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Abstract: The chiral non racemic N-Cbz-trifluoropyruvaldehyde-N,S-ketal 1a (enantiomeric excess up to
74%) is a new trifluoro 3-C building block, which has been reacted with several Grignard reagents,
stereoselectively affording the corresponding secondary carbinols 2. The N,S-ketal stereocentre, whose
absolute stereochemistry has been determined by X-ray analysis of the a-phenylpropionate 3, is able to
provide excellent stereocontrol. Highly stereoselective p-tolylthio group displacement afforded the N-
Cbz-pheny] derivative 2d, transformed into trifluoro-norephedrine (S,5)-5 and -ephedrine (S.,5)-6.

© 1997 Elsevier Science Ltd. All rights reserved.

The biomedicinal relevance and the increasing range of application of fluoroorganic chemicals is urging
chemists to the exploration of new synthetic routes to chiral non racemic selectively fluorinated organic
molecules.’ The “fluorination approach” is straightforward but often suffers from low selectivity and yields,
particularly with complex substrates. The “building block approach” is very attractive, but the limited number
of readily available fluorine containing starting materials is still an obstacle to the strategy.”

As a result of ongoing studies directed to finding new fluorinated building blocks and stereoselective
approaches to fluoroorganic fine chemicals, we have recently reported the stereospecific synthesis of chiral
non racemic fluoropyruvaldehyde-N,S-ketals 1 through a self-immolative Pummerer-type rearrangement of
enantiopure a-fluoroalkyl-B-sulfinylenamines A (Scheme 1).3 To the best of our knowledge
fluoropyruvaldehyde-N,S-ketals 1 are the first examples reported in literature of non enolizable aldehydes
simoultaneously bearing a sulfur, a nitrogen and a carbon atom in a-position.* Therefore, the properties and
the reactivity of this unprecedented class of molecules represent a new exciting area of chemistry.
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In this paper we describe the determination of the absolute configuration of the N-Cbz-
trifluoropyruvaldehyde-N,S-ketal 1a, its stereoselective reaction with Grignard reagents and the exploitation
of this strategy in the highly stereoselective approach to trifluoro-norephedrine (S,S)-5 and -ephedrine (S,5)-6.

We were greatly gratified to see that Grignard reagents (3 equiv) smoothly reacted (2 min.) with the
aldehyde 1a (samples with c.a. 70% e.e. were used) affording the corresponding secondary carbinols 2 with
yields and stereoselections ranging from good to excellent (Scheme 2 and Table 1).
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Scheme 2 and Table 1. Addition of Grignard reagents to the trifluoropyruvaldehyde N,S-ketal (+)-1a.

Product X R anti/syn Yield “FNMRanti2 'FNMRsyn2
2a cl CH; 17:1 2% -72.0 -725
2b Br CH,CH; 4:1 2% -711 -724
2¢ Br CH=CH, 36:1 94 % -69.2 -71.1
2d Cl Ph 7:1 90 % -71.3 -722

The best yields were achieved by dropwise addition of a THF solution of aldehyde to a cooled (-78 °C)
THF solution of Grignard reagent.’ The anti-isomers® 2a-d are the main reaction products with the tested
alkyl, vinyl and phenyl Grignard reagents. The enantiomeric excesses of all major diastereoisomers 2, checked
by esterification with both enantiomers of a-phenylpropionic acid (PPA) and subsequent NMR analysis of the
crude mixtures, resulted to be identical (70%) to those of the starting aldehyde 1a.

The remarkable stereoselectivity of these reactions could be explained as follows.

The addition to 1a does not take place at all using 1 equiv. of
Grignard reagent. Therefore, it appears more than reasonable to
hypothesize the addition of a second molecule of Grignard reagent

R MgXx" Figure 1

X

to the preformed intermediate chelated magnesium derivative B
(Figure 1), which is widely accepted for the reactions of known N-
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monoprotected  a-aminocaldehydes  with  organomagnesium FyCul v anti-2
reagents.* On this basis, the “Cram’s cyclic model” can rationalize i\
the observed stereoselection. Thus, the major anti-products 2 should pTolS H
arise from an attack of a molecule of Grignard reagent from the
trifluoromethyl group side of B, away from the p-tolylthio group, which plays the role of “large” substituent.’
The absolute stereochemistry of the carbinolic centre C-3 was determined by NMR analysis of the a-
phenylpropionic esters of methyl, ethyl and vinyl derivatives 2a-c.}
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Scheme 3. Synthesis of the a-phenylpropionic ester 3 for X-ray analysis.

Single crystal X-ray diffraction of 3, the (S)-c-phenylpropionic ester of anti-(2R,35)-2a (Fig. 2),’
confirmed the C-3 configuration and allowed to determine unambiguously the absolute stereochemistry of the
ketal stereocentre C-2 (Scheme 3), thus assessing that the N-Cbz-trifluoropyruvaldehyde-ketal (+)-1a has (R)
stereochemistry.
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Anti-(2R,3S) stereochemistry was confidently assigned to the major diastereoisomer of the phenyl
derivative 2d by 'F NMR, and later confirmed by chemical correlation (see below).

In fact, it can be easily seen from Table 1 that -
the signals of the trifluoromethyl groups of the anti-
diastereoisomers are always observed at lower
fields than those in the syn series. A similar trend
has been already described for the '°F NMR spectra
of a closely related series of y-trifluoro-B-
aminoalcohols."!

We next turned our attention to the removal
of the p-tolylthio group from 2, in order to exploit
the methodology for the synthesis of chiral non
racemic y-trifluorosubstituted B-aminoalcohols, for
example analogues of ephedra alkaloids.

A screening of several reductive conditions
revealed that treatment of the phenyl derivative
(2R,35)-2d with NaBH, (5 equiv) in pyridine'” at 0
°C produces a clean and highly diastereoselective Figure 2. ORTEP' view of 3.
desulfenylation (d.s. > 90%), occurring with
retention of configuration at the amine stereocentre. Formation of the anti product N-Cbz
trifluoronorephedrine (S,5)-4 (70% yield, Scheme 4) can be interpreted in terms of a pyridine promoted
elimination of p-thiocresol from 2d, leading to formation of the corresponding transient chiral o-hydroxy-N-
Cbz-imine, which is stereoselectively reduced by NaBH..
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Scheme 4. Synthesis of trifluoro-norephedrine (S,5)-5 and -ephedrine (S,5)-6.

Finally, hydrogenolysis of (S,5)-4 with Pd(OH); (15 min, rt) quantitatively provided
trifluoronorephedrine (S,5)-5 (70% e.e.). The spectral properties of (S,5)-5, which is a white solid with [a]*’p
+11.5 (¢ 1.05, CHCl3)," match those recently reported in literature for racemic trifluoronorephedrine. '

On the other hand, trifluoroephedrine (S,S)-6, having [a]zop + 9.0 (c 0.80, CHCIls) and ca. 70% e.e., was
obtained in high yield by reduction of the N-Cbz group of (S,S)-4 with LiAIH, in refluxing THF.

It is noteworthy that the stereoselective synthesis of compounds 1-6 can be equally applied to the
synthesis of their enantiomers by simply switching the starting B-sulfinylenamine A to ent-A.

The chemistry of the new promising fluorinated 3-C building blocks fluoropyruvaldehyde-N,S-ketals 1,
as well as further applications in the stereoselective synthesis of biomedicinally interesting chiral molecules
endowed with a y-fluorosubstituted-B-aminoalcohol framework, are currently under investigation.
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