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Letters
Evidence on the structure of coyolosa. Synthesis of 6,60-ether
linked hexoses
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Abstract—The structure previously reported for coyolosa, a hypoglycemic substance isolated from natural sources, as a 6,60-ether
linked pseudo-disaccharide derived from allose, is incorrect since 6-O-(6-deoxy-DD-allos-6-yl)-DD-allose 10, synthesised by an
unequivocal route, and its derived peracetate 11, both have spectral properties, which differ from those reported for coyolosa and its
peracetate. A versatile synthesis has been developed for this type of compound, containing two carbohydrate moieties joined
through an ether linkage at their primary centres, which involves the displacement of a primary carbohydrate triflate with a car-
bohydrate alkoxide, and it allows the preparation of both symmetrical and unsymmetrical representatives of this class of com-
pound.
� 2003 Elsevier Ltd. All rights reserved.
Considerable interest has been raised by the report1 of a
new hypoglycemic compound that was isolated by
methanol extraction of the Acrocomia mexicana root.
The active compound was termed �coyolosa� and on the
basis of elemental and spectral analysis a structure was
suggested as comprising two hexopyranose units joined
through an ether link at their 6-positions, which can be
represented by the general formula 1. Only one set of
signals for H-1 to H-6 and C-1 to C-6 were observed in
the 1H and 13C NMR spectra, respectively, indicating
either identical or enantiomeric related sub-units. The
structure 2 drawn in the original publication depicts the
ether-linked pseudo-disaccharide with DD- and LL-allo-
pyranose moieties, an unusual combination, but a
DD- and DD- or an LL- and LL-combination would also satisfy
the NMR data in a nonchiral solvent. Unfortunately, no
optical rotation data were given for coyolosa, mea-
surements which would have ruled out the DD- and
LL-combination if optical activity had been observed.
Furthermore, there is some confusion in the report1

regarding the solvent used for measurement of the NMR
spectrum of coyolosa (DMSO being given in the text
and CDCl3 in Table 1), and in the reporting of the
chemical shifts and coupling constants in the 1H NMR
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spectrum. Therefore, in order to confirm the proposed
structure of coyolosa, or to throw light on alternatives, a
synthesis of the 6,60-ether linked allo-isomer was
undertaken; the availability of the synthetic compound
should allow a direct comparison with the natural
material.2
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The most direct method for forging the 6,60-linkage is
direct displacement of a suitably protected 6-triflate of
DD-allose with the alkoxide of the corresponding alcohol.
3-O-Benzyl-1,2-di-O-isopropylidene-a-DD-allofuranose
(Scheme 1, 3)3 was prepared from 1,2:5,6-di-O-isopro-
pylidene-a-DD-allofuranose4 by sequential O-benzylation
and partial hydrolysis. Treatment of 3 with tert-butyl-
diphenylsilyl chloride gave the 6-O-silyl derivative 4,5

benzylation of which gave the 3,5-di-O-benzyl derivative
5. Removal of the silyl protecting group in 5 afforded the
6-hydroxy compound 6, which gave the 6-triflate 7 on
treatment with triflic anhydride. Reaction of the sodium
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Scheme 1. Reagents and conditions: (a) t-BuSiPh2Cl/C5H5N, 94%; (b)

NaH/PhCH2Br/DME, 68%; (c) Bu4NF/THF, 91%; (d) Tf2O/Et3N/

CH2Cl2, 80%.
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alkoxide of 6 with triflate 7 in THF (Scheme 2) gave the
dimeric structure 8, hydrogenation of which gave the
6,60-ether 9, which on acidic hydrolysis gave the 6,60-
ether linked DD-allose 10 as a hygroscopic solid that
could exist, presumably, in the di-furanose, di-pyranose,
or a furanose–pyranose form. Coyolosa has a reported1

mp of 170–172 �C. The 1H NMR spectrum of 10 in D2O
suggested that the b,b-pyranose form was predominant
(�80%, dH 4.88, J1;2 8.2Hz, H-1) with a minor signal
(13% of the total anomeric signal) for an a-pyranose
anomeric form (dH 5.13, J1;2 3.4Hz) and two small sig-
nals (7% of total) at dH 5.23 and 5.36. These values for
the anomer ratios agree well with those reported6 for the
composition of DD-allose in aqueous solution of 77.5%
b-pyranose, 14% a-pyranose and 8.5% furanose forms.
Although individual hydroxy proton resonances could
be observed in the 1H NMR spectrum of 10 in DMSO-
d6 as reported,1 the separate C–H proton resonances
were generally uninformative due to signal overlap and
increased complexity due to coupling with the hydroxy
protons. The 13C NMR spectrum of 10 showed two
anomeric signals at dC 94.19 (major) and 93.57 (minor),
which are in close agreement with those for b- and a-
DD-allose at 94.3 and 93.7, respectively.7

