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Abstract: A short and efficient synthesis of both enantiomers of 2 8-dimethyl-1-oxa-8-azaspiro[4.5]-decan-
3-one is described. The biological activity of the racemate resides predominantly in the S-enantiomer.
While the S-isomer is a full M2-agonist. the R-isomer is devoid of M2 efficacy.

Interest in cholinomimetics for the treatment of cognition dysfunction associated with Alzheimer's
disease (AD) has been rekindled by the recent clinical use of tacrine,' an acetylcholinesterase inhibitor, and
advances of muscarinic agonists xanomeline™ and WAL 2014 in clinical trials. We previously reported’
that 1-oxa-8-azaspiro[4.5]-decan-3-one 1,* a racemate, was a functionally non-selective but highly
efficacious muscarinic partial agonist. In light of the well-known fact that enantiomers can exhibit quite
different pharmacological profiles and pharmacokinetics from their corresponding racemate,’ the possibility
exists that individual enantiomers of 1 might demonstrate unique selectivity with respect to various known
muscarinic receptor subtypes. Potential differences for affinity or efficacy of the optical isomers of 1 for
M1, M2, and M3 receptors would provide useful information about the unique difference in agonist
interactions at these receptor subtypes during the formation of the ligand-receptor complex (binding) and
receptor activation (efficacy). In this communication the synthesis and biological activity of the enantiomers

of 1 will be described.

Difficulty in the classical resolution of 1 by fractional crystallization of diastereomeric salts™
prompted us to find a new approach to prepare the optical isomers® of 1. As the proton at the chirality
center, the C-2 position of the furanone, is acidic, the focal point of our synthetic strategy is to minimize
racemization during the synthesis. The best way to achieve this goal is to find a latent synthon of a ketone
or to form the ketone group at the end of the synthesis. Retrosynthetically, a precursor to 1 is an alcohol
such as 2 with a fixed geometry preferably as the cis configuration (Scheme 1).  Using the Tsukamoto
method* the furanone 1 can be prepared in large quantity from 4-methylpiperidone in a two-step synthesis

despite the low yield.”™ This sets the stage for the chiral synthesis of the furanone 1 starting from the racemic
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1. The Sandoz report® that oxidition of the chiral alcohol 2 to the corresponding chiral ketone 1 without
racemization led us to investigate the possibility of preparing the enantiomers of 1 via diastereomeric

derivatives of the alcohol 2.}
CHEMISTRY
The preparation of the (S)-(-) and (R)-(+) enantiomers was accomplished as shown in Scheme 1.

The Wadsworth-Emmons reaction of triethy] phosphonoacetate (1.25 eq.; 1.1 eq. NaH in ethylene glycol
dimethyl ether) with 4-methylpiperidone gave 1-methyl-4-carbethoxymethylidinylpiperidine (85-90% yield)
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A conformationally restricted muscarone analog

which was cyclized with ethyl (S)-(-)-lactate (4 eq. in THF: NaH 2.38 eq.) followed by decarboxylation in
concentrated HC1 to 1 (~25% yield).** As reported by Shapiro, et alf selective reduction of 1 with L-
Selectride provided the alcohol 2 as a mixture of cis enantiomers.> The stereochemical outcome of the
reduction was also confirmed by comparison with products obtained from the LAH or Vitride reduction.’
The latter reductions usually gave a mixture of the srans and cis isomers in a 3:1 ratio. Treatment of 1 with
R-(+)-z-methylbenzyl isocyanate in the presence of dibutyltin dilaurate® in refluxing toluene produced a
mixture of carbamate diastereomers 3 and 4 from which the 2S.3S.1'R isomer 4 was readily separated as its
hydrochloride salt'’ (40% yield of the theoretical maximum 100% of the two diastereomers) with a 99.5-
100% diastereomeric excess (de).'" The rate of carbamation was drastically accelerated when dibutyltin
dilaurate was used as a catalyst. The reaction was completed in 3-11 h as compared to 3 days in the
presence of N, N-dimethylaminoethanol.™ Other attempts using the Mosher (MPTA) ester or (+)-camphanic
acid ester did not give any separable diasterecomers. The Vitride reduction of 4 followed by the Corey-Kim
oxidation'? provided the desired S-(-) enantiomer 1S with a 98-100% ee (20-50% vield). "“The configuration
at the C-2 position was assigned based on the comparison of the optical rotation for the maleate salt of 18:
[o]p = -46.75 (C= 0.2588 in EtOH) with that of the HCl salt of the {S)-isomer of 1: [at],, = -58.5 (C=0.2588
in EtOH) in the literature.*  Similarly, the use of S-(-)-a-methylbenzyl isocvanate afforded the
corresponding R-(+) enantiomer 1R."* Furthermore, R- or S-1-(1-naphthyl)ethyl isocyanate could be
substituted for the a-methylbenzyl analogs (uncer similar conditions) but were less efficient and more
expensive. Thus. synthesis of the chiral isomers of 1 using R- or S-1-(1-naphthyl)ethyl isocyanate was
proven to be an effective process. [n this process the chiral isocyanate could be recycled when the carbamate
3 or 4 was treated with trichlorosilane or with sodium ethoxide followed by trichlorosilane.”*® This 2-step

