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Some Cyclic Acetals of D-Glucose and its Derivatives

By R. L. MELuIEs, C. L. MEHLTRETTER AND C. E, RisT

Cyclic acetals have been prepared from carbo-
hydrate substances by condensation with a large
number of aldehydes including formaldehvde,
acetaldehyde, furfural and benzaldehyde.® The
present work extends the series of cyclic acetals
obtained by reaction of aldehydes with p-glucose,
methyl a-p-glucoside and bp-sorbitol. Acetalde-
hyde, paraldehyde, propionaldehyde, butyralde-
hyde and isobutyraldehyde were found to condense
smoothly with p-glucose to produce acetals. Stear-
aldehyde did not react with D-glucose but gave a
monostearylidene derivative with D-sorbitol. The
condensation of propionaldehyde with methyl a-D-
glucoside yielded methyl 4,6-propylidene-a-p-glu-
coside and methyl 2,3-oxidodipropylidene-4,6-pro-
pylidene-a-p-glucoside. The structures of these
two compounds were established by methods
analogous to those used by Appel, ef al.,® for deter-
mining the structure of the corresponding ethvli-
dene derivatives. Methylation of methvl 4,6-
propvlidene-a-D-glucoside with methyl iodide and
silver oxide followed by reaction with beuzaldehyde
and zinc chloride gave the known methyl 4,6-
benzylidene-2,3-dimethyl-a-p-glucoside.* The as-
sumption of the 4,6-structure for the monopropyli-
dene derivative was therefore correct.

The oxido compound, by reaction with bromine
in ether solution, yielded methyl 4,6-propylidene-
a-D-glucoside. From the latter substance the
oxido compound could be reformed by treatment
with propionaldehyde in the presence of a trace
of concentrated sulfuric acid. . Ultimate analysis,
molecular weight determination and failure to
react with acetic anhydride in pyridine, which
indicates absence of a free hvdroxyl group, aided
in the assignment to the oxido compound of the
structure shown by (I).
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The 4,6-acetal structure was assigned to a mono-
butylidene-p-glucose obtained from #n-butyral-
dehyde and anhydrous p-glucose because methyla-
tion with dimethyl sulfate and alkali followed by
reaction with benzaldehvde and zinc chloride
gave a compound whose melting point, specific
rotation and analytical values agreed with those
recorded in the literature for methyl 4,6-benzyli-
dene-2,3-dimethyl-3-p-glucoside, This method was
used by Helferich and Appel® to prove the structure
of 4,6-ethylidene-a-D-glucose,

Diethylidene-p-glucose and a low yield of crys-
talline monoethylidene-p-glucose were obtained
when anhydrous b-glucose reacted with acet-
aldehyde and hydrochloric acid. The analysis
and melting point of the monoethylidene deriva-
tive coincided with those of the known 4,6-ethyli-
dene-a-p-glucose prepared by Helferich and Appel®
from p-glucose, paraldehyde and sulfuric acid,
For comparative purposes the ethylidene compound
of these investigators was prepared. Its melting
point and analytical data corresponded with those
obtained for our product and the melting point of a
mixture of the two was not depressed. The specific
rotation was essentially that found by Helferich
and Appel. The ethylidene-n-glucose was methyl-
ated with dimethyl sulfate and alkali to give the
known methyl 4,6-ethylidene-2,3-dimethyl-g8-p-glu-
coside.* The 4,6-acetal structure has accordingly
been assigned to the compound from p-glucose and
acetaldehyde.

Table I lists the diacetals of p-glucose prepared,
together with their yields, analyses and physical
properties. The calculated molar refractions show
close agreement with the experimental values and
in conjunction with the analytical data are further
cvidence for the structures represented.

The more highly acetalized compounds were
generally non-crystallizable viscous oils or guns,
soluble in nearly all classes of organic solvents
and insoluble in water. Diethylidene- and di-
propylidene-p-glucose were only slightly soluble
i1 petroleun: ether. As expected, the crystalline
monoacetals, with the exception of monostearvli-
dene-p-sorbitol, were less soluble in organic sol-
vents and more soluble in water.

