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Absbad: (+)-CR)- and (_l-(s)-3,3,3-~~~uomi/luom_2_mcrhyl_alonine (I) were syntheeized firn (+)-@methyr-ptolyi- 

svlphoxide (5) and N-olkoqwrbonylimino deriwtives 4 of methyl 3,3,3+luom~ate (3). The absolute 

confisurotion woe determinedby X-ray ona@es of two synthetic intermediates (2S.R$-6a and (2R,RJdc. 

Introduction 

Fluorinated aminoacids have great practical application in &rifling the physiological role of specific 

enzymes and, therefore, a number of tluorosubstituted a-aminoacids are under intensive study. None of the 

d&rent strategies applied to the synthesis of 5uorinated a- ammoacids seems to have general applicabiity and 

this is particularly true for the synthesis of chiral and optically pure a-fluoroalkyl aminoacidst. 

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 tluorosubstituted acetic 

acid esters were used. On the basis of previous results the retrosynthetic scheme shown below was thought to 

be of wide applicability to obtain chiral a-fluoroallq4 aminoacids. 

The lithium anion of an optically active sulphoxide as synthon for the desired ammo acid side chain adds 

to a fluorinated precursor bearing the potential ammo group, the protected carboxylic group and the 5uoroalkyl 

residue. The intermediate leads to the a-fluoroalkyl-a-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-alarm& 

(1) from m~~l-3,3,3-t~uorop~vate (3) through its ~-~o~~ny~~no derivatives (4) and (+)-(&- 

methyl--tolyl-sulphoxide (5). 

Results and discussion 

The key intermediates 6 were obtained as shown on Scheme 2. Phospha-Xbzenes (2a-d) were 

synthesixed following procedures described in literature Qa. Methyl 3,3,3-~uo~p~va~ (3) was chosen as 

a-t~uororn~~l amino acid synthon after aza-Wittig reaction6 with compounds Za-d in benzene to give the 

trithroro-N-alkoxycarbonylimino derivatives 4a-d3i. 
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Scheme 2 

Reagents and Conditions: i) C&j; ii) (+) or (-)-methyl-ptolyl sulphoxide (5), LDA, THP, -6OOC; 

iii) 4, THF, -70°C. 

Substrates 4a-d were treated in situ with the Iiium derivative of (+) or {-~rn~y~~to~ sulphoxide 5’, 

after separation of the insoluble unreacted starting phospha-h%zenes 2 and triphenylphosphine oxide with 

boiling pentane. 

The reaction took place with reasonable yields but with very low diastereoselectiona: single 

diastereoisomers of adducts 6a-c were obtained in optically pure form by easy chromatographic separation. 

From a synthetic point of view, 6c showed to be the most convenient ~~~i~e, leading to the target 

molecule 1 in three steps and in 55.3 *A overall yield. 

As shown on Scheme 3, deoxygenating of the sulphoxides 6b and 6c by treatment with sodium iodide and 

trifluoroacetic anhydride at -20°C in acetone9 afforded the corresponding optically pure thio derivatives 7h and 

7c in nearly quantitative yields. Starting from the benzylderivative 7e, an exhaustive treatment with Raney- 

nickel under hydrogen atmosphere lead to stylus devotion and ~droge~ly~s of the N- 

benzyloxycarbonyi moiety. The volatile Z-tritIuoromethyI-alanine methyl esterlo 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 1OO’C 

afforded the optically pure hydrochloride 10. Ion exchange chromatography of the hydrochloride derivative 10 

on strongly acidic resin DOWEX SOW afforded the unprotected, optically pure 2-~uorom~yl-~~e I. 

Through the described procedure, both (II)- and (a-1 were obtained. 
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It can be noted that the treatment of 8c, isolated after partial action of Raney-nickel on 7c, with 

trimethylsilyl iodide in acetonitrile allowed the total conversion to the methyl ester derivative 9, whilst the 

treatment of 8b with hydrochlori&cetic acid mixture gave the N-ethoxycarbonyl derivative Il. 

sdtetne 3 11 ” 

Reagents and Conditions: i) (CF3CO)20, NaI, CH3COCH3, -20°C; ii) Ni-Raney, CH3CH2OH 

80°C, 6 h.; iii) Ni-Raney, CH$H2OH, 80°C, 2 h. or (CH&SiI, CH3CN; iv) 6N HCl\CH&OOH 

lOOT, 10 h.; v) DOWRX SOW-X2. 

