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ABSTRACT 
Enantiomer Resolution of α-Amino Acids and N-Protected  

α-Amino Acids on Chiral Stationary Phases by HPLC 
 

Jin, JingYu  

Advisor: Prof. Wonjae Lee, Ph.D. 

Department of Pharmacy 

Graduate School of Chosun University 

 

Liquid chromatographic comparisons for enantiomer resolution of α-amino acids and chiral 

primary amino compounds were made using chiral stationary phases (CSPs) prepared by 

covalently bonding (+)-(18-crown-6)-2,3,11,12-tetracarboxylic acid (18-C-6-TA) of the same 

chiral selector. The resolution of all α-amino acids on CSP 1 developed in our group was found 

to be better than that on CSP 2 reported by Machida et al. All α-amino acids examined in this 

study were well enantioseparated on CSP 1 (α = 1.22−2.47), while four analytes were not 

resolved or all the other analytes were poorly resolved on CSP 2 than on CSP 1. However, in 

resolving the primary amino compounds without a carbonyl group, CSP 1 was comparable 

with CSP 2. Although (+)-18-C-6-TA of the same chiral selector was used to prepare CSP 1 

and CSP 2, this study showed that different connecting methods for the CSPs might influence 

their ability to resolve the analytes depending on their structures related to the chiral 

recognition mechanism.  

Chiral stationary phases (CSPs), CSP 1 and CSP 1', with a reverse stereochemical 

configuration, were prepared by covalently bonding (+)-and (−)-18-C-6-TA to silica gel, 

respectively. These CSPs were used to resolve the enantiomers of α-amino acids and primary 

amino compounds, affording reasonable and quite similar resolution behaviors except for the 

elution orders. The elution orders of the two enantiomers for the resolution of α-amino acids 

and other primary amino compounds were always opposite on the two CSPs. The reverse 

elution orders on the two CSPs with the antipode of the chiral selector were demonstrated to be 

very useful in the determination of the enantiomeric purity of optically enriched analytes. 
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The liquid chromatographic enantiomer separation of several N-hydrazide derivatives of 2-

aryloxypropionic acids was performed on a crown ether type chiral stationary phase (CSP) 

derived from (18-C-6-TA). The behavior of chromatographic parameters by the change of 

mobile phases and additives for the resolution of these analytes was investigated. The 

enantiomers of all analytes were base-line resolved in the mobile phase of 100% methanol 

containing 20 mM H2SO4 as an acid additive. These results using the crown ether derived CSP 

are the first reported for enantiomer resolution of chiral acids of 2-aryloxypropionic acids as 

their N-hydrazide derivatives. 

Liquid chromatographic comparisons for enantiomer resolution of N-

fluorenylmethoxycarbonyl (FMOC) α-amino acids with fluorescence detection were made on 

covalently bonded type chiral stationary phases (CSPs) (Chiralpak IA and Chiralpak IB) and 

coated type CSPs (Chiralpak AD and Chiralcel OD) derived from polysaccharide derivatives 

of the same chiral selectors. This is the first study reported of enantiomer resolution with 

fluorescence detection on covalently bonded type CSPs, Chiralpak IA and Chiralpak IB. In 

general, covalently bonded type CSPs (Chiralpak IA and Chiralpak IB) showed lower 

enantioseparation than coated type CSPs (Chiralpak AD and Chiralcel OD) for enantiomer 

resolution of these analytes, respectively. Owing to higher sensitivity and broader solvent 

compatibility in fluorescence detection on Chiralpak IA and Chiralpak IB than in UV detection, 

however, this analytical method is expected to enlarge their application of enantiomer 

resolution, such as an online HPLC monitoring of asymmetric synthesis.  

The liquid chromatographic enantiomer separation of N-FMOC protected α-amino acids 

ethyl ester derivatives was performed on polysaccharide-derived chiral stationary phases, 

covalently bonded type chiralpak IA and coated type Chiralpak AD. Although Chiralpak IA 

showed slightly lower enantioselectivity than Chiralpak AD, most of N-FMOC α-amino acids 

ethyl esters enantiomers were base-line separated on Chiralpak IA and Chiralpak AD. Owing 

to the compatibility with a broad range of solvents and column safety of Chiralpak IA, it is 

expected to enlarge its new application of enantiomer separation. Especially, it is expected to 

be useful for preparative separations, because the halogenated solvent like chloroform or 

methylene chloride shows often better solubility than the other solvents.  

The liquid chromatographic enantiomer separation of N-phthaloyl (PHT) protected α-amino 
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acids on several coated and immobilized chiral stationary phases (CSPs) derived from 

polysaccharide derivatives was performed. The coated CSP of Chiralpak AD showed more or 

less enantioseparation than the covalently bonded CSP of Chiralpak IA with the same chiral 

selector of amylose tris(3,5-dimethylphenylcarbamate). However, the coated Chiralcel OD 

showed greater enantioseparation than the covalently bonded Chiralpak IB with the same 

chiral selector of cellulose tris(3,5-dimethylphenylcarbamate). Among all examined CSPs, 

Chiralcel OD afforded the greatest performance for enantiomer resolution of N-PHT α-amino 

acids and, therefore, all analytes enantiomers were base-line separated on Chiralcel OD. The 

chromatographic method developed in this study was usefully applied for determination of the 

enantiomeric purity of commercially available N-PHT α-amino acids analytes. 
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국문초록 

키랄고정상에서 HPLC를 이용한 α-아미노산 및  

N-protected α-아미노산유도체들의 광학분할 

 

김경옥 

지도교수: 이원재 

조선대학교 대학원 약학과 

 

액체크로마토그래피를 이용한 α-아미노산과 키랄 1차 아미노화합물의 

광학이성질체의 분리를 위하여 키랄선택자 (+)-(18-crown-6)-2,3,11,12-tetracarboxylic 

acid (18-C-6-TA)을 silica gel에 공유결합시킨 키랄고정상(CSPs)을 사용하였다. 연구 

결과 모든 α-아미노산은 키랄고정상(CSP 1)에서 Machida et al.등이 연구한 

키랄고정상(CSP 2)에서보다 분리결과가 더 좋은 것으로 나타났다. α-아미노산의 

광학이성질체는 α = 1.22−2.47로써 아주 이상적으로 분리되었다. 이와 반면에 

Machida et al.등이 연구한 α-아미노산의 분석물질 중 4개 분석물질은 분리가 되지 

않았고 기타 분석물질도 모두 CSP 1에서보다 분리결과가 낮음을 알 수 있다. 

그러나 카르보닐기 그룹이 없는 1차 아미노화합물은 CSP 1와 CSP 2에서 비슷한 

분리결과를 가져다 주었다. 두개의 키랄고정상은 동일한 (+)-18-C-6-TA 키랄 

선택자를 갖고 있지만 그들의 연결 방법의 다름에 따라 그들의 화학구조와 관련된 

키랄 인식 메커니즘이 다르며 따라서 광학이성질체 분리결과에도 영향을 줌을 알 

수 있다. 

키랄고정상 CSP 1 와 CSP 1'는 서로 반대의 입체화학 원자배열을 갖고 있으며 

각각 (+)-와 (−)-18-C-6-TA 키랄선택자를 silica gel에 공유결합시킨 것이다. α-

아미노산과 1차 아미노화합물의 광학이성질체는 키랄고정상 CSP 1와 CSP 1'에서 

분리 할 수 있으며 분리순서를 제외한 기타 광학이성질체 분리 효과는 유사하게 

나타났다. α-아미노산과 1차 아미노 화합물의 광학이성질체 분리 순서는 정반대로 
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나타나며 이 결과는 정확한 광학이성질체 순도를 필요로 하는 키랄물질의 분석에 

아주 유용하게 응용될 것이다.  

액체크로마토그래피를 이용한 2-아릴록시프로피온산의 N-히드라진 유도체들의 

광학이성질체 분리를 위하여 18-C-6-TA에서 유도된 크라운 에테르 타입의 

키랄고정상을 사용하였다. 이동상 및 이동상에 첨가한 물질을 변경시키면서 

크로마토그래피 변화를 관찰하였다. 모든 분석물질은 20 mM 황산을 포함한 100% 

메탄올에서 base-line을 유지하면서 완전히 분리 되었다. 본 연구는 최초로 2-

아릴록시프로피온산에 아미노기를 반응시켜 광학이성질체의 분리를 보고한 것이다. 

이 결과는 아미노기를 가지고 있지 않는 키랄 카르복실산 분석물질에서 

아미노기를 반응시켜 첨가함으로써 키랄고정상에서 이들의 광학이성질체 분리를 

할 수 있음을 보여주고 있다. 

액체크로마토그래피를 이용한 N-fluorenylmethoxycarbonyl (FMOC) α-아미노산의 

광학이성질체의 분리를 위하여 키랄고정상으로는 다당유도체에서 유도된 

공유결합타입의 키랄고정상(Chiralpak IA, Chiralpak IB)과 코팅타입의 키랄고정상 

(Chiralpak AD, Chiralcel OD)을 사용하였으며 형광검출기를 사용하여 연구하였다. 본 

연구는 최초로 공유결합의 키랄고정상에서 형광검출기를 사용하여 광학이성질체의 

분리를 보고한 것이다. 연구결과 공유결합의 키랄고정상(Chiralpak IA, Chiralpak 

IB)에서는 대응되는 코팅타입의 키랄고정상(Chiralpak AD, Chiralcel OD)에 비해 

광학이성질체 분리가 모두 낮아졌다. 형광검출기는 자외선검출기에 비해 감도가 

높으며, 또한 Chiralpak IA와 Chiralpak IB는 이동상을 광범위하게 사용할 수 있는 

장점을 갖고 있다. 본 연구의 분석방법은 비대칭 합성의 온라인 고속액체크로마토 

그래프 모니터링에 응용될 수 있는 바와 같이 광학이성질체의 분리를 위해 더 

광범위하게 응용될 것으로 기대된다. 

액체크로마토그래피를 이용한 N-FMOC α-아미노산 에틸에스터 유도체의 

광학이성질체 분리를 위하여 다당유도체에서 유도된 공유결합타입의 

키랄고정상(Chiralpak IA)과 코팅타입의 키랄고정상(Chiralpak AD)을 사용하여 

비교하였다. 일반적으로 공유결합의 키랄고정상인 Chiralpak IA에서 코팅타입의 
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키랄고정상인 Chiralpak AD에서보다 광학이성질체 분리가 낮은 것으로 나타났다. 

대부분의 N-FMOC α-아미노산 에틸에스터 유도체들은 Chiralpak IA와 Chiralpak 

AD에서 base-line을 유지하면서 분리되었다. Chiralpak IA는 공유결합의 

키랄고정상이므로 이동상을 광범위하게 사용할 수 있고 컬럼의 안정성으로 인하여 

광학이성질체의 분리에 더 광범위하게 응용될 것으로 기대된다. 특히 할로겐화 

용매, 예를 들어 클로로포름, 염화메틸렌등을 이동상 용매로 사용하는 경우에도 

광학분할을 할 수 있음을 보여주고 있다. 

