Carbohydrate Research, 67 (1978) 371-387
© Elsevier Scientific Publishing Company, Amsterdam — Printed in Belgium

KINETIC ACETONATION OF p-MANNOSE: PREPARATION OF
4,6-MONO- AND 2,3:4,6-DI-O-ISOPROPYLIDENE-D-MANNOPYRANOSE*

JacQuEs GELAS AND DerRexk HortON

Ensemble Scientifique des Cézeaux (Ecole Nationale Supérieure de Chimie),
Université de Clermont-Ferrand, 63170 Aubiére (France), and Department of Chemistry,
The Ohio Stare University, Columbus, Ohio 43210 (U. S. A4.)

(Received February 25th, 1978; accepted for publication, March 15th, 1978)

ABSTRACT

The major product obtained on acetonation of pb-mannose with a 2-molar
excess of isopropenyl methyl (or ethyl) ether is 4,6-O-isopropylidene-x-pD-manno-
pyranose (3a). the product of kinetic acetonation: a larger excess of the reagent leads
to the 2,3:4.6-diisopropylidene acetal (6). The course of the reaction and side-
products formed were examined in detail. The 1,2.3-triacetate of 3a was deacetonated
to give x-D-mannopyranose 1,2,3-triacetate; similar reactions were performed on the
p anomers. The l-acetate of the diaceral 6 could be selectively deacetonated to give
I-O-acetyl-2.3-O-isopropylidene-z-D-mannopyranose. The reacrions provide access
to protected derivatives of D-mannose, and partially acylated derivatives, having
modes of substitution different from those obtainable by classical acetonation
procedures conducted under conditions of thermodynamic control.

INTRODUCTION

Earlier reports?-? in this series have shown that alkyl isopropenyl ethers can be
used to effect acetonation of sugars under kinetic control, to give products having a
mode of substitution different from that in the products of classical, thermo-
dynamically controlled acetonation; the Kinetic procedure favors attack at primary
hydroxyl groups, and subsequent ring-closuie to give isopropylidene acetals of the
I.3-dioxane type when groups are sterically available. p-Glucose thus gives® the
pyranoid 4,6-isopropylidene acetal; p-ribose and p-arabinose, which do not have the
primary hydroxyl group free in the preponderant tautomers, give mainly the pyranoid
3,4-isopropylidene acetals?.

It is now shown that methyl (or ethyl) isopropenyl ether, used in suitable
proportion, can be used to convert D-mannose in high yield into either its pyranoid
4.6-monoisopropylidene acetal or its pyranoid 2,3:4,6-diisopropylidene acetal.

*For a preliminary report, sce ref. 1. Supported, in part. by Grant No. GM-11976 (The Ohio State
University Rescarch Foundation Project 1820) from the National Institute of General Medical
Sciences. National Institutes of Health, U.S. Public Health Service.
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DISCUSSION

Treatment of p-mannose (1) in N, N-dimethylformamide with a 2-molar excess
of isopropenyl methyl ether (2) (or ethyl isopropenyl ether) in the cold, under strictly
anhydrous conditions and in the presence of a trace of p-toluenesulfonic acid, gave a
major, water-soluble, solid product identified as 4,6-O-isopropylidene-p-manno-
pyranose (3); recrystallization from ethyl acetate afforded in 82% yield the pure,
crystalline x anomer (3a), which showed downward mutarotation and gave a crystal-
line triacetate (7a). Acetylation of the crude monoacetal 3 (in which the  anomer 3b
was present in much lower proportion than the x anomer 3a), followed by chromato-
graphic resolution of the product-mixture, permitted isolation of crystalline 1,2,3-
tri- 0-acetyl-4.6- O-isopropylidene-f-D-mannopyranose (7b).

The gross structures attributed to 3a. 7a, and 7b were evident from their
microanalytical data and mass spectra (see Experimental section); the latter further
gave evidence for the structural formulations assigned, and the corresponding
'H-n.m.r. spectra (see Tables I and II) furnished decisive confirmation of the
structures. The 'H-n.m.r. spectrum of 3a in dimethyl sulfoxide-dg showed signals for
the two C-methyl groups of the isopropylidene group, and exchangeable doublets for
each of the hvdroxyl groups: the lack of a triplet signal for one of the hydroxyl groups
established that the primary hydroxyl group was engaged in the acetal substitution.
The triacetate 7a showed the H-1 signal at lowest field, and the H-2 and H-3 signals
also at low field (and only slightly separated), as expected for the 1,2,3-tri-O-acyl
mode of substitution. The anomeric triacetate 7b showed a similar pattern, but with
larger separation of the H-2 and H-3 signals, permitting attribution by spin-
decoupling. and assignment of J, . J, 3, and J5 , in clear accord with the f-p-
mannopyranoid formulation, and thus with the 4,6-monoisopropylidene acetal
structures for 3a and 3b, and, consequently, for 7a and 7h.

Additional, chemical evidence for the structures was provided by acid-catalyzed
deacetonation of 7a and 7b to the corresponding 1,2,3-tri-O-acetyl-x- and -f-p-
mannopyranoses (9a and 9b), whose n.m.r. spectra showed the low-field signals
anticipated for H-1, H-2. and H-3. Acetylation of 9a and 9b with an excess of acetic
anhydride in pyridine gave the known 2- and B-p-mannopyranose pentaacetates
(10a and 190b, respectively), thus proving that the precursors 7a, 7b (and 3a, 3b) all
had the pyranoid ring-form. Repetition of the acetylation of 9a and 9b, but with use
of acetic anhydride-dy, afforded the corresponding pentaacetates (11a and 11b) in
which the 4- and 6-substituents were trideuterated in the methyl groups; two of the
acetyl-group signals in the spectra of 10a and 10b were absent from the spectra of the
4.6-di-O-(trideuterioacetyl) derivatives 11a and 11b.

