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N-Protected α-amino acids have been widely used as

important chiral building blocks in the fields of pharma-

ceutical chemistry and biochemistry. The fluorenylmeth-

oxycarbonyl (FMOC) group is one of the most commonly

used protecting groups for α-amino acids and provides the

advantages of high sensitivity in fluorescence detection.1-3

Especially, the FMOC protecting group is attractive, because

it is frequently used for amino protecting groups in solid

phase synthesis and combinatorial chemistry.4,5 Owing to the

importance of optical purity of N-FMOC α-amino acids,

convenient and accurate methods to determine the enantio-

purity of these compounds have been required and

developed. Several methods for the liquid chromatographic

separation of the enantiomers of N-FMOC α-amino acids

have been reported using CSPs derived from cyclodextrin,

macrocyclic antibiotics and cellulose derivatives as well as

small molecules derived brush-type CSPs.6-13 Although the

enantioseparation of some FMOC secondary amino acids

has been performed on 1-naphthylethyl carbamoylated β-

cyclodextrin bonded CSP with good resolution,6 most

FMOC α-amino acids enantiomers have not been resolved

on β- and γ-cyclodextrin bonded CSPs.7 It has been reported

that nine N-FMOC α-amino acids enantiomers were

separated on macrocyclic antibiotics derived CSP.8,9 Brush-

type CSPs derived from α-amino acids and cinchona

derivatives including Whelk-O CSP have been employed to

resolve some FMOC α-amino acids enantiomers.10-12 Also,

the enantioresolution of two FMOC α-amino acid type

enantiomers has been reported on cellulosic-type CSP under

reversed-phase conditions.13 For resolution of N-FMOC α-

amino acids, however, polysaccharide-derived CSPs have

not been applied under normal phase conditions and the

enantiomer separation of a series of these analytes has not

been well investigated.14 In this study, the liquid chromatog-

raphic resolution of N-FMOC protected α-amino acids for

determination of their enantiomeric purity was performed on

polysaccharide-derived CSPs, Chiralcel OD and Chiralpak

AD under normal phase conditions.15,16

Table 1 and Table 2 show liquid chromatographic results

for the separation of the enantiomers of N-FMOC α-amino

acids on Chiralcel OD and Chiralpak AD. Chiralcel OD and/

or Chiralpak AD afford fairly good enantioselectivities for

the resolution of N-protected FMOC α-amino acids under

normal phase conditions. Chiralcel OD affords comparable

or better enantioselectivities for the resolution of N-FMOC

α-amino acids than Chiralpak AD except N-FMOC protect-

ed glutamine and tyrosine analytes (entries 7 and 17). All

investigated N-FMOC α-amino acids enantiomers were

base-line separated on Chiralcel OD or Chiralpak AD. For

example, while N-FMOC glutamine, norvaline, phenylala-

nine and tyrosine enantiomers were partially separated on

Chiralcel OD (Rs < 1), all these enantiomers were base-line

resolved on Chiralpak AD (Rs > 1.48). Therefore, Chiralcel

OD and Chiralpak AD might be complementarily used for

the separation of the enantiomers of N-FMOC α-amino

acids. The consistent elution order of the resolved N-FMOC

α-amino acids is not observed on Chiralcel OD and

Chiralpak AD. As shown in Table 1, the elution of the (D)-

isomers prior to the (L)-isomers for resolution of N-FMOC

α-amino acids examined except five analytes is observed on

 

Table 1. Enantiomer Separation of N-FMOC Protected α-Amino
Acids on Chiralcel OD

Entry Analyte k'1
a

α
b Rsc Retainedd

1 Alanine 5.47 1.79 5.14 L

2 Aminobutyric acid 4.94 1.37 2.84 L

3 Aminocaprylic acid 4.27 1.39 2.71

4 Asparaginee 4.81 1.60 1.84 L

5 Aspartic acid 8.34 1.58 2.91 L

6 Glutamic acid 9.28 1.32 1.83 L

7 Glutaminef 13.74 1.17 0.85 D

8 Isoleucine 4.10 1.50 3.51 D

9 Leucine 4.91 1.25 1.95 D 

10 Methionine 7.41 1.13 1.07 L

11 Norleucine 4.48 1.15 1.21 L

12 Norvaline 4.77 1.08 0.63 L

13 Phenylalanine 8.09 1.10 0.67 L

14 Phenylglycine 7.54 1.69 3.50 D

15 Serinee 2.55 2.55 5.09 L

16 Threonine 6.94 1.49 3.03 L

17 Tyrosinee 19.60 1.10 0.53 L

18 Valine 4.32 1.13 1.05 D

Mobile phase; 10% 2-propanol/hexane (V/V) containing 0.1% TFA;
Flow rate = 1 mL/min; Detector 254 nm. aCapacity factor for the first
eluted enantiomer. bSeparation factor. cResolution factor. dindicates the
absolute configuration of the more strongly retained enantiomer. e20% 2-
propanol/hexane (V/V) containing 0.1% TFA f15% 2-propanol/hexane
(V/V) containing 0.1% TFA.
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Chiralcel OD. The chromatographic method in this study

