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Abstract:  Epoxidation of d-amino-b,g-unsaturated ester with tri-
fluoroperacetic acid afforded its epoxide in a highly diastereo-
selective manner. Subsequent stereodivergent epoxide opening
reactions provided synthetic routes towards both the threo and
erythro hydroxyethylene peptide isostere.
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As a transition state surrogate of the scissile amide bond
with enhanced metabolic stability, hydroxyethylene
dipeptide isostere 1 containing g-hydroxy-d-amino acid
functionality has been exploited extensively as a key
structural unit of many inhibitors of aspartyl proteases
such as renin,1 HIV,2 and g-secretase3 (Scheme 1). There-
fore, numerous synthetic routes have been devised partic-
ularly for the preparation of the common intermediate
lactone 2 that was efficiently transformed to 1 via well-es-
tablished enolate alkylation process.4 The most common
approach is based upon the reaction of an indium,5 zinc,6

titanium,7 or magnesium8 homoenolate equivalent with
N-protected amino-aldehyde or amino acid derivatives as
a key reaction. Other strategies include the use of an
epoxide intermediate9 prepared from N-protected amino-
aldehyde; a radical intermediate;10 a thiazolyl ketone in-
termediate;11 a chiron approach starting from mannose12

or glutamic acid;13 asymmetric reactions such as
Sharpless epoxidation,14 dihydroxylation,15 or aminohy-
droxylation;16 and finally, strategically interesting olefin
metathesis reaction17 for the construction of the lactone
ring. In addition to these approaches, many diverse syn-
thetic routes18 are also available. Herein, we disclose an
alternative stereodivergent synthetic route towards a
hydroxyethylene peptide isostere featuring the use of a
highly diastereoselective epoxidation and subsequent
stereodivergent ring-opening reactions as key transforma-
tions.

Ene-acid 3a19 was converted to its methyl ester 3b in
methanol in the presence of trimethylsilyl chloride in
quantitative yield. Epoxidation of 3b with MCPBA
provided a-epoxide 4a and b-epoxide 4b in moderate 3:1
selectivity. As observed in the epoxidation of a similar

d-amino-(Z)-b,g-unsaturated amide fragment,20 a more
electron-deficient peracid enhanced the diastereoselectiv-
ity through synergistic combination of the directing effect
of the carbamate group and A1,3-strain: use of permaleic
acid increased the selectivity to 10:1 and the most electron
deficient trifluoroperacetic acid21 led to better than 150:1
selectivity (Table 1). Moreover, simple recrystallization
of the crude product in methyl tert-butylether (MTBE)
provided highly pure 4a in better than 99% ee.22

Treatment of the epoxide 4a with DBU smoothly opened
the epoxide ring to give 5, a common intermediate for
both hydroxyethylene and (E)-alkene dipeptide iso-
steres,23 respectively. Chemoselective reduction of the
a,b-unsaturated double bond of 5 by Ni2B,24 generated in
situ, resulted in a mixture of lactone 6 and its open
hydroxy-ester compound, which was exposed to p-TsOH
in toluene at reflux resulting in only lactone 6. Simple
trituration of the crude product with hexane resulted in
solidification and gave pure (1S,2¢S)-625 in 80% overall
yield (Scheme 2).

Table 1 Influence of Epoxidation Reagents on the Diastereoselec-
tivity

Entry Peracid Selectivity (4a/4b)

1 MCPBA 3:1

2 Permaleic acida 10:1

3 Trifluoroperacetic acida >150:1

a Epoxidation of 3b was performed by peracid generated in situ by 
slow addition of the anhydride to the stirred mixture of urea hydrogen 
peroxide complex and Na2HPO4 (2 equiv) in CH2Cl2.
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Alternative ring-opening of the epoxide moiety of 4a was
accomplished by the internal participation of the carbam-
ate group in the presence of Lewis acids, among which
ZrCl4 turned out to be the optimal choice to afford the di-
hydroxyethylene intermediate 7 in 65% yield. Under the
same conditions, MgCl2 and ZnCl2, showed only ca. 50%
conversion, while BF3·OEt26 effected the reaction at am-
bient temperature to give 7, however, in only 50% yield.
One-pot mesylation of 7 and subsequent elimination gave
the a,b-unsaturated intermediate 8, which was hydroge-
nated using Pd/C in ethyl acetate to provide 9 in 75% yield
overall. Interestingly, the hydrogenation reaction profile
is very sensitive to reaction solvent: use of methanol as the
reaction solvent led to significant contamination (ca.
30%) of the amino-ester side-product,27 via hydrogenoly-
sis of the allylic C–O bond of 8 followed by reduction.
Reduction mediated by Ni2B was also complicated by the

formation of the same class of lactam side-product.28 Hy-
drolysis of the oxazolidinone moiety of 9, protection by
the Cbz group, and final lactonization afforded (1S,2¢R)-
10 in 90% yield (Scheme 3).29

In conclusion, we have developed efficient and stereo-
divergent synthetic routes towards diastereomeric 6 or 10
via the common intermediate 4a. Particularly noteworthy
are the highly diastereoselective epoxidation and subse-
quent stereodivergent ring-opening of the epoxide group
of 4a.
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