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Acetolysis of 1,6: 3,4-dianhydro-2-O-p-toluenesulfonyl-f-p-galactopyranose (/) gave 3,4-di-
-0-acetyl-1,6-anhydro-2-O-p-toluenesulfonyl-B-p-glucopyranose (/I) which was converted with
sodium methoxide to 1,6 : 3,4-dianhydro-8-p-altropyranose (X). The 1,6-anhydride bond in di-
acetate /1 was cleaved with acetic anhydride or hydrogen bromide in acetic acid under formation
of a mixture of anomeric tetraacetates of 2-O-p-toluenesulfonyl-p-glucopyranose or the

corresponding acetates of a-p-glucopyranosyl bromide X7// and its 6-bromo-6-deoxy derivative
XIv.

In addition to D-mannose which is one of the components of some biologically
intcresting oligo- and polysaccharides in natural substances ifs 3-substituted deriva-
tives also occur. Thus, for example, 3-O-methyl-D-mannose is the main building
unit of the polysaccharides from some mycobacteria®2, 3-amino-3,6-dideoxy-
-D-mannose (mycosamine) is present in macrolide antibiotics of a polyene type®,
and 3-deoxy-3-guanidino-pD-mannose forms an important component of glycopeptidic
antibiotics of a myomycine type* among which some possess high activity against
tuberculosis.
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Part XXXII in the series Syntheses with Anhydro Sugars; Part XXXI: This Journal 45,
1837 (1980).
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Notwithstanding the fact that the synthesis of 3-substituted derivatives of D-man-
nose has been described in literature (for example 3-amino-3-deoxy-D-mannose®~’
and 3-O-methyl-D-manncse®®) a generally utilizable method for the preparation
of these compounds is still Jacking. From this point of view 1,6:3,4-dianhydro-
-B-p-altropyranose (X) seems to be a suitable starting compound, since its oxirane
ring has the tendency to open with a high regioselectivity in the position C 3, so that
4-substituted derivatives are practically not formed!®!!. From preliminary experi-
ments it followed that the use of various nucleophilic reagents could enable the pre-
paration of various 3-substituted derivatives of I,6-anhydro-B-D-mannopyranosc
(Scheme 1) and also — after their hydrolysis — of corresponding free sugars.
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The aim of this study is the elaboration of a suitable synthesis of 1,6:3,4-dianhydro-
-B-p-altropyranose (X). The earlier preparation of dianhydride X consisted'? in acid
hydrolysis of the oxirane ring in 1,6:3,4-dianhydro-2-O-p-toluenesulfonyl-B-p-galac-
topyranose (I), subsequent cyclization of the 1,6-anhydro-2-O-p-toluenesulfonyl-
-B-D-glucopyranose (111) formed, which gave 1,6:2,3-dianhydro-B-p-mannopyranose
(IX), and its isomerization to X under base catalysis. This procedure is disadvantage-
ous in that the hydrolysis of epoxide I with 10% sulfuric acid in aqueous dioxane
gives tosyl derivative I11 in a yield of about 50%;. As we have observed when reproduc-
ing the procedure, 1,6-anhydro-4-O-(5-hydroxy-3-oxapentyl)-2-O-p-toluenesulfonyl-
-B-pD-glucopyranose (VI) is formed simultaneously by participation of dioxane in the
reaction. Compound VI was obtained as the main product by the action of concentrat-
ed sulfuric acid on tosyl epoxide I in a mixture of dioxane and diethylene glycol.
Its structure was demonstrated by conversion to diacetyl derivative VII and by means
of "H NMR spectrometry.