The product of acetonation of 1 by 2 mol of 2 was mainly a water-soluble
fraction (Fraction A), from which 3a was readily isolated in high yield; a minor,
dichloromethane-soluble fraction (B) was also isolated. Both of these fractions were
analyzed in detail by t.l.c., by g.l.c. of the per(trimethylsilyl)ated products, and, after
acetylation of the two fractions, by column-chromatographic resolution. In the
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Me5CO, CuSO4,H®
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TABLE [I
PROTON—PROTON SPIN-COUPLING DATA FOR ISOPROPYLIDENE ACE IALS OF D-MANNOSE AND
ACFTYLATED DI RIVATIVES
Compd. Solvent Firse-order couplings® (Hz)
.. I3 a1 s Js.0 5.6 Jo.e
5 MelSO-d, - 0.5 6.0 3.2
Ta CgD, 1.4 340 9.8* 9.5% 5.2 9.5" 10.5%
7b (CD;).CO .4 34 9.6 ~9.5
8 (CD3;).CO 20.5 54 3.2 7.3 2.6 5.6 11.8
9a CDCl; 1.4
9b CDCl, -1 3.4 9.5
10a CeDg 1.5 5.0 12.2
1ib CeDg 1.0 3.0 10.0 9.0 4.6 2.5 12.3
12 (CD3).CO -.0.5 6.0 2.8 5.5 6.2 4.8 ~12
16 CsDsg < 0.5 7.5 9.8

“Spacings were measured on an expanded 60-MHz spectrum (sweep-width, 100 Hz) in the solvent that
allowed the best first-order spectrum. Even when a multiplet was analyzable. the spacing is not given
if second-order etfects were evident. ?Couplings measured from spectra recorded with a 250-MHz

Camecu spectrometer.
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water-soluble fraction (A) there was detected, in addition to the preponderant acetal
3a and the § anomer 3b, a small proportion of 2,3-O-isopropylidene-D-manno-
furanose (4), which was extremely difficult to resolve from 3b by t.l.c., or by g.l.c. of
the per(trimethylsilyl) ethers; acetylation of the mixture, followed by column-
chromatographic resolution of the acetates, permitted separation of all three com-
pounds present, namely, the major product (7a) and its anomer (7b), together with a
small proportion of the z-1,5,6-triacetate (8) of 4. The latter was identified by direct
comparison with a known*'> sample of 8 obtained by acetylation of 4 prepared by
the general literature procedure of partial deacetonation of the classic acetonation-
product of p-mannose. namely, 2,3:5,6-di-O-isopropylidene-pD-mannofuranose® (5).
Compound 4 probably arises through concurrent, kinetic®>** acetonation of 1 by a
route less favored than the major pathway (to 3), and subsequent tautomerization to
the furanose form; the possibility that it arises by thermodynamic control 1s
considered unlikely. as no 3,6-acetal was found in the products.

The minor, organic-soluble fraction (B) obtained from the monoacetonation of
1 with 2 showed essentially a single component in t.l.c., but the material was a
mixture of two compounds, as was ‘evident from g.l.c. analysis of the per(trimethyl-
silvl)ated product. One of these products, that in lesser proportion, behaved as the
known diacetal 5; the other, present in greater proportion, appeared to be a different
diacetal, and was shown by subsequent experiments to be the pyranoid 2,3:4.6-
diacetal 6. The two products were resolved by acetylation followed by column
chromatography on silica gel; the slower-migrating product. obtained in low yield,
was the I-acetate® (12) of 5, and the faster-migrating, preponderant product was shown
to be [-0O-acetyl-2,3:4,6-di- O-isopropylidene-x-dD-mannopyranose (13).

Conditions favorable for kinetic diacetonation of bD-mannose (1) were
established by treating 1 with a 2-molar excess of 2, as in the monoacetonation
procedure for the preparation of 3, with subsequent treatment of the mixture with
an additicnal, 2-molar equivalent of 2. The product of diacetonation, the pyranoid
2,3:4.6-diacetal (6), was isolated most readily by acetylation; this afforded the
crystalline x-1-acetate (13) of 6 in 65% net yield from 1. O-Deacetylation of 13 by
catalytic transesterification then atforded the crystalline diacetal 6 in essentially
quantitative yield. The crude diacetonation product from 1 contained very little
monoacetonated material; the diacetal 6 that constituted the principal product was
accompanied by a very small proportion of the classic diacetal 5, as shown by g.l.c.
(after trimethylsilylation) and by t.l.c. of the acetylated product, where traces of 12
were detected in the mother liquors from crystallization of 13.

Evidence for the structure 6 accorded the new diacetal was provided from
spectral data (see Tables I and II, and the Experimental section) and from chemical
transformations. The 'H-n.m.r. spectrum of 6 in dimethyl sulfoxide-dg, showed the
presence of two isopropylidene groups, and a single hydroxyl group that showed
OH-H-1 coupling. Furthermore, treatment of the monoacetal 3 with acetone—
copper(II) sulfate under strictly nonacidic conditions gave 89% of the diacetal 6 and
a negligible proportion of the furanoid isomer 5; this reaction was, however, subject
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to profound change of course according to the precise procedural conditions, and, on
certain occasions, extensive conversion into the isomer 5 took place. It is evident that
copper(II) sulfate-acetone cannot be considered to be a strictly neutral reagent, a
conclusion previously suggested by Maeda et al.”.

Additional, structural evidence for 6 was provided by selective deacetonation
studies on its I-acetate 13. Various procedures were examined for effecting partial or
complete deacetonation of 13. The action of Amberlite IR-120 (H *) resin in methanol
for 18 h at ~20° caused complete deacetonation. and formation of syrupy 1-O-acetyl-
z-D-mannopyranose (14), acetylation of which gave z-D-mannopyranose pentaacetate
(10a). This sequence of conversions provided firm evidence for the pyranoid ring in
the acetal 6 and its acetate 13. Trifluoroacetic acid—water® converted 13 into 14, but
cave a complex mixture. of accompanying side-products. Selective deacetonation of 13
was satisfactorily accomplished by use of 1:3 acetic acid—-water for 1 h at ~207: the

2 Meo €O
1 IS 3
CuSO,
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Vo
e ncp%or.c “12OH
wea—t 2
) AN N TH,OH
Arsgriite (R-12C(H) HO \S o]
o =S
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or (CBCON,0 pyrie ne

15 18 R = A

4,6-O-isopropylidene group was removed, and crystalline 1-O-acetyvl-2.3-0O-i50-
propylidene-z-D-mannopyranose (15) was obtained in 74%¢ yield. The n.m.r. spectrum
of 15 in dimethyl sulfoxide-d, showed that one O-isopropylidene group remained.
and two signals for OH protons were observed (one a doublet and one a tiiplet). thus
establishing that the acetal group removed was that involving O-6.

