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cess diethanolamine and finally concentrated to small volume
under reduced pressure. Dilution of the darkly-colored
concentrated solution to excess with petroleum ether pre-
cipitated the crude product as a yellow-orange oil, 41.5 g.
The crude product in benzene was chromatographed through
400 g. of acid-washed alumina. A small amount of material
was eluted with benzene and 200 cc. of benzene-acetone
(1:1). Pure product was eluted with 500 cc. of acetone-
methanol (1:1) and was obtained as a pale yellow oil, 31.8g.,
n¥p 1.5465.

Anal. Caled. for C;sHuNPO;: C, 59.16; H, 6.62; N,
3.83. Found: C, 59.11; H, 6.73; N, 4.00.

Dibenzyl Di-(2-chloroethyl)-phosphoramidate (II).—A
solution of 1.5 cc. (1.77 g.) of the dihydroxyphosphorami-
date I, 2 cc. of thionyl chloride and one drop of pyridine in
15 cc. of chloroform was heated under reflux for 15 minutes.
The mixture was distilled at reduced pressure to remove ex-
cess thionyl chloride and solvent. The residue, 1.83 g.,
dissolved in benzene was shaken with water. The benzene
solution, dried and concentrated to small volume by dis-
tillation, was passed over acid-washed alumina from which
the product was eluted with benzene as an oil, 0.4 g., »®p
1.5452.

Amnal. Caled. for C;sH2NPO;Cl;: C, 53.74; H, 5.51;
g, 3.48; Cl, 17.63. Found: C, 54.16; H, 5.66; N, 3.39;

1, 18.20.

An additional 0.6 g. of pale yellow oil, probably un-
changed starting material, was eluted from the column with
acetone, #23p 1.5468.

Hydrolysis of Dibenzyl Di-(2-hydroxyethyl)-phosphor-
amidate (I) with Base.—A solution of 2 g. of dihydroxy-
phosphoramidate I in a mixture of 80 cc. of 95%, ethanol
and 80 cc. of 0.1 N sodium hydroxide was refluxed for 30
minutes. Acidification of the reaction mixture after con-
centration gave an oil that was extracted with ethyl acetate
and which crystallized from ether after standing at 5°, 0.7
g., m.p. 77-79°. The m.p. of dibenzylphosphoric acid was
variously reported from 78-80°.¢

Anal. Caled. for CHPOy:
Found: neut. equiv., 277.

The cyclohexylamine salt recrystallized from methanol-
acetone, m.p. 174-175.5°.

Reaction of Dibenzyl Di-(2-hydroxyethyl)-phosphorami-
date (I) with Lithium Chloride.—A solution of 12.5 g. of the
dihydroxyphosphoramidate I in 110 cc. of cellosolve, sat-
urated at the boiling point with freshly fused lithium chlo-
ride, was heated under reflux for 13.5 hours. Careful acidi-
fication of the reaction mixture cooled in ice gave an oil,
8.65 g., that was extracted with ethyl acetate. The cyclo-
hexylamine salt crystallized from methanol-ethyl acetate
as long white needles, m.p. 246-248°. The analytical re-
sults are in accord with cyclohexylammoniumbenzylphos-
phoric acid.

Anal. Caled. for CmH«ngPOﬁ C, 5433; H, 7.72; I\‘Y,
i.?l Found: C, 53.29, 54.23; H, 7.66, 7.78; N, 4.68,

71,

neut. equiv., 278.2.

(9) G.N. Kosolapoff, “‘Organophosphorus Compounds,’”’ John Wiley
and Sons, Inc,, New York, N, Y., 1950, p. 254.
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Preparation of Salts of Glucuronic Acid

By WM, Haca anp D. G. BENJAMIN
ReceIVED OCTOBER 1, 1953

Methods have been developed for the prepara-
tion and isolation of three salts of glucuronic acid
which are preferable to published procedures.l?
In addition, we have found that the potassium salt
of glucuronic acid forms a dihydrate under ordinary
conditions rather than one containing 1.5 molecules
of water as previously reported.?

