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Abstract—The three-component �aza Sakurai–Hosomi� reaction performed on (±) O-protected mandelic aldehydes provided the
unexpected syn hydroxy homoallylamines 2 and 2d as the major adducts. An intramolecular chelated transition state via a hydrogen
bond is proposed to explain this 1,2 syn diastereoselectivity.
� 2005 Elsevier Ltd. All rights reserved.
The Sakurai–Hosomi reaction performed on protected
a-hydroxy aldehydes has proved to be a valuable device
for the production of diastereomerically enriched homo-
allylic alcohols by 1,2 substrate control. In these reac-
tions both the Lewis acid used, and the protecting
group on the oxygen atom of the substrate, can influence
the syn/anti distribution of the homoallyl adducts. Usu-
ally the syn/anti ratio obtained can be rationalised by
chelation or non-chelation Cram models.1–4

Recently a three-component reaction (3CR) was re-
ported, which provided homoallylamines from various
aldehydes in excellent yields via an �aza� version of the
Sakurai–Hosomi reaction (Scheme 1).5

In this one-pot reaction the acyliminium, produced in
situ from an aldehyde and a carbamate reacted with
an allylsilane5–7 or propargylsilane,8 in the presence of
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Scheme 1. �Aza� version of the Sakurai–Hosomi reaction.
a Lewis acid, to afford homoallylic amines. However
the diastereoselectivity achievable in this reaction using
substrate 1,2-control, has not yet been investigated. A
study of the influence of an a-hydroxy stereogenic centre
next to the acyliminium would provide a one-step
stereocontrolled route from aldehydes to a-hydroxy-
homo-allylamines, which are desirable motives for tar-
geting the 1,2-amino-alcohol units present in natural
or biological active compounds. In this letter we report
a �aza Sakurai–Hosomi� reaction with a unexpected syn
1,2 diastereocontrol irrespective to the nature of the pro-
tecting groups and the Lewis acids, and we propose a
model to explain this syn stereoselectivity.

There have been a few reports on the reaction of allylsi-
lane with semi-cyclic N,O acetals bearing an a-hydroxy
stereocentre.9–11 But in our present work the substrates
are acyclic and the acyliminium precursors are formed
in situ directly from the aldehydes. We examined the
reactivity and the 1,2 stereocontrol in the �aza-Saku-
rai–Hosomi� 3CR of the aldehydes 1a–d prepared from
(±) mandelic acid by conventional methods.12 (Scheme
2).

Different protecting groups (silyl ethers in 1a–c and a
methyl ether in 1d) were used, in order to evaluate their
influence on the diastereoselectivity (Scheme 2).

In all reactions benzylcarbamate was the nitrogen
source, and various Lewis acids and solvents were
used. All the reactions were performed with a stoichio-
metric amount of the three reaction partners (aldehyde,
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benzylcarbamate and Lewis acid) starting the reaction at
0 �C and allowing it to warm to room temperature. The
results are shown in Table 1.

To our surprise the silylethers 1a–c gave a mixture of the
desilylated hydroxy-homoallylamines 2/3 as adducts (en-
tries 1–10), while with substrate 1d a mixture of the ad-
ducts 2d/3d, still bearing the ether function, was
obtained (entries 11 and 12). The adducts 2 and 3 could
be separated by column chromatography on silica gel
and directly transformed into the corresponding oxa-
zolidones 4 and 5 allowing determination of their
relative stereochemistry (Scheme 3).

The chemical shifts and the direct measurement of the
coupling constants of the vicinal hydrogens for 4:
J = 5.9 Hz (trans relationship),13 and for 5: J = 8.1 Hz
(cis)13 allowed assignment of the syn stereochemistry
for 2 and anti for 3. In further experiments the diastereo-
meric ratio was determined by 1H NMR of the 2/3 mix-
ture using the signals of the two allylic protons as
internal probe. In order to determine the syn/anti ratio
obtained with aldehyde 1d (entries 11 and 12), alcohols
2 and 3 were first converted to the corresponding meth-
ylethers 2d and 3d using the conventional Ag2O/CH3I
Table 1. Synthesis of the amino alcohols 2/3 and 2d/3d from 1a–d

Entry Substrate Lewis acid (LA)

