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The title amino acid derivatives have been prepared in two
steps from 3-alkoxy-1-isocyanopropenes. The key step is the
alkoxycarbonylation of 3-alkoxy-1-isocyano-1-lithiopropenes
with alkyl chloroformates to afford the corresponding 4-alkoxy-2-
isocyano-3-butenoates, which are readily converted to the title
compounds by acidic hydrolysis.

Some members of (E)-4-alkoxy-2-amino-3-butenoic acids
have been found in nature,! and have attracted much attention
because of their potential use as inhibitors of several important
enzymes.2 Although a few methods for the synthesis of this class
of compounds have been reported,? these methods have started
from inaccessible materials and involved either multi-steps or
incomplete stereoselectivity. The only previous general synthesis
was recorded by Hoppe and Schoellkopf.3¢c However, it can not
be applied to the preparation of the derivatives carrying a
substituent at the 3-position, which are also of interest because of
their potential biological activities. Therefore, any new general
route to the 3-substituted derivatives is of value. In a previous
paper,4 we have demonstrated that treatment of 3-benzyloxy-1-
isocyanopropenes 1a and lc with lithjum diisopropylamide
(LDA) afforded the corresponding 3-benzyloxy-1-isocyano-1-
lithiopropenes, which can serve as 3-hydroxypropanoyl anion
equivalents via alkylation with alkyl halides, followed by
sequential hydrolysis and hydrogenolysis. As part of our
program to explore synthetic utility and potential of these lithium
products we have investigated the possibility of their use in the
preparation of (£)-4-alkoxy-2-amino-3-butenoic acid derivatives.
In this paper we wish to report the results of our studies, which
offer a general route to this class of compounds including the 3-
substituted derivatives.
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Scheme 1.

The key reaction in our sequence is regioselective
alkoxycarbonylation of 3-alkoxy-1-isocyanopropenes 15.6 with
alkyl chloroformates to afford 4-alkoxy-2-isocyano-3-butenoates
2. Asoutlined in Scheme 1, treatment of 1 with 2 equivalents of

Table 1. Preparation of (E)-4-alkoxy-2-amino-3-butenic acid
derivatives 3

Entry 1(E/2* R® 2(Yield/%)® E/Z* 3 (Yield/%)®

1 1a(~50:50) Et 2a(quant)*>? -100:0  3a (57)%
2 1b(~60:40) Et 2b (quant)®>® ~100:0  3b (53)!
3 1c(~60:40) Et 2c(64) ~80:20f 3¢ (62)
4 1d (~65:35) Me 2d (96) ~80:20°  3d (69)
5 1d Et 2e(84) ~80:200  3e (66)
6 1d Bn 2f(62) ~100:0  3f(60)

#Determined by '"HNMR spectrum. bIs()lat'.ad yields unless stated
otherwise. “Used without purification in the next step. solated yield
was 24%. %Isolated yield was 22%. fInseparable by preparative TLC on
Si0,. EOverall yield from 1a. hoverall yield from 1b.

LDA generated 3-alkoxy-1-isocyano-1-lithiopropenes, which
were allowed to react with one equivalent of alkyl chloroformates
to afford the isocyano esters 2.5.7 Each of the products was
isolated as a yellow liquid by purification using preparative TLC
on SiO, and uniformly exhibits IR absorptions at ca. 2145 and
1755 cm-1, which indicates that both of the isocyano and
alkoxycarbonyl groups are not conjugated with the vinyl moiety.
The production of 2 can be interpreted as follows.
Alkoxycarbonylation of the lithiated isocyanopropenes with alkyl
chloroformates gives the initial alkoxycarbonylation products, 4-
alkoxy-2-isocyano-2-butenoates. The migration of the double
bond proceeds with the help of an additional molar of LDA;
deprotonation of a proton at the 4-position of the initial products
affords the corresponding dienolate anions,8 which are
exclusively trapped with a proton at the 2-position to produce 2.
The results using four isocyanopropenes 1 and three
chloroformates are summarized in Table 1. Isolated yields ranged
from 22 to 96%. Compounds 2a and 2b proved to be rather
unstable under the purification conditions; although the TH NMR
spectra of the crude products revealed that they were both
produced quantitatively, their separation using preparative TLC
afforded only rather poor results (Entries 1 and 2, respectively).
Their instability is probably provided by the absence of a
substituent at the 3-position. So the crude products were used in
the next step without any purification only in the cases of 2a and
2b. Compounds 2c¢-f were readily isolated by preparative TLC,
and the isolated yields were good (Entries 3-6, respectively). It
can be reasonably assumed that the E-isomer was exclusively
(2a, 2b, and 2f) or predominantly (2c-e) formed in each case in
view of the thermodynamic stability. The E-configuration of the
major isomer of 2e was unambiguously confirmed on the basis
of a NOE experiment. Thus, irradiation of the signal at &y 4.57
due to 2-H resulted in an 11% enhancement of the signal at 3y
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6.31 due to 4-H, while no NOE was observed between the
signals due to 4-H and 2-H of the minor isomer.

Hydrolysis of the isocyano esters 2 was carried out with
concentrated hydrochloric acid in diethyl ether at -20 °C.
Competition of the enol ether function with the isocyano group to
be hydrolyzed could be suppressed effectively by carrying
hydrolysis at this low temperature, and the corresponding (E)-4-
alkoxy-2-formylamino-3-butenoic acid esters 3 were obtained in
satisfactory yields with high stereoselectivity.>.® The results are
also shown in Table 1. The yields of 3a and 3b refer to overall
yields from the isocyanopropenes la and 1b, respectively.
Stereochemical proof of these products was facilitated by 1H
NMR. Thus, the E-configuration of 3a and 3b was clear from
analysis of the coupling constants (J3g.4g=12.3 Hz each), which
were almost equal to those of the related compounds, methyl (E)-
2-acetylamino-4-methoxy-3-butenoate reported by Keith and his
co-workers (JBy.qp=13 Hz)3a and ethyl (E)-2-formylamino-4-
methoxy-3-butenoate reported by Hoppe and Schoellkopf (J3y-
4p=12 Hz),3c and far from that of methyl (Z)-2-acetylamino-4-
methoxy-3-butenoate (J3y.4y=7 Hz).32 The E-configuration of
3c-f can be inferred from the values of chemical shifts of the
C(2) and C(4) protons (&p 4.98-5.04; 34y 6.22-6.34), when
comparisons are made with those of methyl (E)- and (Z)-2-
acetylamino-4-methoxy-3-butenoates (8, 4.8 and &y 6.64 for
E, 3oy 4.5 and 84y 6.10 for Z)3a taking the effect of the 3-alkyl
substituent into consideration. The E-configuration of 3e was
unambiguously confirmed on the basis of a NOE experiment.
Thus, irradiation of the signal at & 4.98 due to 2-H resulted in a
7.8% enhancement of the signal at 6y 6.29 due to 4-H. We
assume that the acid-catalyzed isomerization of the Z-isomer to
the E-isomer took place during the hydrolysis.

The present two-step preparation of (E)-4-alkoxy-2-
formylamino-3-butenoates, utilizing 3-alkoxy-1-isocyano-
propenes may find some value in synthesis. We are actively
applying this methodology to the synthesis of more complex
systems containing this structural array and analogues thereof.

We thank Mrs. Miyuki Tanmatsu of this Department for
determining the mass spectra.
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