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A Mild Procedure for the Preparation of 1,6-Anhydro-§-n-
hexopyranoses and Derivatives

Dominique Lafont, Paul Boullanger,* Olivier Cadas. GGérard Descotes

Laboratoire de Chimic Organique II. Universit¢ Claude Bernard. Lvon
I, UA. CN.RS. 463, ES.C.LL, 43, Bd. du 11 Novembre 1918,
IF-69622, Villeurbanne Cedex, France

Treatment of reducing 6-0-tosyl-D-glycopyranoses 1 with 1,8-diazabi-
cyclo[ 5.4.0]Jundec-7-cne  (DBU) afforded the corresponding 1.6-
anhydro-f-p-hexopyranoses 2 in high yields. Reaction was also perfor-
med on partly acetylated tosylates of carbohydrates.

1,6-Anhydro-fi-pD-hexopyranoses, which are useful synthons for
the synthesis of complex oligosaccharides,!*> have been mostly
prepared by a base-assisted intramolecular displacement of a
good leaving group at either the primary®~3 or the anomeric®’
position. Various Lewis acids were also described to promote
cyclization of 1,2,3 4-tetra-O-acetyl-p-n-glucopyranose.® How-
ever, most of these methods require a definite configuration at
the anomeric center™* and/or the presence of a participating
group at the C-2 position®~* of the precursor.

We now report a mild and general method for the preparation of
1.6-anhydrosugars, which involves 6-O-tosyl derivatives of re-
ducing hexopyranoses as precursors and 1.8-diazabicyclo-
[5.4.0]undec-7-ene (DBU) as a basic reagent. Reaction was
performed on 6-O-tosyl-p-hexopyranoses of the b-gluco (1a—d).
D-manno (1e—g) and the D-galacto (1h, 3) series.
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Tosylates 1a, 1e and 1h were prepared by regioselective cleavage
of the anomeric acetate of the corresponding peracetylated 6-0-
tosyl-p-glycopyranoses with hydrazine acetate in dimethylform-
amide.® Tosylatzs 1b, T¢, 1d, 11, 1g and 3 were obtained after
selective tosylation of D-glucose, N-acetyl-p-glucosamine, N-
allvloxycarbonyl-p-glucesamine,'® D-mannose, 3,4-di-O-ben-
zyl-nD-mannose' ! and D-palactose, respectively. Tosylates 1a—e,
1 and 3 have already been described in the literature and the
physical constants of these derivatives were in complete agree-
ment with those reported.

6-0-Tosyl-p-glycopyranoses 1a—h and 3 were anomeric mix-
tures of reducing carbohydrates containing mainly the a-isomer
as attested by "H-NMR spectroscopy (Table 1).

Cyclization reactions were performed in ethanol, except for
acetylated tosylates 1a, 1e and 1h (dichloromethane). Products
2b and 2f were not isolatad but directly acetylated to 2a and 2¢,
respectively. Yields were generally good to excellent (58% to
96 %) in most of the reactions performed to date (Table 2). The
6-O-tosyl-D-galactose (3) did not lead to the expected 1.6-
anhydro-f-n-galactopyranose but to the 5,6-anhydro isomer 4a
isolated after acetylation, as an «, f mixture of the furanosic
derivatives 4b. This result could be due to an intramelecular
hydrogen bonding'? in compound 3, which avoiding the inver-
sion from *C, o 'C, conformations, prevent the nucleophilic
substitution of the tosylate by the anomeric hydroxyl group.
This assumption is supported by the behavior of the partially
acetylated tosylate 1h to give the peracetylated 1,6-anhydro-f-
p-galactopyranose 2h during the same treatment (Table 2).

The main advantage of using DBU us a basic promotor is
probably due to the possibility of interconversion from the x- to
the f-anomeric form (the only one reacting) during the nu-
cleophilic substitution. This opportunity is of particular interest
in the manno series, where the anomeric equilibrium is largely in
favor of the unreactive o form.

