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ABSTRACT

Treatment of DL-sorbose with anhydrous hydrogen fluoride gave a high yield of 2-p-sorbopyranose
a-L-sorbopyranose 1,2":2,1'-dianhydride. Similarly, a mixture of b-fructose and p-sorbose gave a good yield
of B-n-fructopyranose a-D-sorbopyranose 1,2';2,1°-dianhydride. The formation of these products, com-
pared to the more complicated mixtures of compounds obtained by treatment of L-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 (~20%), the a,f-dipyranose dianhydride 3 (20-40%), and
f-L-sorbofuranose a-L-sorbopyranose 1,2:2,1'-dianhydride (~ 15%). Likewise, b-fruc-
tose formed® the di(f-p-pyranose) dianhydride® 4 (10-40%), the «,f-dipyranose dian-
hydride 5 (10-40%), and «-p-fructofuranose f-p-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 p-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 11. For Part 10, see ref. 1.

* Present address: Department of Chemistry, Carlsberg Laboratory, G1. Carlsbergvej 10, DK-2500 Valby,
Denmark.

** Equipe CNRS, S.D.1. 5509.

¥In ref. 3, the 'H-n.m.r. spectrom for 4 was actually that of the a,f-dianhydride 6.
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RESULTS AND DISCUSSION

Inn the crystal, the di-f-p-fructopyranose dianhydride 4 has two pyranose rings
achin a ‘(,"5(1)) conformation, and the dioxane ring adopts a distorted boat conferma-
tion’. A strontium complex of 4 had the same conformation’. The corresponding
di-x-L-sorbopyranose dianhydride 1 had the two pyranose rings cach in the €.
conformation’, and a bout conformation would be expected for its dioxane ring by
analogy with 4. This expectation has been confivmed i solution by 1.0 mea-
surements on the hexa-acetate 2. Thus, irradiation of H-3 strongly enhanced the signal
from H-1.1-cvo. whereas H-1. {-endo were unailected (Table Ty 1 the dioxane ring ol
or 2 adopted a rigid chair conformation, the two pyranose rings would give different
signals, Anequilibrium between two chair conformations would resultinequal n. O.c ot
all H-1 signals on trradiation of H-3. The fact that the dioxane ring of 4 adopts @ bout
form instead of the generally more stable chair form has been discussed”. Moleculur
models show. however, that. if the dioxance ring of T or 4 had o chair conformation, one
of its two oxygen substituents would be equatorial. o counter to the anomeric effect.
Futhermore. in one of the two pyranose rings, the aghveonic OUH. group cannot he
oriented in response to the exo-unomeric effect . These Taciors mas explain the prefor-
ence for a boat conformation in the dioxane rings of Land 4

The »-p.f-p-difructopyranose dianhydride 8 has the dioxane ring tn a rigid chair
conformation’. The z-L.f-i -disorbopyranose dianhydride 3 undoubtedly has o similar
conformation, as this allows an orentation of the glycosidic groups that accommodates
both the anomeric and the cxo-anomeric effect. This structure reguires, however, the
f-L-pyranose ring to adopt the “C.(r) conformation with the three hvdrosyvl groups
axial. as found from the "H-n.mur. spectrum of the corresponding octa-acetate
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The structure of -p-fructofuranose f-np-fructopyranose 1,2":2,1’-dianhydride has
been established by X-ray crystallography®. The corresponding f-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
o-D,a-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.

a-0-Sorp-a-i-Sorp B-0-Frup —a-p-Sorp
6 R=H 8 R=H
7 R=CH,CO 9 R=CH,CO

In order to carry out this experiment, D-sorbose was required. It has been
prepared in low yield by base-catalyzed rearrangement of b-galactose and of D-gulose®.
On the other hand, idose is readily rearranged to sorbose, as described in both the p and
the L series”'’. As D-idopyranose penta-acetate is conveniently prepared by the method
of Paulseneral.', this product appeared to be a suitable precursor for the preparation of
D-sorbose, and in fact, Zemplén 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 «-D,a-1L-sorbopyranose dianhydride 6, the
C-n.m.r. spectrum (large signals in Fig. IB) of which was similar to, but not identical
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Fig. [. "C-N.m.r. spectra (125 MHz) of solutions in D,0: A, di-x-1-sorbopyranose 1.27:2.1 -dianhydride
(1): B. crude mixture resulting from treatment of pr-sorbose with HE¥: C. crude mixture from treatment of
1-sorbose with HF.

with. that of the di(z-1.) dianhydride 1 (Fig. 1A). A comparison of the "C-n.m.r. spectra
of the crude products resulting from treatment of racemic sorbose (Fig. 1B) and
L-sorbose (Fig. 1C) with HF under identical conditions demonstrated the preference for
the formation of 6. The 'H-n.m.r. spectra of 6 and of its hexa-acetate 7 showed that both
pyranose rings adopt the stable chair conformation in which H-3.4.5 are axial. The
structure was further substantiated by performing a n.0.c. experiment. Saturation of’
H-3 enhanced the signals of H-1 (3.1%) and H-1" (1.3°6} in addition to that of H-4
(3.9%). Similarly, saturation of H-1 and H-1" enhanced the signals of H-3 by 4.8 and
3.3%. respectively (Table I). Thus. the signals showing large n.O.¢.’s arise from cqua-
tortal protons that are close to H-3 in the proposed structure having a chair conforma-
tion for the dioxane ring.

