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APPLICATIONS OF tert-BUTYLOXYCARBONYL-L-AMINO ACID-N- 
HYDROXYSUCCINIMIDE ESTERS IN THE CHROMATOGRAPHIC 
SEPARATION A N D  DETEXMINATION OF D,L-AI*lINO ACIDS 

AND DIASTEREOMERI C D I PEPTI DES 

William R .  Cahill ,  J r . ,  Eugene P .  Kroeff, and Donald J .  Pietrzyk 

The University of Iowa 
Chemistry Department 

Iowa City, Iowa 52242 
USA 

ABSTRACT 

DL-Amino acids a re  converted into the L D ,  a n d  LL diastereomeric 
dipeptides a f t e r  reaction with a Eoc-L-AA-OSu derivative.  The di-  
peptides are subsequently separated by 1 iquid chromatography using 
a reversed, banded stationary phase. I f  the sample i s  a D L , D L -  
dipeptide, the products o f  the reaction a re  the LLL,  L D D ,  LLD, and 
LDL t r ipept ide.  Reaction conditions, s t ructure  of the BOC reagent, 
eluting conditions, and cal i bration procedures a re  the major 
parameters studied. I n  general, per cent conversion i s  greater  
t h a n  352; the determination of minor concentrations o f  one 
enantiomer in the presence of the other i s  possible.  

INTRODUCTION 

The unique qua l i t i es  of h i g h  performance l iquid Chromatography 
( H P L C )  are par t icular ly  sui table  t o  the many d i f f i c u l t  separation 
problems routinely encountered i n  peptide chemistry. Several recent 
investigations have focused on evaluating those parameters which in- 
f l  uence the interactions between stationary phases a n d  amino acids ,  
peptides, a n d  the i r  derivatives while others were concerned primarily 
w i t h  established optimum eluting conditions for  t he i r  separation 
P8) .  
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1320 CAHILL, K R O " F ,  AND PIETRZYK 

i s  the column void volume. The column void volume was determined 
by measurement of  the retention volume for  a sample o r  solvent 
that  i s  not retained by the colltmn. 

measurements using a d i rec t  cal ibrat ion curve and an internal 
standard ca l ibra t ive  curve. 
a Spectra Physics SP-4100 Computing Integrator.  

Quantitation was achieved by peak area and peak height 

This was done both manually and with 

RESULTS A N D  DISCUSSION 

Boc Reagents 

action w i t h  a DL-amino acid in the presence of NaHC03 t o  give the 
Boc protected L,L-dipeptide and L,D-dipeptide. Removal o f  the Boc 
group i s  accomplished by treatment w i t h  CF3C02H. 
action mixture a f t e r  work-up i s  then composed o f  the ? , L  a n d  L,D- 
dipeptides, N-hydroxysuccinimide, CF CO H, the i-amino acid f r o m  

the excess Boc reagent, and the i r  sodium s a l t s .  These reactions 
are summarized be1 ow. 

The Boc-L-AA-N-hydroxysuccinimide e s t e r  will undergo a re- 

The f inal  re- 

3 2  

BOC-L-AA-OSU D l  -Amino Acid 
( 1 )  

0 
HZNCHCNn$HCOH O Q  * H2NCHeNHyCOH O e  H O N 3  + CF-,COH P + L-AA 

R R' R R' A' 
U 

L.L-Dipeptide L.D-Dipaptide 

Several other reactions a re  known which can be used t o  convert 
The advantages o f  the Soc- t -  18 amino acids into dipeptides ( ) . 

AA-OSu over the other  reagents for the type o f  applications 

tion of opt ical ly  act ive amino acids.  Two general types o f  
elution modiffcations have been used i n  gas  and  l iquid chroma- 

One type o f  problem o f  considerable in t e re s t  i s  the separa- 
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D,L-AMINO ACIDS 1321 

tography t o  solve th i s  problem. a )  The enantiomers a re  
separated on an opt ical ly  act ive s ta t ionary phase. b )  The 
enantiomers are  chemically converted into diastereomers by a 
reaction with a sui table  asymmetric reagent followed by separation 
on an opt ica l ly  inactive s ta t ionary phase.  These techniques have 
recently been reviewed ( ' - 1 3 ) .  A third and recent approach, which 
may prove to  be a general one, i s  t o  use chiral  eluants.  Examples 
of th i s  are  the separation of D,L-amino acids ( 14 ,15 )  and dansyl- 
D,L-amino acid derivatives ( ) using an eluant containing a metal 
chelate where the chelating agent i s  op t ica l ly  act ive.  

