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Abstract.- a-Amino-a-trifluoromethyl-phenylacetonitrile, P~C(CP~)(CN)N?I~, 2, in which the amino group is 
located on a crowded, chi$ quaternary carbon center, ha8 been studied as a potential reagent for the % NMR 
determination of enantiomenc purity of chii acids by conversion to their corresponding diasmc amides. 
The differences in the 1% NMR chemical shifts (AS) of the RJUS,S versus R,SIS,R diastereomeric amides @a-j) 
prepared from amine 2 and ten chiral acids range up to 0.266 ppm. Right of the ten examples have ~6 in excess 
of the useful minimum of 0.02 ppm. These values are not notably superior to tho8e of other known reagents. 

Introduction.- The determination of enantiomeric purity by NMR of diastereomeric derivatives has been 

mviewed23. a-Methoxy-a-nifluoromethyl-phenylacetic acid @TIPA, PhC(OCH~)(CF#XOHJ~~4 is a widely 

used chit-al derivatizing agent for alcohols and amines by conversion to the diastemomert ‘c ester8 and amides. 

Camphauic acidsa and the i8ocyanate of MTPA 5l~ have also been used for this purpose. In such es 

1cF NMR has inherent advantages over 1H NMR for determination of enantiomeric purity by virtue of the 

generally larger chemical shift differences of I* resonances and the uncongested nature of the fluorine spectra 

No generally accepted reagent such as MTPA is recognized for the equivalent determination of enantiomeric 

purity of chiral acids.%e. Methyl mandeh&b has been used for this purpose but ha8 not been widely adopted. 

Amides containing fluorine, prepared from PhCH(CF#IH#c (9). PhC(OCH~)(CF#X$II-I2~b (10) and 

PhCHF(CH2)NH2M (ll), have been studied recently for this purpose. These diastereomers also may be 

analyzed using separation by gas and liquid chmmatographic methods 7-g. 

We have undertaken a study of yet another trifluoromethyl-containing amine, a-amino-a-trifluoromethyl- 

phenylacetonitrile (2) which is a potential reagent for the determination of enantiomeric purity of chiral acids by 

conversion to diastereomeric amides. Thus amine 2 might 8erve the same role for acids that MTPA has served 

for alcohols and amines.. The rationale for this choice is that the highly crowded, chiral, quaternary carbon 

center, substituted with four very different groups, might lead to enhanced separations of 19~ resonance signals. 

In addition, the quatemary chiral center would not be susceptible to racemization. A possible disadvantage 

might be that the highly hindered, less basic, amine would not form amides readily. 

The classical Strecker synthesis for preparation of this amine from phenyl trifluotomethyl ketone, as shown 

in r 2, failed under a variety of conditions; the cyanohydrin 3 and unreacted starting phenyl trifluoromethyl 

ketone, 1. were isolated in reactions at -10 to 200; only unidentified products were detected at higher 

temperatures (60-88). The modification9 using the bisulfite addition product of 1 was likewise unsuccessful. 
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However, the synthesis of 2 was accomplished in good yield by the addition of hydrogen cyanide to ketimine 

6, which in turn was made by the reaction of phenyl Grignard reagent with triflu omacetonillik5. wewere 

awaIe of the stability of the tlifluaumethyl ketim&s from ourplior study’0 on the action of phulyl alxi t-butyl 

Grigluud reagents with 5. Recent Ruasiau studksl’-1s on trifluoromethyl keth&e derivatives have iucluded 

the synthesis of 614-16. An alternate synthesisll of 6 via an aza Wittig reacrim of aiphenyiphosphine imine 7 

p205 PhMgBr 
F HcN F2 

m3ym2 
-c”3Y - “Tia3 - PhCT3)CN 

1 

R*COCl 

- Ph-CO-CF3 + Ph3P=NH R*CONH-C(CN)(CF3)Ph 

1 7 8a-i 

with ketone 1 gave a much poorer yield than the Grignard method. Hydrogen cyanide addition to 

hexafluomaa%meketimine~~servedasprecedcntforthereaction 6+2. 

