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In a larger run using a more concentrated solution the
yield was poorer and more polymer was encountered. In
another experiment the preliminary refluxing was omitted
and the solution of the carbinol in acetic acid was shaken
with catalyst and hydrogen in a vessel equipped with a
sealed-in steam coil. No polymer was formed, but the
yield of saturated hydrocarbon was lower.

The picrate crystallized from ethanol as reddish-orange
needles, m. p. 128-128.5°, with slight previous sintering.
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Anal. Caled. for CodH;0:N;: N, 9.15. Found: N, 8.72.

Summary
9-Methyl-3,4-benzfluorene has been synthe-
sized for comparison with the actively carcino-
genic 10-methyl-1,2-benzanthracene.
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The Cleavage of the Carbon Chain of Levoglucosan by Oxidation with Periodic Acid'

By ErNEsT L. Jackson anp C. S. Hupson!

The structure of levoglucosan (I) has been es-
tablished by methylation methods? and by its re-
lationship to the structure of B-methylglucopy-
ranoside.?® A compound having this structure
should be oxidized by periodic acid to produce the
dialdehyde (II).
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The oxidation of levoglucosan with periodic
acid or sodium metaperiodate yields a sirupy
product which is doubtless L’-oxy-D-methylene-

(1) Publication authorized by the Surgeon General, U. S. Public
Health Service. Presented in part before the Division of Organic
Chemistry, at the Boston meeting of the American Chemical So-
ciety, Sept. 11-15, 1939. (Not copyrighted.)

(2) Irvineand Oldham, J. Chem. Soc., 118, 1744 (1921); Charlton,
Haworth and Herbert, ibid., 2855 (1931).

(3) Josephson, Ber., 63, 313 (1929).

(4) The dialdehyde is named according to the plan previously
adopted by Jackson and Hudsen, THia JOURNAL, 89, 004 (1837),

diglycolic aldehyde (1I). Oxidation of this prod-
uct by bromine water kept neutral with strontium
carbonate produces in good yield a crystalline
strontium salt of a dibasic acid and, under the
conditions employed, smaller amounts of stron-
tium oxalate and strontium bp-glycerate. The
strontium salt of the dibasic acid was proved to be
strontium L’-oxy-D-methylene-diglycolate (I1I) by
oxidizing it with bromine water in the presence of
strontiumn carbonate to produce strontium oxa-
late and strontium p-glycerate. The structure of
the dialdehyde (II) follows from that of the stron-
tium salt (III). The formation of strontium oxa-
late and strontium D-glycerate during the oxida-
tion of the dialdehyde (II) to the strontiun salt
(I1I) with bromine water and strontium carbon-
ate evidently is due to the oxidation of some
strontium L’-oxy-D-methylene-diglycolate. These
results prove levoglucosan to have structure (I);
the beta configuration for carbon atom 1 is re-
quired by the accepted stereo configurations of
the a- and B-forms of D-glucopyranose.®
Levoglucosan, upon oxidation by periodic acid
or sodium metaperiodate, consumes two moles of
the oxidant and produces one mole of formic
acid.®* These figures agree with formula (I).
The same data could fit a compound having struc-
ture (IV), but (IV) is excluded since the corre-
sponding strontium salt (V) could not yield
strontium D-glycerate by oxidation with bromine
water and strontium carbonate.
L’-Oxy-p-methylene-diglycolic acid, which is a
cyclic acetal having as its two components gly-
oxylic and p-glyceric acids, could not be hydro-
lyzed by hot 2.5 N hydrochloric acid. This

(5) See F. Micheel, ""Chemie der Zucker und Polysaccharide,”
Akademische Verlagsgesellschaft m. b. H., Leipzig, 1839, p. 153.
(8) Cf, Yackson and Hudson, Taie JourNav, 81, 1530 (1889).
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acetal, like the chloraloses” and trichloroethyli-
dene glycerol,® is exceptional in its stability in the
presence of acids,

These oxidation reactions can be employed in
the study of the structure of other sugar anhy-
drides. Strontium v1’-oxy-p-methylene-diglyco-
late serves as a reference compound for the de-
termination of the ring structure of any aldohex-
ose anhydride, the two rings of which are of the
a-1,5 and the -1,6 type. An application of this
method to the study of the structure of p-altrosan
is shown in the following article.?

