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ABSTRACT

The reaction of chiral 5,6-dihydro-2 H-1,4-oxazin-2-ones with TMSCF 3 in the presence of a suitable activator leads to trifluoromethyl lactols,
which can be selectively reduced to anti -â-amino- r-trifluoromethyl alcohols. The corresponding syn diastereoisomers are obtained when the
starting imines are reduced and the nitrogen atom is conveniently protected. In addition, a novel rearrangement of the CF 3 group in the lactol
intermediates has been observed. This represents a formal CF 3 addition to the imine function in the starting substrates.

Nucleophilic trifluoromethylation reactions1 constitute one
of the simplest ways of introducing the valuable trifluorom-
ethyl group into organic molecules.2 The most common
method for achieving this involves the use of the Ruppert-
Prakash reagent (TMSCF3)3 in combination with a variety
of activators/catalysts to facilitate the addition of CF3 groups
to electrophilic substrates such as aldehydes, ketones, esters,
and imines. Fluoride sources such as TBAF or CsF are
commonly employed as activators in this process, although
other reagents such as Lewis bases4 and acids5 can also be

used in catalytic amounts. The reaction can even work in
the absence of a catalyst with DMSO as solvent.6 Although
asymmetric trifluoromethylations with chiral activators have
been reported,7 they more often entail the diastereoselective
addition of TMSCF3 to chiral substrates.

In connection with our interest in the preparation of
enantiopure fluorine-containing synthons of biologically
interesting molecules,8 we have now developed an efficient
method for preparing bothanti- andsyn-â-amino-R-trifluo-
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romethyl alcohols. These fluorinated amino alcohols are a
useful class of compounds because they serve as precursors
of more elaborate molecules such as peptidyl fluoroalkyl
ketones, which are thought to act as protease inhibitors.9 In
addition, fluorinated amino alcohols have been used as chiral
ligands/auxiliaries in asymmetric processes in much the same
way as their nonfluorinated counterparts.10 Several synthetic
approaches to these compounds have been reported,11 but
the direct addition of TMSCF3 to chiralR-amino aldehydes
usually affords only low to moderate diastereoselectivities.11e,12

In contrast, our method involves the addition of TMSCF3 to
optically pure 5,6-dihydro-2H-1,4-oxazin-2-ones1 (Scheme
1). Since the lactone moiety should be more reactive13 than

the imino functionality,14 this reaction should afford the
corresponding trifluoromethyl lactols2 rather thanR-trif-
luoromethyl amines4. Stereoselective reduction of both the
lactol and imino functionalities in2 and subsequent removal
of the chiral auxiliary should then yield the target compounds
3. Because we have found that suitably substituted com-
pounds2 can undergo a migration of the CF3 group toward
the imino carbon, this particular procedure may also provide
an indirect access to trifluoromethyl amino acids5.15

We first tested the addition of TMSCF3 to the known imino
lactone1a (R ) Me), available from the condensation of
methyl pyruvate with (R)-2-phenylglycinol.16 Several activa-
tors and reaction conditions were tested (see Table 1). The

use of a catalytic amount of TBAF produced a mixture of
imino lactol2a and its silyl ether2a′ (TLC analysis), which
upon aqueous workup (satd NH4Cl, 3 h) afforded compound
2a isolated as a single isomer in moderate yield17 (entry 1).
However, since the quality of TBAF severely affected the
reproducibility of the reaction, other fluoride sources were
evaluated. The non-hygroscopic tetrabutylammonium triph-
enyldifluorosilicate (TBAT) was found to be effective, but
the difficulty in removing TBAT byproducts had a negative
effect on the yield of2a (entry 2). CsF also led to modest
yields, probably due to its low solubility in THF (entry 3).
Reagents other than fluorides were also used with similar
results (entries 4 and 5). In the end, good yields of2a were
finally achieved with tris(dimethylamino)sulfonium difluo-
rotrimethylsilicate (TASF), which, although it is barely
soluble in THF, efficiently promoted the addition of TMSCF3

to 1 (entry 6).
Following a procedure reported by Harwood and co-

workers,16,18 we then proceeded to prepare other imino
lactones by varying the R groups (Scheme 2). This method
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Scheme 1. Synthetic Plan

Table 1. Addition of TMSCF3 to Imino Lactones1

entry 1 R activator (equiv) 2 yield (%)

1 1a Me TBAF (0.5) 2a 56
2 1a Me TBAT (0.5) 2a 54
3 1a Me CsF (1.0) 2a 55
4 1a Me KOt-Bu (0.5) 2a 38a

5 1a Me K2CO3 (0.1)b 2a 65
6 1a Me TASF (0.5) 2a 72
7 1b Ph(CH2)2 TASF (0.5) 2b 75
8 1c MeO2C(CH2)2 TASF (0.5) 2c 74
9 1d t-Bu TASF (0.5) 2d 65

10 1e Ph TASF (0.5) 2e 32
11 1f CH2dCH(CH2)3 TASF (0.5) 2f 69

a 12% of silyl ether2a′ was also isolated.b The reaction was performed
in DMF at rt.
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was not suitable in the case of compounds1d,e, which
containR-branched R groups; thus, a SeO2-promoted rear-
rangement of oxazolines as described by Schafer and
Molinski19 was carried out instead.

