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Abstract. (+)-R)- and (~)-(S)-3,3,3-trifluoro-2-methyl-alanine (1) were synthesized from (+)-(R)-methyl-p-tolyl-
sulphoxide (5) and N-alkoxycarbonylimino derivatives 4 of methyl 3,3 3-trifluoropyruvate (3). The absolute
configuration was determined by X-ray analyses of two synthetic intermediates (2S,Rg)-6a and (2R,Rg)-6c.

Introduction

Fluorinated aminoacids have great practical application in clarifying the physiological role of specific
enzymes and, therefore, a number of fluorosubstituted a-aminoacids are under intensive study. None of the
different strategies applied to the synthesis of fluorinated a-aminoacids seems to have general applicability and
this is particularly true for the synthesis of chiral and optically pure o-fluoroalkyl aminoacids!.

Research in our laboratories has focused on the synthesis of optically pure fluorinated molecules of
biological interest. In these syntheses, sulphoxides as stereo controlling elements? and fluorosubstituted acetic
acid esters were used. On the basis of previous results the retrosynthetic scheme shown below was thonight to
be of wide applicability to obtain chiral a-fluoroalkyl aminoacids.

R *SOAr
NCOOR'
— R N + K7 OS0Ar
RH OOH COOCH;3
2 0OCH:
NH, COOR' 3
Retrosynthetic Scheme

The lithium anion of an optically active sulphoxide as synthon for the desired amino acid side chain adds
to a fluorinated precursor bearing the potential amino group, the protected carboxylic group and the fluoroalkyl
residue. The intermediate leads to the a-fluoroalkyl-o-aminoacid upon reductive elimination of the chiral
auxiliary and hydrolysis of the protective groups.
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In the present paper we report a six step synthesis of both enantiomers of 3,3,3-trifluoro-2-methyl-alanine3
(1) from methyl-3,3,3-trifluoropyruvate (3) through its N-alkoxycarbonylimino derivatives (4) and (+)-(R)-
methyl-p-tolyl-sulphoxide (5).

Results and discussion

The key intermediates 6 were obtained as shown on Scheme 2. Phospha-A’-azenes (2a-d) were
synthesized following procedures described in literature?®. Methyl 3,3,3-triflucropyruvate> (3) was chosen as
o-trifluoromethyl amino acid synthon after aza-Wittig reaction® with compounds 2a-d in benzene to give the
trifluoro-N-atkoxycarbonylimino derivatives 4a-d3i.

COOR 9 i NCOOR i
Ph N + m
3= F3 COOCH;3 F3C COOCH; -
2 3 4
6a; R = CHj3 Scheme 2
6b; R = CHyCH3
6¢c; R=CHyPh

6d; R = (+)-Menthyl

Reagents and Conditions: i) CgHg; ii) (+) or (-)-methyl-p-tolyl sulphoxide (5), LDA, THF, -60°C;
iii) 4, THF, -70°C.

Substrates 4a-d were treated in sifu with the lithium derivative of (+) or (~)-methyl-p-tolyl sulphoxide 57,
after separation of the insoluble unreacted starting phospha-A3-azenes 2 and triphenylphosphine oxide with
boiling pentane.

The reaction took place with reasonable yields but with very low diastereoselection®: single
diastereoisomers of adducts 6a-c¢ were obtained in optically pure form by easy chromatographic separation.
From a synthetic point of view, 6¢c showed to be the most convenient intermediate, leading to the target
molecule 1 in three steps and in 55.3 % overall yield.

As shown on Scheme 3, deoxygenating of the sulphoxides 6b and ¢ by treatment with sodium iodide and
trifluoroacetic anhydride at —20°C in acetone?® afforded the corresponding optically pure thio derivatives 7b and
7c in nearly quantitative yields. Starting from the benzyl-derivative 7¢, an exhaustive treatment with Raney-
nickel under hydrogen atmosphere lead to simultanecus desulfurization and hydrogenolysis of the N-
benzyloxycarbonyl moiety. The volatile 2-triflucromethyl-alanine methyl ester!® was isolated in optically pure
form as the corresponding hydrochloride 9 in 83.3% yield.

