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and distillation of ethanol to remove any further borate
impurity!® the sirupy product was heated at a temperature
of 55~60° for 4~5 hours to effect lactonization (vield 1.35g.).

Separation of the Phenylhydrazides of p-Gluconic and
L-Idonic Acid.”~%'"—The sirupy mixture of the lactones
(1.35 g.) was dissolved in ethanol (15 ml.) and phenylhydra-
zine (0.75 ml.) was added. The reaction mixture was re-
fluxed on a boiling water-bath for 40 minutes. The solu~
tion was allowed to cool slowly at room temperature where-
upon D-gluconic acid phenylhydrazide separated in the form
of fine white crystals. The crystals were filtered, washed
with ethanol and dried (yield 280 mg.). The filtrate and
washings were combined and concentrated to a small volume
in vacuo and left overnight to crystallize. A further amount
(0.20 g.) of p-gluconic acid phenylhydrazide was obtained
in this way. This procedure was carried out five times until
no more crystals separated. The total yield of the phenyl-
hydrazide of p-gluconic acid was 0.504 g., and after a fur-
ther crystallization from water it showed [«]21%D +11.5° in
water (¢ 0.7), m.p. and mixed m.p. 198-201°. Thesc
values are in good agreement with those (m.p. 198-201°,
[a]?p +12° in water) recorded for p-gluconic acid phenyl-
hydrazide.!4

Anal. Caled. for Ci2HisOsNe: C, 50.4; H, 6.39; N, 9.8.
Found: C, 50.46; H, 6.21; N, 9.67.

After the isolation of tlie p-gluconic acid phenylhydrazide
the concentrated mother liquors were kept at 2° for 24
hours, whereupon a mass of crystalline-like material was
deposited. The mother liquor was removed and the solid
residue triturated with ice-cold ethanol. Recrystallization
of this material from ethartol yiclded rL-idonic acid phenyl-
hydrazide (0.73 g.), m.p. 115-117° with previous sintering at
100~105°, [«]??2D -12.5° in water (¢ 1.6). One sample
showed m.p. 117~120° with previous siutering at 107°.
Crystallization from other solvents, such as methanol,
1,4-dioxane, ethanol-ethyl ether or benzene, produced no
change in the m.p. of tlie product. When observed under
the polarizing microscope the product did not appear to be

(17) E. Fisclier and I, Passmore, Ber., 22, 2728 (1889).
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crystalline. Micheel recorded m.p. 115° with previous
sintering at 102°, and [«a]®Dp +410.5 (water) for L-idonic
acid phenylhydrazide,’ while Nef reported m.p. 100-110°

for the enantiomorphic compound which showed [«]2D
—12.4° in water.?
Anal. Caled. for CiaHisOsNe: C, 50.4; H, 6.539; N,

9.8. Found: C, 50.05; H, 6.6; N, 9.3.

Epimerization of p-Gulono-y-lactone.—A solutiont of »-
gulono-y-lactone (2 g.) in water (12.5 ml.) containing pyri-
dine (0.9 g.) was heated in a sealed glass tube for 97 hours
in a Dboiling water-bath. The solution was decolorized
(charcoal), diluted with water and evaporated 7% wvacuo to
give a sirupy product. The latter was heated ¢n vacuo for 2
hours at 50~55° in order to lactonize the mixture of D-
gulonic and p-idonic acids. The sirup was dissolved in hot
methanol (10 ml.) and the cooled solution seeded witlh a
crystal of p-gulono-y-lactone. When the crystallization at
room temperature was complete the supernatant liquid was
removed, concentrated and a further crop of the crystalline
p-gulono-v-lactone removed. Crystallization was carried
out until no more crystals appeared upon cooling to (°.
The sirupy product obtained upon removal of the solvent
was chiefly p-idono-y-lactone (yield 1.18 g.).e/ 610

Formation of the Phenylhydrazide of p-Idonic Acid.—
When a small portion of the above sirup was treated with
phenylhydrazine in boiling ethanol as described ahove, thie
phenylhydrazide of p-idonic acid was obtained. After
“‘crystallization’’ from ethauol the product had m.p. 113~
114° with previous sintering at 97°.

