to the relative weakness of specific interaction
in the brain, i.e., binding to the brain nicotine receptor.

Conclusion

Routes have been developed for the syntheses of non-
radioactive and '2°I-labeled (S)- and (R)-5-iodonicotine
with high enantiomeric purity. In vitro competitive bind-
ing studies showed high affinity of (S)-5-iodonicotine for
brain nicotine receptors, which was the same as that of
(S)-nicotine and 80-fold higher than that of the (R)-
enantiomer. In vivo biodistribution studies demonstrated
that the brain uptake of [*2°I]-(S)-5-iodonicotine was
rapid and profound and that its cerebral regional distribu-
tion was consistent with the distribution of central nicotine
receptors. These data suggest that [*2*1]-(S)-5-iodonico-
tine may be potentially useful for imaging central nicotine
receptors in vivo in conjunction with SPECT.

Experimental

Sodium [*?°TJiodide (specific activity: 81.4 TBgq/mmol) and [*H]-
cytisine (1.13 TBq/mmol) were purchased from Amersham Internation-
al Plc and Du Pont New England Research Products, respectively.
[*°™Tc]-HM-PAO was prepared from a freeze-dried kit (Amersham
Pharmaceutical Co., Tokyo, Japan) by the addition of 370 MBq of freshly
eluted [**™Tc]-pertechnetate in 5ml of saline solution just prior to
injection. (R)-Nicotine was kindly supplied by Japan Tobacco Company
(Tokyo, Japan). The other chemicals used were of reagent grade. Melting
points were determined on a Yanagimoto micromelting point apparatus
(Kyoto, Japan) and are uncorrected. Proton nuclear magnetic resonance
(*H-NMR) spectra were recorded on a Varian Gemini 200 (200 MHz)
spectrometer, and the chemical shifts are reported in ppm downfield
from an internal tetramethylsilane standard. High-resolution mass
spectra (HRMS) were obtained with a Hitachi M-80 model. Enantiomeric
purity was determined by HPLC with a 4.0 x 100 mm Chiral-AGP column
(ChromTech, Norsborg, Sweden) with a Chiral-AGP guard column
(3.0 x 10mm) at a flow rate of 0.9 ml/min. The column was eluted using
the following system: solvent A =100 mm K,HPO, plus 4.5 mMm decanoic
acid (pH 8.2) and solvent B=methanol (0—6min, A/B=100/0, 6—
13 min, A/B=90/10, 13—30min, A/B=288/12).

Racemic 5-Bromonicotine (1) The method of Leete et al. was
employed.?> bp 137°C (9mm Hg). "H-NMR (CDCl,): 1.62—2.01 (m,
3H), 2.19 (s, 3H), 2.21--2.38 (m, 2H), 3.07 (t, 1H), 3.20 (t, LH), 7.87 (s,
1H), 8.44 (s, 1H), 8.55 (s, 1H). HRMS m/z: 240.0270 (Calcd for
C,oH,3BrN,: 240.0262). Anal. Caled for C,oH,,BrN,: C, 49.81; H, 5.43;
N, 11.62. Found: C, 49.93; H, 5.33; N, 11.60.

(S)-(—)-5-Bromonicotine (—)-a-Methoxy-a-(trifluoromethyl)phenyl-
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acetate Compound 1 (2.65g, 11 mmol) was dissolved in 15ml of ethyl
acetate, and 1.29 g (5.5mmol) of (—)-MTPA in 1.2ml of ethyl acetate
was added with stirring. The mixture was allowed to stand at 2 °C, after
which the crystalline product was collected by filtration and washed
with ethyl acetate. Three recrystallizations from acetonitrile afforded
1.15g (44%) of colorless needles. mp 129.5—131.5°C. Anal. Caled for
C,oH,,BrF;N,0;5: C, 50.54; H, 4.67; Br, 16.81; N, 5.89. Found: C,
50.41; H, 4.69; Br, 16.75; N, 5.90.

(R)-5-Bromonicotine (+ )-a-Methoxy-a-(trifluoromethyl)phenylacetate
The filtrate from the initial crystallization of the (—)-MTPA salt above
was extracted with 1 N sulfuric acid (2 x4 ml). The acid extracts were
combined, washed with 10ml of ether, made basic with NaOH, and
extracted with methylene chloride. After evaporation of the solvent,
the residue was dissolved in 8 ml of ethyl acetate and treated with a
solution of (+)-MTPA (1.29 g, 5.5mmol) in 2ml of ethyl acetate. The
mixture was allowed to stand at 2°C, and the crystallized product was
collected by filtration. Three recrystallizations from acetonitrile afforded
1.05g (40%) of colorless needles, mp 129—132°C. Anal. Caled for
C,,H,,BrF;N;0;: C, 50.54; H, 4.67; Br, 16.81; N, 5.89. Found: C,
50.36; H, 4.62; Br, 16.60; N, 5.88.

