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which precipitation is mediated by multiple units
of p-galactose!* instead of p-glucuronic acid. The
specific polysaccharide of Type XIV pneumococcus
is composed of p-galactose, D-glucose and N-acetyl-
glucosamine.’® It is therefore probable that the
D-galactose-containing portion of GA is much the
same in both the rhamnose-poor fraction precipi-
tated by Type II antiserum and in the residual
gum. Since the proportion of p-glucuronic acid to
L-arabinose and p-galactose is not greatly changed
by precipitation with either antiserum, it is proba-
ble that the rhamnose-poor fraction precipitated
by Type II serum contains the D-glucuronic acid
in a steric arrangement more closely resembling the
as yet only partially elucidated positions of the acid
units in SII® than is characteristic of the b-glucuronic
acid in the unprecipitated portion. This interpre-
tation would indicate isomeric differences as well
as differences in composition among the compo-
nents of GA, but further chemical studies are clearly
necessary to establish its validity. Atany rate, the
immunochemical data serve to indicate what direc-
tions such studies might take. Immunochemical
tests of any fractions obtained would also be help-
ful in judging the validity of assigned structures.

(14) M. Heidelberger, THIS JOURNAL, T7, 4308 (1955), esp. Table II.
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Since glacial acetic acid is sometimes useful in the
fractionation of polysaccharides,’® 2 g. of gum was
dissolved in 10 ml. of water, with neutralization,
and precipitated with 16 ml. of glacial acetic acid
in the cold. The precipitate, fraction D, was cen-
trifuged off in the cold and the gum in the superna-
tant (fraction E) precipitated with chilled alcohol.
Both fractions were redissolved in cold water,
neutralized, and precipitated with alcohol; yields:
D,0.7g.; E, 1.1 g. Analyses are given in Table I.
As the differences in composition were minor, most
of another portion of gum was precipitated by a
larger proportion of acetic acid. Eight per cent. of
the amount taken was recovered from the superna-
tant by precipitation with alcchol. This fraction,
F, showed appreciable deviations from the compo-
sition of the larger fractions, as also noted in Table
I. Both L-rhamnose and p-glucuronic acid were
low in this fraction, while L-arabinose tended to be
high in all of the more soluble fractions

Attempts to split off labile L-arabinose and L-
rhamnose in 459, acetic acid at room temperature,
20-28°, for three weeks failed completely, nor was
there any change in composition after another three
weeks at 37°.

NEw YoRrK 32, N. VY.

(16) M. Heidelberger and F. E. Kendall, J. Exp. Med., B8, 625
(1931).
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The Synthesis of 3-Hexuloses.

Part 1.

2-0-Methyl-L-xylo-3-hexulose’

By J. K. N. JonEs

RECEIVED JANUARY 10, 1956

The preparation of 2-O-methyl-L-xyl0-3-hexulose from L-ascorbic acid is described.

1-Desoxy-D-xylo-3-hexulose was prepared by
bacterial oxidation of L-fucitol some years ago.?
This was the only known member of the 3-hexuloses.
The present paper describes a synthesis of 2-O-
methyl-L-xylo-3-hexulose (I) and a general proce-
dure for the preparation of isomeric 3-hexulose
derivatives. These isomeric ketoses are important
as possible intermediates in the breakdown of
hexoses by alkalies. The 3-pentuloses are possible
intermediates in the biological fixation of carbon
dioxide.?

The starting material in this synthesis of I was
L-ascorbic acid (II) which was converted first to its
2,3-di-O-methyl ether (III) and thence by re-
arrangement to the well characterized crystalline
amide of the methyl glycoside of a 3-hexulonic
acid (IV).

The amide was then converted to the acid and
thence to the lactone* V which was reduced with

(1) Paper presented before the Division of Carbohydrate Chemistry
at the 128th Meeting of the American Chemical Society in Minneapo-
lis, Minnesota, September, 1935,

(2) L. E. Stewart, N. K. Richtmyer and C. &. Hudson, THis JOUR-
NaAL, 74, 2206 (1952).