One of the possible products from the treatment of a nuxture of n-fructose and
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TABLE 1

Nuclear Overhauser enhancement experiments” on the hexa-acetates 2, 7, and 11

Compound Proton-Saturated’ Observed n.0.e. (%)

2 H-3 H-1' (6.9) H-1(-0.6), H-4 (5.4)
H-1' H-3(12.9) H-1 (25.8)
H-1 H-1" (30.7) H-3(-1.1)

7 H-3 H-T (3.1) H-1" (1.3), H-4 (3.9)
H-1 H-1" (14.3) H-3 (4.8)
H-1 H-1 (16.5) H-3(3.3)

11 g-fructose unit H-3 H-1 (3.8) H-1 (1.6)
H-1 H-1' 21.8) H-3 (6.8)
H-T H-1 (22.5) H-3(4.0)

“ Measured in the difference mode; accuracy, +10%. * H-1, Upfield signal from H-I protons. H-1",
Downfield signal from H-1 protons.

D-sorbose with HF is f-D-fructopyranose a-nD-sorbopyranose 1,2":2,1’-dianhydride (8),
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 D-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 of b-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 f-D-fructopyranose a-L-sorbopyranose 1,2:2,'-dianhydride
hexa-acetate (11), with a structure similar to that of 2 except that the configuration at

a—L—Sor p—pB—0—Frup
10 R=H
11 R=CH;CO
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C-Sinverted. Therefore, it may be assumed that 11 has a conformation similar to that off
2 with the dioxane ring in a boat form. and this was confirmed by a4 n.O.¢. experiment
(Table 1), analogous to that performed on 2. Deacetylation of 11 vielded the crystalline
dianhydride 10.

Whereas there is much experimental evidence for the anomeric effect. informa-
tion on the stabilization arising from the exo-anomeric effect has been more ditheult to
obtain'= . From the present work. it is concluded that all of the dipyranose 1.272.1-
dianhydrides discussed adopt conformations 1 which hoth the anomeric and exo-
anomeric effects are accommodated for both the pyranose and the dioxane rings. The
combined effect of these stability factors. apparently. can force the dioxane ring to
adopt a boat conformation (1, 4. and 10) or cause the pyranese rings o adopt
conformations with three axial hyvdroxyl groups (3and 5). However. it should be noted
that the conformations adopted by the diunhydrides are all determined by a combina-
tion of the unomeric and exo-anomeric effects and. therefore, 101s difficult to obtain
spectfic information about the latter effect

EXPERIMENTATL

General methods. - Melting points are uncorrected. N.m.r. spectra were ob-
tained on a Bruker AM-500 instrument: 'H spectra (500 MH7) of solutions in CDCI,
(internal Me,Si) and D,0 at 27 (DOH 6 4.75, acetone = 225 p.p.am.): "C spectra (125
MHz)of solutions in D,O (internal 1.4-dioxane. 67.40 p.p.m.)and CDCL (central signal
of the CDCI. triplet, 76.91 p.p.m.). Optical rotations were measured on a Perkin Elmer
241 iastrument.

D-Sorbose. - To a suspension of penta-O-acetyl-z-n-idopyranose'' (40 g) in
MeOH (200 mL) was added sodium methoxide [from Na (800 mg) and MeOH (100
mL)], and the mixture was kept for 20 h at room temperature, then deionized with a
mixture of Amberlite IR-120 (H ") and IRA-400 (OH ) resins. filtered through char-
coal, and concentrated. The residue (~ 17 g) crystallized from EtOH o give p-sorbose
(10.4 g, 56%), m.p. 161 163 . The material in the mother liquor was treated with
NaOMe in MeOH, deionized. and crystallized {rom EtOH o give more product (2.7 g.
total yield of 71%). In a series of preparations, the vield of p-sorbose varied from
55-70%.

