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ENANTIOMERIC SEPARATION OF 
UNDERlVATlZED ALIPHATIC AND AROMATIC 

LIQUID CHROMATOGRAPHY WITH A 
CHIRAL MOBILE PHASE 

p-AMINOALCOHOLS BY REVERSED-PHASE 

SHIGEO YAMAZAKP, KATSUNORl SAITO, 
AND TAKENORI TANIMURA 

Laborabry of Analytical Chernishy 
Tayama MeQical and Pharmaceuticd Univm$~ 

2630 Sugitani Toyama 930-01, Japan 

ABSTRACT 

Underivat ized a l i p h a t i c  and aromatic B-aminoalcohols 
w i t h  a primary or  secondary alcohol  moiety could be 
separated i n t o  enatiomers by revered-phase l i q u i d  
chromatography w i t h  a c h i r a l  mobile phase conta in ing 
copper(1 I ) ,  C-pro1 ine and b a r b i t a l ( o r  i t s  analogues). 

INTRODUCTION 

Since the  compounds conta in ing c h i r a l  B-aminoalcohol 

moiety are important i n  pharmaceutical science[ l -d l  and 

organic chemistry[4,5], a number o f  enantiomeric separat ion 
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gh-performance l i q u i d  chromatography have been 

I n d i r e c t  methods u s i n g  ch i ra lC71  or  achiralr.81 

z i n g  reagents could be a p p l i c a b l e  i n  

i p h a t i c  and aromat ic  B-aminoalcohols as 

D i r e c t  methods u s i n g  no precolumn 

d e r i v a t i z a t i o n  have a p p l i c a b i l i t y  t h a t  i s  l i m i t e d  t o  o n l y  

aromat ic B -aminoalcohols, such as ephedr ine- l ike and 

p rop rano lo l - l  i k e  compounds[91, and no t  t o  any a l i p h a t i c  

B -am i noal coho Is. 

Previous studiesClO1 i n  our l abo ra to ry  showed t h a t  

under i va t i zed  aromat ic B-aminoalcohols  could be 

separated i n t o  enantiomers by I i g a n d  exchange chromatography 

(LEC) us ing  a copper(l1) s o l u t i o n  as a mobi le phase and 

oc tadecy l s i  l an i zed  s i  I i c a  gel  (ODS) coated w i t h  

- N-n-dodecy I -C-hydroxypro I i ne(C12-HYR) as a s t a t  ionary phase. 

On t h e  o the r  hand, f o r  u n d e r i v a t i z e d  a l i p h a t i c  

0-aminoalcohols,  our a t tempts u s i n g  t h i s  methodology 

were  unsuccessful, r e s u l t i n g  i n  no r e t e n t i o n  or a low 

separat ion fac to r .  

Gil-Av and coworkers repor ted enant iomeric separat ion 

by I E C  using an ODS column 

ch was an aqueous s o l  u t  ion o f  

Thei r  method was a l s o  

o f  under i va t i zed  amino a c i d s  

and a c h i r a l  mobi le phase wh 

copper (I I )  and C-pro1 i n e [ l l l  
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SEPARATION OF b-AMINOALCOHOLS 

i napp l i cab le  t o  under i va t i zed  a l i p h a t i c  and aromat ic 

B-aminoalcohols.  We discovered t h a t  a d d i t i o n  o f  b a r b i t a l  

t o  t h e i r  mob i l e  phase improved the  separat ions of va r ious  

B -am i noa 1 coho I s on ODs co I umn. 

EXPERIMENTAL 

Samp 1 es 

The B-aminoalcohols s tud ied  are  l i s t e d  i n  Table 1. 

Compound 1, 2, 3, (SI-1, (S)-2, (R)-4, and (S)-4 

were purchased from commercial sources. Compound (R)-3 was 

prepared by aminat ion of C121 o f  (R)-styrene ox ide  

(commercial l y  ava i l ab le ) .  