(S)-(—)-5-Bromonicotine (2a) (S)-(—)-5-Bromonicotine (2a) (—)-
MTPA salt (1.12 g, 2.35 mmol) was dissolved in 20 ml of 15% HCl and
the resulting solution was washed with 20 ml of ethyl acetate. The aqueous
layer was made basic with 15% NaOH solution and extracted with 30ml
of methylene chloride. The extract was dried over sodium sulfate and
evaporated in vacuo to yield 2a as an oil (0.46g, 81%). Analysis by
chiral HPLC indicated an enantiomeric purity of >98% (tx =20.6 min).
'H-NMR (CDCl,): 1.62—2.01 (m, 3H), 2.19 (s, 3H), 2.21—2.38 (m,
2H), 3.07 (t, 1H), 3.20 (t, 1H), 7.87 (s, 1H), 8.44 (s, 1H), 8.55 (s, 1H).
[«]3° —139.6 (c= 1.0, methylene chloride). HRMS m/z: 240.0258 (Calcd
for C;oH,3BrN,: 240.0262). Anal. Caled for C,oH3BrN,: C, 49.81; H,
5.43; N, 11.62. Found: C, 49.82; H, 5.52; N, 11.49.

(R)-(+)-5-Bromonicotine (2b) The (R)-isomer (2b) was prepared by
employing identical reaction conditions to those described for the (S)-
isomer (2a) from 2b (+)-MTPA salt (1.0g, 2.1 mmol) in 87% yield
(0.44 g). Analysis by chiral HPLC indicated an enantomeric purity of
>98% (tg=15.9min). "H-NMR (CDCl;): 1.66—2.01 (m, 3H), 2.19 (s,
3H), 2.20—2.38 (m, 2H), 3.07 (t, 1H), 3.21 (t, 1H), 7.87 (s, 1H), 8.44 (s,
1H), 8.55 (s, 1H). [«]3° +133.1° (¢=1.0, methylene chloride). HRMS
mfz: 240.250 (Caled for C; H3;BrN,: 240.0262). Anal. Caled for
C,oH,3B1N,: C, 49.81; H, 5.43; N, 11.62. Found: C, 49.94; H, 5.62; N,
11.47.

(8)-(—)-5-(Tri-n-butylstannyl)nicotine (3a) Compound 2a (0.46¢,
1.9mmol) and hexa-n-butylditin (2.76 g, 4.76 mmol) were dissolved in
dry toluene (5ml), and a catalytic amount of tetrakis(triphenylphos-
phine)palladium (22mg, 0.019mmol) was added. The mixture was
refluxed with stirring for 18 h under an argon atmosphere. After cool-
ing, the reaction mixture was filtered through Celite. The filtrate was
concentrated in vacuo. The oily residue was then purified by silica gel
flash chromatography with chloroform—methanol (20:1) to yield 3a as
a colorless oil (0.80g, 94%). 'H-NMR (CDCl;): 0.85—1.59 (m, 27H),
1.66—2.01 (m, 3H), 2.19 (s, 3H), 2.20—2.38 (m, 2H), 3.07 (t, 1H), 3.21
(t, TH), 7.72 (s, 1H), 8.42 (s, 1H), 8.47 (s, [H). HRMS m/z: 452.2211
(Caled for C,,H,oN,Sn: 452.2213).

(R)~(+)-5-(Tri-n-butylstannyl)nicotine (3b) Compound 3b was pre-
pared from 2b (400 mg, 0.83 mmol) in 45% yield (340 mg) by employing
the same reaction conditions as described for the (S)-isomer (3a). *H-
NMR (CDCl,): 0.85—2.01 (m, 30H), 2.19 (s, 3H), 2.20—2.38 (m, 2H),
3.07 (t, 1H), 3.21 (t, 1H), 7.87 (s, 1H), 8.44 (s, 1H), 8.55 (s, 1H). HRMS
mjz: 452.2216 (Caled for C,,H, oN,Sn: 42.2213).