Experimental

Preparation of Diacetals of p-Glucose.—Diethylidene-
and dibutylidene-p-glucose were prepared by treating 2 moles
of acetaldehyde or n-butyraldehyde with 0.2 mole of an-
hydrous p-glucose. The condensations were carried out
in the presence of 2.5 ml. (0.03 mole) and 10 ml. (0.12 mole),
respectively, of concentrated hydrochloric acid at tempera-
tures not above 45°. For the synthesis of dipropylidene-
and diisobutylidene-p-glucose a ratio of 1 mole of the ap-
propriate aldehyde to 0.2 mole of p-glucose was used, with
2.5 ml. of concentrated hydrochloric acid. In a typical
run the reaction mixture from 58 g. (1 mole) of propionalde-
hyde, 36 g. (0.2 mole) of anhydrous p-glucose and 2.5 ml.
of coucentrated hydrochloric acid was stirred 3 hours at
room temperature. After standing overnight it was neu-
tralized with aqueous sodium bicarbonate solution and ex-

87 Helferich wnd Ayypel, Bee, 64, 1811 {1431
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TaBLE I
CvycLic DIACETALS OF D-GLUCOSE
Em- Crude Molar — P bAna]yses, = —_
Compound, irical  yield, Boiling point refraction arbon Hydrogen
-D-g{’u(;l)l;e fgrmula % °C. 1:’Mm. {a]25Dpe ¢ % np Caled. Found Caled. Found Caled. Found
Diethylidene-¢ CuHis0¢ 46  200-205 0.1-0.2 4+ 5.8 5.02 1.2812 1.4805 31.52 51.54 3.7 32.0 6.9 6.7
Diethylidene—d CiHis0s 68 175-182 .005-0.01 +11.0 4.86 1.2808 1.4768 51.52 31.21 51.7 32.0 6.9 7.3
Dipropylidene- CieHnOs 79 195-200 .01-0.02 +17.8 3.36 1.2031 1.4747 60.76 60.88 33.4 85.4 7.8 7.8
Dibutylidene- (A)b CuHauOs .. 193-196 .01 +16.5 3.48 1.1619 1.4700 69.99 69.24 38.3 58.2 8.4 8.8
Dibutylidene- (B’ CuHuOs 215-220 .005 +15.2 3.08 1.1569 1.4710 69.99 69.66 58.3 58.4 8.4 8.4
Diisobutylidene- CuHuOs 89 195-200 .005-0.01 +17.5 4.07 1.1477 1.4700 69.99 70.09 58.3 38.6 8.4 8.5
¢ Optical rotatious measured iu chloroform, ? Isomeric fractions fromn the same preparation. © From acetaldeliyde,

¢ From paraldehyde.

tracted with benzene. The benzeue layer was dried aud
concentrated 77 vacuo to remnove solvent and excess aldehyde.
The viscous residue was purified by high vacuum distillation.
Dibutylidene-p-glucose differed from the other diacetals in
that two isomeric fractions, A and B in Table I, were ob-
tained by this treatment,
4,6-Ethylidene-a-p-glucose.—The aqueous layer from
the preparation of diethylidene-p-glucose from acetaldehyde
and p-glucose was concentrated ¢n vacuo to dryness and ex-
tracted with warm dioxane. The sirup obtained by evap-
oration of the dioxane solution was crystallized from chloro-
form and yielded 1.7 g. (49,) of a crude mouoethylidene-p-
glucose, m.p. 164-166° (dec.). Two recrystallizations
from acetoue—-ethanol (5:1) gave wicroscopic white needles
which melted at 179-182° (dec.); [a]®D +47.3° (after 2
mitiutes), changing to —0.2° in 4 hours (¢, 1.79; water).

Anal. Caled. for CgH1Og: C, 46.6; H, 6.8, Found:
C,46.6; H,7.0.

Helferich and Appel® reported the preparation of 4,6-
ethylidene-a-p-glucose from bp-glucose, paraldehyde and
sulfuric acid. The melting point was 179-182° (dec.), but
the [«]2?D value was +66.4° (after 3 minutes), changing to
—2.36° in 4 hours (¢, 8; water).

When 36 g. (0.2 mole) of anhydrous p-glucose, 88 g. of
paraldehyde (equivalent to 2 moles of acetaldehyde) and
2.5 ml, of concentrated hydrochloric acid reacted by our
method, 31.6 g. (68%) of a colorless gum was obtained.
It was isomeric with the diethylidene-p-glucose prepared
from D-glucose aud acetaldehyde (Table I). No mono-
ethylidene-p-glucose was isolated.

To establish conclusively the identity of our monoethyl-
idene-p-glucosc with the 4,6-ethylidene-a-p-glucose pre-
pared by Helferich and Appel, the compound was prepared
by their method.