액체크로마토그래피를 이용한 N-프탈릴 α-아미노산의 광학이성질체의 분리를 

위하여 다당유도체에서 유도된 키랄고정상을 사용하여 비교하였다. 일반적으로 

동일한 아밀로오스 tris(3,5-dimethylphenylcarbamate) 키랄 선택자를 갖고 있는 

코팅타입의 키랄고정상인 Chiralpak AD와 공유결합의 키랄고정상인 Chiralpak IA을 

비교하면 Chiralpak AD에서는 Chiralpak IA에서보다 광학이성질체 분리가 낮은 

것으로 나타났다. 그러나 동일한 셀루로오스 tris(3,5-dimethylphenylcarbamate) 키랄 

선택자를 갖고 있는 코팅타입의 키랄고정상인 Chiralcel OD에서는 코팅타입의 

키랄고정상인 Chiralpak IB에서보다 광학이성질체 분리가 크게 나타났다. 본 

연구에서 사용된 키랄고정상중에서 N-프탈릴 α-아미노산은 Chiralcel OD에서 

광학이성질체의 분리결과가 가장 이상적으로 나타났으며 또한 모든 분석물질은 

base-line을 유지하면서 분리 되었다. 본 연구에서 개발된 크로마토그래피 방법은 

상업적으로 쉽게 얻을 수 있는 N-프탈릴 α-아미노산의 광학이성질체의 순도 

검출을 위하여 매우 유용하게 적용될 수 있다.  
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ABSTRACT 
Liquid chromatographic comparisons for enantiomer resolution of α-amino acids and chiral 

primary amino compounds were made using chiral stationary phases (CSPs) prepared by 

covalently bonding (+)-(18-crown-6)-2,3,11,12-tetracarboxylic acid (18-C-6-TA) of the same 

chiral selector. The resolution of all α-amino acids on CSP 1 developed in our group was found 

to be better than that on CSP 2 reported by Machida et al. All α-amino acids examined in this 

study were well enantioseparated on CSP 1 (α = 1.22−2.47), while four analytes were not 

resolved or all the other analytes were poorly resolved on CSP 2 than on CSP 1. However, in 

resolving the primary amino compounds without a carbonyl group, CSP 1 was comparable 

with CSP 2. Although (+)-18-C-6-TA of the same chiral selector was used to prepare CSP 1 

and CSP 2, this study showed that different connecting methods for the CSPs might influence 

their ability to resolve the analytes depending on their structures related to the chiral 

recognition mechanism.  

 

Keywords: chiral stationary phases, enantiomer separation, 18-crown-6-tetracarboxylic acid 
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1.1. INTRODUCTION 

Chiral crown ethers, a class of synthetic host molecules, have aroused considerable interest 

since Cram and his co-workers reported the chiral discrimination studies of host-guest 

complexation.[1,2] Many studies using crown ethers as chiral selectors have been performed to 

resolve racemic α-amino acids and primary amines by liquid-liquid extraction and high-

performance liquid chromatography.[3,4] For the liquid chromatographic resolution of α-amino 

acids and the chiral primary amino compounds, a commercial Crownpak CR column based on 

the chiral crown ether has been developed and widely used.[5,6] Among the several chiral crown 

ether derivatives, (+)-(18-crown-6)-2,3,11,12-tetracarboxylic acid (18-C-6-TA) has been 

utilized in capillary electrophoresis to resolve the enantiomers of the α-amino acids and chiral 

primary amines (Fig. 1.1).[7-10] Subsequent studies on the application of the same chiral selector 

of (+)-18-C-6-TA in HPLC have been performed. In our group a chiral stationary phase (CSP 

1) prepared by covalently bonding (+)-18-C-6-TA to the aminopropyl silica gel was developed 

and applied to the chromatographic resolution of several racemic α-amino acids and primary 

amino compounds including the quinolone antibacterials by HPLC (Fig. 1.2).[11-16] Machida et 

al. also developed a covalently bonded CSP (CSP 2) derived from the same chiral selector of 

(+)-18-C-6-TA using different connecting methods (Fig. 1.1 and 1.2).[17,18] Recently, for the 

chiral recognition mechanism between (+)-18-C-6-TA as a chiral selector and an α-amino acid 

in the solution state detailed NMR studies were reported.[19] In this study we compare the 

chromatographic results of two CSPs prepared from (+)-18-C-6-TA of the same chiral selector 

using different connecting methods for resolution of the analytes depending on their structures 

related to the chiral recognition. 
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1.2. EXPERIMENTAL 

Chromatography was performed at room temperature using an HPLC Breeze system 

consisting of a Waters model 1525 binary pump, a Rheodyne model 7125 injector with a 20 μL 

loop, a dual absorbance detector (Waters 2487 detector). CSP 1 was prepared by bonding (+)-

18-C-6-TA to aminopropyl silica gel [Kromasil, EKA Chemicals, 100 , 5 μm; Micro analysis, 

found: C, 6.30%, N, 1.72%, calculated: 1.22 mmol/g (based on N)] via the previously reported 

method (Fig. 1.1).[12] The modified silica [Microanalysis, found: C, 9.30%, N, 1.32%, 

calculated: 0.30 mmol/g (based on C)] for CSP 1 was slurry packed into a 250 × 4.6 mm 

stainless steel column. HPLC-grade methanol was obtained from J.T. Baker. Water was 

purified using a milli-Q water purification system (Bedford, MA, USA). Sulfuric acid was 

obtained from Fluka Company (Switzerland). All chromatography samples were commercially 

available from Aldrich and Sigma. 
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1.3. RESULTS AND DISCUSSION 
Table 1.1 shows the comparative results of the enantiomer resolution of the α-amino acids 

on CSP 1 and CSP 2 derived from the (+)-18-C-6-TA of the same chiral selector. All the α-

amino acids used in this study were base-line resolved with good separation factors (α = 1.22-

2.47) on CSP 1. The observed enantioselectivities and resolution factors on CSP 1. were 

superior to those on CSP 2. In particular, the enantiomers of the four analytes (entry 3, 4, 7, 15) 

that failed to resolve on CSP 2 were separated on CSP 1 with reasonable separation factors (α 

= 1.22−1.64). [17] The elution orders were determined by injecting the pure enantiomer with a 

known configuration except for 1-naphthylglycine (entry 19). All the R-enantiomers of the α-

amino acids used in this study were selectively retained on the CSP 1 derived from (+)-18-C-6-

TA. Although the elution order of the 1-naphthylglycine enantiomers was not determined, it is 

expected that the R-enantiomer will be selectively retained on the CSP 1 using a similar chiral 

recognition mechanism between the chiral crown ether on CSP 1 and the 1-naphthylglycine 

analyte. It was reported that the R-enantiomers of α-amino acids eluted prior to the S-

enantiomers on Crownpak CR(+), the chiral crown ether type CSP.[5,6] Since the elution orders 

of the enantiomers of the α-amino acids on the Crownpak CR(+) were the opposite on CSP 1, 

it might be said that the CSP 1 derived from (+)-18-C-6-TA is equivalent to Crownpak CR(−) 

in terms of the elution order. Therefore, the elution orders mentioned by Machida et al. that 

(+)-18-C-6-TA derived CSP 2 is similar to Crownpak CR(+) was not correctly described.[17]  

Table 1.2 shows the comparative results of the enantiomeric resolution of the primary amino 

compounds on CSP 1 and CSP 2. In general, the enantioselectivities and resolution factors on 

CSP 1 are comparable to those on CSP 2 except for two analytes (entries 1 and 2) possessing a 

carbonyl group. The alanine-β-naphthylamide enantiomers were greater separated on CSP 1 

than on CSP 2 (entry 1). Also, the baclofen enantiomers were base-line separated on CSP 1, 

while they were not resolved on CSP 2 (entry 2). Compared to the other analytes, primaquine, 

which has an amino group in the remote δ position from the chiral center, showed fairly lower 

enantioseparation (entry 8). In general, the enantioselectivities and resolution factors for 

primary amino compounds lacking a carbonyl group were observed to be lower than those for 

α-amino acids on CSP 1. The typical chromatograms are shown in Fig. 1.3  
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As shown in Table 1.1 and Table 1.2, although (+)-18-C-6-TA of the same chiral selector 

was used to prepare CSP 1 and CSP 2, different connecting methods for these CSPs might 

influence their ability to resolve the analytes depending on their structures related to the chiral 

recognition mechanism. The structure of CSP 2 developed by Machida et al. was not clearly 

defined (Fig.1.2).[17] They reported that the bonding form of the chiral selector of (+)-18-C-6-

TA to the silica gel appears to be a monoamide and diamide linking. Complexation of the 

primary ammonium moiety formed by protonating the α-amino acids under acidic conditions 

inside the chiral cavity of the 18-crown-6 ring of the CSP is believed to be essential for the 

chiral recognition.[7] According to our previous study of α-amino acid in the presence of (+)-

18-C-6-TA as a chiral selector by NMR spectroscopy and molecular dynamics calculations, 

these tripod hydrogen bonding interactions were observed in not only the R-enantiomer/18-C-

6-TA complex but also in the S-enantiomer/18-C-6-TA complex during chiral recognition.[19] 

In addition to these hydrogen bonding interactions, we reported that another hydrogen bonding 

interaction between one carboxylic acid of 18-C-6-TA and the carbonyl oxygen of the R-amino 

acid was observed to be crucial for effective chiral discrimination.[19] Based on the NMR and 

molecular dynamics results, Fig. 1.4 shows a schematic representation of the chiral recognition 

between the CSP 1 derived from (+)-18-C-6-TA and the strongly eluted enantiomer of the R-

amino acid. However, the CSP 2 possessing a diamide tether may have a limitation for this 

type of hydrogen bonding, while CSP 1 is an axially chiral phase with a C2 symmetry structure, 

favorable for the chiral discrimination interaction of the hydrogen bonding.[20] Consequently, it 

is considered that the structural feature of CSP 2 might result in the inferior performance of 

CSP 2 in resolving α-amino acids, compared to CSP 1. On the other hand, such a hydrogen 

bonding interaction cannot be formed in primary amino compounds without a carbonyl group 

even on CSP 1. Therefore, it might be explained that the lower enantioselectivities for primary 

amino compounds without a carbonyl moiety than those for α-amino acids on CSP 1 are 

attributed to the absence of this hydrogen bonding. However, since alanine-β-naphthylamide 

and baclofen have a carbonyl group (entry 1 and 2) unlike the other primary amino compounds 

in Table1.2, it is considered that the greater enantioselectivities for these two analytes on CSP 

1 than on CSP 2 are due to the carbonyl group, an essential interaction site for hydrogen 

bonding with the carboxylic acid of CSP 1. 
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1.4. CONCLUSION 
Two covalently bonded CSP 1 and CSP 2 derived from (+)-18-C-6-TA using the same chiral 

selector, and prepared by different connecting methods were compared for their ability to 

resolve the α-amino acids and chiral primary amino compounds. CSP 1 showed a higher 

enantioselectivity for the resolution of all α-amino acids than CSP 2, while CSP 1 was 

comparable to CSP 2 in resolving primary amino compounds, lacking a carbonyl group. It is 

considered that the greater enantioselectivities of the amino acids on CSP 1 than on CSP 2 are 

due to the hydrogen bonding between one carboxylic acid of 18-C-6-TA and a carbonyl 

oxygen of amino acid, because CSP 2 with a diamide tether may limit this hydrogen bonding. 

In general, it is also considered that the lower enantioselectivities for the primary amino 

compounds without a carbonyl group on CSP 1 than those for α-amino acids are responsible 

for the absence of this hydrogen bonding. 
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Table1.1 Enantiomer resolution of the α-amino acids on CSP 1 and CSP 2 derived from (+)-18-

C-6-TA of the same chiral selector
Entry Analyte CSP 1 CSP 2a 

  α k′1 Rs Conf.b α k′1 Rs 

1 Alaning(Ala) 1.35 1.32 1.61 R 1.12 0.60 0.41 

2 Arginine(Arg) 1.73 0.70 1.77 R 1.48 0.58 1.30 

3 Asparagine(Asn) 1.22 1.04 1.26 R 1.00 0.34 − 

4 Aspartic acid(Asp) 1.31 1.04 1.14 R 1.00 0.44 − 

5 Histidine(His) 1.49 1.30 1.48 R 1.41 0.39 0.82 

6 Leucine(Leu) 1.67 0.41 1.88 R 1.32 0.63 0.89 

7 Isoleucine(Ile) 1.46 0.35 1.21 R 1.00 0.39 - 

8 Norleucine(Norleu) 1.50 0.60 1.72 R 1.34 0.74 0.92 

9 Norvaline(Norval) 1.48 0.65 1.69 R − − − 

10 Methionine(Met) 1.65 0.73 2.28 R 1.23 0.90 0.73 

11 Phenylglycine(PG) 2.47 1.43 6.98 R 1.91 1.87 2.68 

12 Phenylalanine(Phe) 1.75 0.51 2.20 R 1.53 1.22 1.61 

13 Tryptophan(Trp) 1.61 0.59 1.78 R 1.41 2.76 1.77 

14 Tyrosine(Tyr) 1.58 0.81 2.84 R 1.40 0.94 1.30 

15 Valine(Val) 1.64 0.20 1.59 R 1.00 0.39 − 

16 α-Amino-n-butyric acid 1.49 0.67 1.75 R 1.16 0.44 0.47 

17 DOPA 1.63 0.95 2.76 R 1.44 0.80 1.33 

18 5-Hydroxytryptophan 1.59 0.66 1.66 R − − − 

19 1-Naphthylglycine 1.49 2.24 2.94  − − − 

Mobile phase = 80% methanol in water (v/v) containing 10 mM H2SO4; Flow rate = 1 

mL/min; UV detection at 210 nm. 
a Data taken from reference 17. 
b The configuration of the second eluted isomer. 



