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High-performance liquid chromatographic separation of enantiomers 
on (l/7,3/?)-trans-chrysanthemic acid and its amide derivatives bonded 
to silica gel 
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-ken 665 (Japan) 
(Received December 13th, 1982) 

(lR,3R)-trans-Chrysanthemic acid is an important optically active constituent 
of various insecticidal pyrethroids. In our study of the direct separation of optical 
isomers by gas chromatography’, we found that N-(lR,3R)-trans-chrysanthemoyl- 
laurylamine, which contains an asymmetric carbon atom attached to the carbon atom 
of the amide group, showed enantioselectivity for chiral amide compounds. We also 
found that N-(lR,3R)-truns-chrysanthemoyl-(R)-l-~~-naphthyl)ethylamine,which 
contains two asymmetric carbon atoms attached to both nitrogen and carbon atoms 
of the amide group, showed better enantioselectivity2. 

As it is well known that the chiral recognition mechanism is essentially same 
in gas and liquid chromatography, these results suggested that some derivatives of 
optically active chrysanthemic acid would be effective as chiral stationary phases in 
liquid chromatography and led us to this work. 

In this study we prepared three novel chiral stationary phases (I, II and III), 
consisting of (lR,3A)-trans-chrysanthemic acid and its amide derivatives chemically 
bonded to y-aminopropyl silanized silica, and the high-performanc liquid chroma- 
tographic separation of various enantiomers on these phases was examined. 

EXPERIMENTAL 

Preparation of chiral stationary phases 
Phase I. (lR,3R)-trans-Chrysanthemic acid chloride (3 g, 16 mmol) was 

coupled with 2.5 g of LiChrosorb NH, (10 pm) (E. Merck, Darmstadt, G.F.R.) by 
swirling gently in 30 ml of dry tetrahydrofuran (THF) in the presence of 2 g of 
triethylamine at room temperature for 5 h and then at 50°C for 3 h. 

After cooling, the modified silica I was collected by filtration and washed ex- 
haustively with THF, methanol, and diethyl ether and dried under vacuum. Phase 
I contained 0.72 mmol of (lR,3R)-trans-chrysanthemic acid/g of support (based on 
C), 0.86 mmol/g (based on N). 

Phase II. To a solution of 10 g of D-phenylglycine (66 mmol) in a mixture of 
33 ml of 2 N sodium hydroxide solution and 20 ml of diethyl ether, 15 g of 
(lR,3R)-trans-chrysanthemic acid chloride (80 mmol) and 40 ml of 2 N sodium hy- 
droxide solution were added very slowly with vigorous swirling at 0°C. 
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NOTES 

(1) 

,CH3 
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St-KZH$3--NH-C-CH-NH-C-CH-CH 3 

‘C’ 

CL ‘CH 3 3 

(II) 

(III ) 

After the addition was completed, swirling was continued for 2 h at room 
temperature and the solution was washed with two 50-ml portions of diethyl ether. 
The aqueous phase was acidified with 6 N hydrochloric acid extracted with ethyl 
acetate. The extracts were washed with water and dried over anhydrous sodium sul- 
phate and ethylacetate was removed under vacuum to afford 15 g of colourless crys- 
talline N-( 1 R,3R)-trans-chrysanthemoyl-D-phenylglycine. (m.p. 7MO”C). Analysis: 
calculated for C1sHz3N03, C 71.74, H 7.70, N 4.65%; found, C 71.58, H 7.65, N 
4.58%. 

To a solution of 12 g of N-(l&3&!)-trans-chrysanthemoyl-D-phenylglycine (40 
mmol) and 4.6 g of N-hydroxysuccinimide (40 mmol) in 100 ml of dry THF, 8.3 g 
of dicyclohexylcarbodiimide (40 mmol) in 20 ml of dry THF were added dropwise 
with vigorous swirling at 0°C. Swirling was continued for 2 h at 0°C and for 3 h at 
room temperature, then the solution was filtered and the solvent removed under 
vacuum. 

The residue was dissolved in 150 ml of ethyl acetate. This solution was washed 
with water and dried over anhydrous sodium sulphate. 

The solvent was then removed under reduced pressure to give the colourless 
crystalline N-hydroxysuccinimide ester of N-( 1 R,3R)-trans-chrysanthemoyl-D- 
phenylglycine. (m.p. SO--85OC). Analysis: calculated for CzzHz6Nz05, C 66.32, H 6.58, 
N 7.03%; found, C 66.53, H 6.31, N 6.99%. 

To a slurry of 2.5 g of LiChrosorb NH2 (10 ,um) in 30 ml of dry THF, 6 g of 
the N-hydroxysuccinimide ester of N-( 1 R,3R)-trans-chrysanthemoyl-D-phenylgly- 
tine (15 mmol) were added, and the mixture was stirred gently for 5 h at room 
temperature, and for 5 h at 50°C. 