(3) A. T. Wilson and M. Calvin, ¢bid., 77, 5948 (1955).

(4) W. N. Haworth, E. L.. Hirst, F. Smith and W. J. Wilson, J.
Chem. Soc., 829 (1937).

lithium aluminum hydride to the glycoside VI.
This material was very labile to acids and gave on
hydrolysis compound I, characterized as the 2,5-
dichlorophenylhydrazone. The structure of the
ketose was confirmed when it was oxidized by per-
iodate to formic acid and an ester VII. This
ester on methylation with silver oxide and methyl
iodide gave a product which yielded, with alcoholic
ammonia, glycolamide (VIII) and the amide® of
2,3-di-O-methyl D-glyceronic acid (glyceric acid)
(IX). The glycolamide arises probably from the
oxidation by silver oxide of the substituted glycol-
aldehyde derivative VII. 2-O-Methyl p-glyceron-
amide (X) resulted when VII was boiled with
methanolic hydrogen chloride and . the resultant
ester was treated with alcoholic ammonia. The
isolation of this amide, which was identical with a
synthetic specimen,® and of the amide IX proved
the configuration of C; in I and thus showed for the
first time that the amide IV is a derivative of L-
xylose. The configuration of the glycosidic meth-
oxyl group is as yet unknown, but it is probably a-
glycosidic.

When bp-arabo-ascorbic acid was methylated

(5) P. F. Frankland and N. L. Gebhard, ¢bid., 87, 866 (1905).
(6) J. K. N. Joues, Can. J. Chem., 84, 310 (1956).
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with diazomethane and the resultant 2,3-di-O-
methyl ether converted as described above to the
isomeric methyl 2-O-methyl-3-hexulosides at least
two products resulted. These were detected
chromatographically. On acidic hydrolysis the
glycosidic methoxyl group was eliminated and two
sirupy compounds, most probably 2-O-methyl-p-
ribo-3-hexulose and 2-O-methyl-pD-arabo-3-hexulose,
resulted. From this mixture a ecrystalline 2,5-
dichlorophenylhydrazone of unknown configuration
was prepared.

In a similar manner p-gluco-ascorbic acid was
converted to a mixture of 2-O-methyl-3-heptuloses,
from which a 2,5-dichlorophenylhydrazone of un-
known configuration was isolated. Work on the
structure of these and on the synthesis of the parent
sugars is in progress.

Experimental

Chromatography was carried out by the descending method
on Whatman No. 1 filter paper” using (a) ethyl acetate:ace-
tic acid:formic acid:water (18:3:1:4) or (b) 1-butanol:py-
ridine:water (10:3:3) parts (v./v.) as the mobile phase.
Sugars and derivatives were located on the chromatograms
with either ammoniacal silver nitrate or a ca. 3% solution
of p-anisidine hydrochloride? in 1-butanol:water.

The rate of movement of the various compounds on
the chromatogram is quoted relative to that of rhamnose
(¢.e., Rrn value). Solutions were concentrated under re-
duced pressure and at a bath temperature of 40° or less.
Optical rotations were determined in water and at 20 £ 2°
unless otherwise stated.

Preparation of Methyl 2-0-Methyl-L-xylo-3-hexuloside . —
The amide (6.0 g.) of methyl 2-O-methyl-L-x¥/c-3-hexulono-
side (isodimethyl-L-ascorbic acid) was converted to the
barium salt by the method of Haworth, ef al.* The filtered
solution was passed down a column of Amberlite resin IR-
120 and the acidic effluent concentrated to a sirup (6.4 g.).
The product, which was a lactone, was dissolved in tetra-
hydrofuran (20 ml.) (or methylal) and reduced by adding
its solution to lithium aluminum hydride (2 g.) in tetrahy-
drofuran (10 ml.) at 30°. After 2 hr. ethyl acetate, fol-
lowed by water, was added to the reaction mixture which