Hydrolysis of 9 with a six to one mixture of 6N aqueous hydrochloric and glacial acetic acids at 100°C
afforded the optically pure hydrochloride 10. Ion exchange chromatography of the hydrochloride derivative 10
on strongly acidic resin DOWEX 50W afforded the unprotected, optically pure 2-trifluoromethyl-alanine 1.
Through the described procedure, both (R)- and (5)-1 were obtained.
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It can be noted that the treatment of 8¢, isolated after partial action of Raney-nickel on 7¢, with
trimethylsilyl iodide in acetonitrile allowed the total conversion to the methyl ester derivative 9, whilst the
treatment of 8b with hydrochloric\acetic acid mixture gave the N-ethoxycarbonyl derivative 11.

+C1- NH; *Ct

COO - M
H . Cis HC Acpy
OOR m 9 “'l
v
6 ——» p.To CH3 —" oocn3
s Ot
8 \ 2
Hy COOH
l 3

Reagents and Conditions: i) (CF3C0),0, Nal, CH;COCHj, -20°C; ii) Ni-Raney, CH;CH,;0H,
80°C, 6 h.; iii) Ni-Raney, CH3;CH,OH, 80°C, 2 h. or (CH3)38il, CH3CN; iv) 6N HCNCH,COOH,
100°C, 10 h.; v) DOWEX 50W-X2.

Scheme 3

Structural assignments

The absolute stereochemistry of the substrates 6 was determined by X-Ray crystallographic analysis on
the adducts 6a and 6c¢. Fig. 1 and 2 show the corresponding ORTEP!! drawings in the absolute configuration
(25 and 2R, respectively) and with the appropriate atomic labelling.

Fig. 1 ORTEP drawing of (25,Rs)-6a. Fig. 2 ORTEP drawing of (2R,Rg)-6¢c

The two observed structures differ from each other for the opposite configuration at C(2), for the
different substitution pattern at C(7) and for the quite different conformation of the amido-esteric and the
sulphoxide moieties of the molecules. More in detail while the value of the torsion angle C(11)-5-C(1)-C(2)
found in 6s (-173.0°(2)) is close to trans planar as in other sulfoxide compoundl2, in 6c it is substantially
distorted (-148.0°(2)). Similar considerations apply to bond angles C(2)-C(1)-S which measure respectively
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109.7°(2) in 6a and 116.6°(2) in 6¢c. The local conformation around C(2) in 6a allows an intramolecular
hydrogen bond between the carbamic hydrogen and oxygen atom O(2) similar to the one found in an isovaline
derivative!3. This interaction should be rather weak as it involves a 5-membered ring and it implies significant
distortions of bond angles N-C(2)-C(3) (105.8°(2) for 6a vs 110.1°(2) for 6c) and C(2)-N-C(6) (126.4°(2) for
6a vs 119.2°(2) for 6¢). While in the packing of 6a no short distances are observed, in the case of 6¢ hydrogen
bonds are intermolecular (see Table 1). An additional close contact (F(3):**S = 3.250 A) between fluorine atom
F(3) and the S atom of the nearby molecule generated by symmetry operation (1/2-x , 2-y, -1/2+z) should be
noted.

Table 1. Close contacts involving H atoms.

DH-A | D-vA | H-—A |DH--A]|HD-A| Asymmetric
A (A) (deg) (deg) unit of A
6a N-HIN----02 2.620 2,153 109.2 50.9 same
6¢ | N-HIN----O1 3.039 2.030 176.4 24| 1V2x, 2=y, 17242
C1-HI1B*-+'F1 327 2318 165.9 10.5 | 172-x, 2-y, -1/2+z

The key intermediates 9 and 10 and the final product 1 were fully characterized by !H, 13C, and 15F NMR
(see Experimental) and, in all examined cases, 'H and 15F NMR spectra were in complete accordance with the
proposed structures. Comparison of the Av values of the two diastereotopic protons H, and Hy, in 6a and 6¢
(Figure 3) showed higher values for 25 epimers (160 and 165 for 6a and 6c, respectively) and lower ones for 2R
epimers (135 and 137.5 for 6a and 6c, respectively).14
Figure 3

a Hb

Conclusion: the synthesis of optically pure a-trifluoromethyl-alanine using the sulphinylic moiety as stereo
controlling element has been accomplished. Though the diastereoselection of the method is very low, the
chemical procedure allows the obtainment, in good yields and in mild conditions, of both the enantiomers in
optically pure form.

