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We describe a novel and useful method for the synthesis of
nonracemic α-trifluoromethyl α-amino acids (α-Tfm-AAs).
Key building blocks are the sulfinimines (S)-1a and (S)-1b,
prepared by Staudinger reaction from trifluoropyruvate es-
ters and the chiral N-sulfinyl iminophosphorane (S)-8, which
were treated with benzyl, allyl, and alkylmagnesium halides.
The resulting diastereomeric N-sulfinyl α-Tfm α-amino es-
ters, 12 and 13, were produced with moderate to good stereo-
selectivity and yields. When alkyl Grignard reagents were
used, stereocontrol became progressively higher with in-

Introduction

The stereocontrolled synthesis of nonracemic quaternary
α,α-disubstituted α-amino acids (Cα,α-AAs) represents an
attractive target in modern organic chemistry, because in-
corporation of Cα,α-AAs into peptides imposes significant
constraints on their conformational freedom and causes a
remarkable proclivity to fold into well defined secondary
structures, such as β-bends and α-310 helices.[1] Additional
features are increased lipophilicity and higher resistance to-
wards enzymatic hydrolysis.[2] These are all very desirable
properties, since some of the major drawbacks in the ap-
plication of peptides as pharmaceuticals relate to their con-
formational flexibility, which can result in undesired, nonse-
lective interactions with different receptors, their low bi-
oavailability, and their sensitivity to proteolytic degrada-
tion. As a consequence, several methods for the synthesis
of chiral nonracemic Cα,α-AAs have been developed, and
the field has recently been reviewed.[3]

α-Trifluoromethyl α-amino acids (α-Tfm AAs) form a
special class of manmade Cα,α-AAs of considerable interest
in modern peptide chemistry, in spite of the serious draw-
back that is the low nucleophilicity of their α-amino func-
tion, which makes coupling reactions extremely difficult.
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creasing steric bulk, while reversed, though poor, stereocon-
trol was achieved with benzyl/allyl Grignard reagents. An
explanation for the observed stereochemical outcome is pro-
posed, on the basis of the exclusive E geometry (N-sulfinyl
and CF3 trans about the C=N bond) of the chiral sulfinimines
1. This assignment is the product of structural correlation and
is supported by ab initio calculations and NOE experiments.
Sulfinamides 12 and 13 were transformed into a series of
nonracemic α-Tfm-AAs 16−22. The sulfinyl auxiliary can be
regenerated and recycled.

This is for several reasons, itemized as follows. (a) The low
toxicity of the CF3 group, in conjunction with its high
stability in comparison with CH2F or CHF2, make it an
attractive substituent for pharmaceutical applications.[4]

(b) An α-Tfm-AA incorporated in a peptide sequence exerts
relevant polarization effects, which may result in improved
metabolic stability with respect to degradation by peptid-
ases, consequently enhancing its bioavailability.[5] (c) The
steric requirements of a CF3 group, which seem to be close
to those of an isopropyl residue, introduce severe conforma-
tional restrictions and reduce the conformational flexibility,
thus minimizing the side effects deriving from low binding
affinity.[6] (d) Thanks to its partially lipophilic character, a
CF3 group can give rise to increased lipophilicity in Tfm-
substituted peptides, bringing about an enhancement of the
in vivo absorption rate and, in general, improvements in
permeability through cellular membranes.[4] (e) The high
electron density of a CF3 group, and the implied potential
for acting as a weak hydrogen bond acceptor or coordinat-
ing site in metal complexes, might produce new modes of
interaction with enzymes or receptor subsites.[7] (f) Some α-
TFM AAs exhibit anticancer, antibacterial, and antihyper-
tensive properties, as well as the ability to act as potent
suicide inhibitors on pyridoxalphosphate-dependent en-
zymes (transaminases, decarboxylases).[8]

Several synthetic routes to racemic α-Tfm AAs have been
developed.[9] The most general approach (Route A,
Scheme 1) is represented by the reaction between N-pro-
tected imines of trifluoropyruvate and a large variety of or-
ganometallic nucleophiles R2M (in which the metal M may
be Cd, Mg, Li, Na, Zn).[10]

Besides some chemical and enzymatic resolution pro-
cesses,[11] the two reported generalized methods currently in
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Scheme 1. Routes to α-Tfm α-amino acids

use for the preparation of nonracemic α-Tfm AAs are affec-
ted by some drawbacks. Addition of enantiopure lithiated
sulfoxides to N-alkoxycarbonyl imines of trifluoropyruvate
is an asymmetric variant of Route A,[12] suffering from poor
stereocontrol in the formation of the stereogenic quaternary
center. The stereoselective alkylation of 2,5-diketopiperaz-
ines obtained from trifluoropyruvate (Route B, Scheme 1),
with organomagnesium and organocadmium reagents is ef-
fective for synthesis of the corresponding dipeptide units,
but to the best of our knowledge, single α-Tfm-AAs have
never been obtained by this route.[13] In this context, the
development of a more efficient and general method for
the synthesis of chiral, nonracemic α-Tfm-AAs was clearly
needed. This issue is successfully addressed in this paper,
which presents a full account of the synthesis of a series of
nonracemic α-Tfm-AAs.[14]

Results

Preparation and Geometry of Sulfinimines of
Trifluoropyruvate (S)-1

Our retrosynthetic analysis is shown in Scheme 2. It was
intended that treatment of the sulfinimine 1 with R2 nucle-
ophiles should afford the intermediate sulfinamides 2, and
subsequent cleavage of the N-sulfinyl auxiliary and hydro-
lysis of the carboxyl should afford the target α-Tfm-AAs 3.
There was reason to believe that the addition of R2 to 1
would take place stereoselectively, thanks to the proximity
of the stereogenic sulfinyl auxiliary to the highly elec-
trophilic iminic carbon.