(7) S. M. Partridge, Biochem. J., 42, 238 (1918).
(8) L. Hough, J. K. N. Jotes and W. H. Wadman, J. Chem. Soc.,
1702 (1930).
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was then filtered. The filtrate was passed down columns of
Amberlite resin IR-120 and IR-4B. Chromatographic
examination of the solutions before and after passage through
the ion exchange columns indicated that some hydrolysis of
the glycosidic methoxyl group had occurred. Before de-
ionization the solution, which did not reduce Fehling solu-
tion, contained one component (solvent b) with Rgn 1.51.
After passage through the ion exchange columns, the solu-
tion was reducing and contained three components (4.1 g.)
with Rrn 1.51, 1.17 and 1.10, the second greatly predom-
inating. When a portion of this solution was heated with
0.2 N hydrochloric acid for 2 hr. at 60°, the component with
Rgy 1.51 disappeared and was replaced by components with
RR}, 1.17 and 1.10.

Fractionation of the Mixture of Sugars.—Fractionation
of the sirup (4.0 g.) was carried out on a cellulose column,?
using a mixture of 1-butanol:light petroleum (b.p. 100-
120°) (4:1 v./v.) and gave three fractions: Fraction I (0.2
g.), la]p +27° (¢ 2.7, in methanol) containing two compo-
nents of Rgx 1.51 and 1.17 in approximately equal amounts.
Fraction II (3.1 g.), [a]Jp +24° (¢ 1.4, in methanol) con-
tained one component of Rry 1.17. Amnael. Found: OMe,
15.0. Fraction III (0.8 g.) countained two components of
Rgn 1.17 and 1.0.

Preparation of 2,5-Dichlorophenylhydrazone.—A portion
(0.1 g.) of fraction II was dissolved in methanol (5 ml.) con-
taining 2,5-dichlorophenylhydrazine (75 mg.), and the
solution was boiled until paper chromatographic examination
of a portion indicated that all the sugar had reacted (1 hour).
The solvent was allowed to evaporate and the 2,5-dichloro-
phenylhydrazone then crystallized. It was recrystallized
from methanol and acetone, m.p. 161°, [a]p +93 =+ 4° (¢
0.3, in acetone).

Anal. Caled. for C;3HisN:0:Cle: C, 44.2; H, 5.1; N,
7.9; Cl, 20.0; OMe, 8.8. Found: C, 44.5; H, 5.15; N,
7.4; Cl, 20.2; OMe, 8.6.

Periodate Oxidation of Fraction II (a).—A portion (100
mg.) of fraction II was oxidized with sodium metaperiodate
solution. At intervals samples were withdrawn, ethylene
glycol was added to the solutions and the formic acid was
titrated. After 2 hr. the titer became constant, 1.1 moles of
free acid was present in the solution and a substance which
behaved as an ester was detected. Addition of excess of
0.01 N alkali followed by back titration gave an uptake of
alkali corresponding to the liberation of 2.1 moles of acid
per mole of sugar. The consumption of periodate was 2.3
moles per mole of sugar at the end of 2 hr. Structure I re-
quires the consumption of 2 moles of metaperiodate with the
liberation of one mole of formic acid and the formation of an
ester,

(b) Fraction II (1.44 g.) was dissolved in water (10 ml.)
and oxidized with sodium metaperiodate (3.7 g.) in water
(20 ml.). After 24 hr. acetone was added and the solution
was filtered to remove inorganic salts. The filtrate was
concentrated to dryvness and extracted with acetone. Con-
centration of the extract gave a sirup (1.09 g.), [«]p +38°,
which was methylated with Purdie reagents. The product
(0.89 g.), [a]p +35° (¢ 8.9, in acetone), was distilled giving
fractions; (a) b.p. 75-80° (15 mm.), n%Dp 1.4290, 0.3 g.;
(b) b.p. 80-100° (15 mm.), 725D 1.4380 (0.2 g.).

Each of these fractions was dissolved in methanol and the
solutions were saturated with ammonia. On standing the
amide of glycolic acid crystallized. The crystals were col-
lected and recrystallized from methanol, m.p. 119°, not de-
pressed on admixture with an authentic specimen.

