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ABSTRACT 

An improved RP-HPLC method on ODS-Hypersil column with pre- 
column derivatization with Marfey’s reagent were used to monitor 
racemization in N-, C- and/or side-chain protected amino acid deriva- 
tives by separation of a series of new diastereoisomeric Marfey’s com- 
pounds. Chromatographic samples were obtained by partial deprotec- 
tion of different starting materials. In a simple two-step procedure 
(deprotection and derivatization) the compounds of amino acids 
formed stable diastereomeric derivatives having facile resolutions. 

INTRODUCTION 

Synthetic, biologically active peptides should be very pure 

stereochemically. The therapeutic and biological applications require 
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2760 SZ6KAN ET AL. 

very high chiral (optical) purity from peptides to be investigated. Their 

synthesis also requires optically pure amino acid derivatives as start- 

ing material. Unfortunately, the racemization is one of the more com- 

mon side reaction that occur during a peptide synthetic work. There 

is an  increased demand for a method to detect and quantitate minor 

amounts of enantiomeric impurity in the N or C protected amino 

acids used to prepare these peptides. The up-to-date solid phase syn- 

thesis methods apply BOC or FMOC-chemistry (29, 30), so it became 

important to check the enantiomeric purity in intermediate amino 

acid derivatives as  BOC and FMOC protected starting compounds. 

HPLC is the method most frequently used for this purpose. For enan- 

tiomer resolution of chiral amino acids or their derivatives, direct 

techniques can be applied, in which either chiral stationary phase 

(19-21) or chiral additives to the mobile phase are used (22-24). 

Derivatization procedures with chiral reagents have also been devel- 

oped to produce diastereomeric derivatives, which can be separated by 

ordinary stationary phases and eluents. Using enantiomeric derivati- 

zation more favourable resolutions could be achieved (usually with 

higher a and R, values), than applying very specific and not always 

available chiral columns. 

After hydrolysis the chiral amino acid analysis also gives the 

possibility to check the mentioned intermediates. The chiral reagents 

used in amino acid analysis (for derivatization via amino or carboxyl 

group) include 

2,3,4,6- t e t raac e tyl-D -glyc opyrano syl i so thyocyanat e ( 6) 

(-1-a-methoxy-a-methyl- 1-naphthalene-acetic acid (7a) 

( +) - 1 -amino ethyl -4- dime t hylam ino nap ht hale ne ( 7b 

(+)-1-(9-fluorenyl)-ethyl-chloroformate (8) 
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PROTECTED AMINO ACID DERIVATIVES 2761 

and some amino acid derivatives, such as the N-protected cysteine 

and o-phthalaldehyde (9,131 or napthalenedicarbaldehyde (11) adduct, 

tert.-butoxycarbonyl-L-amino acid N-hydroxysuccinimide esters, N- 

carboxy-L-leucine anhydride (10, 181, D or L-0-(4-nitrobenzyl)tyrosine 

methylester (12) and Marfey’s reagent (1) and its analogs: structural- 

ly related chiral variants of Sanger’s reagent (14-15) and monohalo-s- 

triazine-L-alanine amide (16). 

In the present paper we describe some applications of the sepa- 

ration method for new Marfey’s derivatives in improved analyses of 

optical purity and racemization of amino acid derivatives. 

M AT ERIA LS 

The amino acid derivatives studied (Table 1) were synthesized 

by the Research Group for Peptide Chemistry of the Hungarian 

Academy of Sciences, the Department of Organic Chemistry, Eiitvos 

University, Budapest, the Chemical Works, G. Richter, Budapest, 

Fine Chemicals Co. Reanal, Budapest and the Institute of Medical 

Chemistry, Szent-Gyorgyi Albert Medical University of Szeged. The 

abbreviations used follow the recommendations of the IUF’AC-IUB 

Commission on Biochemical Nomenclature (4). 