Since the effort to improve the yield of dianhydride X by modifying the conditions
of hydrolysis was unsuccessful we tried to acetolyse the oxirane ring in compound I
under various conditions. While acetolysis with acetic anhydride in the presence
of sulfuric acid or boron trifluoride etherate at room temperature led to the forma-
tion of a mixture of several substances, in boiling anhydrous acetic acid, under
catalysis with boron trifluoride etherate, 3,4-di-O-acetyl-1,6-anhydro-2-O-p-toluene-
sulfonyl-B-p-glucopyranose (11) was formed as the sole product. Even a small amount
of water in acetic acid suppressed the formation of diacetate II and monoacetyl
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derivative /V became the main product. The D-gluco configuration and the 'C.(D)
conformation of diacetate /I was demonstrated by 'H NMR spectrum on the basis
of the observed coupling constants J; , = 1-5,J, 3 = 2:3, J; 4, = 2-4and J, ; & 12
Hz, and its structure was further confirmed by comparison with an authentic sample
of diacetate /] which was obtained!®!# by partial tosylation of 1,6-anhydro-B-p-glu-
copyranose and subsequent acetylation.

The structure of monoacetyl derivative IV was demonstrated by means of 'H NMR
spectroscopy: the presence of a free hydroxy group on C;, followed from the com-
parison with the spectrum of diacetate I1. In agreement with the assumed structure
of acetate IV its tosylation took place under formation of 2,3-di-O-p-toluenesulfonyl
derivative ¥ which was then reacted with sodium methoxide to give the expected
1,6:3,4-dianhydro-2-O-p-toluenesulfonyl-B-p-allopyranose (V111). According to physi-
cal constants and the IR spectra it was identical with an authentic sample’® which was
prepared by tosylation of 1,6:3,4-dianhydro-B-p-allopyranose.

Mild deacetylation of diacetate I/ with barium methoxide gave the known'?
tosyl derivative I11. On reaction of diacetate 11, or of substance I'V or 111 with sodium
methoxide in methanol, 1,6:3,4-dianhydro-B-p-altropyranose (X) was formed. The
reaction sequence I—II—X permitted the preparation of dianhydride X in a total
yield of 75%. If the ion exchanger IRA 400 in OH ™ cycle (ref."®) is used in the reac-
tion of diacetate II or compound 11/ instead of sodium methoxide, only 1,6:2,3-dian-
hydro-B-b-mannopyranose (IX) is formed, without its isomerization to compound X.

The synthetic utilization of tosyl derivative 111 also depends on the possibility
to cleave its 1,6-anhydride bond under formation of a reducing hexose. Since the
hydrolysis of this compound in aqueous medium took place with much greater
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difficulty than in the case of common glycosides, we investigated the relatively easy
acetolysis. Under the effect of acetic anhydride and the catalysis with perchloric
acid a mixture of o- and B-anomers of 1,3,4,6-tetra-O-acetyl-2-O-p-toluenesulfonyl-
-D-glucose (XI) and (XH) was formed from diacetate II; similar behaviour is observed
for methyl 2-O-p-toluenesulfonyl-a-D-glucopyranoside’”. Reaction of diacetate IT
with hydrobromic acid in acetic anhydride at room temperature gave the known'”~2°
3,4,6-tri-O-acetyl-2-O-p-toluenesulfonyl-a-D-glucopyranosyl bromide (XIII), while
at an elevated temperature and prolonged rcaction time corresponding 6-bromo-
-6-deoxy derivative X1V is formed in addition to monobromo derivative XIII.

EXPERIMENTAL

The melting points were determined on a Boetius micromelting point apparatus. Optical rotation
was measured on Bendix-Ericsson ETL 143A polarimeter. The TR spectra were measured on
a UR 20 spectrophotometer and the 'H NMR spectra on a Varian HA-200 instrument at 200
MHz, in deuteriochloroform, d-scale, coupling constants in Hz, using tetramethylsilane as inter-
nal reference. For thin-layer chromatography silica gel G according to Stahl was used (layer
thickness 0-2—0-3 mm) with: A benzene-acetone 10 : 1, B chloroform-methanol 10 : 1, C chloro-
form-methanol 20 : 1, as developing solvents. Detection was carried out with 50% sulfuric acid
and carbonization. The solvents were evaporated on a vacuum rotatory evaporator at about
50°C. Samples for analysis were dried over phosphorus pentoxide at 10 Pa.