 17

Table1.2 Enantiomer resolution of the primary amino compounds on CSP 1 and CSP 2 derived 

from the (+)-18-C-6-TA of the same chiral selector 

Entry Analyte CSP 1 CSP 2a 

  α k′1 Rs Conf.b α k′1 Rs 

1 Alanine-β-naphthylamide 1.71 4.01 4.11 R 1.49 2.80 2.23 

2 Baclofen 1.29 8.00 2.05 S 1.00 8.63 − 

3 α-Methylbenzylamine 1.30 2.90 2.37 S − − − 

4 α-Methyltryptamine 1.12 3.69c 0.63  1.07 3.00 0.48 

5 Mexiletine 1.20 0.82 1.43 −  − −  

6 1-(1-Naphthyl)ethylamine 1.27 2.68 2.10 R 1.48 2.69 2.13 

7 Norephedrine 1.35 0.39d 1.56 1S,2R 1.38 1.54 1.39 

8 Primaquine 1.10 1.37e 0.28  1.10 8.38 0.62 

Mobile phase = 80% methanol in water (v/v) containing 10 mM H2SO4; Flow rate = 1 

mL/min; UV detection at 210 nm. 
a Data taken from reference 17. 
b The configuration of the second eluted isomer.  
c,d 100% and 30% methanol in water (v/v) containing 10 mM H2SO4 were used as a mobile 

phase, respectively. 
e 10 mM H2SO4 aqueous solution as a mobile phase. 
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Figure 1.1 Two chiral stationary phases derived from the same chiral selector of (+)-18-C-6-

TA: (a) acetyl chloride (b) aminopropyl silica gel, triethylamine (c) EEDQ, aminopropyl silica 

gel (d) acetic anhydride. 
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Figure 1.2 The structures of CSP 1 (left) and CSP 2 (right). 
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Figure 1.3 Chromatograms of the enantiomer separation on the CSP 1 derived from (+)-18-C-

6-TA; See Tables for chromatographic conditions.; Injected amount 0.5−5 μg. 
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Figure 1.4 Schematic representation of the chiral recognition between the CSP 1 derived from 

(+)-18-C-6-TA and the strongly eluted enantiomer of the R-amino acid, showing 

intermolecular hydrogen bonding (dotted line) between the chiral selector and the carbonyl 

oxygen of the R-amino acid. 
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Chapter Ⅱ 

Development of the Antipode of the 

Covalently-Bonded Crown Ether Type 

Chiral Stationary Phase for the Advantage  

of the Reversal of Elution Order 
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ABSTRACT 
Chiral stationary phases (CSPs), CSP 1 and CSP 1', with a reverse stereochemical 

configuration, were prepared by covalently bonding (+)-and (−)-(18-crown-6)-2,3,11,12-

tetracarboxylic acid (18-C-6-TA) to silica gel, respectively. These CSPs were used to resolve 

the enantiomers of α-amino acids and primary amino compounds, affording reasonable and 

quite similar resolution behaviors except for the elution orders. The elution orders of the two 

enantiomers for the resolution of α-amino acids and other primary amino compounds were 

always opposite on the two CSPs. The reverse elution orders on the two CSPs with the 

antipode of the chiral selector were demonstrated to be very useful in the determination of the 

enantiomeric purity of optically enriched analytes. 

 

Keywords: Chiral stationary phases, Enantiomer separation, 18-Crown-6-tetracarboxylic acid, 

Reversal of elution order 
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2.1. INTRODUCTION 
Chiral stationary phases (CSPs) derived from chiral crown ethers have attracted 

considerable interest since Cram and his co-workers first introduced chiral crown ether type 

CSPs immobilized on a silica gel or on polystyrene in the 1970’s.[1,2] Many studies using crown 

ethers as chiral selectors have been used to resolve racemic α-amino acids and primary amines 

by liquid-liquid extraction and high-performance liquid chromatography.[3,4] Among the 

several chiral crown ethers developed by Cram, (3,3'-diphenyl-1,1'-binaphthyl)-20-crown-6 as 

a chiral selector was dynamically coated on an octadecylsilica gel to afford the Crownpak CR 

CSP.[5] The Crownpak CR column of the chiral crown ether type has proven to be useful for 

the chromatographic resolution of not only amino acids but also primary amino compounds.[5-8] 

However, since the Crownpak CR is prepared by a dynamic coating of a chiral crown ether on 

a reversed-phase packing, it has an intrinsic drawback in the use of mobile phase.[5,6] The use 

of a mobile phase containing more than 15% methanol deteriorates the CSP performance due 

to leaching of the chiral crown ether selector. In particular, hydrophobic analytes have 

significantly long retention times.[7,8] Moreover, the use of other organic solvents except 

methanol is not permitted because they can compromise the safety of the column, which cause 

the column to over-pressurize and lose capacity. Recently, CSPs derived from (+)-(18-crown-

6)-2,3,11,12-tetracarboxylic acid (18-C-6-TA), which was first prepared by Behr and co-

workers,[9] have been developed.[10-15] The covalently-bonded type column, CSP 1, shown in 

Fig. 2.1, has been successfully used to resolve the enantiomers of primary amines as well as α-

amino acids.[11-14] In particular, since CSP 1 is prepared by covalently bonding (+)-18-C-6-TA 

to an aminopropyl silica gel, this crown ether type chiral column has the advantage of the use 

of a variety of mobile phases along with the wide applicability of the hydrophobic 

analytes.[13,14] More recently, detailed NMR studies on the chiral recognition mechanism 

between (+)-18-C-6-TA as a chiral selector and α-amino acid in the solution state were 

reported.[16] However, in the determination of enantiomeric composition of optically active 

primary amino compounds containing very small amount of second eluting enantiomer on CSP 

1, some difficulties have been sometimes encountered because the small second HPLC peaks 

are sometimes embedded in the first big peaks. To solve these difficulties, the reversal of the 

elution orders of the two enantiomers is absolutely required.[17,18] In an affort to solve these 
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difficuties, in this study, we report the preparation of a new CSP 1' by covalently bonding (−)-

18-C-6-TA and the comparison of the enantiomer resolutions on CSP 1 and CSP 1'. 
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2.2. EXPERIMENTAL 
CSP 1 and CSP 1' were prepared by bonding (+)- and (−)-18-C-6-TA to aminopropyl silica 

gel, [Kromasil, EKA Chemicals, 100 , 5 μm; Micro analysis, found: C, 6.30%, N, 1.72%, 

calculated: 1.22 mmol/g (based on N)] respectively, as described previously.[11,12] The modified 

silica gels [Microanalysis, found: C, 8.70%; N 1.03% calculated: 0.28 mmol/g (based on C)] 

for CSP 1 and [Microanalysis, found: C, 9.02%; N 1.20% calculated: 0.29 mmol/g (based on 

C)] for CSP 1' were slurry packed into 250 × 4.6 mm stainless steel column, respectively. 

Chromatography was performed at room temperature using an HPLC Breeze system consisting 

of a Waters model 1525 binary pump, a Rheodyne model 7125 injector with a 20 μL loop, and 

a dual absorbance detector (Waters 2487 detector). The HPLC-grade methanol was obtained 

from J.T. Baker. Water was purified using a milli-Q water purification system (Bedford, MA, 

USA). Sulfuric acid was obtained from the Fluka Company (Switzerland). All the analytes 

were obatined from either Aldrich or Sigma. 
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2.3. RESULTS AND DISCUSSION 
For the purpose of comparison, CSP 1 and CSP 1' were prepared under an identical 

condition by covalently bonding (+)-and (−)-18-C-6-TA to an aminopropyl silica gel, 

respectively, as reported previously (Fig. 2.1).[11,12] Each 18-C-6-TA was converted into its 

dianhydride by treating it with acetyl chloride. In order to prepare the modified silica gel, the 

dianhydride compound was treated in dry methylene chloride at 0℃ under nitrogen with 

triethylamine and 3-aminopropyl silica gel. The CSP 1 and CSP 1' columns packed with the 

covalently bonded silica gels prepared from (+)-and (−)-18-C-6-TA, respectively, were used to 

resolve several α-amino acids and primary amino compounds.  

Tables 2.1 shows the chromatographic results of the enantiomeric resolution of α-amino 

acids on CSP 1 and CSP 1'. All α-amino acids used in this study were base-line resolved with 

good separation factors (α = 1.27−2.74) on CSP 1 and CSP 1'. The separation factors for the α-

amino acids on CSP 1 were similar to those on CSP 1'. Probably, the longer retention times on 

CSP 1' might be due to the slightly higher loading of the chiral selector to the aminopropyl 

silica gel in CSP 1'. The elution orders were determined by injecting configurationally known 

enantiomers. The elution orders of the α-amino acids shown in Table 2.1 were consistent, the 

(D)-enantiomers of all the analytes investigated in this study being selectively retained on CSP 

1 derived from (+)-18-C-6-TA while the (L)-enantiomers being selectively retained on CSP 1' 

derived from (−)-18-C-6-TA, with the exception of serine, threonine (entry 10 and 11 in Table 

2.1) and serine and threonine methyl esters.  

Since both threonine and serine analytes have a hydroxy group on the β-carbon, it is 

considered that the β-hydroxy moiety might directly influence the chiral recognition 

interaction with the crown ether as a chiral selector. Based on our previous NMR results and 

molecular dynamic calculations, it is considered that much stronger hydrogen bonding 

between the β-hydroxy moiety of threonine (or serine) and the COOH of 18-C-6-TA instead of 

the hydrogen bonding between the carbonyl oxygen of threonine (or serine) and the COOH of 

18-C-6-TA might be formed.[16] This hydrogen bonding interaction between the β-hydroxy 

moiety of threonine (or serine) and the COOH of 18-C-6-TA, which is meant to be a favorable 

interaction in the spatial disposition upon forming the diastereomeric complex could reverse 
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the elution orders of these analytes. The separation factors (α = 1.30, 1.30) of the enantiomers 

of threonine and its methyl ester were observed to be lower than those (α = 2.14, 3.10) of 

serine and its methyl ester on CSP 1'. It is possible that the interference of the methyl group on 

the β-carbon in the threonine structure with the chiral interaction between threonine and 18-C-

6-TA might be responsible for these reduced enantioselectivities.  