In the present paper a procedure i s  described for  the separa- 
tion of D-and L-amino acids,  M, a f t e r  t he i r  conversion; fo r  
example, to the [L-Phe ] dipeptides by a reaction w i t h  an N-hy- 
droxysuccinimide e s t e r  o f  a tert-butyloxycarbonyl (Boc) blacked 
derivative of L-Phe (Boc-L-Phe-OSu). Several other Boc reagents 
(Boc-L-AA-OSu) can a1 so be used. The result ing diastereomeric 
di peptides are  then separated on a reversed bocded phase type 
column. 
i n  racemization s tudies ,  peptide synthesis, peptlde purif icat ion,  
and related applications since this reaction i s  widely used i n  these 
areas. 

16 

1 

The procedures described here a re  a lso potent ia l ly  useful 

Reagents 
Amino acids a n d  dipept 

MATERIALS 

des were o b t a  ned from Sigma Chemical Co. 
The L-Phe a n d  L-Ala derivatives o f  the 90c- a n d  Vega Biochemical Co. 

L-AA-OSU reagents were obtained from Sigma while the L-Val a n d  
L-Leu derivatives were from Chemical Dynamics Corp. a n d  Tri dom/ 
Fluka Chemical Inc. Trifluoroacetic acid was purchased from Sigma. 
Inorganic acids,  bases, and s a l t s  were analytical  reagent grade. 
These Znd organic sol vents were obtained from C u r t i n  Matheson 
Sc ien t i f ic  Co. Dis t i l led water was passed through a mixed bed ion 

exchange column, a n  activated charcoal column, and  f ina l ly  t h r o u g h  
a 0.2 um s ta in less  s teel  f i l t e r  before being used. 
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1322 C A H I U ,  KROEFF, AND PIETRZYK 

I n s t r u m e n t a t i o n  

Two l i q u i d  chromatographs were used. 

202 l i q u i d  chromatograph equipped w i t h  a Model 6000 punip, a U6K 

i n j e c t o r ,  and a f i x e d  wavelength UV d e t e c t o r .  The second one used 

was an  A l t e x  Model 332 g r a d i e n t  l i q u i d  chromatograph equipped w i t h  

a Model 420 M ic rop rocesso r  System, two Model 110 A pumps, a Model 

153 f i x e d  wavelength d e t e c t o r ,  and a S e r i e s  210 i n j e c t o r .  The 

columns were an A l t e x  L iChroso rb  R P 8 ,  1 0  urn, 25 x 0.32 cm, Yerck 

H i b a r - I 1  L iChroso rb  R P - 8 ,  10 urn, 25 x 0.46 cm, and a Waters 

VBondapak C18, 10 pin, 30 x 0.39 cm. 

were computed w i t h  a Spec t ra  Phys i cs  SP-4700 Computing I n t e g r a t o r .  

One was a Waters Model 

Chromatographic peak a reas  

Procedures 

reagen t  w i t h  an amino a c i d  a r e  p r o v i d e d  e lsewhere ("1. 

v a r i a b l e s  ( r e a c t i o n  t ime,  temperature,  s o l v e n t ,  c o n c e n t r a t i o n  r a t i o  I 

e t c . )  i n  t h e  procedure were s t u d i e d  and those  a l r e a d y  sugc~ested 

were found t o  be optimum. 

Standard amino a c i d  and p e p t i d e  s o l u t i o n s  were p repared  by d i s -  

s o l v i n g  mg q u a n t i t i e s  i n  wa te r ,  0.1M H C l ,  o r  o r g a n i c  s o l v e n t  - w a t e r  

s o l u t i o n s  and s t o r e d  i n  6-ml H y p o v i a l s  f i t t e d  w i t h  Hycar septa and 

s e a l e d  w i t h  aluminum caps ( P i e r c e  Chemical ) .  The s o l u t i o n s  '&ere 

r e f r i g e r a t e d  when n o t  i n  use. Pressure Lok S e r i e s  E l l 0  s y r i n g e s  

( P r e c i s i o n  Sampling C o r p o r a t i o n )  o f  10-and 25-UL s i z e  were used t o  

i n j e c t  t h e  samples, 

volume. Phosphate s a l t s  were used f o r  t h e  b u f f e r s  a t  3.020M; ilaC1 

was added i n  a p p r o p r i a t e  amounts t o  m a i n t a i n  t h e  i o n i c  s t r e n g t h  a t  

0.10M. 