Attempts to “‘recrystallize’’ the phenylhydrazide from
methanol, 1,4-dioxane, ethiyl ether and water failed to raise
the m.p. and it all cases the niaterial appeared to be antor-
plious.

Acknowledgment.—We wish to acknowledge the
generosity of the Northern Regional Research
Laboratories (Peoria, Illinois) for the calcium 3-
keto-p-gluconate trihydrate used in this work.
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2-0-(D-Galactopyranosyluronic Acid)-L-rhamnose from Okra Mucilage!

By Rov L. WirstLER AND H. E. CONRAD
RECEIVED JANUARY 14, 1054

Okra mucilage on partial acid hydrolysis yields a mixture of oligosaccharides which can be separated by cliromatography

on carbon and cellulose columns.
acids.

By the methylation method the first of these is shown to be 2-O-(p-galactopyranosyluronic acid)-L-rhammnosc.

Among the acidic oligosaccharides, there are an aldobiouronic acid and two aldotriotirotiic

The

aldotriouronic acids arc shown to be galactosyl — (galactosyluronic acid) ~> rhamnose and a (galactosyluronic acid) —

rhamnosyl -~ galactose,
linkages involved are present inn the polysaccharice.

Okra mucilage,” obtained by water extraction of
defatted okra pods is a polysaccharide composed of
p-galactose, L-rhamnose and bD-galacturonic acid
units. A previous investigation of the structure of
this mucilage? has shown that partial hydrolysis
gives rise to three galactobioses, one of which has
been proved to be 4-O-p-galactopyranosyl-p-galac-
tose. Here is reported the isolation and characteri-
zation of an aldobiouronic acid obtained upon in-
complete acid hydrolysis of okra mucilage. Two
aldotriouronic acids are also isolated in low yields
from the hydrolyzate.

A mixture of acidic oligosaccharides is obtained
from the mucilage hydrolysate by use of carbon
chromatography.® Separation of the mixture into

(1) Journal Paper No. 774 of tlie Purdue Agricultaral lixperiment
Station, Lafayette, Indiana.

(2) R. L. Whistler and H. E. Conrad, Turs Jour~Nan, 76, 1673

(1954).
(3) R. L. Whistler and D. F. Durso, #bid., 72, 677 (1950).

The occurrence of these oligosaccharides as liydrolytic fragmerntts of okra mucilage suggests thint the

individual acidic components is achieved by re-
chromatography on a column of cellulose.?

Determination of physical constants and niono-
saccharide components for each of these oligosac-
charides indicates that one is an aldobiouronic acid
composed of D-galacturonic acid and r-rhanmosc
and that the other two are aldotriouronic acids,
cach of which is composed of galacturonic acid,
galactose and rhamnose.

Upon complete methylation of the aldobiouronic
acid, followed by reduction with lithiunm alummum
hydride and hydrolysis of the reduced mnraterial,
there are obtained 3,4-di-O-methyl-L-rhanmose and
2,3,4-tri-O-methyl-p-galactose. The latter com-
pound arises from the reduced galacturonic acid
part of the molecule. From the isolation of thesc
methylated sugars it can be directly concluded

(4) 1.. Hough, J. K. N, Jones and W, H. Wadwan, Nafnre, 162,158
(1D48).
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TasLE I
Acipic OLIGOSACCHARIDES FROM OxRA MUcCILAGE HYDROLYSATE
Yield, Monosaccharide Equiv. wt. of Ba salt
Component % R, gal.® components [a]%D Caled. Found
I, aldobiouronic acid 1.7 0.97 p-Galacturonic acid +15.1° 407 446
L-Rhamnose
11, aldotriouronic acid 1.0 .42 p-Galacturonic acid ~ ..... 570 489
L-Rhamnose
p-Galactose
I11, aldotriouronic acid 0.5 .19 p-Galacturottic acid +52.2 570 576

L-Rhamnose
p-Galactose

@ Ratio of distance traveled by unknown on a paper chromatogram to distance traveled by p-galactose in solvent C.

that the original acidic disaccharide is 2-0-(p-galac-
topyranosyluronic acid)-L-rhamnose. This disac-
charide has been isolated previously from hydroly-
zates of slippery elm mucilage,® flaxseed mucilage®
and Plantago ovato Forsk mucilage.”