StructuraI as8ignmenta 

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 

(2S and 2R, respectively) and with the appropriate atomic lsbelling. 

Fig. 1 ORTEP drawing of (2.Y&)-6a. Fig. 2 ORTEP drawing of (2R&)-tk 

The two observed structures differ 6om each other for the opposite configuration at C(2), for the 

different substitution pattern at C(7) and for the quite Werent conformation of the amidoesteric and the 

sulphoxide moieties of the molecules. More in detaii while the value of the torsion angle C(1 I)-S-C(l)-C(2) 

found in 6r (-173.0”(2)) is close to tram pianar as in other sulfoxide compound12, in 6c it is SubstMtially 

distorted (-148.0”(2)). Similar considerations apply to bond angles C(2)-C(l>S which measure respectively 



2012 P. BRAVO er al. 

109.7“(2) in 6r and 116.6“(2) in 6c. 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 isovahne 

derivativeL3. This interaction should be rather weak as it involves a S-membered ring and it implies significant 

distortions of bond sngles N-C(2)-C(3) (105.8O(2) for 6s vs 110.1’(2) for 6c) and C(2)-N-C(6) (126.4’(2) for 

6a vs 119.2O(2) for 6~). While in the packing of 6a no short distances are observed, in the case of 6c 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, -l/2+2) should be 

noted. 

Table 1. Close contacts involving H atoms. 

. D_B . . . . A B . . . . A B . . . . A D_B . . . . A B-3) . . . . A Asymme&ic 
(A) (A) @w (deg) mitofA 

6a N-I-M+*.02 2.620 2.153 109.2 so.9 same 

6c N-HlN-***Ol 3.039 2.030 176.4 2.4 I/2-x, 2-y. l/2+2 

Cl-HIB=*Fl 3.27 2.318 165.9 10.5 I/2-x, t-y, -1/2+2 

The key intermediates 9 and 10 and the final product 1 were fidly characterized by ‘H, 13C, and 19F NMR 

(see Experimental) and, in all examined cases, 1H and B’F NMR spectra were in complete accordance with the 

proposed structures. Comparison of the Av values of the two diastereotopic protons Hs and HL, in 6a and 6c 

(Figure 3) showed higber values for 2s epimers (160 and 165 for 6a and 6c, respectively) and lower ones for 2R 

epimers (135 and 137.5 for 6a and 6c, respectively). I4 

Figure 3 

Conclusion: the synthesis of optically pure a-trifluoromethyl-alanine using the sulphinylic moiety as stereo 

controlling element has been accomplished. Though the disstereoselection 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 

Q-I, 19~ and 13C NMR spectra were recorded on a Bruker CXP 300 or a Bruker AC 25OL spectrometer. 

Chemical shifts (8) are reported in ppm of the applied field. Me4Si was used as internai standard (S, and 8~ = 

0.00) for LH and 1% nuclei, while C6F6 was used as internal standard (S, = -162.90) for ?F nuclei. coupling 

constants (J) are repotted in hertz (Hz). Anhydrous solvents were obtained by distillation from sodium (dietbyl 

ether, tetrahydrofuran, benzene). Diisopropylamine was distilled from calcium hydride. In all other cases 
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(2R,R$- and (2S,R&kfet&l 2-rnet~~bo~~~i~3-[(4-rnet~~~~~~~~l]-2-~~u~~et~i 

propionate (6~): a 1.02I1.00 mixture (HPLC ratio, hexanekthyl acetate 3:2) of two diastereoisomers was 

obtained. Column chromatography (hexanekthyl acetate 7:3) gave (2R, R&(6@ in 19.3%, (Zrs, R&6a in 

21.3% (40.6% from 2a) and 52 % of unreacted (+)-5; (2S,R@a, & 0.40 (hexanekthyl acetate 7:3); found C, 

45.87; H, 4.49; N, 3.74. CJ3HJ&NO$ requires C, 45.78; H, 4.39; N, 3.81; and (2R,R&Sa: IQ 0.30 

(hexanekthyl acetate 7:3); t, 12.08 mm (3 :2 hexanekthyl acetate, 1 .O ml/min). 