Scheme 2. Retrosynthetic analysis

Enantiopure sulfinimines (thiooxime S-oxides) have re-
cently become very popular chiral building blocks, because
addition of nucleophiles across their C5N double bond
provides N-sulfinyl protected amines endowed with a new
stereogenic center, often with very good stereocontrol.[15]

The breakthrough in the field is probably represented by
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the work of Davis,[16] who disclosed a very convenient one-
pot method for the preparation of enantiopure sulfinimines.
Thus, this methodology initially formed the basis for our
attempted synthesis of the desired sulfinimine of trifluoro-
pyruvate 1, but all our efforts met with failure. In fact, treat-
ment of lithium hexamethyldisilazane (LiHMDS) with
menthyl sulfinate (2)-4 (Scheme 3), followed by addition
of ethyl trifluoropyruvate (with or without CsF) invariably
produced complex mixtures containing a main product that
was tentatively identified as the N-sulfinyl-O-menthyl hemi-
aminal 5. No trace of the expected sulfinimine 1 was ever
detectable.[17]

Scheme 3. Key: i) (Me3Si)2NLi, THF; ii) CF3COCOOEt

However, it proved possible to prepare the key sulfinim-
ines (S)-1a and (S)-1b efficiently by a different pathway;
namely by Staudinger (aza-Wittig) reaction,[18] which is
known to be an extremely useful tool for preparing imines
with a strongly electrophilic character (Scheme 4). Thus, the
p-tolylsulfinamide (S)-7, easily obtained as described by
Davis,[16] was treated with PPh3/DEAD in dry THF at
room temp.,[19] affording in good yield (92%) the chiral
Staudinger reagent (S)-8, formerly obtained only in racemic
form and with low yields from Ph3P5NH, p-Tol-SOCl, and
triethylamine.[20] Enantiomeric (R)-8 was obtained from
(R)-7 in identical fashion.

Scheme 4. Key: i) LiHMDS, THF, 270 °C; ii) NH4Cl/H2O; ii-
i) Ph3P, DEAD, THF, room temp. (92%); iv) CF3COCO2R1, PhH
distilled from Na, 40 °C

The following Staudinger reactions between (S)-8 and
methyl or ethyl trifluoropyruvate took place cleanly in ben-
zene freshly distilled from Na (ca. 90 min at 40 °C), af-
fording (S)-1a and (S)-1b. Inspired by the work of Ellman
et al.,[21] we attempted the use of N-(tert-butanesulfinim-
ines) such as 11 (Scheme 5). To test this approach, we ac-
complished the synthesis of racemic tert-butanesulfinamide
9 by a literature method,[22] and used this compound for
the preparation of the racemic Staudinger reagent 10 (PPh3/
DEAD, dry THF, room temp.). Disappointingly and rather
surprisingly, the Staudinger reaction between 10 and ethyl
trifluoropyruvate did not work at all, either at room temp.
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or at reflux in benzene for several days. Similarly negative
results were obtained for the reaction between the tert-bu-
tanesulfinamide 9 and ethyl trifluoropyruvate, in the pres-
ence of activated molecular sieves (4 Å).[23] The preparation
of 11 was therefore abandoned.

Scheme 5. Attempts to obtain tert-butylsulfinylimine 11

It must be pointed out that, unlike the corresponding N-
acyl and N-alkoxy carbonyl derivatives,[12] sulfinimines (S)-
1a and (S)-1b can be handled comfortably, because they are
much less hygroscopic. Indeed, while the former com-
pounds undergo immediate hydration of the C5N bond in
the presence of a stoichiometric amount of water, (S)-1b did
not undergo hydration during 15 min at room temp. in the
presence of a large excess of water, as shown by 1H and 19F
NMR experiments.

Sulfinimines (S)-1a and (S)-1b were used in situ for the
next step, without isolation, because purification by flash
chromatography (FC) on silica gel gave rise to extended hy-
drolysis. Nevertheless, (S)-1a and (S)-1b were fully charac-
terized as crude products by 1H, 19F, and 13C NMR spec-
troscopy. A single set of signals was detected for sulfinimine
(S)-1b from room temp. down to the freezing point of THF.
No signals attributable to a second geometric isomer were
observed (Table 1), indicating that (S)-1b exists essentially
as a single geometric isomer[24] over a wide range of temper-
atures. We have recently shown by means of X-ray diffrac-
tion and NOE experiments that a wide range of N-substi-
tuted fluoroalkyl ketimines exist exclusively as (E) isomers;
that is, with the N-substituent and the fluoroalkyl group in
trans orientation, as a likely consequence of the high steric
demand of the latter.[25] On the basis of these arguments,
trifluoromethyl sulfinimines (S)-1a and (S)-1b are very
likely to exist exclusively as (E) isomers. This assumption is
supported by semiempirical and ab initio calculations.[26]

The optimized structures corresponding to both the (Z) and
(E) isomers of 1a are shown in Figure 1. According to the
calculations and independently of the method used, the (E)
isomer is the most stable one: by 8.3 (RHF//6-31G*), 6.7
(RHF//3-21G), or 7.6 (AM1) kcal mol21.

Spectroscopic evidence for this point is provided by some
NOE experiments on 1b. Irradiation of the aromatic pro-
tons Ha (Figure 2) produced NOE enhancements of 0.25%
for ethyl protons Hg and 0.28% for Hh. These values, al-
though rather small if viewed on the normal scale of NOE
experiments, are nevertheless of some significance if one
considers the distance and the rotational freedom of both
the ethyl and the p-tolyl groups in (S)-1b.
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Table 1. Selected NMR signals for (S)-1b (A: [D8]THF; B: [D6]ben-
zene; C: CDCl3)

Groups 1H (δ, ppm) 19F (δ, ppm) 13C (δ, ppm)
(see Figure 2)

(Me)c 1.88 (s)[A] 21.66[A]

2.39 (s)[B] 21.30[B]

2.42 (s)[C]

(CF3)d 281.35[A] 119.23 (q)[A]

268.20[B] 118.72 (q)[B]

270.83[C]

(C5N)e 152.66 (q)[A]

151.74 (q)[B]

(CO2)f 161.22[A]

160.50[B]

(CH2)g 4.17 (m)[A] 64.40[A]

4.42 (q)[B] 64.21[B]

4.45 (q)[C]

(Me)h 1.03 (t)[A] 14.27[A]

1.38 (t)[B] 13.95[B]

1.42 (t)[C]

Figure 1. Theoretical calculations on sulfinimine (S)-1a (energies
are in kcal/mol)

Figure 2. The more stable (E) isomer of sulfinimine (S)-1b

Addition of Grignard Reagents to Sulfinimines (S)-1a and
(S)-1b

The key step in our approach to α-Tfm-AAs is the addi-
tion of alkylmagnesium reagents across the C5N bond of
the sulfinimines (S)-1a and (S)-1b (Scheme 6). The optim-
ized reactions were performed (270 °C, 5 min) in THF dis-
tilled from Na/benzophenone. The corresponding diastere-
omeric sulfinamides 12 and 13a2h were produced with
variable stereoselectivities, depending mainly on the nature
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of the Grignard reagent, and obtained in diastereomerically
and chemically pure form by FC.

Scheme 6. Key: i) RMgX, THF, 270 °C; ii) NH4Cl/H2O

Benzylmagnesium chloride reacted with (S)-1a and (S)-
1b to provide in both cases a mixture of diastereomers 12
and 13a/13b, in good yields but with low selectivity (30:70)
in favor of 13 (entries 1,2, Table 2).