Amino Acid Derivatives Studied 

BOC-Asn-OH 

H-Asn-OH 

BOC-Ser(Bz1-)OH 

H-Ser(Bz1)-OH 

Z-Asn-OMe 

BOC-His(DNP)NH2 

BOC-Cp(Bzl)NH, 

BOC-Leu- NH, 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
5
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



TA
B

LE
 I

 
C

hr
om

at
og

ra
ph

ic
 a

nd
 R

ac
em

iz
at

io
n 

D
at

a 
of

 M
ar

fe
y'

s 
C

om
po

un
ds

 o
f 

A
m

in
o 

A
ci

d 
D

er
iv

at
iv

es
 

A
m

in
o 

D
er

iv
at

iv
es

 
a 

-N
H

, 
k'
 

a 
D

-a
m

in
o 

R
P-

C
18

-H
PL

C
 

ac
id

 (A
A

) 
ca

m
p o

 un
d s

 
L 

D
 

ac
id

 %
 

El
ue

nt
 (

vh
) 

A
sn

 

G
lP

 

Se
r 

T
hr

 
A

rg
 

H
is

 

CY
S 

L
eu

 

A
sn

 
T

hr
 

B
O

C
-A

sn
 

B
O

C
-G

lp
-O

H
 i 8 

B
 O

C-
 G

lp
 - O

PF
P 

B
O

C
-S

er
(B

z1
)O

H
 

TM
B

z1
)O

H
 

B
O

C
-A

rg
(T

os
)O

H
 

FM
 O

C
-A

rg
(N

 0,
)O

H
 

B
O

C
-H

is
(D

N
P)

N
H

2 

B
O

C
-C

Y
S(

B
ZI

)N
H

, 

C
ys

( A
cm

) 

B
O

C
-L

eu
- N
H,
 

A
sn

 
A

sp
(O

H
), 

G
lu

( O
H

), 
G

lu
( O

H
), 

Se
r(

B
z1

)O
H

 
Se

r(
B

z1
)O

H
 

Th
r(

B
z1

)O
H

 
A

 rg
( T

os
)O

H
 

A
rg

(N
0,

)O
H

 
H

is
(D

N
P)

N
H

2 
H

id
D

N
P)

 

C
ys

(B
z1

) 
C

ys
t A

cm
) 

Ti
n-

O
H

 
Le

uN
H

, 
Le

uO
H

 

C
ys

(B
zl

)N
H

, 

1.
5 

5.
1 

1.4
 

3.7
 

2.
2 

5.
9 

2.
2 

5.9
 

3.
0 

7.
4 

3.
0 

7.
4 

3.
25

 
6.

6 
3.5

 
14

.5
 

3.
17

 
7.

17
 

2.
0 

7.
5 

1.
8 

6.2
 

7.
0 

16
.8

 
5.
8 

14
.1

 
2.

71
 

5.
80

 
5.

57
 

10
.1

4 
7.

1 
22

.5
 

21
.1

 
45

.4
 

3.
4 

2.
6 

2.
7 

2.
7 

2.
47

* 
2.

47
 

2.
3 

4.
1 

2.
2 

3.
75

 
3.4

 
2.

4 
2.

4 
2.

07
 

1.
8 

3.2
 

2.
1 

0.
38

 
0.

37
 

19
.9

5 
0.

39
 

0.
42

 
0.

08
 

0.
07

 
0.

37
 

49
.5

0 
0.7

5 
0.7

3 
1.

51
 

1.
54

 
0.

83
 

0.
80

 
44

.0
 

43
.9

4 
2-

A
sn

-O
M

e 
A

sp
(O

H
)z

 
1.4

 
3.

7 
2.6

 
0.

74
 

B
 O

C
-T

hr
(B

zl
)O

H
 

T
hr

( B
zl

)O
H

 
3.

25
 

6.
6 

2.
3 

0.
18

 
H

om
oA

rg
 B

O
C

-H
om

oA
rg

fO
H

) 
H

om
oA

rg
(0

H
) 

11
.3 

4.
10

 
3.

