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Synthesis 1-thioglycosides from 1-sulfenates
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Thioalkyl and thioaryl groups can be used to protect the anomeric position of
sugars and can be activated to yield glycosyl donors 2, Thioglycosides can be
activated by mercury(ID) sulfate 3, mercury(II) chloride *°, pheny! mercury trifluo-
romethanesulfonate ¢, mercury(II) benzoate 7, mercury(II) nitrate 8, copper triflu-
oromethanesulfonate °, and lead(II) perchlorate !°. Generation of glycosyl donors
involves the conversion of thioglycosides into glycosyl bromides '3 and glycosyl
fluorides !4, and activation by use of methyl triflate °-18, dimethyl(methyltio)
sulfonium triflate 1, and nitrosy! tetrafluoroborate 2.

Numerous methods are available for the preparation of thioglycosides 22, of
which the most general is the Sy2 reaction of alkali salts of thiophenols or
alkanethiols with acetylglycosyl halides 2. Acetylated alkyl 1-thio-p-glucopyrano-
sides can be obtained by reaction of 2,3,4,6-tetra-O-acetyl-1-thio-8-p-gluco-
pyranose with alkyl bromides or iodides . In order to prepare 1-thioglycosides
with non-participating groups, these compounds were deacylated and subsequently
alkylated, usually with benzyl halides. The trichloroacetimidate method has been
used to synthesise thio sugars and thioglycosides from sugar derivatives with HO-1
unprotected %, A disadvantage of this procedure is the use of toxic and malodor-
ous thiols and thiophenols.

Carbohydrate sulfenates may be prepared 2’ by the reaction of appropriate
sugar derivatives with 2-nitrobenzenesulfenyl chloride or 2,4-dinitrobenzene-
sulfenyl chloride in the presence of triethylamine, and we now report a new
synthesis of aryl 1-thioglycosides by deoxygenation of monosaccharide sulfenates
with triethyl phosphite.

Thus, 2,3,4,6-tetra-O-methyl-1-O-(2-nitrophenylsulfenyl)-a-p-glucopyranose
(1a), 2,3,4,6-tetra-O-benzyl-1-O-(2-nitrophenylsulfenyl)-a-p-glucopyranose (2a),
2,3,4,6-tetra-O-benzyl-1-O-(2-nitrophenylsulfenyl)-a, B-p-galactopyranose (3a,
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a,B-ratio 1:3), 2,3,4,6*tetra-0~benzyl~1~O-(Z-nitrophenylsulfenyl)—a,BwD—man-
nopyranose (4a, a B-ratio 4:1), 2,3:5,6-di-O-isopropylidene-1-O-(2-nitrophenyl-
sulfenyl)-a-D-mannofuranose (5a), and 1-0-(2 d-dinitrophenylsulfenyl)-2,3 : 5,6-di-
O-isopropylidene-e-p-mannofuranose (5b) were deoxygenated in benzene at room
temperature or in chloroform at ~50° to give 1b-4b, 5¢, and 54, respectively. Bach
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reaction proceeded with inversion of configuration at C-1 and similar results were
obtained with trimethyl phosphite, triphenyl phosphite, and triethylphosphine.

5b R'=H, R =—03«/i>—1\102

O,N
5cR1=—s—®, R’=H
O,N
5d R'=—S§ NO,, R’=H
O,N

The reaction of 2,3,4,6-tetra-O-benzyl-1-O-(2-nitrophenylsulfenyl)-a-p-gluco-
pyranose (2a) with triethyl phosphite was examined in more detail. The main
products were 2-nitrophenyl 2,3,4,6-tetra-O-benzyl-1-thio-B-p-glucopyranoside (2b)
and triethyl phosphate together with traces of 2,3,4,6-tetra-O-benzyl-p-glucose and
ethyl 2-nitrophenyl sulphide. The reaction in CDCl; could be monitored by NMR
spectroscopy. At temperatures down to — 50°, only the 3'P resonances 2 of triethyl
phosphite (8 139.07) and triethyl phosphate (8 0.5) could be observed; a signal for
a phosphorylated intermediate formed from triethyl phosphite and 2a could not be
detected.