Table 2. Addition of Grignard reagents to the sulfinimines (S)-1a,b
prepared in benzene freshly distilled from Na; Grignard reagents
were added to (S)-1a and (S)-1b in THF freshly distilled from
Na/benzophenone

Entry Product R R1 X ee (%) Yield (%)[a] 12/13

1[b] 12,13a benzyl Me Cl 92.5[c] 68 30:70
2 12,13b benzyl Et Cl 92.5[c] 68 30:70
3 12,13c allyl Et Cl 85 55 34:66
4 12,13d isobutyl Et Br 88 65 88:12
5 12,13e isopropyl Et Cl 90.5 72 84:16
6 12,13f n-butyl Et Cl n.m. 55 74:26
7 12,13g ethyl Et Br .96 70 73:27
8 12,13g ethyl Et Cl 92 55 72:28
9 12,13h methyl Et Cl .96 52 55:45

[a] Overall yields from (S)-8. 2 [b] Enantiomeric 12 and 13a were
obtained identically from (R)-1a. 2 [c] ee 5 99.9% after crystalliza-
tion.

Allylmagnesium chloride featured the same sense of dias-
tereoselectivity, providing a mixture of 12/13c in a modest
34:66 ratio (entry 3). Reversal of diastereoselectivity in
favor of diastereomers 12 was observed with alkylmagnes-
ium halides (entries 429). The stereocontrol became pro-
gressively higher with increasing steric bulk of the Grignard
reagent. Good stereoselectivity in favor of 12d and 12e was
obtained with isobutylmagnesium bromide and isopropyl-
magnesium chloride, respectively (entries 4 and 5).[27]

In the case of n-butylmagnesium chloride (entry 6,
Table 2) and ethylmagnesium bromide or chloride (entries
7 and 8, respectively) a modest preference for the corres-
ponding (2S,SS)-diastereoisomers 12f and 12g was
achieved. We did not observe any meaningful effect of the
halogen counterion on the diastereoselectivity. Finally,
methylmagnesium chloride produced an almost equimolar
mixture of diastereomers 12 and 13h (entry 9).

In most cases, a slight racemization of the sulfinyl center
of the sulfinimines 1a and 1b occurred during the one-pot
transformations (S)-8 R (S)-1 R 12/13, as measured by
chiral HPLC analysis (Table 3). Benzyl derivatives 12, 13a,
and 13b were obtained in 92.5% ee,[28] but crystallization
from diisopropyl ether increased the ee to 99.9%. In the
other cases, the ee ranged from 85% (allyl derivatives 12,
13c) to .96% (ethyl and methyl derivatives 12, 13g, 13h).
It is to be noted that when the reactions were performed in
commercially available THF or benzene stored over mo-
lecular sieves, without preliminary distillation from sodium,
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the N-sulfinyl α-amino esters 12 and 13d2h obtained from
alkylmagnesium halides were isolated in only 20250%
ee.[29]

Table 3. Chiral HPLC analysis: tR for sulfinamides 12, 13

tR (min)[a]

Compound 12 (Rf ,) 13 (Rf .)
(2S,SS) (2R,RS) (2R,SS) (2S,RS)

a n.d. n.d. 18.0 7.8
b n.d. n.d. 17.3 7.6
c 7.3 5.9 10.1 5.4
d 6.9 6.9 10.6 5.3
e 11.0 7.3 10.5 5.3
f 6.3 6.3 6.8 4.0
g 7.8 6.3 8.8 5.7

[a] Chiralcel OD, n-hexane/isopropyl alcohol, 85:15, 0.8 mL/min.

Surprisingly, when the sulfinimine (S)-1b was treated with
phenyl- and vinylmagnesium halides under the usual experi-
mental conditions, we observed an anomalous outcome
(Scheme 7). In these circumstances, only the corresponding
sulfoxides 14, arising from a nucleophilic attack of Grig-
nard reagent on the sulfur atom, were recovered as the main
products, in low ees.[30] The usual products deriving from
attack across the C5N bond were neither isolated nor ob-
served in the NMR spectrum of the crude product.[31]

Scheme 7. Key: i) RMgX, THF, 270 °C; ii) NH4Cl/H2O

The diastereoselectivity observed with alkylmagnesium
halides might be explicable by the chelation model reported
in Figure 3, as previously proposed by Wills for related re-
actions.[32] The carbanion attacks from the Re face of the
sulfinimine 1b, which should react in the much more popu-
lated (E) geometric fashion, through coordination of the
sulfinyl oxygen by magnesium. The sulfinimine nitrogen is
not likely to be coordinated by Mg, due to its very poor
basic character.[25b]

Figure 3. Chelation control (Wills’ model)

On the other hand, Fujisawa’s non-chelation model[33]

(Figure 4) may explain the opposite stereoselectivity dis-
played by benzylmagnesium and allylmagnesium chloride,
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although the reasons for the different behavior are pres-
ently unclear.

Figure 4. Non-chelation control (Fujisawa’s model)

Synthesis of a Series of Nonracemic α-Tfm α-Amino Acids

Cleavage of the N-sulfinyl group from the intermediate
sulfinamides 12 and 13 was next addressed. An attractive
feature of this methodology is that the sulfinyl auxiliary can
be recovered and recycled, as demonstrated in the prepara-
tion of α-Tfm phenylalanine (R)-16 (Scheme 8). Enantiom-
erically pure 13a was treated with trifluoroacetic acid (TFA)
in the presence of recycled menthol -6.[34] α-Tfm-phenylal-
anine methyl ester (R)-15a was formed (90%) together with
menthylsulfinate 4 (80%), recovered as a 3:2 mixture of epi-
mers at sulfur; this can be regenerated in diastereomerically
pure form (2)-4 by the method of Posner and Solladié, and
hence recycled.[35] This step might be of some importance

Scheme 8. Key: i) TFA, CH2Cl2; ii) KOH 0.5 , MeOH/H2O 7:3;
iii) DOWEX-50 W

Table 4. List of nonracemic α-Tfm-AAs

Entry Starting material R Product Yield (%) [α]20
D ee (%)[a]

1 (2R,SS)-13a Benzyl (R)-16 81 136.9 (c 5 1.04, H2O)[36] . 99
2 (2R,SS)-13c Allyl (R)-17 57 127.0 (c 5 0.69, H2O) 85
3 (2S,SS)-12d Isobutyl (S)-18 50 18.20 (c 5 0.11, H2O) 88
4 (2S,SS)-12e Isopropyl (S)-19 56 23.05 (c 5 0.32, H2O) 90.5
5 (2S,SS)-12f n-Butyl (S)-20 56 21.36 (c 5 2.24, H2O) n.d.
6 (2S,SS)-12g Ethyl (S)-21 58 211.0 (c 5 1.1, EtOH)[36] . 96
7 (2S,SS)-12h Methyl (S)-22 55 212.6 (c 5 0.17, H2O)[39] . 96

[a] According to the ee of the starting material.
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from the perspective of scaling up the preparation of α-
Tfm-AAs. The methyl ester (R)-15a can be hydrolyzed ac-
cording to the literature method,[36] to give the free amino
acid (R)-16. The same sequence repeated on enantiomeric
(2S,RS)-13a provided (S)-15a as well.

