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A stereospecific synthesis of (+)-muscarine ioditle Has been achieved starting franglucose as
a chiral precursor. The key steps of the synthesis involved a stereospecific cyclization 003,-
mesyl derivative3 into the 2,5-anhydridd, the stereospecific catalytic hydrogenation of unsatura
derivative 6, and the C-4 epimerization of alcoht® by Mitsunobu reaction.
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(+)-Muscarine 1) is a principal alkaloid of the poisonous mushroAmanita musca-
ria, which shows acetylcholine agonist activity towards the different subtypes of
carinic receptors Recently, much progress has been made in the understanding
muscarinic receptor sites and agonists or antagonists, which have a potential
treatment of Alzheimer's diseaseHence, synthetic activity in this area has been c
siderable and numerous syntheses of muscarine have been accomplished from ©
precursord Major drawbacks of most of these approaches are either lack of selec
or the usage of relatively expensive reagents and/or starting compounds. Apart |
single synthesis of (-)-muscarine fro8)-falic acid?, none of the reported routes a
suitable for the preparation of higher muscarine homologues. In the course
studies related to preparation of optically pure muscarine stereocisomers by ch
transfer fromp-glucose, the syntheses of (+)-epiallomuscdri¢e)-allomuscarintand
(+)-epimuscaringwere already accomplished. Herein we wish to report the first st
ospecific synthesis of (+)-muscarin® pased om-glucose as a chiral precursor.
1,2-O-Isopropylidenea-D-glucofuranose 2) readily available frond-glucosé was
tritylated (TrCl, Py, rt, 72 h) and subsequently mesylated (MsCl, P§C+24 h) in a
“one pot” procedure to afford a quantitative yield of the corresponding 3Brdesyl-
6-O-trityl derivative 3. Treatment of compoun8 with ethylene glycol ang-toluene-
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sulfonic acid, in refluxing benzene with azeotropic removal of water for 2 h gave
2,5-anhydro--idose derivativel (51% from2). Reaction of4 with 2,2-dimethoxypro-
pane, in the presence of catalytic amountp-tifluenesulfonic acid (rt, 24 h), afforde
the corresponding 4,6-isopropyledene derivativein 87% yield. Treatment d¥ with
tetrabutylammonium fluoride, in boiling acetonitrile for 48 h, gave the correspon
2,3-unsaturated derivativiin 76% yield. Catalytic hydrogenation 6iPtO,, EtOH, rt,
24 h) took place stereospecifically (from the less hindBreidie) to afford the 3-deoxy
derivative 7 as the only stereoisomer in high yield (94%). Selective removal of
4,6-O-isopropylidene protective group ihwas achieved with 10% trifluoroacetic aci
in methanol (rt, 0.5 h) whereupon the corresponding&liehs obtained in 79% yiefid
Comparing with the target moleculethe intermediat® has the correct stereochen
istry only at the C-2 and C-5 chiral centers. For the sake of better functional and s
chemical resemblance to the target, the mole8uteust be further subjected to a C-
deoxygenation and a Walden inversion at the C-4. This would lead to the key
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(i) TrCl, Py, rt, then MsCI, +4 °C (100%); (ii) Ethylene glycol, TsOH, benzene, reflux (51%); (iii) Me 2C(OMe);
TsOH, rt (87%); (iv)Bu4NF, MeCN, reflux (76%); (v) H2/PtO2, EtOH, rt (94%); (vi) CF3COOH, MeOH,
rt (79%); (vii) CBr4, Ph3P, Py, rt (23% of 9 + 24% of 10)

ScHEME 1
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intermediatel4 with all stereocenters corresponding to (+)-muscarine. At first we
planned to deoxygenate the G+@ the corresponding 6-bromo-6-deoxy derivatdvét
was assumed that the di®lcould be transformed to the bromo derivatd/by using
the CBr/PhP/Py reagent system which selectively reacted with the hydroxyme
groups of certain sugar derivatives to give high yields of the corresponding pri
bromodeoxy sugars. Conversely, the secondary hydroxyl groups remain unch
under the recommended reaction conditfoiowever, a treatment of the didlwith
tetrabromomethane and triphenylphosphine (Py, rt) gave a low yield of the exp
6-bromo-6-deoxy derivativ® (23%) accompanied by an equal amount of the 4,6
bromo derivativelO.