Table 2.2 shows the enantiomer resolution of some primary amino compounds on CSP 1 

and CSP 1'. All the primary amino compounds investigated in this study were well resolved 

except for the kynurenine and α-methyltryptamine analytes (entry 3 and 5). Generally, CSP 1' 

for all the analytes shows a slightly higher enantioselectivity with increased retention times 

than CSP 1. Again the elution orders of the examined analytes are exactly opposite on the two 

CSPs and the typical examples of the reversal of elution order on CSP 1 and CSP 1' are 

demonstrated in Fig. 2.2 and Fig. 2.3 The chromatograms for the determination of the 

enantiomeric purity of enantiomerically enriched thyroxine (L:D = 90:1) and DOPA samples 

(L:D = 100:1) on CSP 1 and CSP 1' are shown in Fig. 2.2 and Fig.2.3, respectively. The (D)-

enantiomers are strongly retained on the CSP 1 derived from (+)-18-C-6-TA, while the (L)-

enantiomers are strongly retained on the CSP 1' derived from (−)-18-C-6-TA. Especially, as 

shown in Fig.2.3, the second small peak corresponding to (D)-DOPA is slightly embed in the 

first big peak on CSP 1 and consequently the exact determination of the enantiomeric purity 

has some difficulty.[17,18] In contrast, the two peaks on CSP 1' are well separated because of the 

reversal of the elution order and consequently, it is much easier to determine the enantiomeric 

purity on CSP 1'. These results demonstrate that the change in the elution order is often 

desirable when attempting to detect the minor enantiomers in the front of the major isomer of 

the analyte.[17]  
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2.4. CONCLUSION 
CSP 1 and CSP 1' derived from (+)- and (−)-18-C-6-TA with a reverse configuration, 

respectively, were prepared and successfully used to resolve several primary amino 

compounds as well as α-amino acids. Since the chiral selectors of CSP 1 and CSP 1' are 

covalently bonded to the silica gel, various mobile phases can be used without any 

deterioration. Therefore, it is expected that they will be quite useful for resolving the 

enantiomers of hydrophobic compounds and preparative separations.[14] In addition, it is 

expected that CSP 1 and CSP 1', with the antipode of the chiral selector, will be effective for 

determining the enantiomeric purity due to the advantage of a reversal of the elution order. 
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Table 2.1 Enantiomer resolution of the α-amino acids on CSP 1 and CSP 1' 

CSP 1 CSP 1' 
Entry Analyte 

α k'1 Rs Conf.a α k'1 Rs Conf.a 

1 Ala 1.34 0.77 1.58 D 1.32 1.15 1.51 L 

2 Asp 1.31 1.02 1.11 D 1.31 1.49 1.10 L 

3 Ile 1.44 0.29 1.23 D 1.44 0.44 1.25 L 

4 Leu 1.62 0.42 1.78 D 1.65 0.63 1.80 L 

5 Met 1.66 0.70 2.30 D 1.64 1.02 2.25 L 

6 Norleu 1.53 0.36 1.75 D 1.47 0.50 1.60 L 

7 Norval 1.53 0.33 1.74 D 1.50 0.52 1.71 L 

8 PG 2.74 0.82 7.18 D 2.57 1.31 7.05 L 

9 Phe 1.60 0.44 2.01 D 1.54 0.67 1.92 L 

10 Serine(Ser) 2.10 0.71 4.02 L 2.14 1.01 4.30 D 

11 Thr 1.27 0.19 1.01 L 1.30 0.25 1.08 D 

12 Trp 1.49 0.51 1.62 D 1.45 0.71 1.59 L 

13 Tyr 1.55 0.45 2.80 D 1.52 0.65 2.65 L 

14 Val 1.56 0.16 1.49 D 1.51 0.26 1.41 L 

15 Diphenylalanine 2.00 0.11 2.56 D 2.04 0.16 2.67 L 

16 DOPA 1.62 0.55 2.74 D 1.55 0.75 2.40 L 

17 5-Hydroxytryptophan 1.49 0.61 1.46 D 1.55 0.63 1.56 L 

18 Thy 1.88 1.50 2.65 D 1.90 1.72 2.90 L 

19 m-Tyr 1.61 0.55 2.07 D 1.56 0.80 2.01 L 
 
Mobile phase = 80% methanol in water (V/V) containing 10 mM H2SO4; Flow rate = 1 mL/min; 

UV detection at 210 nm; a the configuration of the second eluted isomer.  
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Table 2.2 Enantiomer resolution of the primary amino compounds on CSP 1 and CSP 1'  

CSP 1 CSP 1' 
Entry Analyte 

α k'1 Rs Conf.a α k'1 Rs Conf.a 

1 Alanine-β-
naphthylamide 1.48 1.72 3.49 R 1.55 3.09 3.70 S 

2 Baclofen 1.25 3.08 1.98 S 1.26 5.92 2.00 R 

3 Kynurenine 1.10 1.43b 0.47 − 1.12 2.33 b 0.59 − 

4 α-Methylbenzylamine 1.37 0.95 2.47 S 1.30 2.16 2.36 R 

5 α-Methyltryptamine 1.10 3.76 b 0.70 − 1.13 5.09 b 0.66 − 

6 Mexiletine 1.17 0.28 1.39 − 1.20 0.69 1.42 − 

7 1-(1-Naphthyl) 
ethylamine 1.22 0.85 1.98 R 1.27 2.05 2.09 S 

8 Norepinephrine 1.20 1.07 1.60 R 1.21 1.52 1.63 S 

9 Octopamine 1.29 0.61 1.30 − 1.35 0.81 1.60 − 

 
Mobile phase = 80% methanol in water (v/v) containing 10 mM H2SO4; Flow rate = 1 mL/min; UV 

detection at 210 nm. 
a the configuration of the second eluted isomer. 
b 100% methanol containing 10 mM H2SO4 was used as a mobile phase. 
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Figure 2.1 Covalently-bonded CSP 1 and CSP 1' derived from (+)-and (−)-18-C-6-TA, 

respectively; (a) acetyl chloride (b) aminopropyl silica gel, triethylamine. 
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Figure 2.2 Chromatograms showing the resolution of an enantiomerically enriched Thyroxine 

(L:D = 90:1) on CSP 1 (the left) and CSP 1' (the right); Injection amount 1 μg.; The 

chromatographic conditions are given in Table 2.1. 
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Figure 2.3 Chromatograms showing the resolution of an enantiomerically enriched DOPA (L: 

D = 100:1) on CSP 1 (the left) and CSP 1' (the right); Injection amount 1 μg.; The 

chromatographic conditions are given in Table 2.1. 
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Chapter Ⅲ 

Liquid Chromatographic Enantiomer Resolution  

of N-Hydrazide Derivatives of 2-Aryloxypropionic Acids  

on a Crown Ether Derived Chiral Stationary Phase  
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ABSTRACT 
The liquid chromatographic enantiomer separation of several N-hydrazide derivatives of 2-

aryloxypropionic acids was performed on a crown ether type chiral stationary phase (CSP) 

derived from (18-crown-6)-2,3,11,12-tetracarboxylic acid. The behavior of chromatographic 

parameters by the change of mobile phases and additives for the resolution of these analytes 

was investigated. The enantiomers of all analytes were base-line resolved in the mobile phase 

of 100% methanol containing 20 mM H2SO4 as an acid additive. These results using the crown 

ether derived CSP are the first reported for enantiomer resolution of chiral acids of 2-

aryloxypropionic acids as their N-hydrazide derivatives. 

 

Keyword: chiral stationary phase; enantiomer separation, 2-aryloxypropionic acids, N-

hydrazide derivative 
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3.1. INTRODUCTION 
Chiral crown ethers have been considered to be important as chiral selectors for resolution 

of primary amine compounds and a number of their related studies using chiral crown ethers 

have been accomplished by liquid-liquid extraction and high-performance liquid 

chromatography.[1,2] Among several chiral crown ether derivatives, (+)-(18-crown-6)-2,3,11,12-

tetracarboxylic acid (18-C-6-TA) has been of great interest and chiral stationary phases 

prepared by covalently bonding (+)-18-C-6-TA to the aminopropyl silica gel have been 

developed.[3] And they have been successfully utilized in resolving the enantiomers of various 

racemic α-amino acids and primary amino compounds including amino alcohols and 

quinolone antibacterials by HPLC.[3-7] In addition to primary amino compounds, interesting 

results on enantiomer resolution of non-primary amino compounds like β-blockers and N-(3,5-

dinitrobenzoyl)-α-amino acids on the crown ether derived CSP have been reported.[8,9] In terms 

of chiral mechanistic consideration between primary amino compounds and (+)-18-C-6-TA of 

chiral selector, complexation of the primary ammonium moiety formed under acidic conditions 

inside the chiral cavity of the 18-crown-6 ring of the CSP is considered to be important for the 

chiral recognition.[3] In order to investigate the chiral recognition mechanism of the 

diastereomeric complexes in solution state, detailed NMR studies for (+)-18-C-6-TA of a chiral 

selector and α-amino acid enantiomer have been performed and hydrogen bonding interactions 

during their complexation were observed in NMR experiments as well as their related 

molecular calculation studies.[10,11] We have attempted to extend the application of enantiomer 

separation using the crown ether derived CSP to chiral acids like 2-aryloxypropionic acids 

used as herbicides,[12] although several chromatographic methods for direct resolution of 2-

aryloxypropionic acids and/or their esters on various CSPs have been reported.[13-18] Since the 

direct enantiomer resolution of 2-aryloxypropionic acids lacking primary amino moiety could 

not be applied on this type CSP, N-hydrazide derivative as an appending group for amino 

moiety was introduced to 2-aryloxypropionic acids for its complexation with crown ether in 

this study. Here, we report the chromatographic enantiomer separation of N-hydrazide 

derivatives of 2-aryloxypropionic acids on CSP 1 derived from (+)-18-C-6-TA (Fig. 3.1). 
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3.2. EXPERIMENTAL 

All chemicals of ethyl 2-bromopropionate, 4-butoxyphenol, 2-chloro-4-methylphenol, 2-

chloro-5-methylphenol, 4-chloro-2-methylphenol, 2-chlorophenol, 3-chlorophenol, 4-

chlorophenol, p-cresol, 2,4-dichlorophenol, 1-naphthol, 2-naphthol, phenol and 2,4,5-

trichlorophenol were purchased from Aldrich. Anhydrous potassium carbonate and hydrazide 

monohydrate were purchased from Osaka Hayashi pure chemical and ACROS, respectively. 

According to the reported procedure, all 2-aryloxypropionic acids ethyl esters were prepared 

and converted to their corresponding N-hydrazide derivatives with reaction of hydrazine in 

ethanol.[18,19] Chromatography was performed at room temperature using an HPLC Breeze 

system consisting of a Waters model 1525 binary pump, a Rheodyne model 7125 injector with 

a 20 μL loop, and a dual absorbance detector (Waters 2487 detector). HPLC-grade methanol (J. 

T. Baker) was used. Water was purified using a milli-Q water purification system (Bedford, 

MA, USA). CSP 1 derived from (+)-18-C-6-TA (250 mm L × 4.6 mm I.D.) was obtained from 

RS Technologies (Daejon, Korea).  

 



 41

3.3. RESULTS AND DISCUSSION 
Tables 3.1 and 3.2 show the effect of acid additives and mobile phases for the resolution of 

N-hydrazide derivatives of 2-aryloxypropionic acids on CSP 1, respectively. These data show 

that chromatographic parameters such as separation factors, retention times and resolution 

factors are considerably influenced by the nature of acid additive and mobile phases in the 

mobile phase.[4,20] An increase in the concentration of acid additive or methanol in the mobile 

phase has a tendency of the increase of the retention times with better resolution factors. When 

sulfuric acid as an acid additive among several acid additives is used in Table 3.1, the greatest 

separation is obtained. The use of acetic acid as an acid additive afforded no resolution or the 

lowest separation factor. Compared to sulfuric acid, the use of the other acid additives except 

acetic acid provided almost the same separation factors with lower resolution factors. Although 

good resolution was often obtained using perchloric acid as an lipophilic acid additive, 

significantly enhanced retention times for enantiomer separation N-hydrazide derivatives of 2-

aryloxypropionic acids were observed.[20] 

Tables 3.2 and 3.3 show chromatographic results for the separation of the enantiomers of 

several N-hydrazide derivatives of 2-aryloxypropionic acids on CSP 1. As shown in Table 3.2, 

when better enantioselectivities with greater retention times using the mobile phase of 100% 

methanol with 20 mM H2SO4 in Table 3.3 are observed than those using the mobile phase of 

80% methanol/water (V/V) with 20 mM H2SO4 in Table 3.4. Using the former mobile phase 

the enantiomers of all analytes were base-line resolved in Table 3.3. Typical chromatograms of 

enantiomer resolution of 2-(2,4-dichlorophenoxy)- and 2-(1-naphthoxy)propionic acid as N-

hydrazide derivatives are presented in Figure 3.2, respectively. 