Chromatography 

Chromatography used i n  t h i s  work i s  descr 

the  c a p t i o n  of F igu re  1. 

bed n 

RESULTS AND D I SCUSS I ON 

Examples of t he  d i r e c t  separa t ion  o f  aminopropanols 

us ing  a mobi le phase con ta in ing  phenobarbi ta l  a re  shown i n  

F igu re  1. The 6-aminoalcohots shown i n  Table 1 were a l l  

we1 I separated. Compound 1 and 3 con ta in  an amino group 

at tached t o  a pr imary carbon atom and a secondary a lcoho l  
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2562 YAMAZAIU, SAlTO, AND TANIMURA 

TABLE 1 Enantiomeric Separation o f  B-Aminoalcohol” 

H2NCHR2CH(OH) RI 

compound R i  R2 k ’ i b  EF“ a d  mobi le phase 
_ _ _ ~  

I H CH3 2.77 R 1.34 a 
2 CH3 H 1.04 R 1.66 a 
3 H C6H5 3.96 R 1.26 b 
4 C6H5 H 4.43 R 1.59 b 

”Condi t ions are shown i n  Figure 2. bTaur ine was used as a 
marker f o r  t a r  k ’ = ( t ~ - t e ) / t e ,  a=k ’ i / k ’ 2 ,  where t e  i s  t he  
r e t e n t i o n  t ime o f  nonretarded solute,  k’ I ,  t h e  capaci ty  f a c t o r  
of the f i r s t  e lu ted  enantiomer, CEF,  the con f igu ra t i on  o f  the 
f i r s t  e lu ted  enant iomer and a, t he  separat ion fac to r .  Mobi l e  
phase: a), 10 mM HOPS b u f f e r  s o l u t i o n  (PH 7.5) con ta in ing  4 mM 
copper(l I )  acetate, 8 mH L-pro1 ine, 10 mM b a r b i t a l  and 20 mM 
t r i e t h y l a m i n e  ; b). mix ture o f  one volume o f  a c e t o n i t r i l e  and 
9 volumes o f  mobi le phase a (PH 7.0). Other condi t ions are as 
i n  Figure 1. 

group, conversely, compound 2 and 4 con ta in  an amino group 

at tached t o  a secondary carbon atom and a Pr imary  a l coho l  

group. To shor ten the  r e t e n t i o n  t ime o f  t he  aromat ic 

6-aminoalcohoIs, t h e  mobi le  phase w i t h  minor m o d i f i c a t i o n  

was used. I t  should be n o t i c e  t h a t  t h e  e l u t i o n  order of  

a l l  t h e  enantiomers i s  R be fo re  S. 

Figure 2 shows t h e  e f f e c t  o f  t h e  ba 

i n  the  mobi le  phase on the  separat ion o f  

B-aminoalcohols.  Though b a r b i t a l  i s  ach 

concen t ra t i on  i n  t h e  mobi le phase was c r  

b i t a l  concen t ra t i on  

a ipha t  i c  

r a l ,  t h e  b a r b i t a l  

t i c a l  f o r  t h e  
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FIGURE 1. Chromatograms o f  (A) l-amino-2-propanol and (6) 
2-amino-l-propanol. Column: 150 X 4 (i.d.1 mm s e l f  packed 
with Develosi I ODS-5 (Nomura Chemicals, Gifu, Japan). 
Mobile phase: 4-morphol inepropanesulfonic acid(M0PS) bu f fe r  
conta in ing 4 mM copper(l1) acetate, 8 mM L-proline, 2 mM 
phenobarbital and 20 mM t r iethylamine. The pH was adjusted 
w i t h  NaOH or  a c e t i c  ac id  t o  7.5. Flow rate, 0.5 ml/min; 
sample size, 20 @I  conta in ing 2 b g  o f  aainopropanol 
(R/S=1/3); detection, postcolumn react  ion using 
o-phthaldehyde (See Reference 11). R. F. I. r e l a t i v e  
fluorescence in tens i t y .  
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FIGURE 2. E f f e c t  o f  t h e  b a r b i t a l  concen t ra t i on  i n  t h e  
mobi le  phase on t h e  separa t i on  o f  (A) 1-amino-2-propanol 
and(8) 2-amino-1-propano1 enant iomers. Mobi l e  phase: MOPS 
b u f f e r  o n t a i n i n g  4 mM copper( l1)  acetate,  8 mM L-pro l ine,  
b a r b i t a  o f  v a r y i n g  concentrat ion(pH 7.5). Other cond i t i ons  
as i n  F gure 1. 