3,4-Di-O-acetyl-1,6-anhydro-2-O-p-toluenesulfonyl-B-p-glucopyranose (IT)

A) A mixture of epoxide I (10 g), acetic acid (120 ml), acetic anhydride (3 ml) and boron
trifluoride etherate (1 ml) was refluxed for 15 min and then evaporated. The residue contained
only diacetate /7 with Ry 0-51 (in system A, thin-layer chromatography). It was crystallized from
ethanol affording 11-6 g (87%) of compound /1, m.p. 116—117°C, [«], —44° (¢ 15 chloroform).
For C;;H,,04S (400-4) calculated: 50-999; C, 5:03% H, 8:00%; S; found: 50-70%; C, 4-967; H,
7-85% S. 'H NMR spectrum: 2:02's (3 H, OCOCH; on C(l)), 2:11s (3 H, OCOCH; on C“)),
2465 (3 H, CH3CgH,), 376 dd (1 H, H-6,,0; J = 77, Jg.5 = 57), 404 dd (1 H, H-6,4,
Joo=T1T, Jo5=08), 426m (1 H, H2 J,3=23, J, (=15, J, , 07, J, 5 & 03),
~ 458 m (2H, H-5and H-4), 486 m (1 H, H-3; J5 | = 1'2,J3 , = 23, J3 4 &® 2:4,J; 5 = 1'6),
5441 (VH, H-I Jy 3 ® 12,7y 5 = 15,7 gendo F 0, Jf gexo F 0), 7-36, 784 (4 H, arom. ring).

B) Acetic anhydride (0-4 ml) was added to a solution of tosyl derivative'® IIT (200 mg)
in pyridine (2 ml) and the mixture was set aside overnight. After pouring onto ice a crystalline
product precipitated which was recrystallized from ethanol. Yield of compound II was 240 mg
(94%), m.p. 114—116°C, [a], —43° (¢ 0-9, chloroform).

1,6-Anhydro-2-O-p-toluenesulfonyl-B-p-glucopyranose (Z17)

Five drops of a barium methoxide solution (0-5 g of barium in 10 ml of methanol) were added
to a solution of diacetate I7 (1 g) in 10 ml of methanol and the mixture was allowed to stand for
20 min. After neutralization with solid carbon dioxide methanol was evaporated and the residue
crystallized from toluene. Yield, 750 mg (95%) of tosyl ester J/I the properties of which, its m.p.

117—119°C and [a], —48° (¢ 1-3, chloroform), agree with the properties mentioned in litera-
ture! 214,
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4-O-Acetyl-1,6-anhydro-2-O-p-toluenesulfonyl-B-p-glucopyranose (V)

Boron trifluoride etherate (0-1 ml) and water (0-2 ml) were added to a solution of epoxide I
(1 g) in 10 ml of acetic acid and the mixture was refluxed for 20 min. According to thin-layer
chromatography in system A the reaction mixture contained in addition to the main product IV
(Rp 0-25) a small amount of diacetate /T (Rg 0-51). After distilling off acetic acid the residue was
dissolved in 15 ml of water and the solution extracted with three 10 ml portions of chloroform.
The combined extracts were dried over magnesium sulfate and chloroform was evaporated. The
residue was crystallized from an ethanol-ether mixture, affording 780 mg (65%) of compound 1V,
m.p. 121—123°C, [¢]l, —59° (¢ 0+9, chloroform). For C, sH, gOgS (358-4) calculated: 50-27% C
5-06% H, 8:95% S; found: 49-99% C, 4-89% H, 8-65% S. 'H NMR spectrum: 2:13 s (3 H, OCO.
.CH,), 24465 (3 H, CH;CgH,), 3:12d (1 H, OH, Joyy 3 = 54),3-71 ddd (1 H, H-6,,,, /5,6 = 76,
Js6="55 Jo;=04), 391m (1 H, H3, J3 o= 54, Jy =29, J; ,=32, J5 =12,
Jys=1-4), 412dd (1 H, H-6.,4, Jg6="76, Jo5=09, Jg, =03), 423m (I H, H-2,
Ty =14, Ty =29, J, 4 =07, Jys=05), 456m (1H, H-5, Js 4= 16, Jg 3= 14,
Ts,=05J5¢=55+09),459 m (L H, Hd, Jy 3 = 32, Jy , = 07, J; 5 = 16, 1 = 0'5),
532m (U H, H-1, Jy 5= 14,7 3 = 12,71 5 = 05, J1 genao =03, ]\ gexo = 0-4).

