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lie at the apices of a trigonal prism and
the remaining two beyond the centres of
two of the three prism faces. This corre-
sponds to a 9-coordination with one of the
coordination sites unoccupied. The Pb—Br
distances range from 2.94 A to 3.47 A,
the mean value being 3.20 A. The Pb—0O
bond distance is 2.59 A.

A full report of the structure determination
will soon be published in this journal.
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Methyl 3,6-di-O-benzoyl-«-D-mannopy-
ranoside is readily prepared by partial
benzoylation of methyl] «-D-mannopyrano-
side! and should provide a convenient
starting material for the syntheses of
2,4- and 3,6-di-O-methyl-D-mannose. These
substances, which were needed in connec-
tion with methylation analysis of poly-
saccharides, containing D-mannose resi-
dues, had not previously been synthesized
at the outset of the present work. Recently,
however, Bhattacharjee and Gorin? re-
ported the synthesis of the pure 2,4-
dimethyl ether and of the 3,6-isomer,
contaminated with other ethers. Another
synthesis of the 2,4-dimethyl ether was
reported by Murty and Siddiqui® and
methyl 3,6-di-O-methyl-«-D-mannopyrano-
side was obtained, by Handa and Mont-
gomery,’ as one of several products on
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partial methylation of methyl «-D-manno-
pyranoside.

Methyl 3,6-di-O-benzoyl-«-D-manno-
pyranoside (I) was converted, by treatment
with ethyl vinyl ether and an acidic
catalyst, into the 2,4-di-O-(1’-ethoxyethyl)
derivative (IT) which provided the starting
material for both syntheses. Syrupy II
(a mixture of stereoisomers) was deben-
zoylated and then benzylated to give III.
Removal of the 1’-ethoxyethyl groups by
mild acid hydrolysis yielded IV, which
upon methylation and subsequent removal
of the benzyl groups by catalytical hydro-
genation of the intermediate V, gave
methyl 2,4-di-O-methyl-a-D-mannopyrano-
side, VI. Acid hydrolysis of VI yielded the
crystalline 2,4-di-O-methyl-D-mannose. The
total yield from I was 26 %,.
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Methyl 3,6-di-O-benzoyl-2,4-di-0-(1’-

ethoxyethyl)-«-D-mannopyranoside (II) on
debenzoylation and subsequent methyla-
tion yielded VII. This on mild acid
hydrolysis yielded methyl 3,6-di-O-methyl-
a-D-mannopyranoside, VIII, in a total
yield from T of 50 9. Part of the amorphous
VIII was converted into the crystalline
2,4-di-p-nitrobenzoate. 3,6-Di-O-methyl-D-
mannose was prepared by acid hydrolysis
of VIII.

The syntheses were followed by TLC
and most of the products characterized
by NMR. The structures of the 2,4- and
3,6-di-O-methyl-D-mannose were confirmed

by converting them into the alditol ace-



2672

tates, which gave the expected mass
spectra.® The retention times of the alditol
acetates, relative to that of 1,6-di-O-acetyl-
2,3,4,6-tetra-O-methyl-D-glucitol, on an
ECNSS-M column, were determined.

Experimental. Concentrations were per-
formed at reduced pressure. Melting points
are corrected. Optical rotations were deter-
mined at room temperature with a Perkin-
Elmer 141 polarimeter. NMR spectra, in
deuterochloroform, were recorded with a
Varian 60 A spectrometer using tetramethyl-
gilane as internal reference. Chemical shifts (J)
are given in ppm downfield from tetramethyl-
silane. In the section below, only pertinent
parts of the NMR spectra are presented. The
remainder of the spectra were invariably in
accordance with the presumed structures.
TLC was performed on silica gel GF;, (Merck).
Sulphuric acid was used as spray reagent.
GLC-MS was run on a Perkin-Elmer 270
instrument. Spectra were recorded at a mani-
fold temperature of 200°, an ionization current
of 80 uA and a temperature at the ion source
chamber of 80°. Light petroleum refers to a
fraction with b.p. 40—60°.

Methyl 3,6-di-O-benzoyl-2,4-di-O-(1’-ethoxy-
ethyl)-o-D-mannopyranoside (II). Ethyl vinyl
ether (5 ml) and then 0.4 9 hydrogen chloride
in dichloromethane (1 ml) were added to a
solution of the dibenzoate I (4.5 g) in dichloro-
methane (50 ml). After 20 h at room tempera-
ture the solution was neutralized with solid
potassium carbonate and then washed with
5 % aqueous potassium carbonate, dried over
sodium sulphate and concentrated to a syrup
(6.7 g), showing [a]p+53°(c, 0.1, chloroform).
TLC (light petroleum-ethyl ether, 2:1) showed
& single spot. NMR: Two multiplets, at 8.1
(4H) and 7.5 ppm (6H) were assigned to
aromatic protons, a singlet, at 3.44 ppm
(3H), to the methoxyl and multiplets at
1.4—0.8 ppm (12H), to the methyl protons
of the 1’-O-ethoxy-ethyl groups.

