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Synthesis of Pyridoxine. I. Synthesis of 4-Methyl-5-
ethoxycarbonyloxyoxazole
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Recently, Firestone et al.'? reported the synthesis
of pyridoxine by the Diels-Alder reaction of 4-
methyl-5-alkyoxyoxazole with various dienophiles
followed by acid treatment and reduction. They
prepared the oxazoles from alanine through three
steps, but the yield of the last step was very low.?
In the present paper, We describe an efficient
synthetic method of 4-methyl-5-ethoxycarbonyl-
oxyoxazole (I) as well as its Diels-Alder reaction.
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Compound I was obtained in 809, yield by
treatment of N-formylalanine (1 mol) with ethyl
chlorocarbonate (2 mol) in the presence of tri-
ethylamine at —10——20°C. The structure of
I was confirmed by the elemental analysis and the
spectral data.

A synthetic method of oxazole by the reaction
of acylamino acid with ethyl chlorocarbonate has
never been reported, except the report on the
synthesis of 2-methyl-4-benzal-5-oxazolone (II) by
the reaction of g-acetoaminocinnamic acid (III)
with ethyl chlorocarbonate.® This result sug-
gests that 4-methyl-5-oxazolone (IV) was inter-
mediately formed and its enolized form, 4-methyl-5-
hydroxyoxazole (V), further reacted with ethyl
chlorocarbonate to form I.
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Although, IV could not be isolated, this mecha-
nism may be supported by the following fact:
2-methyl-4-benzyl-5-oxazolone (VI)¥ was con-
verted into 2-methyl-4-benzyl-5-ethoxycarbonyloxy-
oxazole (VII) by treatment with ethyl chloro-
carbonate under the same conditions.
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As 4-methyl-5-alkoxyoxazole, I underwent the
Diels-Alder reaction with various dienophiles.
The resulting adducts were converted into pyridine
derivatives on acid treatment: e g., by reaction
with diethyl maleate, dimethyl thiofumarate or
maleimide, I gave 2-methyl-3-hydroxy-4, 5-disub-
stituted pyridines. These pyridines were converted
into pyridoxine by reduction. The reaction of I
with maleic anhydride gave ethyl 2-methyl-3-
hydroxypyridine-5-carboxylate accompanying with
decarboxylation. But that of I with fumaronitrile
in acetic acid produced 2-methyl-3-hydroxy-4, 5-
dicyanopyridine, which was converted into
pyridoxine by reduction.

Experimental

4-Methyl-5-ethoxycarbonyloxyoxazole (I). To
a suspention of 10 g of formylalanine in 50 m! of chloro-
form, 18 g of triethylamine was added. The solution
was cooled at —10——20°C. To the solution, 18.8
g of ethyl chlorocarbonate was added drop by drop at
—10——20°C under stirring. After being kept for
2 hr at the same temperature, the reaction mixture
was washed succesively with water, 1% hydrochloric
acid and water, and dried over anhydrous magnesium
sulfate. The solvent was removed from the reaction
mixture to give an oily residue, which was distilled under
reduced pressure to give 11.8g of I, bp 80—82°C/
5—6 mmHg, Amgz 1780 cm—1 (carbonic ester v¢.g),

¢ (CDCl,): 8.60 (3H, triplet), 7.85 (3H, singlet),
5.70 (2H, quartet), and 2.39 (1H, singlet).
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Found: G, 49.08; H, 5.47; N, 8.46%.
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CHgNO,: C, 49.12; H, 5.30; N, 8.18%.

Similarly, VII (170—171°C/7 mmHg, yield 6.2 g)
was obtained from the reaction of VI# (6.1 g) with
ethyl chlorocarbonate (3.1 g) in the presence of triethyl-
amine (2.9g).

Found: C, 64.44; H, 5.67; N, 5.31%.
C3H;3NO,: G, 64.36; H, 5.79; N, 5.36%,.