A d e t a i l e d  procedure f o r  t h e  r e a c t i o n  o f  t h e  Boc-L-AA-OSu 

Reac t ion  

A l l  mixed s o l v e n t s  used i n  t h e  e l u t i n g  m i x t u r e s  a r e  p e r c e n t  by 

Capac i t y  f a c t o r s  were c a l c u l a t e d  a c c o r d i n g  t o  

k '  ( V R - V o ) / V R  

where VR i s  t h e  e l u t i o n  Volume f o r  t h e  chmmatog raph ic  peak and V, 

desc r ibed  here a r e  s e v e r a l .  1 .  The r e a c t i o n  i s  q u a n t i t a t i v e  (>95'5 
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D, L-AMINO ACIDS 1323 

r e a c t i o n )  and proceeds without racemization. 2 .  The r eac t ion  
condi t ions  a r e  r e l a t i v e l y  simple and r equ i r e  a r a t i o  o f  1 :2:2 i n  
amino acid:Boc-L-AA-OSu:NaHC03. 
OSu i s  necessary to  ensure a q u a n t i t a t i v e  conversion o f  the a c i d i c  
and bas ic  amino ac ids  i n t o  the de r iva t ives .  For example, r eac t ion  
w i t h  l y s i n e  requi res  approximately a 1 :4:2 r a t i o .  These observa- 

17  t i ons  were experimentally e s t ab l i shed  previous ly  ( 
verified i n  the present  s tudy .  3 .  I t  i s  poss ib l e  t o  in t roduce  a 
chromophore i n t o  the d ipept ide  by choosing a p a r t i c u l a r  Boc-L-AA- 
OSu reagent and t h u s  f a c i l i t a t e  i t s  UV de t ec t ion .  For example, 
using Boc-L-Phe-OSu would in t roduce  an aromatic s i d e  chain group 
and would e a s i l y  allow de tec t ion  a t  254 nm. 4. 
reagents a r e  commercially a v a i l a b l e  i n  reasonable  pu r i ty  and a r e  
ava i l ab le  a s  d i f f e r e n t  amino ac id  d e r i v a t i v e s .  5 .  The f ina l  
reac t ion  mixture i s  a favorable one i n  t h a t  t h e r e  i s  a cons iderable  
d i f f e rence  in  the  chromatographic behavior between the  d i  peptides 
and the  by-products, thus, removal of the by-products i s  r ead i ly  
achieved. 6 .  The reac t ion  i s  not only l imi t ed  to  amino ac ids  b u t  

can a l s o  be appl ied  t o  d ipept ides  and longer chain pept ides .  

Separation o f  Diastereomeric Peptides 

obtained via reac t ion  1 ,  where Boc-L-Leu-OSu was used, were 
separated by using a sul fonated polystyrene-divinyl benzene type 
column w i t h  aqueous ac id ic -buf fered  e l u t i n g  mixtures. A1 though 
reso lu t ion  of  L,D-dipeptide mixtures was achieved e l u t i o n  times 
a r e  not favorable from an ana ly t i ca l  o r  prep-scale viewpoint. For 
example, e lu t ion  times of  1 %  t o  u p  to 4 hours a r e  requi red  t o  e l u t e  
d ipept ides  from the  ion exchange column. 

aqueous-organic so lvent  mixtures could be success fu l ly  used to  
separa te  peptide diastereomers on micropar t ic l  e C8 and C18 
s t a t i o n a r y  phases ( ) and on Amberlite XAD copolymeric adsorbents 
( ’1  i n  a mat te r  of  minutes. Since mic ropa r t i c l e  XAD columns can 
a l so  be prepared which have e f f i c i e n c i e s  s i m i l a r  to the  

A l a r g e r  excess o f  the Boc-L-AA- 

) and were 

The Boc-L-AA-OSu 

In previous inves t iga t ions  (’, ”) dias te reomer ic  d ipept ides  

Previous work i n  t h i s  l abo ra to ry  had  demonstrated t h a t  buffered 

2 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
0
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1324 CUILL,  KROEFF, AND PIETRZYK . 

