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A new method was developed for the synthesis of natural and unnatural amino acid derivatives via carbon—carbon bond formation in air and
water and at ambient temperature.

Amino acids are the fundamental building blocks of peptides numbers of chiral ligands have also been developed for such
and proteins that play a wide variety of roles in living a purposé.On the other hand, a complimentary synthesis
organisms and display a range of propertihe physi- via carbon-carbon bond formation (Scheme 1, route b) has
ological importance ofr-amino acids ensures a sustained
interest in their chemistry. Classical methods for the synthesi

of a-amino acids, including displacement reactionsxeimalo Scheme 1
acids, the Strecker synthesis, via hydantoins, and via oxazo-
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lones have played key roles in the early days of amino acid o g o
chemistry? Among the many recent methods developed for R' =0 H, R' )=0 Rl_):o
the synthesis ofi-amino acids are the Petasis boronic acid & —\ N-R? or N-R®
method? the Alper double carbonylation methbtewis acid E;R cat. MLp* L s
catalyzed imine additions,and (above all) the catalytic
hydrogenation of amino acrylaté$Recently, extraordinary R2 _R? _R?

. . . . o (0] (0]
progress has been made in the chemical synthesisaofino o R'mx. R' =0 Rl_): o
acids via asymmetric catalytic hydrogenation of acet- b. :k i or /
amidoacrylates, mostly with rhodium (as well as ruthenium, I}I—RS cat. ML, I}I—Re’ ’I?I—Fis
iridium and copper) catalysts (Figure 1, route a). A large R4 R* R*
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well as the inherent advantages of using water as a solventto give the conjugated product in 72% isolated yield. No
interest has been growing in studying organic reactions in reaction was observed without the catalyst. However, at a
water!! Recently, we have been exploring transition-metal- low temperature €70 °C), the bismuth compound became
catalyzed carboncarbon bond formations under the quasi- a solid and only 45% of the desired product was obtained
natural conditions of air and wat&Toward such a general  after 2 h of sonication, which limited its reaction. When
goal, we recently discovered a Grignard-type phenylation trimethylphenyltin was used instead of the bismuth com-
of aldehydes in water. Phenyltin derivatives (trimethyl and pound, only 18% yield of the desired product was isolated
tributyl) reacted effectively with aldehydes in water and after refluxing overnight; most of the starting material had
under an atmosphere of air to give nucleophilic addition decomposed. When the mixture was stirred at room tem-
products in high yields in the presence of a catalytic amount perature (to prevent the decomposition), no reaction was
of rhodium catalyst? Subsequently, we also found that in observed (Scheme 3). However, when the reaction mixture
the presence of a rhodium catalyst-unsaturated esters
and ketones react with triphenylbismuth as well as trialkyl-

phenyl- and trialkylvinyltin reagents in aqueous media to Scheme 3

give the corresponding conjugated addition products under o o

an air atmospher¥.While the processes are open for further :2;05 Ar L?;OB
improvements, the effectiveness of such reactions led us to o ArMR, 0
explore the synthesis of amino acids under similar conditions. N cat. Rh()yH0 N
Previously, the conjugated addition of acetamidoacrylates 0 air atmosphere

with organocuprate reagents have been briefly studied under

inert gas atmosphere and in anhydrous sol¥ent.

Electron-deficienti-phthalimidoacrylate derivatives were AMR, conditions yield (%)
chosen because of their stability in water and their enhanced PhgBi HzOreflux/overnight 72
reactivity toward nucleophiles. There are a number of PhgBi HzO/r.t/sonication/2h 45
methods in the literature for forming acetamidoacrylates and PhSnMe; HoOfrefluxfovernight 18
related compound$. However, we found that the most PhSnMesg HoO/r.t.fovernight 0
convenient method was via the Trastaddition reaction of PhSnMeg HpO/r.t /sonication/2h 82
acetylenic carboxylic derivatives catalyzed by triphenylphos- PhSnMes dioxane/r t./sonication/2h 11

phine in toluené’ Thus, the reaction of ethyl propynoate

with phthalamide in toluene under Trost reaction conditions in water was sonicaté¥at room temperature, a fast reaction
generated the desired ethytphthalimidoacrylate in 85%  occurred to give the desired product in 82% isolated yield.
yield (Scheme 2). Interestingly, only 11% yield of the desired product was
obtained when the reaction mixture was sonicated in dioxane.
Various tin reagents were then examined under the same
reactions conditions of sonication in air and water (Scheme

Scheme 2 ' ) : ] i
o 4), and the results are listed in Table 1. Replacing trimethyltin
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With the aminoacrylate derivative in hand, we examined
the conditions for conjugated addition. When ettwypbhthal-
imidoacrylate was stirred with triphenylbismuth and a
catalytic amount of a RCOD),CI, (5 mol %) at refluxing
conditions overnight in water, a smooth reaction occurred

with tributylphenyltin (in general) decreased the yield of the
product slightly (compare entries 1 and 2, 4 and 5). Whereas
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Table 1. Synthesis ofxt-Amino Acid Derivatives via
Rhodium-Catalyzed Conjugated Additions in Air and Water

entry enamide stannane product yield (%)
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a All reactions were carried out at room temperature. Isolated yields are 61

after column chromatography on silica gel.

A tentative mechanism for the reaction involves the
insertion of rhodium in the aryl €M bond to generate a
rhodium intermediate. The intermediate undergoes conju-
gated addition with acrylate derivatives to give-ahodium
carbonyl intermediate. Either direct hydrolysis of this
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intermediate or a reductive elimination followed by hydroly-
sis of thea-tin carbonyl intermediate will result in the final
product (Scheme 5).

Scheme 5. Tentative Mechanism for the Rhodium-Catalyzed
Synthesis of Amino Acids
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In summary, a method for the synthesis of natural and
unnaturaki-amino acid derivatives was developed in air and
water. The scope (such as asymmetric synthesis), mechanism,
and synthetic applications of this reaction are currently under
investigationt®
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