The Reaction with Diethyl Maleate, Diethyl
Fumalate or Dimethyl Thiofumarate. A mixture
of 0.85¢g of I and 1.7 g of diethyl maleate was heated
at 120°C for 6 hr. After cooling, 20 m! of ethyl alcohol
and 1 m! of 5 N ethanolic hydrochloric acid were added
to the solution. The substance, which was obtained by
evaporation of ethanol from the reaction mixture, was
recrystallized from acetone to give 1.2 g of 2-methyl-3-
hydroxy-4, 5-diethoxy carbonylpyridine, mp 149°C.
It was identified with an authentic sample®> by the
mixed melting point.

Similarly, I reacted with diethyl fumarate to give
60%  of 2-methyl-3-hydroxy-4, 5-dicthoxycarbonyl-
pyridine, and with dimethyl thiofumarate to give 1.2 g
of 2-methyl-3-hydroxy-4, 5-dicarboxylic acid methyl
thioester hydrochloride, mp 210—212°C.

Found: C, 40.53; H, 4.29; N, 4.799%,. Calcd for
C,oH;;NOyS;: G, 40.88; H, 4.12; N, 4.77%.

The Reaction with Maleic Anhydride. A solu-
tion of 1.7 g of I and 1.2 g of maleic anhydride in 20
ml of benzene was heated under refluxed for 30 min.
After cooling, 2 m! of 5~ ethanolic hydrochloric acid
was added to the solution. The solvent was evaporated
at reduced pressure. The oily residue was dissolved
in water and extracted with ether. After drying over
anhydrous magnesium sulfate, the ether was removed.
The residue was recrystallized from ethyl acetate to
give 0.8g of 2-methyl-3-hydroxy-5-ethoxycarbonyl-
pyridine, mp 205—207°C.

Found: C, 59.65; H, 6.00; N, 7.25%.
CH;;NO;: C, 59.70; H, 6.08; N, 7.44%.
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The Reaction with Maleimide. A solution of 2.0
g of I and 1.0 g of maleimide in benzene was heated
under refiux for 4 hr. The solvent was removed under
reduced pressure. The residue was recrystallized from
ethyl acetate to give 1.8 g of 2-methyl-3-hydroxypy-
ridine-4, 5-dicarboximide, mp 250—252°C.
Found: G, 53.93; H, 3.49; N, 15.50%,.
CsH;NO,: C, 53.93; H, 3.40; N, 15.73%,.
The Reaction with Fumaronitrile. A mixture of
1.0 g of I and 2.0 g of fumaronitrile was dissolved in 4 m/
of acetic acid in a sealed tube. After heating at 140°C
for 3 hr, the solvent was removed from the reaction mix-
ture to give an oily residue, which was taken up in
ether. The ethereal layer was dried over anhydrous
magnesium sulfate and the ether was evaporated to
give 0.6 g of 2-methyl-3-hydroxy-4, 5-dicyanopyridine,
mp 189—191°C. It was identified with an authentic
sample®) by the IR spectra and the mixed melting point.
2-Methyl-3-hydroxy-4, 5-diaminomethylpyridine
Trihydrochloride. A mixture of 1.3 g of 2-methyl-3-
hydroxy-4, 5-dicyanopyridine and 1.0g of palladium
charchoal (1 : 10) was suspended in 100 m! of methanol.
The reduction was carried out for 6 hr under hydrogen
of the atomospheric pressure at room temperature.
After absorption of 4 mol of Hy was over, the catalyst
was filtered off and 1 m/ of 5 N methanolic hydrochloric
acid was added to the filtrate. The solvent was removed
from the reaction mixture to give 1.7 g of 2-methyl-3-
hydroxy-4, 5-diaminomethylpyridine  trihydrochloride,
mp 296°C dec. (lit., 296°C dec.)® It was identified
with an authentic sample by the IR spectra.
Pyridoxine Hydrochloride. To a solution of 4.9
g of 2-methyl-3-hydroxy-4, 5-diaminomethylpyridine
trihydrochloride dissolved in 80 m! of 2 x hydrochloric
acid, 1.7 g of sodium nitrite in 10 m/ of water was added
in small portions at room temperature. After stirring
for 4 hr, the solvent was evaporated in wvacuo below
40°C. Pyridoxine hydrochloride was obtained from
the residue by recrystallization from dilute ethanol,
mp 206—208°C. It was identified with an authentic
sample by the mixed melting point and IR spectra.
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