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Abstract : 15 Chini rids were eataified with optiwlly pm (Rb(+)-2-(rriflumm&yoromechyl)bgzhydrd (RX+)-1, a nmiily 
avxihblemgemt.Wilh mpect tothecmboxypup, thestemqeaic cmtreisin tk3~pmitionintbccm3eoftbshda 
So-lOa md1211-16amd inthe apition in the- of the acids17e20n. llm diurtasomaicex-ofthe 

There are relatively few methods for the NMR determination of enantiomeric excess (ae., 96) of chiral 

carboxylic acids.1 The ce. of such acids can be. determined by 1~ NMR studies of the corresponding 

diastcreomeric amidesl-3 or esters.1 There are reports of the use of amines, such as (IR, 2R)-l&liamino- 

1,22_diphenylethane4~~ as chiml solvating agents for the analysis of cuboxylic acids. Chiral carboxylates can be 

analyzed by 1H NMR exam%ion of their adducts formed with an achiral praseodymium complex.6 It must be 

emphasized that in most cases, the rrtersogenic centi of the. carhoxylic acid is in the a position with respect to 

the carboxy pup. The e.e. of such acids can be also determined by examination of the 1~ NMR spectra of 

their methyl es&s nm in the presence of the CM shift reagent Eu(hfc)3. In our hands, this method failed in the 

case of fl-substituted alkanoic acids, presumably because the fl stereogenic centre is too far from the carboxy 

group. However, we eventually found that the e.e.‘s of these acids could be de&mined with a fair accurq 

from the l9F NMR spectra of their esters duiving from (R)-(+)-2-(frifluoromethyl)benzhydrol (R)-(+)-1 . We 

describe here the results we have obtained. 

Preparation of (R)-(+)-2-(trifluorometbyI)benzbydrol (R)-(+)-1 

Equimolecular amounts of (R)-(-)-2-aminobutan-14 (R)-(-)-27 and a,a’dichlorommlQxylene in 

toluene were refluxed for 3h, followed by the addition of a twofold molar amount of Na2C03. After refluxing 

for a further IS h, the tertiary base (R)-(-)-37 was isolated and purified by sublimation. In the next step, 2- 

(hifluoromethyl)phenylmagnesium bromide was prepared from commercial I-bromo-2-trifluoromethyl benzene 

in refluxing ether and reacted with benzaldehyde. thus leading to the benzhydrol (k)-17 in high yields. 

Oxidation of the latter with Jones’ reagent at 0°C readily afforded the crystalline benzophaone 4.7 The 

asymmetric reduction of the kc-tone 4 was next carried out as follows. To a molar, e&real solution of LiAlIQ 

(6.0 mmol),* a s&&n of the alcohol (R)-(-)-3 (15 mmol) in dry etha (40 mL) wasadded with &ring unda 

argonfbr 1 hatmomtemperature. AAer stirring for a lintha 30 min, the mixhne was cooled to -15T and a 

solution of the benzophmone 4 (5.0 mmol) in dry etha (6 mL) was added dropwise in 1 h 15 min. After 

stirring for a another 30 min. the mixture was hydrolyzed with aqueous lN NaOH (5 mL). The resulting 
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buuhydrol (+)-1 7 was isolated and purified by mokcular distillation (see scheme). The 1H NMR spectrum 

of (+)-1 nm in the presence of Eu(hfc)g (0.5 molar equ.) revealed that (+)A was ~tiome&alIy pure. The 

absolute configuration of (+)-I was determined using Horeau’s method9 Thus, a sample of (+)-1 was totally 

esterified using a twofold molar amount of rxemic 2-phalylbutyric anhydlide in dry pylidine. (S)-(+)-2- 

Phenylbutyric acid, [a]D +5.7 (c 2, Phh4e), ae. = 6%, was isolated from the aqueous phase after hydrolytic 

work-up. -fore the alcohol (+)-1 has the (R) configuration. 
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Scheme 

Synthesis and 1% NMR t d’ s u KS of esters deriving from (R)-(+)-1 and various cbiral acids 

