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Abstract: The advanced Marfey's method was applied to the determination of the
absolute configuration of primary amino compounds and its utility was extended from
amino acids to primary amino compounds. This method was successfully applied to

the characterization of not only constituent amino acids but also amino compounds in
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microginin and nostophycin produced by cyanobacteria.  © 1998 Elsevier Science Lid.
All rights reserved.

The "advanced Marfey's method” has been developed to non-empirically determine the absolute
configuration of constituent amino acids in a peptide using LC/MS and has been sucessfully applied to
naturally occurring peptides.!-5  This method consists of Marfey's method as a chromatographic technique
for the separation of amino acids into each enantiomer, the detection of an amino acid by mass spectrometry
and a procedure for obtaining the corresponding enantioner from either the L- or D-amino acid. We introduced
the "DL-FDLA derivatization” as a procedure for obtaining the corresponding enantioner instead of the
conventional chemical racemization.3 The derivatization with an equal mixture of D- and L-FDLA (1-fluoro-
2,4-dinitrophenyl-5-D-leucinamide and -L-leucinamide) was able to give the desired enantiomer from its L- or
D-amino acid on the HPLC chromatogram, suggesting that the "advanced Marfey's method" including "DL-
FDLA derivatization” is also applicable to the determination of the absolute configuration of primary amino
compounds on the basis of the proposed separation mechanism for this method.6.7 Therefore, we carried out
the fundamental approaches of this method on primary amino compounds.
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conformation of the FDLA derivative of a primary amino compound, we
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carried out the conformation anaiysis of the derivatives of the DL-1-phenylethylamine using UV and NMR
spectral methods.  As the resuits, the UV spectra and NOE correlations of the 1-phenylethylamine derivatives
were quite similar to those of the amino acid derivatives, indicating that the derivatives of a primary amino
compound have a similar conformation to that of an amino acid and the proposed separation mechanism for
this method is also applicable to a primary amino acid (Fig. 1).6

Several primary amino compounds were analyzed by HPLC after the derivatization using L- and DL-
FDLA. As shown in Table 1, these derivatives showed good resolutions between their enantiomers and these
results suggested that their resolutions are also reflected by the difference in the hydrophobicity of the two
functional groups at the asymmetric carbon with a primary amino group.  Therefore, if their hydrophobicity
in a primary amino compound is estimated, the elution order of the derivatives can be elucidated and the
absolute configuration can be non-empirically determined by this method.  Fig. 2 shows an application
guideline of the advanced Marfey's method for primary amino compounds, and the absolute configuration can
be determinated according to the following steps: (1) derivatization with DL- and L-FDLA; (2) analysis of the
DL-FDLA derivative using LC/MS with photodiode array UV detection; (3) confirmation of their conformation
based on the UV spectra® and of the presence of two peaks of the DL-FDLA derivative on the mass
chromatograms monitored at the m/z value of the molecular ion species of the derivative; (4) analysis of the L-
FDLA derivative giving the chromatogram of either (a) or (b) in Fig. 2; (5) arrangement of more hydrophobic

tRB-(RA Table 1. Analysis of primary amino compounds derivatized with FDLA,
A - Primary amino compounds IRA tRB tRB-LRA
trRB

Alaninol 132 S 168 R 36

2-Amino-1-butanol 152 § 203 R 5.1

cHon~__cnon | —T-FDLA Leucinol 207 S 278 R 7.1

Y | Phenylalaninol 214 S 259 R 4.5

NH. Phenylglycinol 182 S 236 R 5.4

APP 170 R 206 S 3.6

NE 237 S 276 R 39

L . JLJ , 1-Phenylethylamine 295 R 314 S 1.9
0 5‘ i'G i'5 2'0 és (min.) APP : 2-Amino-1-phenyl-1,3-propanediol ( threo) {min.)

NE: Norephrdnne = 2-Am1no—l phenyl 1-propanol ( erythro)
(R)-2-Amino-1-butanol- DL-FDLA HPLC conditions: column, TSK gel ODS 80Ts (150 x 4.6 mm L.D.);
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functionai groups on the left side and elucidation of its absolute configuration as shown in Fig. 2. In this
method, the estimation of the hydrophobicity of two functional groups (R and R2) is essential, but no suitable
method has been reported so far. We are developing an estimation method based on the separation behavior
of amino acid derivatives and it will be reported elsewhere.8

In order to demonstrate the applicability of the advanced Marfey's method, we tried to confirm and
determine the absolute configurations of constituent primary amino compounds together with amino acids in
microginin and nostophycin produced by cyanobacteria. ~ Microginin is a linear peptide containing an 3-
amino-2-hydroxydecanoic acid (Adha) unit and the absolute configuration at the C-3 of Ahda had not been
elucidated in the first report (Fig. 3).9 The hydrolysate (6 M HCI, 110 °C, 16 hrs) of microginin (200 pg)
was divided into two portions and each portion was derivatized with L- or D-FDLA, The L-FDLA derivatives
alone and the equal mixture of D- and L-FDLA derivatives, the DL-FDLA derivatives, were analyzed using ESI
LC/MS in the negative ion mode.l0 The DL-FDLA dervatives of Ahda were detected as two peaks (retention
time: 27.2 and 36.2 min) and its L-FDLA derivative was detected at 36.2 min on the mass chromatograms
monitored at m/z 496 [M-H]~. According to the application guideline in Fig. 2, the absolute configuration at
the C-3 of Ahda was determined as R, because the heptyl side chain can be estimated to be more hydrohobic
than the other side. Indeed, the total synthesis of microginin was achieved and the absolute configuration
was determined as 3R.!!  Nostophycin isolated from Nostoc sp. 152 is a cyclic peptide possessing an 3-
~ amino-2,5-dihydroxy-8-phenyloctanoic acid (Ahoa) unit (Fig. 3).12 The hydrolysate (1.5 M HCI, 110 °C,
14 hrs) of nostophycin (100 pug) was treated in the same way. Figs. 4 (a) and (b) show the mass
chromatograms monitored at the m/z value of the deprotonated ion of the DL- (a) and L-FDLA derivatives (b)
of constituent amino acids and Ahoa.  As a result, we can conclude that Pro and Phe have L-configurations
and that allo-1le and Glu (from Gin) have D-configurations. Additionally, the absolute configuration at the C-
3 of Ahoa can be determined as R according to the proposed application guideline.

Thus, the "advanced Marfey's method” was successfully applied to the determination of the absolute

configuration of primary amino compounds and its utility was extended from amino acids to primary amino
compounds. Although the modified Mosher's method using an NMR technique is effective as a non-empirical
meth determination of the absolute configurations of a pnmarv amino (_‘an()l_lnd the desired
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