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The mixture was passed through an anion-exchange column and
the column eluted with aqueous boric acid.? The phosphate-
containing fractions were combined and solvent removed at the
pump. The material was subjected to fractionation upon several
thicknesses of paper eluted with either solvent e or solvent f, the
major fraction being selected on each occasion.

After a final fractionation by electrophoresis, material was
obtained homogeneous upon electrophoresis and upon chromatog-
raphy upon paper (solvents a, e, and f), {«]®p +62° (¢ 0.09, in
water), showing bands in the infrared at 2.9-3.1 (broad), 3.7
(w), 5.65 (8), 8.22 (vs), and 9.65 x (8), indicating the presence of
carboxylic acid (lactonized), free hydroxyl, and P=0 of phos-
phate. This material gave a p-bromophenacyl ester,2! m.p.
157-158°.

Anal. Calcd. for C14H13010P Br:
C, 37.00; H, 3.94.

Compound IV reduced hot acidified dichromate and perman-
ganate solutions, gave positive tests for an e-hydroxy acid,’—#
but was negative towards Fehling, Tollens, Schiff, and Brady
reagents.

A portion of IV was subjected to further hydrolysis with N
aqueous sodium hydroxide at 100° for 30 min. Less than 89 of
the phosphate was set free as inorganic phosphate. The action
of 0.1 N aqueous hydrogen chloride under similar conditions
yielded approximately 259, of inorganic phosphate.

A portion of material IV reacted with aqueous periodate, and
the course of the reaction was followed spectrophotometrically .’
In the initial rapid reaction 1 mole of periodate was consumed.
A further mole of periodate reacted within 24 hr. Thereafter
somewhat slower oxidation consumed a 3rd mole of oxidant.

An amount of 0.08 g. of IV in 5 ml. of water was mixed with
0.06 M aqueous sodium periodate (2 moles) and the solution set
aside in darkness for 24 hr. The solution was freeze dried and
the residue extracted with ether. From the ethereal extract pyru-
vic acid was obtained in small amount, converted to its 2,4-
dinitrophenylhydrazone, m.p. 213-214°. In a second experi-
ment the p-bromophenacyl ester, m.p. 117-118°, was obtained.

In a similar experiment using one molar proportion of periodate,
a second phosphate ester was obtained in solution. Treatment
of this solution with 0.4 N aqueous sodium hydroxide led to rapid
release of inorganic phosphate, suggesting a S-carbonyl ester.
Attempts to identify this ester were not successful.

To a portion of 0.09 g. of IV in' 3.0 ml. of glacial acetic acid was
added 0.25 g. of o-phenylenediamine. The mixture was heated
for several minutes upon the steam bath. The cooled mixture
was triturated with ether and recrystallized from alcohol. This
material did not show the usual absorption bands in the ultra-
violet characteristic of quinoxalines, and treatment with excess
alkali regenerated o-phenylenediamine. When insufficient alkali
was added sparingly soluble material was obtained, which con-
tained phosphorus, nitrogen and sodium. Recrystallized from
aqueous ethanol, this appeared to be a mixed sodium o-phenylene-
diamine salt.

Anal. Caled. for CmHszlngNzN&z‘HzO: C, 3131, H,
4.93; N, 4.06; residue of NasH;P,0; on ignition, 32.18. Found:
C, 31.39; H, 4.62; N, 3.72; residue of Na.H,P,0; on ignition,
32.31.

A portion of IV was treated with iodine in sodium hydroxide
forming some iodoform. Compound IV was, therefore, sub-
jected to oxidation with hypobromite. An amount of 0.17
g. of IV was dissolved in 5 ml. of sodium hypobromite solution,
and the mixture was set aside for 20 hr. at room temperature.
The solution was passed over ion-exchange resin [Amberlite IR
120 (H* form)] and the solvent rapidly removed at the pump.

