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Under the influence of titanium tetraiodide the reductive
imino aldol reaction of �-allyloxy-�-trimethylsiloxyacetate
proceeded with imines to give �-amino-�-hydroxy esters in
good yields.

In conjugation with an exploration into a short approach to
HIV protease inhibitors, selective preparation of �-amino-�-
hydroxy carboxylic acids 1 has been needed.1 One of the most
straightforward approaches to this kind of esters involves the
imino aldol reaction of �-hydroxy esters with imines, where
reductive formation of glyoxylate enolatesmay offer the requisite
enolate species.2 We have recently found that TiI4 is an excellent
reagent for selective reduction of several substrates.3 Recent
study has also revealed that TiI4 effects the reductive aldol
reaction of N-tosylimine derived from ethyl glyoxylate with
aldehydes to give �-amino-�-hydroxy esters stereoselectively in
good yields.4 In an analogous way to this methodology, a variety
of glyoxylates were subjected to the TiI4 mediated reductive
formation of enolate. However, this approach proved fruitless,
and only pinacol type homo-coupling products were obtained.5 In
an effort to generate enolate species in a chemoselective fashion,
the use of acetals derived from ethyl glyoxylate was investigated.
We have now found that the desired �-amino-�-hydroxy esters
are obtained in good to excellent yields using reaction of �; �-
dialkoxyacetates with imines promoted by TiI4. In particular, �-
allyloxy-�-trimethylsiloxyacetate (2f) underwent a selective
imino aldol reaction to give �-amino-�-hydroxy esters, where
deprotection of the alkoxy moiety was not needed for further
functional group transformations.

In order to check the enolate formation, reduction of ethyl
�;�-diethoxyacetate with TiI4 (2.0 eq) in acetonitrile at �78 �C
was carried out, and ethyl �-ethoxyacetate was obtained in
quantitative yield. We next examined the reductive imino aldol
reaction of�;�-dialkoxyacetates, and the results are summarized
in Table 1.

As shown in Table 1, �;�-dimethoxy derivative 2a gave the
desired adduct in 11% yield, whereas better results were obtained
using the diethoxy analogue 2b (entries 1 and 5). The reactions
carried out at lower reaction temperatures recorded reduced
yields of the products (entries 3–5). Use of an excess amount of
the acetal gave higher yields of the product (entries 6 and 7).
However, the difficulty to hydrolize the ethyl ether moiety of the
product called for the use of other substrates.

In an effort to find the most useful derivative for removal of
the protecting group, use of four types of �,�-dialkoxyacetates
2c–fwas investigated. Among them, the use of the �-allyloxy-�-
trimethylsiloxy derivative 2f gave the adduct with a free hydroxy
group. The reductive imino aldol reaction of this particular acetal
2f was carried out with various aldimines under the optimum
reaction conditions found as in the case with entry 7 in Table 1,
and the results are summarized in Table 2.

The reaction of 2fwith anisyl benzalimine in the presence of
TiI4 gave the desired �-amino-�-hydroxy ester 3b, where the
amount of TiI4 and the reaction temperature were found to be
crucial (entries 1–5). The reaction carried out with 3 equivalents
of TiI4 in EtCN at 0 �C gave a satisfactory yield (entry 4).
Although the diastereoselectivity was not high, the aryl
benzalimines and its naphthyl analogue examined here all gave
good to excellent yields of the�-amino-�-hydroxy esters (entries
6–10).

The following scheme shows a possible reaction pathway.
The metal exchange reaction between TMS group and Ti(IV)
gives a titanium alkoxide, which in turn is attacked by an iodide
anion to form �-iodo ester. The subsequent reaction with another
iodide anion effects the formation of an enolate species. The
adduct is formed via a further reaction with imine.

Table 1. Reductive aldol reaction of �;�-dialkoxyacetates 2:
Comparison of reaction conditionsa
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In conclusion, the reductive aldol reaction of �-allyloxy-�-
trimethylsiloxy ester promoted by TiI4 afforded �-amino-�-
hydroxy esters in good yields. Although the diastereoselectivity is
not high, the present methodology introduces the use of a new
readily removable acetal-type protecting group for reductive
enolate formations.
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Table 2. Reductive aldol reaction of �-allyloxy-�-trimethylsi-
loxyacetate 2fa
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