Obviously, the deoxy derivative could be further converted to the advanced int
mediate12, however a low yield of the preceding bromination forced us to use
knowrP but rather efficient two-step sequence for the preparation of compdunid
included previous conversion of diBI(TsCl, Py, 20°C, 6 days) to the ©&-tosyl deri-
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(i) TsCl, Py, -20°C (80%); (ii) LiAIH4, THF, reflux (90%); (iii) TsCl, Py, rt (80%); (iv) KOBz, DMF, 100 °C (66%);
(v) PhCOOH, Ph3P, DEAD, THF, rt; (vi)CF3COOH, 6 M HCI, +4°C; (vii) NaBHg4, MeOH, RT (27% from 12);
(viii) 12, Imidazole, Ph3P, MePh, reflux (83%); (ix) K2CO3, MeOH, rt (83%); (x) Me 3N, EtOH, 80°C (76%)
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vative 11 (80%), followed by reduction otl (LiAIH,, THFt 1, 4 h) to the desired
intermediatel 2 (90%).

Treatment oflL2 with tosyl chloride (Py, rt, 48 h) gave theGttosyl derivativel3 in
80% yield. Compound3 readily reacted with potassium benzoate (DMF, D024 h) to
give the compound4 (ref.1% (66%), with an absolute configuration of all stereogel
centers corresponding to (+)-muscarine. Compolhdvas alternatively prepared di
rectly from 12 by using the standard MitsunoBwonditions (PhCOOH, RR, DEAD,
THF, rt, 24 h). However, thus obtained sampdewas slightly contaminated with un
identified aromatic impurities that remained in the sample even after repeated ch
tographic purification. Fortunately, these impurities did not affect the course o
following reaction directed to the hydrolytic removal of the dioxolane protective gr

Treatment ofi4 with a mixture of trifluoroacetic and# hydrochloric acid (4 : 1; +4C,
24 h) gave the unstable aldehyidewhich was immediately reduced with sodium bor
hydride (MeOH, rt, 24 h) to afford the corresponding primary alcaBdref.!?) (27%
from 12). Reaction ofL6 with iodine, imidazole and triphenylphosphine (MeRPh3 h)
gave the knowtiodo derivativel7 (ref.l4) in 83% yield.O-Debenzoylation ol 7 with
potassium carbonate (MeOH, THF, rt, 1.5 h) afforded the iodo alcthéief.r) in
83% vyield.

Finaly, compoundl8 was converted to (+)-muscarine iodidg py treatment with
trimethylamine (EtOH, 80C, 3 h). The'H and'3C NMR spectral data (Table 1) as we
as physical constants dfthus obtained were in reasonable agreement with thos
ready reportet?.

In conclusion, a practical multistep synthesis of (+)-muscarine was developed
ing from D-glucose as a chiral precursor. Each step of the synthesis was realize

TaBLE |
NMR Spectral data for (+)-muscarine iodide {(n D,0)

Chemical shifts®) andJ (Hz)

H-la  H-1b H-2 H-3a  H-3b H-4 H-5 H-6
This work  3.48 3.62 4.66 2.01 2.12 4.13 4.06 1.21
Refl3 3.39 3.49 4.57 1.91 2.01 4.03 3.96 1.11

‘]la,lb ‘]la,2 ‘]lb,2 ‘]2,3a ‘]2,3b ‘]3a,3b ‘]3a,4 ‘]3b,4 ‘]4,5
This work ~ 14.0 9.1 1.8 9.5 6.4 13.7 5.9 2.4 25
Refl3 14.0 9.2 1.8 9.6 6.3 13.7 5.7 2.3 2.5

c-1 C-2 C-3 C-4 c-5 C-6 NMg
This work 73.21  74.66  40.23 77.87 86.77 21.89 56.70
Refl3 7351 7485 4053 78.13 8691 2211 57.09
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fully regio- and stereospecific manner, using inexpensive reagents and a readily
able starting material. This approach is potentially useful for the preparation of a v

of

5-substituted (+)-muscarine analogues, by starting fregtucose derivatives bearing

the appropriate functional groups at C-6.
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