The two aldotriouronic acids recovered from the
cellulose column have been partially characterized.
Monosaccharide units on the reducing ends of these
trisaccharides are identified by oxidizing the aldo-
triouronic acids with bromine water to convert the
terminal reducing sugar units to glyconic acids.
On hydrolysis of the oxidized oligosaccharides fol-
lowed by chromatographic separation of the com-
ponents and spraying with p-anisidine reagent, the
sugars giving rise to the glyconic acids are found to
be uncolored. This evidence suggests that a galac-
tose unit is at the reducing end of one aldotriou-
ronic acid and that a rhamnose unit is at the re-
ducing end of the other. Further structural evi-
dence is obtained by chromatographic identification
of the sugar derivatives obtained by hydrolysis of
the methylated and hydrogenated trisaccharides.
Together these data suggest that one of the acids
is a galactosyl ~— (galactosyluronic acid) — rham-
nose and that the other is a (galactosyluronic acid)
— rhamnosyl — galactose.

Experimental

Paper Chromatography.—Chromatographic scparations
were made on filter paper strips and cellulose columns at
room temperature using one of the following solvents in the
volume ratios indicated: (A) butanol-1, pyridine, water
(6:4:3); (B) butanol-1, acetic acid, water (2:1:1); (C)
cthyl acetate, acetic acid, formic acid, water (18:3:1:4);
(D) butanol-1, ethanol, water (5:1:4, top layer); and (E)
benzene, ethanol (170:50), saturated with water. p-Auisi-
ditte hydrochlorided was used to detect the sugars and their
derivatives on paper chromatograms.

Hydrolysis of Okra.—Fifty grams of okra mucilage was
homogeneously dispersed in 2 1. of water at 80° and aqueous
sulfuric acid added to a 59, concentration. The mixture
was hydrolyzed at 80° with stirring for 4 hours. Ou cooling,
the mixture was neutralized with 750 g. of barium hydroxide
and the barium sulfate removed by filtration. Barium ions
inn salt formation with the acidic oligosaccharides were re-
moved by passing the solution through a column of Amberlite
IR-120 resin. Effluent was then added to the top of a 44 X
265 mm. column?® of Darco; Celite (1:1) and monosaccha-
rides were removed by washing the column with S 1. of water
and were discarded. Acidic oligosaccharides were re~
moved with 5 1. of 109, ethanol. After concentrating the
eluate to a sirup (3.5 g.) barium hydroxide was added to

(5) R. E, Gill, EE. L., Hirst and J. K. N. Jones, J. Chem. Soc., 1469
(1939).

(6) R. 8. Tipson, C, C. Christman and P. A. Levene, J. Biol, Chem.,
128, 609 (1939),

(7) R. A. Laidlaw and E. G. V. Percival, J. Chem. Soc., 528 (1950).

(8) 1.. Hough, J. K. N, Jones and W, H. Wadman, ¢bsd., 1702 (1950).

neutrality and the mixture was chromatographed on a 44 X
265 mm. column of cellulose. Solvent A was used to elute
the neutral oligosaccharides. Barium salts of the acidic
oligosaccharides were washed from the column with water,
concentrated to a sirup (2 g.) and rechromatographed on
another cellulose column of the same size using solvent B.
Since the irrigatin;  lution was acidic, the acidic oligosac-
charides were rerm d from the column in the free acid
form. Fractions were collected through use of an auto-
matic fraction collector® and analyzed qualitatively by
paper chromatography. Chromatographically similar frac-
tions were combined. By this mecaus there were obtained
three acidic oligosaccharides whose characteristics are given
in Table I.

Methylation of Aldobiouronic Acid (Component I).—
Chromatographically pure sirup (1.05 g.) was dissolved in
water (8 ml.) and dimethyl sulfate (8 ml.) was added.
While stirring this mixture at 0°, aqueous sodium hydroxide
(12 ml., 409) was added dropwise over an 8-hour period.
The reaction mixture was stirred an additional 15 hours
during which it warmed to room temperature. It wasthen
cooled again to 0°, solid sodium hydroxide (7.2 g.) added
and dimethyl! sulfate introduced dropwise with stirring as
before. After a final reaction period of 15 hours, the solu-
tion was acidified with dilute hydrochloric acid and ex-
tracted continuously for 16 hours with chloroform. The
chloroform extract was concentrated in wacuo to a sirup
(0.57 g.) which was twice methylated with methyl iodide
(5 ml.) and silver oxide (2 g.) to give a fully methylated
sirup (0.52 g.) with [«]*D +54.4° (¢ 1.74 in water).