Experimental

Oxidation of Levoglucosan with Periodic Acid.—To 25
ml. of 0.542 M aqueous periodic acid solution (2.1 molecu-
lar equivalents) was added a solution of 1.0432 g. of pure
levoglucosan in water. The solution, diluted with water
to 50 ml. at 20° and kept in a 20-21° room, showed [M]p X
10~2: —98.2 (4.3 min.); —92.5 (7.6 min.); —84.4 (13.8
min.); —71.9 (27.1 min.); —60.5 (50.7 min.); —48.4
(90.3 min.); —40.3 (145 min.); —33.6 (236 min.); —28.9
(357 min.); —19.5, constant (24 hrs.). The specific
rotation of L’-oxy-D-methylene-diglycolic aldehyde, calcu-
lated from the final [M]p value of the oxidation solution,
is —15.0°. After twenty-four hours an analysis of 5 ml. of
the solution showed an excess of 0.14 molecular equivalent
of periodic acid, the consumption of the oxidant thus being
1.96 molecular equivalents.

For the preparation of strontium L’-oxy-D-methylene-
diglycolate, the oxidation of 10.4 g. of levoglucosan with
500 ml. of 0.271 M aqueous periodic acid solution was car-
ried out as described above. Upon completion of the re-
action, the solution was neutralized cautiously to phenol-
phthalein with hot stromtium hydroxide solution. L’-
Oxy-p-methylene-diglycolic aldehyde was isolated as a
colorless sirup by the procedure described in a previous
paper! for the methoxydiglycolic aldehydes from the
methyl-pentopyranosides, with the exception that the
solvent for extraction of L’-oxy-D-methylene-diglycolic
aldehyde from the strontium salts was absolute methanol.
To a solution of the dialdehyde in 2500 ml. of water were
added 190 g. of strontium carbonate and 15 ml. of bromine.
After the bromine had been dissolved, the mixture was
kept in the dark at 25° for fifteen hours with frequent
shaking during the first hour. Excess bromine was re-
moved by aeration, and excess strontium carbonate was
filtered off and washed with water. The solution, freed
from bromine ions with silver carbonate and from excess
silver with hydrogen sulfide, was concentrated in vacuo
(bath, 50-55°) to 300 ml., filtered and the concentration
continued to about 100 ml., when prismatic needles of
strontium L’-oxy-D-methylene-diglycolate usually had
started to separate. After the addition of 10-159, of
ethanol, the mixture was left in the refrigerator to complete

(7) Hanriot and Richet, Compt. rend., 117, 734 (1893); Pictet
and Reichel, Hels. Chim. Acta, 8, 621 (1823); White and Hixon,
THis JournaL, 88, 2438 (1933).

