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The key chiral synthon in a novel synthesis of g#p-muscarine fronp-glucose has been prepare
by three independent routes. The most efficient one includes a four-step conveagtom 4O-ben-
zoyl derivatives of starting 2,5-anhydro-3,5@imethanesulfonyl-idose ethylene acetaRd) into
2,5-anhydro-3,6-dideoxy-lyxo-hexose ethylene acetall). The intermediatdb was efficiently con-
verted into the chiral synthon 2,5-anhydr@®4senzoyl-3,6-dideoxy-arabino-hexose 4c) by Mitsu-
nobu reaction.

Key words: 2,5-Anhydro sugarsy-Glucose; (—)allo-Muscarine; 3,6-Thioanhydro sugars.

(-)-allo-Muscarine 1) is a C-2 epimer of (+)-muscarine which occurs in the mushrc
Amanita muscarig and shows cholinomimetic activityThere is a renewed interest i
the muscarinic field due to the discovery of a relationship between cholinergic de
and the pathology of Alzheimer’s diseds€he synthesis of muscarine and many of
analogues have been reviewiedut only few syntheses of (aJlo-muscarine 1) have
been achieved so farRecently we have completed a stereospecific synthesis
based orp-glucose as a chiral precur8oHowever, due to some relatively low-yiel
steps in the reported roltmew efforts have been made in order to improve the pre
ration of the key chiral intermediate and (-)allo-muscarine 1) itself. We now report
two independent routes, on@& intermediate3b and secondia 4b with three alterna-
tive in 4b preparation, towards the key chiral synthon in an alternative synthes
(-)-allo-muscarine fronp-glucose.

Ethylene acetal of 2,5-anhydro-3,5@imethanesulfonyl-idose @a) which is readily
available fromp-glucosé was treated with triflic anhydride in pyridine and dichlor
methane whereupon the corresponding 4-trifibewas obtained in 93% vyield. Th
earlier finding8 that some sugar triflates when reacted with sodium  nitriti, Nvdi-
methylformamide gave the correspondiegi-hydroxy compounds prompted us to ir
vestigate the possible use of this reagent for conversi@b @fito the corresponding
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alcohol with inverted configuration. A treatment 21§ with sodium nitrite inN,N-di-
methylformamide afforded the corresponding 2,5-anhydattrose derivative2c in a
yield of only 29%. Reaction a2c with benzoyl chloride in pyridine gave the corr
sponding 40-benzoy! derivative?d, which was further treated with sodium hydrog
sulfide in N,N-dimethylformamide to afford the bicyclic oxathiane derivatdle(25%
from 2¢). The intermediat8b was alternatively also prepared by direct sodium |
drogen sulfide mediated cyclization &t to alcohol3a which was subsequently ber
zoylated to give3b (38% from 2c). Raney nickel desulfurization &b afforded the
chiral synthomc (67%) with all chiral centers corresponding to &p-muscarine 1).

. o)
o CH,NMej o oj
OH o R MsO

(-)-allo-Muscarine (1)
X = OH or Halogen

Ms = CH3S0,, Tf = CF4S0,

Although the'H and'3C NMR data as well as the optical rotatiordafwere in good
agreement with those already repoftetie relatively low overall yield of the preser
route (6.9% fronRa) prompted a further study directed towards preparatictc bfy an
alternative synthetic sequenem the 3,6-dideoxy derivativdb as a key intermediate.