(Z&R& and (2R,R&Methyl 2-et~~~bonyrcunino-3-[(4-methylphen 

propionute (66): a 1.00/l. 14 mixture @JPLC ratio, hexanekhyi acetate 3/2) of two diastereoisomers was 

obtained from distilled 4b. Column chromatography (hexanckthyl acetate 7:3) gave 27.9 % of (2S, R,+6b, 

30.0 % of (2R, RS)-6b and 40.0 % of unmatted (+)-5: (2S,RS)-6b, Rf 0.40 (hexanekthyl acetate 7:3); t, 8.73 

min (hexanekthyl acetate 3:2, 1.0 ml/mm); and (2R,R,$-6b, lQ 0.30 (hexanekthyl acetate 7:3); t, 5.77 min 

(hexanekthyl acetate 3 :2, 1 .O ml/mm). 

(2S,Rs)- and (2R,R$-Met&l be~l~~~y~~ino-3-[(4-methylphen 

propionute (SC). 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, hexanekthyl acetate 3:2) of two 

diaatereoisomers was obtained. Column chromatography (hexanekthyl acetate 3: 1) gave 28.1% of (2S, R&6c, 

27.2% of (2R, R&k (55.3 % from 2c) and 41.4 % of unreacted (+)-5: (2S,R&6c, IQ 0.40 (hexanekhyl 

acetate 3: 1); DC NMB (All dec.) (CDCl3) 6 165.45 (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 (8, 

Ar), 123.44 (9, Jc_F = 290 Hz, CF3), 67.55 (s, OCHzPh), 63.25 (4, Jc_P = 32 Hz, c-CF3), 57.11 (s, CHzS), 

54.70 (s, ~H$OC), 21.47 (s, CH3Ph); EVMS (70 ev): m/e (%) 443 (1, l@), 335 (46, M+- PhCH20H), 304 

(8, M+ - ptolSO), 246 (3, M+ - ptolSOH - COOCH3), 139 (100, ptolSO+), 91 (58, C,H,+). tr 5.47 

(hexanekthyl acetate 3:2, 1.0 mkin); and (2R,R&6c, R.rO.35 (hexanekthyl acetate 3: 1); t, 6.37 (hexanekthyl 

acetate 3: 1, 1 .O ml/mm); found C, 54.17; H, 4.52; N, 3.15. CzoF3HzoNO$ requires C, 54.17; H, 4.55; N, 3.16. 

(Z’S2’RS’S2Ss,+ and (1 ‘S,2’R,YS,2&S&Methyl t-~‘-Methyl-2’-(i-methyr-efhyl)] 

~c~ohe~lo~~~~iamino-3-~(4-methylp~~~~~~nylJ-2-~~~uoromethyI propionate (ad). A 1.0011.24 

mixture (HPLC ratio, hexanekthyl acetate 3 :2) of two diastereoisomers was obtained. Column chromatography 

(hexanekhyl acetate 3 : 1) afforded 38.1% (from 2d) of the sulphoxides (1 ‘S, 2’R S’S, 2S, Ss)-6d and (l’s, 2’R 

S’S, 2R, S$6d and 48.5% of unreacted (+)-5. A complete separation of the two diastereomers by silica gel 

chromatography wasn’t possible: (l’S,2’R,S’S,2R,S,=$-6d, RrO.40 (hexane/ethyl acetate 3:l); found C, 56.67; I-I, 

7.00; N, 3.06. t, 3.95 (hexanekthyl acetate 3:2, 1.0 ml/mm); C23F3H32N0$ requires C, 56.20; H, 6.56; N, 

2.85; and (I’S,2’R,S’S,2S&k6d, Rr 0.37 (hexanekthyl acetate 3:l); t, 4.18 (hexanekthyl acetate 3:2, 1.0 

ml/mm). 