Phosphorus(III) compounds can be regarded as thiophilic reagents 2* and they
can attack sulfenates ** and sulfenamides 3! at the more electropositive sulfenyl
sulfur atom. Pheny! sulfenamides treated with dialkyl or trialkyl phosphites form
phosphorothioates *2. The sulfur atom of 1,1-dimethanesulfenates is abstracted by
trivalent phosphorus derivatives to afford the corresponding ethers . Regioselec-
tive attack of trivalent phosphorus on sulfenates or sulfenamides has been ob-
served. Thus, treatment of (2-benzothiazolyl)sulfenamides with dialkyl or trialkyl
phosphites gave phosphoroamidates in excellent yields *2. In a study of the
abstraction from oxyphosphoranesulfenyl chlorides [R'RZ2P(O)SCIl], Michalski et
al. >* found both deoxygenation and desulfuration. Barton et al. ¥ found that
benzyl methanesulfenate reacted with tributylphosphine in toluene at 20° to give
the phosphine oxide and benzyl methyl sulfide, possibly by an abstraction process
via a phosphorane intermediate and subsequent ionisation.

Our results are consistent with the following. Nucleophilic attack of triethyl
phosphite at O-1 of 2a to afford a phosphonium ion (Scheme 1). Attack of the
liberated thiolate anion at C-1 then gives the thioglycoside 2b and triethyl phos-
phate. Support for the above mechanism is the fact that, when the reaction was
performed in the presence of a thiophilic reagent (silver trifluoroacetate) and a
small amount of water, the main product was 2,3,4,6-tetra-O-benzyl-p-gluco-
pyranose.
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EXPERIMENTAL

General. —Melting points were determined on a Kofler hot-stage and are
uncorrected. Optical rotations were measured with a Zeiss Jena Polamat polarime-
ter. The 'H- and *C-NMR spectra were recorded with Bruker (500 MHz), Varian
(300 MHz), Gemini (200 MHz), and Tesla (80 MH2) instruments.

The progress of each reaction was monitored by TLC on Silica Gel 60 (0.2-0.063
mm, Merck).

Synthesis of thioglycosides. —To a solution of the sulfenate (1 mmol, prepared as
described %7) in dry benzene (30 mL) was added triethyl phosphite (0.50 g, 0.51
mL, 3 mmol). The mixture was stirred for 30 min at room temperature, then
diluted with benzene (10 mL), washed with water, and dried (MgSQ,), and the
solvent was evaporated. Column chromatography (benzene, 20:1 and 10:1 ben-
zene—ether) of the residue gave the thioglycoside. The following compounds were
prepared in this manner.

2-Nitrophenyl 2,3,4,6-tetra-O-methyl-1-thio-B8-p-glucopyranoside (1b; 0.26 g,
69.5%), mp 117-118° (from benzene), [alZ), ~128° (¢ 0.9, CHCI,). '"H-NMR data
(CDCl,): & 3.40, 3.58, 3.63, 3.70 (4 s, each 3 H, 4 MeO), 2.95-3.83 (m, 6 H,
H-2,3,4,5,6a,6b), 4.60 (d, 1 H, J,, 8 Hz, H-1), 7.13-8.15 (m, 4 H, aromatic H).

Anal. Caled for C,(H,,NO,S: C, 51.45; H, 6.22; N, 3.75. Found: C, 51.12; H,
6.41; N, 3.32.

2-Nitrophenyl 2,3,4,6-tetra-O-benzyl-1-thio-8-p-glucopyranoside (2b; 0.373 g,
55%), mp 116-118° (from benzene), [aliy, —104° (¢ 2.53, CHCl,). NMR data
(CDClL,): 'H, & 3.61-3.83 (m, 6 H, H-2,3,4,5,6a,6b), 4.53-4.99 (m, 9 H, H-1 and 4
PhCH,), 7.2-7.33 (m, 22 H, aromatic H), 8.11 (dd, 1 H, aromatic H); *C, & 69.22
(C-6), 73.49 (C-5), 79.30 (C-4), 80.89 (C-2), 85.69 (C-3), 86.82 (C-1), 125.51-138.47
(aromatic C).

Anal. Caled for C, H,,NO,S: C, 70.87; H, 5.81; N, 2.07. Found: C, 70.59; H,
5.56; N, 2.20.

