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Synthesis of Chiral Amines Using α-Amino Aldehydes
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If one were to rank chemical reagents on the basis of their
“synthetic content”, loosely defined as the density of func-
tional groups per arbitrary unit of molecular space, the α-
amino aldehydes will find themselves close to the very top of
that list. The presence of synthetically ubiquitous amine and
aldehyde functionalities predisposes α-amino aldehydes
towards highly convergent bond-forming operations. Such

1. Introduction

Chiral amines are important structural components of
natural products and therapeutic agents. The chemical
structures of biologically active amines range from simple
to extraordinarily complex. Recent years have witnessed in-
creasing efforts in developing efficient and highly conver-
gent strategies toward complex amines from simple starting
materials. Of particular significance are chemical reagents
that contain functional groups that allow for further elabo-
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juxtaposition does not come without a price: incompatibility
of these functional groups calls for protecting groups. We dis-
cuss challenges and recently identified opportunities in this
field.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2008)

ration in proximity to the amine. In this regard, the α-
amino aldehydes are noteworthy, as their aldehyde groups
can be transformed into a wide range of structural frame-
works. Not surprisingly, α-amino aldehydes are among the
most widely used intermediates in synthesis. Hundreds of
papers dedicated to this subject corroborate this point. Sev-
eral important industrial processes utilize α-amino aldehyde
building blocks.[1] However, the inherent reactivity of amine
and aldehyde functionalities is a significant challenge in the
preparation and synthetic manipulation of α-amino alde-
hydes. Accordingly, a vast range of protocols for the synthe-
sis and elaboration of suitably protected α-amino aldehydes
have been developed. Ironically, nitrogen protection facili-
tates detrimental epimerization processes. In this review we
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discuss recent advances in α-amino aldehyde chemistry, in-
cluding an overview of the most widely used preparative
routes and their utility in stereoselective C(sp3)–C(sp3)
bond-forming reactions. An attempt has been made to fo-
cus on the most recent applications in synthesis, comment
on protecting groups, and describe new solutions for the
handling of unprotected amino aldehyde derivatives.

The history of α-amino aldehydes can be traced back to
Fischer’s discovery of glucosamine (Figure 1) in 1902,[2] in
which unprotected amine and aldehyde functionalities are
stabilized as a cyclic hemiacetal. Fischer later synthesized
glycinal, which had to be characterized through degrada-
tion studies due to its inherent instability via self-condensa-
tion.[3]

Figure 1. Glucosamine hydrogen chloride and glycinal.

In the case of α-amino aldehydes, there is no possibility
for intramolecular stabilization. Owing to the presence of
incompatible functional groups, this class of compounds is
unstable. Although oxidation of simple α-amino alcohols by
flame-induced ionization affords the corresponding amino
acids via amino aldehydes,[4] this method has no preparative
value. Accordingly, the bulk of synthetic efforts have been
directed toward protected α-amino aldehydes, which can be
categorized into N- and C-protected derivatives.

2. N-Protected α-Amino Aldehydes

N-Protected α-amino aldehydes are key building blocks
for the synthesis of many biologically important amines.
These molecules can be classified into N,N-disubstituted
and N-monosubstituted amino aldehydes (Figure 2).

Figure 2. N-Protected α-amino aldehydes.

The molecules equipped with the N,N-dibenzyl group are
important members of the disubstituted class of α-amino
aldehydes.[5] The dibenzyl group protects the nitrogen cen-
ter and also significantly influences the direction and degree
of diastereoselectivity.[5,6] The N,N-dibenzyl α-amino alde-
hydes can be prepared from the α-amino acids 4 through
sequential benzylation, reduction, and oxidation
(Scheme 1).[5] A more atom-economical synthesis of the al-
dehydes 1 entails switching the order of the steps. Thus, the
α-amino acids 4 can be reduced to the corresponding pri-
mary amino alcohols using conventional methods[7] fol-
lowed by N-benzylation and oxidation. A 190-kg scale
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preparation of an advanced N,N-dibenzylamino aldehyde
intermediate en route to an HIV protease inhibitor high-
lights the scaleability of this methodology.[7e]

Scheme 1. General synthesis of N,N-dibenzyl α-amino aldehydes.

Another member of this class of reagents is the Garner
aldehyde 2, which has been extensively used as a chiral
building block in organic synthesis.[8] More than 200 re-
ports have appeared since its discovery. The original synthe-
sis began with N-protection of -serine 5 using di-tert-butyl
dicarbonate to give the carbamate 6,[9] which was sub-
sequently converted into the methyl ester 7 upon treatment
with diazomethane. Exposure of 7 to 2,2-bis(methoxy)pro-
pane in the presence of TsOH gave oxazolidine ester 8,
which was reduced using DIBAL in toluene to afford the
title aldehyde 2 (Scheme 2). The original synthesis of the
Garner aldehyde has been subjected to some modifications;
for instance, the diazomethane step was replaced with MeI/
K2CO3,[10] and DIBAL with LiAlH4/Swern protocol.[11] In
some instances the first two steps involving Boc protection
and esterification have been reversed.[12] Later, a Weinreb
amide was used in place of the methyl ester to allow direct
reduction to the aldehyde using LiAlH4.[13]

Scheme 2. Synthesis of the Garner aldehyde.