A sample, recrystallized from EtOH-water, had m.p. 164-165 [« +43 (¢ 2.9.
water), iU mup. 160162 []2) + 43" (water).

w-D-Sorbopyranose x-L-sorbopyranose 1,22 I'-dianhydride (6). - A mixture of D
(4 g) and L-sorbose (4 g) in a polyethylene bottle was cooled in solid CO, acetone whilst
liquid SO, (8 mL) and anhydrous HF (8 mL) were added. The mixture was stirred for
~ 2 min until a homogencous solution was obtained, then kept for 20 h at 25, The
solution was then cooled in solid COy-acetone. cold ether ( ~ 60 mEL) was added, and the
precipitate was washed several times with ether by decantation. filtered off. and dried 10
give a colourless powder (6.88 g. 95%). The "C-n.m.r. spectrum (Fig. 1B) revealed
mainly 6 and small proportions of other products. Extraction with boiling water (50
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mL) removed the minor products and left 6 (4.21 g, 58%) which was pure as seen from a
BC-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,0): 'H, 6 3.99 (H-1), 3.66 (H-6eq), 3.54 (H-4), 3.52 (H-5), 3.37
(H-1"), 3.34 (H-6ax), 3.15 (H-3); J,, 12, J,,9, J, 5 ~9, J5 00 5. 5.0 ~ 10, Jo 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, 0 C, 44.24; H, 6.22. Found: C, 44.37; H, 6.27.

A BC-n.m.r. spectrum of the water-soluble products in the agueous extract
revealed a complex mixture similar to that obtained? by treatment of L-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 (“C-n.m.r. spectrum).

3.4,5-Tri-O-acetyl-a-D-sorbopyranose 3 ,4,5-tri-O-acetyl-a-1.-sorbopyranose 1,2':
2,I'-dianhydride (T). — Crude 6 (1.0 g) was acetylated with Ac,O in pyridine to give, after
conventional processing, a product (1.77 g), which was recrystallized from CH,Cl,-
ether to yield 7 (1.2 g, 60%), m.p. 280-282°, [a]5y ~0° (¢ 1.2, chloroform). N.m.r. data
(CDCl,): 'H, é 5.55 (H-4), 5.05 (H-5), 4.88 (H-3), 3.97 (H-6eq), 3.67 (H-1ax), 3.57
(H-leg), 3.52 (H-6ax), 2.00, 2.04, 2.10 (OAc); J, , 11.8, J,,10.0, J, 5 10.0, J5 4, 10.7, 54,
6.1,J,,10.7Hz; °C, 93.9(C-2), 70-0(C-3), 69.9 (C-4), 69.1 (C-5), 61.1 (C-1), 59.3 p.p.m.
(C-6) (assigned through a C,H-correlated n.m.r. spectrum).

Anal. Calc. for C,,H;,0,: C, 50.00; H, 5.60. Found: C, 49.80; H, 5.54.

B-D-Fructopyranose x-D-sorbopyranose 1,2':2,1'-dianhydride (8). — A mixture of
p-sorbose (2 g) and p-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.), [¢]% —43° (¢ 1.4, water). N.m.r. data (D,0): 'H, J 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, 12Hz, Jy o = Jys = 9.2, J54,,10.5, J5 ¢, 5.3, J¢ o 10.8 HZ; 6 3.85 (H-5), 3.75
(H-4),3.70 (H-6eq), 3.60 (H-6ax), 3.41 (H-3); J,,10.4,J,53.5, 454, 2.0, S5, 1.2, J 11.5
Hz; PC, 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,,0,,: C, 44.24; H, 6.22. Found: C, 44.17; H, 6.18.

3,4,5-Tri-O-acetyl-B-pD-fructopyranose 3,4,5-tri-O-acetyl-a-D-sorbopyranose 1,2':
2,1'-dianhydride (9). — Crude 8 (1.0 g) was acetylated conventionally with Ac,0O 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. 236-238°, []F —42°(c
2.2, chloroform). N.m.r. data (CDCL,): 'H, J 5.49 (H-4'), 4.95 (H-5"), 4.83 (H-3"), 3.91
(H-6'eq), 3.61, 3.66 (H-1,1,1",1"), 3.51 (H-6'ax); J,, = J,.,, = 11.7, J5, = J, 5 = 10.0,
Js gax 10.6, g g, 6.0, J5  11.0 Hz; 6 5.35 (H-4), 5.31 (H-5), 5.16 (H-3), 3.82 (H-6eq), 3.81
(H-6ax); J,,10.3,J,53.4, J56,, 1.8, J5 6, 1.5, Js s 120 Hz; 13C,661.2,61.3(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,,0,: C, 50.00; H, 5.60. Found: C, 49.97; H, 5.68.