(1) P, Ehrlich and K, Rehorst, Ber., 88, 1989 (1925).
(2) FP. Ehrlich and K. Rehorst, sbid., 63, 628 (1929).
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Preparation of Sodium and Potassium Salts of
Glucuronic Acid.—Preparation of the sodium and
potassium salts of glucuronic acid by titration of
glucuronolactone with a stoichiometric amount of
alkali is accompanied by extensive degradation.
We have found that these salts are prepared best
by rapid combination of aqueous alkali with glu-
curonolactone such that the reaction iscompleteina
few seconds. When the alkali is made up in
aqueous alcohol these salts crystallize directly from
the reaction medium. Sodium glucuronate crys-
tallizes as a monohydrate and potassium glu-
curonate as a dihydrate.

Preparation of Ammonium Glucuronate.—The
ammonium salt of glucuronic acid cannot be pre-
pared by direct reaction of glucuronolactone with
ammonia because amino-amides are formed.? How-
ever, as reported in the literature,? ammonium
glucuronate can be prepared by direct reaction of
glucuronic acid with aqueous ammonia. The salt
crystallizes as a monohydrate from aqueous ace-
tone. We obtain glucuronic acid for this reaction
by passing an aqueous solution of the sodium or
potass;um salt over a cation-exchange resin
column.*

Experimental

Preparation of Sodium Glucuronate (Monohydrate) —
18.5 g. (0.105 mole) of glucuronolactone was stirred rapidly
into 60 ml. of 509, (by volume) methanol containing 4.1 g.
(0.102 mole) of sodium hydroxide. Crystals formed almost
immediately and were removed by filtration after overnight
refrigeration. They were washed with 75% (by volume)
methanol and then with absolute methanol. The vield was
19 g. (0.081 mole) of colorless crystals dried in air at room
temperature.

Anal® Caled. for CgHyO;Na-H,O: C, 30.8; H, 4.7;
Na, 9.8; glucuronic acid, 83; water, 7.7. Found: C, 30.6;
H, 5.0; Na, 9.6; glucuronic acid (naphthoresorcinnl
method), 82; water (Karl Fischer), 8.3.

This salt lost no weight when it was stored under vacuuu
over anhydrous calcium chloride for 24 hours.

Preparation of Potassium Glucuronate (Dihydrate).—
18.5 g. (0.105 mole) of glucuronolactone was stirred rapidly
at room temperature into 100 ml. of 309, (by volume) meth-
anol containing 5.8 g. (0.103 mole) of potassium hyvdroxide.
Crystals formed almost immediately and were removed by
filtration after overnight refrigeration. They were washed
first with 609, methanol and then with absolute methanol.
The yield was 24.0 g. (0.09 mole) of colorless crystals dried
in air at room temperature.

Anal. Caled. for CHyO;K-2H,0: C, 26.9; H, 4.8;
K, 14.6; glucuronic acid, 72; water, 13.4. Found: C, 27.1;
H, 4.8; K, 14.6; glucuronic acid, 74; water, 13.2.

This salt lost 7.3% of its weight after 72 hours under
vacuum over anhydrous calcium chloride. It returned to
its initial weight after overnight standing on the desk top.
Thus it appears that the water of crystallization is not
tightly bound.

Preparation of Ammonium Glucuronate (Monohydrate).
—15.1 g. (0.078 mole) of crystalline glucuronic acid was
stirred rapidly into 40 ml. of water containing 1.36 g.
(0.080 mole) of ammonia. The glucuronic acid dissolved
instantly, and 200 ml. of acetone was added gradually over
a one-hour period with continuous agitation. A yield of
14.6 g. (0.065 mole) of crystals was separated by filtration,
washed with acetone, and dried at room temperature.