Successive inter- and intramolecular attack of hydrogen sulfide anion on trimgs
2e led to the bicyclic oxathiane derivatidx, which was immediately treated witl
sodium methoxide in methanol to afford the corresponding alcth@83% from2e).
Raney nickel desulfurization &d gave the expected 3,6-dideoxy derivatilein an
overall yield of 27% with respect to trimesylée However, when the intermediaid
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was prepared directly frorBa (by its treatment with NaSH in DMF), the same inte
mediate4b was obtained in an overall yield of 35% related to starting comp®and

Finally, the best overall yield of desired intermedidlbehas been achieved by alte
native chemical transformations of dimesyl@teunder the conditions similar to thos
already reported Treatment oRa with benzoyl! chloride in pyridine gave the corre
ponding 40-benzoyl derivative?2f, which was immediately treated with sodium h
drogen sulfide iN,N-dimethylformamide to give the expected oxathiane derivéeve
Raney nickel desulfurization & to the corresponding 3,6-dideoxy derivatde@was
followed by the subsequent debenzoylatiorafto 4b. All four steps concerning the
conversion of2a to 4b were carried out successively, whereupon the intermedigte
3e and4a were used in the subsequent steps without any purification. Pure pddadL
was isolated by column chromatography in an overall yield of 63% related to the
ing compound?a.

Alcohol 4b readily reacted with triphenylphosphine, diethyl azodicarboxylate
benzoic acid, under standard Mitsundbanditions, to afford the chiral syntheit in
82% vyield.

In conclusion, the sequence which uses the cru@ebénzoyl derivatives2f, 3e,
and4a) as intermediates is the most convenient route towards the key chiral inter
ate 4c since it provides the highest overall yield of the final product (52% f&am
achieved by a simple preparative procedure. This result represents a significa
provement in respect to the reported réuthich afforded the chiral synthodc in a
much lower overall yielti(23% in respect to the same starting compaiad

Since (-)allo-muscarine has already been obtafifeam 4-O-benzoyl derivativelc,
the chemical transformations described in this paper formally represent an alter
synthesis of (—gllo-muscarine fronb-glucose.

EXPERIMENTAL

Melting points were determined on a Blichi SMP 20 apparatus and were not corrected. Optic:
tions were measured on a Perkin—Elmer 141 MC polarimeter &€ 28 chloroform solutions. NMR
spectra YH at 250 MHz and3C at 62.9 MHz) were recorded on a Bruker AC 250 E instrumen
deuteriochloroform. Chemical shifts are expressed in gpatdle) downfield from tetramethylsilane
Coupling constantsJ) are given in Hz. Column chromatography (Kieselgel 60 under 0.063 1
Merck) and flash column chromatography (ICN Silica 32-63) were carried out with the follo
solvent mixtures: Petroleum ether—)}®, 4 : 1 (S1); CKCl—Me,CO, 9 : 1 (S2); 49 : 1 (S3), 99 : 1
(S4), 4 : 1 (S5); BEOD (S6); toluene-M£O, 49 : 1 (S7), 4 : 1 (S8); CHGIS9); hexane—EtOAc, 1 : 1
(S10); toluene—EtOAc, 4 : 1 (S11); @E,—EtOAc, 49 : 1 (S12). All organic extracts were drie
with anhydrous Ng50O,. Organic solutions were concentrated in a rotary evaporator under dimini
pressure at bath temperature 30285

2,5-Anhydro-3,6-di©-methanesulfonyl-4-trifluoromethanesulfonyl-idose Ethylene Acetalp)

