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Abstract : N_Alkylaticm of (R)-(-)-2-smiaobutsn-l-ol l (a readily available teagent) with ~fluorolw@ 
chloride, followed by reaction with ciaaamoyl chloride, sfforded the cimammide @q-(+)6. Michael additioa 
of &kyl magaesium halides to the lattex gave the correspcmdiag adducts (R,R)-8a-e whose disstereomeric 
excesses were higher than 92% ss evidenced by 19~ NMR. Acidic hydrolysis of these adducts yielded the cm- 
respmdhg ~phenylslkmoic acids (R)-(-)-9~. 

In a recent paper, 1 we described the asymmetric Michael addition of organomagnesium reagents to 
the u, p-ethylenic amides obtained by reaction of cinnamoyl chloride with various N-alkyl derivatives of 
(R)-(-)-2-aminobutan-I-01 (R)-(-)-1. Acidic hydrolysis of the resulting Michael adducta yielded optically 
active lS-phenylalkanoic acids of type 9 (see scheme), and whose enantiomeric excesses (ee, %) most geneml- 
ly were in the range 72-100%. In each case, the ee was determined aa the ratio of the specific rotation we 
observed to that reported for the optically pure compound. When the optically active acid of type 9 was a 
new compound, we had no simple method in hand for determining its enantiomeric excess. In order to over- 
come this problem, we decided to synthesize &&yl &&namoyl derivatives of (R)-(-)-1, in which the &I- 
alkyl group contained fluorine. It was expected that the diastereomeric excesses (de, 96) of the Michael ad- 
ducts deriving from these c’ mnamamides could be determined by meana of l?F NMR. Indeed, 19F NMR 
spectrometty has attracted much interest as an analytical tool in asymmetric synthesis in the past few years. 
For instance, this technique has been used for the determination of the ee’s of chiil alcohols by examination 
of their esters deriving from a-methoxy a-trifluoromethyl phenylacetic acid (Masher acid).2-4 The ee of 
chiral a-fluoroacids was similarly determined by examination of their amides deriving from optically active 
u-methyl bcnzylamine.5 Thus, in the above cases, determination of the ee of the end product implied ita deri- 
vatization into a diastcreomeric mixture, which is obviously a funher chemical step. Whereas in our case, the 
ee’s of the end products 9 could be assumed to be equal to the de of the immediately preceding diastereome- 
tic intermediates. 

Treatment of the aminoalcohol (R)-(-)-16.7 with excess trifluoroacetic anhydride in ether and in the 
presence of anhydrous sodium carbonate, for 1 hr at -10°C and 2 hrs at 2O’C. afforded the crystalline trifluo- 
roacetatnide (R)-(+)-2.6 Reduction of the latter with excess lithium tetrahydroaluminate in tefluxing ether for 
10 hrs gave the liquid &(2,2,2-trifluotuethyl) base (R)-(+k6 On the other hand, treatment of bfluoro- 
benzyl chloride with an approximately fourfold molar amount of the aminoalcohol (R)-(-)-1 at 9O’C for 2 hrs 
yielded the crystalline &-alkyl base (R)-(-)-4.6 The c’ muamamides (R)-(+)-56 and (R)-(+)& were next pre- 
pared in high yields by N-acylation of (R)-(-)3 and @)-(-)a, respectively, by means of cinnamoyl chloride 
in a biphasic mixture of methylene dichloride and aqueous sodium carbonate solution for 3 hts at room tem- 
perature. 
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(R)-(-)-1 R, = H 
(R)-(+)-2 RI = CFsCO 
(R)-(-)-3 RI = CFQiz 
(R)-(-)d RI = n-Fc&&cI-& 

PhCH=CHCOCI: + @-O-3,4 ---) (R)-(+)-5 RI = CF3CH2 
(R)-(+)-6 Rt = Q-FC&.&H2 

(R)-(+)-5 7ae 

Ph 

_R 
a Et 
b n-Bu 
C fi-csH11 

d n-W13 
e n-W-b7 

Scheme 

The Michael add&s 7ae and &thre were obtained by reaction of the c’ mnnamamides (R)-(+)-5 and 
(R)-(+)6, respectively, &ith a sixfold molar excess of the cormsponding n-alkylmagnesium reagent in ether 
at O’C for 4 hrs (see Scheme). In some cases, the amount of the Grignard reagent used was reduced to a 
threefold molar excess 4ithout any decrease in the yield of the msulting Michael adduct. The adducts 7,8ae 
were isolated in yields 
using 

nylalkanoic acids (-)-We were next obtained by acidic hydrolysis (6N 
corresponding amides 7ae and 8ae. Since all the Michael addi- 

m and since the known acids (-)-9a,b have the abolute (R) configu- 
r three acids 9ce also have the (R) configuration. 
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Michael adducta’l, &ae Resultin acids 9a-e 