19 a l ky l -mod i f i ed  s i l i c a  columns ( 
s i g n i f i c a n t  advantage over the  i o n  exchange column i n  a n a l y t i c a l  

and prep-scale HPLC. 

a favorab le  separa t ion  o f  a d ias te reomer ic  pep t ide  m ix tu re  on the  
bonded phase and XAD columns ( ' " ) .  These i n c l u d e  adjustment o f  

pH, o rgan ic  solvent-water r a t i o ,  type o f  o rgan ic  so l ven t  used, 

a d d i t i o n  o f  e l e c t r o l y t e s  and changes i n  the  s t a t i o n a r y  phase. 

Since s e l e c t i v i t y  i s  a l s o  s t r o n g l y  i n f l u e n c e d  by d i p e p t i d e  

s t r u c t u r e  the  cho ice  o f  the  Boc-L-AA-OSu w i l l  i n f l u e n c e  the  e l u t i o n  
s ince  d i f f e r e n t  amino ac ids  can be in t roduced i n t o  p o s i t i o n  1 o f  

t he  d ipep t ide  w i t h  the  Boc reagent. For example, a l a r g e  hydro- 
phobic s ide  chain group i n  the  amino a c i d  subun i t  w i l l  i nc rease the 

r e t e n t i o n  over t h a t  found f o r  a l e s s  hydrophobic s ide  cha in  group 

( ' ' 2 ) .  
r e l a t i v e  t o  the  charged s i t e  i n  the d ipep t ide  w i l l  i n f l u e n c e  the  

re ten t i on ;  t h i s  r e t e n t i o n  w i l l  change w i t h  pH since i n  a c i d i c  s o l u -  

t i o n  the amine te rmina l  group e x i s t s  as a c a t i o n  w h i l e  i n  bas ic  
s o l u t i o n  the  carboxy l  te rmina l  group e x i s t s  as an an ion .  

Tables I and I 1  i l l u s t r a t e  many o f  these p o i n t s .  I n  Table I 
the samples were LD-amino a c i d  mix tu res  and thus two d ipep t ide  p r o -  

ducts (L,L and L,D) were ob ta ined w h i l e  i n  Table I 1  the  samples 
were i n d i v i d u a l  L and D amino ac ids .  A 254 nm wavelength was used 

f o r  de tec t i ng  the  Phe d ipep t ides  w h i l e  208 nm was used f o r  t he  

others.  I n  most cases the  peak pos i t i ons  were conf i rmed by com- 

par ison  t o  standards. The d i f f e r e n t  Boc reagents wet-e used w i thou t  
mod i f i ca t i on  o f  the  procedure. A l l  reac t ions  appeared t o  p rov ide  a 

quan t ia t i ve  conversion; t h i s  was v e r i f i e d ,  when poss ib le ,  by care-  
f u l l y  examining the  chromatogram a t  r e t e n t i o n  volumes, where unre- 
acted AA would appear, w i t h  a h i g h  s e n s i t i v i t y .  As expected re ten -  
t i o n  increases as the  CHfCN concent ra t ion  decreases and increases 

i n  a c i d i c  and bas ic  s o l u t i o n  where the  d ipep t ides  are  n o t  
zw i t t e r i ons .  

The r e t e n t i o n  a f t e r  r e a c t i o n  w i t h  a g iven AA i s  t h e  l a r g e s t  
when in t roduc ing  Phe a t  p o s i t i o n  1,  t h i s  i s  f o l l owed  by Leu and 

) ,  bo th  types o f  columns o f f e r  a 

Several e l u t i o n  var iab les  can be e x p l o i t e d  i n  o r d e r  t o  o b t a i n  

Furthermore, the  l o c a t i o n  o f  the  hydrophobic s i d e  cha in  
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TABLE I 1  

R e t e n t i o n  Data f o r  Severa l  D i p e p t i d e  Diastereomers 

10% CH CN- 5% CH3CN- 100% H2O; 
90% ti28 ; p H 4 . 1  95% H20 ; pH-6.0 p H 4 . 0 5  