Anal. Caled. for CeHyO;NH,-H:O: C, 31.4; H, 6.5;
N, 6.1; glucuronic acid, 85; water, 7.8. Found: C, 31.7;
H, 6.3; N, 6.0; glucuronic acid, 86; water, 7.8.

(3) H. L. Prush and H. S, Isbell, J. Res. Natl, Bur. Standards, 41,
609 (1948),

(4) Nalcite-HCR, National Aluminate Co., Chicago, Il

(6) Microanalyses by G, Stragand, University of Pittsburgh.
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This salt lost no weight when it was stored under vacuum
over anhydrous calcium chloride for 24 hours.
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A Qualitative Test for Silicon in Organosilicon
Compounds and for Germanium in Organoger-
manium Compounds

By HenNrRY GILMAN, RoBERT K. INGHAM AND RicHarD D.
GoRsICH

RECEIVED SEPTEMBER 2, 1953

Silicomolybdic acid was first described by Par-
mentier! in 1882. Sixteen vears later a method for
the detection of silicic acid in water by the use of
the yellow silicomolybdate solution for a colori-
metric determination was reported.?

Feigl and Krumbholz? first described the use of
benzidine in conjunction with silicomolybdic acid
as a sensitive spot test for silicon; the benzidine
becomes oxidized to ‘‘benzidine blue” and simulta-
neously the silicomolybdic acid is reduced to ‘‘mo-
lybdenum blue.” It has been reported that 0.001
mg. of silica in a concentration of 1:50,000 can be
detected by this method. The benzidine-molyb-
dic acid test has been used to detect silica in miner-
als,* silicon in steel® and silicic acid in limestone
and related materials.®

Germanates react similarly with molybdic acid to
form the insoluble germanomolybdic acid which
like its silicon analog will oxidize benzidine to
“benzidine blue’’ with the concurrent formation
of “molybdenum blue.”” The quantitative meth-
ods for germanium in organogermanium com-
pounds have been reviewed recently.®

A qualitative test for silicon in organosilicon
compounds has been reported,® the compound be-
ing oxidized to silica with concentrated sulfuric acid
plus either glacial acetic acid or 709, nitric acid.
Another qualitative test!® for silicon in organic com-
pounds involves treatment with sodium fluoride
and sulfuric acid; the resulting silicon tetrafluoride
vapors are allowed to contact an asphalt-covered
rod which has been previously dipped in water. A
white deposit of silica indicates the presence of sili-
con.

The benzidine—molybdic acid test recently has

(1) F. Parmentier, Compt. vend., 94, 213 (1882).

(2) A. Jolles and P. Neurath, Z. angew. Chem., 11, 315 (1898).

(8) F. Feigl and P. Krumbholz, Mikrochemie, Preg. Festschrift, 77
(1929); P. Peigl and P. Krumholz, Ber,, 62B, 1138 (1929). See also
E. van Dalen and G. de Vries, Anal. Chim. Acta, 4, 235 (1950).

(4) P, Feigl and H. Leitmeier, Tschermak’s mineral. petrog. Mitl.,
40, 1 (1929) [C. A., 24, 4479 (1930)].

(5) G. Thanheiser and M. Waterkamp, Arch. Essenhiittenw., 18,
129 (1941)[C. A., 36, 6943 (1042) |.

(6) N. A. Tananaev and A, M. Shapovalenko, J. Applied Chem.
(U.S.S.R.), 11, 352 (1938) [C. A., 82, 5724 (1938)].

(7) A. S. Komarovskii and N. 8. Poluektov, Mikrochemie, 18, 66
(1935).

(8) H. H. Krause and O. H. Johnson, Anal. Chem., 28, 134 (1953).

(9) H. Gilman and G. N. R. Smart, J. Org. Chem., 18, 720 (1950).
For the quantitative determination of silicon in organosilicon com-
pounds see H. Gilman and L. 8. Miller, THIis JourNaL, 78, 968 (1951);
and H. Gilman, B, Hofferth, H. W, Melvin and G. E. Dunn, bid., 73,
5767 (1950).