1,6-Anhydro-4-O-(5-hydroxy-3-oxapentyl)-2-O-p-toluenesulfonyl-B-p-glucopyranose (¥7)

Diethylene glycol (10 ml) and | ml of boron trifluoride etherate werc added to a solution of epo-
xide 7 (10 g) in dioxane (100 ml) and the mixture was heated at 100°C for 4 h, when the mixture
no longer contained the starting compound (thin-layer chromatography in system A). The solu-
tion was concentrated under reduced pressure (50 Pa, 80°C bath temperature) to minimal volume
and the residue was dissolved in a mixture of ethanol and ether. Standing in an ice-box produced
8 g (59%) of compound VI, m.p. 110—112°C, [¢], —42° (¢ 1-4, chloroform), Rp 0-49 (in system
B). For C, 7HZI;OQS (404-4) calculated: 50-49% C, 5-98% H, 7-93% S; found: 50-68% C, 5-86% H,
8:00% S. 'H NMR spectrum: 2:47%s (3 H, CH3CgH,), 3:07 (1 H, OH), 3:38dd (1 H, H-4,
Ju3 =35, Jy 5= 1-4), 3:50-3-85m (9 H, CH,-groups on C4, and H-6,,.), 3-96dd (1 H,

H-6pg0r Jo,6 = 765, Jo.5 % 1:00). 3:98dt (1 H, H3, Jy, =135, Jy =35, Jy, =11,

Jys=11), 421 bd (1 H, H-2, J, 53 =35, 459da (1 H, H-5, J5 ge0 = 55, J5.6endo = L,

Js,a= 14, J5 3 = 1-1), 527bs (1 H, H-1), 740d and 7-88d (4 H, arom. ring). Calculated
molecular mass: 404-4; found: 399 (vapour pressure osmometer Knauer, acetonitrile, compound
11 as standard, 45°C).

4-O-(5-Acetoxy-3-oxapentyl)-3-O-acetyl-1,6-anhydro-2-O-p-toluenesulfonyl-
-B-p-glucopyranose (VII)

Compound ¥7 (0-5 g) was acetylated with acetic anhydride (3 ml) in pyridine (3 ml) at room
temperature overnight. Water was added dropwise and the mixture put into an ice box. The
precipitated crystals were recrystallized from ethanol and washed with ether. Yield of compound
Vi, 492 mg (81%), m.p. 81—83°C, [«], —28° (¢ 1-6, chloroform), Rp 0-35 (in system A). For
C,1H,50; S (488-5) calculated: 51:63% C, 5:78% H, 656% S; found: 51-:91% C, 5-78% H,
671% S