The other N-sulfinyl amino esters (2S,SS)-12d2h and
(2R,SS)-13c were treated with TFA in methanol at room

Scheme 9. Key: i) TFA, MeOH; ii) KOH 0.5 , MeOH/H2O 7:3;
iii) DOWEX-50 W

temp. (Scheme 9), affording the corresponding α-Tfm-AA
ethyl esters 15c2h, along with methyl sulfinate, in good
yields.[37] These compounds were hydrolyzed, usually with-
out isolation, using 0.5  KOH in a MeOH/H2O 7:3 mix-
ture, and then purified with DOWEX-50 W, completing the
series of free α-Tfm-AAs 16222 (Table 4).

Stereochemical Assignments

The relative configurations of racemic benzyl and iso-
butyl sulfinamides 13b and 12d were assigned as (2R,SS)
and (2S,SS), respectively, by X-ray diffraction analyses of
suitable racemic single crystals (Figure 5 and Figure 6).[38]

The stereochemistry of sulfinamides 13a, 12g, and 12h
was determined by transformation into the corresponding
derivatives methyl α-Tfm-phenylalaninate (R)-15a, α-Tfm-
α-aminobutyric acid (Abu) (S)-21, and α-Tfm-alanine (S)-
22, the absolute configurations of which were assigned by
comparison of their [α]20

D values with literature data.[36,39]

In the remaining three cases, the absolute configuration was
tentatively assigned by means of the data obtained by chiral
HPLC analysis. De facto, the enantiomers (2S,SS)/(2R,RS)
of sulfinamides 12b2g showed in all cases a lower ∆tr with
respect to their (2R,SS)/(2S,RS)-13b2g counterparts (see
Table 3). Further corroboration of this assignment is pro-
vided by comparison between the Rf values of the interme-
diate sulfinamides 12 and 13. In fact, in the case of the five
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Figure 5. ORTEP diagram of (6)-13b

Figure 6. ORTEP diagram of (6)-12d

sulfinamides a,b,d,g, and h with known stereochemistry, the
(2S,SS)-diastereomers 12 in all cases displayed a lower Rf

than (2R,SS)-13, and the same trend was observed for the
other diastereomeric sulfinamides identified as 12c, 12e,
and 12f.

Conclusions

A series of chiral, nonracemic α-Tfm-AAs was obtained
in a straightforward manner, by treatment of a variety of
Grignard reagents with the sulfinimines (S)-1, which are
novel, enantiomerically pure, densely functionalized, fluor-
inated electrophiles offering the potential for further syn-
thetic applications. The intermediate diastereomeric sulfina-
mides 12 and 13 are readily transformed into the corres-
ponding nonracemic α-Tfm-AAs, providing a means of
entry to both enantiomers. Moreover, the source of the chir-
ality 2 menthyl sulfinate (2)-4 2 can be regenerated and
recycled, making this synthetic strategy potentially suitable
for multigram scale preparations of chiral, nonracemic α-
Tfm-AAs.

Experimental Section

General: Chemical shifts (δ) are reported in parts per million (ppm)
of the applied field. Coupling constants (J) are reported in Hertz.
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Me4Si was used as internal standard (δH and δC 5 0.00) for 1H
and 13C nuclei, while C6F6 was used as external standard (δF 5

2162.90) for 19F nuclei. Peak multiplicities are abbreviated: singlet,
s; doublet, d; triplet, t; quadruplet, q; multiplet, m; etc. 2 Anhyd-
rous solvents were obtained by distillation from sodium (THF, ben-
zene) or from calcium hydride (dichloromethane, diisopropylam-
ine). In all other cases, commercially available, reagent-grade solv-
ents were employed without purification. Grignard reagents were
purchased from Sigma/Aldrich/Fluka. Reactions performed in dry
solvents were carried out under nitrogen atmosphere. 2 Melting
points are uncorrected and were obtained on a capillary apparatus.
2 Analytical thin-layer chromatography (TLC) was routinely used
to monitor reactions. Plates precoated with E. Merck 60 F254 silica
gel of 0.25 mm thickness were used. Merck 60 silica gel (2302400
ASTM mesh) was employed for flash chromatography (FC). 2

Chiral HPLC analyses were carried out using a Chiralcel OD col-
umn, n-hexane/isopropyl alcohol, 85:15, 0.8 mL/min.

Synthesis of N-(p-Tolylsulfinylimino)triphenylphosphorane [(S)-8]:
Neat DEAD (1.95 mL, 12.35 mmol) was added dropwise at 0 °C,
with stirring, to a solution of (S)-7[16] (1.93 g, 12.35 mmol) and
PPh3 (3.24 g, 12.35 mmol) in dry THF (50 mL). The resulting dark
red mixture was allowed to warm to room temp. over 40 min; the
solvent was then removed in vacuo. The iminophosphorane (S)-8
was obtained in pure form by FC (n-hexane/AcOEt, 3:7), as a yel-
lowish, sticky oil (4.75 g, 92%): [α]20

D 5 17.6 (c 5 0.83, CHCl3). 2
1H NMR (CDCl3, 400 MHz): δ 5 7.827.71 (m, 6 H), 7.6727.64
(m, 2 H), 7.5827.53 (m, 3 H), 7.4927.43 (m, 6 H), 7.2 (d, J 5 8.3,
2 H), 2.34 (s, 3 H). 2 13C NMR (CDCl3, 62.86 MHz): δ 5 149.8
(d, J 5 24), 139.3, 133.0 (d, J 5 10.2), 132.4 (d, J 5 2.8), 129.0,
128.7 (d, J 5 12), 128.6 (d, J 5 99.8), 125.0, 21.3. 31P NMR
(CDCl3, 162 MHz): δ 5 27.8 (s) (H3PO4 as external standard). 2

C25H22NOPS (415.5): calcd. C 72.27, H 5.34, N 3.37; found C
72.59, H 4.99, N 3.60. The enantiomeric iminophosphorane (R)-8,
analogously obtained from (R)-7, had [α]D20 28.1 (c 5 0.95, CHCl3).