To a stirred and ice-cooled solution of dimesyRd€2.6 g; 7.2 mmol) in dry pyridine (3.6 ml; 44.7 mmo
and dichloromethane (60 ml) was added trifluoromethanesulfonic anhydride (2.6 ml; 15.5 mm
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portions. The mixture was stirred at’G for 1 h then diluted with dichloromethane (60 ml), wash
successively with aqueous 10% hydrochloric acid (50 ml) and water @0 ml), dried and eva-
porated. Flash chromatography (S1) of the residue gave2mu8.3 g; 93%) as a white solid. Re
crystallization from methanol afforded an analytical sanffileas colourless needles, m.p. 9@,
[alp 1.2 (c 0.5). *H NMR spectrum: 3.10 s and 3.17 sx2 H (2x CH;S0O,); 3.89-4.1 m, 4 H
(dioxolane CH); 4.25 dd, 1 HJ(1,2) = 5.3J(2,3) = 4.7 (H-2); 4.34 dd, 1 H(6a,6b) = 11.1)(5,6a) = 6.3
(H-6a); 4.49 dd, 1 HJ(5,6b) = 5.5 (H-6b); 4.74 ddd, 1 H(4,5) = 4.2,3(5,6a) = 6.3,J(5,6b) = 5.5
(H-5); 5.14 d, 1 H (H-1); 5.3 dd, 1 H(2,3) = 4.7,3(3,4) = 2.5 (H-3); 5.62 dd, 1 H (H-4%C NMR
spectrum: 37.39 and 38.03 2CH;S0O,), 64.97 (C-6), 65.24 and 65.37 (dioxolane f5H6.38 (C-5),
78.71 (C-2), 80.12 (C-3), 86.6 (C-4), 100.99 (C-1), 118.11J¢C,F) = 320 (CESO,). For
Cy1H17F301,S; . CH;OH (526.5) calculated: 27.38% C, 4.02% H, 18.27% S; found: 27.23%
3.76% H, 18.23% S.

2,5-Anhydro-3,6-di©-methanesulfonyl-altrose Ethylene Acetal¢)

To a solution of triflate2b (1.8 g; 3.6 mmol) inN,N-dimethylformamide (20 ml) was added finel
powdered sodium nitrite (4.0 g; 58.0 mmol). The mixture was stirred for 24 h &@,3hen filtered
and concentrateth vacuo Column chromatography (S2) of the residue yielded [2ar¢0.38 g;
29%) as colorless oil. The oily residue was crystallized from dichloromethane—hexane to give ¢
lytical sample ofc as colorless needles, m.p. I’15 [a]p +0.8 (¢ 0.2).'H NMR spectrum: 3.08 s anc
3.18 s, 2x 3 H (2% CH;S0,); 3.46 d, 1 HJ(4,0H) = 7.4 (OH); 3.88-4.08 m, 4 H (dioxolane $H
4.11 dd, 1 HJ(1,2) = 5.5J(2,3) = 4.2 (H-2); 4.18 m, 1 H(5,6a) = 3.4,J(5,6b) = 2.6 (H-5); 4.37 dd,
1 H, J(5,6a) = 3.4,)(6a,6b) = 11.6 (H-6a); 4.4 m, 1 B(3,4) = 4.5 (H-4); 4.47 dd, 1 H(5,6b) = 2.6,
J(6a,6b) = 11.6 (H-6b); 5.13 d, 1 K(1,2) = 5.5 (H-1); 5.21 dd, 1 H(2,3) = 4.2,3(3,4) = 4.5 (H-3).
13C NMR spectrum: 37.52 and 38.89 ¥2CH,;S0O,), 65.27 and 65.46 (dioxolane G}168.34 (C-6),
70.92 (C-4), 79.07 (C-2), 80.29 (C-5), 80.91 (C-3), 101.60 (C-1). Rgt;g0,0S, (362.4) calcu-
lated: 33.15% C, 5.01% H, 17.66% S; found: 32.78% C, 4.71% H, 17.23% S.

2,5-Anhydro-40-benzoyl-3,6-di©-methanesulfonyi-altrose Ethylene Acetald)