Anal. Caled. for CH;NO;:: C, 32.0; H, 6.67; N, 18.67.
Found: C, 32.1; H, 6.6; N, 18.45.

On standing, the residue recovered from the mother
liquors of the glycolamide deposited long needles of 2,3-di-O-
methyl-p-glyceronamide, m.p. 78°, [«]p +50 %= 5°(c 1.1 in
methanol), after recrystallization from ether or light petro-
leum ether. Frankland and Gebhard® report m.p. 77° and
[a]D —54° (in methanol) for the amide of 2,3-di-O-methyl-
L-glyceronamide.

(c) A portion (1.75 g.) of fraction II was dissolved in
water (25 ml.) and oxidized with a solution of sodium meta-
periodate (12 g.) in water (50 ml.) for 24 hr. at 30°. Ace-
tone was then added to the solution which was filtered.
The filtrate was concentrated and the residual sirup (1.07
g.) examined chromatographically. One substance was de-

(9) L. Hough, J. K. N. Jones and W. H. Wadman, tbid., 2511 (1949).
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tected on the chromatogram (solvent b). It moved at the
rate of 2,3,4,6-tetra-O-methyl-p-glucose, and gave a yellow-
orange color with the p-anisidine hydrochloride spray. The
sirup, [a¢]p 480° (¢ 9.6, in methanol), was boiled with meth-
anolic hydrogen chloride in order to convert VIII to the ester
of 2-O-methyl-p-glyceronic acid plus the dimethyl acetal
of glycolaldehyde. It was anticipated that the latter com-
pound would be unaffected by alcoholic ammonia whereas
the glyceronic acid derivative would yield an amide. Ac-
cordingly the solution from the methanolysis was neutral-
ized (Ag:CO;y), saturated with ammonia and after 24 hr. at
0°, it was evaporated to dryness.2? Crystalline 2-O-meth-
yl-D-glyceronamide separated, m.p. and mixed m.p. with
an authentic specimen,® m.p. 88°, [a]p +78 = 6° (¢ 0.3 in
methanol) remained after recrystallization from acetone-
ether mixture.

Anal. Caled. for C;H,NO;: C, 40.3; H, 7.6; N, 11.8,
Found: C,404; H,7.2; N, 11.9,

Conversion of D-arabo-Ascorbic Acid to a 3-Hexulose De-
rivative.—The iso-di-O-methyl derivative!® (5 g.) was re-
duced by adding its solution in methylal (25 ml.) to a solu-
tion of lithium aluminum hydride (5 g.) in methylal (20
ml.). After 3 hr. excess of lithium altuminum hydride was
destroved by addition of ethyl acetate followed by water
and the solution was filtered. The filtrate was deionized
(Amberlite resins IR-120 and IR4B) and concentrated to a
sirup (3.6 g.). Chromatographic examination of this sirup
(solvent b) indicated the presence of four substances with
RRh 1.08, 1.6, 1.65 and 1.85.

The sirup was dissolved in IV formic acid and the solution
was heated at 80°. After 3 hr. chromatographic examina-
tion of the solution indicated the presence of two major com-
ponents with Rgrn 1.08 and 1.43 (solvent b). The sirup
(3.4 g.) remaining after evaporation of the solvents was
fractionated on a column of cellulose using l-butanol:light
petroleum (b.p. 100-120°) as solvent, and the following
fractions were obtained: fraction I (0.2 g.), [«]p —16° (¢
0.2 in methanol); fraction II (2.5 g.), [«]p —12° (¢ 2.5 in
methanol); fraction III (0.6 g.), [«]Jp —5° (¢ 0.6 in metha-
nol). Fractions I and III were mixtures, fraction II con-
sisted mainly of the compound with Rgj 1.08 (solvent b).

A sample of this fraction was heated with an equivalent

(10) E. G. E. Hawkins, E. L. Hirst and J. K. N, Jones, J. Chem. Soc.,
246 (1939).
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of 2,5-dichlorophenylhydrazine in methanol. Concentra-
tion of the solution yielded a crystalline hydrazone deriva-
tive, m.p. 134°, [«]D +12 = 2° (¢ 0.2 in acetone),

Anal. Caled. for CiHisN:0sClk: N, 7.9; OMe, 8.8;
C1, 20.0. Found: N, 8.0; OMe, 8.8; Cl,19.4.