Experimental

IH, 19F and 13C NMR spectra were recorded on a Bruker CXP 300 or a Bruker AC 250L spectrometer.
Chemical shifts (8) are reported in ppm of the applied field. Me4Si was used as internal standard (8y and 8¢ =
0.00) for IH and 13C nuclei, while CgF¢ was used as internal standard (8 = —162.90) for 19F nuclei. Coupling
constants (.J ) are reported in hertz (Hz). Anhydrous solvents were obtained by distillation from sodium (diethyl
ether, tetrahydrofuran, benzene). Diisopropylamine was distilled from calcium hydride. In all other cases
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commercially available reagent-grade solvents were employed without purification. Melting points are
uncorrected and were obtained on a capillary apparatus. Analytical thin-layer chromatography (TLC) was
routinely used to monitor reactions. Plates precoated with E. Merck silica gel 60 Fy54 of 0.25 mm thickness
were used. Merck silica gel 60 (230-400 ASTM mesh) was employed for column chromatography. HPLC was
performed on a Waters 600E instrument using LiChrosorb Si60 (5 um, Merck) prepacked columns and hexane
and ethyl acetate HPLC-grade solvents (Merck). Combustion microanalyses were performed by Redox SNC,
Cologno M. (Milano). Compounds 2a-b,42 and 2¢% were synthesized following Kricheldorf procedure?a.
Compounds 4a-b,3 4¢,15 and 4d, &' (not isolated) were synthesized through Aza-Wittig reaction’.

(15, 2R, 58)-N-(5-Methyl-2-[ 1-methyl-ethyl]cyclohexyloxycarbonyl)-triphenylphospha- A7-azene (2d),
yield 95.7 %; Ry 0.45 (hexane /ethyl acetate 3:2); [a]p20 +20.5 (c 1.0, CHCl3), mp 151-153 °C (ethyl acetate);
1H NMR (CDCly) 6 7.80-7.40 (m, 15 H, Ph), 4.47 (dt, 1 H, J = 5 Hz and 11 Hz, OCH), 2.03 (m, 2 H, CH's),
1.66-0.92 (m, 7H, CH + CH,'s), 0.83 (d, 3 H, J=7.0 Hz, CH;) 0.76 (d, 3 H, J=7.0 Hz, CH;), 0.68 (d, 3H,J
= 7.0 Hz, CH3).

Reaction between imino-esters 4 and optically pure methyl-p-tolyl-sulphoxide 5. General procedure. To
a stirred, cooled (~ 60°C) solution of 6 ml of 0.25 M LDA in THF was added a solution of 1.60 mmol of (Rg)-
(+)-sulphoxide § in 4 ml of THF. After 5 min the resulting yellow solution was cooled to —70°C and a solution
of the crude imino-derivative 4a (1.60 mmol) in 2.5 ml of THF was added via cannula in 10 min. After stirring
for 5 min at —70°C the reaction mixture was quenched with saturated aqueous NH4Cl. The resulting mixture
was extracted with ethyl acetate and dried over anhydrous sodium sulfate. The removal of the solvent under
reduced pressure and flash chromatography on silica gel afforded the desired products 6. Some selected
chemico-physical and analytical data are reported in Table 2.

Table 2. Chemico-physical and analytical data of 6.

Products Yield2| Conversion| [a]p?® 1H NMR 15F | m.pb
6 (%) (%) (¢, CHClLy) SCH, NMR | (°C)
R Stereochemistries ] J/Hz (D]
CH;3 2R,Rg 193 40.2 +103.7(1.2) | 3.78 140 |-7515 oil
28 Rg 213 | 444 |+2487(0.5)| 389 | 130 |-7570{135-137
CH,CH; 2R Rg 300 | 500 |+1814(02)] 377 | 13.0 [-7512] oil
2S.Rg 279 | 465 |+141505) | 388 | 130 |-7572] o
CH,Ph 2R,Rg 272 46.4 +902(09) | 3.80 13.8 |-75.07]113-114
28 R¢ 28.1 48.0 +144.1(0.4)| 3.88 13.0 |-75.63 oil
Menth. 2R Rg 381|740 | +87400) | 373 | 140 [-7510] o
+) 28,R¢ +138.1(2.1) [ 3.90 13.0 |-75.75 oil
Menth 2R,Sg 38.9° 80.0 -485(1.2) | 3.90 13.0 |-7677} oil
) 28,Sq -2330.5) | 368 | 13.0 [-7528] oil