Acetylation of 15 gave the crysrtalline triacetate 16, which showed the anticipated
three acetyl-group and two C-methyl-group signals in its n.m.r. spectrum; acetylation
of 15 with acetic anhydride-d, gave the 4,6-bis(deuterioacetyl) analog 17. which
showed only one acetyl-group signal in its n.m.r. spectrum. Complete deacetonation
of 16 with acetic acid—-water gave amorphous 1,4,6-tri- O-acetyl-x-D-mannopyranose.
acetylation of which afforded x-D-mannopyranose pentaacetate (10a).

The foregoing reactions demonstrate the considerable synthetic utility of the
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acetonation procedure with alkyl isopropenyl ethers for the preparation, in high yield,
of novel, partially substituted derivatives of D-mannopyranose linked through each of
the ring-positions. The reactions proceed almost exclusively under kinetic control,
with attack at the primary hydroxyl group followed by cyclization to the 1,3-dioxane
ring-system the most-favored mode, and further attack to bridge a cis-vicinal diol
grouping being the next-favored reaction. In contrast, the classic acetonation
procedure with copper(II) sulfate-acetone, which requires a small proportion of a
mineral acid for the reaction to proceed at an effective rate (see Experimental section).
leads exclusively to the thermodynamic product, the diacetal 5, partial deacetonation
of which causes removal of the 5.6-O-isopropylidene group, to give 4.

There have been several recent reports®*'® on acetonation of sugars and their
derivatives with 2,2-dimethoxypropane~-p-toluenesulfonic acid; this reagent evidently
affords mixtures containing both kinetic and thermodynamic products, from which
the kinetic products may be isolated. For example. acetonation of b-mannose (1) with
this reagent gives® the thermodynamic acetal 5 and not the kinetic product (3 or 6).
Comparative studies in our hands have indicated that the method employing alkyi
isopropenyl ether provides a superior, preparative route for the kinetic products,
which are formed almost exclusively. The preparative procedure is simple, and
aftfords the acetals in higher yields than by other methods.

EXPERIMENTAL

General merhods. — The procedures used were as described in a previous
report®. The g.lc. injector was maintained at 230°. and two different column-
packings (OV-1, 2% and 5%0) were used. N.m.r. chemical-shifts are given in Table 1,
and Table I records spin-coupling data. The intensities of mass-spectral fragments are
expressed as percentages of the base peak, and ai/e values are recorded for major
fragments only. Assignments are in general accord with interpretations reported in the
literature for other O-isopropylidenehexoses and their acetates, but the possibility of
alternative formulations is not excluded.

Acetonation of -mannose (1) with isopropenyl methyl ether (2); preparation of
4.6-O-isopropylidene-v-mannopyranose (3). — A solution of pD-mannose (1; 5.4 g,
30 mmol) in dry N, N-dimethylformamide (20 ml) containing Drierite (1 g) was
maintained below 5° (ice-bath). and isopropenyl methyl ether (4.3 g, 60 mmol) and
p-toluenesulfonic acid ( ~20 mg) were added. The mixture was stirred magnetically
at 0-5" until monitoriag by t.l.c. indicated that all of the starting-material had
disappeared (~ 5 h), whereupon anhydrous sodium carbonate (~ 5 g) was added, and
the cold mixture was stirred vigorously for one h more. The mixture was filtered, and
the filtrate poured into ice—water (50 ml). The product was extracted with dichloro-
methane (4x20 ml), and the extracts were combined, and washed with water
(4 %20 ml). The aqueous phase and the combined, aqueous extracts were freeze-dried,
to yield an amorphous solid (mono-O-isopropylidene derivatives, Fraction A; 609).
Evaporation of the dried (sodium sulfate) dichloromethane extract gave a syrup
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(di-O-isopropylidene derivatives, Fraction B; 0.7 g). Detailed analytical charac-
terization of Fractions A and B is given later; Fraction A was essentially a mixture of
the anomers of 3, with the o anomer (3a) strongly preponderant.
4,6-0O-Isopropylidene-o-D-mannopyranose (3a). — The amorphous solid
(Fraction A, yield 91% of crude monoisopropylidene acetals) was recrystallized twice
from ethyl acetate to give 3a as a microcrystalline, white powder, vield 5.4 g (82%),
n.p. 156-157°, [3(][2,0 —1 (3 min) - —16 (5 min) —» —24° (final, 48 h; ¢ 1.2, water);
JEBr 9 90 broad (OH), 7.28 (CMe,), and 9-10 um (COCOC); m/e 205 (4.5, M* —Me),

187 (1.2, 205—H,O, m* 170.6), 161 (0.7, M* — Me,COH), 145 (1.2, 205— AcOH),
131 (3.3), 115(1.5). 103 (1.2), 102 (1), 101 (6.5), 85(2.4), 73 (7), 59 (30), 58 (26), and
43 (100); X-ray powder diffraction data: 6.88s (3), 6.00s (2), 5.37 vw, 4.75 vs (1),
439 m, 4.08 s, 3.90 w, 3.58 m, 3.20 m, 3.08 w, 2.91 w, and 2.75 m.

Anal. Calc. for CoH,04: C, 49.09; H, 7.27;0, 43.65. Found: C,49.53; H, 7.12;
0O, 43.67.

Compound 3a thus obtained was essentially the pure xz anomer, as shown by
g.l.c. of a per(trimethylsilyl)ated sample: the major peak for the derivative of 3a was
contaminated by less than 1-3% of that of 3b (see later, for g.l.c. data).