N-Monosubstituted α-amino aldehydes containing Boc,
Cbz, Fmoc, Ac, or Ts group attached to the nitrogen centre
are also widely known.[14] Among these protecting groups,
the N-Boc substituent is frequently used, whereas the Ts
group tends to be avoided due to harsh conditions required
for its removal.[15] Reduction and oxidation are the key
steps involved in the synthesis of protected α-amino alde-
hydes (Scheme 3). Particular care should be taken in order
to avoid racemization during these processes.

Amongst reductive methodologies, the most commonly
used route is the reduction of carboxylic acid methyl or
ethyl esters by diisobutylaluminium hydride (DIBAL). In
many cases over-reduction to the respective alcohol has
been observed.[16] In a few cases the reduction with DIBAL
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Scheme 3. Reductive and oxidative pathways to α-amino aldehydes.

has led to erosion of enantiomeric purity to 86–
90%.[11b–11d,12,17] The hydride reduction has been reported
to be problematic with the substrates containing reducible
functionalities, such as N-acylamino group.[18] DIBAL re-
duction of N-Boc amino acids, commonly used in peptide
chemistry, affords the respective aldehydes with negligible
racemization.[19] For instance, treatment of N-Boc amino
acids with peptide coupling reagents in the presence of H2-
Pd/C afforded the corresponding aldehyde with no signifi-
cant racemization and in good yield.[20]

Weinreb amides are very useful in the preparation of α-
amino aldehydes due to the fact that over-reduction and
racemization are not observed. The amide can be reduced
to the aldehyde through the use of LiAlH4,[21] LiAl-
(tBuO)3H, or lithium tris[(3-ethyl-3-phenyl)oxy]aluminum
hydride (LTEPA).[22] A wide range of N-protecting groups
are stable under these conditions.[21,22] A kilogram-scale
preparation of N-Boc protected α-amino aldehyde was re-
ported by Schwindt et al. using sodium bis(2-methoxye-
thoxy)aluminium hydride.[23]

Oxidation of amino alcohols and amino diols is another
common way to prepare α-amino aldehydes. The alcohol is
generally obtained through the reduction of the corre-
sponding α-amino acid or ester, which is followed by oxi-
dation. The final step can be carried out using a wide range
of methods, for example, Swern,[24] Dess–Martin,[25,26] or
Parikh–Doering[27] oxidations. Marko’s oxidation using
molecular oxygen, azodicarboxylate as hydride acceptor,
and a catalytic amount of a CuII complex is a more recent
development.[28] Swern oxidation remains the most widely
used method in the synthesis of α-amino aldehydes.[24] Ra-
cemization problems encountered during Swern oxidation
can be solved by switching from Et3N to Hünig’s base.[11d]

With this modification, the enantiomeric purity of the
product aldehyde can exceed 97% ee. Giacomelli[29] showed
an alternative approach to the classical Swern method by
using 2,4,6-trichloro-1,3,5-triazine (TCT) instead of moist-
ure sensitive oxalyl chloride. Under these conditions, α-
amino aldehydes were isolated in moderate yields without
significant racemization.

Leanna and co-workers[30] used oxoammonium-pro-
moted oxidation of α-amino alcohols to α-amino aldehydes
in the presence of a catalytic amount of 2,2,6,6-tetrametyl-
1-piperidinyloxy free-radical (TEMPO). N-Mono and N,N-
disubstituted amino aldehydes were obtained with good
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yields and high enantiomeric purities. The procedure was
further improved by changing the oxidation agents.[31] This
method is compatible with N-Boc, N-Cbz and N-Fmoc-
protecting groups. The use of Dess–Martin oxidation pro-
cedure is best for N-Fmoc-protected amino alcohols[26] but
not for N-Boc protected counterparts.[32]

Braun and co-workers described the synthesis of α-amino
aldehydes from chiral dibromo olefins and sulfonylimines,
where ozonolysis is the final step to obtain the above com-
pound.[33] Duréault and co-workers described the synthesis
of α-amino aldehydes starting from -mannitol involving
cleavage of the diol functionality though NaIO4 oxidation
to produce the corresponding N-protected α-amino alde-
hyde.[34]

2.1 Catalytic Enantioselective Synthesis of α-Amino
Aldehydes

Catalytic enantioselective α-amination of enolizable alde-
hydes is a recent approach to the synthesis of α-amino alde-
hydes.[35] List[36] and Jørgensen[37] independently developed
the enantioselective synthesis of α-amino aldehydes using -
proline-catalyzed α-amination of aldehydes (Scheme 4).
This C–N bond-forming reaction affords high levels of
enantioselectivity in the formation of the stereogenic α-car-
bon center.

Scheme 4. Asymmetric α-amination of aldehydes.

For instance, aldehyde 9 reacts with diethyl azodicarbox-
ylate (DEAD) 10 in the presence of -proline as catalyst, to
give the aminated product 11 in 93% yield and with 92%
ee. The main drawback to this approach is that the products
formed by the direct α-amination of aldehydes tend to be
configurationally unstable.[37] In addition, cleavage of the
N–N bond is a significant challenge.