Bo c 
Reaqen t L,L L,D - L,L L,D L,L L,D - AA - 

~~ ~~~ 

L-Leu L-A1a;D-Ala BSP 1.64 1.45 9.95 
L-Leu L-Va1;D-Val ESP 3.18 1.09 11.8 
L-Leu L -1 le ;D- I l e  0.92 8.57 3.27 36.0 
L-Leu L-Leu;D-Leu 1.61 9.41 6.00 38.2 
L-Leu L-Phe;D-Phe 5.12 19.0 
L-Leu L-Asp;D-Asp 
L-Leu L-Ser ;D-Ser 0.72 2.21 
L-Leu L-Tyr;D-Tyr 0.59 1.26 1.69 4.18 
L-Leu L-Lys;D-Lys 1.21 6.22 6.41 >32 
L-Leu L-Asn;D-Asn 0.76 1.58 
L-Leu L-Arg;D-Arg BSP 0.78 1.31 7.81 
L-Leu L-Trp;D-Trp 5.68 14.73 

a6SP=the d i  p e p t i d e  peak appears w i t h i n  t h e  by -p roduc t -  
s o l v e n t  peaks a t  t h e  v o i d  volume. Data were c o l l e c t e d  on 
a Merck H i b a r - I 1  L iChroso rb  RP-8 column. 

f i n a l l y  by A l a .  For a g i v e n  Boc reagen t  d i p e p t i d e  r e t e n t i o n  de- 
creases as t h e  hydrophobic  n a t u r e  o f  t h e  AA a t  p o s i t i o n - 2  de- 
creases.  

o r  Boc-L-Leu-OSu, t h e  d i p e p t i d e s  o b t a i n e d  a f t e r  r e a c t i o n  w i t h  a 
p o l a r  amino a c i d  such as Ser have low  r e t e n t i o n  and t h e i r  peaks a r e  
c l o s e  t o  those  r e s u l t i n g  f rom t h e  s o l v e n t  and r e a c t i o n  by -p roduc ts .  

The aoc-L-Ala-OSu reagen t  appears t o  be t h e  l e a s t  u s e f u l  s i n c e  d i -  
p e p t i d e s  d e r i v e d  from t h i s  r e a g e n t  have t h e  l o w e s t  r e t e n t i o n .  For  

example, A la-Ala (Tab le  I )  canno t  be r e a d i l y  separa ted  f rom t h e  

Thus, as shown i n  Table I ,  even when u s i n g  Boc-L-Phe-OSu 
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D,L-AMINO ACIDS 1327 

solvent-by-product peaks; t he  k' data l i s t e d  were ob ta ined w i t h  

Ala-Ala standards. 
I n  Table I1 a i3oc-L-Leu-OSu reagent was used t o  prepare d i -  

pept ides from nonpolar, po la r ,  and p o l a r - a c i d i c  and bas ic  AA. 
a l l  cases the  L,D d ipep t ide  has the  g rea te r  r e t e n t i o n  and i s  
r e a d i l y  base l ine  separated from t h e  L,L d ipep t ide  by c a r e f u l l y  
choosing an approp r ia te  CH3CN-H20 r a t i o  a t  pH=6. 
s t r u c t u r e  o f  the d ipept ides  changes o n l y  a t  p o s i t i o n  2 t h e  i n f l u e n c e  
o f  t h i s  change on r e t e n t i o n  i s  apparent. 

I f  a C-18 column i s  used r e t e n t i o n  increases over  t h a t  on the  
C-8 column. Only data f o r  r e t e n t i o n  o f  Ser d ipept ides  on the  C-18 
column a r e  shown i n  Table I .  For those d ipept ides  whose k' values 

are  small  on the  C-8 column, f o r  example the p o l a r  d ipept ides ,  and 

appear Close t o  o r  a r e  poo r l y  reso lved from t h e  solvent-by-product 
peaks, t he  C-18 column would be p re fe r red .  

In 

A l s o ,  s ince  the  

TABLE I 1 1  

Retent ion Data fo r  (A la )3  a f t e r  Reaction o f  
DL-A1 a-DL-A1 a w i t h  Boc-L-A1 a-OSu 

E l u t i n g  
Capacity Factor,  k '  Condi t i o n a  

Bo c 
Reagent D i  pept i de LLD LDD LLL LDL @ XCH3CN - - -  
L-A1 a DL-A1 a-DL-Ala BSPb BSP BSP BSP 2.6 0 - (Ala)3  Standards 0.98 0.49 0.49 1.76 2.6 0 
L-Phe DL-Ala-DL-Ala 1.12 1.50 1.50 2.87 2.6 10 
L-Phe DL-Ala-DL-A1 a 3.12 3.98 4.45 9.18 2.6 5 
L-Phe DL-A1 a-DL-Ala 6.18 7.58 9.14 18.3 2.6 3 
L-Leu DL-Ala-DL-Ala 1.46 1.9 1.9 4.14 2.6 10 
L-Leu DL-A1 a-DL-A1 a 2.22 2.70 3.06 7.00 2.6 5 
L-Leu DL-A1 a- DL-A1 a 5.74 7.29 8.64 22.5 2.6 3 