1,2,3-Tri-O-acetyi-4,6-O-isopropylidene-z-D-mannopyranose (7a). — A solution
of acetic anhydride (5.1 g. 30 mmol) in anhyvdrous pyridine (5 ml) was added at 0° to
a stirred solution of pure compound 3a (1.1 g, 5 mmol) in pyridine (5 ml) that was
prepared and utilized as rapidly as possible, in order to prevent possible 2 nomerization.
The mixture was stirred for 24 h at ~20° and then poured onto ice. The product was
extracted with dichloromethane, and the extract was washed with saturated, aqueous
sodium hydrogencarbonate (3 x 10 ml), dried (sodium sulfate), and evaporated, to
give 7a as a syrup that crystallized on slow evaporation of a solution in ethyl acetate
that had been passed through a small pad of Celite: yield 1.5 g (87%); m.p. 49°
(modification of form: remelting at 55°%), [z]3° +48° (¢ 1.0, chloroform); R, 0.75
(1:1 ethyl acetate—petroleum ether); 255 5.70 (C=0). 7.50 (CMe,), and 8.5-10 um
(COCOC), no OH absorption: mfe 331 (8, M7 —NMe-). 287 (0.6, M+ —AcO-).
245 (6.5, 287 —CH,CO), 227 (0.9, 287 —AcOH. m* 179.5), 226 (1.3, MY -2 AcOH)_

203 (1.4, 245—CH,CO. m* 168.2). 169 (8, 227—Me,CO), 157 (2, AcOCH=CH-
CHOACc), 143 (6.5. 203—AcOH, m* 100.7), 127 (3.5, 169—-CH,CO, m* 85.4).
115 (10, 157—CH,CO), 109 (8, 169 —AcOH, m* 70.3). 103 (1.3). 101 (5). 97 (1.9),
73 (3.5), 59 (6), and 43 (100).

Anal. Calc. for C,5sH,,04: C, 52.02; H, 6.36: O, 41.62. Found: C, 52.06;
H, 6.40: O, 41.55.

Analvtical characterization of products of acetonation of 1. — Chromatographic
analvses. The amorphous solid (Fraction A) and the syrup (Fraction B) from the first
experiment were analyzed by tl.c. and gl.c. The solid (A) showed only a single,
slow-migrating spot (R 0.27, ethyl acetate); with 4:1 ethyl acetate-methanol, it also
showed a single spot (R 0.55), but with a tail. These Ry values are very similar to
those of 2,3-O-isopropylidene-D-mannofuranose (4), so that differentiation of 3and 4
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by t.lc. is difficult. Analysis of a per(trimethylsilyl)ated sample of Fraction A by
g l.c. revealed two peaks, in the ratio of ~4:1, whose retention times (7y) are given (a)
relative to that of per(irimethylsilyl)ated 2,3:5,6-di-O-isopropylidene-D-mannose
(Me;Si-5), and also (6) (in parentheses) as absolute retention-times in sec (column
OV-1, 2%, 150°): Tx (Me;Si-5) 1.00 (538), Ty (major peak, Me,Si-3a) 1.49 (830),
T (minor peak, Me;Si-3b+ Me;Si-4) 1.86 (1039). Within the limits of experimental
error, the 7, value for a reference sample of 2,3-O-isopropylidene-1,5,6-tri-O-
(trimethylsilyl)-D-mannofuranose (Me;Si-4) was identical to that of the minor peak.

After the following experiment on the acetvlated products had shown that the
minor peak was probably a mixture of two compounds [per(trimethylsilyl)ated 3b and
4}, further g.l.c. analysis was performed with a column packed with 5% of OV-1. The
major peak remained a single component [T, (Me;Si-5) 1.00 (1340), T (major peak,
Me;Si-3a) 1.49 (2000) at 15071, but the minor peak was separated into two extremely
closely spaced components [T, 1.90 (2540)] that were better resolved at 170°.

The syrupy fraction (B) showed one major, fast-migrating spot (Rg 0.73, ethyl
acetate) followed by two very minor components (R; 0.56 and 0.47). It was purified
by column chromatography on silica gel (eluant 1:1 ethyl acetate-petroleum ether),
in order to remove the minor. slow-migrating contaminants (not isolated). A white.
crystalline solid was obtained whose m.p. [118° (modification) to 132° (total fusion)]
indicated that it was a mixture: [%]*°— 20° (¢ 1.2, chloroform): R 0.73 (ethy] acetate).
0.33 (1:2 ethyl acetate—petroleum ether) identical to those of an authentic sample of
2.3:3.6-di-O-isopropylidene-p-mannofuranose (5) [lit.'' for 5: m.p. 122-123-:
[#}p 167 (ethanol)]. A per(trimethylsilyl)ated aliquot was analyzed by g.l.c. (column
OV-1. 5%, 150°). It revealed two major peaks [T 1.00 (1340) and 7 1.24 (1660) in
the ratio of ~ 3:7}]. the first peak having a retention time identical to that of authentic
per(trimethylsilyhated 5: the second one corresponded to per(trimethylsilvijated 6
(see later data for 6). A very minor component [T 1.13 (1520)] was also detected.

Acetylation of the crude monoisopropylidene acetals (Fraction A), und isolution
of 1.2.3-tri-O-aceivl-4,6-O-isopropylidene-f-v-mannopyranose (7b). — For isolative
characterization of the minor components of Fraction A. a sample (6.6 g. 30 mmol)
in pyridine (20 ml) was acetvlated with acetic anhydride (18.4 g. 180 mmol in
pyridine (20 ml) according to the procedure described for preparation of 7a. The
syrup thus obtained (9.1 g. crude yield 88%:) showed three spots (a. b, and c)yin tle.
(Rp 0.75, 0.70, and 0.66, with I:1 ethyl acetate-petroleum ether; R 0.45, 0.38, and
0.33 with 1:2 ethyl acetate-petroleum ether). The mixture was resolved on a column
(432 100 cm) of silica gel (300 g) with 1:2 ethyl acetate—petroleum ether as the eluant,
and collection of 10-m! fractions. Fractions 130-1853 (spot a) contained the pure
z-triacetate 7a (4.5 g, 43%.). Fractions 186-191 were a mixture (0.2 g) of spot @ and
spot b. Fractions 192-210 were exclusively spot #. isolated as a pure, crystalline
compound (1.4 g, 1395) that was identified as J »2.3-tri-O-aceryl-4,6-O-isopropylidene-
B-t-mannopyranvse (7b): m.p. 53-62°, []3° —39° (¢ 1.0, chloroform): DAy
strong (C=0), 7.30 (CMe,), and 8.5-10 um (COCCC), no OH absorption; nife 331
(I3, M~ —Me-), 287 (0.5. M~ ~AcO-), 245 (11, 287—CH,CO), 227 (0.5, 287—
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AcOH), 226 (0.5, M* —2 AcOH), 203 (2.5, 245—CH,CO, m* 168.2), 169 (4.,

227 —Me,CO), 157 (4.5, AcOCHzCH—éHOAc), 143 (10, 203— AcOH, m* 100.7),
127 (3, 169~ CH,CO, m* 95.4), 115 (18, 157—CH,CO, m* 84.2), 109 (5.5. 169 —
AcOH, m* 70.3), 103 (2.2), 101 (7), 97 (2.5). 73 (4.5), 59 (9), and 43 (100).