2.2 Stability of N-Protected α-Amino Aldehydes

In general, N-protected α-amino aldehydes are colorless
crystals or oils that are soluble in most organic solvents.
They are relatively unstable, both chemically and configura-
tionally, particularly in solution. In many cases configura-
tional stability of α-amino aldehydes can only be main-
tained at low temperature.[38] Ito et al. documented the ero-
sion of enantiomeric integrity of some N-protected α-amino
aldehydes during chromatography on silica gel.[25] The sta-
bility of α-amino aldehydes on silica gel decreases in the
following order: Cbz-S-Bzl--cysteinal �� Cbz-phenylalan-
inal � Cbz-leucinal �� Cbz-NG-nitroagininal. The alde-
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hydes with the R1 group stabilizing their enol forms (e.g.,
Cbz-S-Bzl--cysteinal) are most easily racemized upon con-
tact with silica gel (Scheme 5).

Scheme 5. Acid-promoted enolization of α-amino aldehydes.

The extended carbon chain of -argininal derivative 14
forms a cyclic carbinolamine structure 15, which prevents
racemization. It is by this structure that the authors explain
the configurational stability of (Z)-N-nitro--argininal
(Scheme 6). In other cases, the enantiomeric integrity of α-
amino aldehydes can be preserved by converting them into
semicarbazones,[39] imidazolidines[40] or acetals,[41] which
can be purified by chromatography.

Scheme 6. (Z)-NG-Nitro--argininal exists as a mixture of tauto-
mers.

3. C-Protected α-Amino Aldehydes

C-Protected α-amino aldehydes in which the amino
group is free and the aldehyde is protected have been much
less explored.[42] The carbonyl group of α-amino aldehydes
can be protected as an acetal or amino nitrile. C-Protected
α-amino aldehydes have been used as precursors in the syn-
thesis of complex natural products.[43]

3.1 Acetal-Protected α-Amino Aldehyde

Bringmann and Geisler synthesized C-protected α-amino
aldehydes in three steps starting from (R)- or (S)-phenyle-
thylamine.[42a] The reaction of ketones with phenylethyl-
amine under standard conditions yielded E/Z mixtures of

Scheme 7. Preparation of an acetal-protected α-amino aldehyde.
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the imine 16, which was not isolated in order to avoid hy-
drolytic decomposition (Scheme 7). Subsequent hydrogena-
tion with Raney nickel yielded compound 17 with high dia-
stereoselectivity following column chromatography. Hydro-
genation of compound 17 gave the acetal-protected α-
amino aldehyde 18.

3.2 Amino Nitrile Functionality for C-Protection

Myers et al. have developed a novel series of C-protec-
tion strategies for α-amino aldehydes that are based upon
the amino nitrile functionality.[43] Syntheses of such com-
pounds were achieved from the corresponding N-protected
α-amino aldehydes (Scheme 8). This series has the advan-
tage over existing acetal-based protective groups due to
more mild conditions involved in their preparation, which
are essential to avoid racemization. For instance, treatment
of N-Fmoc-protected aldehyde 19 with hydrogen cyanide
afforded the cyanohydrin 20 in 88% yield and 96% ee. Re-
action of compound 20 with morpholine, followed by cleav-
age of the Fmoc group, gave the morpholino-nitrile 21 in
86% yield. Similarly, the authors prepared N-Cbz and N-
trifluoroacetyl derivatives of 21, which were scaled up to
gram quantities with up to 96% ee.

Scheme 8. Preparation of a C-protected α-amino aldehyde.

The above procedure was highly effective with a range of
α-(N-Fmoc)amino aldehydes. When N-Fmoc phenylglycinal
was later investigated as a substrate, racemic products were
obtained. The procedure was modified by conducting the
cleavage of N-Fmoc in dimethylformamide (DMF), fol-
lowed by exposure to trifluoroethanol and additional
morpholine to give the corresponding morpholino-nitrile
with only slight racemization.[43b]

3.3 Stability of C-Protected α-Amino Aldehydes

Myers and co-workers extensively studied the amino ni-
trile as C-protecting group.[43a] They prepared several deriv-
atives of compound 21 with less than 2% epimerization in
each case. Among the amino nitrile derivatives, those
formed from cyclic secondary amines were found to be the
most stable. The order of stability is shown in Figure 3. The
main drawback of the synthesis of C-protected α-amino al-
dehydes is that it requires several steps.
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Figure 3. Stablity of the amino nitrile function in C-protected
amino aldehydes.

4. Amphoteric α-Amino Aldehydes

Until recently, it was thought that an unprotected sec-
ondary amine could not coexist with an aldehyde in the
same molecule due to thermodynamically favourable con-
densation resulting in an iminium/enamine system. In a re-
cent breakthrough, the goal of creating such presumably
“suicidal” molecules has been achieved by Yudin and co-
workers using an unprotected aziridine as the secondary
amine.[44] The thermodynamic driving force to undergo
condensation has been offset by a high barrier imposed on
this process by the aziridine ring strain (Scheme 9). The un-
protected aziridine aldehydes can be readily prepared by the
reduction of aziridine esters. In the course of preparation,
these molecules undergo diastereoselective homodimeriza-
tion. The so-called kinetic amphoterism has been coined in
order to describe the co-existence of an unprotected azirid-
ine and aldehyde groups in such molecules. As aziridine
rings are widely considered as stepping-stones to complex
amines, these unprotected derivatives hold tremendous po-
tential for protecting group-free operations.