aFrom 4 for 6b; from 2 for 6a, ¢, and d. PEthyl acetate. Separation of diastereoisomers not achieved.
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(2R,Rg)- and (2S,Rg)-Methyl 2-methoxycarbonylamino-3-[(4-methylphenyl)sulfinyl]-2-trifluoromethy!
propionate (6a): a 1.02/1.00 mixture (HPLC ratio, hexane/ethyl acetate 3:2) of two diastereoisomers was
obtained. Column chromatography (hexane/ethyl acetate 7:3) gave (2R, Rg)-(6a) in 19.3%, (25, Rg)-6a in
21.3% (40.6% from 2a) and 52 % of unreacted (+)-5; (25,Rg)-6a, Ry 0.40 (hexane/ethyl acetate 7:3); found C,
45.87, H, 4.49; N, 3.74. Cy3H,cF3NOsS requires C, 45.78; H, 4.39; N, 3.81; and (2R,Rg)-5a: Ry 0.30
(hexane/ethyl acetate 7:3); t, 12.08 min (3:2 hexane/ethyl acetate, 1.0 ml/min).

(25,Rg)- and (2R Rg)-Methyl 2-ethoxycarbonylamino-3-[(4-methyiphenyl)sulfinyl]-2-trifluoromethyl
propionate (6b): a 1.00/1.14 mixture (HPLC ratio, hexane/ethyl acetate 3/2) of two diastereoisomers was
obtained from distilled 4b. Column chromatography (hexane/ethyl acetate 7:3) gave 27.9 % of (25, Rg)-6b,
30.0 % of (2R, Rg)-6b and 40.0 % of unreacted (+)-5: (25,Rg)-6b, R¢ 0.40 (hexane/ethyl acetate 7:3); t, 8.73
min (hexane/ethyl acetate 3:2, 1.0 m/min); and (2R,Rg)-6b, R¢ 0.30 (hexane/ethyl acetate 7:3); t; 5.77 min
(hexane/ethyl acetate 3:2, 1.0 ml/min).

(25,Rg)- and (2R,Rg)-Methyl benzyloxycarbonylamino-3-[(4-methyiphenyl)sulfinyl]-2-trifluoromethyl
propionate (6¢). The crude reaction mixture of the imino derivative 4c (after solvent removal) was employed,
following the general procedure. A 1.20/1.00 mixture (HPLC ratio, hexane/ethyl acetate 3:2) of two
diastereoisomers was obtained. Column chromatography (hexane/ethyl acetate 3:1) gave 28.1% of (2§, Rg)-6¢c,
27.2% of (2R, Rg)-6¢ (55.3 % from 2¢) and 41.4 % of unreacted (+)-5: (25,Rg)-6c, Ry 0.40 (hexane/ethyl
acetate 3:1); 13C NMR (All dec.) (CDCl3) 8 165.45 (s, COOMe), 154.20 (s, COOCH,) 142.14 (s, Ar), 139.52
(s, Ar), 135.65 (s, Ar), 130.15 (s, Ar), 128.67 (s, Ar), 128.62 (s, Ar), 128.41 (s, Ar), 128.12 (s, Ar), 123.89 (s,
Ar), 123.44 (q, Jc.F = 290 Hz, CF3), 67.55 (s, OCH,Ph), 63.25 (q, Jc.p = 32 Hz, C-CF3), 57.11 (s, CH,S),
54.70 (s, CH;00C), 21.47 (s, CH;Ph); E/MS (70 eV): m/e (%) 443 (1, M), 335 (46, M+— PhCH,OH), 304
(8, M+ — ptolSO), 246 (3, M+ — p-tolSOH — COOCH;), 139 (100, ptolSO*), 91 (58, C;Hy"). t, 5.47
(hexane/ethyl acetate 3:2, 1.0 m/min); and (2R,Rg)-6¢, R 0.35 (hexane/ethyl acetate 3:1); t, 6.37 (hexane/ethyl
acetate 3:1, 1.0 ml/min); found C, 54.17; H, 4.52; N, 3.15. C3oF3HyoNO;S requires C, 54.17; H, 4.55; N, 3.16.

