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Three compounds that are structurally similar and interconvertible in the organism-— pyridoxine {I), py-
ridoxamine (II), and pyridoxal (III)— constitute the vitamin B, group. Pyridoxal (III) is the most important rep-
regentative of this group. Its phosphate ester— pyridoxal 5'-phosphate (IV)—is the cofactor of several enzymes
that catalyze the transformations of amino acids, carbohydrates, and fatty acids [1].

Pyridoxamine 5'-phosphate (V) acts as a coenzyme only in transmission reactions. However, since IV
can easily be derived from it, by transamination [2-5] or oxidation{6-8] forexample, the development of methods
for its synthesis is of considerable interest.

We prepared the starting compound (III) for the synthesis of V by oxidation of I with manganese dioxide
in dilute sulfuric acid [9]; subsequent treatment with hydroxylamine gave the oxime of III (VI) in 75.8% yield.
This reaction gave a contaminated product when heating was used [10], which necessitated recrystallization to
get pure VI. Hydrogenation of VI in agueous hydrochloric acid over Pd/C catalystgave II [11]. However, VI
was hydrolyzed under these conditions and consequently the resulting II in general was contaminated with I.
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We verified the presence of I in the reaction mixture after the reduction of VI by chromatography on
paper and Silufol UV-254 plates in various solvent systems and by quantitative chromatographic— spectropho-
tometric determination of compounds I and II after preparative separation on paper. We found that unpurified
Il contained 2-5% of I.

Compound II when isolated after reduction of VI in aqueous hydrochloric acid required further purifica-
tion to remove the contaminant I.

We had to use an anhydrous solvent to prevent the hydrolysis of VI during its reduction, ag in the extant
method [12] for the hydrogenation of VI in methanol saturated with hydrogen chloride.

We attempted to simplify the process by carrying out the reduction of VI in methanol in the presence of
hydrochloric acid with an equimolar ratio of VI and hydrogen chloride. Chromatography of the reaction mix-
ture on paper and Silufol revealed only a single spot, corresponding in mobility o an authentic sample of II. We
isolated 1I fromthe reaction mixture in 95% yield.

We carried out the phosphorylation of II with polyphosphoric acid [7]. For the subsequent ion-exchange
purification we used the Soviet cation exchanger KB-4-10P, which was a successful substitute for Amberlite
IRC-50 and XE-88. Compound V was isolated in 74.7% yield.

Thus on the basis of our work the reaction sequence involved in the synthesis of Il and V is
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EXPERIMENTAL

The UV spectra were recorded on an SF-4A instrument. Thin-layer chromatography was carried out on
Silufol UV-254 plates in the systems: a) acetone— dioxane—ammonia (9:9:2), b) t~butyl alcohol— 85% formic
acid—water (7:1.5:1.5), c) ethyl acetate—acetone—ammonia (20:10:1.5), and d) butanol— water (4:5). Paper
chromatography was carried out on Whatman No. 1 or 3MM and Filtrak FN-3 (East Germany) in systems b and
d. Visualizationwas in UV light with a 0.5%alcoholic 2, 6~dichloroquinone chloroimide and 2% acetone solution of
ninhydrin.

2-Methyl- 3-hydroxy-4- formyl-5-hydroxymethylpyridine Oxime (VI). To a solution of pyridoxine hydro-~
chloride (10 g, 41.4 mmole) in 0.3 M sulfuric acid (165 ml) was added manganese dioxide (4.4 g). The mixture
was stirred for 5 h while the solution pH changed from 1.0 to 4.5. Unreacted manganese dioxide was filtered
off and washed with water (10 ml). Hydroxylamine hydrochloride (4.27 g) was added to the filtrate. The mix-
ture was heated at 70°C for 10 min, sodium acetate (18.7 ml) was added, and the mixture was again heated at
70°C for 10 min. It was then cooled to 0°C. The precipitated crystals were separated and washed with water
until manganese ions were not present in the wash water (test with benzidine). Drying at 70°C under a residual
pressure of 15 mm Hg gave (VI) (6.72 g, 75.8%), mp 222-223°C. Literature [10]: mp 225-226°C. The product
was chromatographically homogeneous by TLC in systems a, b, ¢, and d and by paper chromatography in sys-
fems b and d.