Synthesis of (6)-N-(tert-Butylsulfinylimino)triphenylphosphorane
(10): Neat DEAD (370 µL, 2.36 mmol) was added dropwise at 0
°C, with stirring, to a solution of (6)-9[22] (0.2 g, 1.57 mmol) and
PPh3 (0.61 g, 2.36 mmol) in dry THF (12 mL). The resulting dark
red mixture was kept at 0 °C for 1 h, then allowed to warm to room
temp., left stirring for 2 hours, and the solvent was removed in
vacuo. The iminophosphorane 10 was obtained in pure form by
FC (n-hexane/AcOEt, 1:3 and AcOEt/MeOH 9:1), as a yellowish,
sticky oil (0.36 g, 60%): 1H NMR (CDCl3, 250 MHz): δ 5

7.7727.68 (m, 6 H), 7.5827.44 (m, 9 H), 1.18 (s, 9 H). 2 13C NMR
(CDCl3, 63 MHz): δ 5 132.6 (d, J 5 11.1), 132.0 (d, J 5 3.7),
129.0 (d, J 5 99.9), 128.3 (d, J 5 11.1), 55.7 (d, J 5 18.5), 22.0.

General Procedure for the Synthesis of N-(p-Tolylsulfinyl) α-Amino
Esters 12 and 13: The preparation of sulfinamides 12 and 13a is
described representatively. Neat methyl trifluoropyruvate (188 mg,
1.2 mmol) was added dropwise to a solution of iminophosphorane
(S)-8 (0.5 g, 1.2 mmol) in 2 mL of freshly distilled THF. The mix-
ture was warmed at 40 °C for ca. 2 hours; the yellow solution was
then cooled to 270 °C. Benzylmagnesium chloride in THF (2.0 ,
0.72 mL, 1.4 mmol) was added dropwise, with stirring. After 15
min, the reaction was quenched at 270 °C with saturated aqueous
NH4Cl solution, then extracted with ethyl acetate, and dried over
anhydrous sodium sulfate. Purification by FC (n-hexane/AcOEt,
80:20) afforded diastereomerically pure (2R,SS)-13a and (2S,SS)-
12a (0.31 g) in 70:30 ratio and 68% overall yield.

(2S,SS)-12a (Rf <): Oil. 2 1H NMR (CDCl3, 250 MHz): δ 5

7.3527.28 (m, 3 H), 7.227.07 (m, 6 H), 5.03 (br signal, 1 H), 3.93
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(s, 3 H), 3.81 (d, J 5 15.1, 1 H), 3.64 (d, J 5 15.1, 1 H), 2.36 (s, 3
H). 2 13C NMR (CDCl3, 63 MHz): δ 5 166.9, 142.6, 141.6, 132.9,
130.3, 129.6, 128.8, 127.8, 125.8, 123.6 (q, J 5 288.4), 68.6 (q, J 5

28.0), 54.1, 35.1, 21.2. 2 19F NMR (CDCl3, 235 MHz): δ 5

275.5 (s).

(2R,SS)-13a (Rf .): Solid; [α]20
D 5 221.2 (c 5 1.2, CHCl3). 2 1H

NMR (CDCl3, 250 MHz): δ 5 7.57 (d, J 5 8.1, 2 H), 7.3827.24
(m, 7 H), 4.97 (br signal, 1 H), 3.72 (s, 3 H), 3.61 (d, J 5 14.3, 1
H), 3.53 (d, J 5 14.3, 1 H), 2.42 (s, 3 H). 2 19F NMR (CDCl3,
235 MHz): δ 5 273.9 (s). 2 C18H18F3NO3S (385.4): calcd. C
56.10, H 4.71, N 3.63; found C 56.33, H 4.55, N 3.39.

Enantiomeric α-amino esters (2S,RS)-13a and (2R,RS)-12a, analog-
ously obtained from (R)-8, had [α]20

D 122.6 (c 5 1.08, CHCl3) and
[α]20

D 110.0 (c 5 0.24, CHCl3), respectively.

Ethyl N-(p-Tolylsulfinyl)(α-trifluoromethyl)phenylalaninate [(2S,SS)-
12b] (Rf <): Oil; [α]20

D 5 218.0 (c 5 0.66, CHCl3). 2 1H NMR
(CDCl3, 250 MHz): δ 5 7.3327.06 (m, 9 H), 5.04 (s, 1 H),
4.4524.31 (m, 2 H), 3.82 (d, J 5 15.1, 1 H), 3.64 (d, J 5 15.1, 1
H), 2.35 (s, 3 H), 1.34 (t, J 5 7.2, 3 H). 2 19F NMR (CDCl3,
235 MHz): δ 2 75.6 (s).

(2R,SS)-13b (Rf .): Solid; m.p. 1052106 (iPr2O); [α]20
D 5 220.6

(c 5 0.72, CHCl3). 2 1H NMR (CDCl3, 250 MHz): δ 5 7.57 (d,
J 5 8.5, 2 H), 7.3827.26 (m, 7 H), 5.02 (s, 1 H), 4.2624.03 (m, 2
H), 3.62 (d, J 5 14.4, 1 H), 3.53 (d, J 5 14.4, 1 H), 2.47 (s, 3 H),
1.19 (t, J 5 7.2, 3 H). 2 19F NMR (CDCl3, 235 MHz): δ 2 74.1 (s).
2 C19H20F3NO3S (399.4): calcd. C 57.13, H 5.05, N 3.51; found C
57.08, H 5.00, N 3.46.

Crystal Data for (6)-13b: C19H20F3NO3S: Mr 5 399.42, colorless
crystal (0.5 3 0.3 3 0.1 mm), monoclinic, space group P21/c, a 5

12.174(1) Å, b 5 22.447(1) Å, c 5 7.746(1) Å, β 5107.25(1)°, V 5

2021.5(3) Å3, Z 5 4, ρcalcd 5 1.312 g·cm23, F(000) 5 832, λ(Cu-
Kα) 5 1.54178 Å, µ 5 1.834 mm21, graphite monochromator, θ-
2θ scan, T 5 298 K; of 4604 measured reflections (3.8 , θ , 68.0)
3520 were independent (Rint 5 0.0301). Data were collected with a
Siemens P4 diffractometer and corrected for Lorentz, polarization,
and decay effects (three standard reflections were measured every
100 reflections).The structure was solved by direct methods
(SIR97)[40] and refined on F2 (SHELXL-97).[41] All non-hydrogen
atoms were refined with anisotropic thermal parameters. Hydrogen
atoms were inserted at calculated positions and refined in the riding
mode, with the exception of the hydrogen atom bonded to nitrogen;
this was located by difference Fourier map and refined isotropically
with the constrained distance of 0.86 Å. wR2 5 0.1182 and R1 5

0.0480 [for 2784 reflections with I . 2σ(I)], GoF 5 1.042 for 250
parameters. A final difference Fourier map showed no residual den-
sity below 20.285 or above 0.367 e·Å23.