6 
41

.9
1 

T
in

 
B

O
C

-T
in

-O
H

 
T

in
-O

H
 

5.
57

 
10

.1
4 

1.
8 

0.
40

 
KP

C 
K

pc
-O

B
ut

 
a-

A
A

-O
H

 
3.

46
 

9.
76

 
2.

5 
0.

71
 

G
la

 
Z-

G
la

(O
B

ut
),O

H
 

G
lu

(0
H

) 
2.

2 
5.

9 
2.

7 
0.

85
 

G
la

(O
B

u\
, 

5.
75

 
8.

75
 

1.
52

 
0.

9 

M
eO

H
-C

H
3C

N
-0

.0
2 

M
 

N
aO

A
c 

(p
H

 4
) 

2
0

5
7

5
 

20
:5

:7
5 

20
:5

:7
5 

50
50

 
50

50
 

49
.5

:5
0.

5 
20

5:
75

 
50

50
 

50
:5

0 
50

50
 

50
50

 
20

:5
:7

5 
20

5:
75

 
25

10
60

 
2

0
 10

:7
0 

M
eO

H
-0

.0
2M

 N
aO

A
c 

(p
H

 4)
 20

5:
75

 
50

:5
0 

2
0

5
7

3
 

20
5:

75
 

20
:5

:7
5 

60
40

 
20

:5
:7

5 
3 F 

*U
si

ng
 a

 h
yd

ro
xy

pr
op

yl
 d

er
iv

at
iz

ed
 0

-c
yc

lo
de

xt
ri

n 
bo

nd
ed

 p
ha

se
 c

ol
um

n,
 a

 =
 1

.1
3 

(2
0)

. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
5
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



PROTEGTED AMINO ACID DERIVATIVES 2763 

B OC-Thr(Bzl)-OH Z-Gla(OBug2-OH 

H -Thr-( Bzl)-OH BOC-Homo-Arg-OH 

BOC-Arg(Tos)-OH Boc-Cys(Acm)-OH 

FMOC-Arg(NO,)-OH 

KpC-OH (6-keto)-pipecoline-2-carboxylic acid) Ac-Glp-0H.DCHA 

KpC-NH, 

H-Cys(AcM)-OH Glp -0Pcp 

KpC - OB Ut , B OC -Glp-OH. DCHA 

4-thiazolidine-carboxylic acid Glp - OPfp 

BOC-Tin-OH Z-Glp-0H.DCHA 

KpCOPfp B OC-Glp- OH’ 

Marfey’s reagent was prepared by J. Horvath (Dept. Org. Chem., 

Eot vo s University). 

Abbreviations: 

BOC - tert.-butoxycarbonyl; Tin - thiazolidine-carboxylic acid; Gla - y- 

carboxy-glutamic-acid; FMOC - fluorenyl methoxycarbonyl; Kpc - ke- 

topipecolic acid, Z - benzyloxycarbonyl; HomoArg - homoarginine; Bzl 

- benzyl; DNP - 2,4-dinitrophenyl; OBut - tert-butyl; AcM - acetamido- 

methyl. 

METHODS 

High-Performance Liauid ChromatomaDhy 

Separations were performed on a laboratory-assembled instru- 

ment consisting of a reciprocating piston pump (Model 1515, Orlita, 

Giessen, F.R.G.), a variable-wavelength UV monitor fitted to an 8 p1 

flow-cell (Model 212, Cecil, Cambridge, U.K.) and a sample injector; 

Rheodyne, Berkeley, CA, U.S.A.), or on a Knauer HPLC system con- 
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2764 SZdK& ET AL. 

sisting of two pumps Model 64 with analytical pumphead, a gradient 

programmer Model 50B, an injection valve with 20 p1 sample loop and 

a spectral photometer with analytical flow cell (Knauer GmbH, Bad 

Homburg, FRG). 