1,6:3,4-Dianhydro-2-O-p-toluenesulfonyl-B-p-allopyranose (VIII)

p-Toluenesulfonyl chloride (1 g) was added to a solution of monoacetate /¥ (I g) in pyridine
(15 ml) and the mixture was allowed to react at room temperature for 50 h. Another portion
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(1 g) of p-toluenesulfonyl chloride was added and after standing for 100 h at room temperature
the mixture was poured into water, extracted with chloroform and the extract was dried over
magnesium sulfate and evaporated. The ditosyl derivative ¥ (1,3 g) obtained in this manner was
dissolved in a mixture of 5 ml chloroform and 10 ml methanol, and 15 ml of methanol containing
0-7 g of sodium were added dropwise to it. After 14 h standing at room temperature the mixture
was neutralized with 5% hydrochloric acid, evaporated and the residue extracted with three
20 ml portions of chloroform. The extract was dried over calcium chloride and evaporated and
the residue was crystallized from ethanol. Yield, 0-4 g (48%) of compound VIII, m.p. 116—118°C
and [a¢]p —98° (¢ 1-0, chloroform), Ry 0-46 (system A). Literature! > gives m.p. 116—117°C
and [o]p, —95° (¢ 0-4, chloroform). The infrared spectrum of compound VII{ was identical
with the spectrum of an authentic sample!>.

1,6:2,3-Dianhydro-B-p-mannopyranose ({X)

Ion exchanger IRA 400 in OH™ form (7 g, washed with 50 ml methanol before use) was added
to a solution of diacetate // (1 g) in methanol (25 ml) and the mixture was stirred for 30 min
until the starting substance /I disappeared (R 0-51 in system A on thin layer). The ion exchanger
was filtered off, methanol was evaporated and the residue crystallized from a mixture of ethanol
and ether. Yield, 283 mg (80%) of dianhydride /X, m.p. 68—70°C, [¢], —35° (¢ 0-5, water),
Rp 0-35 (in system C), the properties of which were identical with those of an authentic sample' 2,

l,6:3,4:Dianhydrwﬁ-&altropyranose x)

A solution of sodium (12 g) in methanol (350 ml) was added to a solution of diacetate 1 (30 g)
in methanol (250 ml) and the mixture was allowed to stand until compound // had disappeared
(2 h). At that point the mixture contained two substances, one with Rg 0-38 and the other with
Rp 0-34 (in system C). After 12 h of standing at room temperature the substance with Rp 0-34
(1,6:2,3-dianhydro-B-p-mannopyranose (/X)) disappeared. Then the mixture was neutralized
with 5% hydrochloric acid and evaporated. The residue was extracted with five 50 ml portions
of hot acetone, the extract was filtered and the solvent evaporated. The residue (9 g; 85%;) was
product X which was crystallized from ethanol, m.p. 160—162°C, {x], — 120° (¢ 0-6, water), in
agreement with the literature data'?.

1,3,4,6-Tetra-O-acetyl-2-O-p-toluenesulfonyl-a- and -B-p-glucopyranose (X/) and (XI7)

Diacetyl derivative I/ (1 g) was dissolved in 15 ml of acetic anhydride and 0-3 ml of conc. per-
chloric acid were added dropwise to the solution. The mixture was allowed to stand at room
temperature for 24 h, poured into 100 ml of icy water. The precipitated crystals were filtered
off and crystallized from ethanol. Yield, 1-2 g (96%) of a mixture of anomers X/ and XII, m.p.
115—126°C. Repeated fractional crystallization of this mixture gave 700 mg of o-anomer X7,
m.p. 126—127°C and [«], +80° (¢ 0-9, chloroform); literature' 7 gives m.p. 115—116°C, [«]p
+73° (¢ 2+0, chloroform),lit.18 gives m.p. 127°C, [e]p +75° (¢ 1+4, chloroform). For C,; Hy604,S
(502-5) calculated: 50-19% C, 5-22% H, 6-38% S; found: 50-36%, C, 5-27% H, 6:329, S.

