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Abstract

Two efficient approaches to both enantiomerssyifry-trifluoromethyly-amino f-hydroxy butyric acid ¢-
Tfm-GABOB) (10), a new hydroxymethylene (statine) dipeptide isostere, are described. One exploits the recently
disclosed ‘non-oxidative’ Pummerer reaction, by means of whidithium alkyl sulfoxides are used as chiral
«-hydroxyalkyl anion equivalents in the synthesigdeamino alcohols. TrifluoropyruvaldehydéS-ketal (R)-11,

a novel stereochemically stable synthetic equivalent-aimino 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Peptide isosteres are structural motifs in which a scissile amide bond has been replaced by a functional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 inhibitbrSjereochemically defined
B-fluoroalkyl B-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 chemidimthis paper we describe
two efficient approaches to both enantiomers of the orthogonally protsgteg-trifluoromethyl y-
amino B-hydroxy butyric acid ¢-Tfm-GABOB) (10), a new hydroxymethylene (statine) dipeptide
isostere.
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2. Results and discussion
2.1. (-)-y-Tfm-GABORBLO: x-lithium sulfoxide R)-1 as a chiralx-hydroxyy-butenyl anion equivalent

The first approach tg-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 imingsind (2) the ‘non-oxidative’ Pummerer reactibthat allows for a
one-pot {2-type displacement of the sulfinyl auxiliary by a hydroxyl. Thus, easily availabieghium
sulfoxides can be used as chihydroxyalkyl anion equivalents for preparifigamino alcohols. In
this work, lithiated R)-p-tolyl y-butenyl sulfoxidel is used as a chirak-hydroxy-y-butenyl anion
equivalent with theN-p-methoxyphenyl l-PMP) imine of fluoral2, to achieve the synthesis ofsgn
B-Tfm y-amino -hydroxy butyric acid unit.
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Scheme 1. (i) CAN, CECN, H,O (66%). (i) CICOOCHPh, K,CO; 50%, dioxane (>98%). (iii) (CFE0),0, symcollidine,
CH,CN. (iv) a. K,CO3/H,0 up to pH 7; b. NaBl}, THF/H,0, 0°C (94%). (v) PhACOOH, DCC, DMAP (cat.), GEl, (92%).
(vi) KMnQOy, H,SO, 3 N, acetone/LO (89%)

A THF solution of lithium sulfoxidel (Scheme 1), prepared frorR):p-tolyl y-butenyl sulfoxide with
1.2 equiv. of LDAS2 " was treated with a THF solution of trifluoro imir2at —70°C. The reaction
afforded two diastereomeribl-PMP B-amino sulfoxides (R,3SRs)-3 and (%53R,Rs)-4 out of four
possible, in 1.0/2.75 d.r. and quantitative overall isolated yi&idghe preferential formation of the
diastereome#t might be explained by the fact that the lithiated butenyl sulfoXideacts mainly in the
anti-geometry, havingp-tolyl and allyl groupstrans with respect to the plane defined by the O—-S—C—Li
bonds®! through a Zimmerman—Traxler (aldol-type) transition sP&te.

The mixture of diastereomeric sulfoxid8sand4 was treated with ceric ammonium nitrate (CAN)
(5 equiv.) in acetonitrile/water to cleave tinPMP group, providing the free amino sulfoxidein
diastereomerically pure form after flash chromatography (FC) (66%). The absolute stereochengistry of
was determined by X-ray diffractichCompounds was reprotected a$-Cbz derivatives (quantitative),
then submitted to the ‘non-oxidative’ Pummerer reaction protbods expected, treatment & with
trifluoroacetic anhydride (5 equiv.) arsymcollidine (3 equiv.) triggered any® displacement of the
sulfinyl by a trifluoroacetoxy group, leading to the intermediate sulfenamidne-pot treatment with
aqueous KCOs up to pH 7 and finally with an excess of NaBHbrovided the3-amino alcohol (R,3S)-8
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(Scheme 1) in a very clean manner (94%jijth overall stereoselectivity >98/2 (the other diastereomer
was not detected). Conversion 0lR39)-8 into the correspondin@-benzoated (92%), and oxidative
cleavage of the double bond with KMn@89%) delivered the targeted enantiopyd fm-GABOB
(—)-(3S4R)-10, orthogonally protected and suitable for preparing new potential protease inhibitors via
coupling to other amino acids.

2.2. (+)-y-Tfm-GABOBLO from (R)-trifluoropyruvaldehydeN,S-ketal 11

The second approach{eTfm-GABOB 10 exploits trifluoropyruvaldehyddl,S-ketal R)-11, recently
prepared in our laboratories, as a new chiral and stereochemically stable synthetic equivalantiod
trifluoropropanal (Scheme 8)Slow addition of a THF solution oR)-11 (ee ca. 70%) to allylmagnesium
chloride in THF (3 equiv..—~78°C, 1 min) produced the corresponding homoallylic alcast12 in
9/2 d.r. (85% overall isolated yield). The absolute stereochemistr2oivas determined by X-ray
diffraction of an enantiomerically pure analytical sample obtained by crystallization firbexane®?
Next, the thio derivativel2 was submitted to reductive desulfenylation with Na@#yridine (0°C,
60 min)8°¢ but disappointingly the diastereomefieamino alcohols (83R)-8 and its (R,3R)-epimer
were produced without stereocontrol (yield >98%). In order to improve the diastereoseletRwitgs
transformed into the corresponding phenylacetic e$8(yield >98%)8%4 which was submitted to
reductive desulfenylation affording the desimgrderivative (Z5,3R)-16 with good diastereoselectivity,
in a mixture with the diastereomemti-(2R,3R)-15 (15:16=2:9, yield >98%). Compound6 might
be directly transformed into the correspondi®gphenylacetoxyN-Cbz y-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 (#)-Tfm-GABOB 10, the phenylacetatdé6 was transformed into th@-
amino alcohol (%3R)-8, that is the enantiomer of 239)-8 prepared from the sulfoxideR}-1 (see
Section 2.1, Scheme 1). Thus, methanolysis of the mixture of eidi§ afforded in quantitative yields
the corresponding diastereomefiamino alcohols, from which @3R)-8 was obtained in pure form by
FC, without loss of enantiomeric purity with respect to the starting matd)al {.
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The protocol shown in Scheme 2 involves two fairly stereoselective asymmetric transformations: (1)
formation of the C-3 carbinolic centre df2 by addition of allylmagnesium chloride tdR)-11, that
might be rationalized by theynselective chair-like transition sta# (Fig. 1), involving sterically
controlled approach of the allylic nucleophile to tRe face of the carbonyl (Felkin—An)1° (2)
reductive desulfenylation of the thio derivatii8, which involves two step%®¢ (a) generation of the
transient iminel4 (Scheme 2) by pyridine promoted eliminationmthiocresol, (b) reduction of4 by
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NaBH;y, that might be explained by the Felkin—Anh mo@&e{Fig. 1), in which the phenylacetoxy group
plays the role of electronegative, ‘large’ substitugnt.

In summary, we have described two alternative stereocontrolled entries to both enantiomers of the
orthogonally protected;-Tfm-GABOB 10, a new hydroxymethylene (statine) dipeptide isostere now
available in gram-quantities. The synthesis of new potential protease inhibitors incorpoyakiing
GABOB is currently in progress:
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In order to confirm the stereochemistry oR(29)-8, this compound was treated with NaH and Ph8Haffording the

oxazolidinonel7 (93%), whosel,_3=3.6 Hz strongly suggeststeans pseudo-equatorial configuration, in full agreement
with the expected configuration.
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