Unlike the enantioseparation of 2-aryloxypropionic acids and their derivatives on Pirkle type 

CSP,[18] it seems that the structural difference of aryloxy groups of analytes does not greatly 

affect the enantioselectivities on CSP 1. The separation factors for all analytes range from 

1.13−1.25 in Table 3.3. However, the degree of enantioseparation on Pirkle type CSP is 

directly affected by aryloxy groups of the analytes, because π-π chiral interaction between 

aryloxy group and the N-dinitrobenzoyl substituted chiral selector of Pirkle CSP is very 

important.[18] In terms of mechanistic view, however, it is considered that the aryloxy group is 

not greatly involved for chiral recognition interaction on CSP 1, because it lies in the remote 
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position from the complexation center between the ammonium moiety of the analyte and the 

chiral cavity of the 18-crown-6 ring of the CSP. Elution orders were determined for three 

configurationally known analytes of 4-chlorophenoxy-, 2,4-dichlorophenoxy- and 1-naphthoxy 

substituted 2-propionic acid as N-hydrazide derivatives (entries 7, 9 and 10), the (S)-

enantiomers being selectively retained on CSP 1. 
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3.4. CONCLUSION 

In conclusion, liquid chromatographic separation of the enantiomers of several 2-

aryloxypropionic acids as N-hydrazide derivatives was achieved on 18-crown–6 derived CSP 1. 

For all analytes, CSP 1 afforded good resolving ability with base-line separation using 100% 

methanol containing H2SO4 as a mobile phase. Although 2-aryloxypropionic acids do not 

possess primary amino group, it was shown that enantiomer resolution of 2-aryloxypropionic 

acids as their N-hydrazide derivatives could be possible on crown ether type CSP 1 after 

prederivatization of these chiral acids. The further application to other chiral acids on crown 

ether type CSP is currently in progress in our laboratory. 
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Table 3.1 The effect of acid additives on enantiomer separation of N-hydrazide derivatives of 

2-aryloxypropionic acids on CSP 1 

 

NHNH2

O
H3C

OAr  

Ar α k'1 Rs Acid additive 

4-Chlorophenyl 1.24 8.20 1.62 5 mM H2SO4 

 1.24 10.13 1.72 10 mM H2SO4 

 1.24 12.63 1.86 20 mM H2SO4 

 1.23 3.17 1.02 20 mM CF3COOH 

 1.00 2.56 − 20 mM CH3COOH 

 1.23 12.84 1.19 20 mM HCl 

 1.25 32.27 1.12 20 mM HClO4 

  

2,4-Dichlorophenyl 1.25 15.06 1.54 5 mM H2SO4 

 1.25 20.32 2.01 10 mM H2SO4 

 1.25 20.88 2.17 20 mM H2SO4 

 1.23 3.43 1.10 20 mM CF3COOH 

 1.07 2.91 0.24 20 mM CH3COOH 

 1.24 20.18 1.86 20 mM HCl 

 1.23 45.49 2.27 20 mM HClO4 
 

Mobile phase: 100% MeOH with acid additive; Flow rate: 1.0 ml/min; UV detection at 210 

nm; Temperature ambient (about 25 ).℃  α: Separation factor; k'1: Retention factor of the first 

eluted enantiomer; Rs: Resolution factor. 
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Table 3.2 The effect of methanol content on enantiomer separation of N-hydrazide derivatives 

of 2-aryloxypropionic acids on CSP 1 

NHNH2

O
H3C

OAr  

 

Ar  α   k'1   Rs Acid additive 

4-Chlorophenyl 1.17 4.03 1.27 80% MeOH/H2O with 20 mM H2SO4 

 1.19 5.42 1.33 85% MeOH/ H2O with 20 mM H2SO4 

 1.20 6.78 1.64 90% MeOH/ H2O with 20 mM H2SO4 

 1.22 9.20 1.67 95% MeOH/ H2O with 20 mM H2SO4 

 1.24 12.63 1.86 100% MeOH with 20 mM H2SO4 

    

2,4-Dichlorophenyl 1.15 5.23 1.28 80% MeOH/ H2O with 20 mM H2SO4 

 1.18 7.54 1.50 85% MeOH/ H2O with 20 mM H2SO4 

 1.19 8.76 1.79 90% MeOH/ H2O with 20 mM H2SO4 

 1.21 12.60 2.06 95% MeOH/ H2O with 20 mM H2SO4 

 1.25 20.88 2.17 100% MeOH with 20 mM H2SO4 
 

Flow rate: 1.0 ml/min; UV detection at 210 nm; Temperature ambient (about 25 ). α℃ : 

Separation factor; k'1: Retention factor of the first eluted enantiomer; Rs: Resolution factor. 

 

 

 



 48

Table 3.3 Enantiomer separation of N-hydrazide derivatives of 2-aryloxypropionic acids on 

CSP 1  

NHNH2

O
H3C

OAr  

Analyte Ar α k'1 Rs 

1 4-Butoxyphenyl 1.18 10.60 1.39 

2 2-Chloro-4-methylphenyl 1.13 14.94 1.13 

3 2-Chloro-5-methylphenyl 1.14 17.39 1.43 

4 4-Chloro-2-methylphenyl 1.19 17.59 1.27 

5 2-Chlorophenyl 1.13 17.04 1.13 

6 3-Chlorophenyl 1.16 14.78 1.04 

7 4-Chlorophenyl 1.24 12.63 1.86 

8 4-Methylphenyl 1.16 11.24 1.14 

9 2,4-Dichlorophenyl 1.25 20.88 2.17 

10 1-Naphthyl 1.20 21.93 1.54 

11 2-Naphthyl 1.13 16.16 0.86 

12 Phenyl 1.14 12.48 1.05 

13 2,4,5-Trichlorophenyl 1.14 21.37 1.01 
 

Mobile phase: 100% MeOH with 20 mM H2SO4; Flow rate: 1.0ml/min; UV detection at 210 

nm; Temperature ambient (about 25 ).℃  α: Separation factor; k'1: Retention factor of the first 

eluted enantiomer; Rs: Resolution factor. 
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Table 3.4 Enantiomer separation of N-hydrazide derivatives of 2-aryloxypropionic acids on 

CSP 1  

NHNH2

O
H3C

OAr  

Analyte Ar α k'1 Rs 

1 4-Butoxyphenyl 1.14 3.21 1.08 

2 2-Chloro-4-Methylphenyl 1.09 4.89 0.66 

3 2-Chloro-5-Methylphenyl 1.08 5.40 0.60 

4 4-Chloro-2-Methylphenyl 1.09 4.82 0.64 

5 2-Chlorophenyl 1.08 5.37 0.57 

6 3-Chlorophenyl 1.11 4.96 0.67 

7 4-Chlorophenyl 1.17 4.03 1.27 

8 4-Methylphenyl 1.11 3.76 0.74 

9 2,4-Dichlorophenyl 1.15 5.23 1.28 

10 1-Naphthyl 1.13 8.00 0.90 

11 2-Naphthyl 1.06 6.05 0.33 

12 Phenyl 1.10 4.03 0.65 

13 2,4,5-Trichlorophenyl 1.11 6.70 0.73 

Mobile phase: 80% MeOH/H2O (V/V) with 20 mM H2SO4. Flow rate: 1.0 ml/min. Detection 

UV 210 nm. Temperature ambient (about 25 ).℃  α: Separation factor. k'1: Retention factor of 

the first eluted enantiomer. Rs: Resolution factor. 
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Figure 3.1 Chemical structure of CSP 1. 
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Figure 3.2 Chromatograms of enantiomer resolution of N-hydrazide derivatives of 2-(2,4-

dichlorophenoxy)propionic acid (the left) and 2-(1-naphthoxy)propionic acid (the right). See Table 3.3 

for the chromatographic condition. Injection amount 2.5 μg. 
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Chapter Ⅳ 

Covalently Bonded and Coated Chiral Stationary Phases 

Derived from Polysaccharide Derivatives for Enantiomer 

Separation of N-Fluorenylmethoxycarbonyl α-Amino Acids 

with Fluorescence Detection 
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ABSTRACT 
 Liquid chromatographic comparisons for enantiomer resolution of N-

fluorenylmethoxycarbonyl (FMOC) α-amino acids with fluorescence detection were made on 

covalently bonded type chiral stationary phases (CSPs) (Chiralpak IA and Chiralpak IB) and 

coated type CSPs (Chiralpak AD and Chiralcel OD) derived from polysaccharide derivatives 

of the same chiral selectors. This is the first reported for enantiomer resolution with 

fluorescence detection on covalently bonded type CSPs, Chiralpak IA and Chiralpak IB. In 

general, covalently bonded type CSPs (Chiralpak IA and Chiralpak IB) showed lower 

enantioseparation than coated type CSPs (Chiralpak AD and Chiralcel OD) for enantiomer 

resolution of these analytes, respectively. Owing to higher sensitivity and broader solvent 

compatibility in fluorescence detection on Chiralpak IA and Chiralpak IB than in UV detection, 

however, this analytical method is expected to enlarge their application of enantiomer 

resolution, such as an online HPLC monitoring of asymmetric synthesis. 

 

Keywords: Enantiomer separation, Chiralpak IA, Chiralpak IB, Fluorescence detection, Chiral 

stationary phase 
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4.1. INTRODUCTION 
Chiral stationary phases (CSPs) derived from polysaccharide derivatives have been extensively 

used for enantiomer separation of a number of racemic compounds.[1,2] Since chiral selectors of 

polysaccharide derivatives are coated on a silica matrix, these type CSPs have intrinsic 

drawbacks of column stability and a limitation of mobile phases. Therefore, the solvents such 

as halogenated solvents, tetrahydrofuran, ethyl acetate and acetone which partially or totally 

dissolve the chiral selectors of the polysaccharide derivatives must be excluded for mobile 

phases and analytes solvents.[1,2] These disadvantages are directly related to limitation of their 

applicability including preparative separation due to solubility of analytes. Many studies to 

solve these problems by covalently bonding the chiral selectors of polysaccharide derivatives 

to a silica matrix have been reported.[3-9] Recently, covalently bonded CSPs on silica matrix, 

Chiralpak IA[10-15] and Chiralpak IB[16] which have the same chiral selectors, amylose and 

cellulose tris(3,5-dimethylphenylcarbamate) of coated type Chiralpak AD and Chiralcel OD, 

respectively, have been developed. Therefore, it is considered that Chiralpak IA and Chiralpak 

IB are the covalently immobilized CSP of Chiralpak AD and Chiralcel OD, respectively. In 

this study, we present the comparative liquid chromatographic enantiomer resolution of N-

fluorenylmethoxycarbonyl (FMOC) protected α-amino acids on polysaccharide-derived CSPs, 

covalently bonded type Chiralpak IA and Chiralpak IB, and coated type Chiralpak AD and 

Chiralcel OD with fluorescence detection.[17] 
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4.2. EXPERIMENTAL 
Chromatographic analysis was carried out using an HPLC consisting of a Waters model 510 

pump, a Rheodyne model 7125 injector with a 20 μL loop, a spectrofluorometric detector 

(Jasco FP-920) and an HP 3396 series II recorder. The excitation and emission wavelengths 

were 280 and 310 nm, respectively. Chiralpak IA, Chiralpak IB, Chiralpak AD and Chiralcel 

OD column (250 mm L × 4.6 mm I.D.) were purchased from Daicel Chemical Company 

(Tokyo, Japan). HPLC grade hexane (Hxn), 2-propanol, tetrahydrofuran (THF), ethyl acetate 

and dichloromethane were obtained from J. T. Baker (Phillipsburg, NJ). Trifluoroacetic acid 

(TFA) was obtained from Aldrich (Milwaukee, WI). The racemic and L-N-FMOC α-amino 

acids were prepared according to a reported procedure.[18] 
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4.3. RESULTS AND DISCUSSION 
Tables 4.1 and 4.2 show the effect of mobile phase on the enantiomer separation of four N-

FMOC α-amino acids on Chiralpak IA and Chiralpak IB with fluorescence detection. Due to 

their covalently bonded nature, these two CSPs are compatible with a large range of organic 

miscible solvents, including the halogenated solvent of dichloromethane or chloroform.[10,16] 

The separation factors and retention times on Chiralpak IA and Chiralpak IB are considerably 

influenced by the nature of mobile phase.[10,12,15] As shown in Tables 4.1 and 4.2, the highest 

enantioselectivities for all analytes were obtained using 5% 2-propanol in hexane with 0.1% 

TFA as a mobile phase, except for N-FMOC valine using 25% dichloromethane in hexane with 

0.1% TFA. Interestingly, the elution orders of these analytes on Chiralpak IA are variable 

depending upon the used mobile phases in Table 4.1, while their elution orders on Chiralpak 

IB are unchanged regardless of the mobile phases in Table 4.2. 