(I’S,2’R5’S,2S,Rs)- and (I’S,~‘R.~‘S.~R,R,)-M~~&J~ 2-15 ‘-Methyl-2 ‘-(l-methyl- 

et~~J~l~~io~~bonylamino-3-~(4-met~ipheny~~~~~iJ-2-~~~~oromethy~ ptwpionate (6&). A 

1.00/1.05 mixture @PLC ratio, hexanekthyl acetate 7:3) of two diastereoisomers was obtained. Cohunn 

chromatography (hexanekthyl acetate 3:1) afforded 38.9 % (Tom 2d) of the sulphoxides (I ‘S,2’R,YS,2S,R~)- 

6d’ and (1’S,2’R,5’S,2R,R&6di and 51.4 % of unreacted (+)-5. A complete separation of the two 

diastereomers by silica gel chromatography wasn’t possible: (1 ‘S,2’R,S’S,2S,R&6d’, l$ 0.40 (hexanekthyl 

acetate 3:l); t, 4.73 (hexanekthyl acetate 7:3, 1.0 ml/mm); and (l’S,2’R,S’S,2R,R&6d’, Rf 0.37 (hexsnekthyl 

acetate 3:l); t, 5.38 (hexanekthyl acetate 7:3, 1.0 ml/mitt). 
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X-ray analyses of(ZS,R+a ad (2RRs)-6c. X-ray difliaction data for both structures were collected on 

a Philips PWllOO corner, with graphite mon~~ornat~ Cu-Ka radiation (& = 1.5418 A). Ceil 

constants were obtained by least squares refinement on 28 values of 24 reflections with 29 > 40°. Two octauts 

(+h,+k,+l)-(-h,-k-1) of intensity data were collected by 9128 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 Lorentx and polarization eBhcts but no absorption correction was applied. Both 

structures were soived by dii methods using SIR92 16 and refined by fitif matrix least squares with 

SHELXL93t7, establishing u~bi~ous~y the respective absolute configuration reSning Flack’s x parameter’*. 

Non-hydrogen atoms were r&ed with anisotropic temperature factors. The amide hydrogen both in 6a or in 

6c, was located by diierence-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 aiiphatic hydrogens. 

Crystal data for (2$R&6a: C,4Ht&NO$, Ew. 367.34, o~~rhorn~c, space group P 212121, 

a=l7.342(7)& b = 16.683(2)& c = 5.8~10)~ V = 1678.0(8)~3,2 = 4, DC= 1.454 Mg/m3, P = 2.247 mrn- 

l, F(OO0) = 760, crystal dimensions 0.15 x 0.15 x 1.1 mm, 2239 unique reflections in the range 4O < 9 < 58O, 

final R1=0.0303, final wR2=0.0903, Hack x parameter = -0.03(2). 

Crystal data for (~R,R,+~c: C&I2sP3NO5S, Ew. 443.43, orthorhombiq space group P 212121, 

a=1 1.034(3)& b = 20.217(6)& G = 9.024(3)& V = 2013.0(1 1)A3. Z = 4, DC = 1.463 Mg/m3, p = 1.981 mm- 

I, F(O~) = 920, crystal dimensions 0.2 x 0.2 x 0.7 mm, 2536 unique reflections in the range 4O < 9 < SY, 

final Rl = 0.0319, final wR2 = 0.0900, Hack x parameter = 0.01(2). 

Deorygenating reaction. General procedure.Trifluoroacetic anhydride (6.85 mmol) was added to a 

stirred, cooled (-2O’C) mixture of sulphoxide 6c (1.37 mmol) and sodium iodide (4.11 mmol) in acetone (9 

ml). 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 auhydrous sodium sulfate. Removal of the solvent gave a 

residue, which, upon flash chromatography gave the enantiomerically pure sulphide 7 as a yellowish oil: 

(2S)-met&i 2-et~~~~o~~tn~3-~~4-met~l~~~~~e~l~-2~~~~~~o~t~yl proptonute (7b), 

yield 52.8 %; Rr 0.35 (hex~~~hyl acetate 85:lS); [a] r>20 + 90.3 (c 0.61, CHQ), ‘H NMR (CDCQ 6 7.33 