(S)-(—)-5-Iodonicotine (4a) A solution of iodine monochloride (20
mg, 0.12mmol) in I ml of chloroform was added dropwise to stirred
suspension of 3a (46 mg, 0.10 mmol) in chloroform (2ml). The reaction
mixture was stirred at ambient temperature for an additional 1h, and
then washed with 10% aqueous sodium thiosulfate (Sml) and water
(5ml) and dried over sodium sulfate prior to removal of the solvent in
vacuo. The oil was purified by HPLC (Cosmosil 5C18, 10 x 250 mm
[Nacalai Tesque, Kyoto, Japan]; methanol:0.01 M ammonium acetate
solution=1:1; flow rate 1.5ml/min; retention time 43 min). The frac-
tions containing 4a were collected, and evaporated to remove the
methanol. The residual solution was made basic with 15% NaOH
solution and extracted with methylene chloride. The extract was dried
over sodium sulfate and evaporated in vacuo to yield 12mg (40%)
of compound 4a as an oil. Analysis by chiral HPLC indicated an
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enantomeric purity of >98% (f =23.4min). 'H-NMR (CDCl,): 1.66—
2.0l (m, 3H), 2.19 (s, 3H), 2.20—2.38 (m, 2H), 3.07 (t, 1H), 3.21
(t, 1H), 7.87 (s, 1H), 8.44 (s, 1H), 8.55 (5, 1H). [a]2® —111.4° (c=
1.0, dichloromethane). HRMS m/z: 288.0126 (Calcd for C;oH;;3IN,:
288.0124). Anal. Caled for C,oH;3IN,: C, 41.69; H, 4.55; N, 9.72.
Found: C, 41.57; H, 4.53; N, 9.48.

(R)-(+)-5-Iodonicotine (4b) Compound 4b was prepared from 3b
(300 mg, 0.66 mmol) in 9% yield (15 mg) by employing the same reaction
conditions as described for compound 4a. Analysis by chiral HPLC
indicated an enantomeric purity of >98% (fx =21.0min). 'H-NMR
(CDCl,): 1.66— 2.01 (m, 3H), 2.19 (s, 3H), 2.20—2.38 (m, 2H), 3.07 (t,
1H), 3.21 (t, 1H), 7.87 (s, 1H), 8.44 (s, 1H), 8.55 (s, IH). [«]3° +111.0°
(¢=1.0, dichloromethane). HRMS m/z: 288.0128 (Caled for C,,H,;IN,:
288.0124). Anal. Caled for C, H;3IN,: C, 41.69; H, 4.55; N, 9.72. Found:
C, 41.76; H, 4.58; N, 9.48.

Radiolabeling Ten microliters of 30% aqueous hydrogen peroxide
was added to a mixture of sodium ['?*I}iodide (10 ul, 37 MBq) and
compound 3a or 3b (0.1 mg in 50 ul of 0.1~ HCI). The vial was sealed
and the reaction mixture was stirred for 30 min at room temperature.
The resulting solution was made basic with 1N sodium hydroxide, the
product was extracted with diethyl ether (3 x 0.5ml), and the combined
organic layers were evaporated under a stream of nitrogen. The residue
was dissolved in 100—150 ul of methanol, applied to a reverse-phase
HPLC column (Cosmosil 5C,5-300, 10x250mm, Nacalai Tesque,
Kyoto, Japan), and eluted with methanol: 10 mmM ammonium acetate
(1:1) at a flow rate of 1.5ml/min (tx =40 min for (S)- and (R)-5-[*2°T}-
iodonicotine). The fraction corresponding to compound 4a or 4b was
collected, evaporated to remove the residual organic solvent, and steril-
ized by filtration through a 0.22 um cellulose acetate filter (Milex filter,
Millipore Corp.).

The radiochemical purities of [2°I]-4a and [*2°1]-4b determined by
TLC and HPLC were greater than 98%. TLC was performed on a silica
gel plate with chloroform : methanol (20: 1) (f =0.37—0.45 for [1?°1]-4a
or [1251]-4b). HPLC was performed using a chiral analytical column
under the conditions described (g =23.4 min for [*2°I]-4a and 21.0 min
for [1251]-4b).

In Vitro Brain Nicotine Receptor Binding Studies The affinity of
(S)- and (R)-5-iodonicotine (4a and 4b) for brain nicotinic receptors was
measured in terms of displacement of [*H]cytisine from a preparation
of synaptosomal membranes, according to the method of Pabreza et
al3” In brief, the cerebral cortex of a male rat (150—200g) was
homogenized in 50mMm Tris-HC! buffer (pH 7.0) containing 120 mm
NaCl, 5mMm KCl, 1 mm MgCl,, and 2.5mm CaCl, using a Teflon-glass
homogenizer. The homogenate was centrifuged at 40000 x g for 10 min
at 4°C, and the pellet was resuspended in fresh buffer to yield a
synaptosomal membrane suspension with a protein concentration of
10 mg protein/ml.