1 1a BF3ÆEt2O

2 1a BF3ÆEt2O

3 1a TiCl4
4 1a TMSOTf

5 1a TMSOTf

6 1a Sc(OTf)3
7 1b BF3ÆEt2O

8 1b TiCl4
9 1c BF3ÆEt2O

10 1c TiCl4
11 1d BF3ÆEt2O

12 1d TiCl4
a Determinated after purification by chromatography.
b Determinated by 1H NMR.
c Typical experience see Ref. 21.
d See Ref. 22.
e 2d/3d ratio.
procedure. By comparing the sets of 1H NMR spectra
it was found that the major adduct obtained from 1d
was again the syn diastereomer (2d), and the minor ad-
duct was the anti diastereomer (3d). Concerning the
influence of the solvent, in CH3CN the syn diastereomer
was always the major adduct, but in CH2Cl2, an erosion
of the diastereoselectivity was observed (entries 2 and 5)
in line with a recent report.14 The influence of the Lewis
acids (BF3ÆEt2O, TiCl4, TMSOTf or Sc(OTf)3) on the
diastereoselectivity is marginal (compare entries 1, 3, 4
and 6). The yield of the reaction was reduced when the
size of the silyl residue was enlarged (entries 7–10) but
the syn selectivity was preserved in CH3CN. Clearly
the best solvent for performing the �aza Sakurai–Hos-
omi� reaction is CH3CN, and surprisingly, both chelat-
ing and non-chelating Lewis acids favour the
formation of the syn diastereomers.

These findings are rather puzzling since both the syn
selectivity as well as the desilylation are unexpected. In-
deed, in the case of the Sakurai–Hosomi reaction with
protected a-hydroxy-aldehydes, the syn diastereocontrol
in the resulting hydroxy-homo-allylalcohols is observed
only with chelating Lewis acids and O-alkyl protecting
groups. On the other hand with O-silyl protecting
groups, the anti diastereoselectivity is observed with che-
lating or non-chelating Lewis acids (rationalised by the
poor basicity of the oxygen atom),15,16 but desilylation
was never mentioned. Those reports are in strong con-
trast with our present findings for which we suggest
the following explanation: in a first step, during the for-
mation of the acyliminium, one equivalent of water is
produced, and the Lewis acid, present in the reaction
Solvent Yielda (%) 2 syn/3 antib

CH3CN 84c 90/10

CH2Cl2 68 40/60

CH3CN 63 85/15

CH3CN 75 90/10

CH2Cl2 62 35/65

CH3CN 60 90/10

CH3CN 50 90/10

CH3CN 54d 95/5

CH3CN 59 90/10

CH3CN 47d 95/5

CH3CN 62 95/5e

CH3CN 64 90/10e
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mixture, will be hydrolysed to give a nucleophilic spe-
cies, which is probably responsible for the observed desi-
lylation even in the case of bulky siloxy residues (entries
7–10). To support this assumption the O-TBDMS pro-
tected mandelic ester, the precursor of 1a was added
as spectator into the �aza Sakurai–Hosomi� reaction
mixture, and indeed O-desilylation to the corresponding
mandelic ester was observed. The addition of molecular
sieves to the reaction did not prevent the desilylation. At
present, the exact timing of the desilylation is not
known, but we believe that it takes place during the for-
mation of the acyliminium.17

Secondly the formation of the same adducts 2 and 3
from 1a–c with a prevalence for the syn adduct suggests
a common desilylated intermediate and a chelated tran-
sition state according to Cram�s rules. We propose that
the acyliminiums 6a–c are desilylated and an intramole-
cular hydrogen bond is developed between the oxygen
atom (the acceptor) of the secondary alcohol and the
hydrogen (the donor) of the acyliminium nitrogen giving
a five-member ring. Thus a chelated transition state (A)
is obtained without the assistance of the external Lewis
acid (Scheme 4).18,19

These arguments are in line with the observation that
the nature of the Lewis acids have no influence on the
diastereoselectivity (see Table 1). Furthermore the syn
diastereoselectivity, obtained with 1d, bearing a nucleo-
philic oxygen atom (methylether) is also insensitive to
the nature of the Lewis acid clearly supporting the
hypothesis of an intramolecular hydrogen bond. Pre-
sumably the chelated transition state (B) deriving from
acyliminium 6d is responsible for the observed syn dia-
stereoselectivity (Scheme 4). Interestingly, in similar
cases Kobayashi and co-workers11 and Kiyooka
et al.20 proposed a chelated transition state via an intra-
molecular hydrogen bond to explain an unexpected syn
selectivity in the Sakurai–Hosomi reaction, respectively,
with acyliminiums bearing an a-benzyloxy group and
with N-carbamoyl a-amino-aldehydes.

To summarise, the 3CR �aza Sakurai–Hosomi� reaction
performed on the O-protected mandelic aldehydes gave
the corresponding homoallylamines in one step with
good to excellent syn diastereoselectivity, irrespective
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Scheme 4. Proposed transition state.
to the protective groups and the Lewis acid. These re-
sults are in contrast with the corresponding �oxo� Saku-
rai–Hosomi reaction in which syn diastereoselectivity
can only be achieved by inter molecular chelation (che-
late Cram model). In the present case, the observed
syn diastereoselectivity is best explained by an intra
molecular chelation via an hydrogen bond developed
in the acyliminium transition state. Currently we are
exploring the scope of the above reaction for the synthe-
sis of amino alcohols of biological significance.
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