Anal. Cale. for C;5H,,04: C, 52.02; H. 6.36: O, 41.62. Found: C, 52.00:
H. 6.38: O, 41.64.

Fractions 211-216 contained a mixture (0.4 g) of spots & and c. Finally,
fractions 217-250 contained spot ¢ alone, isolated as a pure syrup (0.8 g, 8%) and
identified as /,5,6-1ri-O-acetyl-2.3-O-isopropylidene-x-p-mannofuranose (8). slightly
contaminated (n.n.r.) by the 8 anomer: [x]3° +40° (¢ 1.4, chloroform) !lit.*
m.p. 58.5-59°, [2]3Y +49.9° (tetrachloroethane)}: mje 331 (32, MT—Me.). 287
(8, M- ~AcO"), 245 (4, 287— -CH,CO), 226 (2.5, M~ —2 AcOH), 203 (1.5,

245—-CH,CO). 169 (15, 227—Me,CO), 157 (2.7, ACOCH:CH—EHOAC), 143 (3.5,
205 —~AcOH). 127 (8, 169—Me.CO, m* 954), 115 (11, 157—CH,CO), 109 (9.
169 — AcOH), 103 (3). 101 (7). 98 (10.5). 97 (5), 85 (7.5), 73 (2.5), 71 (7). 39 (7). and
43 (100).

The ratio of pyranose to furanose forms isolated in this experiment was ~9:1,
and the ratio of the x to ff pyranose anomers was ~4:1. The n.m.r. spectrum of the
crude mixture of the three acetates showed the presence of » and f# anomers in the
ratio of ~ 3:1.

Acetvlution of crude diisopropylidene acetals (Fraction B). and isolution of
[-O-aceryi-2.3:4,6-di-O-isopropi lidene-2-vp-mannopy ranose (13) aind ity iomer 12. —
As direct separation of the two major derivatives in Fraction B appeared to bhe
practically impossible. acetylation was performed on a further 2.0 g of the mixture.
following the procedure already described for Fraction A. but with twice the
stoichiometric amount of acetic anhydride. Analysis of the resulting svrup (2.1 g.
919%) by t.l.c. showed two components ( R 0.64 and 0.55: 1:2 ethyl acetate—petroleum
cther), which were sepurated by column chromatography on silica gel (same eluant).
First eluted was compound 13: vield 1.15 g (50%). m.p. 143-147° (after recrvstal-
lization from methanol-water). [2]5° +3” (¢ 1.0. chloroform); M 575 (C=0).
7.25 and 7.30 (CMe,), and 8.3-10 um (COCOQC). no OH absorption: m/e 287 (20.
MT —Me-), 259 (0.9. M —~MeCO ). 244 (12, 287 — MeCO -). 243 (5.5. 287 — AcO ).
229 (1.5, 287—Me,CO, m~™ 182.7). 227 (1.3, 287—AcOH. m* 179.5). 202 (1.6.
244 —CH-CO). 201 (10, 287—2MeCO-, m* 140.8). 187 (1), 186 (1). 185 (3.5,
227—AcO-, m* 150.7), 173(1.6). 169 (5, 229—AcOH). 143 (11, 201 —Me,CO,
m* 101.7), 141 (3), 129 (2), 127 (S). 113 (12), 101 (23). 100 (3). 97 (9), 85 (13), 73 (2.5).
71 (3.5), 59 (21). 37(4). and 43 (100): X-ray powder ditfraction data: 9.84s (2),
822m, 743 m, 393 vw. 5.07vs(1). 4.68m, 445s5(3). 429w, 41l m. 3.83 w.
3.73 vw, and 3.43 w.

Anal. Cale. for C,,H,,0-: C. 55.63: H, 7.28: O, 37.09. Found: C. 55.44:

H, 7.19; O, 36.95.
Eluted after 13 was /-O-acetyl-2,3:5.6-di-O-isopropyvlidene-z-pD-mannofuranose
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(12: 0.45 g, 19%), isolated as a syrup; [«]2° +45° (¢ 1.6, chloroform) (lit.® [«]3° +45°
in chloroform); A%!™ 575 strong (C=0), 7.30 strong (CMe,), and 8.5-10 um (COCOC)
no OH absorption; mfe 287 (43, MT —Me-), 259 (04, M~ —MeCO ), 243 (1.6,
287—AcO ). 229 (12, 287 — Me»CO), 201 (1.5, 287 -2 MeCO -, m* 140.8), 195 (16).
194 (2.5), 169 (1.5, 229 — AcOH, m™ 124.7), 143 (3, 201 —Me,CO), 141 (2.5), 128 (2.5),
127 (38), 115(2.3), 109 (4), 102 (2.8), 101 (63), 99 (4.5), 98 (3.5). 97 (2.5), 85(9.5),
72 (9), 59 (15), and 43 (100).

Deacetonation of 7a to 9a, and subsequent acetyiation to give x-D-mannopyranose
pentaacetate (10a) and its 4,6-bis(trideuterioacetyl) analog (11a). — A solution of 7a
(1.7 g. 5 mmol) in 1:3 acetic acid—-water (50 ml) was heated for 1 h at 50°, whereupon
t.l.c. (ethyl acetate) indicated disappearance of 7a and formation of a single com-
ponent having Ry 0.46. The solution was freeze-dried. to afford amorphous 7,2,3-tri-
O-acetyl-z-D-mannopyranose (9a; 1.4g. 93%): m.p. 62-64°, [«]3° +45° (¢ 0.9,
chloroform); AKBr <3 (very broad, OH), 5.80 (C=0), and 8.5-10 pm (COCOC);
me 247 (2.5, M* —AcO ), 246 (0.3, M~ —AcOH), 245 (2.2, MT —H,O0 —MeCO - ),
217(2), 215 (l.6, 246— -CH,OH), 203 (0.6, 245—-CH,CO), 173(0.7). 138 (3.