Scheme 9. Unprotected α-amino aldehydes.

5. Nucleophilic Additions to α-Amino Aldehydes

The addition of nucleophiles to chiral α-amino aldehydes
can result in two diastereomeric products, namely, syn-27
and anti-28 β-amino alcohols (Scheme 10). There have been
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considerable efforts in achieving highly stereoselective ad-
ditions to α-amino aldehydes in order to access both dia-
stereoisomers, which are equally important structural mo-
tifs in biologically active molecules, as well as key building
blocks in chemical synthesis.[5c]

Scheme 10. Nucleophilic addition to α-amino aldehydes.

5.1 General Models for Nucleophilic Attack at α-Amino
Aldehydes

The stereochemical outcome of nucleophilic addition to
α-amino aldehydes is based upon the substituents on the
nitrogen atom. In the case of N,N-disubstituted α-amino
aldehydes, there are two possible governing models for ex-
plaining selectivity (Figure 4). As a general rule, when the
substituents on nitrogen are small, chelation-control can oc-
cur if there is a chelating metal present, which would lead
to a syn-amino alcohol. However, with larger substituents
on nitrogen, a Felkin–Anh model controls the facial attack,
irrespective of a chelating metal being present or absent
from the reaction medium. This model results in an anti-
amino alcohol. Despite this being a general rule, there are
exceptions, and more importantly, substituents of medium
steric bulk may result in poor selectivities due to the lack
of delineation between the governing models.

Figure 4. Models for nucleophilic addition to N,N-disubstituted α-
amino aldehydes.

The situation becomes more complex with monosubsti-
tuted α-amino aldehydes (Figure 5). Chelation-control pre-
dominates when chelating metals are in solution; however,
different binding modes can occur, which may affect the
level of stereocontrol. When non-chelating Lewis acids such
as BF3·OEt2 are present, Felkin–Anh selectivity can arise,
albeit intramolecular hydrogen bonding between the amine
and aldehyde is possible, in which case erosion or even re-
versal of stereoselectivity may be observed due to anti-
Felkin–Anh attack.
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Figure 5. Models for nucleophilic addition to N-monosubstituted
α-amino aldehydes.

5.2 Additions of Carbon Nucleophiles to α-Amino
Aldehydes in the Absence of Chelation Control

There have been several reports dealing with the addition
of carbon-based nucleophiles to N,N-dibenzylamino alde-
hydes.[5] In an extensive investigation by Reetz and co-
workers,[45] it was found that Grignard and organolithium
reagents add to N,N-dibenzylamino aldehydes to yield anti-
amino alcohols with high diastereoselectivities and without
any observable racemization (Scheme 11).

Scheme 11. Addition of Grignard reagents to N,N-disubstituted α-
amino aldehydes.

The authors attributed the observed stereochemical out-
come to the prevention of a five-membered ring chelate due
to the steric hindrance of the benzyl groups on nitrogen.
Thus, the Felkin–Anh model is governing the addition. It
should be noted that only moderate decreases in selectivity
with increasing steric bulk of the α-carbon substituent are
observed in organometallic additions to N,N-diben-
zylamino aldehydes. However, in their study on the dia-
stereoselectivity for the allylindium addition to α-amino al-
dehydes,[46] Paquette et al. have shown that when the steric
bulk of the α-carbon substituent was greatly increased,
significant erosion of stereoselectivity was observed
(Scheme 12). This was attributed to the gradual loss of Fel-
kin–Anh selectivity as the size of the α-carbon substituent
became comparable with the dibenzylated nitrogen.
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Scheme 12. Allylindium addition to N,N-dibenzyl α-amino alde-
hydes.

A greater degree of diastereoselection for the allylation
of α-amino aldehydes has been realized using homochiral
allylboranates. Roush and Hunt applied the asymmetric al-
lylboration of the Garner aldehyde 1 towards the total syn-
thesis of calicheamicin γ1

I, a potent antitumor antibiotic.[47]

The favoured diastereoisomer (66:34) of this allylation reac-
tion is the anti-amino alcohol 32, which was determined
using an achiral allylboronate. This is due to the facial
selectivity being governed by Felkin–Anh control. When
homochiral allylboronates were used, such as Roush’s rea-
gent 29, the stereochemical outcome of the reaction was
controlled by the reagent (Scheme 13). In case of (S,S)-29a,
anti-amino alcohol 32 was obtained with 90:10 diastereo-
selectivity, which matched the expected Felkin–Anh prod-
uct. When the (R,R)-29a was used, an 89:11 diastereomeric
ratio in favour of the syn-amino alcohol 31 was documented
(anti-Felkin–Anh product). The proposed transition states
are exhibited in Figure 6.

Scheme 13. Asymmetric allylboration of the Garner aldehyde.