After cooling, the modified silica II was collected by filtration and washed 
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exhaustively with THF, methanol, and diethyl ether and dried under reduced pres- 
sure. Phase II contained 0.56 mmol of N-(lR,3R)-trans-chrysanthemoyl-~-phenyl- 
glycine/g of support (based on C), 0.62 mmol/g (based on N). 

Phase III. N-( lR,3R)-trans-Chrysanthemoyl-L-valine was synthesized as for 
phase II but using L-valine instead of D-phenylglycine, and was colourless and crys- 
talline (m.p. 113-l 16°C). Analysis: calculated for C5HZ4N03, C 67.62, H 9.10, N 
5.26%; found, C 67.33, H 9.46; N 5.19%. 

To a slurry of 2.5 g of LiChrosorb NH2 (10 pm) in 30 ml of THF, 4 g of 
L-valine (15 mmol) were added and the mixture was stirred gently overnight at room 
temperature. 

The modified silica III was collected by filtration and washed exhaustively with 
THF, methanol, and diethyl ether and dried under reduced pressure. Phase III con- 
tained 0.52 mmol of N-(lR,3R)-tvuns-chrysanthemoyl-L-valine/g of support (based 
on C), 0.48 mmol/g (based on N). 

Liquid chromatography 
The experiments were carried out with a Shimadzu LC-3A high-performance 

liquid chromatograph equipped with a UVD-2 ultraviolet detector (254 nm). Steel 
columns (250 x 4 mm I.D.) were slurry packed using conventional techniques. 

n-Hexaneisopropanol and n-hexaneel,2-dichloroethaneethanol mixtures 
were used as mobile phases. A flow-rate of 1.0 ml/min was typically used at room 
temperature. Various derivatized compounds as solutes were prepared by employing 
analytical-reagent grade chemicals. Some compounds were synthesized in our lab- 
oratories. 

(S) 
(R) 

I t I I 

0 5 10 15 
min 

Fig. 1. Chromatographic separation of the enantiomers of racemic 1-isopropyl-(4-chlorophenyl)acetic acid 
3,5_dinitroanilide on chiral stationary phase I. Chromatographic conditions as in Table I. 
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0 5 10 min 0 5 IO 15 min 

Fig. 2. Chromatographic separation of the enantiomers of racemic N-3,5-dinitrobenzoyl-2-octylamine on 
chiral stationary phase II. Chromatographic conditions as in Table I. 

Fig. 3. Chromatographic separation of the enantiomers of racemic N-3,5-dinitrobenzoylvaline methyl ester 
on chiral stationary phase III. Chromatographic conditions as in Table I. 

RESULTS AND DISCUSSION 

The chromatographic results are summarized in Table I. It was found that 
phase I, with contains only one asymmetric carbon atom attached to the carbon 
atom of the amide group, had little enantioselectivity for amine or amino acid de- 
rivatives, but carboxylic acid enantiomers were separated to a considerable extent. 
An example of a chromatogram is shown in Fig. 1. 

Phases II and III, which contain two asymmetric carbon atoms attached to 
both carbon and nitrogen atoms of the amide group, showed better enantioselectivity 
than phase I. These phase can separate not only carboxylic acid enantiomers but also 
amine and amino acid enantiomers. Typical chromatograms are shown in Figs. 2 
and 3. 

It is especially emphasized that N-3,5-dinitrobenzoylderivatives of amino acids 
are separated with very high separation factors. For example, the separation factor 
was 4.0 for N-3,5-dinitrobenzoyl-Dr,-valine-n-butylamide on phase III. 

Although many alcohol enantiomers were not resolved with these phases di- 
rectly, complete separation of the enantiomers of the fungicide S-3308 [( A)-l-(2,4-di- 
chlorophenyl)-4,4-dimethyl-2-(1,2,Ctriazol- 1 -yl)- 1 -penten-3-011, which shows excel- 
lent activity against powdery mildews, etc., and the plant growth retardant S-07 
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1 I I 

1 5 10 mi 

Fig. 4. Chromatographic separation of the enantiomers of racemic I-(2,4-dichlorophenyl)-4,4-diiethyl- 
2-(1,2,4-triazole-l-yl)-I-penten-3-01 on chiral stationary phase II. Chromatographic conditions as in Table 
I. 

[( f )- 1-(4-chlorophenyl)-4,4-dimethyl-2-( 1,2,4-trizol-l-yl)- 1-penten-3-011 was accom- 
plished. A typical chromatogram of racemic S-3308 is shown in Fig. 4. 

In conclusion, the results show the (lR,3R)-trans-chrysanthemic acid deriva- 
tives are suitable for the separation of enantiomers and a second chiral constituent 
in optically active stationary phases can influence efficiently the chiral recognition in 
liquid chromatography as well as in gas chromatography. 
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