Column effluents were monitored at 340 nm (for Marfey’s 

derivatives). The packing materials were ODs-Hypersil-ODs-6, MOS- 

Hypersil-6 (Shandon Southern Products, Runcorn, U.K.) and 

Nucleosil C-18-5 (Macherey Nagel, Diiren, FRG). Peaks were record- 

ed on a Model OH-314/1 chart recorder (Radelkis, Hungary) and the 

areas under them were calculated using programmed Simpson’s 

rule. The chromatographs were operated isocratically with flow rates 

between 0.8 and 2.0 cm3/min. 

Detwotection of amino acid derivatives 

a) Hydrolysis 

Amino acid derivatives were subjected to acidic hydrolysis. The 

samples were treated with propionic-acid-6M HC1 mixtures ( l : l ,  vh) ,  

or TFA-6M HC1 mixtures (l:l, v/v) for 1-24 hours in sealed tubes at 

105’C or some minutes (1-4) in a microwave staff. Volatile acids were 

removed in vacuo, samples were neutralized by NaHCO, and the 

acid-free hydrolysates were derivatized with Marfey’s reagent. 

b) BOC-derivatives (30) 

1 mg of BOC-amino acid derivative was dissolved in 0.5 ml TFA. 

After 1 hr standing at room temperature the reaction was checked by 

TLC, the acid was removed in vacuo, and the acid-free hydrolysate 

was derivatized further. 
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PROTECTED AMINO ACID DERIVATIVES 2765 

c) FMOC-derivatives (29) 

1 mg of FMOC-amino acid derivative was dissolved in 1 ml of 

25% piperidinelDMF. After 1 hr standing at room temperature, the 

reaction was checked by TLC, the solution was evaporated and 

lyophilized with water. 

d) Z-derivatives 

1 mg of Z-amino acid derivative was deprotected by catalytic 

transfer hydrogenation (31-36). 10% Pd/C and 100 p1 saturated NH4 

formate in MeOH were added to its solution in 200 pl MeOH. After 10 

minutes the deprotection was checked by TLC (silica gel, n-BuOH- 

pyridine-acetic acid-water 60:20:6:24 vh). In order to eliminate NH4 

formate, the evaporated substance was twice lyophilized from water. 

Derivatization (1-5) 

Derivatization was carried out according to Marfey (2) with 1- 

fluoro-2,4-dinitrophenyl-5-L-alanine amide (Pierce, Rockford, IL. 
U.S.A.). The hydrolysate or deprotected compound prepared from 2-5 

pmol of starting material was dissolved in 100 p1 of 0.5 M NaHCO, so- 

lution (if it's necessary: 50 pl MeOH, DMF or DMSO are used at first 

and diisopropyl-ethylamine serves as base) and 200 pl of a 1% solution 

of Marfey's reagent in acetone was added. The solution was incubated 

at 40'C for 90 min, cooled and 25 p1 of 2 M HC1 was added. After to 20- 

fold dilution in methanol or eluent, 10-20 p1 aliquots were used for 

HPLC injection. 
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2766 SZdKAN ET AL. 

RESULTS AND DISCUSSION 

We have previously shown (2) that the rates of racemization in 

peptides can be measured by conventional HPLC using pre-column 

derivatization with enantiomerically very pure l-fluoro-2,4-dinitro- 

phenyl-5-L-alanine amide (Marfey’s reagent) for amino acids after 

hydrolysis of starting peptides (1). Marfey’s reagent reacts with the 

optical isomers of amino acids without kinetic fractionation and 

racemization to form stable diastereomeric N-aryl derivatives which 

can be separated by RP-HPLC. The derivatives have an absorption 

maximum at 340 nm with an  extinction coefficient of -3.104, and thus 

can be detected with high sensitivity by W spectroscopy, the dias- 

teromers give identical detector response (2). Recently the HPLC sepa- 

ration of these derivatives has been described for all common amino 

acids (1-4,37). 

For rapid, accurate determination of the optical purity of the 

synthesized amino acid derivatives the rates of racemization were 

planned to be mesaured by conventional HPLC using pre-column 

derivatization with Marfey’s reagent. In order to apply the original 

method elaborated for all common acids (1-4, 371, the amino acid 

derivatives should be hydrolyzed. 