3.4,5-Tri-O-acetyl-B-D-fructopyranose 3,4,5-tri-O-acetyi-a-L-sorbopyranose
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1202 I -dianhydride (11). -- A mixture of p-fructose (5 g) and i-sorbose (3 g) was
treated with liquid SO, (10 mLyand HEF (10 mE) for 20 h at - 25 as described above.
and the produu was then precipitated with cther and dried o give a crude colourless
powder (9.7 g). A "C-n.nir. spectrum revealed a complex misture of compounds.
ALCL}L!U()H of this product (5 g) with Ac.O and pyridine gave a nuxture (8.0 g) off
acetates, which was subjected to column chromatography on silica gel using ether The

product (1.4 gy eluted first. crystalhzed from ether to grve myatoral (300 mp. 6991 \\;tlx
m.p. ~ 2200 Recrystatlizavon from CH,ClL ether gave Elonup 229 237 ) |
(¢ 1.1, chloroform)y. Nomr {CDCTy 'HL 6 S.40 (H-4), 537 (H-30 S0 (-5, 3 53,404
{H-1). 4.01 (H-0¢eq¢). 3.70 (H-Gav); / N ST R R ] '%.i‘:A AU RO S I Y S R S
Hz: 6548 (H-4), 501 (H-3'1 495 (-5, 3 5“ AU (H-TT 385 1 6oy 360 (H-6'axy
Jy 12500, 10304, %040, E Ry i. o HOR Hz TCoa 965 96 2 (2.0
72,6 (C-3), 70.2{C-3), 69.0(C- 4’ S (’“% § /( SO0 7 (04, 629001, 60 2 1C-00, 620
{(C-6), 39.7 p.p.m. {( "-vl') (assigned Hrough a CH-correlated spectrumy,

Anal, Cale, tor CUHLG 0 O 30.00; Ho 5,60, Found: O 4990 L Sot,

f-D-Frucropyranose z »~w;bupu.’muw P22 0 -dianlndride (RO Foasuspen-
ston ol 1F {1.4 g} in MeOH (25 mL) was added methanclic » NaOMe (1 ml
Dissolution occurred within a few minutes and the product precipitated. After 2 b,

water { ~ 25 mbL) was added to obtain a homogencous solution which was stirred for 2 &
with excess of Amberlite IR-120 (H ) resin. filtered through curbon, and concentrated

to give 10 (600 mg. 76%4). which was pure as seen {rom o Conumor, specirum.
Recrwtallimli(m from methanol “thzmc)? gave 10 with mp. 194 196 . () 272 ¢
0.6, water). "C-Nomr. data (12,0): 978, 97 5 (C-2.27. 76,00 745, 7317 . 0v.s
(C-3 10 C-5 dnd C-3 1o -0, 653, (»4._’4 M.()_ 636 ppan. (U-1.0.1 .07
Anal Cale for C.HL O Co44.24: HL 622, Found: O 44 141 624

REFERENCES

I J. Defaye. A Gadelle. and C. Pedersen. Carbolivdr. Res.. 217 (1991) 1 5%,

2 J. Defave, A Gadelle. and C. Pedersen, Carbohvdr. Res. 152 (19%0) 89 98

30 Defaye, AL Gadelle. and €. Pedersen. Carbolyvdr. Res . 136 (19%5) ST g3

4 ). A Kanters. A Schouten. 3. Kroon. M. Mathlouthi, J. [T v Der Maus, and B, Lulr, e

Cristallogr., Secr C, 45 (19891 1934 1937,

Sl Angyal. DO CL Craig, b Defaye, and AL Gadelie, Car 7. Chenr . 68 119907 13400 1144

Jo A Kanters, . Butenhwis. 1 Kroon, M. Muthlowthi. 7. H. van Der Maas, and B 1 utr, S Cryer,
Spectrose. Res. 20 (19907 1 7,

7RO Lemicax. AL AL Pavia, L C Martin, and K. A Watanabe. Can, J Chens,. 47 ¢ ey 427 4439 R,

UL Lemieux and S. Koto. Ilrm’wf’wn IO (19741 1933 1944,

8 K. Gitzi and T. Reichstein, Helr. Chim. Acia, 21 £1938) 456 463

9 W. Alberda van Ekenstein and J. 3. Blanksma. Recl. Trae. Ching. Pavs-Bas.
10 L. Vargha, Chem. Ber. 87 (1954) 1351 (336,

1T H. Paulsen, W.-P. Trautwein, £. G. Fspinosa. and K. Heyns, Chem, Ber 100019671 2822 2536,
12 W. A Szarck and D. Horton (Fds.). ACS Symp. Ser.. 87 (1979).

13 1 Tvaroska and T. Blcha, 4dv. Carbolivdr. Chem. Biochens,, 47 {19897 45 123
4 ML Wolfrom. SO M. Olinsand E_F. Frvans. J Am. Chent Soc., 66 1944y 204 206,

'

6

274908 4