Pyridoxamine Dihydrochloride (II). A. Compound II was prepared by the method of [11]. Chromatography
of a sample of Il isolated from the reaction mixture revealed two spots corresponding in mobility to authentic
samples of I and II.

The quantitative determination of I and II was carried out by ascending chromatography on Whatman No, 1
paper in system b followed by extraction of the zones containing I and II with 0,1 N hydrochloric acid. The opti-
cal density was measured in l-cm cells at 290 nm for [ and 293 nm for II. Each determination was the average
result of three measurements. The relative error was 5%.

Preparative chromatography on L 40/100 u silica gel in system a isolated I and II from the relevant zones,
which had UV spectra, mp, and Ry by TLC in systems a, b, ¢, and d that were identical to those of authentic
samples.

B. To a solution of VI (1 g, 5.4 mmole) in methanol (30 ml) and hydrochloric acid (0.5 ml 5.4 mmole)
was added Pd/C (0.2 g) containing 5% Pd. The mixture was hydrogenated for 55 min; 230 ml of hydrogen was
absorbed. Hydrochloric acid (4.5 ml) was added and the catalyst was separated. The hydrogenate was evapo-
rated to dryness under vacuum. Methanol (1 ml) was added to the dry residue, which was carefully stirred.
The crystals were separated and dried over phosphorus pentoxide to give I1 (1.26 g, 95.2%), mp 225-227°C (de~
composition). Literature [11]: mp 225-226°C. The compound was chromatographically homogeneous by TLC
in systems a, b, ¢, and d, and also on paper chromatography in systems b and d.

Pyridoxamine 5'-Phosphate Dihydrate (V). A. To phosphorus pentoxide (2.32 g) with stirring and cooling
was added 85% orthophosphoric acid (3.21 g) while the temperature was maintained below 110°C, until the phos-
phorus pentoxide had completely dissolved. After the solution had cooled to room temperature II (0.5 g, 2.1
mmole) was added. The mixture was stirred for 1 h until the evolution of hydrogen chloride had ceased and then
heated at 65°C for 2.5 h. After cooling to 0°C, water (0.25 ml) and anhydrous alcohol (12.5 ml) were added at
10°C. Diethyl ether (37.5 ml) was added to the transparent solution and the mixture was kept at 6°C for 1 h
while a white precipitate formed. The precipitate was separated, dried under vacuum, and then hydrolyzed with
1N hydrochloric acid (25 ml) at 100°C for 30 min. The hydrolysate was evaporated under vacuum at 40°C to a
volume of 4 ml, It was then neutralized with 25% aqueous ammonia (4.5 ml) to pH 6.0-7.0 and applied to a col-
umn (2.77 X 62 cm) of Amberlite XE-88 (HT form) cation exchange resin. The column was eluted with water ata
rate of 20ml/h, The neutral fractions with UV absorption maximum at 326 nm that gave an orange coloration
with ninhydrin were collected. These fractions were combined (340 ml), evaporated under vacuum at 40°C to a
volume of 2 ml, and cooled at 4-6°C for 8 h. The precipitated colorless acicular crystals were separated and
washed at 0°C with alcohol (0.2 ml) and ether (0.2 ml). The yield was 0.31 g, mp 231,5-232°C, The filtrate was
treated to give a further 0.13 g, mp 231.5-232°C. The total yield of V was 0.44 g (74.7%). Found, %: C 33.76;

H 5.85; N 9.9; P 11.0. CgzH3N,P*2H,0. Calculated, %: C 33.8; H6.0; N9.9; P10.9. TLC: Rg 0.205 (sys-
tem b); paper chromatography on Whatman No. 1 Rf 0,2-0.3 (system b).

B. Compound II (0.5 g) was phosphorylated as described in method A. The mixture was applied to a col-.
umn (2.77 X 62 cm) of the weak cation exchanger KB-4 10P (H form). The column was eluted with water at a rate
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of 20 ml/h., After elution of the acidic fractions (100 ml), the neutral fractions with UV absorption at 326 nm
that gave an orange coloration with ninhydrin were collected (350 ml). They were evaporated under a vacuum
to a volume of 2 ml at 40°C, cooled at 4-6°C for 8 h, and separated as described above, The yield was 0.44 g
(74,7%) , mp 221,5-232°C, Preparation V had identical chromatographic mobility to V prepared by method A,
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