(8) Hibbert, Morazain and Paquet, Cow. J. Rescarch, 3, 131

(1930).
(9) Richtmyer and Hudson, Taig JoURNAL, 83, 961 (1940).
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crystallization; yield?® calculated as CsH(OsSr,!! 7.2 g.
(45%). The mother liquor contained strontium p-glycer-
ate. The strontium L’-oxy-pD-methylene-diglycolate, after
one or two recrystallizations from water, was pure; it
erystallizes from water at 20° or at refrigerator tempera-
ture as long prismatic needles of its pentahydrate; at 30°
or above as small compact clusters of short needles of its
monohydrate, which is less soluble in water than the penta-
hydrate. In preparing the solution of the strontium salt
in water for crystallization, the less soluble monohydrate
may be precipitated during the process of dissolving the
pentahydrate, if a minimum amount of water and steam-
bath temperature are employed. The procedure adopted,
therefore, was to dissolve the strontium salt in a large
excess of warm water, then concentrate the solution i»n
vacuo (bath, 45-50°) to a relatively small volume and filter
it quickly to remove any crystals that might be present.
Thereafter, crystallization was allowed to proceed at
a temperature selected to yield the desired hydrate of the
strontium salt. For analysis and determination of the
rotation of strontium L’-oxy-D-methylene-diglycolate, crys-
tals of the pure pentahydrate were dried to constant weight
at 100° ¢n vacuo. The anhydrous strontium salt showed
a specific rotation’? of +37.5° in water (¢, 0.45; I, 2).
Upon exposure to the air at 20-25° the anhydrous salt
soon showed an increase in weight in excess of the amount
calculated for the water content of the monohydrate.

Anal. Caled. for C;H,OsSr: C, 24.23; H, 1.63; Sr,
35.38. Found: C, 24.19, 23.99; H, 1.77, 1.49; Sr,
35.32, 35.16.

The monohydrate of strontium vr’-oxy-pD-methylene-
diglycolate was prepared both by crystallization of the
strontium salt from water, preferably at 45° which yields
homogeneous crystals, and by efflorescence of the penta-
hydrate. Crystals of the pentahydrate, exposed to com-
paratively humid air at about 30°,1% showed no appreciable
change in composition during ten to fifteen days, but there-
after effloresced in the course of several weeks to produce
the monohydrate. The monohydrate is characterized
by its pronounced stability at high temperature. It lost
weight only slowly at 145-150° 4n wvacuo, but at 175°
in vacuo was converted to an anhydrous strontium salt.
The specific rotation in water of samples of the mono-
hydrate obtained under three different conditions were:
(from water at 30°) +36.9° (¢, 0.38; J, 4); (from water
at 45°) +36.8° (¢, 0.39; !, 4); (from efflorescence)
+36.4° (c, 047; I, 4).

Anal. Caled. for C;H,OeSr-H,O: H;0, 6.78; C, 22.60;
H, 2.28; Sr, 32.98. Found: (from water at 45°) H,0,

(10) The yield was only 259, in an experiment carried out under
the same conditions, with the exception that the time for the oxida-
tion of the dialdehyde was twenty-nine hours instead of fifteen hours.

(11) The water content of the crystals varies with the conditions
of time, temperature and humidity under which they are dried. It
was at first believed that the salt had crystallized as a trihydrate
(cf. the accompanying article?), but a careful study has revealed
with certainty only a mono and a pentahydrate.

(12) Except where otherwise stated, all rotations in this article
are specific rotations at 20° for sodium light; ¢ = g. per 100 ml. of
solution; / = Jength in dm.

(13) Crystals of the pentahydrate, exposed to the air simultane-
ously at 20°, were stable as shown by the result of an analysis at the
end of forty-five days. Caled. for CyH(O¢Sr'5H.0: H:0, 26.67;
Sr, 25.04. Found: HiQ, 26.71, 26.61; Sr, 25.80, 25.61.
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6.77, 6.85; C, 22.45, 22.64; H, 2.28, 2.43; Sr, 32.85,
32.81; (from water at 30°) Sr, 32.85, 32.72; (from water
at 95-100°) Sr, 32.84; (from efflorescence) Sr, 32.79,
32.95,

Strontium bp-glycerate, which is produced during the
oxidation of L’-oxy-D-methylene-diglycolic aldehyde with
bromine water and strontium carbonate, was isolated as
well-formed octahedral prisms of the dihydrate!t by con-
centrating the filtrate from the crude strontium 1r’-oxy-D-
methylene-diglycolate pentahydrate iz wacuo to about
10 ml.; air-dried; vyield of the crude dihydrate, 3 g.
After purification by recrystallization from about three
parts of water, the dihydrate melted at 136-137° (uncor.)
and rotated +15.2° in water (¢, 0.5; I, 2). The pure
dihydrate is stable at 100° s7 vacuo, but at 125° in vacuo
it loses approximately the weight calculated for two moles
of combined water and becomes slightly colored. A
speciten of calcium p-glycerate dihydrate, prepared from
the strontium salt, rotated +15.5° in water (¢, 0.6; 1, 2)
and melted at 142-143° (uncor.) alone or mixed with au-
thentic calcium p-glycerate dihydrate.

