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Abstract: A new, easy, and high-yielded route to isotopically la-
beled amino acid derivatives is reported. This process takes place
through a SmI2-promoted 1,4-reduction of a variety of dehydro-
amino esters in the presence of D2O. The dideuterio amino esters
were transformed into other dideuterated compounds such as α-
amino acids and 1,2-amino alcohols. A mechanism to explain the
1,4-reduction process is also proposed.
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Isotopically labeled compounds are very useful to estab-
lish the mechanism of organic reactions and the biosyn-
thesis of many natural compounds.1 The incorporation of
isotopically labeled α-amino acid residues into proteins
has become a vital tool in the determination of protein
structure by NMR techniques. The indiscriminate incor-
poration of the NMR active isotopes 15N and 13C enables
the effective employment of heteronuclear correlation ex-
periments, while the incorporation of deuterium simpli-
fies the assignment of the residual 1H resonances,
facilitating structural determination through the interpre-
tation of NOE data. In this context, the incorporation of
deuterated α-amino acids into polypeptides is a powerful
tool in the structural determination of large biomolecules.2

In addition, α-amino acids isotopically labeled on the
side-chain have also found utility as valuable probes into
biosynthetic pathways.3

Pioneered by Kagan in 1977,4 samarium diiodide has rap-
idly become an important reagent in organic chemistry be-
cause of its versatility in one- and two-electron-transfer
reactions. Since then, SmI2 has emerged as one of the
more useful reducing agents in synthetic organic chemis-
try. As a consequence of its increasing importance, sever-
al reviews have appeared that focus the utility of
samarium diiodide to promote C–C bond-formation reac-
tions,5 and different reduction processes6 including the re-
duction of multiple bonds.6c

Previously, we have reported the use of samarium diio-
dide in a range of practical methods for the synthesis of
various deuterated compounds such as 2,3-dideuterio es-
ters,7 amides7 or acids,8 2-deuterio-3-hydroxyesters,7 (E)-
α,δ-dideuterio-β,γ-unsaturated esters9 or acids,8 3-aryl-3-

deuterio-2-hydroxyamides,10 and 2,2,3,3-tetradeuterio es-
ters, amides, and acids.11

As part of our program concerned with the development
of new reduction processes mediated by SmI2, towards the
synthesis of various deuterated compounds we wish to re-
port herein a new and easy route to access α,β-dideuterio-
α-amino esters, by treatment of dehydroamino acids me-
diated by a SmI2 and D2O system, in high yields. A mech-
anism to explain this process is also proposed.

The starting (Z)-N-acetyldehydroamino esters 5 were eas-
ily prepared in four steps from commercially available N-
acetylglycine (1) after an esterification, bromination, and
a Horner–Wadsworth–Emmons protocol (Scheme 1).12

The reaction of various (Z)-N-acetyldehydroamino esters
5 in THF with SmI2 and D2O

13 at room temperature for 30
minutes afforded the corresponding dideuterio amino es-
ters 6 in moderate or high yields (Table1).14

This proposed methodology for obtaining isotopically la-
beled α-amino acid derivatives is general and the R group
can be varied. Thus, aliphatic (linear, branched, or cyclic),
unsaturated, or aromatic aldehydes may be used to intro-
duce different R groups. It is noteworthy that the deutera-
tion of the C–C double bond was completely
chemoselective. Thus, employing compound 5f (Table1,
entry 6), only the C=C conjugated with the carbonyl group
was deuterated remaining the nonconjugated C–C double
bond unaltered.

The position of deuteration was established by 1H NMR
and 13C NMR spectroscopy of compounds 6, while the
complete deuterium incorporation (>99%) was verified

Scheme 1 Synthesis of starting materials 5
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by mass spectrometry.15 These α,β-dideuterio-α-amino
acid derivatives were isolated as mixtures of stereoiso-
mers (approx. 1:1 by 1H NMR spectroscopy and GC-MS)
this fact being in agreement with the observed results of
the SmI2 and D2O promoted synthesis of other deuterated
compounds.7–9

It is noteworthy that D2O is the cheapest deuteration re-
agent available for obtaining organic compounds isotopi-
cally labeled with deuterium.

The synthesis of products 6 might be explained by assum-
ing that the SmI2-promoted 1,4-reduction of 5 is initiated
by single-electron transfer of SmI2 to generate the enolate
8; this radical is then hydrolyzed by the acidic deuterium
from the N–D bond and afford the corresponding radical
9. After a second electron transfer from SmI2 the radical
generated the dianion 10, this being hydrolyzed by D2O to
afford the corresponding compound 6 (Scheme 2). When
the starting compounds 5 were not pretreated with D2O, a
competitive hydrolysis of 8 and 10 produced by the acidic
proton of the N–H amide group and D2O afforded a mix-
ture of mono-, di-, and nondeuterated compounds.16

To demonstrate some synthetic applications of the ob-
tained α-amino esters 6, a selected example was readily
transformed into isotopically labeled α-amino acids2,3 11
and dideuterated 1,2-amino alcohols 1217 (Scheme 3).18

These reactions took place in very high yields and no loss
of the deuterium atoms were observed in both cases.

In conclusion, we have described a general synthesis of
isotopically labeled α-amino acid derivatives in good
yields through a SmI2-promoted 1,4-reduction process on
readily available dehydroamino esters. Other different
isotopically labeled compounds such as α-amino acids
and 1,2-amino alcohols were accessed.
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7 6g Phb 75

a Isolated yield of pure compounds 6 after column chromatography 
based on compounds 5.
b In this case the reaction was performed on the ethyl ester rather than 
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