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(+)-Himbacine (1) is a piperidine alkaloid isolated from the 
Australian pine Galbulimima baccata.'.2 It is a potent musca- 
rinic antagonist that displays selectivity for M2 or M4 receptors 
and, as such, has become a leading compound for identifying 
possible new drug candidates for the treatment of Alzheimer's 
dementia.3.4 For example, blockage of presynaptic inhibitory 
muscarinic receptors leads to an elevation of synaptic levels of 
acetylcholine, thus possibly offsetting some of the losses in the 
cholinergic system that occurs in Alzheimer's disease. Limited 
S A R  studies suggest that the trans-decalin substructure of 
himbacine may play an important role in confemng its selective 
binding proper tie^.^ Thus, it was desired to develop a synthesis 
of himbacine that would couple a decalin substructure to an 
appropriately substituted piperidine. This paper describes the 
first total synthesis of (+)-himbacine (1) via the related alkaloid 
(+)-himbeline (2). 
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The initial target for synthesis was aldehyde 14. It was hoped 
that this would be available via an intramolecular Diels- Alder 
reaction of a substrate such as 9. Indeed, the presence of 
himgravine (3) as a congener with himbacine has led to the 
suggestion that an intramolecular cycloaddition might be 
involved in the biosynthesis of these  alkaloid^.^ The synthesis 
of 9 is shown in Scheme 1. Ozonolysis of cycloheptene 
according to the procedure of Schreiber provided aldehyde 5, 
and subsequent Wittig olefination gave 6 as a 2:l mixture of 
geometrical isomers in 72% overall Addition of the 
dienolate derived from 6 to the tetrahydropyranyl ether of (8- 
2-hydroxypropanal,* followed by acetal hydrolysis and lacton- 
ization using p-toluenesulfonic acid in methanol and dehydration 
(MsC1, Et3N, CH2C12), provided diene 8 as an 8:l mixture of 
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geometrical  isomer^.^ The E2 ratio was improved to 32:l by 
allowin the mixture to stand in sunlight in the presence of 

to afford unsaturated thioester 9 in 67% yield." Thermal 
cyclization of 9 at 110 OC in toluene for 16 h gave a 3:2 mixture 
of 12 and the corresponding exo cycloadduct, respectively. It 
was eventually found, however, that the endo:exo selectivity 
improved to 20: 1 when a promoter prepared from diethylalu- 
minum chloride and silica gel was used and the reaction was 
conducted at 40 "C for 96 h.I2 In this manner, crystalline 12 
(mp 72-73 "C) was isolated in 67% yield. It is notable that 
ester 10 and alcohol derivative 11 failed to provide the 
stereoselectivity required for development of an efficient 
synthesis of himbacine.I3-l5 Treatment of 12 with Raney nickel 
gave 13 (81%), and oxidation of the primary alcohol using 
Swem conditions completed the synthesis of aldehyde 14 (80- 
90%).'6*'7 

Unfortunately, extensive efforts to couple sulfone 15 (Scheme 
2) with aldehyde 14 met with failure.I8 Presumably, the 
aldehyde was simply too hindered to participate in the Julia- 
Lythgoe c0up1ing.I~ Thus, it was decided to reverse the polarity 
of the coupling partners and attempt the coupling of sulfone 18 
with aldehyde 23. Conversion of 13 to the corresponding 
tosylate, followed by a displacement reaction using potassium 
thiophenoxide, gave 16 in 89% yield (Scheme 1). Reduction 
of 16 with diisobutylaluminum hydride in ether-hexane, 
followed by treatment of the resulting lactol with boron 
trifluoride etherate and methanol in dichloromethane, gave 17 
in 94% yield. Oxidation of 17 with m-chloroperoxybenzoic acid 
gave sulfone 18 (94%).20 Aldehyde 23 was prepared from (R)- 
piperidine-2-carboxylic acid as outlined in Scheme 2.2' Thus, 
reduction of the amino acid with borane-dimethyl sulfide, 
followed by protection of the amine using di-tert-butyl dicar- 
bonate, gave 19 in 88% yield.22 Protection of the primary 
alcohol afforded 20 (96%), and application of the Beak 
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iodine.' 8 Acetal hydrolysis was followed by Wittig olefination 
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alkylation procedure gave 21 (71%).23.24 Deprotection of the 
primary alcohol with tetra-n-butylammonium fluoride and 
oxidation of 22 (93%) using the Ley procedure gave 23 (86%).25 

The synthesis was completed as described in Scheme 3. 
Treatment of sulfone 18 with n-butyllithium in glyme, followed 
by addition of aldehyde 23, afforded a mixture of diastereomeric 
,&hydroxy sulfones which, upon treatment with sodium amal- 
gam, gave 24 in 46% overall yield.'* Oxidation of the acetal 
to lactone 25 was accomplished in 95% yield using Jones' 
reagent.26 Treatment of 25 with trifluoroacetic acid gave (+)- 
himbeline (2),27 and methylation of himbeline completed the 
synthesis of (+)-himbacine (1).28 

In summary, an efficient convergent total synthesis of (+)- 
himbacine has been achieved via a longest linear sequence of 
20 steps. The synthesis provides a protocol for conducting 
analog studies either via total synthesis or via intermediates that 
should be available through oxidative degradation of (+)- 
himbacine itself. From the standpoint of chemistry, the 
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synthesis features an intramolecular thioester Diels- Alder 
reaction and suggests that this little-explored family of dieno- 
philes might find some general use in synthesis. 
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(28) Synthetic (+)-himbacine was identical to a sample of the natural 
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specific rotation of a sample of the natural product recorded on the same 
instrument (lit.' aD 63" in chloroform). We thank Professors Viresh Rawal 
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