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ABSTRACT 

Treatment of r>L-sorbose with anhydrous hydrogen fluoride gave a high yield of r-o-sorbopyranose 

a-L-sorbopyranose I ,2’:2, I’-dianhydride. Similarly, a mixture of u-fructose and I>-sorbose gave a good yield 

of b-D-fructopyranose a-D-sorbopyranose 1,2’;2, I’-dianhydride. The formation of these products, com- 

pared to the more complicated mixtures of compounds obtained by treatment of r-sorbose or D-fructose 

with hydrogen fluoride. is discussed in terms of conformations, and steric and electronic factors. 

INTRODUCTION 

Treatment of L-sorbose with HF under various conditions yielded’ the di(a-L- 
pyranose) dianhydride 1 (-ZOO/,), the @-dipyranose dianhydride 3 (2&40%), and 
/I-L-sorbofuranose a-L-sorbopyranose 1,2’:2, I’-dianhydride (- 15%). Likewise, D-fruc- 
tose formed3 the di(j’-o-pyranose) dianhydride” 4 (l&40%), the a&dipyranose dian- 
hydride 5 (1 WIO%), and cc-r>-fructofuranose j&D-fructopyranose 1,2’;2,1’-dianhydride 
(30-40%). Minor amounts of other dianhydrides were also formed and, under more 
strenuous conditions, di(furanose) 2,1’:3,2’-dianhydrides were obtained. The relative 
proportions of the products probably reflect their relative stabilities and, in order to 
gain further information about this aspect, the reaction of DL-sorbose and of a mixture 
of D-fructose and D- or L-sorbose with HF has been studied. 

* Dedicated to Professor Grant Buchanan on the occasion of his 65th birthday, 
’ Carbohydrate Reactivity in Hydrogen Fluoride, Part Il. For Part 10, see ref. I, 
: Present address: Department of Chemistry, Carlsberg Laboratory, Cl. Carlsbergvej IO, DK-2500 Valby, 
Denmark. 
** Equipe CNRS, S.D.I. 5509. 
’ In ref. 3, the ‘H-n.m.r. spectrum for 4 was actually that of the a,&dianhydride 6. 
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The structure of a-o-fructofuranose p-I>-fructopyranose 1,2’:2, I’-dianhydride has 
been established by X-ray crystallography”. The corresponding /I-L-sorbofuranose 
a-L-sorbopyranose 1,2’:2,1’-dianhydride probably has a similar conformation in which 
the dioxane ring has a chair conformation and both the five- and six-membered rings are 
arranged to accommodate the anomeric and exo-anomeric effects. 

Thus, the structures and conformations of the six products discussed here seem to 
be determined by the anomeric and exo-anomeric effects, even when this leads to such 
instability factors as a dioxane ring in a boat conformation or the presence of three axial 
hydroxyl groups on a pyranose ring. 

Inspection of molecular models showed that racemic sorbose could form the 
a-D,r-L-disorbopyranose 1,2’:2,1’-dianhydride (6) with the three six-membered rings in 
chair conformations, thus accommodating the anomeric and exo-anomeric effects, and 
with all the substituents equatorial. Such a product would be expected to be more stable 
than any of the compounds just discussed and might therefore be obtained in better 
yield. 
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In order to carry out this experiment, D-sorbose was required. It has been 
prepared in low yield by base-catalyzed rearrangement of D-galactose and of D-gulose’. 
On the other hand, idose is readily rearranged to sorbose, as described in both the D and 
the L series’.“. As D-idopyranose penta-acetate is conveniently prepared by the method 
of Paulsen ef al.“, this product appeared to be a suitable precursor for the preparation of 
D-sorbose, and in fact, Zemplen deacetylation followed by deionization gave crystalline 
D-sorbose (60-70%). 