This simple and efficient method of preparation of 1,6-anhydro-
f-D-hexopyranoses affords the expected derivatives in a few
steps from raw materials, and in contrast to most of the methods

Table 1. "H-NMR Data of Partly Protected Tosylates®
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described in the literature, it is compatible with base-labile
protective groups and should find synthetic applications in the
field of oligosaccharides.

Pyridine and DMF were dried by refluxing over CaCl,. CH,Cl, over
P,0s, then distilled and stored over 4 A motecular sicves. DBU and p-
toluenesulfonyl chloride were purchased from Fluka A.G., and purificd
by the Pelletier’s method'® prior to use. Silica gel (35--60 pm) was
purchased from Amicon Co. Melting points were determined on a
Biichi apparatus and were uncorrected. Optical rotations were measur-
ed on a Perkin Elmer 241 polarimeter in a 1 dm cell. 'H- and **C-NMR
spectra were recorded on a Bruker AM 300 spectrometer working
respectively at 300 MHz and 75.5 MHz.

Preparation of Tosylates 1; General Procedure:

Method A: Hydrazine acetate (0.395 g, 4.3 mmol) is added in one
portien to a solution of 1.2,3.4-tetra-O-acetyl-6-0O-p-toluenesulfonyl-p-
alycopyranose (1.50 g, 3.0 mmol) in DMF (3 mL) at 50°C. After stir-
ring for 5 min, the solution is left to attain room temperature. FtOAc
(20 mL) is then added and the solution washed once with water (SmL).
The organic layer is dried (Na,SO,) and evaporated. The crude product
obtained is chromatographed on silica gel using CH,ClL/CHROH
(20: 15 as cluent (Table 1).

Method B: A solation of p-toluenesulfonyl chloride (1.6 g, 8.4 mmol) in
pyridine (10 mL) is added dropwise over 30 min to a solution of the
carbohydrate (7mmol) in dry pyridine (20 mL), cooled near 0°C and
magnetically stirred. After 4 h at 0°C, the reaction is quenched with
CH;OH (1 mL). After addition of CHCl, (50 mL), the solution is washed
with water (2 x 10 mL), dried (Na,SO,), and evaporated. The product is
then chromatographed on silica gel (Table 1).

2,3 4-Tri-0-acetyl-6-0-p-toluenesulfonvl-v-glucopyranose (1a): Prepared
following Method A. Product obtained as an «/ff mixture (9:2), yield:
85%. '

CioH,,04,8 cale. C49.56 H 525
(460.4) found 49.34 5.32

Table 2. Compounds 2 Prepared

Molecular
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2-N-Allloxycarbonyl-2-amino-2-deo.xy-6-O-p-tofuenesulfonyl-n-

glucopyranose (1d). Prepared from 2-N-allylexycarbonyl-2-amino-2-

deoxy-n-glucopyranose'® tollowing Method B. Product recovered as an
%/ mixture (4:1), yield 61 %.

C,sH,3NOGS cale. € 4891 H 555 N3.36

(417.4) found  49.18 5.56 313

2,3 4- Tri-O-acetyl-6-O-p-toluenesulfonyl-p-mannopyranose - (1 e): Pre-
pared following Methed A. Product obtained as an »'ff mixture (9: 1),
vield 80%.

Cyoll3404,S cale. C 4956 HS525

(460.4) found  49.51 5.24

2.3 4-Tri-O-acetyl-6-O-p-toluenesulfonyl-v-galactopyranose - (1h): Pre-
pared following Mcthod A. Product obiained s an » ff mixture (9:2).
yield: 84%.

Crot5,0,,S cale. € 4956 H 525

(460.4) found  49.67 S5

3.4-Di-0-benz yl-6-0-p-toluenesulfonyl-p-munnopyranise (1g): Prepared
from 3,4-di-0-benzyl-D-mannopyranose ! following Method B. Product
recovered as an #/f mixture (20: 1), yield 60 %.