Brown allylation has also been implemented in the asym-
metric allylation of α-amino aldehydes. In connection with
their efforts toward the synthesis of the potent marine pro-
tein phosphatase inhibitor calyculin A, Barrett and Male-
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Figure 6. Transition-state models for Roush allylation of the Gar-
ner aldehyde.

cha[48] subjected the Garner aldehyde to Brown allylation
using (dIpc)2-30a, followed by Tamao oxidation[49] to fur-
nish the amino diol 33 in 57% yield as a single diastereoiso-
mer (Scheme 13). The reaction proceeds as a matched case
to afford the Felkin–Anh product with excellent diastereo-
selectivity.

The Mukaiyama-type aldol addition to N,N-diben-
zylamino aldehydes was developed in order to access key
structural precursors to HMG-CoA-reductase-inhibi-
tors.[50] The additions of 34 resulted in anti-amino alcohol
aldol adducts 35 as single diastereoisomers without any ap-
preciable deterioration of enantiomeric purity (Scheme 14).
Notably, the size of the α-carbon substituent had no observ-
able effect on the diastereoselectivity of the reaction. Han-
essian et al. also studied the Mukaiyama aldol reaction with
α-amino aldehydes in their investigation into the effective-
ness of constrained oxacyclic hydroxyethylene isosteres of
aspartic protease inhibitors.[51] Using BF3·OEt2 as a Lewis
acid, a syn,anti-selective Mukaiyama aldol addition of 37
to N,N-dibenzylleucinal (36) was achieved in high dia-
stereomeric ratio (Scheme 15).

Scheme 14. TiCl4-promoted Mukaiyama aldol addition to N,N-di-
benzyl α-amino aldehydes.

Scheme 15. BF3·OEt2-promoted Mukaiyama aldol addition to
N,N-dibenzyl α-amino aldehydes.

The same authors also examined lithium enolate ad-
ditions, which afforded good selectivity for the anti,anti-al-
dol product. The mode of selectivity for this reaction is as-
sumed to arise from a Zimmerman–Traxler transition state,
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which is governed by Felkin–Anh control. It was essential
to have disubstituted nitrogen under these reaction condi-
tions. When monosubstituted α-amino aldehydes were sub-
jected to the same conditions, the diastereoselectivity was
lost due to competing intramolecular hydrogen bonding be-
tween the amine and aldehyde, which favours the formation
of syn-amino alcohols.

In their concise total synthesis of Hapalosin,[52] a natu-
rally occurring depsipeptide shown to be active in reversing
multidrug resistance, Palomo et al. have employed their chi-
ral acetate reagent 40[53] in aldol additions to the α-amino
aldehydes 41 with remarkable diastereoselectivity
(Scheme 16). In all cases, only the anti-amino alcohol 42
was observed from which the chiral auxiliary was easily re-
moved using cerium ammonium nitrate. An interesting ob-
servation was that even with the monosubstituted amino
aldehyde, N-Boc leucinal, only the anti-diastereoisomer was
observed, which implies that Felkin–Anh control success-
fully dominated intramolecular hydrogen bonding under
these reaction conditions.

Scheme 16. Chiral acetate addition to α-amino aldehydes.

The proline-catalyzed diastereoselective aldol addition to
α-amino aldehydes has been studied by Pan and co-workers
(Scheme 17).[54] They found that N,N-dibenzylamino alde-
hydes gave the best yields and selectivities of the anti adduct
43, while N-Boc amino aldehydes were found to give the
poorest diastereoselectivity. When using -proline, syn-
amino alcohols were isolated in a low 67:33 diastereomeric
ratio. Clearly, -proline and (S)-N,N-dibenzylamino alde-
hydes constitute a matched pair for diastereoselective induc-
tion. The authors also employed cyclopentanone and hy-
droxyacetone as reaction partners with N,N-dibenzylamino
aldehydes, all of which supplied the corresponding aldol ad-
ducts in moderate to excellent yield and diastereoselectivity.

Scheme 17. Proline-catalyzed aldol addition to N,N-dibenzyl α-
amino aldehydes.

By taking advantage of the basic character of amino al-
dehydes, a substrate-catalyzed diastereoselective Henry re-
action was achieved under high pressure by using the start-
ing α-amino aldehyde as the base in the reaction
(Scheme 18).[55] anti-Amino alcohols 45 were obtained in
good yields and diastereomeric ratios; however, up to 10%
racemization of the starting amino aldehyde was observed
under these reaction conditions. The highest selectivity was



R. Hili, S. Baktharaman, A. K. YudinMICROREVIEW
obtained using 2-nitropropane, from which a greater than
99:1 diastereomeric ratio in favour of the anti-product was
isolated in 68% yield. The authors found that the solvent
greatly affects the yield and selectivity for the reaction, with
MeCN giving the best results. The proposed mechanism in-
volves initial deprotonation of nitroalkane by amino alde-
hyde followed by nucleophilic attack via a Felkin–Anh
model at the formyl carbon of the N,N-dibenzylamino alde-
hyde. Similar anti-selectivity was observed in the sodium
iodide catalyzed nitro-aldol reaction involving N,N-diben-
zylalaninal.[56] Using bromonitromethane, the correspond-
ing anti,anti-aldol product was obtained as a 85:15 ratio in
98% enantiomeric excess.