. 
m- Tabk 1 S~OIEI&Z sthc14:NMRspecnaofamides&-jpnparedfromamine2audthetcn 

diffclmt cllidacidsQhawn. uscfdchcmical~~~ (A8gmltcrtban0.~p)lue~iuthc 

fluarinensonancesforcightdthetcn diastereomaicpaiTstested(colurmI6,Tabk1). Inonlythteeofthese 

ten exampks waethe dk3temome& EEpMnchemical shift differences suffkkntIy diffetentiated to permit 

accurate integration; rtamly, 8r, 9-CH3 and lO-ckf, A8 = O.Q7 ppm; 8b, OCH3, and a-I% ti = 0.05 ppm; 

sg, t-butyl, A8 = 0.08 ppm. Akhough the orptsrn chemical shift di&rencus are compkmentluy to those of 

fluorine. dre*9Fspectra~~inmaptcaeesforthcdemminationof~~cpurity”becausedthe 

generally Iarger A& values for 1% versus &L Two examples (Tabk 1. & & a) contain CF3 groups in both 

theamineandacid moictitJofthe~The68vplueforthe~cc1;7sigpralsintheaoniaemaiety 

of 8e was 0.023 ppm and that for 8h was 0.168 ppm, whik for the CF3 011 the acid mokty these values were 

0. I40 and oJ7g ppm respe&&y. 

from amicks of a-tzifh~~methyl-benzykmin& [PhCH(CF3)NH2,9, Tabk 1, coInmn 7]; however, the A8 

values are of the same magnitude as those reporttd for the amides of @methoxy-p-oitluoromethyl-B-phenyl- 

ethytaminedaJ’ [PhC(QCH3)(CF3)CH2NH2, IO, column s] and B-fluoro-e-phenylethylamine 

(PhCHFC!H$‘GQ, ffa* cohuna 9). These limited data show that the A8 vties are as huge or perhaps 
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Table 1: 1% NMR Chemical Shifts of Diasmmomeric Amides %_I of c&mino-a-trifiuommethyl- 

phenylacetonitrile 2, and Three Amino-fluorine-containing Compounds, 9,lO. 11. 

8b PhCH(OMe)CO cw+) 
8c PhCH(OCOMe)CC (RI-G) 
8d PhCH(QH5)CO WG1 
8e PhCH(CP3)COd CM+) 

8f [7-methoxy-2-naph- 

thyll-wMe)co 
Sg PhCH&Bu)COd 

8h ~(OMe)(C’fr$CC 

Si (I-menthoxy)-CHZCO 

Sj C2H$JH(Me)CH2CC 

9 C2I-WWWO 

10 PhCH(Me)CO 

11 PhCH(CHMe2)CO 

W_(+) 

CM+) 
(R)-t-1 
W-(+I 

w-t-1 

(s)-(+I 

0.534 0.302 

0.166 -O.looc 

0.024 -0.045e 

0.021 0.021 

0.846 0.823 

8.883e 8.71 le 

0.117 0.063 

0.267 0.124 

0.174 0.006 

7.053e 6.9 13e 

0.213 0.278 

0.229 0.229 

0.232 

0.266 

0.069 
__ 0 - 

0.023 

0.172e 

0.053 

0.143 

0.168 

0.148c 

0.065 

-0 ___ 

0.050 

0.070 

0.088 

0.087 

0.092 

0.089 

0.161 

0.599 

0.428 

__ 0 __ 0.56 

0.113 

0.041 

0.198 

0.100 

__ 0 __ 

0.054 0.10 

0.254 0.17 

a) SA refers to the lPP chemical shift of one of the diastereomers and 8~ to the Other, since racemic2was 

used, the specific diastereomer cannot be designated 17.18. Spectra taken on Varian XL-400 MHx FT 

instrument at 376.3 Hz in CJXl3 solvent. Resonance reported in ppm relative to TPA. b) ASAg refers to 

the difference in the l% NMR signals for diastcreomcrs A snd B: i.e., A6 = (8~ - 8~). with the designation 

of diastereomcr A arbitrarily assigned to the low field signal. In S, R*CO is (-)-camphanoyl and in 8t R*CO 

is menthoxyacetyl. c) The negative sign designates a signal upfield from TPA. d) Taken in deuteroacetone 

solvent. e) Resonance for the CP3 group from the acid moiety. 



544 M. KCICIS and H. S. MOSHER 

larger when there is a single fluorine (11, column 9) rather than a CF3 group substituted on the chiral a-carbon 

center17. Based on 19; NMR alone, amine 2 is still a potential reagent which could be developed for the 

determination of enantiomeric composition of chiral acids. However, this requims amine 2 in enantiomerically 

pure form, an objective which has not yet been accomplished. Attempts to resolve amine 2 by crystallization of 

diastereomeric salts were unsuccessful since 2 proved to be such a weak base, by virtue of the suongly electron 

withdrawing CN and CF3 groups, that it did not form crystallizable, stable salts even with camphor-lo- 

sulfonic acid or 3-bromocamphor-8-sulfonic acid. The hydrochloride salt of 2 was prepared in anhydrous ether 

but it lost HCl on attempted isolation. 

Amine 2 was hydrolyzed by sulfuric acid to amide 12 or by hydrochloric acid to give the amino acid 13. 