(10) A. P. Kreshkov and V. A, Bork, Trudy Komissit Anal. Khim.,
Akad. Nouk S.S.S.R., 8, 354 (1951) [C. A., 47, 2646 (1953)).
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been applied to organosilicon compounds.!* The
organosilicon compound was decomposed to the
soluble silicate by fusion on a platinum loop with
sodium carbonate and sodium peroxide; subsequent
reaction with ammonium molybdate and benzidine
resulted in the blue coloration when neutralized
with ammonia.

The benzidine-molybdic acid test has been em-
ployed in this Laboratory; several modifications
and refinements have been made and the method
has been extended to include organogermanium
compounds. Although a platinum loop is more
convenient and available than a small platinum
spoon, the spoon has several advantages over the
loop. Liquids may be tested with greater facility,
a smaller amount of the organosilicon (or organo-
germanium) compound is required and no trans-
feral of the fused mixture is necessary when em-
ploying the platinum spoon. Sodium acetate was
found more practical than ammonia for neutralizing
the acidic solution. Commercially available sodium
peroxide contains iron as an impurity which causes
a brown color on neutralization with ammonia and
thus masks the blue color which is characteristic of
a positive test for silicon or germanium. Only
with some sulfur-containing organosilicon com-
pounds was any difficulty encountered in obtaining
a positive test; with certain of these compounds a
large excess of sodium peroxide was necessary in or-
der to ensure complete oxidation of the sulfur atom.
If the sulfur is not completely oxidized, the resulting
sulfide will reduce the ammonium molybdate solu-
tion to ‘“‘molybdenum blue” and therefore give a
positive test in the absence of silicon. A variety
of organosilicon and organogermanium compounds
has been tested, a positive result being obtained in
every case.

Experimental

Approximately 0.02 g. of the organosilicon (or organo-
germanium) compound, 0.01 g. of sodium peroxide!? and
0.06 g. of sodium potassium carbonate (1:2 fusion mixture)
are mixed thoroughly. If the sample to be tested is a liquid,
it is best to mix the materials on a small piece of platinum
foil, possibly a platinum crucible lid; 2 or 3 drops of the
liquid should be used, and if the liquid is relatively volatile,
the mixture should not be made up until the bead is ready
to be prepared. A platinum loop (approximately 4 mm. in
diameter), which has previously been rid of any silicate by
fusion with sodium potassium carbonate, is heated and
brought into contact with the mixture. After a bead has
been formed, it is heated in a bunsen or meeker burner flame
for approximately 1 minute. The mixture should not be
heated too rapidly at first or some spattering may occur.
After placing about 1 ml. of water in a platinum crucible,
the bead is immersed in the water, and the solution is warmed
to boiling in order to dissolve the fused mixture; glassware
cannot be used since the boiling mixture may dissolve suffi-
cient silica to give a positive test. On a piece of filter paper
are placed 2 or 3 drops of ammonium molybdate solution.
The 2 drops of the solution to be tested are added to the am-
monium molybdate on the filter paper. If the test is run
rapidly, the solution will still be warm; however, if the
solution has cooled, the filter paper should be warmed gently
following the addition of the molybdate and test solutions.
Subsequently, 1 drop of benzidine solution and 2-5 drops of

(11) A. P. Kreshkov and V. A, Bork, Zhur. Anal. Khim., 6, 78
(1951) {C. A., 45, 6125 (1951)); see also A. P. Kreshkov and V. A,
Bork, Trudy Komissii Anai. Khim., Akad. Nauk S.S.S.R., 8, 361
(1951) [C. A., 47, 2646 (1953)1.

(12) If the organosilicon or organogermanium compound being
tested contains sulfur, the amount of sodium peroxide should be two
or three times the sample weight.