Especially, this fluorescence detection method for enantiomer separation on Chiralpak IA 

and Chiralpak IB has great advantages over UV detection method. It provides higher 

sensitivity and much wider solvent versatility irrelevant to the cut-offs of the used mobile 

phases, compared to UV detection method.[17] This is the first reported for enantiomer 

resolution with fluorescence detection on covalently bonded type CSPs, Chiralpak IA and 

Chiralpak IB. 

Tables 4.3 and 4.4 show the comparative results of enantiomer separation of N-FMOC α-

amino acids on covalently bonded type CSPs (Chiralpak IA and Chiralpak IB) and coated type 

CSPs (Chiralpak AD and Chiralcel OD) using 2-propanol in hexane with 0.1% TFA as a 

mobile phase with fluorescence detection. Chiralpak IB and Chiralcel OD derived from 

cellulose tris(3,5-dimethylphenylcarbamate) showed, in general, higher enantioselectivity than 

Chiralpak IA and Chiralpak AD derived from amylose tris(3,5-dimethylphenylcarbamate), 

respectively. Most of N-FMOC α-amino acids enantiomers were well separable on Chiralcel 

OD. Also, in general, Chiralpak IA and Chiralpak IB of covalently bonded type CSPs showed 

lower enantioseparation than Chiralpak AD and Chiralcel OD of coated type CSPs, 

respectively. It was reported that the reduction in enantioselectivity on covalently bonded 

CSPs is due to the lack of ordered arrangement of polysaccharide-derived chiral selectors 

bonded to the silica matrix.[4,6] It is interesting that the elution orders of the resolved N-FMOC 
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α-amino acids on covalently bonded type Chiralpak IB derived from cellulose tris(3,5-

dimethylphenylcarbamate) are observed to be identical with those on coated type Chiralcel OD 

of the same chiral selector using 2-propanol in hexane with 0.1% TFA as a mobile phase in 

Table 4.4, as the similar results using different mobile phases are shown in Table 4.2. However, 

Chiralpak IA and Chiralpak AD derived from amylose tris(3,5-dimethylphenylcarbamate) 

showed three exceptions of the elution orders (entries 8, 11 and 18) in Table 4.3. 
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4.4. CONCLUSION 

HPLC-fluorescence analysis of enantiomer separation of N-FMOC α-amino acids on 

covalently bonded type CSPs (Chiralpak IA and Chiralpak IB) and coated type CSPs 

(Chiralpak AD and Chiralcel OD) was performed. In general, cellulose tris(3,5-

dimethylphenylcarbamate) derived CSPs, Chiralpak IB and Chiralcel OD showed higher 

enantioselectivity than amylose tris(3,5-dimethylphenylcarbamate) derived CSPs, Chiralpak 

IA and Chiralpak AD, respectively. Also, Chiralpak IA and Chiralpak IB showed, in general, 

lower enantioselectivity than Chiralpak AD and Chiralcel OD, respectively. However, this 

analytical method using fluorescence detection affords high sensitivity and compatibility with 

a much wider range of solvents on covalently bonded type CSPs (Chiralpak IA and Chiralpak 

IB). And it permits to create new applications of enantiomer separation for fluorescent analytes 

including a direct online HPLC monitoring for determination of enantiomeric purity during 

asymmetric synthesis procedures on these covalently bonded CSPs.[13] 
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Table 4.1 Effect of mobile phase on the enantiomer separation of some N-FMOC α-amino acids on 

Chiralpak IA 

Mobilea 

phase  5% 2-Propanol/Hxn 
with 0.1% TFA  15% THF/Hxn with 

0.1% TFA 

20% Ethyl 
acetate/Hxn with 0.1% 

TFA 
 25% Dichloromethane/ 

Hxn with 0.1% TFA 

Analyte  αb k'1c Conf.d  αb k'1c Conf.d αb k'1c Conf.d  αb k'1c Conf.d

Ala  1.09 5.28 D  1.07 6.15 D 1.00 5.76 −  1.00 4.37 − 

Leu  1.26 4.82 L  1.00 5.21 − 1.07 4.08 L  1.16 3.04 L 

PG  1.31 5.02e D  1.09 9.92 D 1.11 6.35 L  1.18 8.40 L 

Val  1.08 5.92 L  1.08 4.02 D 1.00 3.59 −  1.21 2.81 L 

a Mobile phase: Hexane (Hxn), Tetrahydrofuran (THF); Flow rate = 1 mL/min.  
b Separation factor. 
c Capacity factor for the first eluted enantiomer. 
d Indicates the absolute configuration of the second retained enantiomer. 
e 10% 2-Propanol/Hxn (V/V) with 0.1% TFA. 
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Table 4.2 Effect of mobile phase on the enantiomer separation of some N-FMOC α-amino acids on 

Chiralpak IB 

Mobilea 

phase  5% 2-Propanol/Hxn with 
0.1% TFA  15% THF/Hxn  

with 0.1% TFA 
20% Ethyl acetate/Hxn 

with 0.1% TFA  20% Dichloromethane/ Hxn 
with 0.1% TFA 

Analyte  αb k'1c Conf.d  αb k'1c Conf.d αb k'1c Conf.d  αb k'1c Conf.d

Ala  1.40 7.15 L  1.07 6.01 L 1.09 10.25 L  1.00 11.93 − 

Leu  1.42 4.65 D  1.13 3.72 D 1.18 5.53 D  1.24 7.33 D 

PG  1.34 3.65e D  1.18 6.65 D 1.19 9.61 D  1.00 13.45 D 

Val  1.21 4.61 D  1.10 3.12 D 1.20 5.04 D  1.17 6.21 D 

 

a Mobile phase: Hexane (Hxn), Tetrahydrofuran (THF); Flow rate = 1 mL/min. 
b Separation factor. 
c Capacity factor for the first eluted enantiomer. 
d Indicates the absolute configuration of the second retained enantiomer.  
e 10% 2-Propanol/Hxn (V/V) with 0.1% TFA. 
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Table 4.3 Enantiomer separation of N-FMOC α-amino acids on Chiralpak IA and Chiralpak AD 

Chiralpak IA Chiralpak AD 
Entry Analyte 

αa k'1b Rsc Conf.d αa k'1b Rsc Conf.d 

1 ABAe 1.07 6.90 0.96 D 1.13 3.46 1.40 D 

2 ACAf 1.06 5.98 0.85 − 1.13 2.95 1.36 − 

3 Ala 1.09 5.28 1.25 D 1.12 3.05 1.46 D 

4 Asn 1.28 8.19g 1.96 L 1.20 6.97 2.03 L 

5 Asp 1.07 3.70g 0.72 D 1.17 4.90 0.94 D 

6 Glutamine(Gln) 1.10 6.67g 0.54 L 1.42 5.64 3.79 L 

7 Glutamic acid(Glu) 1.11 4.01g 1.14 L 1.27 5.30 2.69 L 

8 Ile 1.08 7.26 1.07 L 1.17 3.99 1.86 D 

9 Leu 1.26 4.82 3.34 L 1.19 3.22 1.85 L 

10 Met 1.05 12.11 0.71 L 1.00 5.57 − − 

11 Norleu 1.04 6.75 0.45 L 1.07 9.69h 0.92 D 

12 Norval 1.00 7.12 − − 1.12 10.63h 1.63 D 

13 PG 1.31 5.02g 3.86 D 1.40 7.62 4.56 D 

14 Phe 1.08 3.31g 0.91 L 1.13 4.89 1.50 L 

15 Ser 1.07 3.65g 0.60 L 1.09 4.78 1.05 L 

16 Thr 1.09 3.76g 0.92 D 1.14 5.05 1.55 D 

17 Tyr 1.25 15.35g 2.76 L 1.31 26.55 3.79 L 

18 Val 1.08 5.92 1.15 L 1.14 4.24 1.43 D 

Mobile phase: 5% and 10% 2-propanol/hexane (V/V) containing 0.1% TFA on Chiralpak IA and 

Chiralpak AD, respectively; Flow rate = 1 mL/min. aSeparation factor. bCapacity factor for the first 

eluted enantiomer. cResolution factor. dIndicates the absolute configuration of the second eluted 

enantiomer. e2-Aminobutyric acid. f2-Aminocaprylic acid. g,h10% and 5% 2-propanol/hexane(V/V) 

containing 0.1% TFA, respectively. 
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Table4.4 Enantiomer separation of N-FMOC α-amino acids on Chiralpak IB and Chiralcel OD 

Chiralpak IB Chiralcel OD 
Entry Analyte 

αa k'1b Rsc Conf.d αa k'1b Rsc Conf.d 

1 ABAe 1.23 6.28 2.02 L 1.38 5.23 2.89 L 

2 ACAf 1.12 4.78 1.55 - 1.41 4.48 2.78 - 

3 Ala 1.40 7.15 3.95 L 1.80 5.86 5.25 L 

4 Asn 1.10 4.37g 0.48 L 1.60 5.05g 1.81 L 

5 Asp 1.22 5.02h 1.50 L 1.58 6.77g 2.80 L 

6 Gln 1.00 4.81g −  1.17 14.01 0.86 D 

7 Glu 1.16 6.00h 1.15 L 1.33 9.69 1.80 L 

8 Ile 1.51 4.59 5.42 D 1.51 4.30 3.62 D 

9 Leu 1.42 4.65 3.97 D 1.26 5.19 2.01 D 

10 Met 1.07 4.35h 0.76 L 1.14 7.80 1.11 L 

11 Norleu 1.07 5.84 0.80 L 1.15 4.69 1.19 L 

12 Norval 1.05 6.06 0.68 L 1.07 4.98 0.61 L 

13 PG 1.34 3.65h 3.14 D 1.71 7.88 3.79 D 

14 Phe 1.08 3.69h 0.70 L 1.10 8.49 0.70 L 

15 Ser 1.65 6.25h 3.73 L 2.56 2.70g 5.01 L 

16 Thr 1.11 4.66h 0.74 L 1.48 7.29 2.98 L 

17 Tyr 1.08 7.76g 0.56 L 1.10 20.50g 0.55 L 

18 Val 1.21 4.61 2.25 D 1.13 4.55 1.10 D 

Mobile phase; 5% and 10% 2-propanol/hexane (V/V) containing 0.1% TFA on Chiralpak IB and 

Chiralcel OD, respectively; Flow rate = 1 mL/min. aSeparation factor. bCapacity factor for the first 

eluted enantiomer. cResolution factor. dIndicates the absolute configuration of the second eluted 

enantiomer. e2-Aminobutyric acid. f2-Aminocaprylic acid. g,h10% 2-propanol/hexane(V/V) 

containing 0.1% TFA, respectively. 
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Comparative Liquid Chromatographic Enantiomer 

Resolution on Two Chiral Stationary Phases Derived 

from Amylose Tris(3,5-dimethylphenylcarbamate)  



 66

ABSTRACT 
The liquid chromatographic enantiomer separation of N-fluorenylmethoxycarbonyl (FMOC) 

protected α-amino acids ethyl ester derivatives was performed on polysaccharide-derived 

chiral stationary phases, covalently bonded type chiralpak IA and coated type Chiralpak AD. 