Anal. Caled. for CgH;0sSr2H,0: H,O, 10.80; Sr,
26.26. Found: H,O (dried at 125° 4 vacuo), 11.20, 11.30;
Sr, 26.24, 26.08.

Oxalic acid was produced in the course of these oxidation
reactions, as shown by the isolation of strontium oxalate
from the excess strontium carbonate, which was recovered
from the oxidation of L’-oxy-D-methylene-diglycolic al-
dehyde. A solution of the excess strontium carbonate in
hydrochloric acid was boiled to expel carbon dioxide, cooled
and neutralized with ammonium hydroxide solution.
From the precipitate of strontium oxalate monohydrate
(vield, 1.8 g.) was prepared oxalic acid dihydrate, which
was characterized by usual methods.

L’-Oxy-p-methylene-diglycolic Acid.—The specific rota-
tion of L’-oxy-pD-methylene-diglycolic acid, obtained by
liberating it from its pure anhydrous strontium salt in
aqueous solution with an equivalent of hydrochloric acid,
was +8.0° (¢, 1.3; /, 2). The acid was isolated in crys-
talline condition, and was shown to be stable in hot aque-
ous solution. A solution of 2 g. of pure strontium L’-
oxy-D-methylene-diglycolate in 80 ml. of hot water was
cooled to 25° After the addition of the calculated
amount of N sulfuric acid solution and 90 ml. of absolute
ethanol, the stromtium sulfate was filtered off and the
filtrate was concentrated ¢z vacuo (bath, 50°) to a colorless
sirup, which was made up to 50 ml. of solution in water.
The rotation of this solution was unchanged by heating it
in a stoppered flask on the steam-bath for five and one-
half hours. The solution was then concentrated in vacuo
to a sirup, which crystallized as needles during evacuation
of the flask at room temperature to remove the last traces
of solvent. The crystalline acid is readily soluble in
acetone and in ether, but practically insoluble in petro-
leum ether. That the acid was unchanged by the heating
of its aqueous solution and the subsequent operations was
proved by neutralization of its solution in water with
strontium hydroxide and isolation of strontium L’-oxy-D-
methylene-diglycolate, which in the anhydrous condition
rotated +37.5° in water (¢, 0.4). Caled. for CgHOsSr:

(14) Cf. Frankland and Appleyard, J. Chem. Soc., 68, 300 (1803).
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Sr, 35.38. Found: Sr, 35.28. The acid was not hydro-
lyzed by hot 2.5 N hydrochloric acid solution. To a sus-
pension of 0.3 g. of pure strontium L’-oxy-p-methylene-
diglycolate in water was added sufficient 5 N hydrochloric
acid to balance the strontium ions and make the concen-
tration of the hydrochloric acid approximately 2.5 N
after the solution had been diluted with water to 25 ml.
The rotation of this solution was unchanged by heating
it in a stoppered flask on the steam-bath for four hours.

L’ - Oxy - D - methylene - diglycolic aldehyde, likewise,
seemed resistant to acid hydrolysis. A solution of the
dialdehyde, prepared from 2.67 g. of levoglucosan as
previously described, in 100 ml. of 0.1 N hydrochloric acid
showed only a minor change in rotation when it was
heated on the steam-bath for seven hours; the rotation,
measured in a 1-dm. tube, changed from ap —0.31° to
ap —0.24°; full hydrolysis to glyoxal and p-glyceric
aldehyde would be expected to cause reversal of the sign
of rotation.