246 — AcOCH=0). 157 (10, ACOCHZCH—CF{O}\C, m* 100.6 from mije 245), 145 (1.8),
144 (1.5). 143 (2.5, 203 — AcOH, m* 100.7), 127 (1.8). 126 (0.9), 116 (3.3, 158§ — CH,CO,
m* 83.2). 115 (32, 157—CH,CO, m* 84.2), 103(3.5), 102 (2), 101 (0.7). 98 (6).
97 (2.5). 85 (4). 73 (20, 115—CH,CO, m™ 46.3), 60 (7), and 43 (100).

A solutlon of acetic anhydride (5 ml) in pﬁrridine (5 ml) was slowly added at 0~
to a stirred solution of 9a (0.5 g) in pyridine (3 ml). After i2 h at ~25°, the solution was
processed as already described for the isolation of 7a, to give 10a as a syrup (0.35 g.
85%6) that crystallized after a few days. Recrystallization from methanol plus a few
drops of water gave pure 10a, m.p. 75-76°, [«]3° +33° (¢ 1.0, chloroform) {lit.!?
m.p. 74°, [#]3> +36.6° (chloroform)}: R; 0.27, ethyl acetate; ;KB 5.8 ym very strong
(C=0). no OH absorption. -

The foregoing procedure was repeated with 0.5 g of 9a, but with use of acetic
anhydride-ds. Al data recorded for the product 11la thus obtained were closely
comparable to those given for 10a. except for the n.m.r. spectrum (see Table D,
which showed signals for only three of the five acetyl groups.

Deacetonation of Tb to 9b, and subsequent acetviation to give f-D-manno-
pyranose pentaacetate (10b) and its 4.6-bis(trideuterioacetyl) analog (11b). — The
deacetonation procedure used in the foregoing experiment was repeated with 1.0 g
of 7b, to give 1,2,3-tri-O-acetyl-f-p-mannopyranose (9b; 0.8 g, 91%); m.p. 147-149°,
[15° —32° (¢ 1.5, chloroform); R, 0.43 (ethyl acetate); 8Bt 3 very broad (OH),
5.75 (C=0), and 8.5-10 yum (COCOC); m/e 288 (0.5, M?T —H,0), 247 0.7, M¥ —
AcC-), 246 (0.5, M~ —AcOH), 245 (4, 288 —MeCO "), 217 (2.5), 215 (3.3, 246—
‘CH,0H), 203 (1.2, 245—-CH,CO), 173 (1.3), 158 (3.5, 246 — AcOCH=0), 157 (17,
AcO-CH=CH-CHOAGC), 145 (3.5), 144 (3), 143 (5.5, 203 — AcOH), 127 (6), 126 (5.5),
116 (6, 158—~CH,CO), 115 (55, 157—CH,CO), 103 (9.5), 102 (4), 101 (7), 98 (13),
97 (7). 85(11), 73(30), 60 (9.5), and 43 (100); X-ray powder diffraction data:
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9.13s(3), 8.78m, 7.67vw, 6.94vs (1), 589 m, 542 m, 542m, 5.11 m, 4.45s(2),
433 m, 4.20 w, 3.96 w, and 3.81 m.

Compound 9b (0.3 g) was treated with acetic anhydride, and an additional
0.3 ¢ was treated with acetic anhydride-d,, by the procedure described for the
anomer. The former experiment gave 0.30 g (80%) of crystalline 10b, m.p. 116-117°
(from methanol-water), [x]3° —24° (¢ 1.2, chloroform) (lit.!3 m.p. 117-118°, [«]3°
—25.3° in chloroform); 4557 5.8 um (very strong C=0), no OH absorption. For the
4,6-bis(trideuterioacetyl) analog 11b, all of the data were essentially identical to those
recorded for 10b, but the n.m.r. spectrum (see Table 1) showed signals for only three
of the five acetyl groups.

Preparative diacetonation of D-mannose (1) with isepropenyl methyl ether (2) to
give 2,3:4.6-di-O-isopropylidene-z-D-mannopyranose (6), isolated via its I-acetate 13. —
A solution of D-mannose (1: 5.4 g, 30 mmol) in dry N,N-dimethylformamide (20 ml)
containing Drierite (I g) was maintained at ~ —10°, and isopropenyl methyl ether
(2: 4.3 g, 60 mmol) and p-toluenesulfonic acid (~20 mg) were added. The mixture
was stirred magnetically for ~3 h, and then a further amount of the ether 2 (4.3 g,
60 mmol) was added dropwise during ~2 h, the temperature being kept at ~ —10°.
T.l.c. (ethyl acetate) indicated that slow-migrating components (Ry <0.5) were
absent. The mixture was then treated exactly as described for the preparation of the
monoacetal 3. In the present experiment, the aqueous phase contained only traces of
monoacetals. Evaporation of the dichloromethane extract gave an amorphous solid
whose properties in t.l.c. (1:2 ethyl acetate-petroleum ether) were very similar to those
of the syrup (B) described in the first experiment, except for the presence of very
minor, fast-migrating contaminants. G.l.c. of a per(trimethylsilyl)ated sample
showed the same two major peaks, in 3:17 ratio (in order of elution). The mixture
was acetvlated conventionally with acetic anhydride and pyridine. Evaporation of the
solvents, and nucleation with crystalline 13 (nucleation was not needed in subsequent
preparations) gave solid 13. One recrystallization from methanol-water gave
reasonably pure 13; a second recrystallization afforded analytically pure /-O-acety/-
2,3:4,6-di-O-isopropylidenc-z-D-mannopyranose (13), yield 59g (65% from D-
mannose). having physical and spectral data identical to those already described.

The mother liquors contained additional 13 (0.2 g was recovered crystalline
after long keeping), together with [-O-acetyl-2,3:5,6-di-O-isopropylidene-x-D-
mannofuranose; the latter was not isolated.

