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Abstract

Two efficient approaches to both enantiomers ofsyn-γ-trifluoromethylγ-aminoβ-hydroxy butyric acid (γ-
Tfm-GABOB) (10), a new hydroxymethylene (statine) dipeptide isostere, are described. One exploits the recently
disclosed ‘non-oxidative’ Pummerer reaction, by means of whichα-lithium alkyl sulfoxides are used as chiral
α-hydroxyalkyl anion equivalents in the synthesis ofβ-amino alcohols. Trifluoropyruvaldehyde-N,S-ketal (R)-11,
a novel stereochemically stable synthetic equivalent ofα-amino trifluoropropanal, is used in the second approach.
© 1998 Elsevier Science Ltd. All rights reserved.

1. Introduction

Peptide isosteres are structural motifs in which a scissile amide bond has been replaced by a functional
group that mimics the peptide bond, but is incapable of hydrolytic cleavage. Many of them have
found important applications as efficient protease inhibitors, for example in the regulation of blood
pressure (renin inhibitors) and in AIDS therapy (HIV-protease inhibitors).1 Stereochemically defined
β-fluoroalkyl β-amino alcohols feature a great potential for the preparation of new lipophilic peptide
mimics, having improved properties as drugs, but the overwhelming difficulties connected with their
preparation have strongly limited their application in biomedicinal chemistry.2 In this paper we describe
two efficient approaches to both enantiomers of the orthogonally protectedsyn-γ-trifluoromethyl γ-
amino β-hydroxy butyric acid (γ-Tfm-GABOB) (10), a new hydroxymethylene (statine) dipeptide
isostere.
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2. Results and discussion

2.1. (−)-γ-Tfm-GABOB10: α-lithium sulfoxide (R)-1 as a chiralα-hydroxyγ-butenyl anion equivalent

The first approach toγ-Tfm-GABOB 10 (Scheme 1) takes advantage of a synergistic combination
of two methodologies we have developed recently: (1) the chiral sulfoxide stereocontrolled additions of
nucleophiles to fluorinated imines3 and (2) the ‘non-oxidative’ Pummerer reaction,4 that allows for a
one-pot SN2-type displacement of the sulfinyl auxiliary by a hydroxyl. Thus, easily availableα-lithium
sulfoxides can be used as chiralα-hydroxyalkyl anion equivalents for preparingβ-amino alcohols. In
this work, lithiated (R)-p-tolyl γ-butenyl sulfoxide1 is used as a chiralα-hydroxy-γ-butenyl anion
equivalent with theN-p-methoxyphenyl (N-PMP) imine of fluoral2, to achieve the synthesis of asyn
β-Tfm γ-aminoβ-hydroxy butyric acid unit.

Scheme 1. (i) CAN, CH3CN, H2O (66%). (ii) ClCOOCH2Ph, K2CO3 50%, dioxane (>98%). (iii) (CF3CO)2O, sym-collidine,
CH3CN. (iv) a. K2CO3/H2O up to pH 7; b. NaBH4, THF/H2O, 0°C (94%). (v) PhCOOH, DCC, DMAP (cat.), CH2Cl2 (92%).
(vi) KMnO4, H2SO4 3 N, acetone/H2O (89%)

A THF solution of lithium sulfoxide1 (Scheme 1), prepared from (R)-p-tolyl γ-butenyl sulfoxide with
1.2 equiv. of LDA,5a–h was treated with a THF solution of trifluoro imine2 at −70°C. The reaction
afforded two diastereomericN-PMP β-amino sulfoxides (2R,3S,RS)-3 and (2S,3R,RS)-4 out of four
possible, in 1.0/2.75 d.r. and quantitative overall isolated yields.5i The preferential formation of the
diastereomer4 might be explained by the fact that the lithiated butenyl sulfoxide1 reacts mainly in the
anti-geometry, havingp-tolyl and allyl groupstranswith respect to the plane defined by the O–S–C–Li
bonds,5j through a Zimmerman–Traxler (aldol-type) transition state.5k,b