Binding assays were performed by incubating 100 ul of the cortical
membrane preparation (10 mg protein/ml) with [3H]cytisine (5nm) at
2°C and various concentrations of competitors in 0.15ml of 50 mm
Tris-HCI buffer (pH 7.0) containing 120mm NaCl, Smm KCI, 1 mm
MgCl,, and 2.5 mm CaCl,. Incubation was performed for 75 min at 2 °C,
after which the samples were rapidly filtered through polylysine-soaked
Whatman GF/C filters, and the filters were washed rapidly three times
with 4ml of ice-cold assay buffer. Each filter was then placed into a
20-ml scintillation vial containing 10 ml of ACS II (Amersham) and the
radioactivity bound to the filter was measured with a liquid scintilla-
tion counter (LS 500TA, Beckman). All incubations were performed in
duplicate. Nonspecific binding was determined in the presence of 1nm
(S)-nicotine. ICs, values were determined from displacement curves
of the percent inhibition of [*H]cytisine binding versus the inhibitor
concentration using the LIGAND curve-fitting computer program
(Elsevier-Biosoft, Cambridge, U.K.). K; values were calculated by the
method of Cheng and Prusoff.*® For calculation of K, the value of
0.96 nM obtained by Pabreza et al. was used as the K for cytisine.>”
Results are presented as the average of 3 separate experiments.

Determination of the Brain Uptake Index (BUI) The BUI values for
['2°1]-4a, ['2°1]-4b and [°°"Tc]-HM-PAO were determined by the
method of Oldendorf.>® A mixture of 200 ul of saline containing the
labeled compounds (37kBq) and tritiated water (37kBq) was injected
into the right common carotid artery of male Wistar rats (280—300 g),
and the rats were killed by decapitation at 15s after the injection. Part
of the midbrain was removed from each rat and the '2°I or *°"Tc¢
radioactivity (4) was counted using an Nal well scintillation counter.
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The sample was then treated with NCS tissue solubilizer (Amersham)
and the radioactivity was counted with a liquid scintillation counter (B).
In the case of '?’I-labeled compounds, the radioactivity of suitably
diluted aliquots of the injected sample was also counted using both an
Nal well scintillation counter (C) and a liquid scintillation counter (D),
and the 3H radioactivity of the brain tissue was determined as follows:
3H radioactivity = B — (4 x D/C). For the **™Tc-labeled compounds, *H
radioactivity was counted with a liquid scintillation counter after all of
the °°™Tc had decayed. Finally, the BUI was calculated with the following
formula:

(**Y or **™Tc in brain tissue/>H in brain tissue)
(injected 125 or **™Tc/injected *H)

BUI= x 100

Biodistribution Studies in Mice Male ddY mice weighing about
30 g were injected with '25I-labeled compound ['25T]-4a or ['2°I]-4b
(18.5kBq in saline) via the tail vein. At the designated times afterwards,
the mice were killed by decapitation, and their organs were removed.
All samples were weighed, and the radioactivity was counted using an
Nal well scintillation counter. Results are presented as the % dose/g
organ weight.

Ex Vivo Autoradiographic Studies in Rats Male Wistar rats weigh-
ing about 260 g were intravenously injected with 4.8 MBq of [!25I]-4a
or [*251]-4b. At the designated times afterwards, the rats were decapitat-
ed, and their brains were quickly removed, frozen, and cut into 20-um
thick sections using a cryomicrotome. The sections were thaw-mounted
on precleaned gelatin-coated slides, which were then placed on auto-
radiography film (MARG-3H type, Konica, Japan) for one week along
with calibrated !2°1-labeled external standards ([ 12*T]Microscales, Amer-
sham, U.K.). Densitometric analysis of the autoradiograms was per-
formed with a videodensitometry system (Excel TVIP-4100, Nippon
Avionics, Japan) coupled to a personal computer.*? Results are presented
as the % dose/g tissue weight.

For in vivo inhibition studies, (S)-nicotine (60 ug/kg, 0.37 umol/kg)
and (S)-(+ )-dexetimide hydrochloride (10 mg/kg, 25 umol/kg) in 0.1 mi
of saline were injected simultaneously with 4.8 MBq of [!2°1]-4a. The
rats were killed 10min after radioligand administration, their brains
were quickly removed, and the regional cerebral distribution of the
radioactivity was determined by quantitative autoradiography as de-
scribed above.

Metabolic Studies Mice (about 30g) and rats (about 260g) were
injected intravenously with 111 kBq of ['2°I]-4a or [*251]-4b and then
decapitated at the designated times afterwards. The brains were removed
immediately and homogenized in 1 ml of methanol. After centrifugation,
the precipitate was washed twice with 1 m! of methanol and the washings
were combined with the supernatant. Then the combined methanol
extracts were evaporated under a stream of nitrogen, and the resulting
residue was re-dissolved in a small volume of methanol and analyzed by
TLC on a silica gel plate with a solvent of chloroform—methanol-25%
aqueous ammonia (100:5:0.15). The blood samples were collected in
heparinized tubes and centrifuged at 1500 rpm for 10min to collect
plasma samples. These plasma samples were extracted three times with
1 ml of methanol, and the combined methanol extracts were analyzed
by TLC as described above.

Statistical Analysis Data are expressed as the mean + standard
deviation when appropriate. Each result was statistically analyzed using
the unpaired ¢ test.
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