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The Two 1,4: 3,6-Dianhydro-D-hexopyranoses 
By G. R. BEDFORD 

(Inzperial Clzemical Industries L imi ted ,  Pharmaceuticals Division, A lderley P a r k ,  Macclesjield, Cheshire) 

and D. GARDINER 
(The Cottopz S i lk  and  Man-made  Fibres Research Association, Shivley Insti tute,  Didsbury,  Manchester 20) 

WE report the isolation from the vacuum-pyrolysis 
products of both amylose and 3,6-anhydro-~- 
glucose of 1,4 : 3,6-dianhydro-~-glucopyranose (I) , 
first obtained by gasification of wood.1 The 
previously unknown epimer, 1,4 : 3,6-dianhydro- 
D-mannopyranose (II), has been similarly prepared 
in small yield from D-mannose. Their structures 
are assigned on the basis of proton magnetic 
resonance spectra. 

direct g.1.c. of trimethylsilylated pyrolysis pro- 
ducts. 

A benzene extract of the pyrolysis products 
from D-mannose on carbon-column chromato- 
graphy gave 1,4 : 3,6-dianhydro-~-mannopyranose, 
readily distinguished from the epimer (I) by infrared 
spectroscopy. The yield was 2.3% (by g.1.c.) A 
small amount was obtained crystalline, m.p. 
105-1 10". The trimethylsilyl ether of compound 

TABLE 1. Proton chemical shijts (T values) at 60 Mc./sec. 
Compound H- 1 H-2 H-3 H-4 H-5 H-6 (two protons) 

4.47 6.25 5.84 4.63 5-69 6.02 
4.54 6.20 5.84 4-60 5.63 6.06 

(1) 
(11) 

TABLE 2. Proton coupling constants (c./sec.) at 60 lblc./sec. and dihedral angles.* 

Compound J 1 , 2  J1,3 J2,3 

<0*4 1.0 < 0.4 

(11) 2.0 < 0.4 6.5 
(105") 

(1) 
(75") 

(45") (15") 

* Estimated from Cenco-Petersen models. 

Crystallisation, from acetone, of the pyrolytic 
distillate irom amylose2 removed most of the 
l~voglucosan and left a syrup. Elution with 
water of a carbon-column chromatogram of the 
benzene-soluble fraction of this product gave, after 
the 1,6-anhydroglucoses, a dextrorotatory syrup 
which slowly solidified. Crystallisation of the solid 
from diethyl ether-light petroleum (b.p. 60-8O0) 
gave the glucose derivative (I), m.p. 122-123" 
(I i t . , l  m.p. 127-128'). A benzene extract of the 
distillate from 3,6-anhydro-~-glucose, freed from 
cerbonyl compounds by treatment with Amberlite 
IRA2-400 resin in the bisulphite form, gave the same 
derivative. Gas-liquid chromatography of the 
trimethylsilyl ether of compound (I) gave one major 
peak with one-third the retention volume of 2,3,4- 
tri- (O-trime thylsilyl) lzvoglucosan. Yields of the 
dianhydro-sugar from amylose (1.26%) and from 
3, G-snhydro-D-glucose (34.8%) were estimated by 

J3,4 J4,5 J5,6i  

4.5 3.0 1-2 

4.5 3.0 1-2 
(25") (40") (70") 

(25") (40") (70") 

J5,62 

1-2 

1-2 
(50") 

(50") 

(11) had a very similar retention volume to that of 
the dianhydroglucose derivative. 

The p.m.r. spectra of compounds (I) and (11) 
were measured on solutions in deuterium oxide at 
60 Mc./sec. and the assignments in Tables 1 and 2 
confirmed by examination a t  100 Mc./sec. with 
the technique of double irradiation. 

The ring protons show an unusually wide range of 
chemical shifts; in particular, the H-4 and H-1 
(acetal) signals almost coincide. This effect, and 
the low values for coupling constants in relation 
to dihedral angles (cf. ref. 3) are probably attribut- 
able to ring strain. The best fit with the observed 
coupling constants is obtained with a conformation 
such that the 3,6-anhydro-ring has an 'envelope' 
conformation with C-5 displaced from the plane 
containing the other four ring atoms. This 
accounts satisfactorily for the inequality of J3,4 and 
J4,5, low values of J5,6, and equivalence of the two 
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C-6 protons, in contrast to the near equality of of the C-6 protons quoted for 3,6-anhydro-1,2-0- 
J3,4 and J4+, high J5,6 values, and non-equivalence isopropylidene-cc-D-glucofuranoseY in which the 

3,6-anhydro-ring assumes a different conformation. 
The spectrum of compound (11) differs significantly 
from that of compound (I) in the values of Jl ,2  and 
J 2 , 3 ,  and is consistent with a C-2 epimer of similar 
conformation. The long-range coupling constant 
J1,3 for the glucose derivative (I) resembles J1,3 for 
some 1,6-anhydro-P-~-hexopyranose triacetates4 
rather than J2,6 and J3,5 for the structurally related 
bornane-2,3-endo-di01.~ 

(I.I);d=OH, R2= H 
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