Cy 1150048 cale. € 63.02 H 5.88

(514.6) found  63.24 5.85

Preparation of 1,6-Anhydro-$-D-hexopyranoses 2; General Procedure:
DBU (0.61 g, 4 mmol) is added in one portion at room temperature 10 a
magnetically stirred solution of 6-O-tosyl derivative 1 (2mmol) in
C,HsOH (20 mL); for fully acetylated compounds 1a, e, h, CH,Cl, is
used as the solvent, and the order of addition of reagents is inverted.
The mixture is stirred at rcom lemperature until disappearance of the
starting material (324 h). After evaporation of the solvent, the mixture
is either chromatographed directly or aeetylated first (for compounds
2b, ) with a mixture acctic anhydride (2mL) and pyridine (4 mL)
{Table 2).

2-N-Alivloxyearbonyl-2-amino- 1 6-anhydro-2-deoxy-p-v-glucopyranose
(2d): Product recovered as a crystalline material (Tabic 2) after chroma-
tography on silica gel (cluent: EtOAc); mp 76 -77°C

"H-NMR (solvent TMS)*

Starting  Prod- Yield*  mp (°C)® [2]3°¢
Tosylate uct (%) (solvent) Formula® or
Lit. Data
la 2a 58 108-109 -62.3° mp 108-1097 CDCly: 212, 2.16. 218 (3s. 9H, 3CH;): 3.84 (dd. tH, J = 6.1,
1b 87 (ELOH) (c =10, (2], —59°" 7.8, H-6); 4.03 (dd. TH, J = 1.0, 7.8, H-6); 4.60-4.65 (m. 3H.
CHCly) H-2, 4, 5); 4.86 (m, 1H, H-3); 543 (br s, 1H. H-1)
e 2¢ 9% 189191 ~42.5° mp 190-191*
(EtOAC)  (c=2.2. (2], —45.2°%
H,0)
1d 4 93 76-77 ~226° C,HNOg  acetone-dy: 3,60 3.70 (m, 3H, H-2, 3, 4): 3.66 (dd. 1H. J = $8.
(c =28, (245.2) 70, H-6), 423 (dd, 1H, J=0.7, 7.0. H-¢): 454 (m. 2H.
acctonc) CH,CH=CH,); 4.66 (br m, 1H, H-5); 515, 5.30 2m, 2H,
CH,CH=CU,); 5332 (br s, tH, H-tx 594 (m. 1H.
CH,CH=CH,); 607 (br d. NH)
le 2e 58 89--90 —123.5° mp 90-911* CDCly: 2.06, 2 14, 2.16 (35, 9H, 3CH;): 3.85idd. 1H., J = 3.9,
i 75 (EtOH) (=10, [2]p —123.6% 7.7, H-6 ); 4.25 (dd. TH, J = 1.0, 7.7, H-6): 4.63 (m. 1 H. H-5);
CHCl,) 4.81 (m. 1H, H-4); 5.00 (m, 1H, H-2); 5.27 (ddd, 1H, J = 1.6,
1.7, 1.7, H-3); 543 {dd. 1H, J = 1.6, 1.9, H-1}
1g 2 95 syrup —58.8° CoH,05 acetone-dy: 3.48 (d. 1H. J = 11.5, OH); 3.59 (ddd. 1H. J = 1.8.
(c=1.0, (342.4) 5.5, 11.5, H-2); 3.0 (dd, t1H, J = 6.0, 7.0, H-6'): 3.71 (dd, I H.J
CHCl,) =1.5, 1.6, H-4); 381 (m, J =1.5, 1.5, 1.5, 55, H-3): 4.07 (dd,
tH, J =1.1. 7.0, H-6); 4.62 (m. 1H, H-5); 4.52-4.64 (m. 4H.
2CH,Ph); 5.19 (m. 1H. H-1); 7.25-7.38 (m. t0H,,,,,)
1h 2h 62 77-78 —4.37 mp 77-797 CDCly: 2.04, 2.14, 2.14 (35, 9H, 3CH,): 3.70 (dd. 1H, J = 5.2,
(E,0/ (¢ = 1.0, [alp —5.0°7 7.6, H-6;4.33 (d. 1H, J = 7.6, 11-6); 4.50 (dd. 1H.J = 2.4.5.2,
EtOH) CHCL,) H-5); 4.78 (dd, 1H. J = 1.2, 1.3, H-2); 5.25-533 (m. 2H, H-3.