The acetate 13 was deacetylated conventionally: a solution prepared from
sodium (0.05 g) in anhydrous methanol (10 ml) was added to a solution of 13 (1 g) in
methanol (10 ml). After 2 h at ~20° all of the starting material had disappeared.
Sodium ions were removed by shaking the solution with Amberlite IR-120 (H ™) resin,
to bring it to neutrality (it was necessary to check the pH carefully during addition
of the resin, because of the acid-sensitivity of the isopropylidene groups; see later).
The resin was filtered off, and the filtrate was evaporated, to give the crystalline
diacetal 6; yield 0.85 g (93%). The product could be recrystallized from hexane, or
ethyl acetate; it had m.p. 139-141°, [«]2° —39 (initial) ——350° (final, 48 h; ¢ 1.0,
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chloroform); the Ry and T, values were identical to those already given; 2B 2.9
broad (OH), 7.30 (CMe,), and 8.5-10 um (COCOC); mfe 260 (0.5, M™), 245 (50,
MT™—Me-), 217 (2.5, MT —MeCO-), 202 (0.8, M?¥ —-Me,CO), 187 (6.5, 245—
Me,CO, m* 142.7). 185 (0.5, 245— AcOH), 169 (1.8, 187—H,0), 159 (17), 145 (2.5),
141 (2.5), 131 (25), 130 (2.5), 129 (13), 127 (9), 115(4.2), 113 (3), 102 (2), 10i (16),
100 (22), 99 (4.5), 98 (5), 97 (3.2), 85 (13), 81 (8), 73 (11), 71 (6), 69 (19), 39 (95), and
43 (100): X-ray powder diffraction data: 9.82s(2), 5.54vs(1), 4.24 m (3), and
3.87 vw. .

Anal. Calc. for C,,H,,04: C, 53.38; H. 7.69; O, 36.92. Found: C, 53.21;
H. 7.65; O, 37.20.

Conrersion of 4,6-O-isopropylidene-v-mannopyranose (3) into the 2,4:4,6-diacetal
6. — A suspension of the monoacetal 3 (1 g) and anhydrous coppei(11) suifate (5 g) in
pure acetone (20 ml) was shaken vigorously for 48 h and then filtered. Evaporation of
the filtrate gave 1.05 g (89%) of the diacetal 6. G.l.c. of a per(trimethylsilyl)ated
aliquot showed a principal peak corresponding to the (trimethylsilyl)ated diacetal 6
contaminated by < 5% of the derivative of the furanoid isomer 5.

It should be noted that, in cne experiment performed with a different sample of
copper(Il) sulfate, complete isomerization of 6 to the thermodynamically favored.
furanose form S occurred.

Selective deacetonation of the diacetal 13: preparation of [-O-acetyl-2,3-O-
isopropylidene-z-D-mannopyranose (18). — Deacetonation with acetic acid-water. A
suspension of 13 (0.5 g) in 1:3 acetic acid—-water (20 ml) was stirred at room tempera-
ture until dissolution was complete (~ I h). The solution was then refrigerated (~0°)
overnight. T.Lc. then indicated the presence of 15 as the major component (R, 0.43.
ethyl acetate) and a slow-migrating, minor component (R, 0.05). The solution was
freeze-dried, to give crude 15 as a microcrystalline powder that could be effectively
purified by recrystallization from ethyl acetate: vield 0.32 g (74%). In a similar
experiment performed with | g of 13, the mixture was chromatographed (silica gel,
30 g: ethyl acetate) to give pure 15; yield 0.62 g (70%) as a microcrystalline powder.
m.p. 130-131°, [«]3® +24.5° (¢ 0.9, chloroform); Ry 0.43 (ethyl acetate); 7KB* 2.95
and 3.03 (OH), 7.30 (CMe,), 5.67 (C=0), and 8.35-10 um (COCOCQC): m/e 247 (10,
M~ —Me-), 229 (0.2, 247—-H,0, m* 212.3), 219 (0.8, M1 —MeCO-), 204 (0.7,
MT —Me,CO). 203 (6.5, M~ —AcO-), 202 (6.5, M~ —AcOH), 188 (0.7, 219—
‘CH,OH. or 247—-AcO ), 187 (8, 247—AcOH, m* 141.6), 169 (0.5, I87—H,0.
m* 152.7), 161 (2), 145 (9). 144 (3), 143 (1.5), 131 (2.5), 129 (9), 127 (10, 187~ AcOH,
m* 86.2), 116 (2), 115(6), 109 (3.5), 101 (4), 100 (5), 99 (6), 98 (9), 97 (7), 85 (20),
73(22), 71 (9), 59 (40), and 43 (100); X-ray powder diffraction dara: 8.38 vs (1).
746 m (3), 4.74 vs (2), 447 m, 4.12 m, and 3.83 m.

Anal. Calc. for C,{H,30,: C, 50.38; H, 6.87: O, 42.75. Found: C, 50.32;
H, 6.69; O, 42.5].

G.Lc. analysis (OV-1, 5%, 170, with Me;Si-5 as reference; T 1.00) of a
per(trimethylsilyl)ated aliquot of the freeze-dried, crude product revealed the
presence of a major component having 7T 1.74 (1020) (~80%, Me,;Si-15), a minor
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one having Ty 2.52(1475) (~15%, Me;Si-14), plus four trace-products having
T 1.88(1100), 2.15(1260), 3.60(2105), and 3.85(2255), these last amounting
altogether to ~5% of the total mixture. (All of these components were detected in
the mixtures obtained during deacetonation with trifluoroacetic acid or Amberlite
IR-120; see following paragraphs.) A preliminary experiment conducted at room
temperature resulted in an increase of these by-products. None of them corresponded
to a per(trimethylsilyl)ated sample of p-mannose which, under the same conditions,
gave a peak having Ty 2.35.

Deacetonation with trifluoroacetic acid-water. A suspension of 13 (0.5 g) in
1:9 trifluoroacetic acid-water (20 ml) was stirred at room temperature until a
homogeneous solution was formed (~1 h), and the soluticn was kept overnight at
~0°. T.lc. then indicated complete disappearance of starting material. and the
presence of a major, slow-migrating spot (Ry 0.05, ethyl acetate), presumably the
monoacetate 14. The solution was freeze-dried to a glass. A per(trimethyisilyl)ated
aliquot thereof showed. in g.l.c. (OV-1 5%, 170°: reference Me;Si-5), a peak [Ty
2.32 (1475)] that amounted to ~40% of a mixture of about ten peaks. The mixture
was acetylated conventionally. and column chromatography (30 g of silica gel:
eluant 1:2 ethyl acetate-petroleum ether) of the resulting syrup allowed isolation of i
crystalline compound identified, by mixed m.p. and n.m.r. spectrum, as x-D-manno-
pyvranose pentaacetate (10a; 0.2 g, 30%).