A mixture of 25 g. of anhydrous p-glucose, 90 g. of par-
aldehyde and 0.22 mil. of concentrated sulfuric acid was
stirred for 24 hours at room temperature in a flask from
which atmospheric moisture was excluded. The mixture
was filtered and the precipitate washed with ether. Upon
dissolving the precipitate (9.7 g., 32%) in sufficient hot di-
oxane, filtering and cooling, two crops of white crystals (6.2
g.), melting at 158-161° and 151-154°, respectively, were
obtained, (H.and A. added petroleum ether to the dioxane
solution to induce crystallization.) Fractional crystalliza-
tion from acetone-ethanol (1:1), followed by recrystalliza-
tion from acetone-ethanol (5:1) of a crop melting at 174—
176° (dec.) gave 0.7 g. of the pure product; m.p. 179.5~
182.5° (dec.); [a]®D +56.9° (after 5 minutes), changing
to —2.47 ° after 4 hours (¢, 5.74; water).

Anal. Caled. for CsH1:O4: C, 46.6; H, 6.8. Found:
C,46.7; H,86.7.

A mixed melting point taken with the compound prepared
earlier showed no depression.

Methyl 4,6-Ethylidene-2,3-dimethyl-8-p-glucoside.—
Various crops of impure 4,6-ethylidene-a-p-glucose were
combined (3.7 g.), dissolved in 25 ml. of water and the
solution kept at 15-18° while adding, during one-half hour,
3.5 ml. of redistilled dimethyl sulfate and 1.5 ml. of 309,
sodium hydroxide solution. The solution was slightly
alkaline at all times. During the next 2 hours, while the
temperature was gradually raised to 65-70°, 26.5 ml. of
dimethyl sulfate and 29 ml. of 309, sodium hydroxide were
added. The mixture, from which some solid had already
precipitated, was heated for fifteen minutes at 70° and then
on the steam-bath for one-half hour. The solution was
chilled and filtered from 2.3 g. of crystals. An additional
2 g. was recovered by extraction of the mother liquor with
chiloroform. Several recrystallizations from petroleun:

ether gave the pure product; m.p. 109.5-110.5°; [a]®D
—47.4° (¢,1.13; chloroform). H.and A. gave m.p. 109.5-
111°; [a]%t-5p —47.8° in chloroform.

Anal. Caled. for CnH306: C, 53.2; H, 8.1.
C, 53.1; H, 8.0.

4,6-Butylidene-a-D-glucose.—Three ml. of concentrated
hydrochloric acid was added to a mixture of 18 g. (0.1 mole)
of anhydrous p-glucose and 15 g. (0.21 mole) of redistilled
n-butyraldehyde., The mixture was shaken for fifteen
minutes and the crystalline acetal that formed was sus-
pended in acetone, filtered and washed with acetone. The
vield was 11.5 g. (499%). After two recrystallizations from
water and one from s-butanol, the white needles melted at
164-165°; [a]®Dp +5.0° (after 10 minutes), changing to
+1.7°in 2 hours (¢, 2.13; water).

Anal, Caled. for C;H 304 C, 51.3; H, 7.7. Found:
C, 51.0; H, 7.8.

Methyl 4,6-Butylidene-2,3-dimethyl-3-p-glucoside.—To
a solution of 4.7 g, of 4,6-butylidene~a-p-glucose in 60 ml. of
water at 15~18° was added during one-half hour, 3.5 ml. of
dimethyl sulfate and 3.0 ml. of 309, sodium hydroxide
solution. In the next 2 hours, while the temperature was
gradually raised to 60°, 25.5 ml. of dimethyl sulfate and
27 ml, of sodium hydroxide solution were added. The
mixture was heated for 15 minutes at 60° and then on the
steam-bath for 1 hour, before cooling and filtering from 3.4
g. of crystals. '

Two recrystallizations from petroleum ether and 2 from
water—ethanol (2:1) gave the pure product; m.p. 93-94°;
[a]''D —86.1° (¢, 1.06; chloroform).

Amnal. Caled. for Ci3HyO4: C, 56.5; H, 8.8.
C,56.9; H,8.7.

Methyl 4,6-Benzylidene-2,3-dimethyl-3-p-glucoside.—A
wmixture of 2.4 g. of the 4,6-butylidene derivative just de-
scribed, 16 ml. of redistilled benzaldehyde and 3.5 g. of
pulverized anhydrous zinc chloride was heated at 60-70°
for 7 hours with occasional shaking. (An experiment con-
ducted at room temperature was unsuccessful.)

