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Summary: 3,4-O-Isopropylidene derivatives of the title compounds have been prepared by new methods and
Jound to exhibit a high preference for tautomeric forms deriving from hemiacetalization between 6-CH20H,
or 6-CH(OH), and 2-C=0 functions.

In connection with a research program inQolving the conversion of D-galactose derived mono- and .'
disaccharides into the corresponding D-talosamine derivatives, we made some novel observations on the -
tantomeric equilibria of intermediate 2-keto derivatives, which are the subject of this preliminary communication,

The selectively protected -D-galactopyranoside 11, when oxidized with DMSO/Ac20, or with the
Pfitzner-Moffatt reagentZ, gave the D-lyxo-hexopyranosid-2-ulose derivative 4, which lost its highly acid
sensitive methoxyisopropyl (MIP) acetal function, in part during work-up and completely in MeOH containing a
trace of ACOH. A crystalline product® was obtained for which the 1H and 13C NMR spectra showed that it was
not simply the deprotected form 7, but that a more profound change in structure and ring conformation had
occurred: the disappearance of the carbonyl carbon signal at 200 ppm and the concurrent appearance of a new
signal at § 93 (hemiacetal carbon), as well as significant modifications in the coupling constants between
pyranose ring protons (Table I) clearly pointed to the tautomeric structure 10, exhibiting a 2,5-
dioxabicyclo[2.2.2]octane ring system. The unexpectedly high stability of this form was confirmed by the fact
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that it was the only structure seen by NMR in several tested solvents (Table II), which, if one takes into account
the sensitivity of the technique, means that at least 98% of the compound is in this hemiacetalic form at
equilibrium. Also the IR spectrum of a saturated solution of 10 in CD3CN did not show any trace of a C=0
stretching band, even after 24-hr storage. Only in (CD3)2SO small signals in the methyl region of the 1H NMR
spectrum point to the presence of about 3% of the open form 7.

When the oxidation was repeated on the a-anomer 21, similar results were obtained. The ulose 5, when
deprotected in 6, produced the compound 11, obtained pure after crystallization from hexane3. In this case the
preference for the bicyclic structure was less pronounced, since the open form 8 was detectable by NMR at
equilibrium in all solvents except CDCl3, with a maximum of 10% in (CD3)2SO. Furthermore, in CD30D two
other products were detected, most probably the anomeric adducts 13 (Table II). The presence of some ketonic
tautomer at equilibrium was also confirmed by a C=0 band at 1753 cm! in the IR spectrum of 11 in CD3CN.

Table 1. Diagnostic NMR parameters

KETONES BICYCLIC HEMIACETALS
42 5b 9b 16¢ 10b 11b 120 17b
J3,4 5.69 5.64 6.16 5.51 8.18 8.10 8.18 7.90
Jas 1.76 1.84 1.60 2.32 4.43 4.45 4.18 392
Is,6 6.85 5.35 6.30 - 1.47 0.54 1.29 -
Is,g 5.44 7.10 5.93 - 1.82 3.00 2.13 0.92
Ja,6 - . - N R K3 1.80 1.42 0.42
J1,3 0.97 ~03 058,053 - - - - 0.25
J1,6 - - - - 0.72 - - -
8 C(2) | 20000 20077 205.46 197.49 | 9303 9339 9312  94.88
8_C(6) - - - 197.10 - - - 91.43

a) in CgDg; b) in CD3CN; ¢) in CDCl3

Table II. Equilibria in different solvents?

Compound C¢D6 CD3CN | (CD3)2SO | CsDsN CD;0D CDCl,
7/10 -/ 100/-/- -/100/-/- 3/97/-/- -/100/-/- -1100/-/- -/100/-/-
8/11 2/98/-/- 5/95/-/- 10/90/-/- 6/94/-/- 2/58/34/6 -/100/-/-
9/12 20/80/-/- 40/60/-/- 44/56/-/- 22/78)-/-__| 13/35/32/20 | 15/85/-/-

a Percentages of species present at equilibrium are given in the order: keto form (7-9), bicyclic hemiacetal (10-
12), major and minor MeOH adduct (13-14).

For a better evaluation of the influence of the anomeric substituent on the equilibrium ratio between
ketonic and hemiacetalic forms, the study was extended to the 1-deoxy analogue of 7 and 8, the 1,5-anhydro-D-
tagatose derivative 94, obtained by oxidation of the protected 1,5-anhydro-D-galactitol 33, followed by
deprotection in position 6 of the ulose 6. The crude product gave, after crystallization from hexane, the cyclic
tautomer 12.3 In this case, under equilibrium conditions in solution the ketonic form was'present in definitely
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higher percentage, reaching 44% in (CD3)280. Again, in CD30D, about 50% of the equilibrium mixture
consisted of the two methanolic adducts 14 (Table II).

As for as we could ascertain, the tautomerism of 2-uloses having a free 6-OH group with 2,5-
dioxabicyclo[2.2.2]octane type structures has not been previously reported. We cannot at this point offer entirely
satisfactory explanations for this high preference for the tautomer having rings in the boat conformationS, nor for
the observed dependence of the order of relative stabilities of the two forms from the anomeric configuration.
We can assume that the 3,4-fused dioxolane ring favours forms in which the C(2)-C(3)-C(4)-C(5) sequence of
bonds is as close as possible to coplanarity, as is the case for the boat conformation, and that the higher energy
level of the g-anomer 7 with respect to the o one 8 can, at least in part, explain the higher preference of the
former for the bicyclic form, but it is not clear why 9, having no anomeric substituent, should be the one with
the least preference for this form.

One further point of interest was provided by the isolation in the oxidation of 2 under Swern conditions
[DMSO/(COCI)z] of a side-products, with NMR spectra very similar to those of 11, except for signals due to a
secondary hydroxyl bearmg carbon in position 6. It was identified as compound 173, the hydrated bicyclic form
of the a,D-lyxo-hexodialdo-1,5-pyranosido-2-ulose derivative 167. It obviously derived by double oxidation at .
positions 2 and 6, the latter being deprotected in the reaction medium. The same compound was obtained in -
higher yield (55%) when compound 15 was oxidized with an excess of DMSO/DCC. Only one of the two
possible anomeric forms at C(6) was observed, probably the one with the (65) configuration, since the long-
range coupling (0.42 Hz) between H'(6) and H(4), observed for 17, can only be justified if the H(4)-C(4)-
C(5)-C(6)-H(6) system in planar (W type coupling).

OMIP \
CHO HO, H
IR TN A
———
Ouo 0 —-— o 0
OMe 0
OMe OH 0 OMe
13: X=OMe 15 16 17
14: X=H .
MeOH ‘ 1 ) :
OMe
o O
Y )x/
OH 0
20 18

Compound 17 is stable in benzene solution, whereas in CD3CN it equilibrates to an 80:20 mixture of
17 and 16. The presence of 16 is demonstrated by carbonyl carbon signals at 6 197.10 (CHO) and 197.49
(C=0), by a CHO proton signal at 5 9.58 and, in the IR, by a band at 1744 cm-! with a shoulder for the two
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overlapping carbonyl stretchings. On azeotropic distillation with benzene 17 can be converted entirely into 16.
In methanol solution the methanol adduct 18 is the main species present, accompanied by other products

involving methanol hemiacetal formation on both carbonyl groups of 16.

The formation of hydrated or alcoholated pyranose forms has been reported for 5-ketoaldoses. For
instance, at equilibrium in CD3CN/D20, about 30% of L-arabino-hexos-5-ulose (19), exists in the form 208,

and similar adducts with water or alcohols were reported for derivatives of D-xylo-hexos-5-ulose.?
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