According to the acidic hydrolysis free amino acids were 

H-AA-OH HB formed from all derivatives: X-AA-OR 

eg.: BOC-Asn-OH +. Asp H2O 

BOC-Ser(OBz1)OH +. Ser 

Z-Gla(OBut)OH +. Glu 

BOC-Glp-OH +. Glu 

Kpc-OH + a-aminoadipic acid 

BOC-Cys(Acm) --t 4-t hiazolidine -c arboxylic acid 
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PROTECTED AMINO ACID DERIVATIVES 2767 

So, their determination were reduced to free amino acid measure- 

ments. 

However, the hydrolysis step is also a potential source of racem- 

ization so that this step must be carefully monitored. All amino acid 

residues undergo some racemization during acid hydrolysis (25, 26, 

3). Aspartic acid appears to be the most sensitive amino acid during 

acidic treatment (26,3). 
Thus, a "background" racemization must be taken into account 

in the exact determination of racemization rates in amino acid 

derivatives to be hydrolyzed. 

Conventional amino acid analysis utilizes azeotropic hy- 

drochloric acid (6 M) at 110°C for 24 hours for hydrolysis (38). We, in- 

stead, made use of microwave radiation for sample hydrolysis (27, 28). 

Rapid hydrolysis was achieved by using a commercial microwave 

oven as heating source. It was not only possible to hydrolyze amino 

acid derivatives quantitatively within 1 min, but also with substantial- 

ly less racemization (Table n). The values are in good correlation 

with Chen's data (39). 

Because of high "background" values we have improved the 

method with racemization-free, very simple deprotection steps (well- 

known in peptide chemistry) liberating a-amino group of the deriva- 

tives. 

In the case of N-protected amino acid derivatives the N-protect- 

ing groups were quantitatively removed at first: 

-X MR 
X-AA-OR .___r H-AA-OR - diastereomeric derivatives 

X = FMOC, BOC, Z- 

R = H, Me, Et, Bzl, (pNO,)Bzl, But, NH,, NH-R. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
5
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



2768 S Z 6 K h  ET AL. 

TABLE 11 

Optical Behaviour of L-Amino Acids During Acid Treatment 

AA D-enantiomer content % and time of treatment 
105‘C microwave radiation 

l h  2 4 h  10sec 20sec 60sec 

ASP 1.68 U.8 0.55 0.94 1.40 
Glu 0.80 2.65 0.24 0.32 0.77 

The C-protected amino acid derivatives (chiefly esters) react di- 

rectly via arylation with Marfey’s reagent without preparation prob- 

lems. Quantitative reactions were achieved after optimization (solvent 

pH, reaction time), using a molar reagent excess of approximately 

1,4-1,6 or greater. 

Our modification of the original procedure requires the separa- 

tion of a series of new Marfey’s derivatives, in which the amino acid 

residues are modified with other protecting groups at the C-terminal 

and in the side chains. These groups modify the chromatographic be- 

haviour of the Marfey’s derivatives according to their hydrophobic or 

hydrophilic character. So, new eluent systems should be elaborated 

(see Table I). 

The BOC-amino acid derivatives were deprotected quantitative- 

ly and selectively at amino group by trifluoroacetic acid treatment 

(checked by RP-HPLC and NP-TLC). Derivatization was carried out 

according to Marfey: 
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PROTECTED AMINO ACID DERIVATIVES 2769 

TFA 
BOC-Ser(Bzl)OH - HSer(Bz1)OH 

DL DL 

L F-DNPA-NH, (MR) 

rDNPA -NH2 rDNPA-NH, + 1 Ser(Bz1)-OH 

L L  DL 

The FMOC a-amino protecting groups were removed quantitatively by 

piperidinolysis. The Z groups were splitted quantitatively from a 

amino groups by catalytic transfer hydrogenation. The chromato 

graphic data of new Marfey's derivatives are summarized in Table I. 