To a solution of hydroxy derivativec (0.48 g; 1.3 mmol) in dry pyridine (5 ml) was added benzc
chloride (0.50 ml; 4.3 mmol). The mixture was stored at room temperature for 24 h, then aci
with aqueous hydrochloric acid (1 : 1; 15 ml) and extracted with dichloromethand @ml). The
extracts were combined, successively washed with water and saturated aqueous sodium hydrc
bonate, dried and concentrated to an oil. Flash chromatography (S6) of the resid2e @veay; 81%)
as a colorless syrupa]p —12.9 (c 0.2).*H NMR spectrum: 3.09 s and 3.11 sx3 H (2 x CH,;SO));
3.86-4.15 m, 4 H (dioxolane GH 4.16 dd, 1 HJ(1,2) = 6.6,J(2,3) = 3.2 (H-2); 4.45 dd, 1 H,
J(6a,6b) = 11.2)(5,6a) = 3.2 (H-6a); 4.49-4.69 m, 2 B{(5,6b) = 2.2,J(4,5) = 8.4 (H-5 and H-6b);
521d, 1 H(H-1); 544t 1 H(2,3) = 3.2,33,4) = 3.4 (H-3); 5.61 dd, 1 H(3,4) = 3.4,J(4,5) = 8.4
(H-4); 7.41-8.20 m, 5 H (ArH)!3C NMR spectrum: 37.33 and 38.7 ¥2CH;S0,), 65.01 and 65.2
(dioxolane CH), 68.14 (C-6), 70.96 (C-4), 77.4 (C-5), 79.63 (C-2), 80.00 (C-3), 101.41 (C
128.38, 129.96 and 133.60 (ArC), 165.50 (C=0).

2,5-Anhydro-3,6-thioanhydro-mannose Ethylene Acet&a3d)

To a solution of dimesylatgc (0.145 g; 0.40 mmol) iN,N-dimethylformamide (3 ml) was addec
NaSH monohydrate (0.15 g; 2.0 mmol). The mixture was stirred in an atmosphere of nitrogég at
for 1.5 h, then poured into aqueous 10% NaHCI ml) and extracted with Gil, (4 x 10 ml).

The combined extracts were washed with watex (20 ml), dried and evaporated to a brown o
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Flash chromatography (S3) of the residue (0.05 g) yielded pure prad(6t039 g; 48%) as a pale
yellow syrup, fi]p—256.4 (c 0.1).*H NMR spectrum: 2.89 dd, 1 H(6a,6b) = 10.9)(5,6a) = 1 (H-6a);

2.98 dd, 1 HJ(5,6b) = 2.4,J(6a,6b) = 10.9 (H-6b); 3.14 d, 1 H(3,4) = 1.3 (H-3); 3.88-4.12 m, 4
(dioxolane CH); 4.38 m, 2 H (H-4 and H-5); 4.58 d, 1 §{1,2) = 2.3 (H-2); 4.78 d, 1 H(4,0H) = 9.9

(OH); 5.05 d, 1 H (H-1)13C NMR spectrum: 32.44 (C-6), 45.43 (C-3), 65.35 and 65.56 (dioxol
CH,), 79.20 (C-4), 80.25 (C-5), 88.53 (C-2), 102.37 (C-1).

2,5-Anhydro-40©-benzoyl-3,6-thioanhydro-mannose Ethylene Aceta8l)

A) Treatment of 49-benzoyl derivative2d (0.44 g; 0.94 mmol) with NaSH monohydrate (0.35
4.7 mmol) inN,N-dimethylformamide (10 ml) for 4 h, under the same reaction conditions as
scribed above foBa, afforded crude3b (0.4 g). Column chromatography (40 g; S7) gave pure [
duct3b (0.09 g; 31%) as a pale-yellow syrup.

B) Following the procedure described above 2d; a solution of3a (0.045 g; 0.22 mmol) and
benzoyl chloride (0.10 ml; 0.86 mmol) in dry pyridine (1 ml) gave crude prdglucElash chroma-
tography (S9) afforded pure prodwt (0.054 g; 79%) as a bright-yellow syrup]f —39.6 (c 2.1).
1H NMR spectrum: 3.02 dd, 1 H(6a,6b) = 10.8,)(5,6a) = 1 (H-6a); 3.11 dd, 1 H(5,6b) = 2.3,
J(6a,6b) = 10.8 (H-6b); 3.64 d, 1 H(3,4) = 1.5 (H-3); 3.68-4.02 m, 4 H (dioxolane {H4.33 d,
1H,J1,2) = 7.2 (H-2); 479 m, 1 H (H-5); 5.09 d, 1 }1,2) = 7.2 (H-1); 5.44 d, 1 Hi(3,4) = 1.5
(H-4); 7.35-8.06 m, 5 H (ArH):3C NMR spectrum: 32.82 (C-6), 44.83 (C-3), 64.91 and 65.34 |
oxolane CH), 78.17 (C-5), 79.77 (C-4), 89.99 (C-2), 102.96 (C-1), 128.63, 129.44, 129.77
133.53 (ArC), 165.84 (C=0).