The solution was treated with 209, sodium bisulfite solu-
tion until all the benzaldehyde had dissolved and then ex-
tracted with three 100-ml. portions of ether., The com-
bined ether extract was washed with sodium bisulfite solu-
tion, cold saturated sodium bicarbonate solution and water
before drying over sodium sulfate. Concentration of the
filtrate gave 2.3 g. of crystals, which were recrystallized
twice from petroleum ether and once from ethanol. Tle
white crystals melted at 133-134°; [a]®Dp —62.2° (¢, 1.02;
ethanol). Helferich and Appel® found m.p. 133.5-134°,
[¢]YD —60° (ethanol).

Anal. Caled. for CigH2204: C, 61.9; H, 7.1.
C, 61.5; H, 7.1.

Methyl 2,3-Oxidodipropylidene-4,6-propylidene-a-n-
glucoside.—Upon stirring a mixture of 19.4 g. (0.1 mole) of
methyl a-p-glucoside, 17.4 g. (0.3 mole) of redistilled pro-
pionaldehyde and 1.5 ml. of concentrated hydrochloric acid
the solid dissolved and white needles gradually appeared.
The suspension was stirred for 2 hours, water added and
the mixture filtered. The precipitate (14.4 g.; 479,) was re-
crystallized from ethanol-water (2:1) to a constant melting
point of 142.5-143.5°; [a]%D +-73.2° (¢, 2.48; chloroform),

An attempt to acetylate the product in acetic anhydride-
pyridine was unsuccessful, indicating that no free hydroxyl
groups are present.

Anal. Caled. for CigHeO:: C, 57.9; H, 8.5; OCH;,
9.3; mol. wt., 332. Found: C, 58.0; H, 8.1; OCH;, 9.1;
mol. wt. (isopiestic inethod in benzeuc against azobenzene),
330.
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The product was converted to methyl 4,6-propylidene -«-
p-glucoside as follows: 1.2 g. was boiled for 30 minutes with
100 ml, of ether containing a few drops of bromine, The
excess bromine was destroyed by adding 5% sodium thio-
sulfate solution. The mixture was then made alkaline with
5%, sodium bicarbonate solution and the ether removed with
a stream of air. The aqueous mixture was filtered from 0.3
g. of the starting compound and the filtrate concentrated
to dryness in vacuo. Extraction of the gummy residue with
carbon tetrachloride yielded 0.8 g. of sirup which partly
crystallized on standing. The mixture was dissolved in hot
benzene, treated with decolorizing carbon and filtered.
Addition of petroleumn ether to the filtrate gave white
needles (0.5 g.) which were recrystallized from petroleum
ether-benzene (5:1) to yield methyl 4,6-propylidene-a-D-
glucoside; ni.p. 101.5-103°, not depressed by admixture
with an authentic sample.

The oxido compound was also prepared from methyl 4,6-
propylidene-a-p-glucoside (4.8 g.) by reaction with pro-
pionaldehyde (35 g.) aud 4 drops of concentrated sulfuric
acid at room temperature. After ten minutes the mixture
was extracted with benzene, the benzene layer washed with
sodium bicarbonate solution and water and dried over cal-
cium chloride. Concentration of the benzene solution gave
3.2 g. of a white gummy solid, which after two recrystalliza-
tions from ethanol melted 141.5-142°; unchanged by mix-
ing with the oxido compound.

Methyl 4,6-Propylidene-a-p-glucoside.—The combined
filtrate and washings left after separation of the oxido com-
pound obtained from methyl a-D-glucoside and propion-
aldehyde was neutralized with sodium bicarbonate and con-
centrated to dryness iz 2acuo. The residue was taken up in
benzene, filtered, concentrated to dryness and triturated
with ether. The insoluble crystals (5.5 g., 239,) were re-
crystallized from benzene-ether and from benzene-petro-
leum ether to yield microscopic white needles, m.p. 102~
103.5°; [a]®D +122.1° (¢, 1.83; chloroform).

Anal. Caled. for CyHys0s: C, 51.3; H, 7.7; OCH,,
13.3. Found: C, 51.5; H, 7.8; OCHj, 13.2.

Methyl 4,6-Benzylidene-2,3-dimethyl-a-p-glucoside from
Methyl 4,6-Propylidene-a-n-glucoside —Methyl 4,6-pro-
pylidene-a-p-glucoside (2.4 g.) was dissolved in 8 ml. of
methanol, 16 ml. of methyl iodide added and the solutiou
refluxed for 8 hours. During this period 14 g. of silver ox-
ide was added in 3 portious.