4); 5.47 (dd, 1H, J =12, 1.2, H-1)

* Yields of isolated and purified products.

*_’ Unc_orrected, measured with a Biichi apparatus.

© Optical rotations measured with a Perkin Elmer 241 polarimeter in a
1dm cell.

Satisfactory microanalyses obtained: C +0.16, H +0.12, N +0.24;
except for 2g, C --0.59 (see also experimental).
¢ Spectra recorded on a Bruker AM 300 (300 MHz).
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CyosNO, cale. C4898 H6.17 NSTI
(245.2) found 4888  6.05 547

13C-NMR (acetone-d,/TMS): 6 = 54.52 (C-2); 65.88, 65.91 (CH,—CH
=CH,, C-6); 71.93 (C-4); 73.32 (C-3); 77.14 (C-5); 101.92 (C-1); 117.49
(CH,~CH=CH,); 134.18 (CH,~CH =CH,; 156.37 (CO)

3.4-Di-O-benzyl-1.6-anhydro-f-D-mannopyranose  (2g):  Product  re-
covered as a syrup after chromatography on silica gel (eluent: EtOAc/n-
hexane, 2:3).

CypH2,05 cale. C70.16 H 6.48

(342.4) found  69.57 6.54

13C-NMR (acetone-dg/ TMS); 6 = 65.38 (C-6); 67.75 (C-2): 71.58, 74.34
(CH,Ph); 74.34 (C-4); 77.04, 77.49 (C-3, 5); 102.80 (C-1): 128.43--139.48
(Camm)'

1,2,3-Tri-O-acetyl-5,6-anhydro-p-galactofuranose (4b);

DBU (0.61 g, 4 mmol) and :he tosyl derivative 3 (0.67 g. 2 mmol) arc
reacted in EtOH (20 mL) as given under the preparation of 2. The
product 4a is acetylated with a mixture of acetic anhydride (2 mL) and
pyridine (4 mL). Chromatographic purification on silica gel (eluent:
EtOAc/n-hexane, 3:1) gives an anomeric mixture (/8 = 2:3); yield:
0.43 ¢ (74%); syrup.

CiHy40g cale. C50.00 H 5.60

(288.2) found 49.89 5.67

"H-NMR (CDCl;/TMS): d =

for a-anomer: 2.09, 2.11, 2.12 (3s, 9H, 3CH,); 2.62 (dd, 1 H, J = 2.6.
49, H-6),2.82(dd, 1H, J = 4.1, 4.9, H-6); 3.23 (ddd. 1 H, J = 2.6, 4.1,
5.7, H-5); 3.82 (d¢, 1H, J == 5.7, 5.9, H-4); 531 (dd, 1H, J = 4.5, 7.3,
H-2); 549 (dd, 1 H, J = 5.9, 7.3, H-3); 6.32 (d, 1 H, J = 4.5, H-1)

for f-anomer: 2.1%, 2.14, 2.14 (3s, 9H, 3CH;); 2.76 (dd, 1 H, J = 2.6,
5.0, H-6'); 2.83 (dd, 1 H, / = 4.1, 5.0, H-6); 3.23 (ddd, 1 H, J = 2.6, 4.1,
4.5, H-5); 4.02 (dd, tH. J == 4.5, 49, H-4); 513 (dd, 1H, J = 1.5, 4.9,
H-3); 520 (d, 1 H, J = 1.5, H-2); 6.1% (s, 1 H, H-1)

B3C-NMR (CDCl,/TMS): 6 =

for z-anomer: 20.38, 20.50, 20.97 (3 CH;CO): 44.23 (C-6); 52.19 (C-3);
75.03, 75.13 (C-2,3); 82.11 (C-4); 93.37 (C-1); 169.34, 169.75, 170.23
(3CH,CO)

for f-anomer: 20.38, 20.50, 20.97 (3 CH;CO): 43.99 (C-6); $1.17 (C-5);
77.54 (C-3); 80.53 {C-2); 84.47 (C-4); 99.37 (C-1); 169.08, 169.53, 169.95
(3CH,CO).
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