(d, 2 H, J = 8.0 Hz, Ar), 7.08 (d, 2 H, J = 8 Hz, Ar), 5.98 (s, 1 H, NH), 4.45 (m, 1 H, 0HCaCH3), 4.05-3.88 

(m, I H, 0HCHCH3), 3.75 (ABq, 2 H, JAe = 12 Hz, Av = 115 Hz, SCH2), 3.54 (s, 3 H, 0CH3), 2.33 (s, 3 H, 

Arc&), 1.23 (t, 3 H, J = 7 Hz, C&CHzO); 1$ NMR (CDCl3) 6 -74.83; and (2R>7b, yield 63.6 %; [aID 

- 94.2 (C 0.80, CHC13); Rr, ‘H and r9F NMR (CDC13) are identical to that of the enantiomer (+)-7b. 

~~ogous~, (2~)~et~~ 2-~~~~~~~if~l 

mutate (7~) WBS obtained: yield 97.7 %; Rf0.35 ~ex~~ethyl acetate 9:l); [a&$* + 85.5 (c 0.66, CHC13), 

‘HNMR(CDCi3)67.42-7.3O(m, 7H Ar),7.09(d,2H, J=S.OHx,Ar), 6.11 (s, 1 H,NH), 4.94(ABq, 2H 

J m = 12.2 Hz, Av = 230 Hz,, 0CH2), 4.02 (ABq, 2 H, J AB=llHz, Av=230Hx,SCH2),3.55(s,3H, 

OCJQ, 2.30 (s, 3 H, Arc&); 1q NMR (CDCI3) 6 -74.78; and (2I?b7c, yield 92.6 %. [a]$0 - 83.2 (c 0.54, 

CHCl& Rf tH and 1% NMR (CDCl$ are identical to that of the enantiomer (+)-7~. 

(Sj and (i+Mefhyl 2-~~~~bo~l~f~2meenzyrorvccabonvlmnino_rmefhyl-3,3,3- propionafe (8~) and (s) 

and 0_2-Methyl3,3,3-~~~uoroalanine methyl ester &bochlori& (91. (Pracedure a): To a solution of 0.41 g 
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Q and (R)-2-k4ethy1-3,3,3-trifluoroalanine (1). General procedure. The hydrochloride (+)-lo (65 mg, 

0.34 mmol) was dissolved in 2 ml of water and chromatographed on 2.5 g of ion-exchange acidic resin 

DOWEX SOW-X2 (I-I+ form), eluting tirst 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 gee aminoacid (+)-1 as a white powder, that was readily sublimated by moderate heating under 

high vacuum: (R)-1, [a]D20 + 15.8 (c 0.57, H20) (lit. + 13.23a, c not reported, H20); m.p. > 230°C (lit_ 

252”C)3a; ‘H NMR (D20) 6 1.55 (s, 3 II, CH3); 1% NMR (D20) 6 -75.85; ‘SC NMR (All dec.) (D20) 6 

174.67 (s, GOOH), 127.48 (q, JC_F = 281 HZ, cF3), 64.14 (q, JC_P = 27 Hz, QZF3), 20.93 (s, CH3). Found C, 

29.71; I-I, 4.17; N, 9.37. C,tF$-&NO2 requires C, 30.58; I-I, 3.85; N, 8.92; and Q-1. [a],,20 - 13.9 (c 0.54, 

H20) (lit. - 13.23a, c not reported, HzO); m.p. > 230°C, (ht. 252“C)3a; lH, 13C and 1% NMR (D20) are 

identical to that of the enantiomer (+)-1. 

N-Ethoxycarbonyl-2-ntethyl-3,3,3-trtfi’uoroalanine (IZb). An HCI 6IQlacial 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-ethoxycsrbonyl- 

aminoacid (lib) as a yellowish solid: ‘H NMR (D20) (CDCb) 6 4.18-4.04 (m, 2 H, 0CH2), 1.63 (s, 3 I-I, 

0CH3), 1.22 (q, 3 I-I, J = 6.5 Hz, 0CH2C&); 1* NMR (D20) 6 - 74.45. 
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