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The anabasine analogues spiro[4-azaindan-1,2'-piperidine] (7) and spiro[6-azaindan-1,2'-piperidine] (8) have been prepared. A series of palladium-
catalyzed reactions, where an intramolecular cyclization constituted a key reaction, were utilized for the preparation of the two target compounds.
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(—)-nicotine is not always more potent, suggesting that the

enantiomers of nicotine may interact differently with different 3
types of nicotine receptofsMolecular modeling studies N

suggest that the pyridine and pyrrolidine rings of nicotine N
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the conformation(s) that induce ion channel opening. A fluoride in THF—water to givell. Subsequent palladium-
limited number of restricted analogues have been synthe-catalyzed coupling with the triflat&2,° where Cul was used
size@ and among these the fusedl)(and (—) isomers o as cocatalyst, delivered the enyd& in 70% vyield. A
bind with low affinities>>9 compounds®@ and4°® exhibited selective hydrogenation of the triple bond was conducted
no appreciable activity, while the bridged nicotin&t was with Pd/C-quinoline to givd4in modest yield (36%)° Ester
very potent in binding and functional ass&§# recent study hydrolysis to givel5, followed by a reaction with triflic
that describes the effect of the minor tobacco alkaloi¥, (  anhydride afforded the triflatd6, the precursor for the
(—)-anabasines and its N-methyl analogue on dopamine palladium-catalyzed intramolecular reactions.
release from superfused rat stratial slices, suggests that these In the initial cyclization experiments, we employed pal-
compounds produce comparative and in some cases mordadium acetate with tri-2-furylphosphiffeas the catalytic
pronounced effects thar8)-(—)-nicotine (1) and (S)-(—)- system and triethylamine as the base using acetonitrile as
nornicotine® solvent. Only traces of spiro compounds were formed under
We herein present the syntheses of two rigid anabasinethese conditions. Neither an increase of reaction temperature
analogues, the spiro compoundsand 8, where we have  nor the addition of lithium chloridé improved the outcome.
used an intramolecular Heck arylatfomnto an enamide, as We previously employedS)-(—)-4-tert-butyl-2-[2-(diphe-
a key step. nylphosphino)phenyl]-4,5-dihydrooxazdfeas a chiral ni-
The synthesis off commenced with acylation of com- trogen-phosphorus bidentate ligatfavith diisopropylethyl-
mercially available 2-bromo-3-hydroxypyridine to gig amine as base in related intramolecular coupling reactions
(Scheme 1). Compound was reacted with trimethylsily- ~ where we obtained very high enantiomeric excessé
conversion ofL6 proceeded under these reaction conditions,
neither with THF nor with toluene as solvents, and substitu-
tion of diisopropylethylamine for triethylamine and use of
DPPRS as ligand led to no significant improvement. How-
ever, the intramolecular cyclization could be accomplished
in reasonable yield with BINAP a ligand that has been
successfully utilized for control of double-bond migration
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in related cyclization&® A mixture of the three double-bond
isomers was affordetf. Reduction of this mixture and
subsequent determination of the enantiomeric eXtess

revealed that a moderate enantioselectivity had been obtained

in THF (THF, 41% ee; acetonitrile, 10% ee; DMAA, 9%
ee; DMF, 2% ee). No product attributed to the undesired
endo cyclization was traced under these conditions but the
reductive elimination of the triflate group constituted a major
side reaction, which frequently became the predominant
reaction. In a preparative experiment we employed aceto-
nitrile since the highest yield was achieved in this solvent.
A 41% vyield of the mixture of spiro compounds was isolated.
Hydrogenation on Pd/C gaveé7, which was hydrolyzed,
employing KOH and hydrazine in water/ethylene glycol,
furnishing7 in 77% yield.

The synthesis 08 was executed essentially according to
the strategy used for the synthesis7fThe iodopyridine
derivative 18 was prepared from 3-hydroxypyridine by
transformation to its diethylaminocarbamatdollowed by
directed lithiation, subsequent iodination, and hydrolysis of
the carbamate functiof.The reaction sequence as depicted
in Scheme 2 was thereafter followed. For the preparation of
triflate 25, N-(5-chloro-2-pyridyl)triflimide® was found to
be superior as compared to triflic anhydride in promoting
the reaction. The palladium-catalyzed intramolecular cy-
clization of 25 was sluggish under the same conditions as
those used for the cyclization df6 and a longer reaction
time was required for complete conversior2af Reduction
of the triflate group was the predominant reaction. Hydro-
genation of the double-bond isomers and hydrolysis of the
carbamate delivered the rigid anabasine anal@®ue

In conclusion we have described the synthesis of two

conformationally restricted anabasine analogues where we
have employed a series of palladium-catalyzed reactions to

achieve our goal. These potential nicotine receptor ligands
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a(a) AcO, 70°C; (b) PACH(PPHh),, Cul, EEN, HCCSiMe, THF,
RT; (c) TBAF, THF/HO, 0°C; (d) 12, PdC}(PPh),, Cul, EgN,
THF, RT; (e) K, Pd/C, quinoline, EtOAc, RT; (f) NaHC)OMeOH/
H,0, RT; (g) N-(5-chloro-2-pyridyl)triflimide, EfN, CH,Cl,; (h)
Pd(OAc), (R)-BINAP, EtN, CHiCN; (i) H,, Pd/C; (j) KOH,
HoNNH,-H,0, H,O/ethylene glycol.
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comprise a piperidine that is nearly perpendicular to the plane
of the pyridine ring. The biological testing will be reported
elsewhere.

Acknowledgment. The authors are grateful to the Swed-
ish Natural Science Research Council for financial support.

Supporting Information Available: Experimental pro-
cedures and full characterization data for compound26.
This material is available free of charge via the Internet at
http:/pubs.acs.org.

OLO06056F

2293