Acetylation of 10 gave, after recrystallisation from
EtOAc–hexane, a crystalline peracetate 11, mp 198–
199 �C, which contrasts8 with that for coyolosa perace-
tate, prepared1 by acetylation of coyolosa by a similar
procedure, which had mp 132–134 �C. The 1H NMR
spectrum of 11 confirmed it as a single isomer with a
b-configuration at the anomeric centres (dH 5.97, J1;2
8.7Hz, H-1) and its 13C NMR spectrum had six signals
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Scheme 2. Reagents and conditions: (a) NaH/THF then 7, 89%; (b) H2/Pd–C

62%.
for the carbohydrate carbons, with the value for the
anomeric signal (dC 90.06) agreeing well with that
reported6 for peracetylated b-DD-allopyranose (dC 90.1).7

The reported1 values for the 13C NMR signals of the
carbohydrate carbons of coyolosa peracetate are dC
91.77, 89.13, 72.82, 69.90, 67.88 and 61.54 whereas
values for compound 11 in the same solvent are at 90.06,
72.90, 70.22, 68.28, 68.03 and 65.90. Thus, it is clear that
coyolosa does not possess the structure suggested1 and
in an attempt to identify a possible alternative structure,
the 6,60-ether linked pseudo-disaccharides from DD-glu-
cose and DD-galactose have also been similarly prepared
and full details of their synthesis will be reported else-
where. However, the spectral characteristics of neither
of these compounds, most noticeably the 13C NMR
spectra of the peracetates, are in agreement with those
reported for coyolosa peracetate and therefore the
structure of coyolosa is still an open question.

Despite a report9 in 1969 that an ether-linked pseudo-
disaccharide was a constituent of the exotoxin from
Bacillus thuringiensis, which has inhibitory action on the
de novo synthesis of RNA and the DNA dependent
RNA polymerase, this class of carbohydrates has been
given relatively little attention to date. Synthesis of the
sugar fragment of this endotoxin, which contains a
5fi 4 DD-ribose to DD-glucose ether link, was reported10 in
1971, but the first synthesis of this type of compound
was by Whistler and Frowein11 in 1961 who heated
together equimolar amounts of 1,2-O-isopropylidene-a-
DD-glucofuranose and 5,6-anhydro-1,2-O-isopropylidene-
a-DD-glucofuranose at 150 �C, which yielded, after hydro-
lysis of the product and extensive purification by column
chromatography, 6,60-di-DD-glucose anhydride. A related
approach has been used by Villa and co-workers12 to
construct an amphiphile containing 6,60-ether linked
DD-glucose residues. An attempt to use this type of reaction
to prepare 10 in the present work, by fusing together 3,5-
di-O-benzyl-1,2-O-isopropylidene-a-DD-allofuranose and
5,6-anhydro-3-O-benzyl-1,2-O-isopropylidene-a-DD-allo-
furanose13 was unsuccessful, the reactants showing
remarkable stability even at elevated temperatures. A
patent14 records the preparation of the 6,60-ether linked
derivative from 1,2:3,4-di-O-isopropylidene-DD-galactose,
Paulsen and von Deyn15 have linked some cyclitol
derivatives to carbohydrates to produce pseudo-disac-
charides with ether linkages using triflate methodology,
Schmidt and co-workers16 introduced a 2fi 6 ether link
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/EtOH–EtOAc, 85%; (c) CF3CO2H/H2O (9:1), 96%; (d) Ac2O/C5H5N,
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between DD-gluconolactone and DD-glucose residues, and
Hodosi and Kov�aac,17 in investigating the use of 1,2-
stannylene acetals for glycoside synthesis, isolated
compounds with 3fi 6, 2fi 4 and 2fi 6 ether links be-
tween two carbohydrate residues, in one case as the
major product. It would seem that ether-linked pseudo-
disaccharides merit further attention, both from the
synthetic standpoint and because of their potentially
interesting biological properties.
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