Conversion of p-Glucoascorbic Acid to a 3-Heptulose De-
rivative,—2,3-Di-O-methyl-p-glucoascorbic acid! (2.73 g.)
was converted to the isomeric lactone of methyl 2-O-methyl-
3-heptulonoside and thence by reduction with lithium alumi-
num hydride to methyl 2-O-methyl-3-heptuloside (2.24 g.).
Chromatographic examination of the sirup, after its solu-
tion had been deionized on Amberlite resins IR-120 and
IR-4B, indicated the presence of five components, the major
ones having Rrp 1.42 and 0.75 (solvent b). The sirup was
dissolved in 0.1 N sulfuric acid (50 ml.) and the solution
heated on the steam-bath. The observed rotation changed
from +1.06 to —2.8° (constant value) in 4 hours. Chromato-
graphic examination of the solution now showed the pres-
ence of two materials with Rgrn 0.86 and 0.72, the former
predominating (solvent b). In solvent a the rates of move-
ment were Rgy 0.95 and 1.04, the slower moving component
predominating. The solution was neutralized (BaCOy),
filtered and concentrated to a sirup (2.0 g.). A portion of
the material when heated with an alcoholic solution of 2,5-
dichlorophenylhydrazine until the sugar could no longer be
detected chromatographically gave a derivative, m.p. 154°,
after recrystallization from ethyl acetate.

Anal. Caled. for C1HoN,0sCly: C, 44.0; H, 5.26; Cl,
18.4; OMe, 8.1. Found: C, 44.1; H, 5.7; Cl, 18.2;
OMe, 8.5.

A sample of the sirupy mixture of sugars when oxidized
with sodium nietaperiodate consumed 3.5 moles of periodate
and produced 2.2 moles of formic acid per mole of heptulose
derivative.
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Formation of Symmetric Azo-compounds from Primary Aromatic Amines by Lead
Tetraacetate
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It is shown that oxidation of primary aromatic amines with lead tetraacetate provides a simple method for the preparation

of symmetrically substituted azo compounds.

Several years ago while carrying out an oxidation
with lead tetraacetate (LTA) in the presence of an
aromatic amine, the writers observed the unex-
pected development of an intense color. This was
soon traced to the oxidative effect of the reagent
on the amine. A cursory investigation of this reac-
tion with 2,4-dichloroaniline, 2,4,6-tribromoaniline
and 4-bromoaniline as substrates disclosed that
the oxidation of substituted primary aromatic
amines with LTA gives complex mixtures of colored
oxidation products that contain fair amounts of
symmetric azo compounds. In the case of the
three anilines under investigation, the azobenzenes
were isolated in yields ranging from 27-369%, of the
theory. LTA thus becomes another member of
a group of oxidizing agents (potassium perman-

ganate,“? potassium ferricyanide,® sodium hypo-
bromide,* chromic acid anhydride,®® manganese
dioxide’ and lead peroxide’) which are capable of
converting primary aromatic amines to azo com-
pounds with varying degrees of efficiency. The
oxidation of the aromatic amines by LTA to sym-
metric azo compounds most likely involves the
formation of free radicals. This assumption finds
strong support in Goldschmidt and Wurzschmitt’s

(1) C. Glase:, Z. Chem., 9, 308 (1866).

(2) C. Glaser, Ann., 148, 364 (1867).

(3) E. Bamberger and F. Meimberg, Ber. deut. chem. Ges., 36, 497,
ref. 1 (1893).

(4) W. Meigen and E. Nottebohm, ibid., 89, 744 (1906).

(5) E. Bornstein, ibid., 84, 1271 (1901).

(6) F. Meyer and XK. Dahlem, Ann., 326, 338 (1903).

(7) E. Bornstein, Ber. deut. chem. Ges., 834, 1269 (1901},