(1'S,2'R,5°S,25,5s)- and (1'S,2'R,5'S,2R, Sg)-Methyl 2-/5"-Methyl-2"-(1-methyl-ethyl) ]
cyclohexyloxycarbonylamino-3-[(4-methylphenyl)sulfinyl]-2-triftuoromethyl propionate (6d). A 1.00/1.24
mixture (HPLC ratio, hexane/ethyl acetate 3:2) of two diastereoisomers was obtained. Column chromatography
(hexane/ethyl acetate 3:1) afforded 38.1% (from 2d) of the sulphoxides (1'S, 2'R, 5'S, 2§, Sg)-6d and (1'S, 2R,
5'S, 2R, Sg)-6d and 48.5% of unreacted (+)-5. A complete separation of the two diastereomers by silica gel
chromatography wasn't possible: (1'S,2'R,5'S,2R, Sg)-6d, R¢0.40 (hexane/ethy! acetate 3:1); found C, 56.67, H,
7.00; N, 3.06. t, 3.95 (hexane/ethyl acetate 3:2, 1.0 ml/min); C,3F3H;3,NOsS requires C, 56.20; H, 6.56; N,
2.85; and (1'S,2'R,5'S,25,5g)-6d, Ry 0.37 (hexane/ethyl acetate 3:1); t, 4.18 (hexane/ethyl acetate 3:2, 1.0
ml/min).

(1'S.2'R.5'S.25,Rg)- and (1'S.2'R 5'S,2R, Rg)-Methyl 2-f5'-Methyl-2"-(1-methyl-
ethyl) Jeyclohexyloxycarbonylamino-3-[(4-methylphenyl)sulfinyl]-2-trifluoromethyl  propionate  (6d). A
1.00/1.05 mixture (HPLC ratio, hexane/ethyl acetate 7:3) of two diastereoisomers was obtained. Column
chromatography (hexane/ethyl acetate 3:1) afforded 38.9 % (from 2d) of the sulphoxides (/'S,2'R,5°S,25,Rg)-
6d' and (J'S,2'R,5'S,2RRg)-6d' and 51.4 % of unreacted (+)-5. A complete separation of the two
diastereomers by silica gel chromatography wasn't possible: (1'5,2'R,5'5,25,Rg)-6d’', R¢ 0.40 (hexane/ethyl
acetate 3:1); t, 4.73 (hexane/ethyl acetate 7:3, 1.0 ml/min); and (1'S,2'R,5'S,2R,R5)-6d", R; 0.37 (hexane/ethy!
acetate 3:1); t, 5.38 (hexane/ethy! acetate 7:3, 1.0 ml/min).
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X-ray analyses of (28,Rg)-6a and (2R, Rg)-6¢c. X-ray diffraction data for both structures were collected on
a Philips PW1100 diffractometer, with graphite monochromated Cu-Ko. radiation (A = 1.5418 A). Cell
constants were obtained by least squares refinement on 28 values of 24 reflections with 28 > 40°. Two octants
(+h,+k,H)-(-h,-k,-I) of intensity data were collected by 9/29 scans technique. Three standard reflections were
monitored every 100 reflections measured to check crystal orientation and stability and showed no significant
decay. Data were corrected for Lorentz and polarization effects but no absorption correction was applied. Both
structures were solved by direct methods using SIR92!6 and refined by full matrix least squares with
SHELXL9317, establishing unambiguously the respective absolute configuration refining Flack's x parameter!3.
Non-hydrogen atoms were refined with anisotropic temperature factors, The amide hydrogen both in 6a or in
6¢, was located by difference-Fourier map and refined, while the others were included at calculated position and
refined in the riding mode with group temperature factors respectively for aromatic and aliphatic hydrogens.