Reduction and Hydrolysis of Methylated Sirup.—The
sirup was dissolved in anhydrous ether (20 ml.) and the
solution was added dropwise to a vigorously stirred slurry
of lithium aluminum hydride (1.2 g. in 40 ml. of anhydrous
ether) at room temperature. After a reaction time of 1
hour, excess hydride was destroyed by cautious addition of
water. On evaporation of the ether the aqueous mixture
was acidified with dilute hydrochloric acid and extracted
continuously for 15 hours with hot chloroform. Removal
of the chloroform left a sirup (0.50 g.) which was refluxed
with methanolic hydrogen chloride (20 ml., 49;) for 4 hours.
Water (20 ml.) was added, methanol evaporated and the re-
sulting aqueous solution heated at 100° for 2 hours. Neu-
tralization with Amberlite IR-4B resin and concentration of
the hydrolysate gave a sirup (0.50 g.) which on paper
chromatography was found to contain two components with
R, (g = 2,3,4,6-tetra-O-methyl-D-glucose) values of 0.90
and 0.75 in solvent D. These values suggested the presence
of 3,4-di-O-methyl-L-rhamuose and 2,3 4-tri-O-methyl-p-
galactose.

Identification of Hydrolysis Products.—The above hy-
drolysate was scparated on 4 large sheets (18.5 X 22.5 in.)
of Whatman No. 1 paper with solvent D. Upon paper
ionophoresis in borate buffer at pH 10, the rhamnose com-
ponent moved toward the anode, which suggested that it was
3,4-di- O-methyl-L-rhamnose.!® Oxidation with bromine
water to 3,4-di-O-methyl-L-rhamnonolactone gave crystals
which on recrystallization from ether-heptane had m.p.
78~79° and [a]®D —154° (¢ 0.21, water) — —116° (48
hours).

Anal. Caled. for CsHy05: C, 50.5; H, 7.4. Found:
C, 50.5; H, 7.3.

(9) J. L. Hickson and R. L. Whistter, Angl, Chem., 28, 1425 (1953).
(10) A. B. Foster, Chem. and Ind., 828 (1952),
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2,3,4-Tri-O-methyl-p-galactose was identified as its char-
acteristic anilide derivative. After recrystallization from
absolute ethanol, the m1.p. was 167~168°,

Anal. Caled. for CisH2;O:N: N, 4.7. TFound: N, 4.7.

An X-ray diffraction pattern of the crystals wus identical
with that of an authentic specinen.

Test for Reversion.—Ou paper chromatography of a
solution of p-gulactose and L-rhammose in equintolar con-
centrations which had beent subjected to the sante conditions
used in the hydrolysis of okra mnrcilage no oligosaccharide
spots were observed, showing that the aldobiouronic acid
arising upon hvdrolysis of okra mrcilage is 1ot a reversion
product.

Characterization of Aldotriouronic Acids.—Broniine oxi-
dation of a small ammount of component IT followed by acid
hyvdrolysts and puper cliromatograply of the hivdrolysate
indicated that galactose is at the reducing end of this tri-
sacelaride since galactose, laving heen oxidized to galace-
tonic acid, did vot appear on the chiromatogrants of the liv-
drolyvsate wlen sprayed with  p-anisidine  hydrocliloride,
Covrponent I was methylated and reduced as described
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for the aldobiouronic acid. Paper chromatography in sol-
vent D of a hydrolysate of a small amount of the reduced
product showed the presence of two trimethylgalactoses and
a dimethylrthamnose. The main quantity of the reduced
sirup was remethylated and then hydrolyzed to yield tetra-
methylgalactose, a trimethylgalactose and a dimethylrlin-
1ose as shown by paper chromatography i solvents D and
E. Attempts to isolate these derivatives were unsuccess-
ful because of the small aniounts present.