The residue was examined by two-dimensional paper chroma-
tography—ionophoresis and development of the chromatograms
(spray a) showed the presence of several phosphate-containing
components. One of these components was found to behave
identically with p-erythronic acid 4-phosphate?? under these
conditions. Accordingly, the separation was repeated using
geveral thicknesses of paper, and the material was eluted and
converted?! to the p-bromophenacyl ester, m.p. 182-183°.

Anal. Caled. for CoHi1OsP Br-3H,0: C, 30.83; H, 4.28.
Found: C, 30.63; H, 4.27.

C,36.76; H,3.94. Found:

(20) Cf. P. Szabo and L. Szabo, J. Chem. Soc., 3758 (1961).

(21) *'Organic Reagents for Organic Analysis,” Hopkins and Williams,
London, 1947.

(22) J. B. Lee and J. E. Furniss, in preparation.
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There has been considerable recent interest in the
1-phospho derivatives of N-acetyl-p-glucosamine (2-
acetamido-2-deoxy-p-glucose) and N-acetyl-p-galacto-
samine (2 - acetamido - 2 - deoxy - D - galactose).
The preparation of the glucosamine analog »ia the one
bromo sugar has been previously reported by Maley,
Maley, and Lardy.? Attempts to prepare the bromo
derivative of galactosamine which could be coupled
with silver diphenyl phosphate or a similar reagent
have not been successful.

We have developed a convenient procedure for the
synthesis of N-acetylhexosamine-o« 1-phosphates by
direct phosphorylation of the fully acetylated amino
sugars with anhydrous phosphoric acid according to the
procedure of MacDonald.? Preparation of the g-
pentaacetate of glucosamine was carried out according
to Bergmann* and this same procedure adapted to
yield the corresponding galactosamine derivative. The
acetylhexosamine 1-phosphates were purified by chro-
matography on Dowex-1 ion exchange resin and iso-
lated as amorphous lithium salts.

Although the net change at the anomeric center
during the phosphorylation reaction is inversion from
the 8- to the a-configuration, it is not likely that this
reaction is a bimolecular displacement. Recent studies
in our laboratories as well as others® have indicated
that certain a-anomers react under the same condi-
tions, with net retention, thus making it unlikely that
an SN2 mechanism is involved. At present, there is
insufficient evidence to permit satisfactory speculations
as to the natrue of this phosphorylation reaction.

Experimental

Melting points were obtained on a Fisher microstage and are
uncorrected. Microanalyses by Galbraith Analytical Labora-
tories, Knoxville, Tenn.

N-(p-Methoxybenzylidene)-2-amino-2-deoxy-p-galactose (I).—
Nine grams of p-galactosamine hydrochloride® was dissolved in
42.3 ml. of 1 N sodium hydroxide. A 50.3-ml. sample of redis-
tilled anisaldehyde was added rapidly and the solution stirred
vigorously for 2 hr. Crystalline material appeared in a few
moments and the reaction mixture was nearly solid after 15 min.
The suspension of crystalline material was allowed to stand
overnight at 4°; the crystals were harvested in a Biichner funnel,
washed with ice-water and a 1:1 mixture of alcohol-ether.
Recrystallization of the Schiff base is extremely difficult due to
the lability of the anisaldehyde group. The product exhibited

(1)(a) Supported by grants A-2903 (C-3) and A-4315 (C-2) from the U. S.
Public Health Service, Bethesda, Md.; (b) Taken in part from a disserta-
tion to be submitted by T. Y. Kim in partial fulfillment of the requirements
for the Ph.D. degree from Duke University.

(2) F. Maley, G. F. Maley, and H. Lardy, J. Am. Chem. Soc., 78, 5303
(1956).

(3) D. L. MacDonald, J. Org. Chem., 27, 1107 (1962).

(4) M. Bergmannand L. Zervas, Ber., 64, 975 (1931).

(5) R.Jeanloz, personal communication.