Scheme 18. Henry reaction with N,N-dibenzyl α-amino aldehydes.

5.3 Chelation- and anti-Felkin–Anh Control in Carbon
Nucleophile Additions to α-Amino Aldehydes

C–C bond forming reactions with α-amino aldehydes
where the attack of the carbon nucleophile is governed by
chelation-control or an anti-Felkin–Anh model have re-
sulted in poorer stereoselectivities. This has been largely ac-
credited to the protecting groups on nitrogen interfering
with chelate formation. However, the governance of selec-
tivity is not clearly delineated, and predicting the stereo-
chemical outcome is rather difficult. Notwithstanding,
some general trends in predicting selectivity will be dis-
cussed along with some recent advances that have overcome
problems encountered when chelation control is desired.

Extensive investigation into the stereoselective addition
of carbon-based nucleophiles to monosubstituted α-amino
aldehydes has taken place. These substrates tend to undergo
additions through chelation-control by virtue of there being
less steric hindrance preventing chelate formation. In their
research toward the synthesis of dipeptide isosteres, Prasad
and Rich[57] have demonstrated that high diastereocontrol
for the tin-mediated allylation of N-Boc α-amino aldehydes
46 can be achieved to produce the corresponding syn-amino
alcohols 47 in good yields (Scheme 19). They also observed

Scheme 19. Tin-mediated allylation of N-Boc α-amino aldehydes.
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that the diastereoselectivity increased with increasing steric
bulk of the α-carbon substituent.

Grignard additions to monosubstituted α-amino alde-
hydes also proceed with chelation-control. In developing a
concise industrial synthesis toward key building blocks of
HIV protease inhibitors, Green et al. of Abbott Laborato-
ries[58] reported the diastereoselective vinyl Grignard ad-
dition to N-Boc-phenylalaninal (49) to yield a 6:1 dia-
stereomeric mixture in favour of the syn amino alcohol 50
in 54% yield (Scheme 20).

Scheme 20. Vinyl Grignard addition to in situ generated α-amino
aldehydes.

The amino aldehyde 49 was generated in situ from the
reduction of amino ester 48, which was found to be crucial
to the diastereoselectivity of the reaction, because the vinyl
Grignard addition to purified N-Boc-phenylalaninal was
previously found to be unselective.[59] This suggests that
aluminum is integral to the selectivity of the reaction. In-
deed, this has been suggested by Polt et al. while investiga-
ting chelation-controlled addition to α-amino aldehydes as
a generalized approach to the synthesis of sphingosines.[60]

The authors have demonstrated that diastereoselectivies
greater than 20:1 in favour of the syn-amino alcohol 54 can
be achieved by reducing α-imino esters 51 with iBu2AlH-
iBu3Al followed by addition of an organolithium or Grig-
nard reagent (Scheme 21). The initial hydride delivery is
suggested to occur via chelation-control, while the attack
of the carbon nucleophile is speculated to occur through an
SN2-type inversion mechanism of the resulting aluminoxy
acetal 52. The mechanism was supported by the observa-
tion that increasing the steric bulk of the initial ester led to
a marked increase in stereoselectivity of the reaction se-
quence.

Scheme 21. Grignard addition to in situ generated aluminoxy ace-
tal.

The allylindium addition to N,N-disubstituted α-amino
aldehydes where the nitrogen substituents are small have
been shown to proceed through chelation-control.[46] Excel-
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lent selectivity for syn-amino alcohol 56 was observed in
the case of N,N-dimethylalaninal (55) (Scheme 22), which
was attributed to the cyclic transition state shown in Fig-
ure 7 (a). Although there was not an extensive investigation
into the effect of the size of the α-carbon substituent, when
N,N-dimethylphenylalaninal was subjected to the same con-
ditions, only a 1.8:1 syn/anti ratio was produced suggesting
that there is a small window in which chelation-control ef-
fectively operates. An interesting finding was that the dia-
stereoselectivity of the reaction was highest at neutral pH.
At lower pH, it was proposed that an intermolecular ad-
dition to protonated 55 was occurring (Figure 7, b), which
is presumably less selective. A significant drawback to this
approach is the fact that N-demethylation of the resulting
products is particularly difficult. In contrast to the indium-
mediated allylation of N,N-disubstituted α-amino alde-
hydes, Boc- or Cbz-protected α-amino aldehydes undergo
various metal-mediated additions with increasing syn selec-
tivity as the steric bulk of the α-carbon side chain is in-
creased.[61] This is expected as increasing the bulk of the
side chain should better direct the facial preference for nu-
cleophilic attack at the aldehyde carbon.

Scheme 22. Allylindium addition to N,N-dimethylalaninal.

Figure 7. Proposed transition states for allylindium addition to α-
amino aldehyde derivatives.

