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anti-Aminoalkyl epoxides are synthesized in an enantiomerically pure form by stereoselective reductive amination of 
ketoepoxides derived from methyl glycidate with tetramethylammonium triacetoxyborohydride. 

Protected aminoalkyl epoxidesl or azidoalkyl epoxides2 have 
attracted considerable attention owing to their role in the 
synthesis of pharmacologically important compounds such as 
amino sugars, oxygenated amino acids or dipeptides iso- 
steres .3 

In relation to our studies on the stereoselective opening of 
epoxides by enolates and application to the synthesis of 
hydroxymethylene isosteres which play a prominent role as 
transition-state mimics in inhibitors of aspartic preoteases 
such as renin4 or HIV-l,5 we were interested in finding a 
versatile method for the synthesis of aminoalkyl epoxides 
which avoids the use of rather sensitive a-amino aldehydes as 
the intermediates. 

An alternative approach should be offered by the reduction 
of epoxyimines; however, little is known about the prepara- 
tion of such compounds, and, due to the great reactivity of 
monosubstituted epoxides with nucleophiles, epoxyimines 
derived from epoxy ketones 1 are not available by direct 
reaction with amines. To circumvent this problem we thought 
that it might be possible to use a reductive amination which 
allows a direct path from ketones to amines. 

We report here an efficient and stereospecific route to 
aminoalkyl epoxides by reductive amination of enantiomeric- 
ally pure ketoepoxides. 

Reductive amination of aldehydes or ketones is generally 
achieved by using sodium cyanoborohydride with an ammo- 
nium salt.6 However, in our work, we desired a hydride 
alternative which would allow the direct formation of a N- 
protected amino epoxide. More recently, it was shown that the 
use of sodium triacetoxyborohydride allowed such a reduction 
with primary amines.7 

Accordingly, a mixture of epoxy ketone 1 (R1 = Bui) and 
benzylamine was reacted with sodium triacetoxyborohydride 
in the presence of acetic acid. The result, however, was not 
promising. After aqueous work-up, a 9: 1 mixture of dia- 
stereoisomers 2 and 3 was isolated in a rather poor yield (29%) 
in addition to the N-benzyl aziridine 5 (32% yield) resulting 
from an intramolecular attack of the epoxide moiety. Surpris- 
ingly, the amino alcohol resulting from the opening of the 
epoxide by benzylamine was not observed. In light of this 

Table 1 Diastereoselective aminating reduction of keto epoxides 

2 anti : 3 syn 
Keto epoxide Amine Ratiob 2[4? 

Entry l(R1) 4 (% yield)c (c ,  CH2Cl2) 

1 Me a 72:28(69j 
2 Prl a 93:7 (33) -2.9(2.26) 
3 Prl a b 91:9 (30) 
4 B u1 a 92 : 8 (68) + 17.6 (2.25) 

6 Ph-CH2 a 94:6 (57) +12.3(2.24) 
7 C6Hll-CH2 a 95:5 (56) +14.3(2.27) 

5 Buln b 93:7 (55) 

a Racemic substrate. b Determined by HPLC and 250 MHz 'H NMR 
spectroscopy. c Combined, isolated yields of 2 and 3. Typical 
procedure: To a mixture of keto epoxide 1 (1 mmol), amine 4 (1.3 
mmol) and acetic acid (1.3 mmol) in 1,2-dichloroethane was added 
tetramethylammonium triacetoxyborohydride and 4 A molecular 
sieves (0.5 gj. After stirring for 8 h at room temp., the mixture was 
hydrolysed (K2CO3 1 mol dm-3) and purified. 

result, we decided to use a very mild and more selective 
reagent: tetramethylammonium triacetoxyborohydride.8 
Indeed, with this reagent, we succeeded in avoiding almost 
completely the formation of the aziridine, and the epoxy 
amines 2 and 3 were isolated in 68% yield. 

This reaction was then applied to various optically active 
keto epoxides. Such compounds may be synthesized by 
oxidation of epoxy alcohols obtained by kinetic resolution of 
secondary allylic alcohols9 or rearrangement of primary epoxy 
alcohols.10 More easily, we prepared them by reaction of 
optically pure methyl glycidate derived from L- or D-serine" 
with organolithium compounds at low temperature. 12 

Except for the methyl substituted ketone (entry l), we 
observed in all cases a high stereoselectivity in favour of the 
anti isomer (Table 1). Satisfactory results were also obtained 
with allylmine the use of which may provide an alternative 
method for obtaining protected amines. 

To determine the stereochemistry of the reduction, the 
epoxy amine 2a was open by catalytic hydrogenation and the 
resulting amino alcohol reacted with phosgene to give the 
oxazolidinone 6. Analysis of the IH NMR spectrum showed 
the coupling constant J4-5 to be 7.5 Hz suggesting it to be a cis 
isomer, the coupling constants being slightly smaller for trans 
oxazolidinones than those observed for cis isomers.13An 
unambiguous stereoassignment was obtained from compari- 
son of proton NMR data of amino epoxides 2 and 3 and the syn 
compounds synthesized by reaction of benzylamine with the 
anti trifluoromethanesulfonates (Tf) 7 derived from the 
corresponding anti epoxy alcohols. 14 

The enantiomeric purity of 3a has been verified to be >98% 
by chiral chromatography of the oxazolidinone 6 (XE-60 S- 
valine-S-a-pea Chrompack column) indicating that the optical 
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purity of the starting glycidic epoxide was completely retained 
during the reactions. 

The stereochemistry of this reduction may be interpreted by 
the formation during the transition state of an internal 
hydrogen bond between the hydrogen of the iminium salt and 
the oxygen of the epoxide ring which blocks the conformation 
(Scheme 2). Hydride attack from the less hindered face then 
gives rise to the observed products. 

This model is in accordance with the recent results reported 
for the addition of nucleophiles to a$-epoxycarbonyl com- 
pounds,lS anti diastereoselection being generally observed 
during the reaction of epoxy-ketones with reagents susceptible 
of favouring chelation between the epoxide oxygen and the 
carbonyl function. 14916 
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