Ethyl N-(p-Tolylsulfinyl)(α-trifluoromethyl)-α-allylglycinate
[(2S,SS)-12c] (Rf <): Oil; [α]20

D 5 14.8 (c 5 2.30, CHCl3). 2 1H
NMR (CDCl3, 250 MHz): δ 5 7.63 (d, J 5 8.0, 2 H), 7.31 (d, J 5

8.0, 2 H), 5.71 (m, 1 H), 5.3625.28 (m, 2 H), 5.02 (br signal, 1 H),
4.34 (q, J 5 7.1, 2 H), 3.2223.04 (m, 2 H), 2.42 (s, 3 H), 1.34 (t,
J 5 7.1, 3 H). 2 19F NMR (CDCl3, 235 MHz): δ 2 76.0 (s). 2

HRMS (EI): m/z, calcd. for C15H18F3NO3S: 349.095950; found
349.096289. 2 MS (EI): m/z 5 349 [M1] (3), 308 (3), 210 (7).

(2R,SS)-13c (Rf .): Oil; [α]20
D 5 141.8 (c 5 0.94, CHCl3). 2 1H

NMR (CDCl3, 400 MHz): δ 5 7.62 (m, 2 H), 7.32 (m, 2 H), 6.09
(m, 1 H), 5.3025.20 (m, 3 H), 4.30 (m, 2 H), 3.23 (m, 1 H), 3.02
(m, 1 H), 2.40 (s, 3 H), 1.31 (t, J 5 7.1, 3 H). 2 13C NMR (CDCl3,
63 MHz): δ 5 166.2, 142.5, 141.8, 129.8, 129.5, 125.3, 123.9 (q,
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J 5 286.4), 121.2, 67.9 (q, J 5 27.5), 63.7, 35.5, 21.3, 13.9. 2 19F
NMR (CDCl3, 235 MHz): δ 5 276.0 (s).

Ethyl N-(p-Tolylsulfinyl)(α-trifluoromethyl)leucinate [(2S,SS)-12d]
(Rf <): Solid; m.p. 88290 °C (iPr2O); [α]20

D 5 144.5 (c 5 2.40,
CHCl3). 2 1H NMR (CDCl3, 250 MHz): δ 5 7.61 (d, J 5 8.0, 2
H), 7.32 (d, J 5 8.0, 2 H), 5.28 (s, 1 H), 4.4224.19 (m, 2 H), 2.42
(s, 3 H), 2.4022.10 (m, 3 H), 1.34 (t, J 5 7.2, 3 H), 1.07 (d, J 5

6.2, 3 H), 0.85 (d, J 5 6.2, 3 H). 2 19F NMR (CDCl3, 235 MHz):
δ 5 276.2 (s). 2 C16H22F3NO3S (365.4): calcd. C 52.59, H 6.07,
N 3.83; found C 52.50, H 6.11, N 3.90.

Crystal Data for (6)-12d: C16H22F3NO3S: Mr 5 365.41, colorless
crystal (0.7 3 0.2 3 0.05 mm), triclinic, space group P1(bar), a 5

8.999(1) Å, b 5 10.769(2) Å, c 5 20.030(3) Å, α 5 77.91(1)°, β 5

84.37(1)°, γ 5 80.22(1)°, V51866.5(5) Å3, Z 5 4, ρcalcd 5 1.300
g·cm23, F(000)5768, λ(Cu-Kα) 5 1.54178 Å, µ 5 1.929 mm21,
graphite monochromator, θ-2θ scan, T 5 298 K; of 11120 meas-
ured reflections (2.3 , θ , 67.5) 6491 were independent (Rint 5

0.0354). Data were collected with a Siemens P4 diffractometer and
corrected for Lorentz, polarization, and decay effects (three stand-
ard reflections were measured every 100 reflections).The structure
was solved by direct methods (SIR97)[40] and refined on F2

(SHELXL-97);[41] two molecules are present in the asymmetric
unit. All non-hydrogen atoms were refined with anisotropic ther-
mal parameters. Hydrogen atoms were inserted at calculated posi-
tions and refined in the riding mode, with the exception of the
hydrogen atoms bonded to nitrogen; this were located by difference
Fourier map and refined isotropically with the constrained distance
of 0.86 Å. wR2 5 0.1194 and R1 5 0.0477 [for 4790 reflections
with I . 2σ(I)], GoF 5 1.026 for 444 parameters. A final difference
Fourier map showed no residual density below 20.250 or above
0.248 e·Å23.

(2R,SS)-13d (Rf .): Solid; [α]20
D 5 135.2 (c 5 1.49, CHCl3). 2 1H

NMR (CDCl3, 250 MHz): δ 5 7.64 (d, J 5 8.3, 2 H), 7.33 (d, J 5

8.3, 2 H), 5.06 (br signal, 1 H), 4.4124.21 (m, 2 H), 2.43 (s, 3 H),
2.37 (dd, J 5 14.7 and 4.3, 1 H), 2.21 (dd, J 5 14.7 and 9.1, 1 H),
1.95 (m, 1 H), 1.34 (t, J 5 7.0, 3 H), 1.04 (d, J 5 6.5, 3 H), 0.91
(d, J 5 6.5, 3 H). 2 13C NMR (CDCl3, 100 MHz): δ 5 167.1,
143.5, 141.7, 129.8, 125.5, 123.8 (q, J 5 288.6), 67.6 (q, J 5 27.9),
63.3, 36.8, 24.1, 23.6, 21.5, 21.2, 13.6. 2 19F NMR (CDCl3,
235 MHz): δ 5 276.2 (s).

Ethyl N-(p-Tolylsulfinyl)(α-trifluoromethyl)valinate [(2S,SS)-12e] (Rf

<): Oil; [α]20
D 5 157.3 (c 5 1.05, CHCl3). 2 1H NMR (CDCl3,

250 MHz): δ 5 7.66 (d, J 5 8.2, 2 H), 7.32 (d, J 5 8.2, 2 H), 4.94
(s, 1 H), 4.3924.29 (m, 2 H), 2.78 (sept, J 5 6.7, 1 H), 2.42 (s, 3
H), 1.34 (t, J 5 7.1, 3 H), 1.25 (d, J 5 6.7, 3 H), 1.11 (d, J 5 6.7,
3 H). 2 13C NMR (CDCl3, 63 MHz): δ 5 167.1, 143.5, 141.6,
129.7, 125.6, 124.3 (q, J 5 287.5), 71.5 (q, J 5 26.8), 63.5, 32.5,
21.3, 17.4, 17.2, 13.9. 2 19F NMR (CDCl3, 235 MHz): δ 5

270.4 (s).