(6) R. Wheat and E. A. Davidson, Biochem. Prep., in press.
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satisfactory analyses and was adequate for conversion to the
next intermediate; yield, 739; m.p. 161°.

Anal. Calcd. for C14H1906N: C, 5656, H, 640, N, 4.71.
Found: C, 56.45; H, 6.53; N, 4.54.

N-(p-Methoxybenzylidene )-tetra-O-acetyl-2-amino-2-deoxy-
B-p-galactopyranose (II).—Eight grams of I was mixed in an ice
bath with 27 ml. of ice-cold acetic anhydride and 48 ml. of an-
hydrous pyridine. The mixture was allowed to stand in ice with
occasional shaking for 3 hr. and then for an additional 24 hr. at
room temperature. The resulting solution was poured onto
crushed ice and the tetraacetyl derivative allowed to crystallize
for approximately 30 min. The crude crystals were washed with
ice-water, recrystallized from methanol, and dried over phos-
phorus pentoxide in vacuo; yield, 75%; m.p., 187°; [a]®ss
+108.5 (¢ 1, chloroform). ;

Anal. Caled. for CHy0: C, 56.53; H, 5.78; N, 3.00
Found: C, 56.84; H, 6.04; N, 2.98. ‘

2-Aminotetra-O-acetyl-2-deoxy-g-p-galactopyranose (III).—
Eight grams of II was dissolved in 400 ml. of acetone and the
solution heated in water bath until boiling. Exactly 3.5 ml. of 5
N hydrochloric acid was added, resulting in the immediate forma-
tion of a white crystalline precipitate. The solution was refluxed
for 15 min., cooled to below room temperature, and 500 ml. of
ether added. After standing overnight at 4°, the precipitate was
harvested, recrystallized from methanol, and dried over phos-
phorus pentoxide. The yield was essentially quantitative; m.p.
205° dec.; [a]®sis +34.7 (¢ 1.5, water).

Anal. Caled. for CMHnOgNCl: C, 4380, H, 574, N, 365,
Found: C, 43.75; H, 5.96; N, 3.59.

2-Acetamidotetra-O-acetyl-2-deoxy-3-p-galactopyranose (IV).
—Five grams of 111 was mixed with 700 ml. of chloroform, 1.8 g.
of anhydrous sodium acetate, and 27 ml. of water.” After stirring
until a homogeneous mixture was obtained, 20 ml. of acetic an-
hydride was added and the solution stirred for an additional 25
min. The chloroform layer was separated and dried over an-
hydrous magnesium sulfate. Solvent was removed n vacuo;
crystalline material was obtained with heptane and recrystal-
lized from ethanol-chloroform; yield, 909,; m.p. 240°; {&]%s
+2.6 (¢ 1, chloroform). Stacey reports this compound as melt-
ing at 235°; [o]%®D +7.8

Anal. Caled. for CisHp00N: C, 49.36; H, 5.91; N, 3.59.
Found: C,49.25; H, 5.98; N, 3.43.

Some crystalline material may appear at the chloroform-water
interface and is also the g-pentaacetate.

2-Acetamido-2-deoxy-pD-galactopyranose-« 1-Phosphate.—
Phosphorylation of the fully acetylated amino sugar was carried
out according to the procedure of MacDonald.? After removal of
lithium phosphate, the resulting solution was passed through a
2.5 X 40 c¢m. column of Dowex 1 X 8 200-400-mesh chloride form
resin and the column washed extensively with water until no
additional acetyl hexosamine was present in the efluent. The
column was then eluted with a lithium chloride gradient consisting
of 0.01 M of chloride, 0.003 M hydrochloric acid in a 1-1. mixing
vessel and 0.2 M lithium chloride in the same concentration of
hydrochloric acid in the reservoir. Column fractions were ana-
lyzed for acid-labile acetyl hexosamine,? positive fractions com-
bined and adjusted to pH 8 with lithium hydroxide. Solvent was
removed in vacuo and the lithium salt of the acetyl hexosamine
phosphate obtained by precipitation with methanol-acetone
(1:9) and washing with the same solvent until the wash was
chloride-free; yield, 20-35%.