The mixture of diastereomeric sulfoxides3 and4 was treated with ceric ammonium nitrate (CAN)
(5 equiv.) in acetonitrile/water to cleave theN-PMP group, providing the free amino sulfoxide5 in
diastereomerically pure form after flash chromatography (FC) (66%). The absolute stereochemistry of5
was determined by X-ray diffraction.6 Compound5 was reprotected asN-Cbz derivative6 (quantitative),
then submitted to the ‘non-oxidative’ Pummerer reaction protocol.4 As expected, treatment of6 with
trifluoroacetic anhydride (5 equiv.) andsym-collidine (3 equiv.) triggered an SN2 displacement of the
sulfinyl by a trifluoroacetoxy group, leading to the intermediate sulfenamide7. One-pot treatment with
aqueous K2CO3 up to pH 7 and finally with an excess of NaBH4, provided theβ-amino alcohol (2R,3S)-8
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(Scheme 1) in a very clean manner (94%),7 with overall stereoselectivity >98/2 (the other diastereomer
was not detected). Conversion of (2R,3S)-8 into the correspondingO-benzoate9 (92%), and oxidative
cleavage of the double bond with KMnO4 (89%) delivered the targeted enantiopureγ-Tfm-GABOB
(−)-(3S,4R)-10, orthogonally protected and suitable for preparing new potential protease inhibitors via
coupling to other amino acids.

2.2. (+)-γ-Tfm-GABOB10 from (R)-trifluoropyruvaldehydeN,S-ketal11

The second approach toγ-Tfm-GABOB 10exploits trifluoropyruvaldehydeN,S-ketal (R)-11, recently
prepared in our laboratories, as a new chiral and stereochemically stable synthetic equivalent ofα-amino
trifluoropropanal (Scheme 2).8 Slow addition of a THF solution of (R)-11 (ee ca. 70%) to allylmagnesium
chloride in THF (3 equiv.,−78°C, 1 min) produced the corresponding homoallylic alcoholsyn-12 in
9/2 d.r. (85% overall isolated yield). The absolute stereochemistry of12 was determined by X-ray
diffraction of an enantiomerically pure analytical sample obtained by crystallization fromn-hexane.6a

Next, the thio derivative12 was submitted to reductive desulfenylation with NaBH4/pyridine (0°C,
60 min),8b,c but disappointingly the diastereomericβ-amino alcohols (2S,3R)-8 and its (2R,3R)-epimer
were produced without stereocontrol (yield >98%). In order to improve the diastereoselectivity,12 was
transformed into the corresponding phenylacetic ester13 (yield >98%),8c,d which was submitted to
reductive desulfenylation affording the desiredsyn-derivative (2S,3R)-16 with good diastereoselectivity,
in a mixture with the diastereomeranti-(2R,3R)-15 (15:16=2:9, yield >98%). Compound16 might
be directly transformed into the correspondingO-phenylacetoxyN-Cbz γ-Tfm-GABOB by oxidative
cleavage of the double bond. However, in order to confirm the stereochemistry at C-2 and to perform
a formal synthesis of the (+)-γ-Tfm-GABOB 10, the phenylacetate16 was transformed into theβ-
amino alcohol (2S,3R)-8, that is the enantiomer of (2R,3S)-8 prepared from the sulfoxide (R)-1 (see
Section 2.1, Scheme 1). Thus, methanolysis of the mixture of esters15,16afforded in quantitative yields
the corresponding diastereomericβ-amino alcohols, from which (2S,3R)-8 was obtained in pure form by
FC, without loss of enantiomeric purity with respect to the starting material (R)-11.

Scheme 2.

The protocol shown in Scheme 2 involves two fairly stereoselective asymmetric transformations: (1)
formation of the C-3 carbinolic centre of12 by addition of allylmagnesium chloride to (R)-11, that
might be rationalized by thesyn-selective chair-like transition stateA (Fig. 1), involving sterically
controlled approach of the allylic nucleophile to theRe face of the carbonyl (Felkin–Anh);9,10 (2)
reductive desulfenylation of the thio derivative13, which involves two steps:8b,c (a) generation of the
transient imine14 (Scheme 2) by pyridine promoted elimination ofp-thiocresol, (b) reduction of14 by
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Figure 1.

NaBH4, that might be explained by the Felkin–Anh modelB (Fig. 1), in which the phenylacetoxy group
plays the role of electronegative, ‘large’ substituent.9

In summary, we have described two alternative stereocontrolled entries to both enantiomers of the
orthogonally protectedγ-Tfm-GABOB 10, a new hydroxymethylene (statine) dipeptide isostere now
available in gram-quantities. The synthesis of new potential protease inhibitors incorporatingγ-Tfm-
GABOB is currently in progress.11
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