(2R,SS)-13e (Rf .): Oil; [α]20
D 5 134.4 (c 5 0.55, CHCl3). 2 1H

NMR (CDCl3, 250 MHz): δ 5 7.66 (d, J 5 8.3, 2 H), 7.32 (d, J 5

8.3, 2 H), 4.76 (s, 1 H), 4.36 (q, J 5 7.1, 2 H), 2.74 (sept, J 5 6.8,
1 H), 2.42 (s, 3 H), 1.36 (t, J 5 7.1, 3 H), 1.15 (d, J 5 6.8, 3
H), 1.13 (d, J 5 6.8, 3 H). 2 19F NMR (CDCl3, 235 MHz): δ 5

270.1 (s).

Ethyl N-(p-Tolylsulfinyl)(α-trifluoromethyl)norleucine [(2S,SS)-12f]
(Rf <): Oil; [α]20

D 5 149.5 (c 5 1.78, CHCl3). 2 1H NMR (CDCl3,
250 MHz): δ 5 7.6 (d, J 5 8.0, 2 H), 7.32 (d, J 5 8.0, 2 H), 5.30
(s, 1 H), 4.33 (q, J 5 7.0, 2 H), 2.42 (s, 3 H), 2.3822.3 (m, 2 H),
1.96 (m, 1 H), 1.5321.34 (m, 2 H), 1.33 (t, J 5 7.0, 3 H), 1.10 (m,
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1 H), 0.96 (t, J 5 7.0, 3 H). 2 13C NMR (CDCl3, 63 MHz): δ 5

166.8, 142.6, 141.7, 129.8, 125.5, 124.2 (q, J 5 286.4), 68.4 (q, J 5

27.4), 63.6, 30.2, 24.9, 22.6, 21.3, 13.9, 13.6. 2 19F NMR (CDCl3,
235 MHz): δ 5 276.4 (s).

(2R,SS)-13f (Rf .): Oil; [α]20
D 5 118.1 (c 5 0.48, CHCl3). 2 1H

NMR (CDCl3, 250 MHz): δ 5 7.64 (d, J 5 8.0, 2 H), 7.33 (d, J 5

8.0, 2 H), 4.99 (s, 1 H), 4.34 (q, J 5 7.0, 2 H), 2.43 (s, 3 H),
2.3822.29 (m, 2 H), 1.6321.17 (m, 4 H), 1.33 (t, J 5 7.0, 3 H),
0.95 (t, J 5 7.0, 3 H). 2 19F NMR (CDCl3, 235 MHz): δ 2 76.3 (s).
2 HRMS (EI): m/z, calcd. for C16H22F3NO3S: 365.127250; found
365.127444. 2 MS (EI): m/z 5 365 [M1] (23), 348 (20), 226 (14).

Ethyl N-(p-Tolylsulfinyl)(α-trifluoromethyl)-α-aminobutyrate
[(2S,SS)-12g] (Rf <): Solid; [α]20

D 5 177.3 (c 5 1.03, CHCl3). 2 1H
NMR (CDCl3, 400 MHz): δ 5 7.60 (d, J 5 8.0, 2 H), 7.31 (d, J 5

8.0, 2 H), 5.27 (s, 1 H), 4.33 (m, 2 H), 2.4922.32 (m, 2 H), 2.41 (s,
3 H), 1.32 (t, J 5 7.1, 3 H), 1.14 (t, J 5 7.4, 3 H). 2 13C NMR
(CDCl3, 100 MHz): δ 5 166.7, 142.7, 141.7, 129.8, 125.4, 124.2 (q,
J 5 286.2), 69.0 (q, J 5 27.5), 63.6, 24.0, 21.3, 13.9, 7.7. 2 19F
NMR (CDCl3, 235 MHz): δ 2 76.4 (s). 2 HRMS (EI): m/z, calcd.
for C14H18F3NO3S: 337.095950; found 337.097008. 2 MS (EI):
m/z 5 337 [M1] (10), 264 (7), 139 (100).

(2R,SS)-13g (Rf .): Oil; [α]20
D 5 128.2 (c 5 0.57, CHCl3). 2 1H

NMR (CDCl3, 400 MHz): δ 5 7.60 (m, 2 H), 7.30 (m, 2 H), 5.11
(s, 1 H), 4.30 (q, J 5 7.1, 2 H), 2.40 (s, 3 H), 2.35 (q, J 5 7.4, 2
H), 1.31 (t, J 5 7.1, 3 H), 1.02 (t, J 5 7.4, 3 H). 2 19F NMR
(CDCl3, 235 MHz): δ 5 276.2 (s).

Ethyl N-(p-Tolylsulfinyl)(α-trifluoromethyl)alaninate [(2S,SS)-12h]
(Rf <): Solid; [α]20

D 5 143.7 (c 5 0.69, CHCl3). 2 1H NMR
(CDCl3, 400 MHz): δ 5 7.60 (m, 2 H), 7.30 (m, 2 H), 5.02 (s, 1
H), 4.31 (m, 2 H), 2.42 (s, 3 H), 1.82 (s, 3 H), 1.32 (t, J 5 7.1, 3 H).
2 19F NMR (CDCl3, 235 MHz): δ 5 278.1 (s). 2 C12H14F3NO3S
(309.3): calcd. C 46.60, H 4.56, N 4.53; found C 46.90, H 4.57,
N 4.80.

(2R,SS)-13h (Rf .): Oil; [α]20
D 5 1110.1 (c 5 0.80, CHCl3). 2 1H

NMR (CDCl3, 400 MHz): δ 5 7.60 (m, 2 H), 7.32 (m, 2 H), 5.26
(s, 1 H), 4.31 (m, 2 H), 2.43 (s, 3 H), 2.02 (s, 3 H), 1.31 (t, J 5 7.1,
3 H). 2 13C NMR (CDCl3, 100 MHz): δ 5 167.7, 141.9, 141.7,
129.8, 125.4, 124 (q, J 5 285.0), 64.0 (q, J 5 28.8), 63.6, 21.3, 16.1,
13.8. 2 19F NMR (CDCl3, 235 MHz): δ 5 279.4 (s).