It was concluded, that the all new diastereomeric compounds could 

be separated well on RP-columns. The chromatographic conditions 

were optimized to  achieve large separation coefficients (a) (see Table 

I), and baseline separations with methanol-Na-acetate buffer (pH 4) 

or met hano 1 -ace toni trile -N a-ac e tate buffer eluent systems, is0 c rat i 

cally. It seems that the L-diastereomers are usually eluted before the 

D-isomers, and the protecting groups of ester and amide type increase 

the retention times because of their high hydrophobic characters (Bzl, 

Et, Me, OBut, NH2, NH-R, etc.). So the eluent systems contain more 

organic modifiers (CH,OH or CH,CN) as  usually (see e.g. 

Gla( OBut),). 

The protecting groups (NO,, But, Bzl, DNF: Tos) of side chain 

protected amino acid derivatives have a similar effect on the reten- 

tion. 
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2770 SZ6- ET AL. 

Fig.1. demonstrates the separation of D and L-Ser-OBzl- 

Marfey’s derivatives. 

Racemization of amino acid derivatives could be determined by 

measuring quantitatively the D-amino acid (or derivative) content of 

the sample, or directly the D/L compound ratio. Thus, the optical pu- 

rity of amino acids used in peptide syntheses were checked very pre- 

cisely: since the detection limit was about 5-8 pmol of an amino acid 

enantiomer, 0.02-0.05% of the racemization could be determined accu- 

rately. 

Racemization rate depends on the preparation methods, of 

course. 

It seems from Table I, that BOC-Leu-NH,, FMOC-Arg(NO,)OH 

and BOC -Homo -Arg(OH) were strongly racemized (>80%) during 

their synthesis because of strong basic reaction conditions. The other 

compounds contain only minimum quantities of D-amino acids, so 

their enantiomeric purity is suitable enough for peptide synthesis. 

On the other hand especially important is the question of the 

enantiomeric purity of N-protected amino acids after activation of the 

C-terminal carboxyl group with peptide coupling reagents. Coupling 

of the carboxyl activated N-protected amino acid with an amino com- 

ponents can lead to epimeric products because of racemization (40). 

Our improved method was applied t o  check the racemization 

level of an efficient, new amidation method of protected amino acids, 

when N-tert-butoxycarbonyl derivatives of L-leucine, S-benzyl-cysteine 

and N-(2,4-dinitrophenylf-L-histidine were amidated with crystalline 

ammonium salts of 3-hydroxy-1.2.3-benztriazin-4(3H)-one and N-hy- 

droxysuccinimide t o  give after activation the corresponding amino 

acid amides in good yields (5) .  Table I shows (Cys and His amides), 
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0 

MarfwOH 

i 

:A 2.56) 

D-Dknzyl-Ser 

(A0.02) 

I 

2771 

FIGURE 1. Chromatographic pattern of racemization of 0-benzyl-L- 
serine (Fine Chemicals, REANAL, Hungary) 
Column: Nucleosil C18-5 pm. Eluent: methanol - 0.02 M sodium ac- 
etate buffer (pH 4) 5050 (vlv). Flow rate: 1.0 mL/min. Detection: 
340 nm. Derivatization: 5 mmol. D-isomer content: 0.34%. 
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that only minimal quantities of D-amino acids could be detected using 

the novel amidation reagents. The endproducts have high enan- 

tiomeric purity. 

The method can be used for determination of L-impurities in D- 

compounds, of course. Our data  were supported by optical rotation 

measurements, too. If we took into account the enantiomer-contents 

as corrections, the optical rotation data  of the samples became identi- 

cal with the literature ones (e.g. in the case of Z-Gla(OBut)&. 

In order to validate this technique, i t  was found, that the values 

of D isomer content obtained after hydrolysis and deprotection were 

practically identical in the case of BOC-Asn, BOC-Leu-NH2, BOC- 

Cys(Bzl)NH, and BOC-His(DNP)NH, (see Table I). 

It seems from the recent papers, that  the popularity of Marfey’s 

reagent is increasing further in the laboratories of peptide chemists 

(41,42). 
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