Methyl 3,6-di-O-benzyl-a-D-mannopyranoside
(IV). A solution of II (5.6 g) in methanol
(50 ml) was treated with barium oxide (100 mg)
at reflux temperature for 1 h, filtered and
concentrated to a syrup (5.3 g). TLC (ethyl
acetate) showed a single spot. The syrup
(2.4 g), which was not further purified, was
treated with benzyl chloride (40 ml) and
powdered sodium hydroxide (25 g) under
nitrogen with stirring at 130—140° for 2 h.
After cooling, methanol (40 ml) was added,
the mixture refluxed for 2 h, cooled and poured
into water (100 ml). The mixture was extracted
with chloroform, the chloroform solution
dried over sodium sulphate and concentrated.
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The crude dibenzyl ether, III, was hydrolyzed
in 50 9% aqueous acetic acid (100 ml) at 100°
for 1 h. Concentration yielded a product
which on TLC (toluene-ethyl ether, 1:1) gave
a major spot in addition to a minor, tentatively
identified as due to dibenzyl ether. Small
amounts of slow-moving components were
also present. The mixture was separated on
a silica gel column, (toluene-ethyl acetate, 1:1),
and IV (735 mg) was obtained chromato-
graphically pure. NMR: A multiplet at 7.4 ppm
(10H) was assigned to the aromatic protons,
singlets at 4.73 ppm (2H) and 4.67 ppm (2H)
to the benzylic protons and a singlet at
3.42 ppm (3H) to the methoxyl protons.

Methyl 2,4-di-O-methyl-a-D-mannopyranoside
(VI). Syrupy IV (6756 mg) was methylated in
methyl sulphoxide (10 ml) under nitrogen with
methylsulphinyl sodium (from 250 mg sodium
hydride in 10 ml methyl sulphoxide) and
methyl iodide (10 ml) essentially as described
by Hakomori.* The resulting solution was
poured into water (50 ml) and the mixture
extracted with light petroleum. The combined
extracts were dried over sodium sulphate and
concentrated. The syrupy product (V), in
ethanol (20 ml) was hydrogenated at room
temperature and atmospheric pressure, using
as catalyst 10 9%, palladium on carbon? (4 g).
Filtration and concentration yielded chromato-
graphically pure VI (241 mg, TLC; ethyl
acetate-methanol, 10:1). NMR: Singlets at
3.48 (3H), 3.46 (3H), and 3.30 (3H) were
agsigned to the methoxyl protons.

2,4-Di-O-methyl-D-mannose. Hydrolysis of
VI in 0.256 M sulphuric acid at 100° overnight
afforded, in almost quantitative yield, 2,4-di-
O-methyl-D-mannose. It showed m.p. 120—
123°, [¢]p + 12°(c, 0.2, water),in good agreement
with published values.??

Methyl 3,6-di-O-methyl-a-D-mannopyranoside
(VIII). I (6.7 g) was debenzoylated as de-
soribed above and the product, in dry dioxane
(200 ml), treated under stirring with methyl
sulphate (15 ml) and powdered sodium hy-
droxide (25 g) at 60° overnight. The filtered
solution was concentrated to a syrup (4.60 g)
which, without further purification, was hy-
drolyzed in 50 9, aqueous acetic acid (100 ml)
at 100° for 1 h. Concentration afforded crude,
syrupy VIII, which was purified by chromatog-
raphy on a silica gel column (ethyl acetate-
methanol. 10:1). VIII (1.38 g) was obtained
as a chromatographically pure syrup (TLC;
ethyl acetate-methanol, 10:1). A derivative,
methyl 3,6-di-O-methyl-2,4-di-O-p-nitro-
benzoyl-a-D-mannopyranoside showed m.p.
51—54° and [a]p—88° (¢, 0.6, chloroform)
(Found: C 53.2; H 4.77; N 5.43. CyH,,N,0,,
requires: C 53.1; H 4.65; N 5.38).
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3,6-Di-O-methyl-D-mannose was prepared
from VIII by acid hydrolysis as described
above. The substance, which did not crystallise,
showed [«]p,+4° (¢, 0.8, water) in agreement
with a previously determined value.*

GLC-MS. The 2,4- and 3,6-di-O-methyl-D-
mannoses were converted into the corre-
sponding alditol acetates, which were
chromatographically homogeneous on GLC.
The retention times, on an ECNSS-M-column,
relative to that of 1,5-di-O-acetyl-2,3,4,6-tetra-
O-methyl-D-glucitol,® were 5.44 and 4.15,
respectively. The fragmentation patterns on
MS were indistinguishable from those of other,
authentic 2,4- and 3,6-di-O-methyl hexitol
acetates,® respectively.
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later orbitals are often used in molecular

calculations. In these cases orbital ex-
ponents obtained by the so-called Slater’s
rules (see for instance Ref. 1) are generally
applied, although these values were origi-
nally created for atomic purposes. For hy-
drogen the difference between the so
obtained “atomic’ and suggested ‘“molec-
ular” wvalues is not negligible, Slater’s
rules giving 1.0 as compared to 1.2 ob-
tained by minimizing the energy of the
hydrogen molecule.? As regards the electron
density distribution, a greater value of the
exponent of the hydrogen orbitals will
concentrate the charge somewhat more
at the hydrogen atoms.

In order to ensure that the principal
results obtained earlier by using the value
1.03 for the hydrogen Slater exponent are
not violated by a change to 1.2, some
recalculations have been made applying
the suggested value 1.2 in the calculations
of the eigenvectors as well as in the
evaluation of the density function. From
Figs. 1, 2, and 3 we see that the general
picture of the valence electron density
distribution of methane in its normal state
and under deformation (at angles of 120°
and 60°, respectively, mutually between
the symmetrically moved three interatomic
vectors, i.e. 90° and 140°, respectively,
between the moving veectors and the fixed
one) is essentially the same as in the preced-
ing calculations, the difference being merely
a higher charge at the sites of the hydrogen
atoms. (It should be pointed out that the
levels are not exactly the same in the two
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