Although the N,N-dibenzyl α-amino aldehydes are gen-
erally used when Felkin–Anh selectivity is desired, condi-
tions have been developed where chelation-control occurs,
yielding syn-amino alcohols with high selectivities. Andrés
et al. have established a highly selective addition of dieth-
ylzinc to α-amino aldehydes 57 to afford syn-amino
alcohols 58 (Scheme 23).[62] The diastereoselectivity of the
reaction mirrored the steric bulk of the α-carbon substitu-
ent. The reaction was conducted in the absence of an addi-
tive donor, which has been shown to increase the reactivity
of diethylzinc additions.[63] This takes advantage of the do-
nor property of the dibenzylamino group to both enhance
the reactivity of diethylzinc and to ensure chelate forma-
tion. The steric bulk of the α-carbon substituent does not
necessarily increase the diastereoselectivity of the reaction
as was demonstrated by the chelation-controlled addition
of methyl group by the highly Lewis acidic MeTiCl3.[45] In
the case of N,N-dibenzylalaninal, a 94:6 ratio in favour of
the syn amino alcohol was isolated in 82% yield. However,
as the substituent of α-carbon increased in size, yields were
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dramatically reduced; such is the case with N,N-dibenzylva-
linal where the corresponding amino alcohol was produced
in 65% yield as a 65:35 syn/anti mixture of diastereoiso-
mers.

Scheme 23. Diethylzinc addition to N,N-dibenzyl α-amino alde-
hydes.

N-Trityl α-amino aldehydes are a synthetically useful
class of compounds due to their high configurational sta-
bility[64] and the mildly acidic deprotection protocol re-
quired for trityl group removal. For these very reasons, N-
trityl α-amino aldehydes have been used as chiral building
blocks in total synthesis and medicinal chemistry.[65] De-
spite the bulky nature of the trityl group, chelation-con-
trolled addition has been shown to occur with good selec-
tivity. An interesting application of N-trityl α-amino alde-
hydes was provided by Vedejs et al. in their synthesis of a
class aziridinomitosenes, which are DNA alkylating agents
(Scheme 24).[66]

Scheme 24. Organolithium addition to N-trityl α-amino aldehyde.

Aziridine aldehydes, being configurationally stable by
virtue of the increase in ring strain involved in the epimeri-
zation process, undergo chelation-controlled addition of
alkyl-metal reagents with excellent selectivities and without
epimerization. In the case of trans-N-Boc-protected azirid-
ine aldehydes 59, Grignard addition produced only the syn-
diastereoisomer 60 (Scheme 25).[67] The cyclic magnesium
chelate can be envisioned to form between the nitrogen lone
pair and carbonyl oxygen; however, the Boc group may also
be participating in coordination to magnesium. Grignard
additions to cis-Boc-protected aziridine aldehydes were
found to be unselective, which was attributed to poorer che-
lation of the cis-isomer.[67a] The stereoselective alkyl ad-
dition to cis-aziridine aldehydes is possible by using dialk-
ylzinc reagents, where in several cases only chelation-con-
trolled additions were observed.[67b] The addition of alk-
ynylmagnesium reagents to N-tosylated aziridine aldehydes
has also been shown to be highly diastereoselective for the
syn-amino alcohol products (Scheme 26).[67c] The presence
of chelation-control is still under question becaus substitu-
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tion at the α-carbon unexpectedly increases the diastereo-
selectivity, while the addition of chelating agents produced
no change in the selectivity.

Scheme 25. Diastereoselective Grignard addition to aziridine alde-
hydes.

Scheme 26. Grignard addition to α-aziridine aldehydes.

In light of the recently discovered stability of unprotected
α-aziridine aldehydes, the opportunity for stereoselective
additions without recourse to protecting groups has been
made possible. For instance, the indium-mediated allylation
of the amino aldehyde dimer 26 occurs with complete ste-
reocontrol to afford the syn amino alcohol (Scheme 27).[68]

Since the aziridine is not protected, oxidative cycloamin-
ation[69] can be achieved in a one-pot protocol to yield 61
as a single diastereoisomer in 79% overall yield. Alterna-
tively, a highly convergent synthesis of the unprotected thio
amino alcohol stereo-triad 62 was performed in a one-pot
allylation/nucleophilic ring-opening reaction, which quickly
assembled 62 as a single diastereoisomer in 96% yield.

Scheme 27. Allylation of unprotected aziridine aldehydes.

The stereoselective BF3·OEt2-catalyzed [3+2] annulation
of monosubstituted α-amino aldehydes 63 with allyltrimeth-
ylsilane has been described by Kiyooka and co-workers
(Scheme 28).[70] The resulting pyrrolidine products 64 are
isolated as single diastereoisomers possessing a cis-2,3,5-tri-
substitution pattern.
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Scheme 28. Stereoselective BF3·OEt2-catalyzed [3+2] annulation of
N-Cbz-phenylalaninal with allyltrimethylsilane.

The initial stereoselective allylation step is explained
through a synclinal transition state as shown in Figure 8
(a), which is followed by a highly stereoselective cyclization
involving the nucleophilic attack by nitrogen at the carbon
centre of the pentavalent intermediate (Figure 8, b). The au-
thors note that with TiCl4, no pyrrolidine was isolated,
rather, only the syn amino alcohol was obtained.

Figure 8. Proposed transition states towards 64.

Convergent carbon–carbon bond-forming reactions with
α-amino aldehydes that create more than two contiguous
stereocentres are attractive strategies in chemical synthesis.
In their development of new synthetic route towards Super-
stolide A, Marshall and Mulhearn[71] have demonstrated
that the stereochemical outcome of allenylzinc addition to
α-amino aldehydes 66 is determined by the configuration of
the allenylzinc precursor through reagent control
(Scheme 29).