2,5-Anhydro-3,6-thioanhydro-talose Ethylene AcetaB()

A) Treatment of trimesylafee (3.47 g; 7.9 mmol) with NaSH monohydrate (4.58 g; 61.9 mm
in N,N-dimethylformamide (23 ml) for 3 h under the same reaction conditions as described at8ave
afforded crude oxathian®c (1.2 g) which was immediately treated with la&olution of NaOMe in
MeOH (15 ml) for 3 h at reflux temperature. The reaction mixture was acidified with glacial A
to pH 6 and concentrated. The residue was partitioned betweg@lQ#5 ml) and water (20 ml).
The organic layer was separated and aqueous solution extracted witth, CHx 15 ml). The com-
bined extracts were dried and evaporated to a yellow syrup. Column chromatography (100 g;
the residue afforded pure prodi8d (0.45 g; 33%) as a colorless syrup.

B) Treatment of dimesylatea (2.5 g; 6.9 mmol) with NaSH monohydrate (2.5 g; 33.78 mmol)
N,N-dimethylformamide (30 ml) for 24 h, under the same reaction conditions as described abc
3a yielded crude producdd. Column chromatography (140 g; S10) of the residue (1.4 g) yiel
pure producBd (0.6 g; 43%) as a colorless syrup]d—24.5 (c 1.2).*H NMR spectrum: 2.68 d, 1 H,
J(4,0H) = 10.3 (OH); 3.00 m, 2 H (2 H-6); 3.38 d, 1 }3,4) = 2.4 (H-3); 3.83-4.05 m, 4 H (di:
oxolane CH); 4.2 d, 1 H,J(1,2) = 4.4 (H-2); 434 m, 1 H (H-5); 4.74 m, 1 H (H-4); 4.80 d, 1
(H-1). 3C NMR spectrum: 34.1 (C-6), 49.6 (C-3), 64.9 and 65.1 (dioxolang,(3.5 (C-4), 77.5
(C-5), 87.5 (C-2), 102.5 (C-1).

2,5-Anhydro-3,6-dideoxy-lyxo-hexose Ethylene Acetadif)

A) A suspension of compourgtl (1.08 g; 5.29 mmol) and Raney nickel (10 ml) in ethanol (30 |
was hydrogenated at 85-9C and normal pressure of,ifbr 1 h. The mixture was diluted with ¢
mixture of EtOAc—EtOH (1 : 1, 60 ml), filtered through a Celite pad and the catalyst was wze
with mixture of EtOAc—EtOH (1 : 1, 80 ml). The filtrate and washing were combined and evapc
in vacuo The residue was treated with boiling £, (20 ml), then filtered and the solvent evaporate
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Column chromatography (80 g; S5) of the residue (0.9 g) afforded pure comglboy@d’6 g; 82%)
as a colorless syrup.