Strontium p-Glycerate and Strontium Oxalate from the
Oxidation of Strontium r’-Oxy-p-methylene-diglycolate.—
Five grams of pure strontium L’-oxy-D-methylene-di-
glycolate, containing about 159, of combined water as
indicated by its specific rotation of +31.9°, was dissolved
in approximately 1500 ml. of water. After the addition
of 90 g. of strontium carbonate.and 7 ml. of bromine, the
mixture was shaken until the bromine had dissolved and,
thereafter, shaken occasionally while it was kept in the
dark at room temperature. The rotation of the solution,
measured in a 4-dm. tube, decreased during forty-two
hours from ap +0.39° to ap +0.05°. Excess bromine
was then removed by aeration, and excess strontium car-
bonate was filtered off and washed with water. The excess
strontium carbonate was dissolved in hydrochloric acid,
the solution was boiled to expel carbon dioxide and neu-
tralized with ammonium hydroxide, which precipitated 1 g.
(about 309, yield) of strontium oxalate monohydrate.
Oxalic acid dihydrate, prepared from the strontium
oxalate, was characterized by customary methods. The
filtrate from the excess strontium carbonate, after being
freed from bromine ions with silver carbonate and from
excess silver with hydrogen sulfide, was concentrated
in vacuo to 75 ml., filtered and the concentration con-
tinued to about 10 ml. The solution, which was somewhat
acid, was neutralized to litmus paper with strontium hy-
droxide solution and then concentrated to a thin sirup to
which ethanol was added to turbidity. After being seeded
with crystals of strontium p-glycerate dihydrate, the solu-
tion yielded at room temperature 0.7 g. of crystals rotating
+0.9° in water. From the mother liquor was obtained,
by concentration and dilution with ethanol, 0.4 g. of crys-
tals rotating +7.3° in water. The first crop gave by two
recrystallizations from water about 0.1 g. of prisms, which
resembled crystals of strontium bp-glycerate dihydrate;
air-dried; m. p. 131-132° (uncor.); rotation, +14.3° in
water. Caled. for CeH;9OsSr-2H,0: Sr, 26.26. ‘Found:
Sr, 26.70, 27.01. After another recrystallization from a
mixture of water and ethanol, the crystals melted at 134~
135° (uncor.) and showed no depression when mixed with
authentic strontium p-glycerate dihydrate.

There were indications that another substance, as yet
unidentified, may be formed in this oxidation reaction.
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The rotation of the crude product, which was a mixture not
readily separable into its constituents with a small quan-
tity of material, was considerably lower than that of both
strontium D-glycerate and strontium L’-oxy-D-methylene-
diglycolate. After several recrystallizations from mix-
tures of water and ethanol, crystals of doubtful purity con-
taining 30.89, of strontium were isolated; specific rota-
tion, 4+7.0° in water.

Oxidation of Levoglucosan with Sodium Metaperiodate.
—A solution of 0.3488 g. of pure levoglucosan in water was
mixed with 10 ml. of 0.453 M aqueous sodium metaperio-
date solution (2.1 molecular equivalents). The solution,
after being diluted with water to 25 ml. at 20° and kept
in a 20° room for twenty hours, showed [M]p X 10~% =
—19.1°. The specific rotation of L’-oxy-D-methylene-
diglycolic aldehyde, calculated from the final [M]p value
of the oxidation solution, is —14.7°; this value is in good
agreement with the specific rotation of —15.0° calculated
from the end rotation of the periodic acid oxidation solu-
tion. After twenty hours an analysis of 5 ml. of the solu-
tion showed an excess of 0.11 molecular equivalent of
sodium metaperiodate; the comsumption of the oxidant
was thus 1.99 molecular equivalents. The acidity of the
reaction solution at the end of twenty hours corresponded
to the production of 1.00 molecular equivalent of formic
acid (5 ml,, diluted with 300 ml. of water and neutralized
to methyl red, required 4.30 ml. of 0.1 NV sodium hydroxide;
caled. 4.30 ml).

