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Abstract: Trifluoroacetic anhydride promoted Pummerer rearrangement of y-trifluoro-B-amino
sulfoxides 1 follows an unusual pathway, in which a migration of the p-tolylthio group to the nitrogen
atom provides the corresponding ca-sulfenamidotrifluoroacetates 5. The usual removal of the proton in
o to the sulfinyl moiety does not take place, as shown by maintenance of deuterium during the
rearrangement. This procedure is exploited for the stereoselective synthesis of 2D- and 2H- (R)-2-
amino-3,3,3-trifluoropropan-1-ol 10.

The synthesis of optically pure fluorine containing molecules with a high degree of functionalization is an
exciting challenge for an organic chemist.! The fascinating and unique properties of fluorinated analogues of
naturally occurring structures largely justify the efforts made in this field.2

Our interest in the synthesis of non racemic fluorinated amines and aminoacids brought us to develop a
route to y-fluoro-B-enaminosulfoxides, which can be stereoselectively reduced to the corresponding amines.3
Now we wish to report the unusual outcome of the trifluoroacetic anhydride promoted Pummerer
rearrangement of the y-trifluoro-f-aminosulfoxides 1, that occurs through a migration of the p-tolylthio group
to the nitrogen atom and the consequent formation of the o-sulfenamidotrifiuoroacetates 5, instead of the
expected al-carbon oxidation to give the corresponding o-trifluoroacetoxy--aminosulfide.

Sulfoxides bearing nitrogen atoms, including B-aminosulfoxides, are reported to undergo normal
Pummerer rearrangements;* the only example of non-oxidative Pummerer reaction we are aware of, was
reported by Uchida and QOae for various alkyl-(o-carbamoyl)phenyl sulfoxides, which afforded 1,2-
benzisothiazole derivatives upon treatment with Lewis acids.’

As outlined in Scheme 1, when (Rg,25)-1a was treated with trifluoroacetic anhydride and sym-collidine in
acetonitrile at 0°C, the sulfenamide Sa was surprisingly recovered in good yield as the only product. A mildly
basic work up of the reaction provided, in 90% yield, the alcohol 6a,5 whose structure was confirmed by O-
acetylation to 7a. The sulfenamide 5a is clearly the product of an abnormal Pummerer rearrangement. In the
most likely reaction path the sym-collidine, acting as a proton scavenger on 2a, produces the zwitterionic
intermediate 3a: the preferential proton removal from the NH may be due to the fluorosubstitution, that

7301



7302

enhances the acidity of the carbamic proton. Nitrogen atom binding to the positively charged sulfur atom and
S-O bond breaking produces the four membered ring 4a. Attack of the trifluoroacetoxy anion on the CH,,
which occurs with a cleavage of the S-C bond, gives the a-sulfenamidotrifluoroacetate Sa.
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Key: i) Trifluoroacetic anhydride, acetonitrile, 0°C. ii) sym-Collidine. iii) K,CO,. iv) Acetic anhydride, triethytamine.
Scheme 1. Pummerer rearrangement of v-trifluoro-B-aminosulfoxides 1.

The formation of a o-sulfurane intermediate (pentavalent sulfur), stabilized by the presence of two
electron withdrawing ligands on sulfur (the trifluoroacetoxy group and the carbamic nitrogen), may be also
conceived as an alternative pathway.?

The 1,1',2-D-labelled B-aminosulfoxide (Rg 25)-1a was prepared from the primary B-enaminosulfoxide 8
by preliminary exchange with D0, reduction with NaBDy in dry THF and subsequent treatment with benzyl
chloroformate (Scheme 2).8
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Key: i) a: D,0; b: NaBD,, dry THF, 0°Cto r.t.; c: Benzyl chioroformate, K,CO; 50%, dioxane. ii) TFAA, sym-collidine, 0°C; iii)
a: K,CO;, Hy0; b: NaBH,.

Scheme 2. Synthesis and Pummerer rearrangement of 1,1' 2-D-1a.
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When submitted to the Pummerer rearrangement, (R, 25)-1,1',2-D-1a afforded the sulfenamide 1,1',2-D-
Sa, that was reduced in situ with NaBH, to the N-Cbz-aminoalcohol 1,1',2-D-9a, which was found to have
retained the original labelling, thus confirming that the reaction does not involve the H-1 removal. Esterification
of (R)-9a with enantiomerically pure (S)-ci-phenylpropionic acid provided only one diastereoisomeric ester,
thus establishing that the C-2 stereogenic centre remains untouched during the rearrangement.

In the light of these findings we re-examined the Pummerer rearrangement of the B-methoxycarbonyl-p-
aminosulfoxide 1b and in situ reduction of the resulting intermediate, key steps in the synthesis of (R)- and (5)-
a-trifluoromethyl-serine.¥ Also in this case, upon treatment of 1b with trifluoroacetic anhydride and sym-
collidine the corresponding sulfenamide Sb was cleanly isolated {Scheme 1),19 thus showing that this abnormal
non-oxidative Pummerer rearrangement could be a general pathway for the trifluoroacetic anhydride promoted
Pummerer reaction of y-trifluoro-B-aminosulfoxides 1.

This procedure represents a straightforward route to B-fluoro-a-aminoalcohols, as shown in the
stereoselective synthesis of 2-H and 2-D-(R)-trifluoroalaninol hydrochloride 10 (Scheme 3).
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Key: i) a: L-Selectride® (NaBD,); b: Benzyl chloroformate, K,CO; 50% (quantitative). ii) a: TFAA, sym-collidine, 0°C; b:
K,CO;, HyO; ¢: NaBH,. (86%) iii) a: H,/Ra-Ni; b: 1IN HCI (93%).

Scheme 3. Synthesis of 2-H and 2-D-trifluoroalaninol 10.

The P-aminosulfoxides 2-H- and 2-D-1a were obtained by stereoselective reduction of the primary B-
enaminosulfoxide 8 with, respectively, L-Selectride® and NaBD,.3.11 The 2-H and 2-D-N-Cbz-aminoalcohol 9
were obtained one-pot from la, in 85% yield, upon treatment with trifluoroacetic anhydride/sym-collidine, and
reduction with NaBH, of the sulfenamide formed in the rearrangement. Hydrogenolysis of the benzyl
carbamate and treatment with 1N aqueous HCI afforded the 2-H and 2-D labelled 10. The unfluorinated
naturally occurring analogue is contained in ergonovine (D-lysergic acid L-2-propanolamide), an important
ergot alkaloid. Further investigations are presently being carried out in order to fully exploit this method in the

synthesis of more complex fluorinated aminoacids and aminoalcohols.
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