recycling procedure gave the cis-alcohol 5 or 6 in 83-93% vield with retention of chirality.

RESULTS AND DISCUSSION

As shown in Table 1. the racemate 1 is a highly efficacious muscarinic agonist. The affinities of the
S-enantiomer are similar (M1, Ki = 4.1 pM: M2, 2.5 uM) to or higher (M3, KA = 0.28 uM) than those of
the racemate at muscarinic receptor subtypes. however, the R-isomer demonstrates an approximate order
of magnitude lower affinity. Both the S- and R-isomers display higher affinity at the M3 receptor with
selectivity of approximately 10- and 6-fold. respectively. over M1 and M2 receptors. The binding activity
of the racemate appears to reside predominantly in the S-enantiomer, with R/S affinity ratios at the M1, M2
and M3 receptors of 6.3, 14.8 and 16 respectively. Examination of the intrinsic activities of the optical
isomers reveals that differences in efficacy between the enantiomers are qualitatively distinct from the

affinity profiles. Thus. the S- and R-enantiomers exhibit similar intrinsic activity at M1 and M3 subtypes,
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while the S-isomer is nearly a full agonist and the R-isomer is essentially inactive at the M2 receptor. That
the affinity can not be used to predict the efficacy of muscarinic agonists is well documented and , in fact,
the G-protein coupling site (efficacy site) has been postulated to be distinct from the ligand recognition site
(binding site).'* On the basis of this model it would appear that the R-isomer has lower affinity for a
recognition or binding site at all three receptor subtypes but it can still be accommodated in the efficacy site
for M1 and M3, but not M2, receptors. Therefore, the R-isomer is a low affinity agonist which is selective
for M1 and M3 receptors by virtue of intrinsic activity. The S-isomer, on the other hand, is a relatively high
affinity M3 agonist with 10-fold or greater binding selectivity for M3 than M2 or M1 receptor subtypes.
In summary, this study indicates that while the biological activity of the racemate resides predominantly

in the S-enantiomer, differences in functional and binding selectivity of individual enantiomers for different

receptor subtypes exist which can provide insight for drug design.

TABLE 1. Affinities and Intrinsic Activities of 1S and 1R at the Three Muscarinic Receptor

Subtypes'*
AFFINITY (uM) INTRINSIC ACTIVITY (%)E1
‘H-Pirenz® 'H-NMS®
Compound Ki (M1) Ki(M2) Ka (M3 )d Hip® (M1) Heartf( M2) Tr®(M3)
1 3.8 5.3 0.70 64 100 83
S-1somer (18) 4.1 2.5 0.28 6l 84 84
R-isomer (1R) 26 37 4.5 49 7 76
Pilocarpine 3.1 9.8 1.8 37 48 63

The maximum response in reference to that of carbachol. h["H]plrenzepme; aradioligand displacement assay in rat
hippocampal membranes. [*H] N-methyl-scopolamine; a radioligand displacement assay in rat heart membranes. IKa is

a dissociation constant derived from potency in an isolated tissue assay (guinea pig trachea). ®Stimulation of

phosphatidylinositol (Pl) hydrolysis in rat hippocampal slices. fInhibition of adenylate cyclase in rat heart membranes.

[ . . ~ . . .
Elsometric contractionns of the isolated guinea pig trachea.
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