We then undertook the trifluoromethylation of the different
imino lactones and obtained similar results (Table 1, entries
7-11); indeed, the yield was lower solely in the case of1e,
probably due to undesired imine isomerization16 (entry 10).
In the case of compound1c (entry 8), the addition of CF3
only affected the lactone, leaving the methyl ester moiety
unaltered.

The second key step was the stereoselective reduction of
imino lactols2, which was carried out under a variety of
conditions.20 The best results were achieved with LiBH4,
which producedanti-amino diols6 as the major isomers with
good selectivity21 (Table 2, entries 1, 3, and 6). However,

the selectivity decreased somewhat when R) Ph(CH2)2 or
t-Bu (entries 2 and 4), affording only a 55:34:9:2 mixture
of unseparable diols when R) Ph (entry 5).

For the preparation of the corresponding syn diastereo-
isomers, we reasoned that the use of appropriately protected

â-amino lactols could reverse the reduction selectivity.22

Thus, the starting substrates1a-d were hydrogenated as
described (H2, PtO2)23 to afford7a-d, after which the amino
group was protected with BnBr to yield8a-d (Scheme 3).

The addition of TMSCF3 to these amino lactones was more
effective when using TBAT as activator;24 further reduction
with NaBH4 producedsyn-diols 9a-c with excellent dias-
tereoselectivity (>97:3).25

From 6a-d, removal of phenylglycinol through hydro-
genation was best carried out in the presence of Boc2O in
order to facilitate the isolation ofN-Boc-protected amino
alcoholsanti-10a-d, which were then deprotected to afford
the target compoundsanti-3a-d, isolated as their hydro-
chloride salts (Scheme 4). In addition, hydrogenolysis and

in situN-Boc protection of9a-c providedsyn-10a-c, which
were subsequently transformed intosyn-3a-c. The relative
stereochemistry of these amino alcohols was confirmed
through coupling constant analysis in the correspondingcis
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Scheme 3. Syn Reduction of Benzyl-Protected Amino Lactols

Scheme 4. Preparation of Amino Alcohols3

Scheme 2. Preparation of Imino Lactones1a-f

Table 2. Anti Reduction of Imino Lactols2

entry 2 R 6 yielda (%) drb

1 2a Me 6a 74 96:2:2:0
2 2b Ph(CH2)2 6b 88 76:15:5:4
3 2c MeO2C(CH2)2 6cc 68 91:5:4:0
4 2d t-Bu 6d 75 73:18:6:3
5 2e Ph 6e 55 55:34:9:2
6 2f CH2dCH(CH2)3 6f 74 89:5:3:3

a Overall yield of pure products.b Determined by integration in the19F
NMR crude spectra.c The ester group was also reduced to the corresponding
primary alcohol (R) HO(CH2)3).
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and trans oxazolidinones11.26 Finally, comparison of
compoundscis-11a and trans-11a with those previously
reported by Pedrosa and co-workers confirmed their absolute
configuration.11e

We next embarked on the synthesis of amino alcohols
containing a quaternary center inâ-position. Thus, addition
of TMSCF3 to the known amino lactone1216 gave lactol13
(Scheme 5). Further reduction with LiBH4 and hydrogenation

produced a separable mixture of14 and its epimer (84:16
diastereoselectivity). Finally, Boc removal with HCl afforded
amino alcohol15 as its hydrochloride salt; subsequent
cyclization to oxazolidinone16 again provided the config-
uration of the newly formed stereocenter with the aid of NOE
correlations (see the Supporting Information).

Compound2f containing an unsaturated side chain was
found to be a substrate suitable for further cyclization
reactions. For instance, when treated with I2 in order to
promote an iodoamination reaction, iodide17 was obtained
as a single isomer (Scheme 6). However, under harsher
conditions (I2, NaH, microwave), a second iodine atom was
introduced, presumably through a iodonium cation interme-
diate 18 which evolves to compound19 by means of the
rearrangement of the CF3 group27 with concomitant regenera-
tion of the lactone functionality.28 These conditions were also

applied to2f to yield 19 in a one-pot reaction. Overall, this
process constitutes a formal addition of CF3 to the starting
ketimine, which cannot be carried out directly (see Scheme
1).

In summary, we have developed a simple methodology
for the preparation of eitheranti- or syn-â-amino-R-trifluo-
romethyl alcohols. Both enantiomeric series can be obtained
by simply changing the chiral auxiliary. In addition, we
observed a novel rearrangement of the CF3 group which
allowed for the preparation of chiral quaternaryR-trifluo-
romethyl amines. Further investigations are currently un-
derway.
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Scheme 5. Synthesis of Quaternary Amino Alcohol15

Scheme 6. Synthesis of Bicyclic Diiodide19
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