Treatment of equal parts of D- and L-sorbose with HF in liquid sulfur dioxide at 
-25, followed by precipitation with ether, gave 95% of a crude product, the “C-n.m.r. 
spectrum (Fig. 1 B) of which revealed mainly one component. Extraction with water left 
61% of the rather insoluble and high-melting x-D,a-L-sorbopyranose dianhydride 6, the 
‘3C-n.m.r. spectrum (large signals in Fig. 1B) of which was similar to, but not identical 
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TABLE I 

Nuclear Overhauser enhancement experiments” on the hexa-acetates 2, 7. and 1 I 

Conpund 

2 

7 

I1 /Lfructose unit 

Pwton-SuturateS Ohserlwi n. 0.r. (“/“) 

H-3 H-I’ (6.9) H-l (-0.6), H-4 (5.4) 
H-l’ H-3(12.9) H-l (25.8) 
H-I H-l’ (30.7) H-3(-1.1) 

H-3 H-I (3.1) H-l’ (I..i), H-4 (3.9) 
H-I H-l’ (14.3) H-3 (4.X) 
H-l’ H-l (16.5) H-3 (3.3) 

H-3 H-l (3.8) H-I’ (1.6) 
H-l H-I’ (21.8) H-3 (6.X) 
H-l’ H-l (22.5) H-3 (4.0) 

” Measured in the difference mode; accuracy, + 10%. h H-l, Upfield signal from H-l protons. H-l’, 
Downfield signal from H-I protons. 

D-sorbose with HF is P-D-fructopyranose I-D-sorbopyranose 1.2’:2, I’-dianhydride (S), 
with a structure similar to that of 6, with only one axial hydroxyl group (HO-5 of the 
fructose unit). Therefore, 8 would be expected to have a high stability and to be formed 
readily; in fact. reaction of D-fructose and r,-sorbose with HF gave mainly 8, which 
crystallized readily from the mixture in 57% yield. Its structure and that of the 
hexa-acetate (9) were evident from the ‘H-n.m.r. spectra. 

Finally, a mixture ofD-fructose and L-sorbose was treated with HF. Inspection of 
molecular models showed that none of the mixed dipyranose dianhydrides would be 
very stable, and a complex mixture of products would be expected as confirmed by the 
complexity of the “C-n.m.r. spectrum of the crude product. Acetylation, followed by 
chromatography, gave a crystalline hexa-acetate in low yield. The n.m.r. spectra of this 
product showed it to be P-D-fructopyranose a-c-sorbopyranose 1.2’12, I’-dianhydride 
hexa-acetate (ll), with a structure similar to that of 2 except that the configuration at 
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mL) removed the minor products and left 6 (4.21 g, 58%) which was pure as seen from a 
‘3C-n.m.r. spectrum of a saturated aqueous solution. The product was almost insoluble 
in cold water. A sample, recrystallized from a large amount of boiling water, had m.p. 
>320”. N.m.r. data (D,O): ‘H, 6 3.99 (H-l), 3.66 (H-6eq), 3.54 (H-4), 3.52 (H-5), 3.37 
(H-l’), 3.34 (H-Gax), 3.15 (H-3); .I,,, 12, J3,4 9, J4,5 -9, J5,6ur 5, J5,6pq 4 10 J ) 6.6 11 Hz; “C, 
95.8 (C-2), 74.2, 72.5, 70.1 (C-3,4,5), 62.6, 61.8 p,p.m. (C-1,6). 

Anal. Calc. for C,,H,,O,,: C, 44.24; H, 6.22. Found: C, 44.37; H, 6.27. 
A ‘3C-n.m.r. spectrum of the water-soluble products in the aqueous extract 

revealed a complex mixture similar to that obtained’ by treatment of I,-sorbose with HF. 
When DL-sorbose was treated with HF at room temperature for 1 h, the crude product 
was dark-coloured, but 6 was still the main product (13C-n.m.r. spectrum). 

3,4,.5-Tri-0-acetyl-z-D-sorbopyranose 3,4,.5-tri-0-acetyl-u-L-sorbopyranose 1.2’. 
2,1’-dianhydride (7). ~ Crude 6 (1 .O g) was acetylated with Ac,O in pyridine to give, after 
conventional processing, a product (1.77 g), which was recrystallized from CH,CIZP 
ether to yield 7 (1.2 g, 60%), m.p. 280-282”, [a]“,” - 0” (c 1.2, chloroform). N.m.r. data 
(CDCl,): ‘H, 6 5.55 (H-4), 5.05 (H-5) 4.88 (H-3), 3.97 (H-6eq), 3.67 (H-lax), 3.57 
(H-leq),3.52(H-6ax),2.00,2.04,2.10(OAc); J,,, 11.8, J3,4 10.0, J4,5 10.0, J5,6ax 10.7, J5,6ry 
6.1, J6.6 10.7Hz; “C,93.9(C-2),70-O(C-3), 69.9(C-4),69.1 (C-5),61.1 (C-l), 59.3p.p.m. 
(C-6) (assigned through a C,H-correlated n.m.r. spectrum). 