Either 12 or 13 (or their derivatives) would be candidates for resolution; however, practical reconversion of 

either 12 or 13 to 2 seems problematic. Since amide derivatives of 2 did not have significantly larger 1% A8 

values than those described for j3-methoxy-~-trifluoromethyl-~phenyl-ethylamine~, 10, which has aheady 

been resolved and whose absolute configuration is established, and also considering the likely difficulties in 

obtaining enantiomerically pure 2 in practical amounts, we have not pursued this aspect of the problem further. 

In addition to these derivatives, the reaction of thiophenol and methanol with ketlmine 6 gave adducts 

14, and 16. The reaction of N,N-Dimethylhydrazine with ketone 1 gave adduct 15. 

The value of expanded high field 1H NMR analysis of MTPA derivatives for configurdonal 

determinations (in contrast to the determination of enantiomuic purity) has recently been demonstrated 193 20. 

Experimental.- Fluorine NMRs were determined on a Varian XL-400 MHz FT instrument at 376.3 Hertz 

in CDC13 solvent. Phenyl trifluoromethyl ketone was used as internal standard with l9F resonance set at 4.312 

ppm (determined relative to trifluoroacetic acid at 0.00 ppm). Trifluoroacetic acid (TFA) was not used as a 

direct internal standam because it had a variable effect on the chemical shifts of the substrates depending upon 

its concentration4h. Proton NMR were determined on a Varian Gemini FT 200 MHz instrument in CDC13 

solvent with chemical shifts reported in ppm relative to internal TM.3 at 0.00. Infrared spectra were recorded on 

a Perkin Elmer 1600 series FTIR instrument. Melting points were taken on an aluminum microscope hot stage 

with samples between thin cover glasses. 
. . 

Flhenvl.nifluoromethv1.- Trifluoroacetamide (4, 20 g) was dehydrated10*14 with 905 to give 

trifluoroacetonitrile gas,21 5, which was introduced (without isolation) directly into a phenylmagnesium 

bromide ether solution. After refluxing 1 h, standard work-up gave 6 (21 g, 69% overall yield from 4, bp 52- 

560,13 torr; 1H NMR: 8 10.69 and 10.78 (2s, lH, syn and anti NH), 7.18-8.01 (m, SH phenyl); lgF NMR: 6 

6.111 (s, CF3); IR: cm-l 3300 (NH); 1636 (= NH); 1151 (CF3). Ketimine 6 was also prepared but in 

unsatisfactory yield by the aza-Wittig reaction. ~11 1 + 7-6. Triphenylphosphine imine 7 was generated from 

its hydrosulfate (1.9 g. 5 mmole) by mixing with a suspension of NaGCH3 (0.54 g, 10 mmole) in benzene (25 

mL). To this solution was added 1 (0.87 g, 5 mmole). After 12 h at 200, the mixture was worked up to give 6 

(138 mg, 16% yield) with the same properties as those obtained for the product from the Grignard procedure. 
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-salt: Addition of 2 to a cooled, saturated ethereal solution of HCl resulted in the slow formation 

of crystals which melted at 47-490 immediately atIer isolation; on standing at room mmpemmm. these lost HCl 

andrevertedtotheliquidfmeamine. 7 Treatmeutof2witbacetyl chlorideinpyridineat 

O-200 gave crystals (95% yield) which were recrystallized from ether, mp 174-1750; 1H NMR: 6 7.45-7.61 

(m, 5H. Ph), 6.57 (broad s, lH, NH), 2.14 (s. 3H, CH3); Anal. calcd for CllH9F3Ng: C, 54.55; H, 3.75; 

N, 11.57. Found: C. 54.79; H, 3.58; N, 11.79. 
. . 

N-s : Treatment of 2 with benzoyl chloride 

as above gave crystals, mp 128-1290; lH NMR: 6 7.45-7.88 (m, 10 H, 2 Ph). 6.86 (broad s, 1H. NH). 

a-Aminoa--, 2.- To ketimine 6 (6.92 g, 0.04 mole) at On was added liquid 

HCN22 (Caution!, 1.20 g, 0.044 mole) followed by 2 drops of triethylamine. After 10 h at 100, distillation 

gave 2,7.30 g, 855, bp 490.0.06 torr, as a colorless oil which solidified, mp 27-280; 1H NMR: 6 7.42- 

7.79 (m, 5H. Ph), 2.40 (broad s, W, NH2); 1% NMR: 6 2.91 (s, CF3); IR (neat) cm-t: 3398, 3332, 1620 

(NH$, 2220 (weak CN). Anal. calcd for CgH7F3N2: C, 54.00, H, 3.53; N, 14.00. Found: C, 54.25; 

H, 3.35; N, 13.9. 