Although Chiralpak IA showed slightly lower enantioselectivity than Chiralpak AD, most of 

N-FMOC α-amino acids ethyl esters enantiomers were base-line separated on Chiralpak IA 

and Chiralpak AD. Owing to the compatibility with a broad range of solvents and column 

safety of Chiralpak IA, it is expected to enlarge its new application of enantiomer separation. 

Especially, it is expected to be useful for preparative separations, because the halogenated 

solvent like chloroform or methylene chloride shows often better solubility than the other 

solvents.  

 

Keywords: Enantiomer resolution, Chiral stationary phase, Amylose tris(3,5-

dimethylphenylcarbamate) 
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5.1. INTRODUCTION 
Polysaccharide-derived chiral stationary phases (CSPs) are known to show high chiral 

recognition ability in HPLC and have been extensively used to separate a broad range of 

racemic compounds.[1-3] These type CSPs are usually prepared coating or adsorbing the 

polysaccharide derivatives on silica gel. Therefore, the solvents such as chloroform, methylene 

chloride, and tetrahydrofuran which dissolve or swell the chiral selectors of the polysaccharide 

derivatives cannot be used as mobile phases.[4] For example, in case of Chiralpak AD prepared 

by coating amylose tris(3,5-dimethylphenylcarbamate) derivative, one of the widely used 

polysaccharide type CSPs, suitable mobile phases like hexane, 2-propanol and ethanol should 

be used for the column safety.[3,4] It may be damaged in case of even the use of only a little 

amount of inappropriate solvents used as mobile phases and/or sample solvents. These 

limitations represent a disadvantage for new applications using these CSPs and, especially, 

preparative separation due to solubilization of analytes. To overcome these problems, therefore, 

the development of polysaccharide-derived covalently bonded CSPs has been of great interest 

and various results of different attempts have been reported.[4-12] Recently, Chiralpak IA 

prepared by chemically bonding amylose tris(3,5-dimethylphenylcarbamate) derivative on 

silica gel, which is used as the same chiral selector of coated type Chiralpak AD has been 

introduced. In this study, we present the comparative liquid chromatographic enantiomer 

resolution of N-fluorenylmethoxycarbonyl (FMOC) protected α-amino acids ethyl ester 

derivatives on two polysaccharide-derived CSPs, covalently bonded type Chiralpak IA and 

coated type Chiralpak AD.[13] This is the first report concerning the comparison of the chiral 

separations on Chiralpak IA and Chiralpak AD using normal mobile phases. 

For enantiomer separation of N-FMOC α-amino acids ester derivatives, very a few results 

on CSPs have been reported.[14-17] Rizzi et al. have separated three FMOC α-amino acids 

methyl esters enantiomers on cellulose triacetate type column.[14] Miyazawa et al. have 

reported on the resolution of only one analyte of FMOC 2-aminobutanoic acid methyl ester 

enantiomers among many different N-protected amino acid derivatives.[15,16] Küsters et al. have 

reported on the resolution of fifteen N-FMOC α-amino acids methyl and isopropyl esters 

enantiomers on a polysaccharide-derived CSP.[17] To our knowledge, our results are the first 

reported for the enantiomer resolution of N-FMOC α-amino acids ethyl ester derivatives. 
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5.2. EXPERIMENTAL 
Chromatography was performed at room temperature using an HPLC consisting of a Waters 

model 510 pump, a Rheodyne model 7125 injector with a 20 μL loop, a variable wavelength 

detector (Waters 490) and an HP 3396 series II recorder. Chiralpak IA and Chiralpak AD 

column (250 mm L × 4.6mm I.D.) were purchased from Daicel Chemical Company (Tokyo, 

Japan). HPLC-grade hexane (Hxn), 2-propanol, tetrahydrofuran (THF), ethyl acetate and 

chloroform were obtained from J. T. Baker (Phillipsburg,NJ). Trifluoroacetic acid (TFA) was 

obtained from Aldrich (Milwaukee, WI). The racemic (or enantiomerically pure) N-FMOC 

protected α-amino acids and their esters were prepared according to the conventional 

methods.[18] 
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5.3. RESULTS AND DISCUSSION 

Table5.1 shows the effect of mobile phase on the enantiomer separation of some N-FMOC 

α-amino acids ethyl esters on Chiralpak IA. The enantioselectivities and retention times are 

greatly influenced by the nature of mobile phase. As shown in Table 5.1, in general, 5% 2-

propanol in hexane as a mobile phase afforded the greatest enantioselectivity with the highest 

resolution factor, whereas 20% chloroform in hexane afforded the lowest enantioselectivity. It 

is notable that the elution orders of three analytes using 10% tetrahydrofuran or 10% ethyl 

acetate or 20% chloroform in hexane are different from those using 5% 2-propanol in hexane.  

Table 5.2 shows the comparative data of enantiomer separation of N-FMOC α-amino acids 

ethyl esters on Chiralpak IA and Chiralpak AD using 2-propanol in hexane as a mobile phase. 

In general, Chiralpak IA showed slightly lower enantioseparation than Chiralpak AD for 

enantioresolution of N-FMOC α-amino acids ethyl esters. Several results have reported that a 

certain decrease in the enantioseparation was observed on polysaccharide-derived covalently 

bonded CSPs, compared to the results on the corresponding coated type CSPs.[5,7,10] The 

lowered enantioselectivity on bonded CSPs might be responsible for the lack of ordered 

arrangement of the chiral selector bonded to the matrix.[7,10]  

Most of N-FMOC α-amino acids ethyl esters enantiomers were well separable on Chiralpak 

IA and Chiralpak AD. Especially, Chiralpak IA afforded base-line separation (α = 1.14−2.63, 

Rs = 1.63−9.34) for all investigated N-FMOC α-amino acids ethyl esters enantiomers except 

for asparagine analyte (entry 4). It is noted that the consistent elution order of the resolved N-

FMOC α-amino acids ethyl esters is observed on Chiralpak IA and Chiralpak AD using 2-

propanol in hexane as a mobile phase, the L-enantiomers being preferentially retained. 
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5.4. CONCLUSION 

we demonstrated the comparative liquid chromatographic separation of enantiomers of N-

FMOC protected α-amino acids ethyl esters on covalently bonded type Chiralpak IA and 

coated type Chiralpak AD derived from amylose tris(3,5-dimethylphenylcarbanmate) of the 

same chiral selector. Although Chiralpak IA showed slightly lower enantioselectivity than 

Chiralpak AD, most of N-FMOC α-amino acids ethyl esters enantiomers were base-line 

separated on Chiralpak IA and Chiralpak AD. Owing to the compatibility with a broad range 

of solvents and column safety of Chiralpak IA, it is expected to enlarge its new application of 

enantiomer separation. Especially, it is expected to be useful for preparative separations, 

because the halogenated solvent like chloroform or methylene chloride shows often better 

solubility than the other solvents. 
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Table 5.1 Effect of mobile phase on the enantiomer separation of some N-FMOC α-amino acids 

ethyl esters on Chiralpak IA 

Mobile 

phasea 

 
 

5% 2-Propanol/ 

Hxn 
 
 10% THF/Hxn 

10% Ethyl 

acetate/Hxn 
 
 

20% Chloroform/ 

Hxn 

Analyte  αb k'1c Conf.d  αb k'1c Conf.d αb k'1c Conf.d  αb k'1c Conf.d 

Ala  1.60 4.29 L  1.30 5.81 L 1.13 7.46 L  1.00 6.61 − 

Leu  2.63 3.69 L  1.69 4.51 L 1.14 5.18 L  1.00 5.76 − 

Phe  1.30 7.05 L  1.10 9.75 D 2.41 9.68 D  1.20 7.15 D 

PG  1.14 8.18 L  1.09 8.73 D 1.21 8.95 D  1.07 7.37 D 

Val  1.42 3.15 L  1.22 4.07 D 1.12 4.23 D  1.40 2.75 D 

 

a Mobile phase: Hexane (Hxn), Tetrahydrofuran (THF); Flow rate = 1 mL/min; UV detection at  

254 nm. 
b Separation factor. 
c Capacity factor for the first eluted enantiomer. 
d Indicates the absolute configuration of the second retained enantiomer.  
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Table 5.2 Enantiomer separation of N-FMOC α-amino acids ethyl esters on Chiralpak IA and 

Chiralpak AD 

Chiralpak IA Chiralpak AD 
Entry Analyte 

αa k'1b Rsc Conf.d αa k'1b Rsc Conf.d 

1 Ala 1.60 4.29 5.84 L 1.61 2.56 5.42 L 

2 ABAe 1.86 3.97 6.90 L 1.84 2.45 6.73 L 

3 ACAf 1.77 3.54 6.21  1.77 1.79 5.49  

4 Asn 1.06 8.82g 0.75 L 1.00 8.93 − − 

5 Asp 1.25 9.70 3.18 L 1.04 5.04 0.76 L 

6 Glu 1.48 10.59 5.22 L 1.57 4.91 5.39 L 

7 Gln 1.27 8.57g 2.81 L 1.33 7.21 3.90 L 

8 Ileu 1.63 2.92 5.91 L 1.72 1.79 5.40 L 

9 Leu 2.63 3.69 9.34 L 3.03 2.00 8.59 L 

10 Met 1.68 7.96 7.83 L 1.89 4.26 8.08 L 

11 Norleu 2.06 3.76 7.61 L 2.30 2.05 7.14 L 

12 Norval 2.22 3.89 8.58 L 2.48 2.24 8.91 L 

13 Phe 1.30 7.05 3.77 L 1.38 4.15 4.64 L 

14 PG 1.14 8.18 1.63 L 1.15 4.93 1.84 L 

15 Ser 1.50 4.78g 5.66 L 1.71 4.27 7.17 L 

16 Thr 1.91 4.57g 8.42 L 1.89 4.81 8.36 L 

17 Tyr 1.22 15.14 g 2.89 L 1.27 11.85h 3.15 L 

18 Val 1.42 3.15 4.30 L 1.52 1.98 4.72 L 

Mobile phase: 5% and 10% 2-propanol/hexane(V/V) on Chiralpak IA and Chiralpak AD, 

respectively; Flow rate = 1 mL/min; UV detection at 254 nm. a Separation factor. b Capacity factor 

for the first eluted enantiomer. c Resolution factor. d Indicates the absolute configuration of the 

second retained enantiomer. e 2-Aminobutyric acid. f 2-Aminocaprylic acid. g,h 10% and 15% 2-

propanol/hexane(V/V), respectively.
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Chapter Ⅵ 

Liquid Chromatographic Enantiomer Separation 

of N-Phthaloyl Protected α-Amino Acids on 

 Coated and Immobilized Chiral Stationary Phases  

Derived from Polysaccharide Derivatives 
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ABSTRACT 
The liquid chromatographic enantiomer separation of N-phthaloyl (PHT) protected α-amino 

acids on several coated and immobilized chiral stationary phases (CSPs) derived from 

polysaccharide derivatives was performed. The coated CSP of Chiralpak AD showed more or 

less enantioseparation than the covalently bonded CSP of Chiralpak IA with the same chiral 

selector of amylose tris(3,5-dimethylphenylcarbamate). However, the coated Chiralcel OD 

showed greater enantioseparation than the covalently bonded Chiralpak IB with the same 

chiral selector of cellulose tris(3,5-dimethylphenylcarbamate). Among all examined CSPs, 

Chiralcel OD afforded the greatest performance for enantiomer resolution of N-PHT α-amino 

acids and, therefore, all analytes enantiomers were base-line separated on Chiralcel OD. The 

chromatographic method developed in this study was usefully applied for determination of the 

enantiomeric purity of commercially available N-PHT α-amino acids analytes. 

