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In recent years there has been a growing interest in
the synthesis of homochiral 1,2- and 1,3-amino alcohols
with two stereogenic centers bearing the amino and the
hydroxyl groups, which are structural units found in a
number of important bioactive compounds. The 1,2-
amino alcohol unit is, in fact, present in compounds such
as antibiotics,1 among which Taxol2 is certainly the most
famous, and hydroxyethylene dipeptide isosteres acting
as HIV-1 protease inhibitors.1,3 The 1,3-amino alcohol
unit is present in a number of widely prescribed antide-
pressants.4
A variety of different methods have been reported for

the diastereoselective synthesis of 1,2-1,5-7 and 1,3-amino
hydroxyl sistems.4,5,8,9 A general synthetic strategy
toward 1,2-amino hydroxyl compounds consists of the
diastereoselective addition of organometallic reagents to
protected R-amino aldehydes that, in turn, are accessible
from the corresponding amino acids.1,3,10-12 However,
several basic problems are connected with the use of
R-amino aldehydes, such as their chemical and configu-
rational instability, as well as the stereocontrol in the
addition step. Due to their instability, special precau-
tions are necessary for their synthesis, handling, and
storage.1,13 The degree of stereoselectivity in the addition
step, not high enough in many cases,1 has been recently
increased by specific variations of protecting groups and
reagents.10,11
To the best of our knowledge an analogous protocol

toward the diastereoselective synthesis of 1,3-amino
alcohols has never been used. This is probably due to
the difficulty in obtaining the â-amino aldehydes in a
pure state owing to their high instability.14,15

To overcome the problems connected with the use of
R- and â-amino aldehydes, we propose an approach to
1,2- and 1,3-amino alcohols focusing on the use of
homochiral R- and â-amino acylsilanes, obtained from
natural R-amino acids, as synthetic equivalents of R- and
â-amino aldehydes, based on the well-known facility to
replace the silyl group with a proton by means of fluoride
ion. In this way we take advantage of the stability of
amino acylsilanes (vide infra) and of the bulkiness of the
silyl group in increasing the degree of diastereoselectiv-
ity.16

The synthetic equivalence between acylsilanes and
aldehydes has already been exploited by Ohno et al. in
the addition reactions of organometallic reagents to
acylsilanes bearing an R-17 and a â-chiral carbon.18

Our strategy involves the addition of an organometallic
reagent to homochiral, nitrogen-protected R- and â-amino
acylsilanes to give R-hydroxysilanes, followed by ste-
reospecific protiodesilylation and deprotection of the
amino group.
The aminoacylsilanes of choice were the [3-phenyl-2(S)-

phthalimidopropionyl]dimethylphenylsilane (5)19 and the
[4-phenyl-3(S)-phthalimidobutanoyl]dimethylphenyl-
silane (4), both obtained fromN-Pht-L-phenylalanine (1).
For the synthesis of 4, N-Pht-L-phenylalanine was

homologated with the Arndt-Eistert reaction which is
known20-22 to give enantiopure â-amino acids from their
R-analogues with retention of configuration at the chiral
carbon. The 4-phenyl-3(S)-phthalimidobutanoic acid (2)
obtained was transformed into the acyl chloride 3, which
in turn was allowed to react with bis(dimethylphenylsi-
lyl)zinc cyanocuprate under the same conditions19 used
for compound 5, giving 4 in 45% yield (Scheme 1).
The (aminoacyl)silanes 5 and 4 were purified on silica

gel and stored in the refrigerator (4-10 °C) for long
periods, without experiencing any chemical degradation
or racemization, thus proving their chemical and optical
stability.
The first step of our synthetic protocol toward 1,2- and

1,3-amino hydroxyl systems was accomplished through
a titanium tetrachloride-mediated addition of allyltri-
methylsilane to both R-5 and (â-aminoacyl)silane 4,
resulting in the formation of the R-hydroxysilanes 6 and
8 in 75% and 80% yield, respectively. The NMR spectra
(H-1 and C-13) of 6 and 8 indicate the presence of a single
diastereoisomer for each R-hydroxysilane, thus suggest-
ing de values equal to or higher than 98%.24 Subsequent
protiodesilylation of 6 and 8 with tetrabutylammonium
fluoride (TBAF) in THF afforded 60% of 6-phenyl-5(S)-
phthalimido-1-hexen-4-ol (7) and 80% of (4R,6R)-7-phen-
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(8) Gmeiner, P.; Junge, D.; Kärtner, A. J. Org. Chem. 1994, 59, 6766.
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yl-6-phthalimido-1-epten-4-ol (9), respectively, as single
diastereoisomers, suggesting, also in this case, de values
g98%24 (Scheme 2).
The absolute stereochemistry of the newly formed

stereogenic center in 9 was established by 1H NMR
analysis of the corresponding esters of Mosher’s acids (R)-
MTPA and (S)-MTPA. From the differences in the
chemical shifts, the R configuration was attributed25,26
to the carbon bearing the hydroxylic group (C-4) (Table
1). Unfortunately, Mosher’s method could not be used

to predict the absolute configuration at C-4 of the â-amino
alcohol 7, since the differences of chemical shifts in the
1H NMR spectra of the corresponding (R)-MTPA and (S)-
MTPA esters were not significant.27

In conclusion, these results describe the possibility of
obtaining 1,2- and 1,3-amino alcohol units by overcoming
the problems associated with the use of R- and â-amino
aldehydes. In fact, we found that R- and â-amino
acylsilanes 4 and 5 are stable and react in a highly
stereoselective fashion (de g98%) with allyltrimethylsi-
lane in the presence of TiCl4. Moreover, the protiodesi-
lylation step is stereospecific, thus proving the synthetic
equivalence of these species with R- and â-amino alde-
hydes.
Further investigations regarding the use of other (R-

aminoacyl)- and (â-aminoacyl)silanes and the improve-
ment of their yields, as well as the use of different
protecting groups and of other organometallic reagents
are currently underway in our laboratory.
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Scheme 1a

a Reaction conditions: (a) ref 23, 90%; (b) CH2N2, Et2O/THF,
rt, 1 h, 93%; (c) Ag2O, MeOH, 50 °C, 40 min, 85%; (d) HCl, H2O,
aceton, reflux, 150 min, 80%; (e) SOCl2, 55 °C, 4 h, 93%; (f)
(PhMe2Si)2CuCN(ZnCl)2 (see ref 19), 45%.

Scheme 2a

a Reaction conditions: (a) allyltrimethylsilane (1 equiv), CH2Cl2,
TiCl4 1 M in CH2Cl2 (1 equiv), -78 °C, 24 h, 75% for 6, 80% for 8;
(b) TBAF 1 M in THF (1 equiv) diluted with THF to obtain a 0.1
M solution, rt, 72 h, 60% for 7, 72% for 9.

Table 1. Determination of the Absolute Configuration
of 9

δH C(2) δH C(3) δH C(5) δH C(6)

(R)-MTPA ester of 9 5.464 2.275 1.982 4.521
(S)-MTPA ester of 9 5.617 2.398 1.965 4.444
∆δH ) δ(R) - δ(S) -0.153 -0.123 +0.017 +0.077
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