The mixture was filtered and washed with hot methanol.
Coucentration i» vacuo to dryness gave a sirup (2.7 g.), to
which was added 16 ml. of redistilled benzaldehyde und 2.5
g. of pulverized anhydrous zinc chloride. The mixture was
shaken for 48 liours. The solution obtained was then
treated with 20% sodiun bisulfite solution until the benzal-
deliyde had dissolved. Three 100-ml. portions of ether
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were used for extraction. The combined ether extract was
washed with sodium bisulfite solution, dilute sodium hy-
droxide solution and water and dried over calcium chloride.
Coucentration iz vacuo at 80-90° and 2 mm. left 2.4 g. of
sirup, which crystallized on standing. The product was re-
crystallized twice from petroleum ether to give white needles;
m.p. 121-122°, not depressed by admixture with an au-
thentic sample of methyl 4,6-benzylidene-2,3-dimethyl-a-
D-glucoside (m.p. 122-123°, prepared by Evans’* method) :
[@]®p +96.9° (¢, 1.51; chloroform), Appeld® gives m.p.
120-121° and [a]®Dp +96.2°, in chloroform.

Anal. Caled. for CisHaOy: C, 61.9; H, 7.1.
C,62.0; H,7.1,

Monostearylidene-p-sorbitol.—A mixture of 3.7 g. (0.02
mole) of p-sorbitol, 5.4 g. (0.02 mole) of stearaldehyde (m.p.
68-69°) and 0.1 g. of sulfosalicylic acid dihydrate was re-
fluxed for 20 hours in 125 ml, of dioxane. All but a trace
of the solid dissolved. Dioxane was removed iz vacuo and
the waxy residue was extracted with warm (35°) benzene to
remove unreacted stearaldehyde. The residue was washed
with water and filtered from 2.8 g. (329) of an amorphous
solid. Reprecipitation from ethanol and from ethanol-
dioxane (4:1) gave a white, amorphous solid, melting at
133-137° to a clear gel which became liquid at 145°; [a]%D
—8.7° (¢, 2.36; pyridine).

Anal.  Caled. for Co,HyO5: C, 66.6; H, 11.2,
C, 66.4; H, 10.6.
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Summary

Diethylidene-, dipropylidene-, dibutylidene- and
diisobutylideneacetals of p-glucose have been pre-
pared as sirupy compounds. Some of their physical
properties have been determined. Monostearyli-
dene-p-sorbitol has been obtained as an amorphous
product.

The following crystalline cyclic acetals have
been synthesized and their structures determined:
+,6-butylidene-a-D-glucose, methyl 4,6-butylidene-
2,3-dimethyl-8-p-glucoside, methyl 4,6-propylidene-
a-D-glucoside and methyl 2,3-oxidodipropylidene-
-+,6-propylidene-a-p-glucoside,
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The Reaction of Tribenzoyl-a-L-rhamnopyranosyl Bromide with Methanol.

Various

Benzoylated Derivatives of L-Rhamnose

By RoBERT K. NEss,! HEwitT G. FLETCHER, JR., AND C. S. HUDSON

In a recent publication® it was shown that tetra-
benzoyl-a-D-mannopyranosyl bromide reacts di-
rectly with anhydrous methanol in the absence
of an acid acceptor to form methyl a-D-manno-
pyranoside tetrabenzoate in a 699 yield. This
earlier work was carried out with amorphous tri-
benzoyl-a-D-mannopyranosyl bromide and since
extensive attempts to crystallize this halide as
well as the corresponding chloride and iodide were
without success, it was deemed desirable to extend

71) Senior Research Fellow, National Institutes ol Health, 1948~
1930,

(2) R. K. Ness, H. (5, Fleteher, Jr.,
NaL, T2, 2200 (1050,

qwl 08, Hmlsoun, Tus Jourr-

the study to the closely related r-rhammnose (6-
desoxy-L-mannose) series in the hope that crys-
talline benzoylated halides might then be obtained
and allow a confirmation of the results obtained
in the p-mannose series. This hope has now been
realized.

The complete benzoylation of a-L-rhamnose
hydrate led only to an amorphous product showing
[a]®D +68° to +78° in chloroform. Similarly
the complete benzoylation of §-L-rhamnose gave a
sirupy tetrabenzoate of [«a]®Dp 4 138° in chloro-
form; doubtless these two products represent
crude «- and B-L-rhamnopyranose tetrabenzoates,
respectively. On treatment with hydrogen bro-