R Yield [alI, de Yield @jI, Lit. lag, ee 

(96) a) b1 (%I c) (%)d) ohs. e) fRef.1 i%) 

Et 7a 62 -32 94 9a 62 -42.8 -49.96 (8) 85.6 
g-Bu 7b 70 -23.1 86 9b 42 -30 +3?.05 (8) 81 
II-C5Hll 7c 50 -23.7 88 !k 63 -30 
t.@&H13 7d 70 -20,l 87 9d 30 -27.8 
hC8H17 7e 73 -19 88 9e 60 -28.2 

Et (la 60 -3.81 92.2 !&a 74 -45 -49.96 (8) 90 
n_Bu 8b 70 -2 94.4 9b 61 -38 +37.05 (8) 100 
8-C$HlI 8e 68 -1 95 9c 76 -30.5 
&-C&H13 8d 77 +1.3 97 9d 60 -26.45 
&+H17 & 79 +1 96 !k 60 -21.5 

a) Yield after chromatogmphy. b) Taken in PhB as a solvent. c) The de’s wem determined by means of lgF 
NMR_ d) Yield after distillation. e) Specific rotations wem taken at 22°C in PhB, at 589 nm for 9a,cs and 
578 nm for 9b. 

Table I .-Enaatioselective syntheses of $-phenylalkanoic acids 9a-e. 

The 19F NMR spectra9 of the ckmmamidea (R)-(+)-5 and (R)-(+)-6 both com&sed two unequal signals 
@a= L9ppmforJandA6@ 1.2 ppm’for 6) which were due to the ptesence in solution of trpo amide 
conformers (s-Z and s-E) for each compound. The I9F NMR ape&a of the Michael adducts 7a.e and Stte 
each revealed the presence of four signals, two big ones corresponding to both amide couformem of the mom 
abundant (R,R) diiemomer, and two small ones co~nd~g to the minor (S,R) diastereomer, each small 
sigtta& being Ioeated very close to a big one. The dktereomeric ratios of a given adduct had the same value 
for each pair of couformets. As a matter of example, the 1% NMR data of some adducts are d&played in 

Table 2. The de’ s (%b) of the Michael adducts 7a-e and &a-e are given in Table 1. 

In principle, the de of each adduct should be equal to the ee of the correspondm8 flnaf ~phenyiallcanoic 
acid 9a-e. The ee af each known acid (->-9a.b was determiued as the ratio of the specifk rotation we observed 
to that reported for the optically pure compound. It can be seen from Table 1 that the ee of each acid 9a,b 
was in reasonably good agreemeut with the de value of the eortesponding Michael adducts 7a, b and 8s. b. 

All Gtignard reagents added to the C&UWW&S (R)-(+)5 and tR)-W-6 in a hi8hly di~~l~ti~e man- 
ner. Thus, the de’s of the Michael adducta deriving from the E-(2,2,2-trifhtoroethyl) cimmmamt ‘de5werem 
the range 8694%. Even better results wem obtained with the &-(2-fhtorobenxyl) &mama&de 6 which led to 
adducts having de’s higher thau 92%. 
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Adduct 

7e 

Scppm)’ 

-70.60 
-70.50 
-68.35 
-67.84 

Relative abundance (%) 
Diasteteomem Conformers A and B 

(R,R) 93.6 (A) 60 
(S,R) 6.4 (A) 60 
(S,R) 6.6 (B) 40 
(R,R) 93.4 (B) 40 

8b -121.00 (S,R) 2.8 (A) 36 
-120.03 (R,R) 97.2 (A) 36 
-118.69 (S.R) 2.8 (B) 64 
-1lk.56 (RR) 97.2 (B) 64 

SC -12O.10 (S,R) 2.7 (A) 36 
-120.04 (RR) 97.3 (A) 36 
-118.72 (S,R) 2.7 (B) 64 
-118.59 (RR) 97.3 (B) 64 

Table 2.- f* NMR data of the Michael adducts 7e and 8b,e. 

Conclusion 
From the above results and by compsrison with those we desctibed earliet,l it appears that the u-(2-fbto- 

robenzyl) base (R)-(-)Qiis a promising chirality transfer vector for the asymmetric Michael addition of Gti- 
gnard reagents to the c nding c@-ethylenic amides. Although it contains only one asymmetric centm, 
the chirality transfer can help creating a new asymmetric centre in a bigldy enantioselective man- 
ner. other important a ges ate that the compound 4 is rather cheap and readily available in both enan- 
tiomeric forms, and s allows for the straightforward determination of the optical purity of the target 
products by means of MR spectrometry. We ate currently investigating the scope of such Michael addi- 
tions using the base (R)l(-)4 and various types of a,@-ethylenic acids and nucleophiles. 
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