Anal. Caled. for CsHiONPLi»2H0: C, 27.51; H, 5.16;
N, 4.10; P, 8.8. Found for the galactosamine analog: C, 27.29;
H, 5.25; N,3.88; P, 8.4; [a]®ns +197 (¢ 0.7, water); reduc-
ing sugar and acetylhexosamine negative; ratio of acid labile
acetyl hexosamine to acid-labile phosphorus was 0.89:1. Found
for the glucosamine analog: C, 27.06; H,5.01; N, 3.81; P,8.6;
{a] %55 +144 (¢ 0.88, water); reducing sugar and acetyl hexo-
samine negative; ratio of acid-labile acetyl hexosamine to acid-
labile phosphorus was 0.82:1.

(7) B. R. Baker, J. B. Joseph, and R. E. Schaub, J. Org. Chem., 19, 17868
(1954).

(8) M. Stacey, J. Chem. Soc., 272 (1944).

(9) J. L. Reissig, J. L. Strominger, and L. F. Leloir, J. Biol. Chem., 217,
959 (1959).
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Conditions for the equilibration of magnesium with
porphyrins and chlorins have been determined by
Corwin and Wei.! Corwin and Bruck? reported that
mesoheme appeared to equilibrate with ferrous chloride
and mesoporphyrin in a solution containing acetic
acid, a little water, and some salt. This led us to
search for conditions suitable for measuring the equilib-
rium constants of metalation-demetalation reactions
of porphyrins and hemins.

Method.—The method of study adopted was spectro-
photometric. It was first learned that mesohemin and
meosporphyrin acetate could be distinguished easily
by this method, since the hemin has a strong absorption
at 632 mu and the porphyrin salt at 594 mu. Using
this method, the following preliminary observations
were made in an attempt to arrive at suitable con-
ditions for measurement of the equilibrium.

Preliminary Observations on Mesohemin.— (1) Meso-
hemin in glacial acetic acid was treated with mercury
and heated at 114°. No porphyrin formation occurred.

(2) The solution was diluted with water sufficient to
make fifty mole per cent. The mixture was heated
at 100° for two hours. No porphyrin formation was
observed.

(3) A solution was prepared with 2.595 mg. of meso-
hemin in 25 ml. of glacial acetic acid. A 10-ml. ali-
quot of this was diluted with 3.3 ml. of water, and the
solution was saturated with sodium chloride. It was
then treated with metallic mercury and heated to 105°
for ninety minutes. It was estimated that 509 of the
hemin was converted to porphyrin. This experiment
established the need for halide ion in the equilibrium
mixture.

(4) Mesohemin (ferric) in fifty mole per cent aqueous
acetic acid did not equilibrate to porphyrin even in
the presence of sodium chloride.? The presence of a
reducing agent (for example, mercury) was essential.
In this dilute aqueous solution, the reducing agent
did not change the spectrum but did permit the
equilibration to proceed. This spectral stability indi-
cates that no appreciable quantity of ferrous porphyrin
is formed.

(5) The solubility of sodium chloride in glacial acetic
acid is so low that even in the presence of sodium chlo-
ride and mercury and at elevated temperature, equilibra-
tion under these conditions was too slow to be meas-
ured conveniently.

(6) The concentration of chloride ion is critical for
the position of the equilibrium as well as for the possi-
bility of obtaining equilibriu n.

(1) Porphyrin Studies XXV. Paper XXIV, A, H. Corwin and P. E.
Wei, J. Org. Chem., 27, 4285 (1962). This work was supported by Public
Health Service grant A-2877.

(2) A. H. Corwin and 8. D. Bruck, J. Am. Chem. Soc., 80, 4737 (1958).

(3) H. Fischer, A. Treibs, and K. Zeile, Z. Physiol. Chem., 198, 1 (1931).