Crystal data for (25,Rg)-6a: Cj4H)cF3NOsS, fw. 36734, orthorhombic, space group P 22,2,
a=17.342(7)A, b = 16.683(2)A, c = 5.8000(10)A, V = 1678.0(8)A3, Z = 4, D= 1.454 Mg/m3, ju = 2247 mm"
|5 F(000) = 760, crystal dimensions 0.15 x 0.15 x 1.1 mm, 2239 unique reflections in the range 4° < § < 58°,
final R1=0.0303, final wR2=0.0903, Flack x parameter = -0.03(2).

Crystal data for (2R,Rg)-6¢c: CpoHpgF3NOsS, f'w. 44343, orthorhombic, space group P 2;2,2 b
a=11.034(3)A, b =20.217(6)A, c = 9.024(3)4, V =2013.0(11)A3, Z = 4, D¢ = 1.463 Mg/m3, jp = 1.981 mm"
1, F(000) = 920, crystal dimensions 0.2 x 0.2 x 0.7 mm , 2536 unique reflections in the range 4° <8 < 55°,
final R1 = 0.0319, final wR2 = 0.0900, Flack x parameter = 0.01(2).

Deoxygenating reaction. General procedure. Trifluoroacetic anhydride (6.85 mmol) was added to a
stirred, cooled (~20°C) mixture of sulphoxide 6¢ (1.37 mmol) and sodium iodide (4.11 mmol) in acetone (9
mi). After 5 min. at the same temperature the reaction was quenched with an excess of saturated aqueous
sodium sulfite and sodium hydrogen carbonate solutions. The aqueous layer was extracted with ethyl acetate
and the combined organic phases were dried over anhydrous sodium sulfate. Removal of the solvent gave a
residue, which, upon flash chromatography gave the enantiomerically pure sulphide 7 as a yellowish oil:

(28)-methyl  2-ethoxycarbonylamino-3-[(4-methylphenyl)sulfenyl]-2-trifluoromethyl propionate (7b),
yield 52.8 %; Ry 0.35 (hexane/ethyl acetate 85:15); [a]p?® + 90.3 (c 0.61, CHCl3), IH NMR (CDCly) § 7.33
(d,2H,J=8.0 Hz, Ar), 7.08 (d, 2 H, ] = 8 Hz, Ar), 5.98 (s, 1 H, NH), 4.45 (m, 1 H, OHCHCH), 4.05-3.88
(m, 1 H, OHCHCH), 3.75 (ABq, 2 H, Jap = 12 Hz, Av = 115 Hz, SCH,), 3.54 (s, 3 H, OCH3), 2.33 (s, 3 H,
ArCH3), 1.23 (1, 3 H, J = 7 Hz, CH3CH;0); !9F NMR (CDCl3) 8 —74.83; and (2R)-b, yield 63.6 %; [a]p??
~ 942 (¢ 0.80, CHCL); Ry, H and 19F NMR (CDCly) are identical to that of the enantiomer (+)-7b.
Analogously, (2S)-methyl 2-benzyloxycarbonylamino-3-{(4-methylphenyl)sulfenyl]-2-trifluoromethyl
propionate (7c) was obtained: yield 97.7 %; Rg0.35 (hexane/ethyl acetate 9:1); fa]p?® + 85.5 (¢ 0.66, CHCl3),
H NMR (CDCl3) 8 7.42-7.30 (m, 7 H, Ar), 7.09 (d, 2 H, J = 8.0 Hz, Ar), 6.11 (s, 1 H, NH), 4.94 (ABq, 2 H,
Jap = 12.2 Hz, Av = 230 Hz, OCH}), 4.02 (ABq, 2 H, Jup = 11 Hz, Av = 230 Hz, SCH,), 3.55 (s, 3 H,
OCHjs), 2.30 (s, 3 H, ArCHy); 19F NMR (CDCl3) 5 ~74.78; and (2R)-T¢, yield 92.6 %. [a]p?” — 83.2 (c 0.54,
CHCl;); Ry, 1H and 19F NMR (CDCl5) are identical to that of the enantiomer (+)-7c.