 

Keywords: Enantiomer separation, N-Phthaloyl α-amino acids, Chiral stationary phase 
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6.1. INTRODUCTION 
N-Protected α-amino acids in the fields of pharmaceutical chemistry and biochemistry have 

been extensively used as important chiral building blocks of peptides and proteins.[1,2] 

Consequently, the studies of the determination of enantiomeric purity of N-protected α-amino 

acids have been of great interest and many techniques for these determinations have been 

developed and employed.[3] Among several N-protecting groups for α-amino acids, the N-

phthaloyl (PHT) group is attractive in certain instances,[4] because it has often been used for 

protecting moiety of not only α-amino acids but also primary amine compounds and it can be 

readily removed under mild reaction conditions of hydrazine reagents.[5,6] Also the N-PHT α-

amino acid derivatives have been usefully employed as chiral auxiliaries or chiral resolving 

agents for asymmetric synthesis.[7-9] And it has been reported that the N-PHT group as a 

chromophoric derivative of the α-amino acids derivatives can be applied for circular dichroism 

studies.[10] In spite of these chiral potential utility of the N-PHT α-amino acid acids, very a few 

of results for enantiomer separation of N-PHT α-amino acids have been reported.[11,12] For 

example, the enantioseparation of five N-PHT α-amino acids as well as their ester and amide 

derivatives has been performed on Pirkle-type CSP with reasonable separation factors.[11] And 

on macrocyclic antibiotic ristocetin A bonded CSP enantiomer resolution of only two analytes 

of N-PHT methionine and N-PHT α-amino-n-butyric acid has been reported.[12] In this study, 

we present the liquid chromatographic enantiomer resolution of several N-PHT protected α-

amino acids on several coated and immobilized CSPs derived from polysaccharide 

derivatives.[13-15]  
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6.2. EXPERIMENTAL 
Chromatography was performed at room temperature using an HPLC consisting of a Waters 

model 510 pump, a Rheodyne model 7125 injector with a 20 μL loop, a variable wavelength 

UV detector (Waters 484) and an HP 3396 series II recorder. All CSPs columns were 

purchased from Daicel Chemical Company (Tokyo, Japan). HPLC-grade hexane and 2-

propanol were obtained from J. T. Baker (Phillipsburg, NJ). Trifluoroacetic acid (TFA) was 

obtained from Aldrich (Milwaukee, WI). The N-PHT racemic and L-α-amino acids were 

prepared according to the reported procedures.[2,16] And N-PHT L-glutamic acid and L-

phenylalanine were obtained from Fluka company. 
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6.3. RESULTS AND DISCUSSION 
Tables 6.1 and 6.2 show chromatographic results for the separation of the enantiomers of N-

PHT α-amino acids not only on the most commonly used coated CSPs such as Chiralcel OD, 

Chiralpak AD, Chiralpak AS and Chiralcel OF[17,18] but also on the covalently CSPs, Chiralpak 

IA and Chiralpak IB.[13-15] Among all examined CSPs, in general, Chiralcel OD, the cellulose 

tris(3,5-dimethylphenylcarbamate) coated type CSP showed the greatest separation factor (α = 

1.10-2.64) and, therefore, all investigated N-PHT α-amino acids enantiomers were base-line 

separated on Chiralcel OD, whereas Chiralpak AS showed the smallest separation factor. In 

Table 6.2 Chiralcel OF shows generally lower performance than Chiralcel OD and, however, it 

provided base-line separation except two analytes. Also Chiralcel OD, the cellulose tris(3,5-

dimethylphenylcarbamate) coated CSP showed generally greater enantioselectivities than 

Chiralpak AD, the amylose tris(3,5-dimethylphenylcarbamate) coated CSP in Table 6.1 

Similarly, Chiralpak IB, the immobilized CSP of the same chiral selector of Chiralcel OD 

showed generally better performance than Chiralpak IA, the immobilized CSP of the same 

chiral selector of Chiralcel AD, as shown in Table 6.3. Although the separation factors of all 

analytes on the covalently bonded Chiralpak IB showed lower enantioseparation than those on 

the coated Chiralcel OD with the same chiral selector, all analytes except for two cases (entries 

5 and 10) provided quite good enantioselectivities (α = 1.13−1.73) on Chiralpak IB using 2-

propanol in hexane with 0.1% TFA as a mobile phase.[14,15] However, Chiralpak IA of the 

covalently bonded CSP showed more or less enantioseparation than Chiralpak AD of the 

coated CSP with the same chiral selector.[13,15] 

It is noted that the L-enantiomers of all examined N-PHT α-amino acids are selectively 

retained on Chiralcel OD, Chiralpak AS, Chiralcel OF and Chiralpak IB and, however, the 

elution orders of enantiomer separation of N-PHT α-amino acids are not always consistent on 

Chiralpak AD and Chiralpak IA derived from amylose tris(3,5-dimethylphenylcarbamate). It is 

considered that more than one chiral recognition process between N-PHT α-amino acid analyte 

and the chiral selector of amylose tris(3,5-dimethylphenylcarbamate) might be involved. 

Contrary to Chiralcel OD and Chiralpak IB, the D-enantiomers of all examined analytes except 

for N-PHT glutamic acid are selectively retained on Chiralpak IA and, therefore, these CSPs in 

Tables 6.1 and 6.3 might be complementarily used for the reversal of elution order of the 
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determination of enantiomeric purity. [19] The chromatographic method developed in this study 

was used for determination of the enantiomeric purity of two commercially available reagents of 

N-PHT L-glutamic acid and N-PHT L-phenylalanine. The enantiomeric impurities of 0.4% for 

these two samples were determined on Chiralcel OD. Chromatograms of determination of the 

enantiomeric purity of these analytes are presented in Figures 6.1 and 6.2. 
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6.4. CONCLUSION 

we demonstrated the liquid chromatographic separation of enantiomers of N-PHT protected 

α-amino acids on several coated and immobilized CSPs derived from polysaccharide 

derivatives. This is the first reported for the enantiomer resolution of several N-PHT α-amino 

acids using polysaccharide-derived CSPs. Among all examined CSPs in this study, the 

cellulose tris(3,5-dimethylphenylcarbamate) derived CSPs, Chiralcel OD and Chiralpak IB 

showed quite good enantioselectivities. Especially, since Chiralcel OD showed excellent 

resolving ability for the enantiomer resolution of all N-PHT α-amino acids, it is expected to be 

quite useful for determination of the enantiomeric purity of these analytes and their related 

compounds.  
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Table 6.1 Enantiomer separation of N-PHT α-amino acids on Chiralpak AD and Chiralcel OD 

Chiralpak AD Chiralcel OD 
Entry Analyte 

αa k'1b Rsc Conf.d αa k'1b Rsc Conf.d 

1 2-Aminobutyric 
acid 1.03 8.87 0.27 D 2.01 3.96 7.60 L 

2 2-Aminocaprylic 
acid 1.00 6.93 −  1.91 2.70 9.70  

3 Ala 1.05 12.09 0.71 L 1.47 4.27 4.55 L 

4 Glu 1.13 6.61e 1.66 L 2.64 6.78e 8.49 L 

5 Ile 1.08 7.94 1.32 L 1.10 2.44 0.95 L 

6 Leu 1.31 5.93 4.34 D 1.20 3.87 1.96 L 

7 Met 1.07 14.65 1.22 D 1.90 6.68 7.02 L 

8 Norleu 1.13 6.58 1.89 D 1.76 3.05 5.82 L 

9 Norval 1.00 8.36 −  2.11 3.13 7.40 L 

10 Phe 1.86 10.44 9.72 D 1.38 8.25 3.08 L 

11 PG 1.28 16.32 4.03 D 1.76 7.52 5.52 L 

12 Val 1.16 8.77 2.32 L 1.34 2.91 2.84 L 

 
Mobile phase: 5% 2-propanol/hexane (V/V) containing 0.1% TFA; UV detection at 254 nm, Flow 

rate = 1 mL/min. a Separation factor. b Capacity factor for the first eluted enantiomer. c Resolution 

factor. d Indicates the absolute configuration of the second eluted enantiomer. e 10% 2-

propanol/hexane (V/V) containing 0.1% TFA. 
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Table 6.2 Enantiomer separation of N-PHT α-amino acids on Chiralpak AS and Chiralcel OF 

Chiralpak AS Chiralcel OF 
Entry Analyte 

αa k'1b Rsc Conf.d αa k'1b Rsc Conf.d 

1 2-Aminobutyric 
acid 1.16 4.44 1.29 L 1.00 9.22 -  

2 2-Aminocaprylic 
acid 1.00 3.71 −  1.74 3.67 2.67  

3 Ala 1.36 6.43 3.26 L 1.44 8.05 2.54 L 

4 Glu 1.41 11.35e 2.17 L 1.37 9.68e 1.53 L 

5 Ile 1.41 3.09 3.24 L 2.17 3.33 4.15 L 

6 Leu 1.00 3.30 −  1.93 3.40 3.24 L 

7 Met 1.00 11.21 −  1.56 5.16e 2.35 L 

8 Norleu 1.07 4.14 0.40 L 1.77 4.57 3.18 L 

9 Norval 1.15 4.34 1.25 L 1.82 4.92 3.42 L 

10 Phe 1.00 8.57 −  1.60 4.16e 2.17 L 

11 PG 1.35 9.25 2.35 L 1.07 7.96e 0.36 L 

12 Val 1.66 3.97 3.72 L 2.05 3.87 3.88 L 

Mobile phase: 5% 2-propanol/hexane (V/V) containing 0.1% TFA; UV detection at 254 nm, Flow 

rate=1 mL/min. a Separation factor. b Capacity factor for the first eluted enantiomer. c Resolution 

factor. d Indicates the absolute configuration of the second eluted enantiomer. e 10% 2-

propanol/hexane (V/V) containing 0.1% TFA. 
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Table 6.3 Enantiomer separation of N-PHT α-amino acids on Chiralpak IA and Chiralpak IB 

Chiralpak IA Chiralcel IB 
Entry Analyte 

αa k'1b Rsc Conf.d αa k'1b Rsc Conf.d 

1 2-Aminobutyric 
acid 1.08 6.47 1.23 D 1.39 2.91 4.29 L 

2 2-Aminocaprylic 
acid 1.09 5.24 1.31  1.16 1.96 2.00  

3 Ala 1.00 8.06 −  1.15 3.44 1.84 L 

4 Glu 1.07 5.86e 0.74 L 1.73 5.14e 5.63 L 

5 Ile 1.10 6.03 1.46 D 1.07 1.99 0.81 L 

6 Leu 1.33 4.56 4.95 D 1.12 2.25 1.52 L 

7 Met 1.14 10.35 2.20 D 1.32 5.02 3.75 L 

8 Norleu 1.19 4.94 2.79 D 1.27 2.28 2.57 L 

9 Norval 1.12 5.83 1.85 D 1.41 2.52 5.11 L 

10 Phe 1.63 7.66 8.70 D 1.00 5.32 −  

11 PG 1.35 11.65 4.73 D 1.25 5.39 2.55 L 

12 Val 1.04 6.48 0.54 D 1.13 2.18 1.57 L 

Mobile phase; 5% 2-propanol/hexane (V/V) containing 0.1% TFA; UV detection at 254 nm, Flow 

rate = 1 mL/min. aSeparation factor. bCapacity factor for the first eluted enantiomer. cResolution 

factor. dindicates the absolute configuration of the second eluted enantiomer. e10% 2-

propanol/hexane (V/V) containing 0.1% TFA. 

. 
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Figure 6.1 Chromatograms of enantiomer separation of racemic N-PHT glutamic acid (the left) 

and N-PHT L-glutamic acid (Fluka reagent) (the right, D:L = 0.4: 99.6) on Chiralcel OD; 

Mobile phase: 20% 2-propanol/hexane (V/V) containing 0.1% TFA; Flow rate = 1 mL/min; 

UV detection at 254 nm; Injected amount 20−100 μg. 
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Figure 6.2 Chromatograms of enantiomer separation of racemic N-PHT phenylalanine (the 

left) and N-PHT L-phenylalanine (Fluka reagent) (the right, D:L = 0.4: 99.6) on Chiralcel OD; 

Mobile phase: 5% 2-propanol/hexane (V/V) containing 0.1% TFA; Flow rate = 1 mL/min; UV 

detection at 254 nm; Injected amount 40−60 μg. 
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