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Abstract: When the tricyclic moiety of himbacine is replaced with a dihydroanthracene nucleus, 
an increase in affinity at both M, and M, receptor subtypes is observed. Other modifications to the 

himbacine skeleton were examined and the new structures tested for potency and selectivity at M, 

and M, sites. 

The naturally occurring alkaloid himbacine 1 has been shown to bind preferentially to the 
M, and M, muscarinic receptors, as compared to the M, and M, receptor subtypes.‘, 2 

Antagonists at the M, and M, receptors (putative presynaptic inhibitory sites3) could result in 

elevated levels of acetylcholine released during neurotransmission.4 Such agents could find 

potential use as therapeutics for the treatment of symptoms resulting from Alzheimer’s and 

Parkinson’s disease, where levels of presynaptic cholinergic terminals were found to be 

significantly reduced.4s 5 In order to dissect the structural elements necessary for potency and 

selectivity at these receptors, simplified analogs of himbacine were constructed and submitted for 
binding studies at both M, and M, receptor subtypes. 

1 
himbacine 

Kd &‘I) =168*22nM K.j (Ml) =9.7 fl 

K.j (tt.42) = 9.05 + 0.48 ntd K,j (tvfd = 1.21 @d 

Previous work has shown that when the decalin ring was removed from the tricycle of 

himbacine, as in 2, a large loss in potency was noted, as well as a decrease in selectivity.6 It was 

postulated that a tricyclic substituent would better mimic himbacine’s hydrophobic southern 

portion. Initially, a 9,10-dihydroanthracene substituent was used as a simplified replacement for 
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the himbacine tricyclic system. Thus, the previously described sulfone 3a6 underwent modified 

Julia coupling7 with 9-anthraldehyde to generate 4a and the double-bond isomerized product 5a 

(Scheme l).s Under the coupling conditions the central ring of the tricycle was reduced to the 

dihydroanthracene ring system. The S-enantiomers 4b and Sb were constructed starting from the 

sulfone with the opposite ~onfjguration (3b)g and the racemic versions of these two compounds (4 

and 5) were similarly constructed from 3. Rearomatization of the central ring of 4 was performed 
using DDQ in CH&I, to furnish anthracene 6 (Scheme 2). 
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Cpd. Kd (MI) Kd W2) 

h(R) 1.53 f 0.234 nM 3.17 f 0.694 nM 

4b(S) 4.92 fl.4 nM 21.9 f 2.67 nfvl 

4 (racemic) 1.75* 1 nM 20.5 f 0.758 nM 

se(R) 11.6f nM 1.25 14.5 f. 0.478 nM 

8b (S) 24.2 f 6.6 nM 35.0 f 2.62 nM 

5 (racemic) 2.7 r&l 3.0 nM 
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The xanthine ring was also examined as a tricyclic substituent (Scheme 3). As for 5, Julia 

coupling of 9-xanthine carboxaldehyde10 with racemic sulfone 3 furnished 6 following reduction. 
This result is surprising considering the known acidity of the cc-proton of 9-xanthine 

carboxaldehyde.10 It is also worthy to note that isomerization of the double bond did not occur 

during the reductive cleavage step of the coupling reaction, suggesting that the isomerization 

takes place during reduction of the central ring. 
Scheme 3 

1) mBuLi, -78 “C, THF, 1 h, 

2) 

, -78 “C, THF, 1 h. 

C’43 

3) BzCI, -78 “c+ 0 “C, 

4) 8% Na I Hg, NaHPO4, 

CHSOH, THF, -20 “C, 2 h 

3 7 (11%) 

& (MI) = 3.35 f 0.405 nM 

IQ (M2) = 25.4 f 7.21 nM 

Next, the chain was extended by one methylene subunit to examine the effect of the tether 

flexibility on receptor selectivity. It was postulated by Eberlein et aI.” that the orientation of the 
nitrogen head group in relation to the tricycle is of major importance for M,/ Ml selectivity. 

Adjustment of the chain length would therefore allow more conformational mobility between the 

two components. The homologated sulfone 12 was constructed in a similar fashion as for the 

synthesis of 3 (Scheme 4). Tosylation of the commercially available piperidineQ-ethanol (6) 

furnished the corresponding N-tosylated chloride 9 instead of the expected bis[tosylate]. This was 

of no concern, since nucleophilic displacement with benzene sulfinate anion in HMPA generated 

10. Next, compound 10 was N-deprotected with 30% HBr / acetic acid to afford 11, which after 

reductive amination gave 12. The Julia coupling of 12 with 9-anthraldehyde proceeded as before 

to give 13 together with its isomerization product 14 (Scheme 5). 

The spectral data for the himbacine analogs were fully consistent with the depicted 
structures.12 For affinity studies, the rat brainstem was used as a source of M, receptors13 while 

CHO-Kl cells were transfected with hml receptor sequences to provide a source of Ml receptors. 

Binding studies for these compounds were carried out using the displacement of radiolabelled 
[3H]QNB to determine affinity data and the calculated K,‘s determined as shown. 

All of the compounds synthesized, with the exception of aromatic tricycle 6, were highly 
potent at both M, and M, sites. For 6, aromatization of the central ring, whether by affecting 

geometry, electronics, or both, caused a 30-fold loss in potency at the M, receptor and a 400-fold 

loss in potency at the M, receptor. In comparison, dihydroanthracene 4a had an even higher 

affinity than himbacine at the M, receptor, and was almost as potent as DIBA14, the most potent 

M2-selective antagonist described to date. An examination of the table of Scheme 1 suggests that 
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the chiral center on the piperidine ring may play a role in binding at the M, subtype, since binding 

at the M, receptor was virtually identical among 4a, 4b, and 4 (the racemate), while slightly 

different at the M, receptor. In general, those analogs containing a trans double bond (again with 

the exception of compound 6) showed preferential binding to the M, receptor, while those 

compounds derived from the double bond rearrangement pa, 5b, 5 and 14) displayed 

nonselective binding and slightly lessened affinity when compared to their isomers. 

Scheme 4 

PhSOpNa. 30% HBr I HOAc. 

8 9 10 
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J? 

CH&N, tt, 30 min, 
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H 
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Scheme 5 

1) rrBuLi. -78 “C -+ -35 “c, THF. 35 rnin, /\ 

12 13 (24%) 14 (12%) 

K,j (Ml) = 5.23 f 1.6 nM K,j (Ml) = 4.99 f 1 nM 

Kd (Mz) = 22.6 f 1.4 nM 6 (&) = 7.64 f 1.5 nM 

Comparison of the binding characteristics of 5 and 7 reveals that replacement of the 

methylene group in the dihydroanthracene ring with an oxygen atom has little effect on potency or 

selectivity at either receptor subtype. Finally, it should be noted that when an additional methylene 

is inserted into the tether between the two ring components as in 13, that there is no appreciable 

effect on binding relative to compound 4. 

In summary, replacement of the tricyclic component of himbacine with other ring systems 

affords compounds displaying higher affinity to both receptors, although preferential binding at the 
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M, receptor subtype is observed. Work is in progress to determine the components of himbacine 

which confer M, selectivity. 
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