was used for determination of the enantiomeric purity of two

commercially available and one synthesized N-FMOC

phenylglycine analytes on Chiralcel OD, as shown in Table

3.16,18 The enantiomeric impurities of 0.5-0.8% for these

samples can be determined in the mobile phase of 20% 2-

propanol/hexane (V/V) containing 0.1% trifluoroacetic acid

(TFA). Chromatograms of determination of the enantiomeric

purity of commercially available N-FMOC D- and L-

phenylglycine on Chiralcel OD are presented in Figure 1,

respectively.

In summary, we demonstrated the liquid chromatographic

separation of enantiomers of N-FMOC protected α-amino

acids on polysaccharide-derived CSPs, Chiralcel OD and

Chiralpak AD. In general, the separation factors shown for

resolution of N-FMOC α-amino acids on Chiralcel OD are

greater than those on Chiralpak AD. Since all investigated

N-FMOC α-amino acids enantiomers were base-line

separated on Chiralcel OD or Chiralpak AD, it is expected

that Chiralcel OD or Chiralpak AD will be usefully

applicable to the resolution of N-FMOC protected α-amino

acids for determination of enantiomeric purity. 

Experimental Section

Chromatographic analysis was performed at room temper-

ature 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 490 set at 254 nm

and an HP 3396 series II recorder. Chiralcel OD and

Chiralpak AD column (250 mm L × 4.6 mm I.D.) 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 racemic (or

enantiomerically pure) N-FMOC protected α-amino acids

were prepared according to the conventional methods.17 N-

FMOC D- and L-phenylglycine were obtained from Fluka

company.
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Table 2. Enantiomer Separation of N-FMOC Protected α-Amino
Acids on Chiralpak AD

Entry Analyte k'1
a

α
b Rsc  Retainedd

1 Alanine 2.98 1.12 1.44 D

2 Aminobutyric acid 3.23 1.12 1.37 D

3 Aminocaprylic acid 2.75 1.12 1.36

4 Asparagine 6.65 1.21 2.10 L

5 Aspartic acid 4.70 1.17 0.94 D

6 Glutamic acid 5.14 1.26 2.72 L

7 Glutamine 5.42 1.44 3.83 L

8 Isoleucine 3.71 1.19 1.99 D

9 Leucine 3.02 1.18 1.83 L

10 Methionine 5.38 1.00 − −

11 Norleucinee 9.44 1.07 0.94 D 

12 Norvalinee 10.19 1.11 1.60 D

13 Phenylalanine 4.59 1.12 1.48 L

14 Phenylglycine 7.12 1.38 4.24 D

15 Serine 4.40 1.10 1.07 L

16 Threonine 4.89 1.13 1.50 D

17 Tyrosine 23.79 1.29 3.45 L 

18 Valine 3.99 1.12 1.38 D

Mobile phase; 10% 2-propanol/hexane (V/V) containing 0.1% TFA;
Flow rate = 1 mL/min; Detector 254 nm. aCapacity factor for the first
eluted enantiomer. bSeparation factor. cResolution factor. dindicates the
absolute configuration of the more strongly retained enantiomer. e5% 2-
propanol/hexane (V/V) containing 0.1% TFA.

Figure 1. Chromatograms of determination of the enantiomeric
purity of N-FMOC D-phenylglycine (the left, L : D = 0.5 : 99.5)
and N-FMOC L-phenylglycine (the right, L : D = 99.2 : 0.8) on
Chiralcel OD. See Table 3 for chromatographic conditions.

Table 3. Determination of the enantiomeric purity of N-FMOC L-
and D-phenylglycine on Chiralcel OD

Entry Sample Company L : D ratioa

1 N-FMOC-D-phenylglycine Fluka 0.5 : 99.5

2 N-FMOC-L-phenylglycine Fluka 99.2 : 0.8

3 N-FMOC-D-phenylglycine Synthesizedb 0.5 : 99.5

Mobile phase; 20% 2-propanol/hexane (V/V) containing 0.1% TFA;
Flow rate = 1 mL/min; Detector 254 nm; Injection amount 25 μg.
aAverage value of three times determined. bSynthesized sample
according to the conventional methods.17
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