- 

aData were c o l l e c t e d  on a Waters u8ondapak C-18 column. 
bBSP=the t r i p e p t i d e  peak appears w i t h i n  the  by-product-sol  vent 

peaks a t  the vo id  volume. 
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1328 WILL, KROEFF, AND PIETRZYK 

Reaction 1 can be app l i ed  t o  pept ides .  This i s  i l l u s t r a t e d  i n  

Table I 1 1  where chromatographic data a re  shown. For a se r ies  o f  
t r i p e p t i d e s  ob ta ined a f t e r  r e a c t i o n  o f  LD-Ala-LD-Ala w i t h  several  

d i f f e r e n t  Boc reagents. 

were confirmed by ca r ry ing  o u t  t he  reac t i ons  w i t h  L-Ala-L-Ala, 
0-Ala-0-Ala, L-Ala-D-Ala, and 0-Ala-L-Ala. 

r e t e n t i o n  i n  Table I11 increases w i t h  a decrease i n  CH3CN concen- 

t r a t i o n ,  i s  l a r g e r  i n  a c i d i c  and bas ic  s o l u t i o n  where t h e  pept ide  

i s  n o t  a z w i t t e r i o n ,  and i s  l a r g e r  on t he  C-18 column. 

The e l u t l o n  o rde r  i n  Table 111 f o r  t he  A l a  t r i p e p t i d e s  i s  con- 
s i s t e n t  w i t h  t h a t  observed before,  t h a t  i s ,  LDL > LLD > LLL > LDD ( 1.  
When the AA u n i t  i n  pos i t i on -1  i s  a l t e r e d  as occurs when us ing  
e i t h e r  the Boc-L-Phe-OSu o r  Eoc-L-Leu-OSu reagent the  e l u t i o n  o rde r  

changes t o  LDL > LLL > LDD > LLD. This i n d i c a t e s  t h a t  the  hydro- 
phobic nature o f  the  s ide  cha in  group i n  the  AA u n i t  a t  pos i t i on -1  

i s  s i g n i f i c a n t  and has a g rea te r  e f f e c t  than t h a t  due t o  d i r e c -  
t i o n a l  d i f ferences t h a t  a re  present a t  each c h i r a l  cen ter  ( - 1  even 

The k '  values fo r  each o f  t he  t r i p e p t i d e s  

As w i t h  t h e  d ipept ides  

2 

7 

i I" 

JiL 
I 

I r 
FIGURE 1 

Separation o f  L-Leu-DL-Phe Diastereomers 
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D,L-AMINO ACIDS 1329 

though t h e  s i d e  c h a i n  group i s  c l o s e  t o  a charged s i t e .  I n  Table 

111 t h e  r e t e n t i o n  d a t a  were o b t a i n e d  i n  a c i d i c  s o l u t i o n  where t h e  
t e r m i n a l  amino group a t  p o s i t i o n - 1  i n  t h e  t r i p e p t i d e  i s  i n  t h e  

c a t i o n i c  form.  The combined i n f l u e n c e  o f  charge,  s t r u c t u r e  

M s i d e  cha in ,  and t h e i r  p o s i t i o n  r e l a t i v e  t o  each o t h e r  on 

t i o n  has been d i scussed  e lsewhere ( ”* ) .  

A p p l i c a t i o n s  

o f  t h e  

r e t e n -  

Severa l  d i f f e r e n t  exper iments were completed t o  i l l u s t r a t e  t h e  

q u a l i t a t i v e  and q u a n t i t a t i v e  scope o f  r e a c t i o n  1 .  
Consider  a Phe sample where i t  i s  i m p o r t a n t  t o  e s t a b l i s h  i t s  

o p t i c a l  p u r i t y .  I f  t h e  sample i s  r e a c t e d  w i t h  Boc-L-Leu-OSu 

a c c o r d i n g  t o  r e a c t i o n  1, two d i p e p t i d e s ,  L-Leu-L-Phe and L-Leu-D- 
Phe w i l l  form i f  t h e  sample c o n t a i n e d  b o t h  D-and L-Phe. A t y p i c a l  
chromatogram i l l u s t r a t i n g  t h e i r  s e p a r a t i o n  i s  shown i n  F i g u r e  1 .  