General uroc&ue for w 8a-j, mhanic a&~pid& 2.- The acids for the preparation 

of the amides were co mmercially available (Aldrich Chem. Co.) with the exceptions of those for making 8e4c, 

Se, Sj4f. To dry pyridine (1.0 g in CQ, 1.2 mL) was added in the following order at cu 200: acid chloride 

(0.55 mmole) and aminonitrile 2 (0.5 mmole, 100 mg). The mixture was then heated at 55-600 for 24 h, ether 

(25 mL) was added and the reaction worked up by successive extractions with cokl3% HCl(3 X 15 mL), cold 

saturated K2CG3 (2 X 15 mL), and cold saturated NaCl(3 X 15 mL). The ether extracts were dried (MgSO4), 

decolorized (Norit A), filtered and evaporated to give the amides reported in Table 1 in crude yields of 60 to 

90%. Several of the amides on cooling gave a crystalline mixture of diastereomers; i.e., SC (mp 39410). Sd 

(mp. 62-800). 8f (mp 157-1580); the camphanyl amide 8a was recrystallized (hexane); mp 125-1260; Anal. 

calcd for C&I19F~Nfl3: C, 60.00, H. 5.04, N, 7.35. Found: C, 60.21; H, 5.03; N, 7.27. 

g A o-a-trifluoromethvl-phenvlacetan&, 12.- Aminonitrile 2 (0.5Og) was dissolved in HzSG4 (98%, - min 

4.0 mL) and 5 drops of water added. After 15 h at 200, the mixture was poured into 50 mL, of ice water and the 

amide (12) obtained by neutralization, extraction, washing and drying: (0.47 g, 865, mp 44-450); 1H NMR: 

6 7.36 -7.69 (111, 5H. Ph), 6.80 and 6.27 (2 broad s, diastereomeric NH). 2.33 ppm (broad s, 2H, NH2); 19F 

NMR: 6 1.848 (s, CF3). Anal. calcd for C9H9 F3N2O: C, 49.55; H, 4.16; N, 12.84. Found: C, 49.51; H, 

4.00; NJ2.85. 

a-Amino-a-trifluoromethvl-ohenvlacetic acid, 13.- Aminonitrile 2 (250 mg) was refhuted with 30% HCl 

(2.5 mL) for 12 h. The mixture was poured into ice water, extracted with ether, and the water layer neutralized 

at 8 with pyridine. The solii which formed was separated washed with water and recrystalhzed from ethanol- 

water to give amino acid 14 (222 mg, 81% yield); sublimes 250-2600, lH NMR (CD3OD): 6 7.41-7.75 (m, 5 

H, Ph), 4.90 (broad s. 3H, NH3+). 

a-Phenvlthio-a-trifluoromethvl--,14.- Ketimine 6 (0.87 g). thiophenol(0.55 g) and txiethylamine 

(0.51 g) were mixed with cooling. After warming to 200 and standing for 8 h, volatiles were removed under 

vacuum and the residue solidified, mp 52-590; 1H NMR: 6 7.15-7.84 (m. 10 H. Ph), 2.05 (broad s. 2H, 

NH2); 19NMR: 6 0.834 ppm (s, CF3). 

N.N-Dimethvlhvdrazone of uhenvl uifluoromethvl ketone, 15.- N,N-Dimethylhydrazine (0.31g) was added to 

ketone l(0.87 g) at 00 and then heated at 600 over night. Standard work-up and distillation gave hydrazone 15; 
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bp 58-60”. 10 ton; 0.95 g (88%); lH NMRz 8 7.35-8.11 (m, SH, Ph), 2.53 & 2.47 (2 s, 6H, 2 CH3). 

a- Ql6.- Kcdmiuc6 (259mg) wasaddedtoabsohucmethmol(3mL) _ - 

fohowedbyuiethyhuuiuc(3dmps). Afm24hat6CP,thamedmolauduiethylamiuewmevauuumcvqmmui 

leaving crude 16 (302 tug) as a colorless oil; 1H NMR: 8 7.38-7.76 (m, 5H, Ph). 3.20 (s, 3H, OC!H3), 2.26 

(broad, W, NH2) ; l% NMR: 6 -7.293 ppm (s. CF3); Anal. Calal for CgH1@W3: Cl, 52.68, H, 4.91; N, 

6.83. Found: C, 52.56; H, 4.60; N. 5.98. 

Adcnowl~g~ta.- We thank Dr. Lois Durham for her guidance and assistance in tb 19~ NMR 

detemlinations. 
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