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An Improved Method for the Synthesis of DL-3-(2-Furyl)alanine
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pL-3-(2-Furyl)alanine (1) was prepared by the condensation of 2-(bromomethyl)furan (7) with diethyl
formamidomalonate (2), followed by the traditional saponification-decarboxylation techniques.
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DL-3-(2-Furyl)alanine (1) is useful as a precursor to
peptides,? and as an agrochemical fungicide.”’ The most
widely used preparation of bpL-3-(2-furyl)alanine (1)
involves the condensation of diethyl formamidomalonate
(2) with 2-(chloromethyl)furan (4), which is prepared from
the reaction of 2-furanmethanol (3) with thionyl chloride
in the presence of pyridine,® to afford diethyl form-
amido(2-furfuryl)malonate (5). This is hydrolyzed using
10% sodium hydroxide to yield amino(2-furfuryl)malonic
acid (6), which is decarboxylated with 50% acetic acid to
afford 1. In this procedure, 2-(chloromethyl)furan (4) is
an important precursor of 5, but it is extremely unstable
and decomposes during purification by distillation to give
hydrogen chloride, which catalyzes polymerization of the
furan ring with explosive violence.¥ We tried to use cured
2-(chloromethyl)furan (4) without purification, but the
reaction did not proceed well, probably because of the
presence of water. Therefore, the above method is not
entirely satisfactory for the synthesis of 5.

Recently, New er al. reported that 3-furanmethanol
reacts with phosphorus tribromide in tetrahydrofuran
(THF) to afford 3-(bromomethyl)furan.” The product
could be extracted from the reaction mixture with ether,
and used directly without further purification. An ad-
vantage of this method is that a base such as pyridine
is not needed as a scavenger of hydrogen chloride. We
were therefore interested in the feasibility of employing
phosphorus tribromide to prepare 2-(bromomethyl)furan
(7). The success of this reaction allowed us to develop a
convenient method of preparation of pL-3-(2-furyl)alanine
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(1), using the bromo compound (7) in place of the chloro
compound (4).

First, 2-furanmethanol (3) in THF was allowed to react
with phosphorus tribromide at 0°C for 1.5h to yield
2-(bromomethyl)furan (7). This product was extracted
with ether, and then the ether solution was dried over
molecular sieves overnight. The crude 2-(bromomethyl)-
furan (7) solution in the ether was directly treated with
diethyl formamidomalonate (2) at 70 °C in the presence
of sodium ethoxide as a base to afford diethyl formamido-
(2-furfuryl)malonate (5) in 91% yield. The hydrolysis of
5 was carried out with 10% sodium hydroxide according
to the reported procedure® to yield 6, which was de-
carboxylated in refluxing 50% acetic acid to give the
desired pL-3-(2-furyl)alanine (1) in 81% yield. This pro-
cedure represents an improved and convenient synthetic
route to DL-3-(2-furyl)alanine (1).

Experimental

Melting points were taken on a Yanagimoto melting point apparatus.
All melting and boiling points are uncorrected. IR spectra were measured
on a Hitachi model 270-30 IR spectrophotometer. 'H-NMR spectra
were measured on a Bruker AM-400 spectrometer (400 MHz) using
tetramethylsilane as an internal reference, and chemical shifts were
recorded as d-values. Diethyl formamidomalonate (2) was prepared as
previously described.®

2-(Bromomethyl)furan (7) The procedure was similar to that of New
et al.> Phosphorus tribromide (4.9 g, 18 mmol) was added dropwise to
a solution of 2-furylmethanol (3) (5 g, 50 mmol) in THF (50 ml) at 0°C.
The resulting mixture was stirred at 0°C for 1.5 h, then the reaction was
quenched with water, and the mixture was extracted with ether (100
ml x 2). The ether layers were washed with saturated NaHCO,; and
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brine, dried over molecular sieves (30 g) overnight, and filtered. The ether
solution containing the crude product (7) was used for the next reaction
without purification.

Diethyl Formamido(2-furfuryl)malonate (5) Diethyl formamidomalo-
nate (2) (7.6 g, 38 mmol) was dissolved in a sodium ethoxide solution
[prepared from 0.85g of sodium (0.037 g-atm) and 100ml of absolute
ethanol]. To this stirred solution, the above-mentioned ether solution
containing crude 2-(bromomethyl)furan (7) was added in a single portion.
The mixture was distilled rapidly at atmospheric pressure until about
160 ml of ether had been collected, and the remaining reaction mixture
was refluxed at 68—72°C for 2h. The ethanolic solution was concen-
trated in vacuo, the residue was poured into ethyl acetate (50 ml), and
the resultant mixture was filtered to remove insoluble materials. The
filtrate was washed with 3% HCI and water, then the ethyl acetate layer
was dried over anhydrous Na,SO,. The organic solvent was evaporated
in vacuo to give crude 5 (9.5 g, 91%), which was purified by recrystalliza-
tion from ether/petroleum ether; colorless needles, mp 89—92°C (lit.®
98—99.5°C). IR (KBr): 1750cm™! (CO). 'H-NMR (CDCl,): 1.2—
1.4 (m, 6H, -CH,CH,;x2), 3.7 (s, IH, -CH-), 42—4.3 (m, 4H,
-CH,CH; x2), 6.0—6.1 (m, 1H, furan-4H), 6.1—6.2 (d, 1H, NH),
6.2—6.3 (m, 1H, furan-3H), 7.2—7.3 (m, 1H, furan-5H), 8.1—8.2 (d,
IH, CHO)

Amino(2-furfuryl)malonic Acid (6) This compound was prepared by
hydrolysis of 5 under the conditions described by Watanabe et al.¥
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Diethyl formamido(2-furfuryl)malonate (5) (3.9 g, 40 mmol) was refluxed
with a 10% NaOH solution (20 ml) for 6h. The resulting mixture was
cooled and acidified with 10% HCI to yield 2.9g (74%) of 6: mp
282—285°C (dec.) (lit.) mp 285—288 °C).

DL-3-(2-Furfuryl)alanine (1) This compound was prepared by the
decarboxylation of 6 under the conditions described by Watanabe er
al.? Amino(2-furfuryl)malonic acid (6) (0.65g, 3.2mmol) was refluxed
with 6 m! of 50% acetic acid for 2.5h, and then the solvent was removed
on a rotary evaporator to give 0.41g (81%) of crude 1: 240—242°C
(dec.) (lit.> mp 244—247°C).
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