separat  ion. 

b a r b i t a l .  A 

separated w 

Separat ion d i d  not  occur i n  t h e  absence o f  t h e  

so. aromat ic 6-aminoalcohols  cou ld  no t  be 

t h  a mob i l e  phase c o n t a i n i n g  no b a r b i t a l .  

e phase con ta in ing  

s b u f f e r  reagent 

t u r i c  ac id ,  

To secure the  b u f f e r  a c t i o n  o f  t he  mobi 

no b a r b i t a l ,  MOPS, which i s  one of  Good 

was used. S i m i l a r  compound such as barb 

E-caprolactum, g l y c i n e  anhydr ide and 

3,3 ’ -d imethylg lutar imide were used as t h e  b a r b i t a l  

subs i tu tes.  The capac i t y  f a c t o r s  o f  aminopropanols under 
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the condi t ions described i n  Figure 1 using a mobile phase 

conta in ing the  subsi tute(2 mM) were d0.6. Substant ia l ly ,  

these compounds had no e f f e c t  on the separations. Ba rb i ta l  

can be replacedby other b a r b i t a l  analogues such as 

anobatb i ta l  and phenobarbital (Fig. 1). However, the 

mechanism of the b a r b i t a l  syne rg i s t i c  e f f e c t  cannot be 

i n fe r red  from the present resul ts .  

The separat ion was a l so  s t rong ly  dependent on the  pH 

o f  the mobile phase. The inf luences on the separation of 

aminopropanol enantiomers were s tud ied over the PH range 

o f  5-8. Increasing the pH o f  the mobile phase results in 

greater re ten t  ion and be t te r  separat ion o f  the enant iomers. 

To avoid the d e t e r i o r a t i o n  of  the ODS. pH values above 8.0 

were not studied. Because of  smaller capaci ty fac to rs  

and/or separat ion factors,  t he  unsat is factory  separat ions 

were obtained at  pH value below 6.0. The PH 7-7.5 was 

c ien t  f o r  the separat ion on the  ODS column. 

To decrease t h e  t a i l i n g  o f  the aminopropanol peak on 

ica-base column t r i e t y l a m i n e  was added t o  the mobi l e  

phase. The t r  iethylamine a d d i t i o n  inf luenced the 

capaci ty f a c t o r s  f o r  decreasing and d i d  not the separat ion 

f a c t o r s  when t r i e thy lam ine  was used i n  the concentrat ion 
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2566 YAMAZAKI, SAlTO, AND TANIMURA 

range 0-30 mM. Use o f  a 20 mM concen t ra t i on  o f  

t r e i e t h y l a m i n e  r e s u l t s  i n  increased t h e  separat ion.  

This  study has shown t h a t  t he  enant iomeric separat ion 

o f  under i va t i zed  a l i p h a t i c  or  aromat ic  B-aminoalcohols 

w i t h  a pr imary or  secondary a l coho l  moiety on ODS column 

could be improved by b a r b i t a l  (or i t s  analogues) a d d i t i o n  

t o  the  mobi l e  phase c o n t a i n i n g  copper(1 I )  and L-pro1 ine. 

A f t e r  t h i s  work, a l s o  we found t h a t  enanant iomeric 

separat ion of a i p h a t i c  aminoalcohols by LEC u s i n g  C12-Hyp 

coated ODS as a s t a t i o n a r y  phase cou ld  be improved by 

b a r b i t a l  addt i on  t o  t h e  mobi l e  phase con ta in ing  copper( I I ) .  

The d e t a i l s  w i l l  be publ ished elsewhere. 
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