Synthesis of (R)-15a with Recovery of the Chiral Auxiliary 4: Tri-
fluoroacetic acid (TFA) (60 µL, 0.78 mmol) was added dropwise to
a flask fitted with a stirring bar and containing a cooled (0 °C)
solution of (2R,SS)-13a (100 mg, 0.26 mmol) and -menthol 6
(49 mg, 0.31 mmol) in 1 mL of dry dichloromethane. The solution
was stirred for 1 hour at room temp., then concentrated in vacuo.
The crude product was purified by FC (n-hexane/ethyl acetate from
90:10 to 80:20) affording 58 mg of α-Tfm-α-amino ester (R)-15a
(90% yield) along with 61 mg of menthyl sulfinate 4 (80% yield) as
a 3:2 mixture of diastereomers. Compound 4 can be obtained in
diastereomerically pure form (2)-4 by the published method[35] and
then recycled.

Methyl α-Tfm-Phenylalaninate [(R)-15a]: [α]20
D 5 142.4 (c 5 1.9,

CHCl3). 2 1H NMR (CDCl3, 250 MHz): δ 5 7.3527.27 (m, 3 H),
7.2027.15 (m, 2 H), 3.81 (s, 3 H), 3.47 (d, J 5 13.7, 1 H), 2.99 (d,
J 5 13.7, 1 H), 1.80 (br signal, 2 H). 2 19F NMR (CDCl3,
235 MHz): δ 2 78.1 (s).

Synthesis of α-Trifluoromethyl-α-amino Acids 17222: Preparation
of α-Tfm-α-aminobutyric acid (Abu) (S)-21 is described represent-
atively. Trifluoroacetic acid (TFA) (64 µL, 0.83 mmol) was added
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dropwise to a flask containing a cooled (0 °C) solution of (2S,SS)-
12g (140 mg, 0.42 mmol) in 1 mL of methanol. The solution was
stirred for 1 hour at room temp., then concentrated in vacuo. The
reaction mixture was diluted with water and, after addition of di-
ethyl ether (1.5 mL) and 10% aqueous HCl (2 mL), vigorously
stirred for 1 h. The two layers were then separated; the organic
phase was washed with two portions of a 10% solution of HCl,
and the collected aqueous phases were concentrated in vacuo. The
residue was dissolved in 2 mL of methanol/water 7:3, treated at 0
°C with aq. KOH (0.5 , 4.7 mL), and then stirred at room temp.
for about 4 hours. HCl (3 ) was added until acidic conditions were
reached; then the mixture was concentrated in vacuo and loaded
onto a Dowex 50 W-X8 column, affording 41 mg (58% overall yield
from 12g) of free α-Tfm-Abu (S)-21.[36]

α-Tfm-α-Aminobutyric Acid [(S)-21]: [α]20
D 5 211.0 (c 5 1.1,

EtOH). The other spectral and chemical-physical data matched
those previously reported in the literature.[36]

α-Tfm-α-Allylglycine [(R)-17]: (57% from 13c); [α]20
D 5 127.0 (c 5

0.69, H2O); m.p. (white powder from H2O) . 200 °C (sublim.). 2
1H NMR (D2O, 250 MHz): δ 5 5.64 (m, 1 H), 5.2325.16 (m, 2
H), 2.75 (m, 1 H), 2.43 (m, 1 H). 2 13C NMR (CDCl3, 63 MHz):
δ 5 174.5, 132.7, 127.7 (q, J 5 283.1), 123.8, 67.0 (q, J 5 25.7),
39.3. 2 19F NMR (D2O, 235 MHz): δ 271.6 (s). 2 MS (EI): m/z 5

184 [M1 1 1] (5), 142 (100), 138 (70).

α-Tfm-Leucine [(S)-18]: (50% from 12d); [α]20
D 5 18.2 (c 5 0.11,

H2O); m.p. (crystals from CH3CN/CH3OH) . 200 °C (dec.). 2 1H
NMR (D2O, 250 MHz): δ 5 1.98 (m, 1 H), 1.8021.68 (m, 2 H),
0.96 (d, J 5 6.3, 3 H), 0.88 (d, J 5 6.3, 3 H). 2 13C NMR (D2O,
63 MHz): δ 5 173.3, 125.8 (q, J 5 283.3), 64.9 (q, J 5 25.1), 40.2,
24.1, 23.3, 21.9. 2 19F NMR (D2O, 235 MHz): δ 279.4 (s). 2

HRMS (EI): m/z, calcd. for C7H13F3NO2: 200.089839; found
200.089899. 2 MS (EI): m/z 5 200 [M1 1 1] (5), 154 (100), 112
(56).

α-Tfm-Valine [(S)-19]: (56% from 12e); [α]20
D 5 23.0 (c 5 0.32,

H2O); m.p. (white powder from H2O) . 200 °C. 2 1H NMR (D2O,
250 MHz): δ 5 2.36 (sept, J 5 7.1, 1 H), 0.88 (dd, J 5 7.1, 3 H),
0.76 (d, J 5 7.1, 3 H). 2 19F NMR (D2O, 235 MHz): δ 2 67.8 (s).
2 HRMS (EI): m/z, calcd. for C6H11F3NO2: 186.074188; found
186.073395. 2 MS (EI): m/z 5 186 [M1 1 1] (57), 140 (100), 123
(69).

α-Tfm-Norleucine [(S)-20]: (56% from 12f); [α]20
D 5 21.4 (c 5 2.24,

H2O); m.p. (white powder from H2O) . 200 °C. 2 1H NMR (D2O,
250 MHz): δ 5 1.95 (m, 1 H), 1.66 (m, 1 H), 1.3621.17 (m, 3 H),
1.07 (m, 1 H), 0.79 (t, J 5 7.1, 3 H). 2 13C NMR (D2O, 63 MHz):
δ 5 172.5, 127.1 (q, J 5 283.0), 68.2 (q, J 5 25.7), 33.2, 27.1, 24.4,
15.4. 2 19F NMR (D2O, 235 MHz): δ 272.0 (s). 2 HRMS (EI):
m/z, calcd. for C7H12F3NO2: 199.082014; found 199.081223. 2 MS
(EI): m/z 5 199 [M1] (26), 154 (100), 98 (28).

α-Tfm-Alanine [(S)-22] (55% from 12h): [α]20
D 5 212.6 (c 5 0.17,

H2O). (R)-22 (52% from 13h): 113.2 (c 5 0.65, H2O). The other
spectral and chemical-physical data matched those previously re-
ported in the literature.[39]

Crystallographic data (excluding structure factors) for the struc-
tures 12d and 13b reported in this paper have been deposited with
the Cambridge Crystallographic Data Centre as supplementary
publication nos. CCDC-149156 and CCDC-149157. Copies of the
data can be obtained free of charge on application to CCDC, 12
Union Road, Cambridge CB2 1EZ, UK [Fax: (internat.) 1 44-
1223/336-033; E-mail: deposit@ccdc.cam.ac.uk].
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