(8) and (R)-Methyl 2-benzyloxycarbonylamino-2methyl-3,3, 3-triffluoromethyl propionate (8c) and (S)
and (R)-2-Methyl-3,3, 3-trifluoroalanine methyl ester hydrochloride (9). (Procedure a): To a solution of 0.41 g
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(0.96 mmol) of (+)-7¢ in absolute ethanol (6 ml) Raney-Ni (1.5 g) was added. The slurry was heated to 80°C
and stirred under hydrogen atmosphere for 6 hrs. Then Raney-Ni was filtered off and washed twice with
ethanol. 2N Aqueous HCI (2 ml) was added and the mixture stirred for 5 min at room temperature. Ethanol was
removed under reduced pressure. The aqueous layer was extracted with ethyl acetate. The combined organic
phases were dried over anhydrous sodium sulphate and the solvent removed under reduced pressure, affording
75 mg (25.3%) of (~)-8c¢ as a colourless oil: (§)-8¢c, R 0.35 (hexane/ethyl acetate 85:15); [a]p20 ~ 0.8 (c 1.3,
CHCly); IH NMR (CDCl3) § 7.38-7.33 (m, 5 H, Ar), 5.48 (s, 1 H, NH), 5.10 (s, 2 H, OCH,), 3.82 (s, 3 H,
OCHj), 1.80 (s, 3 H, CH5C); 19F NMR (CDCl;) § —77.82; and (R)-8¢, [a]p2® + 0.7 (c 1.1, CHCL); Ry, 1H
and 19F NMR (CDCls) are identical to that of the enantiomer (—)-8¢; found C, 50.62; H, 4.69; N, 4.75.
C13F3H yNOy4 requires C, 51.15; H, 4.55; N, 4.59. Following the same procedure, (S) and (R)-methyl 2-
ethoxycarbonylamino-2-methyl-3,3,3-trifluoromethyl propionate (8b) were obtained: (R)-8b, yield 87.6 %. Ry
0.35 (hexane/ethyl acetate 4:1); [a]p2? + 1.4 (c 1.45, CHCl3); 'H NMR (CDCl3) § 537 (s, 1 H, NH), 4.13 (q,
2 H, =7 Hz, OCH,), 3.85 (s, 3 H, OCHj,), 1.80 (s, 3 H, CH;C), 1.25 (t, 3 H, J = 7 Hz, CH;3CH,0); IF
NMR (CDCl3) 8 —77.86; and (5)-8b, [a]p2? - 1.5 (c 1.2, CHCl3); Ry, IH and 19F NMR (CDCl;) are identical
to that of the enantiomer (+)-8b.

Removal of the solvent under reduced pressure from the aqueous layer gave 110 mg (54.2%) of (-)-9 as
a yellowish solid. If the reaction was allowed to remain at 80°C for 10 hrs. under hydrogen atmosphere 280 mg
(0.66 mmol) of (+)-7c¢ afforded 105 mg (76.0 %) of (~)-9 as the only product.

(S) and (R)-2-Methyl-3,3,3-trifluoroalanine methyl ester hydrochloride (9). (Procedure b): To a stirred
solution of 130 mg (0.43 mmol) of (+)-8¢ in 2.5 m! of dry acetonitrile was added 0.2 ml (1.40 mmol) of iodo-
trimethylsilane. The resulting solution immediately became whitish. After 10 min. 0.2 ml of methanol was added
to the reaction mixture, and stirring was continued 5 min. Then 0.5 ml of aqueous 2 N HCI was added and the
resulting solution stirred for 5 min. The aqueous layer was washed with diethyl ether and the solvent
evaporated at reduced pressure affording an orange solid, that was washed with diethyl ether. 75 mg (83.3%)
of (+)-9 was obtained as a pale yellow solid: (R)-9, [a]p2® + 2.6 (¢ 0.72, H,0); m.p. 84-86°C (water); H
NMR (D,0) 6 3.93 (s, 3 H, OCHj), 1.80 (s, 3 H, CH;C); 19F NMR (CDCl;) 5 -74.88; 13C NMR (All dec.)
(D20) & 168.01 (s, COO), 124.90 (q, Jc.r = 283.1 Hz, CF3), 64.22 (q, Jor = 31.2 Hz, CCFy), 57.57 (s,
OCHj;), 18.88 (s, CCHy); EV/MS (70 eV): m/e (%) 112 (100, M* — COOCH3;), 92 (13, M* - COOCHj; ~ HF),
69 (3, CF3*); and (5)-9, [a]p2® — 2.1 (c 0.83, H,0); 1H and 19F NMR (D,0) are identical to that of the
enantiomer (+)-9.

