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summary: The carhenoid cyclization reaction to form disubstituted 2,53(2H)-furanones exhibited a 
stereoselection favoring the cis isomers. This phenomenon was exploited in an enantioselective synthesis of 
(+)-muscarine. 

In the previous paper we reported a mw approach towards the synthesis of 3(2H)-furanones using a 

Rh(II) catalyzed carbenoid C-H insertion cyclization of a-alkoxy diazoketones.’ During the course of this work, 

it was observed that for unsymmetrically 2,54isubstituted furanones, a stereoselcction favoring the formation of 

the cis isomers was prevalent. The degree of diastereoselection varied in the four examples studied but 

consistently supported this trend. The assignments of stereochemistry were made by inspection of the lH NMB 

spectra of the cisltrans isomer pairs, as welt as through nuclear Overhauser enhancement (NOE) measurements.2 
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A rationale for the best case, furanone 3, realizing a 8:l cisltrans preference, was proposed according to 

the following scheme. The ether oxygen orients the conformation of the C-H insertion process by coordinating to 

the rhodium metal. This places the C2 o-hydrogen in either a pseudo-axial, 5a, or pseudo-equatorial, 5b, 

position. The insertion proceeds via a P-hydride transfer to the metal (a mechanism assisted by the adjacent 
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ether oxygen) leading to corresponding rhodium hydride species which reductively eliminate to the cis and trans 

furanones 3.3 The steric compression is expected to be greater for intermediate a which would lead to the 

minor trails isomer of j.4 Originally, the lone pair of the benzyl ether was thought to participate in coordination 

to the metal, thereby orienting the bulky benzyl group in space. Examples 1, 2, and 4 lack this additional 

capacitiy for complexation. Moreover furanone 4, isosteric with 3, was produced with a similar 

diastereoselection. We concluded that the stereochemical bias is due to the steric requirements in the transition 

state.’ 

Initially example 3 was chosen with the goal of synthesizing the natural product, muscarine, a metabolite 

of the mushroom Amanita mwcaria. 6 Muscarine binds with high affinity to the acetylcholine receptor and is 

routinely used to study cholinergic pharmacology. Musstine, isolated from natural sources is Frequently 

contaminated with allomuscarine (epimeric at C2 and C3) and its purification is tedious and impractical. Thus a 

short and efficient synthesis of (+)-muscarine has utilitarian value. With furanone 3 in hand, all that remained to 

complete the synthesis in a formal sense was the removal of the benzyl group by catalytic hydrogenation, and 

reduction of the ketone since the resulting diol !J, has been converted to muscarine.5h This route relied on the 

stereo-random reduction of the ketone at C3. 

The preparation of optically pure muscarine using our approach required setting the stereochemistry at 

the C2 chiral center in the S configuration. This was achieved using IJ-2-bromopropionic acid, derived from 

D-alanine and displacing the bromide with the sodium alkoxide of 2-benzyloxyethanol. The reaction proceeded 

with complete inversion of configuration to produce the acid 2. 8 Diazotization via standard methodology 

afforded & in 64% overall yield from bromopropionic acid. Cyclization catalyzed by [Rh(OAc)& afforded a 

modest 47% yield of 3 (8:l cisltrans). After hydrogenolysis of the benzyl, the isomers were separated by 

preparative gas chromatography (10% OV 351) for purposes of characterization. For larger scale preparations 

the diastereomers were carried through to the next step. 

We decided to address the stereospecific reduction of the ketone at C3, employing the recently described 

reducing agent NaHB(OAc)s. 9 This agent requires the presence of an alcohol function proximal to the ketone to 

effect a intermediate complex which delivers the hydride syn to the pendant alcohol. The reaction was carried 

out using the procedure of Saksena and Mangiaracina with the added modification of adding 4A molecular 

sieves to the reaction mixture. The reduction produced diols 2 and u [derived from the minor trans isomer of 3) 



as the sole products in 71 % yield, indicating that the reduction is stereospecific. A simple chromatographic 

separation at this stage afforded pure !I, [alo= -16.9’ (c =1.14, EtOAc). 

The synthesis was completed by selective tosylation of the primary alcohol in 69% yield, heating the 

tosylate with trimethylamine in a sealed tube, and ion exchange with the Dowex-l-chloride resin to furnish 

(+)-muscarine chloride in 72% yield (from the tosylate).lOpll 

Synthesis of (+) - Muscarine 

C02H 
BnCXX2CH20H 

OZH 

@ 
NaH, DMF 

O_Bn 

1. (COCl), , cat. DMF DW34chl2 
b 

‘eOBn 
1 weight % , CH&12 2. CHzN1 

0 

a 0 
OBn 

3 

s 

1. H,jPd(OH)2 
* 

2. Na HB(OAC)~ 

3. chromatography 

1. TsCl/ pyr 

9 2. MqN 
) 

3. anion exchange 

OH OH 

2 (major) and u (minor) 

OH 

Muscarine 



1756 

In conclusion, the selectivity observed in the cyclization of diazoketone S provided a short and practical 

route to (c)-muscarine, in nine steps from the starting bromoacid in a global yield of 7.3% and further 

demonstrates the utility of the carbenoid C-H insertion approach to 3-(2H)-furanones. 
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Proton NMR spectra consistently indicated that the chemical shift of Ht, was upfield in the cis substituted 
furanones compared with the tram substituted furanones. Stereochemical assignments were confirmed by 
NOE experiments. 
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The synthetic compound was compared with a commercial sample of 80% pure (+) - muscarlne chloride 
obtained from Sigma Chemicals and demonstrated the same spectral properties. Data for (+) - 
muscarine(C1): [a],= +8.18’ (c=2.97,EtOH) Literature value (Merck Index) = +8J” (c=3..5,EtOH). *H 
NMR (MeOH-D,): 61.25 (3H, d, J=3,5Hz), 1.83-2.10 (ZH, complex m), 3.25(9H,s), 3.54(2H,ddd, 
J1=13.6Hz, J2=9.6Hz, J3=1.8Hz). 3.94-4.03 (2H, complex m), 4.63 (lH, q, J=6.OHz); r3C NMR 
(MeOH-D4): &18.8,38.4,53.6,70.4,71.9.75.4, 84.3. 
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