Deacetonation with Amberlite IR-120 (H ™) resin. A solution of 13 (0.5 g) in
methanol (20 ml) was stirred overnight at ~20° with Amberlite IR-120 (H™) resin
(3 ml). T.l.c. then indicated complete disappearance of starting material, and the
presence of one major spot (I14: R, 0.05 in ethyl acetate). The resin was filtered off,
and the filtrate evaporated. G.l.c. of a per(trimethylsilyl)ated aliquot thereof showed
the same major peak (7, 2.30, same conditions and reference as the preceding) as
was detected in the foregoing experiment, but, in this instance. it comprised ~85% of
the mixture (the other 13% arose from no more than four peaks). The mixture was
acetylated, and the resulting solid was recrystallized from methanol-water. to give
z-D-mannopyranose pentaacetate (10a): vield 0.33 g (51%). identified by mixed m.p..
and n.m.r. spectrum.

1,4,6-Tri-O-acetvl-2.3-O-isopropylidene-z-p-mannopyranose (16) und its 4.6-
bis(trideuterioaceryl) analug (17). — Selective deacetonation of 13 (1 g) was conducted
with acetic acid—water as already described. The microcrystalline, freeze-dried com-
pound (0.76 g) was divided into two equal parts. The first was acetylated with acetic
anhydride-pyridine. to give an amorphous solid (one major spot in t.l.c.); it was twice
crystailized (methanol-water), to give pure 16; yield 0.76 g (66%), m.p. 126-127".
[)2° —2° (¢ 1.0, chloroform); Ry 0.40 (1:2 ethyl acetate-petroleum cther); 25ic" 5.7
strong (C=0). 7.30 (CMe,), and 9-10 um (COCOC), no OH absorption: uife 331
(4.2, MT—Me-), 303 (0.6, M~ —MeCO-), 288 (0.5, M*—Me,CO), 287 (
M7 —AcO ), 286 (0.6. MT —AcOH), 271 (0.2, 331 —AcOH. m* 221.9). 245 (0.5.
287—~CH,CO), 229 (1.1, 288—AcO -, m* 182.1), 169 (18, 220 —-AcOH), 157 ().
145 (1.8), 139 (3.5), 127 (6), 115 (3), 109 (15, 169 — AcOH, m* 70.3), 103 (2). 101 (1.5).

A
3
3.5.
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100 (2), 99 (1.5), 98 (7), 97 (6), 85 (7), 81 (3.8), 73 (2), 69 (2), 59 (4), and 43 (100);
X-ray powder diffraction data: 11.25 m, 9.68 vw, 7.11 2, 6.65m (3), 6.25m, 5.55 w,
468w, 4265 (2), 4.12s (1), 4.83 vw, and 3.58 vw.

Anal. Calc. for C;5H.,04: C, 532.02; H, 6.36; O, 41.62. Found: C, 52.75;
H, 6.44; O, A1.71.

The other half was acetylated with acetic anhydride-d,. All data recorded for
compound 17 thus obtained were closely comparable to those given for 16, except for
the n.m.r. spectrum (see Table 1), which showed a signal for only one of the three
acetyl groups.

Deacetonation of 16, and acetylation to give u-D-mannopyranose pentaacetate
(10a). — A suspension of 16 (0.2 g) in 1:3 acetic acid—water (20 ml) was stirred for 1 h
at ~ 50°. The resulting solution was freeze-dried, and the amorphous solid acetylated
(acetic anhydride-pyridine), to give 10a, which was recrystallized from methanol-
water (vield 0.19 g, 83%). and identified by mixed m.p., and n.m.r. spectrum.

Preparation of authentic samples of 2,3:5,6-di-O-isopropylidene-D-mannofuranose
(5) and 2,3-O-isopropylidene-D-mannofuranose (4). — These compounds were prepared
by modification of the methods described by Iwadare’.

A suspension of 1 (10 g) and anhydrous copper(Il) sulfate {10 g) in acetone
(200 ml) was stirred vigorously. After 48 h, analysis by t.l.c. indicated that only a
small proportion of the pD-mannose had reacted, giving essentially one fast-migrating
product (the products of kinetic reaction of D-mannose with alkyl vinyl ethers were
undetectable). One drop of concentrated sulfuric acid was then added, and the
suspension was stirred for an additional 48 h. Practically all of the starting material
had then reacted. The suspension was filtered, and sodium carbonate (5 g) and water
(10 ml) were added to the filtrate, which was then evaporated. The resultant syrup
was extracted with dichloromethane (100 ml), and the extract was washed with
aqueous sodium carbonate (3 x 5 ml), dried (sodium sulfate), and evaporated, to give 5
(8.6 g, 63%), which was recrystallized from hexane, m.p. 120-122°, [«]3° +12°
(¢ 1.1, chloroform); {lit.'* m.p. 122~123°, [«]p +16° (ethanol)}. Its mass spectrum
was in close accord with that described by DeJongh and Biemann'¥, notably m/e 245
(57. M~ —Me ), 187 (11, 245—Me,CO), 159 (1.3, Mt —101), 101 (62), and 43 (100}

A solution of compound 5 (5 g) in a citrate buffer solution, pH 4.0 (Puffer-
16sung pH 4.0, Merck: 100 ml) was heated for 2 h at 150°, cooled, and freeze-dried.
The solid mass thus obtained was triturated with anhydrous methanol. The methanolic
extract was evaporated. and the resulting syrup was chromatographed on silica gel
(eluant, 4:1 ethyl acetate-methanol), to give 4 (0.9 g, 20%) which did not crystallize;
[«]3° —3° (final, 48 h; ¢ 1.0, water) {lit.5 m.p. 80.5-82°, [x]A3 —3.7° (40 h, water)}.
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