I f  t h e  Phe sample i s  o p t i c a l l y  p u r e  o n l y  t h e  one d i p e p t i d e  t h a t  i s  

formed w i l l  appear i n  t h e  chromatogram. Thus, t h e  appearance o f  
e i t h e r  o r  b o t h  peaks i s  a q u a l i t a t i v e  e s t i m a t i o n  o f  o p t i c a l  p u r i t y  

w h i l e  t h e i r  areas correspond t o  a q u a n t i t a t i v e  e s t i m a t i o n  o f  each. 
F i g u r e  2 i l l u s t r a t e s  t h e  s e p a r a t i o n  o f  t h e  m i x t u r e  o b t a i n e d  

a f t e r  r e a c t i o n  o f  Boc-L-Phe-OSu w i t h  LD-Ala-LD-Ala. Thus, t h e  

o p t i c a l  p u r i t y  o f  an A la -A la  sample would be e s t a b l i s h e d  by a 
c a r e f u l  examina t ion  a t  a p p r o p r i a t e  s e n s i t i v i t y  a t  t h e  f o u r  r e t e n -  

t i o n  volumes co r respond ing  t o  t h e  LLD, LDD, LLL, and LDL t r i -  

p e p t i d e .  
Three independent  systems were s t u d i e d  i n  o r d e r  t o  e s t a b l i s h  

t h e  q u a n t i t a t i v e  a p p l i c a t i o n  o f  r e a c t i o n  1. 
c a l i b r a t i o n  curves s f  peak h e i g h t  and area versus p e p t i d e  concen- 
t r a t i o n  were p repared  u s i n g  t h e  commerc ia l l y  a v a i l a b l e  d i p e p t i d e s ,  

L-Phe-L-Ser and L-Leu-L-Phe, as s tandards .  T h e i r  o p t i c a l  p u r i t y  

r e l a t i v e  t o  t h e  presence o f  L,D and D,L d i p e p t i d e s  and p u r i t y  

r e l a t i v e  t o  t h e  presence o f  Phe and Leu was e s t a b l i s h e d  by 
examin ing t h e  s e p a r a t i o n  w i t h  a h i g h  d e t e c t o r  s e n s i t i v i t y  a t  

r e t e n t i o n  volumes where these  i m p u r i t i e s  wou ld  appear. 
absence o f  a Ser  i m p u r i t y  c o u l d  n o t  be c o n f i r m e d  because Ser has 

I n  t h e  f i r s t  two 

The 
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SOC-L-PWE-OSu DL-Ru-DL-Au - L-PME-DL-ALA-DL-ALA 

72 14.2 21 2 28.2 
mi  
FIGURE 2 

Separa t i on  o f  L-Phe-LO-Ala-LD-Ala Oiastereomers 

very l i t t l e  r e t e n t i o n  and i t s  peak i s  n o t  r e a d i l y  separa ted  from 

t h e  s o l v e n t  peaks. I n  separa te  exper iments known amounts o f  L-Ser  

and L-Phe were taken  and c o n v e r t e d  t o  L-Phe-L-Ser and L-Leu-L-Phe, 

r e s p e c t i v e l y ,  a c c o r d i n g  t o  r e a c t i o n  1 by u s i n g  t h e  a p p r o p r i a t e  Boc 
reagent .  (The o p t i c a l  p u r i t y  o f  t h e  Boc reagen ts  was v e r i f i e d  by 

examin ing t h e  s e p a r a t i o n  w i t h  a h i g h  d e t e c t o r  s e n s i t i v i t y  a t  

r e t e n t i o n  volumes where t h e  D,L d i p e p t i d e s  wou ld  appear . )  

c o n c e n t r a t i o n s  o f  t h e  s y n t h e s i z e d  d i  pep t ides  were o b t a i n e d  from 

t h e  c a l i b r a t i o n  curves.  I n  g e n e r a l ,  p e r  c e n t  recove ry  o f  L-Ser 

and L-Phe, whether  u s i n g  peak a rea  or peak h e i g h t ,  was >95-,. 