(S)- and (R)-2-Methyl-3, 3, 3-trifluoroalanine hydrochloride (10). General procedure. An HCI 6N/glacial
acetic acid 6:1 mixture (3.5 ml) was added to 95 mg (0.46 mmol) of (+)-9 and the resulting mixture stirred and
heated to 100°C for 8 hrs. The solvent was evaporated at reduced pressure affording 75 mg (88.6 %) of the
amino acid hydrochloride (+)-10 as a yellowish solid: (R)-10, [a]p2® + 11.4 (¢ 1.04, H,0); m.p. > 220°C; 1H
NMR (D,0) 6 1.76 (s, 3 H, CH3); 19F NMR (D,0) § -74.70; 13C NMR (All dec.) (D,0) & 170.29 (s,
COOH), 125.91 (q, Jc.F = 281 Hz, CF3), 64.74 (q, Jc.F = 28 Hz, CCF3), 19.22 (s, CH;3); EI/MS (70 eV): m/e
(%) 158 (1, M* + 1), 142 (4, M+ — CH3), 112 (100, M* — COOH), 96 (7, M* — COOH — NH,), 92 (25, M* -
COOH - HF), 88 (7, M* - CF3), 69 (10, CF3%); and (5)-10, {a]p20? — 10.50 (c 0.58, H,0); m.p. > 220°C; 1H,
13C and 19F NMR (D,0) are identical to that of the enantiomer (+)-10.
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(S) and (R)-2-Methyl-3, 3, 3-trifluoroalanine (1). General procedure. The hydrochloride (+)-10 (65 mg,
0.34 mmol) was dissolved in 2 ml of water and chromatographed on 2.5 g of ion-exchange acidic resin
DOWEX S0W-X2 (H' form), eluting first with water until pH was about 5 and then with 7.5 % aqueous
ammonia. Solvent removal at reduced pressure (65°C) from the collected ammonia fractions, afforded 45 mg
(84.2 %) of the free aminoacid (+)-1 as a white powder, that was readily sublimated by moderate heating under
high vacuum: (R)-1, [a]p2® + 15.8 (¢ 0.57, Hy0) (lit. + 13.233, ¢ not reported, Hy0); m.p. > 230°C (lit.
252°C)’3; 1H NMR (D,0) 5 1.55 (s, 3 H, CHs); 1F NMR (D,0) 6 -75.85; 13C NMR (All dec.) (D,0) &
174.67 (s, COOH), 127.48 (q, Jc.p = 281 Hz, CF3), 64.14 (q, Jop = 27 Hz, CCF3), 20.93 (s, CH3). Found C,
29.71; H, 4.17; N, 9.37. C4F3HgNO, requires C, 30.58; H, 3.85; N, 8.92; and (S)-1, [a]p20 — 13.9 (c 0.54,
H,0) (lit. — 13.232, ¢ not reported, Hy0); m.p. > 230°C, (lit. 252°C)33; 1H, 13C and 19F NMR (D,0) are
identical to that of the enantiomer (+)-1.

N-Ethoxycarbonyl-2-methyl-3, 3, 3-trifluoroalanine (11b). An HC| 6N/glacial acetic acid 6:1 mixture (3.5
ml) was added to 40 mg (0.17 mmol) of (-)-8b and the resulting mixture stirred and heated to 100°C for 10
hrs. The solvent was evaporated at reduced pressure affording 28 mg (74.3 %) of the N-ethoxycarbonyl-
aminoacid (11b) as a yellowish solid: 1H NMR (D,0) (CDCl3) 5 4.18-4.04 (m, 2 H, OCH,), 1.63 (s, 3 H,
OCH,), 1.22 (g, 3 H, J = 6.5 Hz, OCH,CH;); 19F NMR (D,0) & — 74.45.
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