Anal. Calc. for C,,HX20,,: C, 50.00; H, 5.60. Found: C, 49.80; H, 5.54. 
B-D-Fructopyranose a-D-sorbopyranose 1,2’:2,1’-dianhydride (8). - A mixture of 

D-sorbose (2 g) and D-fructose (2 g) was treated with HF (4 mL) and SO, (4 mL) as 
described above. The crude product (3.7 g) was crystallized from water-ethanol to give 8 
(2.1 g, 57%), m.p. 210” (dec.), [@I; -43” (c 1.4, water). N.m.r. data (D?O): ‘H, 6 3.35, 
3.39, 3.97, 3.99 (H-1,1’), 3.83 (H-6’eq), 3.53 (H-4’), 3.50 (H-5’), 3.32 (H-6’ax), 3.12 
(H-3’); J,.,,. 12 Hz, J3.,4. = J4’,5. = 9.2, J5,,6’ax 10.5, J5.,6.eq 5.3, J6.,6. 10.8 Hz; 6 3.85 (H-5), 3.75 
(H-4),3.70(H-6eq), 3.60(H-6ax), 3.41 (H-3); J3,4 10.4, J,,,3.5, J5,6a_Y2.0, J5,6ry 1.2, Jh,6 11.5 
Hz;‘3C,662.0,61.6(C-1,1’),96.2,95.8(C-2,2’),72.5(C-3’),74.1(C-4’),70.1(C-5’),62.6 
(C-6’), 69.3 (C-3), 69.79 (C-4), 69.84 (C-5) 64.3 p.p.m. (C-6) (assigned through a 
C,H-correlated spectrum). 

Anal. Calc. for C,,H,,O,,: C, 44.24; H, 6.22. Found: C, 44.17; H, 6.18. 
3,4,5-Tri-O-acetyl-P-D-fructopyranose 3,4,5-tri-O-acetyl-cr-D-sorbopyranose 1.2’: 

2,1’-dianhydride (9). - Crude 8 (1.0 g) was acetylated conventionally with Ac,O in 
pyridine, and the product was crystallized from ether to give 9 (1.3 g, 73%), m.p. 238’. 
Recrystallization from CH,Cl,-EtOH gave a product with m.p. 236238”, {cl]: -42” (c 
2.2, chloroform). N.m.r. data (CDCI,): ‘H, 6 5.49 (H-4’), 4.95 (H-5’), 4.83 (H-3’), 3.91 
(H-6’eq), 3.61, 3.66(H-l,l,l’,l’), 3.51 (H-6’ax); J,,, = J,,,,, = 11.7, J,S,4’ = J4’,5S = 10.0, 
J s,ual 10.6, Jwq 6.0, Jg,6. ll.OHz;65.35(H-4),5.31 (H-5),5.16(H-3),3.82(H-6eq),3.81 
(H-6@; J3,4 10.3, JJ,5 3.4, J5,6ax 1.8, J5,6eq 1.5, J6,6 12.0H~;‘~C,~61.2,61.3(C-1,1’),93.9, 
94.5 (C-2,2’), 69.82 (C-3’), 69.78 (C-4’), 69.1 (C-5’), 68.8 (C-5), 67.4 (C-4), 67.2 (C-3), 
61.25 (C-6), 59.2 p.p.m. (C-6’) (assigned through a C,H-correlated spectrum). 

Anal. Calc. for C,,H,,O,,: C, 50.00; H, 5.60. Found: C, 49.97; H, 5.68. 
3,4,5-Tri-O-acetyl-/?-D-fructopyranose 3,4,5-tri-0-acetyl-a-L-sorbopyranose 




