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Di-p-fructose 1,2":2,1'-dianhydrides, dispiro-tricyclic disaccharides widely found in food materials, have been stereoselectively prepared in
one-pot reaction from O-protected p-fructose 1,2-acetonide precursors by treatment with boron trifluoride diethyl etherate. The dimerization

sequence involves (i) cleavage of the anomeric acetal linkage, (ii) autoglycosylation, and (iii) final spiroketalization, the stereochemical outcome
being strongly dependent on the nature of the hydroxyl protecting groups.

The spiroketal unit is a widespread substructure in many A main strategy for its elaboration relies on the acid-catalyzed
biologically active natural products, including steroidal intramolecular cyclization of the corresponding dihydroxy-

saponins, polyether ionophores, macrolide antibiotics, insectketo precursors or their equivalents. Since such a basic
pheromones, and toxic metabolites from algae and ftfigi. skeleton is present in ketoses, it was anticipated that
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spiroketalization might occur more universally in carbohy- || AN

drate transformation schemes. In fact, spirodioxanyl disac-

charides have long been known as the dimerization products

arising from the acid treatment of ketoseSome members
of this family derived fromp-fructose, termed generically
di-p-fructose dianhydrides (DFASs), have also been isolated
from microorganisnfsand higher plantdTheir potential use
as sweetner,bifidogenic agent$, or polyhydroxylated
spiroketal chiral templatéhas triggered intense interest in
the synthesis of these and relatspiro sugars The
identification of DFAs as the major components of the
thermolysis product of sucrose- amdfructose-containing
food materials, such as caramel or chic8tand the need
for pure standards for their analytical evaluatiomas
provided a further impetus.

High yielding preparations of DFAs have been previously
achieved by protonic activation af-fructose, sucrose, or
inulin with anhydrous hydrogen fluoride (HF) or its complex
with pyridine!? Under such conditions, a fructosyl oxocar-
benium cation is generated, which undergoes in situ glyco-
sylation into the correspondinketodisaccharide. Further
spiroketalization is a reversible process governed mainly by
stereoelectronic factors, i.e., maximum anomeric effect and
minimum steric interactions (Scheme§).

In tricyclic systems such general principles must be applied
carefully. A range of structures can usually accommodate

the basic requirements—oxygen substituents at anomeric

centers in axial disposition, carbon substituents in equatorial
disposition—with rather small differences in energy and low
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Scheme 1. Protic Acic Catalyzed Dimerization of Ketoses
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interconversion barriers. Consequently, a complex distribu-
tion of isomers that differ on the ring size, linking position,
and stereochemistry at the acetal stereocenters is generally
obtained. Up to five different tricyclic cores (Types | to V)
and 12 DFA isomers may be present in the reaction mixtures.
Although their relative proportions can be varied to some
extent by modulation of the acid strength, isolation of pure
samples from these isomeric mixtures remains a difficult
task?

We have previously reported the stereospecific synthesis
of a Type Ill DFA, namely, dig-p-fructopyranose 1,2,1'-
dianhydride, by use of an acetal-protecteffuctopyranose
precursor and HF as promotHrThe rather severe reaction
conditions prevent, however, extension of this approach to
other selectively protected derivatives. On the other hand,
boron trifluoride diethyl etherate has been widely used for
the cleavage of acetal protecting grodpss promoter in
glycosylation reactiont8 and as catalyst in spiroketalization
processe$? We assumed that these three transformations
might proceed in a tandem manner for ketoses bearing

, acetonide groups at the anomeric position, taking advantage
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of their propensity to develop tertiary glycosyl oxocabenium b-fructose templates. The dimerization process proceeded
cations. We now report on the application of this strategy to more slowly in these cases as compared with the furanose
the stereoselective preparation of DFAs having the 1,6,9,13-counterparts, in agreement with the expected lower stability
tetraoxadispiro[4.2.4.2]tetradecane (Type ) and 1,7,10,15- of the six-membered cyclic oxocarbenium ion intermediate.
tetraoxadispiro[5.2.5.2]hexadecane (Type lllI) dispiroketal Nevertheless, satisfactory yields in the corresponding hexa-
frameworks. O-benzyl (11and 14) and hex@-benzoyl (12and 15)
Treatment of 3,4,6-tr@-benzyl-1,2-O-isopropylidene-3-  difructopyranose dianhydrides were obtained within 16 h by
p-fructofuranosd, readily accessible from-fructose in two using 2.5 equiv of BFELO.!8 The relative proportion

steps via the corresponding fructofuranose@;aeetonidé; between theC, symmetric (dif-p) and the asymmetric
with 1 equiv of boron trifluoride diethyl etherate in toluene diastereomerd,3-b) was, as in the furanose series, strongly
afforded a 1:2.5 mixture of the hexa-benzylated di-op- dependent upon the nature of the hydroxyl protecting groups.

fructofuranosed) anda-b-fructofuranosegs-p-fructofuranose ~ Whereas the benzyl-protected acetondeesulted almost
(6) 1,2:2,1-dianhydrides® which were separated and depro- exclusively in thea-p-fructopyranoses-p-fructopyranose
tected to the known cyclic disaccharidésand 8, respec- 1,2"2,1-dianhydride derivativd4 (11:14, 1:25), the triben-
tively.® Replacement of the benzyl groups by benzoyl groups zoate10 gave a 1:1 mixture ofi2 and 15. The structural
likewise preserved the furanose form of fructose while assignmentwas confirmed by transformation into the known
reversing the stereochemical outcome of the spiroketalizationfully unprotected DFAsL6 and 17 (Scheme 3§.

