Tetrahedron Letters,Vol.26,No.20,np 2445-2448,1985 0040-4039/85 $3.00 + .00
Printed in Great Britain ©1985 Pergamon Press Ltd.

FLUORINE-CONTAINING AMINO ACIDS AND THEIR DERIVATIVES. 6.1

AN EFFICIENT SYNTHESIS OF B-FLUORINATED ALANINES VIA FLUORGHALOMETHYLATION OF AMINOMALONATES

Tadahiko Tsushima* and Kenji Kawada
Shionogi Research Laboratories, Shionogi & Co., Ltd., Fukushima-ku, Osaka 553, Japan

Abstract: Aminomalonates, e.g., 1 and 2, smoothly reacted with difluoro- and chlorofiuoro-
carbene to produce the adducts (3, 4, and 5) in good yields. These products were success-
fully converted to various versatile B-fluorinated alanine derivatives, i.e., B,p-difluoro-
alanine (6), N-acyl-g-fluorodehydroalaninate (7), and fluoropyruvic acid (8).

Some B-fluorinated amino acids have been receiving increasing attention as suicide
substrates with various interesting biological activities.z As a part of our studies in
this field, we recently reported on the stereoselective synthesis of both erythro and threo
diastereomers of B-fluorophenylalanine via direct fluorination of pheny’lpyruvates.3
Usually, the synthesis of these compounds requires the use of toxic or dangerous fluorinat-
ing reagents.4 To circumvent the use of such reagents, an attractive method is the fluoro-
halomethylation reaction5 for the synthesis of fluorcamino acids. Several studies of this
kind have already been reported,6 but successful results have only been obtained with
tertiary substituted compounds, such as alkyl-substituted malonates or amino acids, and not
with the secondary cases, such as unsubstituted malonates or glycinates, as complex products
are formed instead. To overcome this problem, we conceived of using nitrogen-substituted
malonates, e.g., aminomalonates, as substrates in this halomethylation to prepare fluoro-
halomethylated glycines which could not be obtained directly from the reaction with unsub-
stituted glycine. Here we report a convenient synthesis of various B-fluorinated alanine
derivatives, i.e., B,B-difluoroalanine (6), N-acyl-p-fluorodehydroalaninate (7), and fluoro-
pyruvic acid (8), via fluorohalomethylation of aminomalonates (1 and 2).

After careful examination of the reaction conditions, we found that the carbanion
generated from the Schiff base of diethyl aminomalonate (1) upon treatment with 3 equiv of
the sodium salt of the non-nucleophilic base, bis(trimethylsilyl)amine, in tetrahydrofuran
could react smoothly with difluorocarbene at -30°C to give the difluoromethylated product
(3) in a good yield of more than 50% (Scheme 1). This product (3) was subsequently hydro-
lyzed and decarboxylated under acidic conditions to B,B-difluoroalanine (g)7 in 36% overall
yield from 1. B,B-Difluoroalanine (6) has been prepared previously either by photofluorina-
tion of alanine or by fluorodesulfurization of cysteine but only in extremely low yield,
e.g., a maximum of 3%.8 Also, both methods require dangerous reagents, fluoroxytrifluoro-
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methane or elementary fluorine. Therefore, our method is the first practical and convenient
route to 6.

To also conveniently prepare B-fluorodehydroalaninates, we examined the same reaction
with the anion derived from the carbamate of diethyl aminomalonate (2) and obtained the
difluoromethylated product (f})7 in 41% yield (Scheme 2). This product (4) was extremely
resistant to acid hydrolysis. Our attempts to hydrolyze the ester (4) under basic condi-
tions also failed, resulting in def]uorination.9 Therefore, this product (4) was hydrolyzed
and decarboxylated to a mixture of N-acyl-B,p-difluoroalanine (9) and N-acyl-p-fluorode-
hydroalanine (10) by treatment with iodotrimethylsilane. Esterification of the resulting
products (9 and 10) followed by elimination of hydrogen fluoride with triethylamine Ted to
the desired product, N-acyl-p-fluorodehydroalaninate (Z),7 in 58% overall yield from 4.
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Compound 7 may be used as a versatile synthon in the synthesis of various B-fluorinated
amino acids.

Chlorofluorocarbene was also found to react with the sodium salt of 1 under proper
conditions at 10°C to give the chlorofluoromethylated derivative (§)7 in almost the same
yield as described above (Scheme 3). Compound 5 was easily converted to fluoropyruvic acid
(g)7 under acidic conditions through hydrolysis and decarboxylation in 31% overall yield
from 1. The reaction probably occurs with the dehydroalanine intermediate (1l) being formed
first after a series of reactions including hydrolysis, decarboxylation, and dechlorination.
This enamine intermediate (11), existing in the equiribrium with the imine form (12), is
then converted to the final product, fluoropyruvic acid (8), upon hydrolysis. Fluoropyruvic
acid (8) has previously been prepared from ethy]l f1uoroacetate10 and used as a starting
material for the synthesis of the well-known antibacterial agent, B-f]uoro-D-a]anine*a-d.11
Our method, which avoids the use of very toxic ethyl fluoroacetate, provides an alternative
route for 8.

In conclusion, we found fluorohalomethylation of aminomalonates (1 and 2) to be a use-
ful and convenient method for preparing of various B-fluorinated alanine derivatives, i.e.,
B,B-difluoroalanine (6), N-acyl-p-fluorodehydroalaninate (7), and fluoropyruvic acid (8).
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