By using the bromine oxidation procedure described
above, rhammose was shown to be at the reducing end of
component III. Paper chromatography of a liydrolysute
of completely niethylated compovent IIT indicated tlie pres-
ence of a dunethylrhamnose, a dimethylgalucturonic acid
atrcl tetramethiylgulactose.

Acknowledgment.—The authors wish to express
thetr thanks to Dr. L. Hough for supplying the au-
thentic specinien of 2,3,4-tri-O-methiyl-n-galuctose
anilide used for X-ray compurison.
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Organic Phosphorus Compounds.

I1I.

Reactions of Methanephosphonyl Dichloride with Diols!

By A. F. McKay, R, A, B, Baxnarp, R, O. BrauNn axp R, L. BENNESS
RECFRIVED FEBRUARY 11, 1054

Glycols combined with niethanephiosplionyl dichloride to give heterocyelic structures containtiig the phosphonate group.
Metlanephosplionyl dichloride on treatment with n-( —)-2,3-butanediol in the presence of ether and pyridine gave 2,4,5-

trituctliyl-2-ox0-1,3-dioxa-2-phosphacyclopentane and an optically active compound.

The latter compouud was identiicd

by degradation withh phiosphorus pentachloride ns 1-methyi-2-hivdroxypropyt 1-methyl-1-propeny! methanepliosphonte.

A continuation of the studies® of the reaction of
glycols with methanephosphonyl dichloride has
shown that 2,4-pentanediol, 1,3-butanediol and
I,4-butanediol give the cyclic structures 2,4,6-tri-
methyl-2-oxo0-1,3-dioxa-2-phosphacyclohexane (I, R

and R’ = CH;, n = 1), 2,6-dimethyl-2-ox0-1,3-
dioxa-2-phosphacyclohexane (I, R = CH;, R’ = H,
R
é}I—O CI;
e

/ AN
(CHa)x P
. / S
C“,II-MO @]
R’ I
n = 1) and 2-methvl-2-ox0-1,3-dioxa-2-phos-
phacycloheptane (I, R und R' = H, n = 2), respec-
tively. In each run some methanephosphonic acid
and/or utethanephosphonic anhydride was also
produced.

Ethylene chlorohvdrin combined with methane-
phosphionyt dichloride giving a mixture of 3-chloro-
cthyl hvdrogen nethanephosphonate und  di-g-
chloroethyl inethanephosphonate.

Recently?it wus shown that p-(—)-2,3-butanediol
and niethanephosphonyl dichloride in methylene
chloride aud in the presence of pyridine gave a 73%¢
vield of the cyclic product 2,4,5-trimethyl-2-axo-
1,3-dioxa-2-phosphucvclopentane (I, R and R’/ =
CHy 2 = 0). Now it has been found that replace-
ment of the solvent methvlene chloride by ether

(1) 1ssued as D.R.C.L. Report No. 131,

(2) A, F,McKay, R. O. Braun and G. R, Vavasonr, THIs JOURNAL,
74, 5510 (1052),

lowered the yield of cyclic product to 539, More-
over u new optically active conipound was fornied
in 389 vield. This new compound had a rotation
of —103° and it gave analytical values in good
agreenient with the empirical formula C¢H;sO,P.
Its infrared spectruin has a band at 3400 cin.—! due
to O-H stretching vibrations. A medium bund at
1710 e, ~tis assigned to C==C stretching vibrations
or au associated cster group because C 0
stretching vibrations would be expected to give
a stronger absorption band. The strong absorp-
tion band at 1282 cui.~! with an absorption
band on the shoulder at 1263 cin. ! is assigned
to stretching vibrations of the PO group?=" and
083 e s ussigned®? to the P=O-C linkage. Since
the infrared spectrum of the optically active
compound indicated the presence of a double bond,
a hydroxy group and P-O-C linkages and the al-
sence of the group C==0, structure IT wus assigned
toit. This structure wus confirmed by degradation
with phosphorus pentachloride. Treviously® the
structure of dichlorophnsphorvimethanephosphonyl

CH.CHOHICICIT,
\\
o) CIL
NS

P
SR
9) 0

e
- CILCH=CCIT, I

3y R. C. Gore, Disc. Furaday Soc., 9, 138 (1950).
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