Scheme 29. Allenylzinc addition to N-Boc-alaninal.

Following the initial palladozincation, it is postulated
that anti,anti diastereoisomer 67 arises from Felkin–Anh
addition of the (P)-allenylzincate to the α-amino aldehyde
via a zinc chelated transition state 70 (Scheme 30). On the
contrary, (M)-allenylzincate undergoes anti-Felkin–Anh ad-
dition to α-amino aldehydes to produce anti,syn dia-
stereoisomer 69 via a proposed intramolecular hydrogen-
bonded zinc-chelated transition state 71.
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Scheme 30. Proposed transition state for allenylzinc addition to N-
Boc-alaninal.

Another attractive strategy towards selective formation
of stereotriads is through the rhodium-catalyzed reductive
aldol addition to α-amino aldehydes.[72] The vinyl ketones
72 undergo highly stereoselective couplings with α-amino
aldehydes to provide the anti-Felkin–Anh products such as
syn,syn-74 in good to excellent yields (Scheme 31). The
selectivity of the reaction is postulated to arise from an in-
tramolecular hydrogen-bond-assisted rhodium-chelated cy-
clic transition state 75. The role of hydrogen bonding ap-
pears to be significant both in terms of reactivity and selec-
tivity. When the hydrogen-bonding capability is deleted by
using an N-Boc, N-Me disubstituted α-amino aldehyde, the
yield is drastically decreased, and more interestingly, the
diastereoselectivity is inverted to produce the syn-aldol (the
Felkin–Anh product), as the major diastereoisomer.

Scheme 31. Rhodium-catalyzed reductive aldol addition to N-Boc-
phenylalaninal.

Yakelis and Roush have recently provided an important
insight into the crotylboration reactions on α-amino alde-
hydes.[73] The choice of crotylboration reagent and nitrogen
protecting groups were found to be extremely important in
achieving the desired stereochemical outcome of the reac-
tion. For N,N-disubstituted α-amino aldehydes, as afore-
mentioned, allylboration reactions occur via Felkin–Anh
control. However, complications arise when working with
monosubstituted α-amino aldehydes by virtue of their abil-
ity to participate in intramolecular hydrogen bonding. This
was exemplified through the crotylation of N-Boc-alaninal
using two different crotylboron reagents (Scheme 32). In the
case of Brown’s reagent (dIpc)2-30b, Felkin–Anh addition to
yield 76 was observed with high yield and excellent dia-
stereoselectivity; however, Roush’s reagent (R,R)-29b re-
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sulted in the formation of the anti-Felkin–Anh amino
alcohol 77. The authors[73] suggested that the anti-Felkin–
Anh product arose from the intramolecular hydrogen bond-
ing between the amine and aldehyde, which forced re face
addition in order to avoid syn-pentane interaction between
the methyl groups, which would have occurred for a si face
attack. However, the more Lewis acidic Brown’s reagent
prevents the intramolecular hydrogen-bonding between the
amine and aldehyde, thus establishing Felkin–Anh control.
It should be noted that the formation of syn-amino alcohols
is possible when using Brown’s reagent, for instance, Nico-
laou and co-workers used (lIpc)2-30b as an allylation rea-
gent for -N-Boc,O-TPS-serinal in their total synthesis of
Balanol.[74]

Scheme 32. Chiral allylboronate addition to N-Boc-alaninal.

α-Amino-β-silyloxy aldehydes are valuable precursors to
amino diols, which have demonstrated various biological
properties.[75] Restorp and Somfai[76] have investigated the
Mukaiyama aldol addition of 80 to both syn- and anti-α-
amino-β-silyloxy aldehydes (Scheme 33). When the amine
group is monosubstituted, the additions occur with high
yield and diastereoselectivity via intramolecular hydrogen-
bonding (anti-Felkin–Anh), irrespective of the syn or anti
relationship in the starting aldehyde, albeit the syn-α-
amino-β-silyloxy aldehyde 79 produced slightly lower selec-
tivity. When the amino group was disubstituted, the stereo-
chemistry was reversed to afford only the Felkin–Anh prod-
uct from syn-α-amino-β-silyloxy aldehydes, but is essentially
lost when using anti α-amino-β-silyloxy aldehydes.

Scheme 33. Mukaiyama aldol addition to α-amino-β-silyloxy alde-
hyde.

6. Conclusions

α-Amino aldehydes have a proven track record as impor-
tant chiral building blocks in chemical synthesis. Their util-
ity as precursors to many biologically active compounds
has been amply documented in recent years. Of particular
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significance are carbon–carbon bond forming events that
lead to the generation of useful 1,2-amino alcohol motifs
with defined stereochemistry. The stereochemical outcome
of nucleophilic additions to α-amino aldehydes can be con-
trolled by the use of appropriate protecting groups ap-
pended to the nitrogen centre. Unfortunately, detrimental
epimerization processes are also facilitated by these substit-
uents. Recent findings using amphoteric amino aldehydes
suggest that these unwanted events can be avoided without
adversely affecting the stereoselectivity of nucleophilic ad-
ditions.
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