The second fraction, B-anomer X711 (150 mg), had m.p. 152—154°C and [a]}, + 21° (¢ 09, chloro-
form; 1it.}® gives m.p. 148—150°C, [o]p, +17° (c 17, chioroform), 1it.2° gives m.p. 159—160°C,
[2]p +21° (¢ 0-82, chloroform). For C,;H,50,,S (502'5) calculated: 50-19% C, 5-22% H,
6-38% S; found: 50-08% C, 5-19% H, 6-34%S.
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3,4,6-Tri-O-acetyl-2-O-p-toluenesulfonyl-a-p-glucopyranosyl Bromide (X711)

A solution of hydrogen bromids in acstic acid (39%, 25 ml) was added to a solution
of diacetate I (2-5 g) in acetic anhydride (12'5 ml) and the mixture was allowed to stand at
room temperature for 100h, when the solution contained the substance with
Rp 041 (in system A, thin-layer chromatography) only. The mixture was poured
into icy water, extracted with chloroform and the extract was washed with 5% sodium hydrogen
carbonate and water, then dried over anhydrous calcium chloride and evaporated. Crystalliza-
tion of the residual syrup from ether gave 2-6 g (79%) of bromo derivative XIII, m.p. 112—114°C,
[2]p +165° (¢ 0-5, chloroformy); 1it.1? gives m.p. 113—116°C [«]p +176° (¢ 1-19, chloroform).
For C gH,3BrO S (523-4) calculated: 43-60%;, C, 4-43% H, 15-27% Br, 6:13% S; found: 43-77% C,
4-51% H, 15-14% Br, 6-00% S.

3,4-Di-O-acetyl-6-bromo-6-deoxy-2-O-p-toluenesulfonyl-a-p-glucopyranosyl Bromide (X7V)

A 34% solution of hydrogen bromide in acetic acid (10 ml) was added to a solution of diacetate I/
(1 g) in 5 ml of acetic anhydride and the mixture was allowed to stand at room temperature for
24 h. It was then heated at 70°C for 6 h, when thin-layer chromatography in system A showed
in it two main products, with Rp values 0-4]1 and 0-60. The reaction mixture was concentrated,
the syrup obtained was dissolved in chloroform and the solution washed with sodium hydrogen
carbonate solution. After drying over anhydrous calcium chloride and filtration the solvent
was evaporated, leaving a residue which was crystallized from ether, affording 0-65 g (48%)
of dibromo derivative XIV (R 0-60). After further crystallization from ether it had m.p. 155 to
157°C and [a]p +161° (0-56, chloroform). For C,,H,¢Br,0gS (544-2) calculated: 37-52% C,
3-70% H, 29-37% Br, 5-89%S; found: 37-69% C, 3-83% H, 29-24% Br, 5:70%S. 'H NMR
spectrum: 1-80s (3 H, OCOCHj), 2:05s (3 H, OCOCHj), 2:47s (3 H, CH;C¢H,), 3-42dd
(LH, H-6; Jg 6 = 119, Jg 5 = 47), 354 dd (1 H, H-6; Jg ¢ = 11:9, Jg 5 = 2:8), 431 ddd (1 H,
H-5; Js 4 = 100, Jg o = 47 and 2:8), 4-51dd (1 H, H-%; J, | = 42, J, 3 = 98), 512t (L H,
Hd; Jy3=92 J,s=100), 547t (1 H, H-3; Jy., = 98, J, , = 9-2), 645d (1H, H-1;
Ji 2 = 42),7-38d (2 H, arom. ring), 760 d (2 H, arom. ring).

The mother liquor was concentrated to give 0-65 g of a syrup which was separated by column
chromatography on silica gel (16g), using benzene-ether (9 : 1) for elution. Thus further 0-11 g
(8%) of dibromo derivative X1V and 0-28 g (21%) of monobromo derivative XIII were obtained.

The authors thank Dr M. BudéSinsky for recording and interpreting the 'H NMR spectra and
Mr A. Jegorov for molecular weight determinations. Elemental analysis were performed in the
analytical laboratory of the Department of Organic Chemistry (head Dr J. Zelinka).
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