2-Nitrophenyl 2,3,4,6-tetra-O-benzyl-1-thio-a,8-p-galactopyranoside (3b; 0.383
g, 56.6%), a,B-ratio 3:1, syrup, [a]§25 —21° (¢ 0.96, CHCl;). NMR data (CDCl,):
'H, § 3.5-4.11 (m, 6 H, H-2,3,4,5,6a,6b), 4.34-5.01 (m, 9 H, H-18 and 4 PhCH,),
5.8(d, 1 H, J,, 5.5 Hz, H-1a), 7.1-7.34 (m, 22 H, aromatic H), 7.78-8.07 (m, 2 H,
aromatic H); 1*C, & 84.71 (C-1a), 85.88 (C-1p).

Anal. Caled for C, H,;,NO,S: C, 70.87; H, 5.81; N, 2.07. Found: C, 70.89; H,
5.82; N, 2.28.

2-Nitrophenyl 2,3,4,6-tetra-O-benzyl-1-thio-a,8-p-mannopyranoside (4b; 0.434
g, 64%), a,B-ratio 1:4, syrup, [a]%; —2° (¢ 0.5, CHCI,). NMR data (CDCl,): 'H,
§ 3.54-4.03 (m, 6 H, H-1,2,3,4,5,6a,6b), 4.34-4.95 (m, 9 H, H-1B8 and 4 PhCH,),
5.62(d,1H,J,, 2.4 Hz, H-1a), 7.11-7.25 (m, 22 H, aromatic H), 7.72~7.98 (m, 2
H, aromatic H); °C, & 85.68 (C-1a), 86.16 (C-18).

Anal. Caled for C, \H;(NO,S: C, 70.87; H, 5.81; N, 2.07. Found: C, 70.91; H,
5.65; N, 2.43,
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2-Nitrophenyl 2,3 : 5,6-di-O-isopropylidene-1-thio-a-p-mannofuranoside (5¢; 0.25
g, 56.6%), mp 138.5-139.5° (from benzene), [a]2% —239° (¢ 2.1, CHCIl,). 'H-NMR
data (CDCl,): 8 1.43, 1.50, 1.63 (3 5, 12 H, 2 Me,C), 3.73 (dd, 1 H, J 4, 6 Hz, H-4),
4.16 (m, 2 H, H-6a,6b), 4.38-4.65 (m, 1 H, H-5), 4.75-4.98 (m, 3 H, H-1,2,3),
7.18-8.17 (m, 4 H, aromatic H).

Anal. Caled for C,gH,,NO,S: C, 54.39; H, 5.48; N, 3.52. Found: C, 53.68; H,
5.93; N, 3.15.

2,4-Dinitrophenyl 2,3: 5,6-di-O-isopropylidene-1-thio-a-p-mannofuranoside (5d;
0.135 g, 30%), mp 130° (dec) (from benzene), [@]2}s —497° (¢ 3.25, CHCI,).
'H-NMR data (CDCl,): § 1.35, 1.4,2.8 (3s, 12 H, 2 Me, (), 3.75(dd, 1 H, J 3,5.5
Hz, H-4), 4.13 (m, 2 H, H-6a,6b), 4.5 (m, 1 H, H-5), 4.73-4.98 (m, 3 H, H-1,2,3),
7.95 (d, 1 H, aromatic H), 8.3 (dd, 1 H, aromatic H), 8.89 (d, 1 H, aromatic H).

Anal. Calc. for C,gH,,N,0,S: C, 48.86; H, 5.02; N, 6.33; S, 7.25. Found: C,
48.54; H, 5.33; N, 6.35; S, 6.85.

Reaction of 2,3,4,6-tetra-O-benzyl-1-O-(2-nitrophenylsulfenyl)-a-p-glucopyranose
(2a) with triethyl phosphite in the presence of silver trifluoroacetate. —To a solution
of 2a (1 mmol) in benzene (3 mL) was added triethyl phosphite (0.50 g, 0.51 mL, 3
mmol) and silver trifluoroacetate (0.22 g, 1 mmol). The mixture was stirred for 30
min at room temperature, then diluted with benzene (10 mL), washed with water,
and dried (MgSO,), and the solvent was evaporated. Column chromatography
(benzene, 10:1 benzene-ether) of the residue gave 2,3,4,6-tetra-O-benzyl-p-gluco-
pyranose, mp 149-150° (from hexane); lit. > mp 151-152°.
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