I n  t h e  t h i r d  system a c a l i b r a t i o n  c u r v e  was p repared  u s i n g  

d i f f e r e n t  amounts of  L -A la  as t h e  sample and L-Ser as an i n t e r n a l  

s tandard.  The m i x t u r e  were c o n v e r t e d  t o  t h e  d i p e p t i d e s ,  L-Phe-L- 

A1 a and L-Phe-L-Ser , r e s p e c t i  v e l y  , a c c o r d i  ng t o  r e a c t i o n  1 u s i  ng 

Boc-L-Phe-OSu. 

t h e  chromatogram and p l o t t e d  as t h e  r a t i o  versus L -A la  concen t ra -  

t i o n .  F i g u r e  3 i l l u s t r a t e s  t h e  s e p a r a t i o n  w h i l e  F i g u r e  4 i l l u s -  

The 

The peak h e i g h t s  and areas were de te rm ined  f rom 
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D ,L-AMINO ACIDS 1331 

t r a t e s  the  c a l i b r a t i o n  curve us ing  the  peak he igh t  r a t i o .  

squares f i t  o f  t he  24 data po in ts  provides a slope o f  0.276 ( i n t e r -  
cept 0.0485) w i t h  a standard d e v i a t i o n  o f  0.0163. I f  t h e  four data 
po in ts  o u t  a t  t he  t o p  o f  the  curve are omi t ted  the  standard devia- 
t i o n  i s  reduced t o  0.00984. A s i m i l a r  r e p r o d u c i b i l i t y  was found 

f o r  t h e  peak area c a l i b r a t i o n .  The 24 data p o i n t s  represent  two 

independent se ts  o f  Ala-Ser mix tu res  each o f  which was chroma- 

tographed a t  l e a s t  two t imes a f t e r  c a r r y i n g  out r e a c t i o n  I. 
I n  these th ree  c a l i b r a t i o n  experiments a f i x e d  5 u l  i n j e c t o r  

sample loop was used and the  concent ra t ion  range f o r  t he  c a l i b r a -  
t i o n  curve, which were l i n e a r ,  was from 5 ~1 o f  0.01 mg/ml t o  5 v l  

of 0.5 mg/ml expressed as weight of d ipep t ide  o r  A la  i n  t h e  case 
o f  the  i n t e r n a l  standard c a l i b r a t i o n .  Since a 0.16 AUFS de tec to r  

s e n s i t i v i t y  was used c a l i b r a t i o n  a t  lower concent ra t ion  i s  s t i l l  
poss i b l  e. 

p a r t i c u l a r l y  if a 208 nm de tec t i on  wavelength i s  used. For 

A l e a s t  

Lower concentrat ions can s t i l l  be e a s i l y  detected, 

A 

0 10 20 30 40 
ml 

FIGURE 3 
Separation o f  a L-Ser and L-Ala Mix tu re  A f t e r  

Conversion t o  Dipept ides w i t h  Boc-L-Phe-OSu 
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1332 WILL, KROEFF, AND PIETRZYK 

mq 1-Alo/ml 

FIGURE 4 
A Peak H e i g h t  C a l i b r a t i o n  Curve f o r  L - A l a  Us ing  L-Ser  as 

I n t e r n a l  Standard a f t e r  Convers ion t o  t h e  D i  p e p t i d e s  
w i t h  Boc-L-Phe-OSu 

example, s o l u t i o n s  were p repared  i n  wh ich  t h e  r a t i o  o f  L t o  D Phe 

was 100 t o  1 and 1 t o  100. A f t e r  r e a c t i o n  w i t h  Boc L-Leu-OSu 
acco rd ing  t o  r e a c t i o n  1 t h e  p e p t i d e  a t  t h e  1 pph c o n c e n t r a t i o n  was 

r e a d i l y  detected.  D e t e c t i o n  a t  1 p p t  l e v e l s  s h o u l d  a l s o  be 

poss i b 1 e. 

w i d e l y  used i n  p e p t i  de s y n t h e s i s .  
i n  Tables I t o  111 a r e  n o t  o n l y  u s e f u l  f o r  a r a p i d ,  e f f i c i e n t  
s e p a r a t i o n  o f  p roduc ts  f rom t h e  m i x t u r e  b u t  t h e y  a l s o  p r o v i d e  a 
b a s i s  f o r  s e l e c t i n g  e l u t i n g  c o n d i t i o n s  f o r  t h e  p u r i f i c a t i o n  o f  

smal l  c h a i n  p e p t i d e s .  

S ince  r e a c t i o n  1 p r o v i d e s  a q u a n t i t a t i v e  c o n v e r s i o n  i t  i s  
The e l  u t i  ng c o n d i t i o n s  o u t 1  i ned 
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