reaction. Thus, upon treatment @fwith the Lewis acid

promoter theC, symmetric dianhydridet was obtained in || N | N NGNGB

96% de over the asymmetric diastereoriigScheme 2j° Scheme 3. Stereoselective Synthesis of Type Ill DFAs
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To implement this approach for the stereoselective prepa-
ration ofdispiro-difructopyranose dianhydrides, 3,4,5-tH-O
benzyl- and 3,4,5-trf@-benzoyl-1,2-O-isopropylidene{p-
fructopyranose (%nd 10, respectively), available in three
steps fromb-fructosel® were used as pyranose-anchored

The possibility to control not only the ring size but also
the stereochemistry at the spiroketal centers is noteworthy.
In contrast to the protic acid catalyzed reaction, spiroketal-
ization occurs now under irreversible conditions. The prefer-

(17) Chittenden. G. J. . Chem. Soc., Chem. CommuS80, 582 ence fo_r gsymmetric dispirok_etal stru_ctures in the case of
883, T T T ’ ' nonparticipating benzyl substituents (i.6.and 14) agrees

(18) Typical Dimerization Procedure. To a solution of the corre- with a preferred chair conformation at the incipient 1,4-

spondingp-fructose 1,2-O-acetonide derivatite 2, 9, or 10(0.3 mmol) ; ; ; :
in dry toluene (2 mL) at-20 °C was added BFELO (1 equiv forl and dioxane ring, analogous to that encountered in the final

9; 2.5 equiv for2 and10) under Ar. The reaction mixture was allowed to

reach room temperature and stirred for 41lha0d9) or overnight (2and 8 or 17, 19 whose relative proportions were stablished by GC following
10). MeOH (1.5 mL) and CKCl, (10 mL) were then added, and the resulting  the procedure reported in ref 10. The hexabenzyl derivaBy@&sand 11,
solution was washed with 5% aqueous NaHC@ x 10 mL), dried 13 could also be separated by column chormatography using the above

(MgSQy), and concentrated. Column chromatography (silica gel, 1:5 eluent. Alternatively, the mixtures of unprotected DFAs were separated as
EtOAc—hexanes) afforded the corresponding two-component mixtures of their corresponding hexaacetates using 1:3 EtOAc—hexanes as the eluent.
DFAs in 60-85% yield. Conventional hydrogenation of the benzylated In all cases, the physical and spectroscopic properties of the separated
derivatives (36 or 11, 13) with H, (1 atm) over 10% Pd/C in 2:1 EtOAc unprotected isomers were identical to those previously reported (cf. ref 3).
MeOH for 24 h or debenzoylatiorl(7 or 14, 16) with 0.1 M NaOMe in (19) Brady, R. F., JrAdv. Carbohydr. Chem. Biochert971,26, 197—
MeOH afforded the corresponding mixtures of fully unprotected DBAs 278.
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compounds, with the oxygen substituents in axial disposition
and the carbon substituents in equatorial disposition (Figure

1, B)2 Such situation does not prevail for the symmetric Ph
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Figure 1. Conformations at the central dioxane ring f@ W&O BzO
symmetric (A) and asymmetric (B) dispiroketals. o8 0@(0
19 20 Ph

|§om9rs, which must adopt a boat conforma’qon at the CentralFigure 2. Probable structure of the acyloxocarbenium cations
ring in order to accommodate the anomeric effect at both jnygived in the BR-catalyzed glycosylation—spiroketalization of
anomeric centers, a less favorable arrangement (Figure 1penzoylatec-fructose precursors.
A).2

For derivatives bearing participating acyl substituents, the
reaction probably proceeds through 2,3-acyloxonium entities dispiro-cyclic disaccharides. Both the ring size and the
(18 and19). In the furanose series, this situation leads with
high stereoselectivity to the expectedadidianhydride4,

stereochemistry at the spiroketal centers can be controlled

having the oxygen substituents at C-2 and C-3 in trans byju_dicious choice of thg protecting groups in the monosac-
relative disposition. In the pyranose series, however, pyra- gharlde templatg. Extension of this procedure to.the prepara-
midalization of the anomeric carbon likely increases the ion of other spiroketal frameworks is currently in progress
crowding of the already hinderem-face. Glycosylation at ~ in our laboratories.

this stage may then compete with the attack by the axially

Qisposed' benzoate group _at C-5to give a 2,5-acyloxonium Acknowledgment. We thank the FEDER program for
intermediate (20) that, at its turn, will undergo glycosyla-  inancial support, contract no. 1FD-0893-CO3-03. M.-Go
tion—spiroketalization through th@-face to give12 (Figure mez-Garcia thanks the CSIC and the Institut flir Technologie

2). .
In summary, we have demonstrated that boron trifluoride der Kohlenhydrate e.V. for a PhD fellowship.

is a suitable reagent to promote dimerization of ketoses to OL006953J
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