The optically active acids Sa-10a were obtained by asymme&ic synthesis as &s&bed earlier. lo ‘l%e 

optically active acids 1 Za-Ma were similarly obtained by Michael addition of the Grignard reagent RhQX to 

the chiral crotonamide (R)-(+)-1 1, followed by acidic hydrolysis.11 The half-esters (R)-(+)-17a and 
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(S)-( -)-18 a were obtained by resolution of their racemates. 12 The acids (S)-(-)-1 9a13 and (S)-(-)-20a14 were 

obtained by reaction of the corresponding arylisocyanate with ethyl (S)-(-)-lactate, followed by alkaline 

hydrolysis at -1CPC. The aforwmentioncd acids Sa-1Oa and 1 la-20a wee each esterified with equimolecular 

quantities of the alcohol (R)-(+)-I by means of dicyclohexyl carbodiimide in the presence of catalytic amounts 

of p-(dimethylamino) mdine in methylene chloride for 24 h at room tempemhne. The resulting oily esters 

5blOb and 12b-20b, respectively, were purified by column chromatography over silica gel using 

cyclohexancktha b 9: 1) for the elution. 

R 

Et 

n-Bu 

i-R 

n-C5H ii 

n-W13 

n-C8H 17 
Et 

n-C6Hi3 

Acids (a) Esters (b) 

Abs. [aID obs. Lit. lalD e.e. (96) Yield (%) [aID obs. d.e. (4%) 

conf. a) a) b) c) d) e) 
Sa (R) -45 -49.96l6 90 5b 60 +9.5 87.5 

6a (R) -38 +37.0516 100 6b 65 +12.2 89.6 

7a (R) -34.4 -40.517 85 (77)f 7b 78 +6.4 72.5 

8a (R)? -30.52 8b 42 +12 88 

9a (R)? -26.45 9b 50 +15.7 89 

:“,; I;;? -21.5 lob 79.4 + 10.7 88.4 
-7.83 -8.15 12b 78 +16.3 87.8 

13a (R) +7.57 :$)16 + (n&l6 13b 63 18.47 91.8 

Ph 14a (S) +51 +57.2316 89.1 14b 76 +34.12 90.8 

p-MeOCgH4 15a (S) +31.5 + 36.5 86.3 15b 75 +33.32 91.2 
(M&H) 

p-MeC6H4 16a (S) +57.69 WW18 88.75 16b 72 +35.37 93.5 

17a (R) +29.2 
FJl9 

(h&+)“’ z 
17b 67.5 +9.4 ~9814 

(MeOH) 
18a (S) -26.9 

(J.$)l2 

18b 62 -14.1 90.2 
(MeW 

19a (S) -12 

; 

19b 66 -13.1 ~98 
WW 

20a (S) -20 WY?‘3 
(h4&)14 

20b 74.5 -32.3 91.6 
(MeOH) 

a) Taken in PhH as a solvent unless othewise stated. b) Determined as the ratio of the observed [a]D to that 

reported for the optically pure compound. c) Yield afk chromatography. d) Taken in EtOH as a solvent. 

e) Determined from the integration of the 19P NMR signals of both diastemomeric &crs.l5 f) The value in 

bmckets corresponds to the de. of an amide precursor of 7a. 11 

Table. Diastereomeric excesses of esters of (R)-(+)-2-(trifluoromethyl) benzhydrol (R)-(+)-1 driving t?om 

various chiral acids. 

The proton decoupled 19F NMR spectra (376.5 MHz) of these 15 esters were next run in CDCl3 using 

CFC13 as a standard. In most cases, the 1% NMR spectra of these estes revealed the pnsence of two signals 

of unequal areas amrspon ding to each enantioma of the acyl moiety.15 The diasweomeric excesses (da, X) 

of the esters were determined from the integration of the 14; NMR signals (see Table). 
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Conclusion 

Assuming that both enantiomers, coexisting in a given chiral acid, can be es&&xl with an optically 

pure alcohol at the same rate or in the same yield, then the d.e. of the -ding ester should be equal to 

the ee. of the starting acid It can be seen from the Table that the e.e. of each known acid !!a and 15a-208 was 

in very good agreement (within 3%) with thed.e. value of the corresponding esters Sb and 14b-20b deriving 

from (R)-(+)-2-(trifluoromethyl)benzhydrol (R)-(+)-1. Since the latter can be readily synthesized in optically 

pure form and on a multi-gram scale, we believe that it should arouse inbxest as a tool for the determination of 

the e.e.‘s of chiral acids by means of *9F NMR specb-ometry. 
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