B) A solution of alcohoRa (0.50 g; 1.4 mmol) and benzoyl chloride (0.40 ml; 3.4 mmol) in ¢
pyridine (5 ml) was left at room temperature for 24 h. After the usual workup, the residue (0.8!
crude2f) was treated with NaSH monohydrate (0.6 g; 8.1 mmoN,k+dimethylformamide (10 ml)
for 3 h, according to the procedure described abov&doihe crude oxathiange (0.5 g) thus ob-
tained was dissolved in ethanol (15 ml) and hydrogenated in the presence of Raney nickel sus
(5 ml) at 80°C for 1 h, whereupon the corresponding 3,6-dideoxy derivdiiveas formed. To the
reaction mixture was then added NaOH (0.07 g) and the stirring continued for 0.5 KRGt Bfder
workup as described above (procedAje the remaining crudéb (0.248 g) was purified by column
chromatography (30 g; S8) to afford pure proddbt(0.151 g; 63%) as a colorless syrup]d
+19.5 (c 1.9). *H NMR spectrum: 1.22 d, 3 HI(5,6) = 6.4 (Me-5); 2.05 m, 2 H (2 H-3); 2.26 b:
1 H (OH); 3.84-4.04 m, 5 H (dioxolane Glknd H-5); 4.17 ddd, 1 HJ(4,5) = 3,J(3a,4) = 1.9,
J(3b,4) = 4.2 (H-4); 4.19 ddd, 1 H(1,2) = 4.2,](2,3a) = 7.5J(2,3b) = 8.2 (H-2); 4.84 d, 1 H,
J(1,2) = 4.2 (H-1)13C NMR spectrum: 14.0 (C-6), 36.2 (C-3), 65.1 and 65.4 (dioxolang,d3.6
(C-4), 77.0 (C-2), 78.9 (C-5), 104.8 (C-1).

2,5-Anhydro-40-benzoyl-3,6-dideoxy-arabino-hexose 4c)

A) To a solution of compoundb (0.054 g; 0.17 mmol) in EtOH (5 ml) was added a suspens
of Raney nickel (1 ml). The mixture was hydrogenated under the same reaction conditions
scribed above fo#b (procedured). After the usual workup, the remaining cruéliewas purified by
column chromatography (10 g; S7) to afford pure prodac{0.032 g; 67%) as a colorless syrup.

B) To a stirred and ice-cooled solution of alcofiel(0.20 g; 1.2 mmol), benzoic acid (0.30 g; 2.5 mm
and triphenylphosphine (1.30 g; 5.0 mmol) in dry THF (20 ml) was added dropwise a soluti
diethyl azodicarboxylate (1.0 ml; 6.4 mmol) in dry THF (5 ml). The mixture was stirred®@tfor
20 min and then at room temperature for 20 h. The solvent was evaporated off and the resic
column chromatographed (100 g; S11), to affdodcontamined with an equal amount of aromat
impurities as estimated by NMR. Repeated column chromatography (50 g; S12) of the m
yielded pure productc (0.25 g; 82%) as a colorless syrup]d —4.2 (c 2.8). 'H NMR spectrum:
1.29 d, 3 H,J(5,6) = 6.7 (Me-5); 2.15 ddd, 1 H(3a,3b) = 14,J(2,3a) = 3.7,J(3a,4) = 3.6 (H-3a);
2.61 ddd, 1 HJ(2,3b) = 7,J(3a,3b) = 14J(3b,4) = 6.8 (H-3b); 3.86-4.07 m, 4 H (dioxolane LH
4.13 ddd, 1 HJ(1,2) = 5.4,J(2,3a) = 3.7,J(2,3b) = 7 (H-2); 4.36 m, 1 H (H-5); 5.0 d, 1 §{1,2) = 5.4
(H-1); 5.15 ddd, 1 H)(3a,4) = 3.6J(3b,4) = 6.8J(4,5) = 3.7 (H-4); 7.30-8.10 m, 5 H (ArHFC NMR
spectrum: 18.64 (C-6), 32.57 (C-3), 65.23 and 65.4 (dioxolang, CA.95 (C-2), 79.34 (C-4), 80.02
(C-5), 104.59 (C-1), 128.36, 129.58, 129.75 and 133.11 (ArC), 166.1 (C=0).

This work was supported by the Ministry of Science and Technology of the Republic of Serb
authors thank Dr P. Radivojsa, Faculty of Chemistry, University of Belgrade, for the optical rot
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