We express our thanks to Drs. A. E. Knauf and
W. D. Maclay for a supply of levoglucosan and
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to Dr. W. T. Haskins for carrying out the micro-
analyses.
Summary

Levoglucosan yields, by oxidation with periodic
acid or sodium metaperiodate, L’-oxy-D-methyl-
ene-diglycolic aldehyde, which is oxidized by
bromine water kept neutral with strontium car-
bonate to produce, under specified conditions,
crystalline strontium L'-oxy-p-methylene-diglyco-
late in 459, yield and smaller amounts of stron-
tium oxalate and strontium b-glycerate. The
structure of strontium L’-oxy-D-methylene-digly-
colate was proved by its oxidation with bromine
water in the presence of strontium carbonate to
produce strontium oxalate and strontium b-
glycerate. These results show the levoglucosan
molecule to have two rings, one of which is of the
pyranoid and the other of the septanoid type.
This confirmation of the generally accepted ring
structure of levoglucosan demonstrates the appli-
cability of these oxidation reactions to the struc-
tural study of the sugar anhydrides.

L/-Oxy-D-methylene-diglycolic acid, which could
not be hydrolyzed by hot 2.5 N hydrochloric acid,
is one of the few acetals possessing such stability.

WasHINGTON, D. C. RECEIVED FEBRUARY 26, 1940

[CONTRIBUTION FROM THE NATIONAL INSTITUTE OF HEALTH, U. S. PuBLic HEALTH SERVICE ]

The Ring Structure of D-Altrosan’

By NeLsoN K. RiceaTMYER AND C. S. HupsoN

A few years ago we reported? that “crystalline
D-altrose is converted by hot hydrochloric acid
from [a]¥® 434 to —98°; this is accompanied
by partial loss of reducing power presumably due
to the formation of an anhydro-p-altrose to the
extent of 579, at equilibrium.” Independently,
Robertson and Griffith? found that the removal of
the glycosidic methoxyl group from certain par-
tially methylated a-methyl-altrosides by hydroly-
sis with 4-8%, hydrochloric acid ‘leads to the pro-
duction of an anhydro-derivative in equilibrium
with a small amount of a reducing sugar.” They
cited also the case of the ‘‘methyl epiglucosamine’’
of Fischer, Bergmann and Schotte!; this sub-

(1) Publication authorized by the Surgeon General, U. S. Public
Health Service. Presented in part before the Division of Organic
Chemistry, at the Boston meeting of the American Chemical So-
ciety, Sept. 11-15, 1939, (Not copyrighted.,)

(2) Richtmyer and Hudson, THIs JOURNAL, 8T, 1721 (1935).

(3) Robertson and Griffith, J. Chem. Soc., 1196 (1935).

(4) Fischer, Bergmann and Schotte, Ber., §8, 541 (1920);

stance, which is probably a 3-amino methylaltro-
side,’ undergoes acid hydrolysis with the forma-
tion of an anhydro compound from the liberated
sugar and consequent loss of reducing power.t
Robertson and Griffith suggested that the anhy-
dro-linkage in these compounds must involve
position 4 or 6, since only these positions are avail-
able in the case of the 2,3-dimethylaltrose which
forms an anhydride. The suggestion was con-
firmed later” by the fact that 4,6-dimethyl-o-
methylaltroside is hydrolyzed in normal fashion
to a reducing sugar without anhydride formation.

Hudson,?in 1938, presented conclusive evidence
that sedoheptulosan, the anhydride which is
formed spontaneously from sedoheptulose (p-
altroheptulose) in acid solution, possesses the

(8) K. Freudenberg, Burkhart and Braun, 7bid., 89, 715 (1926).
(6) Levene and Meyer, J, Biol. Chem., 58, 224 (1923).

(7) Robertson and Dunlop, J. Chem. Soc., 474 (1938).

(8) Hudson, THIS JOURNAL, 60, 1241 (1938).



